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Explanatory   Note 

This  index  follows,  generally,  the  methods 
adopted  and  more  fully  explained  with  the  index 
for  Volume  71.  An  asterisk  (♦)  indicates  an 
illustrated  article,  and  (n),  {as),  note,  notes. 
As  such  are  designated  the  articles  under  "Ap- 
pliances and  Materials"  and  some  of  the  briefer 
ones  under  "News  of  the  Engineering  World," 
although  in  large  type.  Letters  are  not  distinc- 
tively specified,  nor  are  editorials  usually.  An 
editorial  referring  to  an  article  may  be  indexed 
by  appending  the  page  number. 

Following  is  a  list  of  the  pages  included  In 
the  several  numbers  of  this  volume,  by  date : 

.luly      6 pages  1-48 

l.-i "  49-96 

2n "  97-144 

27 "  145-192 

Aug.       3 "  193-240 

10 "  241-288 

17 "  289-336 

24 "  337-384 

31 "  385-432 

Sept.      7 "  433-480 

14 "  481-532 

21 "  533-580 

28 "  581-628 

Oct.        5 "  629-676 

12 "  677-724 

19 "  725-772 

2B "  773-R20 

Nov.       2 "  821-868 

9 "  869-916 

16 "  917-964 

23 "  965-1012 

30 "  1013-1060 

Dec,       7 "  1061-1108 

14 "  1109-1156 

21 ■  11S7-1204 

28 "  1205-1248 
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Abbe,  C,  Jr.     Evaporation  studies ^200 

Aberthaw    Const.    Co.'s    inquiry    on    building 

vibration    624 

Abraras,  D.  A.    Concrete-wear  tests 135 

ACCIDENTS 

See  also  "Flood,"   "Fire." 

— Aqueduct,    Winnipeg,    cracks 716 

— Boom  falls  on  roofs,  Los  Angeles (n)   285 

— Bridge,  Cleveland,  wrecked  bv  runaway  ear, 

711,   •718,   (n)    1058 

— Bridge  crippled  by  wind.  Kankakee  Rlv 'BSS 

— Bridge    curiosities.    County •754 

— Bridge  failures,  Mich.     Thomas.  .^455,    (n)^804 
— Bridge,   Old  Iron.  Dixon,   111.,   damaged  by 

elec    car    '357 

— Bridge,  Quebec,  suspended  span  coUarises 
513,  •524,  561,  563,  •572,  575,  622,  ^650, 

661,  709,  760,  •S57,  ^1191,  (n).  664 
— Bridge,    Quincy,    Mass,    highway,    wrecked 

by   concrete   mixer (n)   866 

—Bridges  flood-wrecked,   Catawba   Rlv.   •1S4, 
1233,     (ns)     ^560,    75B 
— Bronze-bolt   breakage    drops    gate   counter- 
weight,   Panama 998,    1147 

—Building— Atlanta     skating-rink     roof-arch 

collapse,  etc ^70,  83,   '515 

— Building—Cnncrete    floor    falls    after    early 

removal  of  forms,  N.  Y •lOSO,   (n)' 1106 

— Building — Fire  or  eiplo.sion  wrecks  part  of 
JluUen    &    Buckley    concrete    wareliouso. 

Far  Rockaway,  N.  Y •956 

Huildlng,    Shop,    of    Roxbury   school — Flat- 
slab  floor  failure  due  to  poor  brick  wall 

'■nl'imns    ^262,   614 

HiilldlnR— Tenement  under  construction  col- 

Inpifed,  Bronx,  N.  Y (n)   430 

Hulldlngs,    Brick,   collapse,   Boston (n)   913 

iNinal-llnlng   slide.   Turners   Falls. .  •lOSl.    1046 

'■.ive-ln,   Cravel-bank,   Barton,   Ala (n)   913 

I  ive-lns,  Scranton  mine 276,  •280,  •681 

'  'vlng,  English  salt  mines (n)1085 

I  lilmnoy    settlement    kills    men.     Corning. 

v.  Y..  glass  works (n)   190 

I  I'veland  water-tunnel  explosion   187,  23fi.  380 

I  oril-mlnc    explosion,    Roden (n)  913 

I   ifTer-dam  falls,  Earth-flll,  Bost    dry-dock, 

237,  (n)   429 

-    Dam  falls,  Charleston  Lt.  &  Water •232 

— Dam  falls.  Lake  Toxaway 331 

— Exnioslon,    Chloride    of    potash,    Univ.    of 

III.  hih (n)  320 

—Exnioslon,  Munitions,  N.  Y.  harbor  •236, 
Safeguarding  cities  from  explosion  dis- 
asters       2".*> 

— Oas  explosion  wrecks  Ran.  church (n)^660 

—Grain   separators.    Explosions    In 563 
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ACCIDENTS— Continued 
— Prize-flght       seat-stand       collap.se,       Colo. 

Springs    (n)  *578 

— Railways : 

Boston    surface    car    through     draw     952. 

(ns)   913.  1011 

Grade-crossing  foolhardiness 854 

Grand   Trunk  grade-crossing   accident.   De- 
troit     (n)   674 

Johnstown,   Surface-car   collision   near    (n)   333 
N.    Y.    subway   timbering   collapse,   Bklyn.  : 

trolley  car  falls   in (n)   140 

St.    Louis.    Iron   Mtn.    &    So.    freight-train 

wreck    (n)   674 

Southern    loco. -axle   break   report (n)  913 

Western  Md. — Rail  breaking  after  10  years 

wrecks  train 366,    (n)   332 

— Reservoir   failure,    Winfield,   Kan *404 

— Reservoir  wall   tips,   Madison •476 

— Shovel  strikes  bridge,  Cleveland {n)^274 

— Stack,  Broken  boom  drops •618,  (n)   530 

— Tunnel-face  blowout,  Boston  Edison 44.  285 

— Typhoid   from   water,   accident 442 

— Water-filter  arch  collapse.   Cleveland   *1S6, 
(ns)     141,    1009,    Foundation    settlement, 

1095,  •1099.  1150 
— Water-main  breaks — Bayonne  (n)  141,  Bal- 
timore (n)   674.  Pittsburgh  (n)  674,  Min- 
neapolis       (n)1057 

Accounting.  Accurate  cost,  for  Govt,  indus- 
tries      83 

Accounting — Contractors'  daily  records  ^897,  •904 
Accounting.  Depreciation  in.  Hurley. ...  (n)  59 
Accounting — Radebaugh  tunnel-repair  progress 

record   124 

Acoustics.  Elementary,  for  outdoor  speaking.   178 
Activated    and    plain    sewer    sludge.    Nitrogen 
from ;    Milwaukee    studies.      Copeland    605. 

Ed     663.    Fuller 667 

Activated  sludge.  Am.  Soc.  Mun  Impvts  on  767 
Activated  sludge.    Chi.  stockyards   (ns)   427,  1202 

Activated-sludge    expts..    London (n)     37 

Activated-sludge  expts..  University  of  III. ; 
plant    at    Champaign,   etc.      Bartow.   Mohl- 

man,  Schnellbach  ^972,  Air  diffusion 110 

Activated  sludge  In  India (n)   624 

Activated  sludge,  Matawan,  N.  J (n)   140 

Activated-sludge  patent  correspondence  re- 
quested      (n)   617 

Activated-sludge  plant,  Hermosa  Beach,  Califll 

380,  Brosius   •890 

Activated-sludge  plant,  Milwaukee •686.  856 

Activated-sludge  progress    366 

Activated-sludge  results,  Cleveland,  reviewed. 

Pratt,  Gascoigne *in61,  •1124,   (n)    110 

Activated-sludge  tanks.  Air-diffuser  experi- 
ences with — Baltimore  ;  Milwaukee  ;  Brnok- 
Ivn  ;     Chicago :     Houston  ;    Cleveland ;     111. 

Water  Survey  106.  Baltimore 267 

Adams   Co.,    Tnd  ,    bridge   plans ^471 

Aerial   tramway.      See   "Cableway." 

Aero,  motor.  Knox  Co 's  Trego  3no-hp  . .  (n)^llOS 

Aeroplane  for  city  planning (n)   464 

Agitation.  Mechanical,  of  sewage  unsuccess- 
ful.     Nordell    856 

.\gler    bridge    near    Columbus •IIOO 

Agnew   Lake   dam '1159 

Air  chamber  protects  venturl  meter  from  pul- 
sations     ^1184 

Air,      Compressed,      reguiations,      Milwaukee 

sewer   contractor's    (n)1236 

Air-compressing  outfit,  Zin-Ho  portable,  with 

Gardner-Rix  type   compressor (n)  ^192 

Air   concreting.      Graham •386 

.\lr-dlffuser  experiences  with  activated-sludge 
tanks,  various  cities    (See   also   "Sewers") . 

106,  26T 
Air,   Economizing  compressed,  Milwaukee   in- 
take   tunnel    (n)1041 

Air-hammer  drill  tests,  Chi.  Pneu.   Tool  Co., 

(n)  708 
.\ir-hammer  tools.  Rock  tunneler  using  •340,  365 

Air  hoist,  "Little  Tugger" (n)^724 

Air  lift  -Chi.   "Baker"  Injector (n)^384 

Air-lift  pumping,  El  Paso •201 

Air    lifting    jack.    Baird (n)   '48 

Air  paint  gun.  Snray  Eng.  Co.'s (n)»67fi 

Air  roughing  tool.  Gardner (ns)   288.  ^628 

.\ir.  Tunneling  in  firm  clay  with  compressed. 

Cleveland     ^1220 

Alaska— Rainfall   of  142   In.     Dow (n)^756 

Alaskan  railroads — Progress  672.  Station- 
men  system  succeeds  'OOS.  Leveling  ex- 
perience     ^1037 

Albany.  N.  Y. — Building  sewage  pump  house 
and  grit  chamber.     Vernon  ^738,  Municipal 

dock    (n)   540 

Albany   Soc.    Civ.    Eng. — Concrete   symposium 

864 ,    Discusses    sand 048 

Albany,    Ore. — Pavement   costs 10.') 

.Mberta   gas-export  prohibition (n)   288 

Alderson,  G    F      Dynamiting  well 113T 

Allegheny  bridges.   Raising  of 427 
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Allen,  K.     Heavy  rainfall 1001 

Allison,  L.  R.     Erecting  transmission  towers. ^752 
Alloys.     See  also  "Bronze." 

Alloys,   High-pres.    fitting.      Sleeth (n)1092 

Alpha   Portland  Cement   Co (n)1197 

Alum,  coagulant.  Springfield,  Mass 617 

Alum   in   Toronto   filtration •566 

Alum        manufacture,        Kingston-on-Thames 

municipal    261 

Alum   at  Council   Bluffs •456 

Alum,  Montreal  Water  Co.   makes   its 477 

Alum  to  Iron,  Changing  from,  at  Clarksburg 

filters.     Boynton    927 

Aluminum  bronze.  Strong.     Corse,  Comstock.     87 
Aluminiun    Co.    of  Am. — Yadkin    development 

•917,  951.  Barge  transportation (n)   817 

Alvord.  J.  W.     Water  purification  safer  than 

sewage    treatment     1237 

American   Asso.   of  Engineers  862,    (ns)    143. 

191,  772 

American    Asso.    Port    Authorities 623 

American    Can   Co  's   tank '693 

American  Chemical  Soc.  sanitary  division 
meeting   673.   Nitrogen   from   sewer   sludge, 

663,  665 
.Vmerican    Concrete    Inst,    placed    on    sound 

basis   902 

American  Elec.  Ry.  Asso.  convention  762,  (n) 
•996,  Rail  head  •418,  Standardizing  valu- 
ation terms  787 

American  Highway  Asso. — Review  of  legisla- 
tion   1143.    Road-material   costs (n)   866 

American   Highway   Officials   Asso 1202 

American     Inst.     Elec.     Engineers — Appraisal 

and    depreciation    discussed 962 

American    Inst.    Mining   Engineers   271,    (ns) 

287,  577,  1107 
American    International    Corp.    report — Engi- 
neers developing  foreign  trade 1197 

American  Internatl.  Terminal  Co (n)     94 

American   Mining   Congress   and  conservation 

1144,  Holmes  memorial {n)1009 

American  Public  Health  Asso.  831,  858.  859. 

Sewage-disposal  code  876.  901,  Terms  858,  955 
American    Ry.    Asso. — Crossing    signals    285, 
Daylight  saving  1044,    (n)    1058.  Prepared- 
ness to   transport   troops (n)lOll 

American  Ry.  Bridge  &  Bldg.  Asso.  816,  849, 

(ns)  675,  900,  950 

American  Ry.   Eng.  Asso. — Track  spike ^1215 

American  Road  Builders'  Asso (n)   915 

American-Russian  Chamber  of  Commerce...  177 
American  Soc.  Civil  Engineers — Materials  an 
active  field  33,  Flood-control  report  com- 
ment. Dabney  370.  Enlarging  Engineering 
Societies  Building  425.  Relation  to  local 
sections  806.  Meeting  attendance  (n)  46. 
Nominations  (n)  915.  Tex.  Asso.  discusses 
iicense  law  864.  Political  action  by  mem- 
bers.    Dabnev  1001,  Detroit  Asso.    (n)   915, 

Pittsburgh   Asso (n)   915 

American  Soc.  Mechanical  Engineers  (ns)  95, 
867,  Boiler  code.  Hess,  Q.  E.  D.  278,  Code 
adoption  (ns)  735,  914,  Pays  off  debt  612, 
New  London  excursion  (n)  964.  Mechanical- 
filter  standards  1148,  Meeting  report- 
Breaks   record    1152 

American  Soc.  Mtinlclpal  Impvts. — Asphalt 
tests.  Smith  205,  416,  Forrest  209,  Conven- 
tion ;  papers 768,  855,  938 

American  Soc.  Testing  Materials — Activity  at 
meeting  33,  Meeting  report — Committee 
work  38.  Cement  specification  35,  43,  Mean- 
ing of  "concrete"  81.  Abstracts  of  papers 
87.  ^135,  (n)  286,  Meeting  registrations  (n)  46 
American    steel-dredge    design    and    erection 

costs    ^6 

American  Tool  Wks.  Co.'s  plant  •991,  (er- 
ratum n)  1193 
American  Watcr-Wks.  Asso — Broader  vision 
— Electrolysis  and  fire  protection  33,  Paper 
104,  Iowa  and  111.  sections  791,  1017,  (ns) 
383.  675.  769,  1091.  N.  Y  section  813.  Four- 
states    meeting,    Wilmington,    Del 1008 

Anchor-bolt  holes  drilled  by  gasollno-air  out- 
fit. N,   Y.   Edison  transmission  line.     Hicks  'S* 

Anson-Madison    water-supply    ^542 

App  rnck-tunneling  machine •340.  365 

.\pnllcatlons  for  employment — Notepapcr  de- 
fended 37.  Kxoerlence  with  applications. 
Bock,  of  Morgan  Eng.  Co.  258,  How  not  to 

apply  for  iob 275 

Appraisal.     See  also  "Valuation,"  etc. 

Appraisal  discussed  by  A.  I.   E.  E 962 

Appraisal.    Post-mortem,    of   Industrial   plant. 

Traders    Paper    Board    Co.'s       Hlgglns 'BOO 

Appraisals  for  rate  making.  Obsolescence  In. 
Harshman    842.    851 

AQUEDUCTS 

Sec  also  "Water"  topics,  "Pipe."  "Hydrau- 
lics." "Canals."  etc. 
— Cntsklll ; 

Bronze   failures 908,    1147 
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AQtIEDUCTS — Continued 

Kensico  dam  quarries.     Smith '250 

Narrows  siphon,  Connecting,  to  Staten  Isl. 

main    •782 

Tunneling  grouting  In  Brooklyn  end   Myers.*196 

Tunnel,    18-mile    rock '1008 

Williams'    report — When    surplus     changes 

to  deficit    36T 

^Coolgardie  water  conduit (n)   680 

— Montreal    aqueduct    combined    bridge    and 

headgates   427 

— Winnipeg  aqueduct  cracks  from  foundation 

settlement  716 

Arch  bridge.  Concrete,  near  Columbus 'liog 

Arch  bridge,  Concrete,  Susquehanna  '385,  •764 
Arch  centers  suspended  from  old  plate  girders, 

MlUburn  concrete  bridge,  D.,  L.  &  W •846 

Arch,  Concrete — Thacher  pat.  cases  44.  621.  661 
Arch  construction.  Iron  culverts  for.  Ariz. ..*330 
Arch-crown     thickness.     New     formula     for. 

Schwada   •880 

Arch  floor.  Groined,  Sioux  falls  reservoir.  .'840 
Arch,  Groined,  collapse,  Cleveland  filter  'ISe, 

(ns)  141,  1009 

Arch,    Popolopen    steel ^337 

Arch,  Roof,  collapse,   Atlanta  rink,  etc.   ^70, 

83,  •SIS 
Architect,   TJ.   S.    Supervising— Office   may   be 

superseded    (n)    139,   Plan   abandoned. .  (n)   190 
Areas,   Short   method   of   calculating   4-3ided. 

Averlll  •1186 

Arizona — Iron  culverts  for  road-arch  con- 
struction   •SSO,   Melted   snow   supplies   arid 

district  ^435,  467,  Roads 482,  ^484 

Armor- plate  plant — Cost  accounting 83 

Armory,    Building   foundations    1.50   ft.    under 

Scranton    ^681 

Armour  activated-sludge  plant 110 

Army.     See  "War."  "U.   S  " 

Arroyo  crossings,  desert  roads ^485 

Artillery  service.  Field,  should  attract  en- 
gineers :   gim-polnting    problems,    etc.     Mc- 

Cullough  353,  Gregg *564 

ArtLstlc  portals,  Pittsburgh  bridge 1238,  •1242 

Artistic  touches  for  simple  water-wks.  struc- 
tures. Mass '433,    (n)   616 

Ashes,  garbage  and  rubbish.  Analytical  study, 

DIst    of  Col.     Osbom 294,  •348 

Ashland.   Wis.— Ore  dock.     King •242 

Ashley,   B.   .1.     Sewage   treatment.   Cook  Co., 

111.,    institutions    •296 

Ashpits.    Fireproof    •635 

Asphalt.      See    also    'Tavements,"    "Streets," 

"Roads." 
Asphalt.  Bituminous-materials  tests  for  sheet ; 
A.  S    M.  I.  specifications      Smith  205,  416, 

Forrest   209 

Asphalt-Joint  filling  machine,  San  Bernardino 

Co..  Calif.     Bright •SSI 

Asphalt-mixing  plant.  Self-propelling.  Muni- 
cipal Eng.  &  Con.  Co.'s (n)^868 

Asphalt-pavement  costs  with  municipal  plant, 

Spokane      Cunningham   375 

Asphalt   pavements.   Low-priced,    Burlingame, 

Calif.      Wold    (n)   715 

Asphalt-paving    history    434,    Patents.      Hohl 

761.  Richardson  1001 

Asphalt  paving.  Rough-surface  Mass  •1141,  1162 
Asphalt     specification      should     be      adopted. 

Standard.    Draney  278.  Durham 416 

Asphalt  use  increasing — Diagram  of  produc- 
tion since  ISSO ^307 

Assessing  paving  cost  among  property  owners, 

Owensboro,   Ky.      Talbott ^14 

Assessment.  Paving-cost,  at  street  intersec- 
tion, MIddleboro.   Ky •SOI 

Assessments.  Method  of  making  drainage  and 

Improvement.     Cupper   975 

Asso.  Iron  &  Steel  Elec.  Engineers 169 

Asso    Railway  Elec.  Engineers •1134,    (n)  915 

Astoria,  Ore.— Viaduct  vs    fill.     McClean  325. 

Municipal     doi-ks.       Newell •697 

Atlanta,  Ga. — Roof-arch  collapse  ^70.  S3,  515, 
New  railway  terminals  planned  ^715,  Wa- 
ter-wks. Impvts (n)   1202 

Atlantic  Deeper  Waterways  Asso (n)   579 

Auditorium,  Phila.  municipal •ISS 

Auditoriums,  Outdoor — Acoustics   178 

Aurora,    Til. — Water-supply    ^1122 

Austin.  Tex — Dam — Section  criticized.  Bart- 
lett  &  Ranney  217.  Wegmann  to  report  (n)   333 

Australian  thin  arch   dam.     Nimmo •712 

Australian   Transcontinental    Ry (n)    286 

Automobile.     See  "Motor  vehicles." 

Averlll,  C    K.     Calculating  4-sided  areas. .  .'1186 

Axle-brenk  report,  So    Ry (n)   913 

Axle.   Water-quenched,  equal  to  oil-quenched 

— P.  R.R    tests.     Young 88 

Azimuth,  Pleldbnok  sheet  for,  McCllntock's 
•363,  Simple  azimuth  determinations   rinch.1139 


B 

Babcock.  C.    D.     Turbine-speed  diagram •"O? 

Bachnrach   pocket   CO?   Indicator (n)^91« 

Backfiller  trimming  reservoir  slope (n) •10-12 

Backfilling  machine  pulls  sheetpiling (n)^175 

Baebenrnth,  A.  C.     Business  letters 1016 

Bag  stacker.  .Teffrey (nl^llOS 

Ballev.  F.  S.     Stirrup-spacing  diagrams •6'>1 

Balrd.  H   C.    Que.  brldpte  accident S57 

Batrd.  S    P.     Earth  shrinkage S50 

Baker  concrete-road  finisher 'lOSS 

Baker,   Ore.— Street   flushing •eso 

Balcony   brackets.    Taking   care    of   eccentric 

loads   from,   Huntington   high   school •763 

Bill,  M.   W.     Conservation 1144 


Page 
Ballard,  F.  W.  Cleveland  municipal  lighting- 
plant  results  ;-;,S2. 

Ballast,  Cleaning  old,  Kan.  Cy.  Rys (n)1236 

Ballast  tampers.     See  "Tampers." 

BALTIMORE,  MD. 

— Activated-sludge    air    diffusers.      Hendnck. 

Frank ""•JSI 

— Concrete  mixing  plant.  Central.     Carpenter.*268 

— Imhotf   tank   foams.      Potts *i69 

— Rail   head,    Elec. -railway ^418 

— Sewerage     system.     Completion     of — Treat- 
ment works;  Jones  Fallsway.    Requardt.^736 

— Water-Dept.    organization    •790 

— Water  mains.  Finding  leaks  and  weaknesses 

in    991 

Bar-bending    machine,    Hinman (n)^144 

Barbour,  F   A.    W.ater  losses 958,  960,  951 

Barbour,  P.   E.     Ponton   bridges •ISe 

Barge.      Contractors'     stern-wheel      gasoline. 

O'Conneil  (n)   128 

Barge  transportation.  Miss.   Rlv (n)   817 

Barges.    Concrete.    Panama,    stand    test    927, 

Others  el-sewhere (n)   625 

Bark,  D    H.     Idaho  Irrigation 19 

Barker,  H.  Que.  bridge  accident  •524,  De- 
preciation problems   1167,  1212 

Barnett.  R,  C.  Govt,  and  student  free  engi- 
neering service  36 

Barrel  elevator.  Chain  Belt,  for  Standard  Oil 

Co (n)»S20 

Barrel  loader.  Jeffrey (n)  •llOS 

Barrels.  Standard-capacity  lime (n)   696 

Bartlett,  T.  Sewage  disposal  by  broad  irri- 
gation   •sse 

Bartlett  &  Ranney.  Austin  dam  section  crit- 
icized       217 

Bartow.  E.     Activated  sludge 110,  ^972 

Base-ball  grandstand  roof.  Salt  Lake  Cy ^707 

Battle-cruiser  bids 1143,   (n)  1154 

Battleship.     See  also  "War." 

Battleship  "Tennessee,"  Electric (n)   279 

Bavonne,    N     J. — Freight    terminal    •OO,    962, 

Water-supply    main   break (n)   141 

Beal.  F.  L.  Determining  tangent  of  com- 
pound   curve     ^993 

Keall,  P.     Expanded-metal  bender ^847 

Beams,  Stirrup-spacing  diagrams  for  con- 
crete.    B?iley  ^694 

Beams,  Straightening  Harrisburg  bridge  •SSS.  •764 
Beams   supporting  rectangular   concrete   slab. 

Distribution  of  load  and  moment  to....(n)  464 
Bear    Lake    reservoir    and    pumping    station. 

Utah •67.  S3,  •OS,  •172,  178,  '408 

Bearings,  Graphite-babbitt   (n)   820 

Beaver  Vai.   Water  Co    appraisal (n)   333 

Beetle.  Lead-drilling    (n)  1196 

Begien,  R    N..  chief  engineer.  B.   &  0.  42,  •ISS 

Bell.  C.  P.     Waterproofing  drawings 808,  1037 

Belle   Isle  bridge.   New (n)   237 

Belt,    Canvas,    for    finishing    concrete    roads, 

•654,  709 

Bencjimarks.  Permanent,  Portland.  Ore ^55 

Bender.    Expanded-metal.      Reall ^847 

Bending   machine.    Bar.   Hinman (nl^l44 

Bennett.  C.  R.     Tres  Cruces  dam  repair •1026 

Benson  Mines  automatic  skip  handles  hot  ore. 

Schiefer    *590 

Bethlehem    Steel   Bridge    Co.    (n)    190.   Pres. 

Biakelev    •234 

Bethlehem  Steel  Co. — City  at  Sparrows  Pt. 
(n)  381,  To  spend  J60,000,000  on  exten- 
sions       (n)  912 

Bethlehem    Steel   Corp.    affairs 1237 

Bevler,   O.,   Jr.     Leveling  error •lOST 

Bichloride    of    mercury,    effect    on    pipe    and 

concrete   (n)   616 

Bllderbeck.   G.   L.     Que.   rocker  stresses 760 

Bllger.    H.    E.      Alignment    and    drainage    of 

rural    highways •874.    901 

Bill  to  suppress  publications  of  national  cir- 
culation      1187 

Blnghamton.    N.    Y. — Builds   Interceptor   with 

four  river  crossings,     LaRoche ^1227 

Birmingham.   Ala  — Water-wks.    purchase    (n)   478 

Bismarck,  N.   D. — Pavement  contracts (n)   770 

Bitumen  spreader.  FInley (n)  '820 

Bitumens.   Richardson's  colloidal (n)1012 

Bituminous.       See     "Pavements."     "Streets." 

"Roads." 
Bituminous-materials  tests  for  sheet  asphalt : 
A.  S.  M.  I.  specifications.     Smith  205,  416, 

Forrest  209 

Black,  W.  M.  Using  engineers  in  present 
military    emergency    36.    Opportunities    for 

civilians  to  become  engineer  oflRccrs 615 

Blagen.   N    J.     Mill-refuse   burner 'SSS 

Blair,   W.   P.     Monolithic  brick   pavements.  .1239 
Blakeley,    Pres.    O.    H ^234 

BLASTING 

— Clay,    Blasting    in.      Longstreet (n)   224 

— Misfire.     Handling;     spoon     for     removing 

tamping.      Du    Pont   Co ^78 

-Pole    holes.    Blasting (n)   412 

—Quarry    blasting.    Well-hole.      Russell. .  (n)  1042 

— Rock    excavation.    Subaqueous ^171 

— Well,  Dynamiting,  to  Increase  flow 1137 

Bleeding  wood  blocks  really  bleeding  Joints. 

Dutton    •737 

Blclch.  S.  D.     Inverted  sewer  siphons  under 

N.    T.    subway '442 

Blltzen   drainage  canal.     Hodges ^1052 

Blood,    H.      Strange    highway    bridge    'SI?, 

Stack  fall   •eiS 
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Blower,  Wing  turbine,  with  novel  lubrication, 

(n)^SSO 
Blowouts  in  shield  tunneling.  Device  to  pre- 
vent.    Lefftngwell    ^728 

Board    of    health    control    of    sewage    works. 

State  859 

Boardman,   C.    S.      Cylinder-pier   foundations 

laid  In  sheetpile   wells ^289 

Boat.     See  also  'Tonton."  "Dredge  " 

Boat,    Diesel-engine    excursion (n)   285 

Boat,    Drill,    on    canal    work    In    Everglades. 

Phelps    •704 

Boats — Aluminum  Co.'s  Miss,  barges (n)   817 

Boats.  Concrete,  Panama  927,  Others  else- 
where       (n)   625 

Boats,   Contractors'   stern-wheel  gasoline    (n)   128 

Boats,  Eiectric-car  ferry (ns)   475,  616 

Boats  for  lake  and  ocean  practicable  ?     Cout- 

lee    713,   Evans ^604 

Boats  for  Que.  bridge  suspended  span  *420,  ^522 
Boats — Motor  scows  as  freighters.  Mo.  drain- 
age   work    ^742 

Bock,    C.    A.      Applications    for    employment, 

258,  275 

Bock's,  F.  L.,  water-meter  slide  rule •SOO 

Bogue,  V.  G.,  Death  of ^768 

Boiler  code,  A.  S.  M.  E.  Hess.  Q  E.  D.  278, 
Adoption  In  La.    (n)   735,  Natl,  conference. 

Wash.;  plans   In   Phlla (n)   914 

Boiler  covering.  "J    M.  Aertite" (n)   335 

Boiler  tubes.  Dangerous  ferrite  growth  In 
iow-carbon,    Detroit   Edison    plant.      White, 

Wood  88 

Boiler-water   purifier.    "Economo" {n)I012 

Boilers.  Insulating  concrete  floor  under •SOS 

Bolt.    Bronze,    breakage,    Panama    998.    1147, 

Corrosion   1005 

Bolt  sockets.  Tenax  expansion (n)  •1012 

Bolt.  U  S.  Exp.  Bolt  Co 's  "Arrow"  "auto- 
matic" toggle   (n)  •532 

Bolted  and  other  timber-Joint  tests.     Dewell, 

•111.  •162,  ^796 
Books   and  pamphlets.  Monthly  guide  to  en- 
gineering      322 

Borrow,  Long  fill  built  from,  Vandalia  R.R. .'SOO 

BOSTON,  MASS. 

— ColTer-dam  fails.  Dry-dock 237,   (n)   429 

— Elevated-railway  finance    (n)   860 

— Engineers'   reinstatement    35,   45,    (ns)    94,    3^;/. 

— Fire-service    pumping   station (n)   62t; 

— Pavements   recommended  by  comm 307 

— Paving  squabbles (n)   237 

— South  Station.  Rapid  transit  from (n)lOlO 

— Surface  car  through  draw  (n)  913.  Safe- 
guarding        952,    (n)lOll 

— Tunnel,  Edison,  blows  out 44,  285 

— Tunnel,     Drainage,     surve.vlng     by     string 

where  transit  failed.     Plimpton ^1141 

— Typhoid   rate   reduced (n)   674 

— Venturi   meter.  Air  chamber  protects,  from 

pulsations.     Doane    •list 

— Water  tank.  Artistic,  Bellevue ^434 

Boulevard,   Twin   Peaks.   S.    F ^504 

Bowen.  E.  R.     Water  meters,  Redondo 910 

Bowie.  W.     Precise-leveling  method  *74,    (n)1041 
Box,  Collapsible  freight,  Pneu.   Steel  Corp.'s. 

(n)  '48 

Boynton,   P.     Clarksburg  filtration 927 

Brackett.    Dexter,    medal •478 

Brakes  for  hydraulic  turbines.     Horton 181 

Braking  with  elec.  motors.  Successful  train — 

Linebaugh's  review  of  progress 902 

Brannon   concrete    patent 661,   669 

Brass-tube  cracking  and  Its  cure.  White;  saw- 
toothed  stress-strain  curves  of  bronze  wire, 
De  Forest ;  strong  aluminum  bronze.  Corse 

and  Comstock — A    S.  T.  M.  papers 87 

Braun.  H.  H.     Draft-tube  forms ^76 

Brazil— Cable  inclines.  Sao  Paulo  Ry.  Molltor.^976 
Brick      See  also  "Pavements."  etc. 
Brick    and    tile    sewers    cracked    under    same 
loading,  St.   Louis   •SS?,  Comparison.     Mo- 

reell     .1024 

Brick  building  tile,  "Flsklock"  tapestry   (n)^1248 
Brick  cubes.  Resurfacing  macadam  roads  with 

small  JI27 

Brick  for  sewers.  Los  Angeles  Co.'s  'Trost" 

radial   Interlocking    (n)^124S 

Brick  Mfrs.'  Asso.,  Natl.  Paving— Inspects 
pavements  at  Terre  Haute,  Ind.,  and  Paris, 

„ '■',    721.   (n)   431 

Brick   pavements.   Monolithic.      Blair 1239 

Brick  paving.  Monolithic,  for  wide  streets, 
Marshall,    III.      Paige    •978,    Cost    records. 

Paige    •1218 

Brick.   Testing  fire.     Nesblt.   Bell 135 

Brick.  Tests  of  paving,  N.  Y 455 

Brick,  Use  of  vertical-fiber (n)   717 

BRIDGES 

See  also  "Viaduct."  "Floods." 

— Abutment  depth.  Cost  of  plies  vs.  Increased. 

for   highway   bridges,    Minn 270 

-Allegheny  bridge  raising.  War  Dept.  hear- 
ing on  427 

— Am.  Ry.  Bridge  &  Bldg.  Asso.— Meets  at 
New  Orleans  S16.  Experience  of  41  rys 
on  small  concrete  Jobs  849,  Plledrlving 
rules  of  10  rys.  (n)  900.  Pile-Jetting 
practice    („)   950 

—Arch-crown   thickness  formula.     Schwada.. •SSO 

—Atchison.  T.  &  S.  F  's  K-truss  bridge  across 

Ark.    River.    Pueblo,    Colo •104 

-Bascule    bridge,    A    defective 743 

— Belle  Isle  bridge.  New (n)  237 
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BRIDGES— Continued  ,,,„,„ 

-Betblehem  Steel  Bridge  Co.  (u)  190,  Pres. 
Blakeley • *234 

—Bridge  engineering  discussed  by  masters  of 
the  art — Waddell's  book  reviewed  by  Lin- 
deuthal    11'4,  1188 

—Canal.  Erie,  bascule  bridge,  Syracuse,  N.  ^. 
— Shallow  railway  floor ;  toe-lock  mech- 
anism, etc.     Hayden •S'iS 

—Cashmere,  Primitive  timber-crib  cantilever 
bridge  in    *965 

—Catawba     Riv.,     etc. — Contractor    discusses 

bridges   damaged   by   floods 1233 

—Catawba    Riv.    flood    wrecks    '184,    Bridge 

span  turned  upside  down.    Lea  (ns)  'Deo,  756 

— Cernavoda,    Roumania,    cantilever    bridge.. 'Sei 

—Chi.   alley   bridge,   Strengtliening 659 

— Chi.— Bascule  replaces  old  swing  bridge, 
Fullerton  Ave.,  C.  &  N.   W.  Ry •284 

— Chi.   bascule  bridges.  Wood  flooring '220 

— Chi.    Riv.    bridges,    Improving    appearance 

of — Madison   and  Jackson   Sts.   bascule.  .'282 

—Chi.,  B.  &  Q.— Kan.  Cy.  bridge — Temporary 
bascule  for  construction.  Da  Camara 
•31,  Bridge  over  Ohio  at  Metropolis,  111. 
•151,  (n)  1154,  Tests  of  large  struts  of 
Metropolis  bridge  by  Bureau  of  Standards 
reveal  new  facts  ^49,  81,  Erecting  and 
swinging  720-ft.  span  of  Metropolis 
bridge  '1198 

— Cleveland    bridge    inspection    and    repair ; 

state  of  Superior  St    viaduct (n)1058 

— Cleveland  bridge  wrecked  by  runaway  car 
derailed  at  curve  •TIS,  Should  street-car 
bridges  be  designed  for  derailment? 711 

^-Cleveland — Brooklyn-Brighton  viaduct  pave- 
ment (n)  127,  Detroit-Superior  viaduct 
progress    ^234 

-Coffer-dam,  Canvas,  for  canal-bridge  pier, 
Coinjack,   N.   C *848 

—Columbus,  O.,  10-span  concrete-arch  bridge 
near — Agler  bridge  over  Alum  creek. 
Knolhnan   '1109 

■ — Concrete     bridge,     Calcasieu     Riv.,     Lake 

Charles,  La.  '865,  Tar-carpeted  floor ^904 

—Concrete  bridge,  D.,  L.  &  W..  Millburn, 
N.  J. — Arch  centers  suspended  from  old 
plate    girders    *846 

— Concrete  bridge  with  falsework  washed  out 
completed  from  suspended  forms.  Little 
Colo.   Riv.,  Ariz.      Goodman *786 

■ — Concrete  bridges,  Minn,  highways — High 
steel  prices  increase  use  222,  Gravel 
floors  must  be  carefully  spread  330,  Why 
use  them?  C.  E.  V.  468,  Longshore  616, 
Nagel  712,  Frankland  ^904,  Test  of  new 
type  ^620 

■ — Concrete  footing  offsets.  Bond  and  shear  in 
reinforced.  III.  Highway  Dept.  rule.  Older, 

•IS,  (errata  n)   325 

— Concrete-slab    bridge.    Jacking    into    place, 

Monroe  Co.,  N.  Y "900 

— Corpus  Chrlstl   viaduct  damaged  by  storm, 

•815,   (n)    430 

' — Corrosion  of  bridge  members  near  foot- 
walk,   by   dogs,   Milford,   O ^704 

— Costa    Rica    Ry.    bridge    raising    by    levers 

when  jacks  failed.     Penney *1088 

— County-bridge  curiosities  —  Damaged  by 
autos. ;  light  culvert ;  farmer's  bridge  of 
rails ^754 

. — Culverts,  Iron,  for  arch  construction,  Ariz. 

roads    '. •330 

— Dixon,    111. — Old    iron    bridge    damaged    by 

electric  car   ^357 

— Drawbridge,  Boston  surface  car  through 
(n)  913,  Greater  safeguards  needed  for 
drawbridge  openings  952,  Investigation 
in   Boston    (n)lOll 

— Estensograph  shows  that  old  highway 
bridge,  Stratford,  Conn.,  leans  to  side — 
Welcker's    report    ^1102 

— Floating  bridge,  Lynn,  Mass. ;  may  be  re- 
placed        (n)1057 

— Ft.  Wayne — W'abash  grade-crossing  elim- 
ination ^241,  Heavy  concrete  slabs  make 
good    railway    bridges 277 

— Harrisburg  concrete-arch  bridge  of  Cum- 
berland Val  R.R.  over  Susquehanna — 
Straightening  70-ft.  I-beams  of  second 
half,  bent  by  flood  •385,  Building  it •764 

— Harrisburg   bridge,   P.    &    R.    Ry. — Capping 

old    piers    under    trafBc •703 

— Highway    bridge    of   strange    design.    Rural 

timber,   Cascadla,   Ore.      Blood 'in 

— Highway    bridges.    Motor-truck    loads    for. 

Chllds   ^898 

—Hudson  Riv.  Conn.  R.R.  bridge  for  Castle- 
ton,   near  Albany (n)   577 

— 111.  highways — Bridge  steel  must  be  In- 
spected before  shop  coat  Is  applied. ..  (n)  1091 

— Independence,   Ore.,   concrete-bridge  failure 

from    careless    work •672 

—Indianapolis  &   Frankfort  R.R.   bridges. .  .•1132 

— Interstate  Bridge,  Columbia  Riv.,  Portland, 

Ore. — Roller  shapes  paving  along  track.. ^559 

— Kankakee    Riv.    bridge    portals    and    lower 

laterals  crippled  by  wind.     Older •638 

— Kan.  bridge  contracts.  Fair  competition  re- 
quired In — Decision    201 

—Kan.  Cy.    (Kan  )   Terminal  Ry.  gets  2D0-yr. 

franchise  — Viaducts    to    be    built 814 

— Kan.  Cy.,  Mo — New  municipal  bridges 576 

— Kan.  Cy.,  Mo. — Temporary  trestle  to  com- 
plete  bridge    529 

— Kaw   Riv.    bridge   plans,   Osage   Ave.,   Kan. 

Cy.,    Kan (n)429 

—Keokuk   bridge.   Condition    of   Iron    In   old ; 

dismantling  It  •400 
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BRIDGES— Continued 

— La.    highway    bridges.      Huckaby 545 

— Luten  concrete-bridge  patent  decision  577,  661 

— Memphis — Harahan  bridge  over  Miss. — 
Grade-crossing  elimination  at  terminals. 
Weatherford  'IGO,  Opened  to  traffic  (n)   189 

— Mich,     highway-bridge    failure    caused    by 

overturning   stringers.     Thomas '455 

— Mich,  highway  bridges.  Erecting,  under 
traffic.  Dewart  •79S,  Standard  pony-truss 
bridges.      Dewart    ^990 

— Mich,    township-bridge    concrete    abutment 

wrecked  by  backfllL     Thomas (n)*S04 

— Minneapolis  concrete-arch  bridge  progress. *1201 

— Mississippi,  Another  cantilever  bridge  for — 

At  Burlington,  la 429 

— Missouri    Riv.    bridge,    St.    Charles,    racked 

by  creosoted-timber  floor  fire •670 

— Montreal  aqueduct  combined  bridge  and 
headgates    427 

— New  Orleans  bridge.   To  vote  on   (ns)    477,  626 

— N     Y.    Cy. — Queensboro    bridge.      Waddell, 

Lindenthal    1177 

— N.  Y.  Cy.  railway-bridge  inspection. ...  (n)   259 

— N.  Y.  Cy. — 10-story  building  on  Black- 
well's  Isl.  as  Queensboro  Bridge  ap- 
proach        (n)     27 

— Penn.  R.R.  stone-arch  bridge  repair.  Little 
Juniata — Old  battle  between  stone  ma- 
sonry   and   concrete 131,    *368 
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— P.  &  R.  bridge  over  Susquehanna,  Milton, 
Penn. — Pulling  coffer-dam  piles  ^509, 
Cinders  make  steel  sheeting  tight  in  swift 
current  •558,  Coffer-dam  frame  or  tem- 
plet (n)  'eiO,  Capping  old  Harrisburg 
bridge  piers  under  traffic;  falsework  used.^703 

— Pittsburgh,  Herron  Ave. — New  roller  shoe 
prevents  tipping  ^647,  Complex  grade 
changes    ^1034 

— Pittsburgh  Point  bridge  ornamental  por- 
tals *1242,  Practical  bridge  decoration.  .1238 

— Ponton  bridges,  U.  S.  Army.     Barbour ^156 

— Popolopen  steel   arch,  Hudson  Highlands.  .^337 

— Potomac   bridge   plans.   New (n)   332 

— Quebec  bridge — South  cantilever  arm  com- 
pleted. Meyers  •298,  321,  Suspended- 
span  hoisting  details;  floating,  jacking, 
etc.  Meyers  ^420,  Suspended-span  erec- 
tion. Meyers  ^522,  Pictures  •349,  Credit 
deserved.  Duggan  468,  Pull-load  sec- 
ondaries were  eliminated.  Mayer  517, 
Suspended  span  collapses  513,  Barker 
•524,  What  caused  disaster?  528,  What 
happened  at  Que.  ?  561,  Sympathy  of 
engineering  profession  563,  Full  evidence 
(with  insert  sheet)  •572,  Company  will 
rebuild  575,  Regrets.  Cooper,  Deans, 
Turner  622,  Computing  stresses  in  rocker 
casting  •650,  661,  Bilderbeck,  Witmer, 
Keast  760,  Jiaird,  Anon.,  Foulds  'Sb7, 
Turning  moments  on  suspended-span  sup- 
ports. Foulds  ^1191,  Engineering  prob- 
lem without  a  precedent — Raising  span 
709,  Inquiry.     S.   R.   B (n)   664 

— Reconstruction  of  notable  large  bridges — 
Penn.  Lines  at  Louisville,  Cln.  Southern 
at  Cincinnati,  Miss.  Riv.  at  Keokuk, 
Union  Pac.  at  Omaha 92 

— Rock  Isl.  concrete-bridge  work,  Chi. — Lo- 
comotive   crane    ^1172 

— Rock    I.    Lines — Slab-deck    concrete    bridge 

over    highway    •1002 

— St.     Louis     municipal     bridge.     Completing 

•1129,  New  type  of  concrete  floor •1230 

—Salamanca,  N.  Y.,  plate-girder  cantilever 
bridge.  Hayden  •266,  Demolishing  old 
steel  one  and  handling  girders.  Steere 
•316,  Constructing  pile  foundation  in 
hard   gravel.      Steere ^338 

—  San   Francisco   Bay   bridge ^426,    (n)    141 

— Shovel   strikes    bridge,    Cleveland (nl^274 

— Skew,      Field      determination      of      bridge. 

Whited    (n)   996 

— Southern    Ry.    bridge    piers,    Tugaloo    Riv., 

built  quickly  by  effective  plant ^899 

—Standard    plans    for    I-beam    and    concrete 

bridges,  Longshore's,  Adams  Co.,  Ind ^471 

— Stone-arch  highway  bridge.  Cheap.  Fletch- 
er   •368 

— Thacher    concrete-bridge    patent    decisions, 

44,  621,  661 

—Union  Pacific's  renewal  of  Mo.  Riv.  bridge. 

Council  Bluffs-Omaha    (ns)    92,   101 

—Utah— Howe     truss    highway    bridge    with 

composite  chord  •SSD 

—Warren,  Penn.,  Allegheny  Riv.  bridge- 
Result  of  failure  to  submit  falsework 
drawings    (n)   430 

—West  Shore  R.R.— 6,000-ton  rock  slab 
pinned  to  save  bridge.  Highland  Falls, 
N.  Y.     Warnecke •358,  367 

-  W'e.st   Va.    flood   damage ^428 

—Worcester  —  Lake     (Juinslgamond     bridge 

pUedrlvlng  •462 

Bright,  J.   S.     Asphalt-joint  fllUng 'SSI 

Url(iuet-fuel    production    (n)   485 

Hrlquetting  press.  Metal-waste  hyd (n)^628 

Hrltlsh  AS.S0.  for  Advancement  of  Science. .  .•758 

Itrltlsh  engineers  In  Canada 613 

British   power  stations.   Linking  up (n)1160 

Urockway,   P.   L      Pavement  joints 905 

Itrodd,  L.   S.     Chi.   street   traffic 761,   905 

Bronze  corrosion,   Panama  locks 1005 

Bronze  wire.  Saw-toothed  stress-strain  curves 
of,  De  Forest ;  strong  aluminum  bronze. 
Corse  and  Comstock ;  cracking  of  brass 
lubes.  White — A.  8.  T.  M.  papers 87 
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Bronzes,  More  evidence  of  unreliability  of  the 
stronger,  at  Panama  Canal— Bolt  breakage 
998,    Detecting    initial    suess    in    bronze. 

Miller    • Ill' 

Brookline,  Mass.— Iron  removal ..•44S 

Brooks,  B.     Effect  of  sewer  gas  on  concrete 

se:fiei  *"*'  ^^' 

Brooklyn-Brighton.     See   "Viaduct."  _ 

Brooklyn,  N.  Y.  (See  also  "New  \ork  City  ) 
—Activated  sludge.  Hammond  107,  Tunnel 
grouting  in  Catskill  Aqueduct.  Myers  •19b, 
Granite-block  pavement,  Bedford  Ave  •491, 
Edison  station— Underpinning  with  hollow 
piles  driven  with  point  ^982,  Piledriver 
•463,    Automatic    sewage-pumping    station. 

Gersoui  • •  "J" 

Broom,  Power,  for  concrete  pavement 'im 

Brosius,    A.    M.     Activated   sludge,    Hermosa 

beach    •sao 

Brown,  J.'f.'k.     Steadying  suction  pipe...^ll85 
Brown  print  white,  To  mark.     Godfrey  1141, 

Brush,  W.  W.     Correcting  Croton  water-shed 

aj.ga   3' 6,  bo4 

Bubbly  Creek  will  bubble  no  more •725 

Bucket,    Clamshell,    closed   by    steam   engine, 

Portland,   Ore •••/,••;,• 1m 

Buckling  of  concrete  roads,     is.  U.   i^ ^^"^ 

Buenos    Aires    slaughter-house    sewage    test 

plant.      Coulter    °^' 

BuH,  L.  P.     Vocational  guidance aba 

BUFFALO,  N.   Y.                          ,             ^       a 
— Bufl:alo    Genl.    Elec.    power-bouse    founda- 
tions.     Boardman    •289,    PuUing    sheet- 
piles  .......510 

—Gas  case.  Unit  prices  for  street  mains  m. 

Humphreys    •.••••  \^.,^ 

— L.   V.  passenger  terminal ,',,;„, 

— Sewage-disposal    investigation    (n)  l.;u^ 

Bug,  Lead-drilling    l"'  ^^-^^ 

BUILDINGS  ,.,.,.     . 

See    "Concrete,"    "Floor,"    "Roof,        Acci- 
dents," etc. 
—Am.   Tool  Wks.  Co.'s  plant  •gsi,    (erratum^^^^ 

— Blackwell's  Isl.   bridge  approach (n)     27 

—Car-repair  shed  with   cemeut-tile  root.  »"• 

Cent.,   Nonconnah,   Tenn 414 

—Cleveland    Code— Plumbing.      Drayer ••  •'■'^ 

—Colt's    arms    factory    erection.    Quick,    by 

Aberthaw    Co v.:,-",'"' 

—Concrete  building  balanced  on  middle  Hue 

of  columns.  Canal  Zone.     Hardman •1160 

—Concrete  ice  factory.  Tearing  down  o  d, 
Gt.    Atl.    &    Pac.    Tea    Co.'s,   Jersey    Cy. 

Hoadley    •.•••:;.■•••• 

-Continental  &  Comm.  Bank,  Chi.— Alteriiig 

columns  in  21-story  skyscraper.......   •ll'« 

—Factory  buildings.  Cost  of  timber  and  con- 
crete. Davidson,  Natl.  Lumber  Mtrs. 
Asso.,  Condron  SS4,  Concrete  tree  from 
depreciation.  McCuilough  954,  Ed.  1043, 
Building  in  Wilmington,  Del.  Mulilhausen.1193 
—Floor,    Concrete,   falls   after   early   removal 

of  forms,  N.  Y .lOoO,  (u)llOO 

—Huntington,  W.  V.,  high  school--rakmg 
care    of    eccentric    loads    from    balcony 

brackets   / ' ; ;  i  i  nr 

—III.  Univ.  Ceramic  BIdg •  tn)    liuj 

—New  Bancroft  Hotel,  Saginaw,  peaked  con- 
crete   roof.      Jensen 3i2 

— N    Y.  Cy. — New  building  board  137,  Zoning       ^ 

regulations  • ^^".".fui 

-Oregon  cement  plant.     Fiudlay ■■'^^^* 

— i-an.    Pac.    Expo,    building    takes    2o-mlle^ 

cruise    ,,  °J 

— Plilla.    municipal    auditorium 'loo 

—Portable    steel    buildings    on    construction 

work.  Trussed  Concrete  Steel  Co.'s 'aBj 

—"Public  buildings"  raid  on  the  Treasury.  .1238 
— Richman  building,  Cleveland— Motor  trucks 

dump   at  second-floor   level (n)*1041 

— Roxbury  Industrial  School  shop — Flat-slab 
floor  failure  due  to  poor  brick  wall  col- 
umns.  Thompson  ^262,  Wolf,  Von  Mueller  bl4 

—School  plans,  N.  E.  A.  standard '°',?.V) 

—.■Security    cement    plant.      Hewitt ^1222 

—Security  Mutual  Life  Ins.,  Lincoln,  Neb.— 
Placing  steel   frame   in   old  wall-bearing 

building    ;  • ;  ;!Iii! 

-Shores,    Koos'    adjustable (nj'llSb 

—So.  Pac.  office  bldg,,  S.  F •SOS 

—Stratford  Theater,  Phlla.— Pouring  con- 
crete  girder    •SOO 

— U.  S.  Bureau  of  Public  Bldgs.  (n)  139, 
Abandoned  with  Buildings  Appropriations 

bill    (■')   19« 

— U.  S.  Public  Buildings  Comm.  for  D.  C.  (n)   141 
— Vibration,  Opinions  on,  collected  by  Aber- 
thaw  Const.    Co 624 

— Walker    Mfg.    Bldg.,    Racine — Gypsum    roof 

slabs,  10-ft.  spun •1173 

— Water-wks.  structures.  Artistic  touches  for 

simple   •433,   (n)  610 

Burford,  R.  A.,  Jr.     Montreal  pump 133 

Burlington,   la.,   bridge 429 

Bush  freight  terminal,  Bayonne •OO,  962 

Business  prosperity  and  steel  production. ..  .1237 
Butcher,    W,    L.      Water   flow   Increases   with 
rising    temperature    '326,    611,    Mass.    dia- 
gram     •376 

Uuttc,   Mont. — Steel   and   wood   water   mains, 

(correction  n)   134,  Laying  sower  pipe. .  (n)^364 
ButtreHses,    Weak    retaining    wall    saved    by 
anchored,    Denver    'SO 
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Byers'    "Auto-Crane"    ♦507 

Byrd,  J.  H.     Floor  test »11 


Cable  armored  with  composite  latli (n)  •628 

Cable  Inclines,  Sao  Paulo  Ry.     Moiitor 'SITS 

Cable   railways,   Edinburgh,    etc (n)  1074 

Cable  system  handles  dump  wagons  ou  heavy 

grades,  San  Francisco.     Owen •272 

Cables,  Tunnels  for  eiec,  Chi 633 

Cableway,  Aerial,  substitute  for  bridge,  Pliil- 

ipplnes    «12 

Cableway,  Lidgerwood,  for  Miss,   levee  work. 

Wight    X115 

Cableways,  Aerial,  on  Los  Angeles  Aqueduct 

— Makers    (n)    134 

Caisson,  Large  dry,  sunk  as  building  foun- 
dation. Bear  Lake  pumping  station,  Utah 
•98,    Concrete    deposited    by    tremie    •172, 

178,    Double-derrick   platform •lOS 

Caisson,    Manholes    built    in    quicksand    with 

-Open    •-.•• 30 

Caisson   sinking,   Albany   pump   house »73S 

Caissons,   Cylinder-pier,  Buffalo  G.  E    power 

house    •289 

Calcasieu  Eiv.  bridge.  La '.'•865,'  '904 

Calculating  4-slded  areas.  Short  method  of. 
-^verlll    .1186 

CALIFORNIA 

-Dams,  Board  urges  state  control  of 259 

— Flood-wrecked    well    and    pumping    system. 

Salvaging,  San  Diego.     Francis •980 

—Flooded    pumping    plant.     Salvaging,     San 

Luis  Key  River.      Silent ^125 

—Plank  roadway.  Portable (n)   708 

— R.R.    Comm. — Safe    grade    crossings 'IISS 

— Ry.  construction,  State  cannot  compel.,  (n)  9S5 
—Road  fund.  What  Calif,  has  done  with  S18.- 

000,000   .....101 

— Road-work  bonds,  $15,000,000 (n)1009 

Calumet   Harbor,   Chi.,   development (n)   382 

Camden,  N.  J. — Warehouses  on  terminal  piers 

Cameron    septic-tank    patent    663,    (ns)    141,    860 

Camp  Whitman  water-supply,  etc ^498    513 

Canada— Wheat  routes  to  seaboard  •604,  713, 
British  engineers  in  Can.  613.  Railway  in- 
vestigating comm.  (n)  333,  Water-power  re- 

sources  (n)1003 

Canadian  boundary — Buff,  sewage  disposal,  (n)  1202 
Canadian    Geodetic    Survey— Photogrammetry 

for  taking  topography  of  watershed.     Nelles  •878 
Canadian    Soc.    Civil    Engineers— Objects    to 
appointment  of  aliens  711,  SulUvan  855,  On 
Montreal      municipal     water-power      plant. 

1043,  ^1049 
CANALS 

See  also  "Irrigation." 

^Atlantic    inland    waterway (n)   579 

— Chi.  drainage-canals  dow  limitation  (n)  93, 

Joliet    dam    power    bids (n)   237 

— Drainage    canal.    Velocity    coefficients    for 

dredged,  Blitzen,  Ore.     Hodges ^1052 

— Drainage    ditches.    Building    600    miles    of. 

Little  Riv.  dist..  Mo ^740,  •76,  •342 

— Dredges,  Artesian  well  to  float (n)     80 

—Everglades,   Drill  barge  on  canal  work  in. 

^  Phelps    .704 

— Flume  intakes  and  outlets,  HydrauUc  prin- 
ciples of.     Norton   '541,  Kennison    1096, 

Hinds    •lOa? 

— Georgian     Bay     canal.     Proposed;     trafBc 

routes.  Lakes  to  seaboard.     Evans  ^604,   713 

— Goose   Lake   Val.    irrigation ^503,   809 

— Imperial    Val.    canal-work    costs (n)   333 

— Irrigation   canal,   Cerro   Prleta 233 

— N.  Y.  Barge  Canal— Power  plants  and  fac- 
tories moved  at  Seneca  Falls ;  Canal 
power  plant  •145,  Canal  in  partial  oper- 
ation 373,  Progress ;  terminal  problem 
(n)  1057,  Shallow  railway  floor  on  Erie 
Canal  bascule  bridge,  Syracuse.  Hayden.»545 
—Old  canals.  How  to  use,  Cincinnati,  Syra- 
cuse,  Rochester    903 

^Panama  : 

Bronze-bolt  breakage  drops  gate  counter- 
weight— Goethais'   report 998,   1147 

Coaling    plant    (n)lOll 

Concrete  barges   927,    (n)  625 

Concrete   building  balanced  on  middle  line 

of  columns     Hardman '1166 

Cristobal    pier    jn)   911 

Dry-dock,     Balboa,     Roughening     concrete 

floor  for  resurfacing.     HIrschberg •755 

Dry-dock  rules  (n)   842 

Goethais"  annual  report — Finance ;  dry- 
dock  ;  concrete  blocks  for  east  breakwa- 
ter ;  bulldinES  on  Isthmus ;  electric  power 

station;   water-supply    1004 

Locks,   Corrosion   o'f  submerged  metal   at— 

Annual   report    1005 

Operation   statistics    (n)   914 

Slide  (n)  625 

Slide  critics,  Goethais  on — Annual  report..   986 
—Ship   canals   to   aid   Navy    In    national   de- 
fense ;  Capt.  NIblack's  views 1188 

—Terminal  charges,  U.  S.  waterways- Barge 

Canal  study   (n)1057 

—Tunnel,  Marseilles  canal •lOU 

—Turners    Falls,    Mass..    riprap    canal-llnlng 

slide  and  repair •lO.'il,  1046 

—Union  Water  Power  Co.,  Lewlston,  Me  — 
Saving  canal  walls  built  on  old  plank 
foundations.     Sawyer  •SSe 

Canvas  belt  for  finishing  concrete  roads  •654,  709 


Page 
Cape    Fear   River,    Steel   sheetpile   coffer-dam 

for    lock    on .'i49 

Capitol    terraces    made    waterproof '629 

Car.      See    also    "Railway's,"    "Electric    rail- 
ways," etc. 

Car,   Concreting,    Sandy   Ridge  tunnel •OSe 

Car-demurrage    rate    increase (n)1202 

Car,  Differential  electric  dump (n)  ^192 

Car    ferry,    Eiec,    Oakland,    Calif,    (n)    475, 

Evansville,  Ind (n)   616 

Car,  Improved  dump,  C,  B.  &  Q •llsl 

Car,  Level  tripod  on •74,  1159,  (n)  IU41 

Car,  Rail-and-road  eiec,  Bradford,  Eng..(n)   397 
Car-repair      shed,      111.      Cent.,      Nonconnah, 

Tenn ^474 

Car  shortage.  Prompt  unloading  of  freight  to 

prevent 511 

Car,  Steel,  Bureau  of  Fisheries' (n)   175 

Car-wheel  flanges   and  frog  clearances 34 

Carbon-dioxide    indicator,    Bacharach   pocket, 

(n)^916 
Carpenter,    G.    Y.      Central    concrete-mixing 

plant,    Balto.      Carpenter •268 

Cars,  Dump,  Johnson  reraiier  for (n)^432 

Cars,  Dump,  Types  of,  used  on  construction 

work  •581,  •640,  Selection  and  use 611 

Cars,    Flat,    with    false    floors    for    dumping, 

Crossett  Lumber  Co (n)   412 

Cars,  Muck,  Transfer  plate  for 1038 

Cars,   Seatless   rapid- transit,   London 1128 

Cart,    Gravel,    made    of    scrap,    Christmau's. 

Lothrop   (n)    •SO 

Cary,  III. — Concrete  water  tower •SOS 

Cascade  Mtn.   tunnel.     Chittenden   •928,  953, 

Walker    •1190 

Cashmere,   Timber  bridge  in '965 

Catchbasin  and  inlet,  Pueblo   ♦77,  Steel-step 

cost    reduction     (n)     224 

Catchbasin   and  inlet,   San  Antonio (n)^1042 

Catchbasin  inlet.  Large  Council   Bluffs...  (n)   ^32 
Catchbasins  and  culverts  on  roads,  Vermilion 

Co.,  Ill ^209 

Catenary,     Rectification     of.       Honey     •256. 

Strachan    1046 

Caterpillar    excavators.    Tracks    for.... •76,    ^344 
Catskill  Aqueduct.     See   "Aqueducts." 
Causeway,    Effect    of    hurricane    on    Corpus 

Christi    ♦SIS,    (n)   430 

Causeway  progress,  Galveston    (n)    333,  Con- 
crete arches  favored  (n)   1153  (erratum  n)   1193 
Cave,  Stalactite,  moved  from  Ariz,  to  N.  Y., 

(n)   495 
Cave-in.     Sec  "Earthslides,"  "Accidents." 
Cement.     See  also  "Concrete,"  "Grout." 

Cement,   American,   in   Ecuador (n)   242 

Cement  Asso.  laboratory  adjunct,  Lewis  Inst., 

(n)   673 
Cement   from    oyster   shells ;   Texas   Portland 

Cement  Co.  mill.     Struckmann *230 

Cement  gun.  Building  reservoirs  with ♦SSi 

Cement  gun,  Waterproofing  dam  with •1159 

Cement-industry  operations   (n)   286 

Cement    kilns,    Shutiug    down,    on    Sunday. 

Brown    (n)107 

Cement-Iinie-milk  paint  (n)   128 

Cement-mill  byproduct.  Potash  as  valuable — 

Cottreli  process  at  Security  Cement  &  Lime 

plant.     Hewitt    ^1222 

Cement   mill,    Oregon   Portland   Cement   Co.'s 

electric-driven.      Findlay    •1194 

Cement  production  in   1915 (u)     46 

Cement,  Slag,  permitted.  New  Orleans (n)   770 

Cement  specification.  Once  more  one  accepted 

35,  A.  S.  T.  M.  report  39,  The  .sjieciflcations    43 

Cement-tile  roofing.  Crane  plant 'ISl 

Census.     See   "U.   S." 

Centrlfuging,  Drying  sludge  by •1126 

Ceramic  Bldg  ,  III.  Univ (n)^1105 

Cernavoda,    Roumania    bridge .*S61 

Cerro  Prieta  Irrigation  canal 233 

Chain  cables.  Large,  power-forged  at  Boston 

Navy  Yard.     Coburn •1113 

Champaign,   111.     Activated   sludge '973 

Chapman,    C.    M.      Concrete-aggregate    speci- 
fication       130 

Charleston  Lt.  &  Water  dam  falls ^232 

Charlotte,  N.  C.     Street  work  under  tent  175, 

Garden-hose  finish   for  concrete  pavements 

•803,   Steel   paving •946 

Chart.     See   also  "Diagram." 

Charts   for   eccentric   loading   on   rectangular 

ureas.    Cottcn ♦1090 

Charts,  Traffic,  St.  Louis ^832 

Chattanooga,    Tenn. — Water-works    valuation, 

(n)   141 
Chemists  and  engineers  talk  on  sanitary  prob- 
lems       673 

Cheyenne,    Wyo.,    pavements ^482 

CHICAGO,  ILL. 

See  also  "Railways." 
— Bridge,  Bascule,  replaces  old  swing  bridge, 

Fullerton  Ave.,  C.  &  N.  W.  Ry ^284 

— Bridge,   Strengthening  an   alley 659 

— Bridges,    Improving   appearance    of ^282 

— Bridges,  Wood  flooring  bascule ^220 

— Calumet   Harbor   development (n)   382 

— Commonwealth  Edison  plants  ^52,  •1040,  '1045 
— Drainage    canals    flow    limitation     (n)     93, 

.lollet   dam    power  bids (n)   237 

— Engineers   ask    higher   salaries 1201 

— III.  Cent,  terminal  to  cost  $20,000,000  624,  1200 

— Park  grading   by   day   labor ♦966 

— Pavements,  Co-oporatlon  saves 130 

— Paving   under   administration    fire — Baker's 

report   1104 

—P.    R.R.    freight    station— Pile    tests    801,  • 

Tower  derricks    .802 

— Pipe,    Inspecting    cast-Iron    water. .....  (n)   700 


CHICAGO.  ILL— Continued 

— Rapid-transit   system   plans;   map.. 1104,    ^1148 

— Rock  Isl.   track  elevation — Loco,   crane   for 

concrete-bridge    work    ^1172 

— Sewage    dilution    hit 1151 

— Sewage  treatment — ^Activatad  sludge.  Pearse 

109,  Armour  plant.     Noble 110 

— Sewage    treatment   and   dilution 1056 

— Sewage  treatment.  Cook  Co.  Institutions. .  .^296 
— Sewer,     Calumet     intercepting.     Specifying 

progress  (n)   364 

— Sewer,    Effect    of    sewer    gas    on    concrete. 

Brooks    •486,   511 

— Sewerage — Bubbly    Creek    will    bubble    no 

more    ^725 

— Stockyard  sewers.  New  and  old 487 

— Stockyards,  etc.,  refuse  disposal ;  sewerage, 

(ns)   427,  1202 

— Street  grading.  Koehring  excavator  for ^495 

— Street  traffic.  Heaviest.     Brodd 761,  905 

— Tunnel   under  river,   Lowering  st.-ry ^968 

— Tunnels  for  eiec.  cables 633 

— Water-supply    sewage    pollution (n)  430 

Childs,  0.  W.    Motor-truck  loads  for  highway 

bridges    'SOS 

Chile   copper-ore   handling 169 

Chimney.      See   also   "Stack." 

Chimney  settlement  kills  men.  Corning,  N.  Y., 

glass  works    (n)   190 

China,  Dredge  for.  Coleman  ^170,  Develop- 
ment of  Govt,  railways  in.  Wang  540,  Am. 
company   to   build   railways   in   673,   G.   A. 

Kyle  to  be  engineer ^814 

Chipman,  R    M.     Chemical  weeding 1047 

Chippewa  Creek,  To  develop (n)1050 

Chittenden,  H.  M.  Miami  flood  prevention 
•906,  1055,  1093,  1190,  Cascade  Mtn.  tunnel, 

•928,  953,  •1190 

Chlorate    of    potash    explosion (n)   320 

Chlorinating   water-supply   of   Greater   N.    Y. 

Coffin    ^438 

Chlorine,  Liquid,   U.    S.   output (n)   437 

Chlorine,  Montreal  Water  Co.   makes  its....  477 

Chords.     See  "Curves." 

Christmas  present,   "Engineering  News"  as.. 1143 

Cliurcli,    Gas    explosion    wrecks (n)^660 

Chute,    Steel-lined    material.    Shore    tunnel, 

Milwaukee    (n)  ^708 

Chutes    on    Italian    freighter ^210 

Chuting  concrete  down  steep  slopes,  So.  Ry.^llS2 
Cincinnati,  O. — Rapid-transit  surveys  (n)  674, 
Park  Ave.  viaduct  (n)  674,  Hopple  St.  via- 
duct open  (n)  864,  New  railway  terminals 
(n)  866,  City  planning  (n)  1010,  Water- 
main    extension    rules (n )  1092 

Cinders    make    steel    sheeting    tight    in    swift 

current     •SSS 

Circles — 3-point   problem  solution (n)^610 

Circuit-breaker,   G.   E.    20,000-amp.   d.c.. .  (n)^772 
City.     See  also  "Municipal." 

City  and  county  debts.  Curbing,  N.  J 613 

City  built  upon  a  hole 276,  •280,  •eSl 

City  contracts,  No  bidders  on 1044 

Citv    debts — Census    bulletin (n)     46 

Citv   cn^in.'pv's    ..fflfp,   Rpsist.Ting  kicks  at...    437 
I' 11  i:'.T     rl  111,     (■|ri,.l:iiiil (n)1106 

(II      1.   I  i;    I   n.iMi.  .1    r.  II-, itii,  Va (n)  625 

(lu    iiiiii^i  1  ,  iiii.,  >il[iii;.'  ;,iMi,i  government.  .104."» 
Cii,     M.ui.it^ia     A330.     iiie>tuig,    Springfield, 
Mass.   .t 1053,  1051 

CITY  PLANNING 

—Aeroplane  to  visualize  layout (n)  461 

—Cincinnati,    O (n)  lOUi 

— City      Planning      Conference,      Cleveland — 

Paper — Planning    problems    in    cities    of 

the  smaller  class.     Nolen 102 

— Cleveland's  ndw  city  hall  and  civic  center.  .'IS. 1 

— Dublin   rebuilding  plans (n)   429 

— Duluth,   Minn.,   replanning.     Patten •OlS 

— Excess  condemnation,  Los  Angeles.  Mohler  •20 

— Ind.  Real  Est.  Asso.  campaign (n)   77(i 

— JIass.  city  boards  of  siu-vey 189 

— N.    Y.    Cy.    zoning   progress    225,   Progresa. 

Ford    lO.T 

— Penn.  State  Asso.  of  Comms (n)   113 

— Sacramento,    Calif.,    replanning   and    rcdis- 

tricting    •Ill 

—  St.  Louis,  Mo.,  replanning  188,  May  spend 

$8,000,000    1151 

—Sparrows  Pt.,  Md.,  New  city (n)   381 

Cities,     Lessons     from     Ohio — Tax-llmlt     :ind 

sinking    fund    laws 759 

ClviL-service  exam..  Junior  Engineer 107  1 

Civil-service   exams,    for  111.   Junior  Highway 

Engineer  without  leaving  home (n)1200 

Civil-service  examinations.     Merit lOoi 

Clapp's  grip-typo  rail  joint '"iiS 

Clarksburg,  W.   Va. — Changing  from  alum  to 

iron   at  filters.      Boynton 927 

Claussen,  T.  H.  Truck  springs  save  pave- 
ments      901 

Clay,   Blasting  in.     Longstreet (n)  221 

Clearances,   Swiss  railway (n)I007 

Cleary,  .\.  J.     Twin  Pe.-iks  tunnel •636 

Cleary-Whlte  Const.  Co.  methods 654,  •994 

Cleburne,   Tex.— Imhoff  tanks   and   sprinkling 

filters.      McDonnell •1028 

Cleveland  Dock  &  Eng.  Co.'s  patent 9^1 

Cleveland  Engineering  Soc.  to  the  rescue. 
Drayer  328,  Addresses 1102,    (n)1107 

CLEVELAND,  O. 

— Activated-sludge     results,      Cleveland,      re- 
viewed.    Pratt,  Gascoigne, 

•1061,  •1124,  (nl   110 
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CLEVELAND,    OHIO— Contiiuinl 

— Bridge   inspection   and   repair (n)1058 

' — Bridge  wreclced  by  car 711,  'TIS 

— Brooklyn-Brighton   viaduct   piiveraent. . .  (n)   127. 

^City  hall  and  civic  center *139 

— City    Manager    plan (nJllOU 

^Detroit-Sup.    viaduct  progress ♦234 

— Elec.  ry..  Dump-car  on (n)«192 

— Garbage-tankage     yield (n)  1202 

— Motor-truck  load  and  speed  limits (n)  719 

— Municipal    lighting-plant   operating   results. 

Ballard  603 

— Paving-work  bonds (ns)141,   1009 

— Plumbing   ordinance    controversy 328 

— Public-service    directors,    Engineers    needed 

for     860 

— Water-supply  to  be  purified  and  softened — 
Filter  plant  *732,  Arch  collapse  'ISe, 
(n)I41,  Will  jacket  Clearwater  basin  with 
reinforced  concrete  (n)1009.  Foundation 
settlement  1093,  •1099,  Quick  repair  bids  1150 
— Water-intake  tunnel — Knife  for  clay  face 
»360.  Transfer  plate  for  muck-cars  103S, 
Divcrgen.-e    from    line    and   grade    (n)382. 

Explosion  187,  236,  380 

— Water-main     laying     for     track     depression 

(n)»I042 
— Water  tunnel  under  Cuyahoga  Kiv. — Sinking 
shaft  *374.  Tunneling  in  Arm  clay  with 
compressed  air  •1220 

Cliffs  kept  from  falling  on  tracks — By  pinning 

•358,  367,   By  concrete  toe-wall 'SSO 

Clinometer  and  range' finder.  Young's •1183 

Clinton,  la. —Railway  impvts.  ^102,  Hollow- 
tile  sewers •634 

Cloth,  Two  ways  of  testing.     Lewis,  Whalen.  .'l.^S 

CO-  indicator,  Bacharach  pocket (n)*916 

Coagulant,    Intermittent    excess,     Springfield. 

Lochridge   617 

Coal-  and  ore-handling  metliod,     Gilpin 169 

Coal  dredging,   Penn.    rivers (n)644 

Coal  dumped  in  Boston  sewer (n)  10.57 

Coal-mine  cave-ins,  Scranton 276,  '280,  •eSl 

Coal-mine    explosion,    Roden (n)913 

Coal   pits.   Waterproof •635 

Coal,  Powdered,  as  fuel — Application  to  loco- 
motives, etc 177,    (n)     27 

Coal  production,  U.   S (n)   169 

Coal-trafHc  stati.<itics.  Seaport (n)  1047 

Coal    wealth    of    U.    S.    and    industrial    su- 
premacy— Brit.       Asso.       report — Internatl. 
Geol.    Congress    diagrams    of   world's    com- 
parative coal  resources *75S 

Coaling  plant,  Panama  Canal (n)lOll 

COAST  EROSION  AND  PROTECTION 

See   also   "Levee,"   "Revetment,"    "Rivers," 

"Flood." 
-^Concrete-revetment  machine.  Miss..  .^1070,  1091 
—^Holland,   Draining  North,  after  Jan.    flood. 

Spaander    •773 

— Mattress,  New  type  of.     Everham ^1022 

^Miss.,  Five  days  on.     Wight "IIU 

—  Seawall,   Longport,  N,  J (n)   382 

— San     Francisco    shore     protection     nearing 

completion  :    Esplanade •SIS 

— Texas  coast  storm-swept    (n}429.  Effect  on 

Corpus   Christi    viaduct •SIS 

Coburn,  F.   G.     Chain   cables •1113 

Coffer-dam.     See  also  "Caisson." 
Coffer-dam,    Emergency    canvas,    for    canal- 
bridge  pier.     Coinjack,  N.   C •SIS 

Coffer-dam  piles  pulled  by  inverted  hammer 
at   Buff.    Genl.    Elec.    Co.    condensing-water 

tunnels    •SIO 

Coffer-dam  piles  pulled  by  loco,  crane  on 
trestle,  P.  &  R.  Susquehanna  Riv.  bridge, 
ililton,  Penn.  •SOO,  Cinders  make  steel 
sheeting  tight  in  swift  current  '558,  Coffer- 
dam frame  or  templet (n)  '610 

Coffer-dam  fails,  Earth-flU,  Houth  Boston  dry 

dock    237,    (n)  429 

Coffer-dam    for    concreting    pier    foundation, 

Salamanca  bridge.     Steere ^338 

Coffer-dam,  North  River  piers,  N.  T.,  com- 
pleted inside  of 45 

Coffer-dam,  Rochester,  N.  Y *821 

Coffer-dam,  Steel  sheetpile,  for  lock  on  Cape 

Fear    River 549 

Coffer-dam   work — Binghamton  sewer ^1227 

Coffer-dams,    Placing    wood,   without   driving, 

at  Ohio  River  dam  24.     Shrlver 'IHO 

Coffer-dams,  Timber  and  gravel,  of  Troy  dam. 
Watt  •492,  Steel  sheetpile  coffer-dams. 
Watt  •jSS.  Pulling  the  shcetplles  •408,  613, 

Pile   hammer ^609 

Coffin,  T.  D.  L.     Chlorinating  N.  Y.  water,., •438 

Coke-oven  byproducts  production (n)   626 

Coke  plant  near  N.  Y..  Placing  foundations 
for — Koppers  plant  for  Seaboard  Byproduct 

Coke  Co.,  ,Iersev  Cv •6SS 

Coleman,  F.   C.     Dredge  for  China •HO 

Collins,  A.  L.     Pumping  crude  oil 22 

Colombia— Olrardol    port    Impvts (n)  817 

Colt's   arms-faclorv    en-cllon (n)   852 

Columbia  Univ.  United  EnElncerlng  Soclctle9,1197 
Columbus,    0— River    widening    10.55,    1093, 
Agler  10-span  concrete-arch  bridge.     Knoll- 
man    •1109 

Columbus  Park.  Chi.— Grading  by  day  labor.  .'OOe 
Column  tests.  Metropolis  bridge,  by  Bureau  of 

Standards    •49,     81 

Columns,    Buckling,    In   Jacking   up   Riverside 

Drive   viaduct 'SOO 

Columns  fall.  Brick  wall.  Roxbury  school. 
Thompson  •262,  Wolf,  Von  Mueller 614 
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Coliunns     iu     21-story    skyscraper.     Altering 

stone-encased    steel    •1170 

Combahee  Corp.   pumping   plant •839 

plan.     See  also  "City." 

plan  and  city  manager 1045 

Commonwealth     Edison     Co. — Large     turbiiu^ 
*.">2,  Wrecking  old  machinery  *1040,  Growth, 

•1045 
Compensation — Chi.  engineers  ask  higher  sal- 
aries     1201 

Compensation,  Engineers — Detroit  report 1189 

Compensation,  Workmen's,  Penn.,  report. .  (n)   217 
Competition.      See   also  "Engineering  Compe- 
titions." 
Competition,  Engineering,  by  Univ.  Minn. .  (n)  1151 
Comi)etition,    Govt,     and    student.      Barnett; 
Glcnnan,  Pub.  Health  Service  30.  N'orcross  180 

Competition,  Govt,   engineers,  N.   Z (n)   305 

Compressor,  Air.     See  "Air." 

CONCRETE 

See  also  "Cement,"  "Grout,"  "Pavements," 
"Roads,"     "Streets,"     "Retaining    wall," 

and  specific  kinds  of  structures. 

— Albany  Engineers'  concrete  symposium S64 

— Albany    pump    house    and    grit    chamber. 

Building.     A'ernon *738 

— Am.  Concrete  Inst,  placed  on  sound  basis..  902 
— Baltimore    Concrete    Placing    Co.'s    central 

mixing  plant.     Carpenter ^268 

— Barges,   Concrete,  stand  test,   Panama   927, 

Others    elsewhere (u)   625 

— Bear     Lake     ptunping-station      foundation, 

Utah  •lOO,  Concrete  in  caisson  deposited 

by  tremie,  etc •172,  178,  •408 

— Beams,       Stirrup-spacing      diagrams      for. 

Bailey •604 

— Bicliloride  of  mercury,  effect (n)616 

— Bridge    abutment.    Plain    concrete,   wrecked 

by  backfill,  Mich.     Thomas (nj^SOl 

— Bridge,   Agler    10-span   concrete-arch,   near 

Columbus.      Knollman •IIOO 

— Bridge,   Calcasieu  Riv.,  Lake  Charles,   La., 

•865,  •goi 

— Bridge    completed    from    suspended    forms. 

Little  Colo.  Riv.,  Ariz.     Goodman ^786 

— Bridge,    D.    &    W.,    Millburn,    N.    .1.,    arch 

centers  suspended  from  old  plate  girders. •SIG 

— Bridge  failure  from  careless  work.  Inde- 
pendence,   Ore ^672 

— Bridge  floor.  New  type,  St    Louis •1230 

— Bridge-patent    decision,    Luten 577 

— Bridge-patent  decisions,  Thacher 44,   621 

— Bridge  repair.  P.  R.R.  stone — Old  battle 
between  stone  masonry  and  concrete  131, 
Fletcher    'SOS 

— Bridge,  Slab-deck,  over  highway.  Rock  I. 
Lines :  carrying  station  platform  ;  water- 
proofing,   etc *1002 

— Bridge  standard  plans,   Longshore's '471 

— Bridge,  Susquehanna  concrete-arch,  Harris- 
burg,  of  C.  V.  R.R...., 'SSS,  •764 

— Bridges,    Erecting    highway,    under    traffic, 

Mich.       Dewart ^798 

— Bridges,  Minn,  highways — High  steel  prices 
increase  use  222,  Test  of  new  type  ^620, 
Gravel  covers 330.  468,  616,  712,  'OOl 

— Building  balanced  on  middle  line  of  col- 
umns, Canal  Zone.     Hardman •liee 

— CatskUl    Aqueduct    tunnel,    Brooklyn    end ; 

grouting    •ISC 

— Central  plant.  Dry  mixing  of  materials  at — 

Prize  offer  805,  997,  Award 1237 

— Chuting    concrete    down    steep    slopes,    So. 

Ry ^1182 

—  Cleveland  filter  groined  arch  collapse  •ISO, 

(n)  141,  Will  jacket  Clearwater  basin 
with    reinforced    concrete (n)  1009 

—Cliff  kept  from  falling  on  track  by  con- 
crete   toe-wall '359 

— Coal     pits.    Waterproof;    fireproof    ashpits 

made  with  gold-ore  slag  aggregate '635 

— Coke-plant   foundation   work,   Koppers,    for 

Seaboard    Co '888 

— Construction  features  used  by  Ferro  Con- 
crete Const.  Co. — Am.  Tool  Wks.  build- 
ing-Flexible mats  for  forms,  tower  with 
split  boom,  tricycle  and  bicycle  carrying 
extension  of  chute,  etc    ^991,  (erratum  n)1193 

— Counter,  Concrete-elevator.     Taller (n)^852 

—Culvert    building   for    130-ft.    fill.    Southern 

Ry.,    Ga •SSO 

— Cyllnder-pler  foundations  laid  in  sheetpile 
wells,  Buffalo  G.  E.  power  house.  Board- 
man   •2S9 

—  Dam,    New    hollow,    with   subdivided   water 

pressure,    for    Genoa,    Italy,    and    Ruten- 

berg^s    patent •^SS 

— Dam,  Thin  arch,  Australia.     NImmo •712 

— Dams,  Gem  and  Agnew  Lake  multlplc-nrch 
In    Sierra    Nevadas ;    waterproofing    with     ^ 

cement  gun,  etc •11j7 

-Detroit     street-railway     work.     Concreting 

train  for    'USS 

—  Dock    patent    upheld.    Ferguson-Carey,    of 

Cleveland  Dock  &  Eng.  Co 961 

— Draft-tubes,     Forms     for     heavy,     Spanish 

Irrigation    project.     Braun '76 

-Drift  catcher,  Erie.  Penn.     Seelyo '795 

-Dump  wagons  superior  to  carts "0 

—Elec.  conduits- N.  E.  E.  A.  report (n)   6G9 

— Esplanade.    San    Francisco ^543 

— Factory  buildings  of  timber  and  concrete. 
Cost  of.  Davidson,  Natl.  Lumber  Mfrs." 
Assn..  Condron  884,  Concrete  frco  from 
depreciation.  McCullough  954.  Bd.  1043, 
Building  In  Wilmington,  Del.  .Muhlhauscn.1193 
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CONCRETE— Continued 
— Floor   cracked  by  settlement.  Load  test  of. 

Byrd   •!! 

— Floor  failure.  Flat-slab,  due  to  poor  brick 

wall     columns,     Roxbury     school     shop. 

Thomson  ^262,  Wolf,  Von  Mueller 614 

— Floor   falls   after    early    removal   of   forms, 

N.   V.   building •1030,    (n)1106 

— Floor,  Insulating  concrete,  under  boilers,  by 

Ferro  Concrete   Const.  Co •SOS 

— Floor   tested   by   stack   fall,  Portland,   Ore. 

Blood    •OlS 

— Floors — Seattle   flat-slab    test.      Turner   84, 

JIany  unbiassed  tests.     Lord  85,  Godfrey  279 
— Footing   offsets.    Bond   and   shear   in    rein- 
forced— 111.     Bridge  Bureau  rule.     Older, 

•18,    (errata  n)  325 
— Footing  walls.   Concrete,   built  by   Johnson 

&   Co.,   Chi ^362 

— Foremen's  courses,  Wentworth  Inst (n)   382 

—  Forms,     Steel-jacketed,    and    traveler,     for 

winter  concreting  of  retaining  wall,  near 
Paw      Paw     station.      Magnolia      cutoff, 

B.  &  O •269 

— Girder,  Deep  concrete,  poured  in  three  lifts, 

Stratford  Theater,  Phila.     Muhlhausen.  .•506 
— Ice  factory.  Tearing  down  old,  Gt.   Atl.   & 

Pac.   Tea  Co.'s,  Jersey  Cy.     Hoadley '729 

— Melber  reinforced-concrete  patent  decision, 
Pittsburgh  high  scliool.     Godfrey  668,  the 

Brannon   patent 661,   669 

— Mixer,     Bucket     conveyors     teed     concrete, 

Nashville    school •lOSe 

— Mixers,  Lakewood  water  feed  for (n)*381 

— Mixers,  Largest,   VadWn  Devel ^922 

--MLxing  plant  for  river-bank  paving •1118 

— Nomenclature — Meaning  of  "concrete" 81 

— Ore  dock,  Ashland.     King ^242 

— Panama — Concrete   blocks    for    breakwater; 

buildings    1004 

— Patent  situation.  Signs  of  clearing  in 661 

—  Pier,  Redondo  Beach,  Calif.     Roberts 'SIS 

— Piles,  Bottom-driven,  on  Govt.  job—Federal 

Bldg.,  Wilmington.     Howell •1207 

—  Pipe,  Reinforced,  used  (or  culverts  on  vari- 

ous   western    railways ^592 

— Platform  shelters,  unit  const,.  So.  Pac,  Los 

Angeles  *73 

—  Pneumatic  concreting  and  its  development ; 

rotary  mixer.     Graham *3S6 

—Railways,  Experience  of  forty-one,  in  small 
concrete      jobs — Cost,      tools,      etc. — Am. 

Bridge  &  Bldg.  report 849 

— Refuse     burner,     Gray's     Harbor     lumber. 

Blagen    *5S8 

— Reinforced  concrete.  Looking  at  inside  of — 

Stettler's  Roentgen  photos 563 

— Reinforced-concrete     reservoir     wall     tips, 

Madison    *'*'^'' 

— Reinforcement       bender,      Expanded-metal. 

Beall    *81' 

— Reservoir,  Concrete-lined  oil.  El  Segimdo.  .•819 
— Reservoir,  Failure  of  concrete,  built  on  old 

stone   wall,   Winfleld.   Kan •401 

— Reservoir  relining,  Omaha ;  mixer  and  de- 
positing   machine •.  • . .  •646 

— Reservoirs  without  forms  built  with  cement 

gun,  Cary  and  Elmhurst,  111 •894 

— Revetment    machine    for    Miss.      Markham, 

•1070,  1094 
— Rochester    dam    and    head    house — Jensen's 

pneum.atic    concreting  machine '824 

—Roof,  Peaked,  New  Bancroft  Hotel,  Sag- 
inaw.    Jensen *372 

— Roughening  concrete  floor,  Balboa  dry-dock. 

for  resurfacing.     Hlrschberg •755 

—Roughing  tool,  Gardner (ns)   288,  •628 

Salt     water     causes     cracking     reinforced, 

Philippines.      Harrison 1047 

— Sand,  Albany  engineers  discuss 940 

—Screed  with  plow  handles,  Pasadena, .  (n) •1236 
— Sewer-gas  effect  on  concrete,  Chi.     Brooks, 

•486.   511,   •7'^" 

—Shores,  Roos'  adjustable  building (nl'lise 

—Slab,   Distribution   of  load   and  moment  to 

beams  supporting  rectangular (n)   464 

^Slab-floor  pat.    decisions,   Turner 720,   769 

— Specifications  for  hand-mixed  concrete  cul- 
verts.   Two   recent — Gt.    Nor.   Ry. ;  Mich. 

Cent.     R.R 171 

—Stairway.  Cantilever.  Phila.  house (n)^950 

—Testing — A.  S.  T.  M.  papers — Wear  tests, 
Abrams ;  Strength  of  clamp  splices  In 
reinforcement,  Laslcr :  aggregate  specifi- 
cation. Chapman  ;  flnding  specific  gravity 

of  aggregates,  Hubbard,  Jackson 135 

—Tests,  Road  material,  N.   Y 456 

— Tunnel,  Greensburg.  Pncu.  concreting  •254,  276 
—Tunnel,  Lowering  st.-ry.,  under  Chi.  Riv. ; 

pneum.ific     concreting '972 

— Tunnel.  Mill  Creek  sewer,  St.  Louis— Ma- 
terials   chuled    through    drill    holes    to 

pneumatic    mixer.      Horner •705 

— Tunnel.  Milwaukee  water-Intake,  concreting 
methods.      Warren    •794,   Material   chute, 

(n)«708 
—Tunnel.  Sandv  Ridge,  of  Car..  Cllnohfleld  & 
O.    Ry. — Lining  with   pncu.   mixer  under 
traffic ;  concreting  car,  steel   forms,  etc. 

•936,  '809 
— Twin  Peaks  tunnel  pneumatic  concreting. .  ^637 
-Viaduct,  Raising  settled  bent  of.  Denver,, •221 

—Viaduct,    aide-hlll,    Cuyahoga    Co '3.52 

— VInduct  vs.  fill  for  street  elevation.  Astoria. 

McCloan     325 

— Wabnsh  concreting  plant.  Ft.  Wayne;  slabs 
•211.  Heavy  concrete  slabs  make  good 
railway     Ijrldges 277 
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CONCRETE — Continued 

— Walks,  Tool  for  roughing (n)  288 

— Warehouse  partly  wrecked  by  Are  or  ex- 
plosion, Mullen  &  Buckley's,  Far  Kock- 

away     •956 

— Water  main.  Kan.   Cy.    Mo (n)   578 

— Well,  Lining  114-ft.,  with  precast  concrete 

rings     ••608 

— Winnipeg  aqueduct  cracks 710 

— Yadkin  development  work *922,  951 

— Youngstown  Sheet  &  Tube  office  building — 
Concreting  with  Jaeger  system  dump  car 
and    inclined    tower •174 

Condemnation,  Excess.  Los  Angeles.     Mohler.   ^20 

Condemnation — Hartford    water    case 246 

Condenser  tubes.  Brass — Cracking  and  its 
cure,  Detroit  Edison  plant.     White 87 

Condensing   plants,   Ingersoll-Eand (n)     48 

Condensing  water.  Deep-well — Layne  & 
Bowler    installations 779 

Condron,   T.    L.     Concrete-building  cost   885, 

954,  1043,  1193 

Connell,    W.    H.     Phila.    Highway   report   17, 

27.  181 

Conradson,  P.  H.  Emulslflcation  value  of 
lubricating   oil 136 

Conservancy,  Ohio.     See  "Ohio." 

Conservation  of  natural  resources.  Combina- 
tions   for 1144 

Conservation,    Water-power    367,    999,     (ns) 

190,    430 

Construction  features  used  by  Ferro  Concrete 
Const.  Co •ggi,  (erratum  n)1193 

Construction  machinery.  New  lubricating  sys- 
tem for:  Davis  lubricator.     Lawrence •317 

Construction    plant,    Yadkin    devel •922,951 

Construction  work.  Cleary-White  daily  field 
reports  on.  Hailey  •994,  So,  Ry.  contract- 
ors'      •897 

Construction  work,  Portable  steel  buildings 
on.    Trussed    Concrete    Steel    Co.'s ^585 

Continental  &  Comm.  Bank,  Chi. — Altering 
columns    •1170 

CONTRACTS  AND  CONTRACTORS 

— Bridge-falsework  drawings.  Result  of  fail- 
ure to  submit.  Warren.  Penn (n)  430 

— Bridges  damaged  by  floods.  Contractor  dis- 
cusses      1233 

— City  contracts.  No  bidders  on,  Indiana- 
polis,   etc 1044 

— Daily  record  of  job.  How  So.  Ry.  contract- 
ors Sheahan  and  Lane  keep  •897,  Cleary- 
White    Const.     Co ^994 

— Estimate,   Inaccurate,   vitiates  time-penalty 

clause     53 

— Kansas — Decision  requiring  fair  competi- 
tion in  bridge  contracts  201,  Road  main- 
tenance by  contract.     Moone 204 

— Municipal-contract     specifications.     Patents 

in;   Imhoff   tanks      Miller 1239 

— Nashville    paving    litigation (n)  210 

— Naval     contracts     on     cost-plus-a-percent- 

age    b.asls 1143,    (n)  1154 

— Naval    specifications,   Modernizing 512 

—Navy  wants  contractors'  advice  on  con- 
tract   provisions    (n)1154 

— Office,    Portable    steel   ^585 

— Postcard    advertisement    Bent's (n)^1042 

— Progress  on  construction,  Specifying.  Cal- 
umet sewer,   Chi (n)   364 

— Santa  Monica.  Calif.,  paving  bids  in  com- 
petition with  contractors (n)   577 

— Wanted:    contractors — Ky.  roads.     Wiley..  616 

— Yadkin  development  work •922,  951 

Conveying  coal  and  ore.     Gilpin 169 

Conveying— Phila.    piers    package    elevators. •406 
Conveyor,  Burch  wagon-loader  with  belt    (n)^336 

Conveyor,  Freight,  Astoria  pier *699 

Conveyor— Spoil  escalator.  Twin  Peaks  tunnel*637 

Conveyors   and   stackers,  .letfrey (n)*110S 

Conveyors.     Bucket,     feed     concrete     mixer. 

Nashville     '1036 

Cook    Co..     111. — Sewage-treatment    plant    at 

institutions.      Ashley •296 

Cooke,  M.  L.     The  city  and  its  utilities 816 

Cooling   tower.    Largest,    Wheeler (n)  578 

Cooper,    H.    L.      Que.    bridge    disaster 622 

Co-opcratlon,    Engineering,    comm (n)  674 

Co-operation   saves  pavements.   Chi 130 

Copeland,  W.  R,  Nitrogen  from  sewer  sludge 

665,  663 
Copper-sulphate    treatment.    St.    Paul    water- 
supply.       HulT 104 

Corpus    Cristl    causeway    damaged    bv    storm 

•815,    (n)  430 
Corrosion.     See  "Iron  and  steel  corrosion." 

"Corroslron"    antl-corroslon    Iron (n)  336 

Corrosion,  Submerged  metal,  Panama  locks..  1005 
Cost-plus-a-percentage  basis.  Naval  contracts 
on  1143,  (n)1154 

COST  DATA,  METHODS    ETC. 
See  also  "Accounting." 

— Alaskan   Ry.   contract  prices 995 

— Armor-plate    cost    accounting 83 

^Asphalt-pavement     costs     with     municipal 

plant,    Spokane 375 

— Asphalt  pavements.   Low-priced (n)  715 

— Bridge  abutments— Piles  vs.  Increased  depth  270 

— Cable  system.  Dump-wagon •273 

— Canal-work    costs.    Imperial    Val {nj  333 

—Cleveland    municl|iiii    lighting   results 603 

— Coffer-dams,    Troy •494,*533 

— Concrete    jobs.    Small,    Railway    experience  849 

— Docks.   Astoria,    Ore.,    municipal 'OOS 

— Dredge,  Design  and  erection  costs  of  Amer- 
ican   steel    knock-down „ *6 
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COST  DATA,  METHODS.  ETC.— Continued 
— Factory  buildings  of  timber  and  concrete. 
Davidson,  Natl.  Lumber  Mfrs.  Assoc. 
Condron  8S4,  McCullough  954,  Rapid 
price  changes  affect  problems  1043,  Build- 
ing in  Wilmington,  Del.     Muhlhausen. .  .1193 

— Garbage  disposal,   Danville,  111 685 

— Garbage  disposal.  Los  Angeles. , 'CSO 

— Grouting  Catskill  Aqueduct   timnels ^200 

— Motor-car  operation.  Ford (n)   176 

— Motor-truck   haulage.  Ariz 271 

— Night  and  day  work  compared ;  Michel 
on  C.  &  O.  Nor.  experience,  etc.,  323, 
Whitney  506,  Shaw  606,  Hailey  654,  Mc- 
Donald       798 

— Panama    Canal    report 1004 

— Pavements,  Asphaltic-concrete,  Cost  analy- 
sis of,  Albany,   Ore.  Penland 103 

— Pavements    Concrete.   Sioux  Cy.,  la '168 

— Pavements,   Monolithic   brick,   cost  records, 

Marshall,    111.     Paige •1218,   •978 

— Paving    cost.     Prorating,     among    property 

owners.   Owensboro.   Ky.     Talbott ^14 

— Pile   driving,  Salamanca  bridge '338 

— Rail    price    raised.    Steel (n)lOlO 

— Railway  supplies.  Cost  of (n)  1221 

— Ry.   passenger-terminal  cost.     Bikle (n)1215 

— Road  and  terminal  costs.  Relation  between. 
Neall  324,  Rates  that  help  cities  at  ex- 
pense  of   country    129,    Eliminating    cost 

of     transfers 415 

— Road-building    essentials (n)   866 

— Road-building    materials.    Cost    of    testing, 

N.    Y 455 

— Road  grading.  Cheap,  Utah ^28 

— Road-oiler   operation.   Motor (n)  274 

— Road   oiling,   western   N.    Y ^1021 

— Road  pavements.  Cost  of  concrete  and  other 

permanent.    Wulff 1240 

— Roads.  Computing  cost  of  good (n)  471 

— Roads,    Gravel,   Mich.      Rogers 892 

— Roads  in  arid  West ^480 

— Sewers.  Aids  to  estimating  cost  of  vitrlfled 

pipe.     KIrchoffer   •780 

— Street  cut,  Kan.   C.v.  :  slides 1171 

— Street   elevation.   Astoria — Viaduct   vs.    fill. 

McClean     325 

— Subway  cost.  Centre  St.  Loop (n)1041 

— Survey,   Portland,   Ore.;  benchmarks •55 

— Tamping,  Elec.  track.     Vaughan ^946 

— Terminal  charges,  U.  S.  waterways — Barge 

Canal  study   (n)  1057 

— Tile  and   brick  sewers.   St.   Louis ^1024 

—Tunnel,  East  Riv.,  60th  St.,  Low  bids 132 

— Viaduct.   Dunham   road  concrete *352 

—Water-meter    setting,    Wilmington ^447 

— Well  lining  with  concrete  rings '608 

Costa    Rica    Ry.    bridge.    Raising ^1088 

Cotten,    S.   M.      Charts   tor   eccentric    loading 

on    rectangular    areas •1090 

Cottrell    dust-precipitation    process •1222 

Coulter,   W.   S.     Slaughter-house  sewage  test 

plant    Buenos  Aires 837 

Council    Bluffs,    la. — Hydrated    lime    pays    at 

settling  basins.     Thornell  •456,  Catchbasln 

„  inlet    (n)   ^32 

Counter.    Concrete-elevator.      Tailer (n)  *852 

Countersunk  rivets.     Fleming 496 

County  managers.  Engineers  as (n)   893 

Coutlee,  ,T.  R.     Are  boats  for  lake  and  ocean 

traffic     practicable  ? 713 

Cracks.   Shrinkage — Joint   adhesion (n)  ^1235 

Cram,  R.  C.     Grooved  girder  rails •418 

Crane,  Byers'  traction  derrick •507 

Crane    Co.'s    plant    roofing 154 

Crane,   Large  Whiting  alt.-cur (n)^240 

Crane,  Locomotive,  Laying  water  main  with, 

Cleveland    (n)  ^1042 

Crane,    Locomotive,    on    trestle    pulls    coffer- 
dam   piles,    P.    &    R.    bridge ^509 

Crane.  I,oco..  for  heavy  concrete  bridge  work, 

Rock   Isl.    Lines,    Chi •1172 

Crane,  Zln-Ho  light  portable (n)^580 

Cranes,    Gantry,    work   on    sewer,.    Salt   Lake 

Cy ^97 

Cranes,  Traveler,   Quebec  bridge •302 

Crank,    Engine,    welded   at    pumping  statlon^ll40 
Creosote  oil.  Spot  test  for  purity  of.  Cloukey, 

Murphy      (n)   510 

Creuzbaur,   R.    W.      Surveying  In   Tex 935 

Cross  Cut.     See  "Salt  River." 

Croton    water-shed    area.    Correcting.      Brush 

576.     Wcgmann.     Vermeule     664,     Crushed 

stone    Is    dutiable (n)   770 

Culvert    building    for    150-ft.    fill.    Southern 

Ry-,     Ga •gso 

Culvert,  Largest,  Storm  King  road •597 

Culvert,    Overflow,    Tenn.    turnpike (n)^610 

Culvert-pipe    concrete    specifications 174 

Culvert  pipe.  Sledding  large  steel,  over  Ariz. 

„  hills    (n)   ^32 

Culvert  valves,   "Calco"  auto,   flap (n)«676 

Culverts,    Iron,    for    arch    construction,    Ariz. 

roads    •330 

Culverts  on  roads,  Vermilion  Co.,  Ill •209 

Culverts,    Relnforced-concrete   pipe   used   for, 

on  various  western  railways ^592 

Cunningham,  J.    W.      Asphalt-pavement   costs  375 
Cupper    P.  A.     State  engineer's  river  survey 

guides    water    adjudicators    5,    Assessment 

method     975 

Curb  Inlet,  Large,  Council  Bluffs (n)   •32 

Curb     Inlet.     Relnforced-concrete,     San     An- 

„  'onlo     (n)^1042 

Curbing.    Computing    paving    outside    curved. 

Lewis    •463 

Curbing,  Inlet,  etc.  Pueblo ^77.    (n)   224 
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Curbs,   Expanding  concrete  breaks,  Florence, 

S.    C.      Maffitt (n)«70S 

Curve.        See      also      "Diagram,"      "Charts," 

"Catenary." 
Curve,    Determining    tangent    of    compound. 

Beal    •993 

Curve    rule.    Flexible,    K.    &    E (n)-«288 

Curve,  90-deg.)   111.  highways,  reducing  speeds 

on    vertical    curves,    etc.      Bilger •874,  301 

Curved    curbing.    Computing    paving    outside. 

Lewis    ^463 

Curves,  Railway,  measured  on  arc  or  chords. 

Raymond,   Haynes   86,   Kitts  324,   Table   of 

chords.    West  (n)1186 

Curves,  Reforming  railway.     Lavis 468 

Cuts,   Trimming.  B.   &   0.  R.R (n)^756 

Cutting  out  sledge  wedged  in  stone  crusher, 

with  torch (n)    364 

Cutting   torches.    Wrecking   heavy   machinery 

by.     Commonwealth     Edison     plant,     Chi.. 

•1040  ^1045 
Cylinder,    Broken,    repaired    by    autogeneous 

welding.       McGrath ^77 


Da  Camara,  H.  Bascule  bridge  for  construc- 
tion       '31 

Dabney,  A.  L.  Supporting  Miss,  levee  sys- 
tem      228 

Dabney,  T.  G.  Flood  control  370,  Engineers 
in  politics    1001 

Daily  construction  work  records  ^897,  Hailey. ^994 

Dallas,  Tex. — Concrete  paving.  Meyers  706, 
Vibrolithic  concrete  paving    •1120 

DAMS 

See  also  "Coffer-dam." 

— Austin  dam  section  criticized.     Bartlett  & 

Ranney   217,   Wegmann   to   report (n)  333 

— Australia,    Thin    arch    dam    in.      Nlmmo..^712 

— Calif,   board  urges  state  control  of  dams..  259 

— Charleston    Lt.    &    Water    Co  — Overtopped 

earth  dam  fails.  Goose  Creek  ^232 

— Check  dams,  Los  Angeles  Co (n)  1154 

— Colo.  Riv.  temporary  rock-fill  dam.  Rock- 
wood   622 

— Concrete  dam.  New  hollow,  with  subdivided 
water  pressure,  for  Genoa,  Italy  and  Rut- 
enberg's    patent ^788 

—Elephant  Butte  dam  (n)  685,  Outlet  control. 

Tclchman   ^1015 

— Flood-prevention  case,  Miami  Riv.  See 
"Floods.    Ohio." 

— Goose  Creek  sandbag  dam,  Charleston,  S.  C, 

saved  by   canvas  cover ^360 

-  Grand  Canyon.  Surveying  dam  sites  in  •SOe, 

(erratum  n)    371 

— Grand  Val.  Project.  Colo,  Large  steel  roller- 
crest  dam.     Teichman   •I,   Ed ^60 

— Hetch-Hetchy    dam    site    '137 

— Kensico  dam  quarries.     Smith •250 

— Joliet   dam   water-power   bids (n)  237 

—Lake  Toxaway  earth  dam  fails 331 

— Leakage  underground  from  dam.  Stopping 
by    concrete    wall.    Black    Riv.    Village, 

N.   Y.    •459 

— Lower  Otay  dam.     See  "Dams — San  Diego." 

— 5Iultiple-arch    dams    in    Sierra    Nevadas — 

Pac.  Power  Corp.'s  Gem  and  Agnew  Lake 

dams   •1157 

— Naugatuck  Riv.  water  storage (n)  626 

— N.  Y.  Barge  Canal  dam,  Seneca  Falls ^145 

— Ohio  Riv.  lock  and  dam  work — Lubricating 
construction  machinery.  Lawrence  317, 
Placing  wood  coffer-dams  without  driving. 

Shriver   •1140 

— Pittsfleld  dam  contract  case 53 

— Plattsburg  dam  failure.     O.  M.  B 84 

— Pump.  Drainage,  foundation  design  is  dam 

problem.      Hutson    •838 

—Rochester    (N.   Y)    Ry.    &   Lt.    Co ^821 

— Roosevelt  dam  evaporation  study ^200 

— San  Diego — Two  new  dams  for  water-supply 
231,  Rebuilding  Lower  Otav ;  bond  elec- 
tion   (ns)    1057,   1106,  Plan  to  raise   Mo- 

rena  dam   ^1112 

—Schenectady  dam  falls  for  third  time "SI? 

— Sevier    Bridge    earth    dam    with    sheet-sleel 

dlaphraiim  and  cutoff,  .Tuitb  Co.,  Utah •398 

—Southern  Power  Co.'s  dams.  N.  C (n)   138 

-  Spaiilding   dam.    Pac.    G.    &   E.    Co.,  to   be 

raised.      Mudgett •328 

-  -Tres   Crucos   darn    repair.    Cavlte ;    addition 

of  buttresses,  waterproofing,  etc.  Bennett. •1026 
— Troy  dam  across  Hudson — Timber  and 
gravel  coffer-dams.  Watt  ^492,  Steel 
sheetpUe  coffer-dams.  Watt  •BSS,  Pulling 
steel  sheetplles.  Watt  •lOS,  613,  Pile 
hammer.      Watt *60» 

-  Yadkin  concrete  dam,  N.  C ^917,  951 

— Youngstown — Milton     reservoir •1084 

Danforlh.  G.  H.     Cost  of  steel  work 1169 

Danville.  III. — Garbage  disposal.     Greeley....  684 
Datcsman.  G    E.    Most  Phila.  sewers  new  181 

Davenport.    la. — Sewage    disposal 1237 

Davidson.  F.  E.     Cost  of  timber  and  concrete 

factory  buildings 884,  954,  1043,  1193 

Davis  lubricator  •SIS 

Daylight-saving  movement    1044,    (n)1058 

Dayton,    0. — Miami    flood-prevention    hearing. 

Chittenden  •900,  10,''i5,  1093,  Herschel  1190, 

(n)   674 

Do   Laval   pump,  Montreal    133,  835 

Deans,  .T.   S.     Que.   bridge  disaster 622 

Debts,  Clt.v — Census  bulletin   (n)     46 

Debts.  Curbing  city  and  county,  N.   J 613 
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Decarie  incinerator.  Queens  Borough  •598.  lOUO 
Decatur,       111. — Electrolytic      sewage       tests. 

Shields  370,   (ns)   578,  674 

Definitions.     See  "Nomenclature." 

Dentist's  bowl  water  rate (n)   926 

Denver,  Colo. — Raising  settled  bent  of  con- 
crete viaduct  *221,  Pavement-construction 
records  *271,  Irrigation  field  laboratory. 
Sleight  'lOSO,  Legality  of  «ater-wks.  muni- 
cipal ownership   (n)   333 

Depreciation    and    obsolescence.      Harshman, 

842,  854 

Depreciation  discussed  by  A.  I.  E.  E 962 

Depreciation  in  accounting.     Hurley (n)     59 

Depreciation  problems  of  utilities.  Side  lights 

on        Barker 11U7,     1212 

Depth-flow    diagrams.    Time    saved    in    ditch 

design  by.     Hammond *802 

Derrick  car.  Handling  girders  with '972 

Derrick  collapse  drops  stack 'eiS,  (n)  530 

Derrick,  Contractor's  traction — Buyers'  "Auto- 
Crane"    *507 

Derrick,  Pipelaylng  with  portable,  Butte. .  (u)*364 
Derricks,  Platform  for  two,  for  open-dredging 

caisson.   Bear  Lake,   Utah '408 

Derricks,  Power  hoist  for  band  guy,  Domestic 

E.   &   P.   Co.'s    (n)»432 

Derricks,  Tower,  for  erecting  frames,  P.  U.K. 

freight   station,    Chi •302 

Des  Moines,  la. — River-front  impvt.    (n)    100. 

Inverted  siphon   (n)  1091 

Designing  efllciency.  Furniture  layout  in- 
creases     *128 

Desmond.  T.  C.     Engineers  in  politics 445 

Detroit,  Mich. — Edison  plant  tube  experiences 
88.  Old  brick  intake  tunnel  shows  low  Kut- 
ter  factor.  Maury,  Horton  •460,  Sewers 
criticized  1149,  Concreting  train  for  street- 
railway  work  •1138,  Grade-crossing  work 
(n)    429,    P.    R.R.    coming    (ns)    530,    674, 

Experimental  filtration  plant (n)   578 

Detroit  Bureau  of  Governmental  Research  re- 
port— Do   engineers   need  to   eat? 1189 

Detroit-Sup.      See   "Viaduct"    234 

Dewart,  C.  V.     Mich,  highway  bridges  '798,  *990 
Dewell,  H.  D.     Timber-joint  tests  '111,  •162, 

•796,   Dangerous   timber   roofs ^515 

Diagram.     See  also  "Charts." 

Diagram   for   design  of  semi-circular   fliunes. 

Hammond    (n) •1142 

Diagram    for    hydraulic    turbines,     Babock's 

specific-speed     •TOT 

Diagram,   Mass,  for  power  and  water-supply 

computations.     Butcher   *376 

Diagram,  Population   expectancy.     Moore. ..  .•844 

Diagram,  Vitritied-pipe  sewer  cost ^781 

Diagrams,  Arch-crown  thickness.     Schwada.  .•880 
Diagrams,  Depth-flow,  Time  saved  In  ditch  de- 
sign   by.      Hammond    " ♦802 

Diagrams    for    irrigation-ditch    velocity    and 

discharge.     Douglass  ^72,  Hinds   ♦369 

Diagrams    of    mot^r-truck    load    stresses    on 

bridges.      Childs    •898 

Diagrams,  Stirrup-spacing,  for  concrete  beams. 

Bailey     ^694 

Diaphragm.    Sevier    Bridge   dam   steel    ♦SgS 

Diesel-engine  excursion  boat   (n)   285 

Differential    dump-cars    ^640 

Dike  repair  in  Holland   '773 

Dinkey.     See  "Locomotives." 

Dipper  welded.  Dredge.     Rosselle  {n)^320 

District  of  Columbia  (See  also  "Washington") 
— Study  of  garbage,  rubbish  and  ashes.    Os- 
born  294,  •348.  Public  Buildings  Comn.   (n)   141 
Ditch   design.   Time   saved   in,   by   depth-flow 

diagrams.     Hammond  ^802 

Ditch  velocity  and  discharge.  Curves  for  irri- 
gation.     Douglass    ^72.   Hinds    •369 

Ditch — Velocity  coefficients  for  dredged  drain- 
age canal.     Hodges   •lOSE 

Ditcher.  Browning  railway.  With  three  sets  of 

engines  (n)^335 

Ditches,     Building    600     miles    of    drainage. 

Little  Riv.  dist..  Mo •740,  ♦76,  342 

Divided  authority,  bad  results  853 

Diving  helmets.  Beer  keg  and  kitchen  boiler 

as ♦eOT 

Doane,   A.   O.      Air  chamber  protects  venturi 

meter  from  pulsations •1184 

Dock.     See  "Wharves  and  docks,"  "Harbors." 

Dogs  corrode  bridge  members   •704 

Douglass.   L.    R.      Curves   for   Irrlgatlon-dltch 

velocity   and   discharge    ^72,   Hinds ^369 

Draft-tubes.  Forms  for  heavy,  Spanish  Irriga- 
tion   project.      Braun ^76 

Drafting.     See  "Drawing." 

Dragline  excavator.     See  also  "Earthwork." 

Dragline  rig.  Improvised,  BrcToort  Icvce,  Ind.^llSO 

Drain    entrances,    III.    farm ^209 

Drainage      and      improvement      assessments, 

.Method  of  making.     Cupper  _jT5 

Drainage  and  Irrigation  pumping  station,  Na-"^ 

tomls    Co.'s,    Prltchard    Lake,    Calif •SSB 

Drainage     canal.     Velocity     coefBclents     for 

dredged,  Blltzcn,  Ore.     Hodges •1052 

Drainage    channel,    L.    V.    terminal,    Buffalo, 

built  over.      Uurlbut    '436 

Drainage-dlst.  levees,  St.  John  'ISS 

Drainage  dIst..  Little  RIv.,  Mo.— River  diver- 
sion and  flood  control  •342.  Building  600 
miles    of    ditches    •740,    Tracks    for    heavy 

excavators    •TO 

Drainage,    Elcc.    pumping    plant    for,    Spring 

Lake    dIst.,    Ill 419 

Drainage.  Minn.— Straightening  Root  Rlv..(n)'  l39 
Draining  North  Holland  after  January  flood. 
Spaander    'TTS 
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Drainage   properties.   Testing  soils   for,    U.    S. 

Dept.  Ag.     Haswell   "211 

Drainage-pump     foundation     design     is     dam 

problem.  New  Orleans.     Huston   •838 

Drainage-pump  test.  West  Sacramento.    Grun- 

sky    •8,    Gregory    180 

Drainage,  Rural  highway.     Bllger 'S7l,  9U1 

Draney,   J.    R.      SUmdard   asiihalt    278 

DRAWING,   DRAFTING 

— Brown  prints  white.  To  mark 1141,   (n)lOOl 

— Curve  rule.  Flexible.  K.  &  E (n)*288 

— Isometric  drawing  form.  Two  Rivers    ..(n)*676 

— Pen,  Norrman's  rapidly  adjustable   ^273 

— St.  Louis  Dept.   of  Public  Wks  — Furniture 

layout  increases  designing  efficiency   ^128 

— Tracing  cloth.  Defiance  "Stirling"  impvd.  (n)  48 
— Waterproofing  drawings.  Bell  808,  Salmon.  1037 
— Wellman-Seaver-Morgan       departmentalized 

shop,    drafting-room    practice    ^218 

Drayer,  C.  E.  Cleveland  Engineering  Soc.  to 
the  rescue   328 

Dredge,  Design  and  erection  costs  of  -American 
steel   knock-down    ^6 

Dredge  dipper  repaired  by  welding.     Rosselle 

(n)^320 

Dredge,  Ladder,  for  snow,  Chilean  Trans-An- 
dean Ry.     Lucy  (n)   843 

Dredge  pins.  Strong     Young  (n)   633 

Dredge,  Seagoing  barge-emptying,  for  China. 
Coleman  •NO 

Dredge,  Hydraulic  hopper,  with  unloading  ma- 
chinery, Manitowoc,  for  Hydraulic  Sand  & 
Transit    Co •1211 

Dredge  work.  Hydraulic,  St.  John  levee  dist,. 


Mo. 


•158 


Dredge  work,  etc..  Little  Riv.  drainage  dist., 

Mo •740,   ^76.  •342 

Dredged  drainage   canal,  Velocity   coefBclents 

for,    Blitzen.    Ore.      Hodges     ^1052 

Dredges,  Artesian  well  to  float (n)     80 

Dredging  caisson.  Pumping-station  foundation. 

Bear  Lake,  Utah *98,  •172,  178.  ^408 

Dredging  for  coal,  Penn.  rivers (n)  644 

Drift     catcher.     Concrete,     at     Erie,     Penn. 

Seelye     'TgS 

Drifting-sand  filters,  Toronto  561,  •566,  'SOS, 

856,   (n)  464 
Drill    barge    on    canal    work    In    Everglades. 

Phelps    ^704 

Drill  holder,  Jackson,  Schmitz  &  Shanks  (n)*llD6 
Drill   holes  for  plumb   lines,   St.   Louis  sewer 
tunnel.        Gans     ^410,      Materials      chuted 

through  them   to  mixer.     Horner    •T05 

Drill-sharpening    shop     operating    methods — 

Prize  offer  805,   997,  Award 123T 

Drill  tests,  Chi.  Pneu.  Tool  Co.'s  hammer (n)  708 
Drilling   anchor-bolt  holes  by   Ingersoll-Rand 
gasoline-air  outfit,  N.   Y.  Edison  transmis- 

mission  line.     Hicks  •54 

Drilling  contest,  Calif,   mining   (n)     29 

Drilling,  Ring,  Rogers  Pass   '411 

Drilling,  Subaqueous.     Phelps  ^171 

Drilling  to  pin  rock  slab   •359,  367 

Dry-dock     See  also  "Wharves  and  docks." 

Dry-dock  excavation.  Prince  Rupert   •171 

Dry-dock,  Balboa,  Panama  1004,  Resurfacing 

floor    •755 

Dry-dock   rules,   Panama (n)  842 

Dry-dock,     South    Boston,     Coffer-dam     fails 

237,   (n)   429 

Drying    sludge    by    centrifuging    •1126 

Dublin,  Ireland — Rebuilding  plans (n)  429 

Duck   Val.    Project  survey    •490,905 

Dudley,  P.  H.     Rall-flssure  cure 332,  365 

Duggan.  G.  H.     Que.  bridge  erection 468 

Duluth,    Minn. — Replanning.      Patten    *645 

Dump-car.   Differential   elec (n)^192 

Dump-car,  Improvised,  C,  B.  &  Q ^1184 

Dump-car   reraiter,   Johnson    (n)  ^432 

Dump-car    types    used    on    construction    work 

•581,    611,    ^640 
Dump  wagon.     See  also  "Motor  vehicles." 

Dump-wagon   cable   system.      Owen    ^272 

Dump  wagons,  superior  to  carts,  distributing 

concrete    79 

Dumping,    Flat    cars    with    false    floors    for, 

Crossett  Lumber  Co.'s   (n)  412 

Dumping  trestles.   So.   Ry ^948,    (n)1236 

Dunlap,    W.    H.      Railroad    valuation   suneys 

may    be   made    useful    36 

Durant,    Okla. — Electrolytic   sewage-treatment 

tests    ^547 

Durham.   H.   W.     Repetitious  road  discussion  416 

Dust    precipitation,    Cottrell,    cement ♦1222 

Dutton,  E.  R.     Bleeding  wood  blocks ^737 

Dynamometer — Water-brako    design 378 


Earl,    G.    G.      Making   water   consumers    pay 
for  sewer  service 512,  1193 

EARTHSLIDES 

— Gt.   Nor.  slide.  Cascade  Mtns (n)  935 

— Panama  Canal  slide  (n)  625 

— Panama  slide  critics,  Gocthals  on — Annual 

report    988 

—  Street  cut,  Slides  In  deep,  Kan.  Cy 1171 

-Turners  Falls,  Mass.,  canal-llnlng  slide  and 

repair    ♦lOSl,  1046 

EARTHWORK 
See    "Roads,"    "Dredge,"    "Shovel,"    "Sew- 
ers," "Dams,"  "Levee,"  "Car." 

— Bucket.  Clamshell,  closed  by  8t«am  engine, 

Portland.    Ore •316 
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EARTHWORK— Continued 

— Ches.  &  O.  Nor.  night-work  cost  323,  Ex- 
perience elsewhere.  Whitney  506,  Shaw 
606,   Hailey   654.  McDonald    798 

—Cuts,  Trimming,  B.   &  0.  R.R (n)*756 

—Dam,    Earth,    Sevier    Bridge,    Utah *Z9S 

— Derrick,   Byers'   "Auto-Crane"  traction 'SOT 

— Dragline    rig.    Improvised,    Brevoort    levee, 

Ind •IISS 

— Excavator  and  wagon  loader,  Koehring,  for 

street  grading,  Chi ^495 

— Excavator.     Big     LUbecker,     replaces     gold 

dredge  in  Klondike.     Young  ^74 

— Excavator,      Pawling      &      Harnischfeger's 

"Crawford"   dragline    (n)  ^240 

— Excavators,  Tracks  for  heavy,  on  river  di- 
version, Little  Riv.  drainage  dist..  Mo. 
•76,  Description  of  work  *342,  Building 
600    miles    of    ditches    ^740 

— Fill,  Long,  built  from  borrow,  Vaudalia  R  R.^800 

— Gravel  layer.  Tractor  and  plows  dig  out. 
BuUard    (n)  104) 

— Levee  work,  Miss.  Riv.     Wight  *1114 

— Levees,  St.   John  dist..   Mo. — Hydraulic  flll 

and    wheeled    scrapers    •ISS 

— Minneapolis  pipe  laying  with  trenching  ma- 
chine cleaning  up  ditch    (n) ^224 

— Park     grading     by     day     labor — Columbus 

Park.  Chi •966 

— Pole  holes.   Blasting    (n)  412 

— Railway  ditcher.  Browning,  with  three  sets 

of    engines    (n)  *335 

— Shovels,   Digging  end  of  power    172 

— Shrinkage,  Engineering  contractor  talks  on 

earth.      Baird    850 

— So.  Ry.  relocation.  Heavy  grading  on  ^1075, 

(n)1236 

— Street   elevation,   Astoria — Viaduct   vs.    fill. 

McClean   325 

— Trenching  for  telephone  conduits.  Wis.,  with 

Pawling  &  Harnischfeger  machine   ....'lOOS 

■ — Trenching  machines,  American,  in  European 
war.     Miller 791 

— Trestles.   Dumping.    Southern   Ry ^948 

— Wagon  loader  and  portable  dragline  exca- 
vator for  roadwork,  Barbeau  &  Werring's 
Albrecht •78  (erratum  n)  469 

— Wagons.  Snatching,  in  two  lifts.  Under- 
wood Service  Bldg.  cellar,  N.  Y •560 

— Wagons,    Snatching,    out    of    pits,    N.    Y. 

subway.     Fouhy    ^124 

East  Riv.  tunnels.     See  "Tunnels — X.  Y.  Cy." 
Eccentric      loading     on     rectangular      areas. 

Charts  for.     Gotten    'lOgO 

Echo  Canyon.  Utah.  New  line  of  Union  Pac. 

through    'TOO 

Ecuador,  American  cement  in  (n)  242 

Edging  for   asphaltlc  pavements    (n)^464 

Edinburgh — Cable    railways (n)  1074 

Edison    stition,    Brooklyn.      See    "Brooklyn." 
Edsall.  H.  J.     Package  elevators •406 

EDUCATION 

See  also  "Engineering  schools." 

— Applications    for    employment    37.    2ij8.  275 

— Education    In    engineering.      Jacobus 1152 

— Engineering  Education,  Soc.  for  Promotion 

of— Student   statistics    (n)   139 

— Engineering  education.  What  Is  the  road  to 

progress    in  ?      Holden    973 

— Executive   offlcers'    training   school 853 

— Highway  engineering.  Conference  on  educa- 
tion   in    (n)1056 

— Misfits,  Avoiding  professional.     Wilson  388. 

414.  Buff  565.  Ruggles 713 

Eight-hour  day,  Railway  321,   413,  465.   714, 

757,    (n)     94 

El  Paso.  Tex — Alr-llft  pumping ^204 

Elastic  limit— A.  S.  T.  M.  discussion 41,     89 

ELECTRIC  RAILWAYS 
See  also   "Subways."  "Elevated   railways." 
"Rapid-transit." 
— Am.    Elec.    Ry.    Asso.    convention    762.    (n) 

•996.    Standardizing   valuation   terms 781 

— Boston    car    through    draw    932.    (ns)    913. 

1011.  New  tunnel  service (n)   1010 

— Braking     with     elec.     motors — Llncbaugh's 

review  of  progress    902 

— Bridge  floor.  Erie  Canal,  Syracuse •545 

—Car,    Differential    dump    (n)^192 

—Car    ferries    (ns)  475,  616 

—Car,  Rall-and-road.  Bradford.  Eng (n)   397 

— Cars.    Seatless.    London 1128 

—Chi  .  Mil.  &  St.  P.— Elcc.  traction  a  suc- 
cess :    locomotives    ^24 

— Cincinnati    rapid-transit  surveys    (n)  874 

— Cleveland  bridge  wrecked  by  car  derailed  at 
curve  ^718.  Should  street-car  bridges  be 
designed  for  derailment?  711.  Bridge  In- 
spection       (n) 1058 

— Concreting  train  for  Detroit  street-ry.  work.'USS 
— French  linos.  Westlnghouse  motors  for   (n)  635 

— Gt.  Nor.  clectrlflcatlon   (n)  914 

—Kan.   Cy— Cleaning  old  ballast (n)1236 

— Minneapolis,  Profit-sharing  franchise  asked 

In     1201 

—Minneapolis    street   railways— Value (n)   763 

— Ralls,  New  grooved  girder — Brooklyn.  Balti- 
more and  A.  E.  R.  A.  heads  compared. .  .*418 

—St.    Gnthard    clectrlflcatlon     (n)  622 

— St.  Louis  street-ry.  track  without  spikes  or 

bolts;    tie-platcs   with    lugs •1217 

— St.  Louis  taxation  dispute  (n)  1057 

— Sioux  Cv.  concrete  paving ♦IBT 

—Switch.  Call  ry.,  on  Bklyn.  R.  T (n)«772 
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ELECTRIC    RAILWAYS— Continued 

^Tunnel    under    Chi.    Riv.,    Lowering 'DeS 

—Worcester,     Mass. — Flushing    streets     from 

trolley    ears    •1203 

ELECTRICITY 

See  also  "Rates." 
— Am.    Inst     Elec.    Engineers — Appraisal   and 

depreciation    discussed    962 

— Brit,  power  stations.  Linking  up (u)1166 

—Cable  armored  with  composite  lath (n)»628 

^Cement-dust    precipitation,    Cottrell •1222 

—Cement  mill,  Oregon  Portland  Cement  Co.'s, 

electric-driven.     Findlay   •1194 

— Circuit-breaker,  G.  E..  20,000-amp.  d.c.   (n)«772 
— Cleveland   municipal   lighting-plant   results. 

Ballard  603 

—Concrete  conduits — N    E.   L.  A.   report   (n)  669 
— Generator   outfits  with   automobile   engines, 

Zin-Ho     (n)   240 

— Grounding     cone,     Hickey     &     Schneider's 

"Burn-Boston"   carbon    (n)   964 

—Insulating  material,  "Condensite-Cellulite" 
,       ,  (n)   1156 

-Insulating  paint.  Union  Insul.  Co.'s (n)   868 

—Lamp,  Hirsch  portable  inspection (n)   192 

■ — Lamp   sales.   Incandescent    (n)  307 

— Lamps,  Lux  "Daylight"  elec (n)  432 

— Lighting  freight  yards — Asso.  Ry.  Elec.  En- 
gineers      •1134 

—Lighting  plant,  Wallingford   municipal    (n)1053 

— Lighting  Statue  of  Liberty  (n)  1057 

— Lighting   fixtures.   Cent.    Elec.    self-aligning 

(n)  964 
^Lighting   industry.    Rapid    changes    in — In- 
suU's   address ;   types   of  generating  ma- 
chinery of  Commonwealth  Edison  Co.,  Chi. 
•1045,  Wrecking  old  machy.  ^1040,  45,000- 

hp.   turbine   ^52 

—Los   Angeles   municipal   ownership    (n)  914 

— Los   Angeles   power-line   suits   ended 1200 

— Melbourne  municipal  lighting  plant (nillSl 

— Meter    station.    Westingliouse    outdoor,    for 

high  tension  lines  (n)   628 

— Xatl.  Elec,  Lt.  Asso.  30,  633,  816,  (ns)  307,  669 

— N.    Y.    City   rates    (n)   914 

— Ont.  Hydro-Elec.  power  shortage  (n)  233, 
To  enlarge  system  478,  To  develop  Chip- 
pewa   Creek    (n)1056 

—Pumping  plant  for  drainage.   Spring  Lake 

dist.,    ni 419 

— Pumps,  Well,  Aurora.  Ill ♦1122 

—Relays.  G.  E —Solenoid-control  (n)  •380, 
Reverse-phase,  to  protect  against  reversal 

of    motor     (n)»868 

— St.  Louis  municipal  light  plant  . .  (n)    237,  876 

— Soldering  iron.  Clemens   (n)1156 

—Switchboard,    G.    E     safety-flrst (n)^1204 

—Tampers,  Track,  on  N.  Y.  Cent.     Vaughan.»946 
— Transmission-line  anchor-bolt  hole  drilling, 

N.    Y.   Edison ^54 

— Transmission    towers.    Erecting.      Allison.  .•732 
— Tunnels  for  cables,   Chicago— N.   E.   L.    A. 

report     $33 

Electrolysis.      See  "Iron  and  steel  corrosion." 
Electrolytic    sewage    tests,    Elmhurst,    N     Y , 

and    Decatur,   111.      Shields    370,    (ns)    .-i78.  674 
Electrolytic    sewage-treatment    tests,    Durant. 

Okia .547 

Elephant  Butte  dam    (n)    685,  Outlet  control'. 

Teichman     'lOlS 

ELEVATED  RAILWAYS 

—Boston     Capital  and  finance   (n)    860.  New 

tunnel    service (n)lOlO 

— Chi.  rapid-transit  plans;  map 1104,  •1148 

— N.    Y'.    Cy.— Brooklyn— Light-exclusion    bv 

plate  girders  (n)   863 

Inspecting  track  by  periscope.  Queens. .  (n)  1186 

Elevator,    Chain    Belt    barrel,    for    Standard 

O"  Co (n)«820 

Elevator   counter.    Concrete.      Taller    (n)^852 

Elevator     gates,     Paterson-Leltch     "Steelite" 

pressed-steel     (n)*916 

Elevator  guide-rail   lubricator.   Lyne    (n)     96 

Elevator,    Twin    Peaks    tunnel    spoil •637 

Elev.ators,    Cargo,    Italian    freighter    '210 

Elevators,   Continuous  Link-Belt  package,  on 

Phila.    piers.      Edsall     •406 

Elmhurst   disposal-plant  report  91,   Shields..  370 

Emplo.vment-agency  licenses,  I'cnn (n)  625 

Employment.  Applications  for — Notepaper  de- 
fended 37.  Experience  with  applications. 
Bock,  of  Morgan  Eng.  Co.  258,  How  not  to 

apply    275 

Engine.      See    "Engines." 

Engineering  ability.  Marketing.     Harding 862 

Engineering  Asso    of  South   1154 

Engineering  books  and  pamphlets.  Monthly 
guide    to    322 

ESGINEERING  COMPETITIONS 

— "Engineering   News"   prize    offer   805,    997, 

1187,  Awards   1237 

—Engineering  students.  Chi.  Asso.  of  Com- 
merce's prize  offer  to    (n)   817 

— Road-direction  sign.  III (n)*1092 

Engineering  Cooperation  committee  (n)   674 

Engineering  dept.  of  a  railway.  Organization 
of.     Hendricks   989 

ENGINEERING   ETHICS 

— Minn.  Engineers'  and  Surveyors'  Soc.  reso- 
lutions     (n)  279 

Engineering   Foundation— Secretary    (n)   625 
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"Engineering    News"    prize    offers    805,    997, 

1197,  1237,  As  a  Christmas  present 1143 

Engineering    problem    without    a    precedent..   709 

ENGINEERING   SCHOOLS 

See   also    "Education." 

— Ariz.,    Univ (n)   62."» 

—Calif.,    Univ     (n)913 

— Columbia — United    Engineering    Societies.  .1197 
— Cornell — Experiments    with    submerged    ori- 
fices  and   tubes    ^825 

— Education  in  highway  engineering.  Confer- 
ence    on (n)    1056 

— Executive  officers'  training  school   853 

—Harvard-Technology     178,     (n)  913 

— 111..  Univ. — ^Activated-sludge  expts.  Bartow, 
Mohhnan,  Schnellbach  •972,  110,  Lab- 
oratory explosion  (n)  320,  Ry.  advisory 
board  (n)  913,  Ceramic  Engineering 
Bldg.  (n)  'llOS,  Gypsum  roof-slab  tests. ^1173 

— Internatl.  Corresp.  Schools  (n)   722 

^lowa    State    Coll. — Street   signs    •lO 

—Iowa,    Univ (n)625 

— Johns     Hopkins — Rockefeller     Foundation's 

School  of  Hygiene  131,  Outdoor  acoustics.   179 

— Lewis  Inst,   cement  research    (n)   673 

— Mass.     Inst.     Tech  — Outdoor    acoustics    at 

dedication  178,  Dormitories (11)   913 

— Mich.,     ITniv. — Weir     formulas •695 

— Minn.,  Univ. — Free  engineering  services,  (n)  1131 
— Misfits,    How    avoid    professional  ?      Wilson 

388,   414.   Buff  565,  Ruggles   713,  Holden  873 

—Oglethorpe  Univ (n)   623 

--Penn.,    Univ..    Reservoir-mouthpiece    expts. 

Pardee  •520.  Outside  work  of  faculty  (n)lOlO 

— Prize  offer  to  students (n)  817 

— Student  and  Govt,  free  engineering  ser- 
vice.     Barnett.    Glennan    36.    Norcross. .   180 

— Students,  Over  30,000  engineering (n)   13S 

— Tenn  ,     Univ (n)   913 

—Tex.,     Univ (n)   625 

— Wash.,    Univ (n)  1105 

— Wentworth         Inst. — Concrete         foremen's 

courses     (n)   382 

— Western    Reserve    Univ (n)lOlO 

ENGINEERING   SOCIETIES 

See    also    societies    by    name. 
— Columbia   Univ.   United  Engineering  Socie- 
ties     1197 

— Cooperation   committee    (n)   674 

— Legislation,  Should  technical  societies  in- 
fluence ?     Hess,   Q.   E.   D 278 

— Minn.  .Toint  Engineering  Board (n)   578 

— National  Engineering  Societies  and  Aca- 
demy of  Sciences    (n)   237 

— National  Research  Council   720 

— National  societies  and  local  sections ;  in- 
fluence on  public  questions,  etc    806 

— Organization  of  engineers  for  public  service  672 

— Politics.  Members  in 445,   1001,  1145 

— Road   discussions.   Repetitious    177,   Draney 

278.   Durham 416 

■ — United  Engineering  Soc.  building.  Enlarg- 
ing, for  A.   S.  C.  E.   425,  Million  dollars 

for    library (n)1009 

— Water-power  legislation.  Action  on. 999,  (n)   430 

Engineering  work  and  state  highway  legisla- 
tion     1143 

ENGINEERS 

— Am.    engineers    developing    foreign    trade..  1197 

— Blakeley,    G.    H.,    Pres.    Bethlehem    Steel 

Bridge    Co ^234 

— Boston   engineers'   reinstatement. 

35,  45,   (ns)   94,  333 

— British  engineers  in  Canada 613 

— Canadian  enineers  object  to  appointment  of 

aliens  711,  Sullivan 855 

— Chi     engineers  ask  higher  salaries 1201 

— City  engineer's  office.  Registering  kicks  at..   437 

— Civil-service  exam..  Junior  Engineer 1074 

— Cleveland  public-service  directors.  Engi- 
neers needed   for — Engineers'   advice   not 

heeded.      Pesler 866 

— Competition — Govt,  and  student  free  engi- 
neering service.     Barnett ;  Glennan,  Pub. 

Health  Service  36,  Norcro.ss 180 

— Competition,  Govt,  engineers,  N.   Z (n)  305 

— Consulting  services  free,  Univ.  Minn (n)1151 

—  County  managers.  Engineers  as (n)  893 

-Detrnit    Bureau   of   Governmental    Research 

report —Do  engineers  need  to  eat? — 
Their  pay    1189 

■ — Engineers  can  vouch  for  this  ;  King  on  local 
residence  reouirements  for  public  offlce 
413.  No  residence  restrictions.     Green...   565 

— Established  engineer.  What  he  owes  to  be- 
ginner.     Randolph 1102 

— Field-artillery  service  should  attract  engi- 
neers.    McCullough  3ri3.  Gregg ^564 

—  Highway  engineers.  Demand  for (n)  593 

— Highway  impvt..  Mo. — Engineer's  pay  limit. 

757.    Engineers   tinpopular (n)1021 

— Ill    Junior  Highway  Engineer — Clvll-servlce 

exams,   without  leaving  home (n)1200 

— Juror.  Engineer  as.     Fleming  967,  Owen... 1008 

— License  law,  Tex.,  engineers  discuss 864 

— Marketing  engineering  ability.     Harding...   862 
— Military    emergency.     Using    engineers     in 
present.       Black     36.     Opportunities     for 
civilians     to     become     engineer     offlccrs. 

Black    615 

— Military  Engineer  2nd  Lieutenants  ap- 
pointed         (n)1202 

^Military  Engineers,  22nd  N.  Y.— Cnmn 
Whitman  wntT-supply  ^498,  Make  good. 
513.   Information (n)   190 


ENGINEERS— Contniued 

-Military  Corps,  111.,  on  Mex.  border 1035- 

— Military — Engineer  Officers'  Reserve  Corps 
— Act  etfective  92,  Organizing  the   Corps 

— Information    327 

— Misfits,    Professional,    How    can    they    be 

avoided?      Wilson    388,    414,    Buff    565,         1 

Ruggles    713.    Holden 871 

— Montreal  municipal  water-power  plant  con-  ' 

demned    by    engineers    *1048,    (n)     1010, 

"Butting  in"  on  public  question 104S 

— Navy  wants  designing  engineers lOlQ 

— Organization  of  engineers  for  public  service  672 

— Philadelphia   wants  engineers (n)332r 

— Politics,  Engineers  in.  Desmond  445, 
Dabnev  1001,  Sherman,  Spaander,  Ran- 
dolph     1145- 

— Railway  chief  engineers.  Two — Begien   and 

Owen   42,  •138 

— Road     construction.     Competent     engineers 

needed  for.     Houston (n)  637 

— Salesmanship,  Engineers  and.     Lowry. .  (n)116S 

— Success   through   neatness.      Henry (n)  257 

— Technical  journal.  How  the  engineer  should 

use  the.     Fleming 832 

— U.  S.  Army  Corps  of  Engineers,  Expanding, 

(n)    530 
— West  Point  graduating  class (n)   531 

Engineers  Soc.  Western  Penn 116* 

ENGINES 

— Aero,  motor,  Knox  Co.'s  Trego  300-bp..  (n)»llOS 

— -A-Utomobile  engine.  White  4-cyl (n)124S 

— Diesel-engine    excursion    boat (n)   285 

— Ford  gas  and  steam  plant 1085 

— Oil  engines  driving  pumps  and  generators. 

Sioux    Falls *84» 

— Oil  in  engine  cylinders ;  consumption  of 
Rockwell    Mfg.     Co.'s    Nordberg    engine, 

663,   B.   V.   Nordberg 80S 

— Producer-gas      engines      drive      water-wks. 

pumps,  Wheaton.  HI "60? 

— "Unaflow"    engines,    Nordberg    Stumpf,    for 

rolling  mills (n)    288 

— Zin-Ho  outfits — Portable  internal-combus-. 
tion  engine  driven  air  compressor 
(n)  •192.  Pumps  and  generators  with 
automobile  engines in)   2i9 

English  Channel  tunnel (ns)   430.  1058 

Erie,  Penn. — Drift  catcher  •"OS,  Flood  chan- 
nel   (n)   286 

Escalator.  Twin  Peaks  tunnel  spoil '637 

Esplanade,    San   Francisco '543 

Estimate,     Inaccurate,     vitiates     time-penalty 

clause    53 

Evans,  W.  S.     Georgian  Bay  canal ^604.  713 

Evaporation  studies.  Weather  Bureau.    Kadel. 

Abbe    '200 

"Evaporimeter"    for    water    level,    Hoff    "974. 

Irrigation   field   laboratory,   Denver *10S0 

Everglades,    Drill    barge    on    canal    work    in. 

Phelps    •704 

Everham.  A.   C.     River-bank  mattress •1022 

Examination,  U.   S.   Civil  Service,  for  Junior 

Engineer    1074 

Examinations,    Is   passing,    the   chief   end    of 

man  ?      Merit 1001 

Excavation,  Subaqueous  rock,  from  platform. 
Grand     Trunk     drydock.     Prince     Rupert. 

Phelps     'ITl 

Excavator.  Excavation    See  "Earthwork"  and 

cross-references. 
Ejcess  condemnation  and  city  planning,   Los 

Angeles.      Mohler 'iO 

Executive  officers'  training  school 853 

Expansion-bolt  imitation  case 106 

Expansion   joints,   Capitol   terrace •631 

Expansion   sockets,   Tenax  bolt   and  screw, 

(n)»1012 

Expectancy  curve,  Pop\ilation.     Moore '844 

Explosion.  See  also  "Accidents"  (various 
subentries). 

Explosions  in  grain  separators ,....   563 

Explosioiis.  Munitions,  N.  Y.  Cy.  ^236,  Safe- 
guarding large  cities  from  explosion  disas- 
ters       275 

Exposition,  Panama-Pac. — Timber-joint   tests, 
•111.    •162.    •796.    Building    takes    25-mlle 
cruise  ^381.  To  convert  site  into  park. .  (n)   818 
Extensograph  shows  that  brtdge  leans  to  side.  •1102 


Factory  buildings  of  lumber  and  concrete. 
Cost  of.  Davidson,  Natl.  Lumber  Mfrs.' 
Asso ,    Condron   884,   McCullough    954,   Ed. 

1043.     Muhlhausen     1193 

Pate  Co.'s  gasoline  dinkey *319 

ratleue     hypothesis.     Data     for    exponential. 

^fnore,   Seelv 136 

Federal.     See  "U.  S.,"  "Laws."  "War." 
Feeder    for    water-works    chemicals,    Gauntt 

dry    (n)     9« 

Ferguson   concrete-dock  patent 9"l 

Ferries.  Electric-car (n«)    475.  616 

Ferro  Concrete  Const.  Co.  methods  •SOS.  •991. 

(erratum  n)ll!>3 
Field-artillery    service    should    attract    engi- 
neers.    McCullough   351.  Gregg •564 

Field  laboratory.   Irrigation.  Denver 'lOSO 

rrLINO 

See  also  "Accounting." 
— Loose-leaf    filing   system    for    city    surveys. 

San    Francisco       Owen •346 

— Pavement-constrncllon    records.   Denver. ..  .'STI 

— Survey   field   notes.   Loosc-leaf •123R 

— Wellman-Seaver-Morgan    drafting  room.... '218 
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rill,  Loug,  built  fiom  borrow,  Vandiilia  R.K..»Sou 
filter.     See  also  "Water  pollution  and  puriti- 

catlon,"   "Sewers." 
Filter  plant,    Cleveland    •732,    Arcli   collapse, 
•186,    (n)    141,  Jacketing  Clearwater  basin, 
(n)      1009,     Foundation     settlement     lO'J.J, 

•1009,   Quick  repair   bids ll.'iO 

Filter    standards.    Mechanical — A.    S.    M.    E. 

report  by  Fuller U  IS 

Filter  suit,   Minneapolis   wins I'-jl,    9i,0 

Filters  and  typhoid,  St.   Louis.     Totter 1017 

Filters,  Drifting-sand,  Toronto  501,  'oOti, 
(n)  404,  Water  lifts  sand  from  cars.  Gore, 
•803,     Mechanical    agitation     unsuccessful. 

Xordell  856 

Filters,  Sprinkling,  Cleburne.     McDonnell. .  .♦1028 
Finance — U.  S.  the  world's  reservoir  of  capi- 
tal     1093 

Financing  Boston  Elevated  ry (n)   800 

Fincli,  J.  K.     Simple  azimuth  determinations .  1139 

Findlav.  D.  C.     Ore.  cement  mill •1194 

F^re  at  Phoenix,  X.  Y (n)   674 

Fire.   Creosoted-tiraber   floor,   racks   Mo.    Kiv. 

bridge.  St.   Charles •070 

JFire-hydrant   chambers.   Salt  Lake   Cy *tJ6 

Fire,  Mullen  Ac  Buckley  concrete  warehouse. 

Far  Rockavvay,  N.   Y *956 

JFire-patroi   truck.    Forest *473 

Fire-prevention    statistics,    cities (n)   963 

Fire-protection    discussion.    Am.    Water-Wks. 

Asso 33 

.Fire  protection.  Grading  water-wks.  for — N.  E. 

Water-Wks.    Asso.    discussion 571 

Fire  rates.  Will  improvement  in  water-wks. 
reduce? — Maury's  question,  Willmette,  111..  901 

Fire  retardant.  Cement-milk (u)    128 

Fire  risk — Standard  school  plans (n)  817 

Fire-service  pumping  station,  Bost (n)   626 

Fire  sprinklers.  Valve  for  dry-pipe,  Genl.  Fire 

Ext.   Co.'s (n)    240 

Fire  vehicles.  Electric,  Paterson (n)  887 

Firebrick,  Testing.     Nesbit,  Bell 13.5 

Fireproof  concrete   ashpits 'OSS 

"Fireprooflng   steamer   decks (n)   375 

Fires,    Spotting    snowshed.    So,    Pac.    alarm 

system  and  observatory •458 

Fischer.   E.   G.   Level  rod '895 

Tish  screens.  Irrigation — ditch (n)   448 

Tisheries  Bureau's  steel  car (n)   175 

Fissures,  Cure  for  transverse 332,   365 

Fishy  sewage-treatment  scheme.     Observer...   855 

Fittings,  Alloys  for  high-pres.     Sleeth (n)1093 

Tittings,   Insuluminum  anti-corrosion (n)  288 

Tlag.  Artificial  breeze  waves (n)*996 

Flag-pole  design,  U.  S.  Navy (n)   804 

Flagman,     Union     closed-circuit     automatic, 

(n)«1204 

Flange  oiling.  Loco.,  to  save  rails 853 

Flap  valves,  "Calco"  automatic (n)*67'j 

Flat  slab.     See  "Slab,"  "Concrete." 
Fleming,  R.     Countersunk  rivets  496,  How  the 
engineer  should  use  the  technical  journal, 

802,  Engineer  as  juror 967,  1098 

Fletcher.  R.     Masonry  arch •368 

Flood  and  storm,  Tex.  coast (n)  429 

Flood    channel.    Mill    Creek,    Erie    (n)     286, 

Drift    catcher '795 

Flood  conference,  Penn (n)   818 

Flood  control  and  river  diversion.  Little  Riv. 
drainage  dist..  Mo.   •342,   •740,  Tracks  for 

excavators    'TO 

Flood-control    bill    and    Miss,    levee    system. 

Dabney 228 

Flood-control   report,  A.   S.   C.  E. — Comment. 

Dabney    370 

Flood  from  broken  dike  near  Alameda. ...  (n)   285 

Flood.  .Ian.,  Draining  North  Holland  after ^773 

Flood  pla.vs  with  pipe-laying  job.  Minne- 
apolis   'loss 

Flood  prevention,  Kan. — Comm.  report. ...  (n)   530 

Flood  prevention,  Clean,  N.  Y 721 

Flood  protection.  Santa  Ana  Riv. — Rock-fllled 

bags  •79.  Used  In  Jamaica,  etc.     Park 468 

Flood-protection   straw   vote,   Pomona,   Calif., 

(n)   81- 
Flood-protectinn  weir.  Sacramento,  (errata  n)   325 

Flood — Schenectady   dam    fails *8n 

Flood,       Straightening       Harrlsburg       bridfte 

I-hcams  bent  by •385.  •764 

Flood  washes  out  bridge  falsework.  Little 
Colo.      Riv.- — Completed      from     suspended 

forms    •TSe 

Flood-water    diversion    of    Los    Angeles    Riv. 

from   harbor (n)   578 

Tlood.  West  Va.— Coal  Riv.,  etc.  321,  331,  381, 

Bridges,    etc.,    damaged •428 

Flood.s.    Calif. — State    control    of    d.ams    259. 

Check  dams,  hm  Angeles  Co (n)1154 

Floods,   Imperial   Val. — Diversion   dam 622 

Floods,  Ohio — Battle  over  Miami  prevention 
plans.  Chittenden  'goO.  (n)  071.  Plan  .np- 
proved  1055,  A  sound  court  opinion  1093. 
Scioto  Riv.  widening,  Columbus  1055,  1093, 

Ohio  Conservancy  act.     Herarhel 1190 

Floods.  San  Diego  Co..  Cnllf.— Snlvaelng 
pumping  plant.  San  Luis  Rcy  River  •125. 
Restoring  well  and  pumping  system.  Mission 
Val.  •OSfl,  New  water-snrply  dams  231.  To 
raise  Morena  dam  •1112.  Clarifvlng  city 
water  (n)   189,  Rebuilding  Lower  Otav  dim. 

(ns)  lOIT.  lion 
"Floods,  Southern — Tlnlns.  hrldee  d  s'nicllon. 
etc.  110.  'ISS.  •232.  (ns)  429.  •500.  750, 
Lake  Toxaway  dam,  N.  C.  falls  331.  Ooose 
Creek  dam.  Charleston,  saved  hy  canvas 
cover  •son.  Rnll  lolnts  stood  wa«hout  •190. 
Palnfall  eililhlted  hy  eharts.  Henry  'SSB, 
Ileavy  rainfalls  elsewhere  compared.  Allen, 
loni.  Yadkin  development  damage •924 
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Floods,  Southern — Contractor  discusses  bridges 

damaged    1233 

Floor,   Concrete,  falls  after  early   removal   ot 

forms,  N.  Y.  building 'lojo,   (nillUG 

Floor,  Concrete,  St.  Louis  bridge •1230 

Floor,  Concrete,  tested  bv  stack  fall.     Blond. 

•618,  (n)  530 
Floor  cracked  by  settlement.  Load  test  of  con- 
crete.     Byrd »11. 

Floor  failure.  Flat-slab,  due  to  poor  brick 
wall  columns,  Uoxbury  school  shop.  Thomp- 
son •262,  Wolf,  Von  Mueller fill 

Floor,   Insulating  concrete,   under   boilers,   by 

Ferro  Concrete   Const.   Co *503 

Floor,   Roughening   concrete,    for   resurfacing. 

Balboa  dry-dock.     Hirschberg *755 

Floor,  Shallow  railway,  on  Erie  Canal  bascule 

bridge,  Syracuse.     Hayden ^545 

Floor,  Turner  flat-slab  pat.  decisions 720,  769 

Flooring,  Carter  "Bloxonend"  wood-block  fac- 
tory     (n) •724 

Flooring,  Wood,  Chi.  bascule  bridges ^220 

Floors — Flat-slab    test,    Seattle.      Turner    84, 

Lord   85,    Godfrey 279 

I'loors,  Gravel  covers  on  bridge  330,  C.  E.  V., 

468,  Longsliore  616,  Nagel 712 

Florence,  S.  C. — Sand-clay  street  surfacing 
from  sewer  trenches.  MaflQtt  *752,  Expand- 
ing concrete  breaks  curbs (n)^708 

Florida — State  liighway  work  259,  Drill  barge 

in    Everglades.     Phelps..' •704 

Flour  bag.  Steel,  as  tank (n)  •610 

Flow.  Water.     See  also  "Water  measurement." 

"Hydraulics." 
Flow  meter.  Variable-slot,  Spray  Engineering 

Co.'s  Vaughan (nj  •480 

Flue  gas — Bacharach  COo  indicator (n)  *916 

Fluids,  Effect   of  heat  on  flow  of.     Butcher, 

•326,  611 
Flume  intakes  and  outlets.  Hydraulic  princi- 
ples    of.       Norton     ^541,     Kennison     1096, 

Hinds    'lOO? 

Flume,  Measuring,  U.  S.  Dept.  Ag ^270 

Flumes,    Curve    for    design    of    semi-circular. 

Hammond    (n)*1142 

Flumes,   Rectangular  wooden.      Stevens •IIOO 

Flumes.   Timber   and   steel.    Goose   Lake   Val. 

system.     Heron   'SOS,  •504,  Rice 809 

Flumes,    Very    large    metal,    Hardesty    Co.'s 

Hess,  in  Grand  Valley  Project ^127 

Flushing  streets  from  trolley  cars,  Worcester, 

Mass ^1205 

Flushing  streets  with  portable  water  mains.. •659 
Footing  walls.  Concrete,  built  by  Johnson  & 

Co.,    Chi *362 

Ford,  G.  B.     N.  Y.  zoning  regulations 405 

Fcrd    plant,    Detroit,    combined    steam    and 

power  station 1085 

Foreign  trade.     See  "Trade." 

Foreign  trade,  U.   S (n)   491 

Foresight  for  accurate  work.     Gansmann. .  (n)*660 
Forest   flres.    Spotting,   near   So.    Pac.    snow- 
sheds  '458 

Forest  reservations,  eastern  mtns (n)   587 

Forest-state  roads,   $1,000,000  for 380 

Forestry,    Profit    in    water-wks.,    Pennichuck 

Water  Co.'s,  Nashua,  N.  H •4T2 

Forms.  Concrete.     See  "Concrete." 

Forests.  Power  in  national (n)1200 

Forrest.  C.  N.     Asphalt  tests 205,  416 

Fort  Wayne,  Ind. — Wabash  grade  elimination, 

•241,  277,  Asphaltic-concrete  paving 993 

Fouhy.  T.  F.  Snatching  wagons  out  of  pits... •124 
Foulds,  R.  S.    Que.  bridge  accident 857,  'llOl 

FOUNDATIONS 

See  also  "Piles,"  "Coffer-dam,"  "Bridges,"  etc. 

— Albany  sewage  pump  house  and  grit  cham- 
ber ;  caisson  sinking.     Vernon *738 

— Armory,  Building  foundations  150  ft.  under 

Scranton    ^681 

— Bear  Lake  pumping  station,  Utah  Power  & 
Lt.  Co.'s — Largest  dredging  caisson  ; 
piles;  concreting,  etc *98,  *172,  178.  'iOS 

—  Bridge,  P.  &  R.,  Milton,  Penn.. 

•509,  ^558,    (n)*010 

— Bridges — Cost  of  piles  vs.  increased  abut- 
ment cost 270 

— Bklyn.   Edison— Hollow  piles •4G3,   •982 

— Bucket,  Clamshell,  closed  by  steam  engine, 

Portliind,    Ore •316 

— Buffalo  G.  E.  power  house — Cylinder-pier 
foundations  laid  in  sheetpile  wells. 
Boardman  •289,  Pulling  sheetpllcs  of  con- 
densing-water   tunnels 'SIO 

— Canal  walls  built  on  old  plank  foundations. 
Saving,  Union  Water  Power  Co.,  Me. 
Sawyer    *556 

— Charts  for  eccentric  loading  on  rectangular 

areas.      Gotten •lOOO 

—Cleveland  flitcr-plant  settlement  •lOOg.  Why 
It  Is  economy  to  study  foundation  condi- 
tions 1095.  Quick  repair  bids 1150 

—  Coke  plant  near  N.  Y. ,  Placing  foundations 

for — Koppers  plant  for  Seaboard  Byprod- 
uct  Coke   Co •nS8 

— Dam.  Stopping  underground  leakage  from.. •ISO 

— Footing  walls.   Concrete — Building  methods 

of  .Johnson  &  Co..  Chi '362 

-Lehigh    Val.    terminal.    Buffalo,    built    over 

drainage  channel,     llurlbut •ISO 

— Ore  doek.  Ashland  concrete .^245 

— Pump.  Drainage,  foundation  design.  Is  dam 

problem.  New  Orleans.     Hutson '838 

— Salamanca  bridge — Constructing  pile  foun- 
dation in  hard  gravel.     Steero .^338 

— Soil-pressure   test  device,  U.   S.   Dept.   Ag.. 

•339,  (erratum  n)  010 

— So.   Pac.   ofBce-bldg.   plledrlver '509 
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— Tower  wnrli.  .\'.  Y.  Edison  transmission  line  •51 

-  Iri.l.nvM'   1   ^   III'      l:klg.,  N.  Y'.— Snatching 

IV, 1-,.:'.  I,(s •500 

-  \  1  Mil,- I    ',1     l:  ■  settled.  Denver ^221 

-  w.liinii;:!  ill     \     (    ,    l-V'derai  Bldg. — Bottom- 

driven   loncrete  piles      Howell •1207 

— Winnineg  aqueduct  cracks  from  foundation 

settlement    716 

Four-sided  areas.  Calculating.     Averill •1186 

Frame.    Placing    steel,    in    old    wall-bearing 

building     •778 

France — Baldwin    military    locomotives    *215, 
Westinghouse  motors  for  southern  railways 

(n)   635 
Francliise,    Profit-sharing,    asked    by    Minne- 
apolis St.   Ry 1201 

Francis,  A.  C.     Restoring  flood-wrecked  well 

and   pumping  system *9S0 

Frank,  L.    G.     Activated-sludge   air  diffusers 

107,  267 

Frankland.     F.  H.     Bridge  floors •'904 

Frazier,  R.  P.,  on  railway  strikes  321,  Peti- 
tion by  unorganized  railway  employees....  714 
Freight.     See  also  "Rates,"  "Traffic,"  "Rail- 
ways." 
Freight    container.    Collapsible    steel,    Pneu. 

Scale  Corp.'s    (n)   •48 

Freight-handler    "booster."    Astoria    pier •OGS 

Freight,    Prompt    unloading    of,    to    prevent 

car     shortage 511 

Freight    terminal,    N.    J.,    for    port   of   N.    Y. 

•90    962 

Freight    yards,    Lighting •1134 

Fried,  G.   D.     Subway  work ^949 

Fritz  medal   presentation (n)  1057 

Fuel-briquet    production (n)  48S 

Fuller,   G.   W.     Nitrogen    from   sewer   sludge, 

667,  663 


Galesburg.    111. — Garbage   disposal 684 

Galveston,  Tex. — Causeway  progress  (n)  333, 
Concrete  arclies  fabored  (n)  1153,  (erratum 

n)1193 
Gans,  R.  C.     Sewer-tunnel  survey •IIO 

GARBAGE  AND  REFUSE 

—Cleveland  garbage-tankage  .vleld    (n)1202 

— Dist.     of     Columbia — Analytical     study     of 
garbage,     rubbish     and     ashes — Osborn's 

report    294.   •348 

— Gray's  Harbor  Lumber  Co.'s  refuse  burner 

of  concrete  and  brick.     Blagen ^588 

—Horse   or  motor   for  collecting   garbage   in 

various    cities.      Miller 1006 

— m.    cities.   Garbage   disposal   in   two — Dan- 
ville   and    Galesburg.      Greeley 684 

— Kansas  legislation  investigation (n)  381 

— Los  Angeles  garbage  and  rubbish  disposal 
— Paciflc  Reduction   Co.'s  Cobwell   plant. 

Simons     •677 

— N.     Y.     Cy. — Decarle    incinerator.     Queens 
Borough.     Woodman  ^598,  1000,  Withlng- 

ton    1000 

^Rochester  reduction-wks.   purchase (n)   115 

— St.    Louis   teamster   strike (n)   141 

— San    Francisco    garbage    burial 1104 

— Savannah  Incinerator  costs (n)  267 

Gas  and   steam   power  station.  Ford 1085 

Gas,  Artificial,  .statistics.  U.  S (n)1172 

Gas    calorific-value    standard.    Second    Dist.. 

N.    Y (n)   818 

Gas    case,    Buffalo,    Unit    prices    for    street 

mains    in.      Humphreys 510 

Gas    case.    N.    Y.    St. — Limit    set    to    public 

review    of    utllities-comm.    orders 865 

Gas  engines.     See  "Engines." 

Gas  explosion.   Cleveland  water    tunnel..  187,  230 

Gas    leak    finding   with    lighted    match — Kan. 

church     wrecked (n)  •660 

Gas,    Natural,   conservation 1144 

Gas,  Natural    embargo.  Alberta (n)  286 

Gas,  Oxy-,  lead-burning  outfit (n)  288 

Gascolgne,  G.  B.  Activated  sludge,  Cleve- 
land     •1001,    •1124 

Gasoline.  See  also  "Engines."  "Locomo- 
tives," "Motor  vehicles,"  "Pumps," 
"Boats."  "Air-compressing." 

Gasoline-locomotive   exhaust   gases (n)   767 

Gasoline-measuring  pump   errors (n)  860 

Gasoline    shortage    predicted.      Hamilton    (n)  1577 

Gasoline  supply.   Future.     Manning (n)  839 

Gate.    "Calco"    radial    hydraulic (n)*1060 

Gates,   Elephant  Butte  dam.     Tetchman •1915 

Gates,    Elevator,    Paterson-Leltch    "Steellte" 

pressed-steel     (n)^916 

Gates     Talntor    and     Stoney,     of    Tallasseo 

Power  Co •921 

Gaylord.  J.  M.     Cross  Cut  power  station 80 

Gears.      Westinghouse     "BakcUte     Mlcarta" 

noiseless   non-metallic (n)  532 

Gem   Lake   dam •1157 

Georgia    State    Highway    Comm (n)    479 

Georgian   Bay   Canal.     Evans •604,   713 

Gersonl.  L.  J.  Brooklyn  automatic  sewage- 
pumping    station 'Sio 

Gibson.    G.    H.      Montreal    centrifugal    pump  133 

Gideon.  A.     Charges  for  tise  of  sewers 1193 

Gilpin.    C.    D.      Handling    coal    and    ore 1B9 

GIrardot,   Colombia,    port   Imports (n)  917 

Girder.      See    also    "Plate    girders." 
Girder.  Deep  concrete,   poured  In  three  lifts, 
Stratford    Theater,    Phlla.      Muhlhausen. . .  "oOO 

Girders.   Designing  concrete   fascia ♦1110 

Girders.  Handling  heavy.  In  demolishing  Sal- 
amanca  bridge.     Steero 'SlG 
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Glennan      A.     H.       Govt,     and     student     free 

engineering  service   3" 

Glenwood  Springs  pipe  rougiincss 896 

Godfrey,  E.  "Unbiased"  defined — Flat-slab 
tests  279,  Reinforced-concrete  patent  de- 
cision   668,    To    mark    brown    print    wtiite 

1141,   (n)ioni 
Goethals,    G.    W.      Beport    986,    998,    1004,  1003 
Gold    mining.      See    "Mining." 
Goidbeck's  soil-pressure  test  device  'SSg,   (n)  G16 

Goodman,   r.    R.      Concrete   bridge •TS5 

Goodwin  dump-cars '644 

Goose  Lake  Val.  irrigation  system.  Ore.  Heron 

•503,    Rice  809 

Gore,  W.  Venturl  meter  inaccuracy  514,  Wa- 
ter lifts  sand  to  filters  from   cars 'sOS 

Government.      See    also    "TJ.    S.,"    "Interstate 

Commerce    Comm,"    "Laws,"    "War,"    etc. 

Government    and    student    free    engineering 

service.      See   "Competition,"    "Engineers." 

Grade    checks    at    railroad    street    crossings, 

Los   Angeles •  •  ^^2 

Grade-crossing  dangers  are  for  the  foolhardy 
— P.     R.R.     experience 854 

<;RADE-CROSSrNG  ELIMrN'ATIOX 

—Chi.    &    N.    W.,    Clinton,    la •102 

— Cleveland — Nickel  plate  depression (n)*1042 

— Detroit   grade-crossing   work (n)  429 

— Huntington    Beach,    Calif (n)*176 

— Memphis  bridge  terminals,   St.  L.   &  S.   F- 

work  at.     Weatherford •160 

— Rock    I. — Slab-deck    concrete    bridge    over 

highway  •1002,  Locomotive  crane,  Chi.  •1172 
—Wabash,  in  Ft.  Wayne •241.  277 

Grade-crossing  signal.     See  "SignaL" 

Grade   crossings.    Safe— Calif.    R.R.    Comm..^ll85 

Grade   templet.    Adjustable.      Teddy (n)  1092 

Grading,    Heavy,    on    50-mile    Southern    relo- 

cation     *^?oo 

Graham     J.    H.      Pneiunatic    concreting •386 

Grain   separators,    Explosions   in o63 

Grand  Canyon,  Surveying  dam  sites  in  •SOS, 

(erratum    n)  371 
Grand  Val.  Project — Roller-crest  dam.  Teich- 
man  •!,  Ed.  •GO,  Large  metal  flumes  •127, 

Ford   motor   operating  cost (n)   176 

Grandstand  roof.  Cantilever,  with  tension  in 

posts.    Salt    Lake    Cy *' 07 

Granite    Block    pavement,    residential    street, 

Bedford  Ave..   Brooklyn *I91 

Graphite-babbitt  bearings,  Jeffrey (n)   820 

Gravel  and  sand  plant.  Rose •  •  •   l'" 

Gravel  bridge-floor  covers  must  be  carefully 
spread,  Minn,  roads  330,  Why  use  them? 
C.    E.    V.    468,   Longshore   616,   Nagel   712, 

Frankland     '90 1 

Gravel     cart    made    of    scrap,     Christman  s. 

Lothrop     (n)   '80 

Gravel    heater    and    dryer,    Littleford    Bros. 

"Mullen"     (n)  '144 

Gravel    layer.    Tractor    and    plows    dig    out. 

Bullard     (n)  1041 

Gravel     roads,     Mich.       Rogers ■iS2 

Gray's  Harbor  Lumber  Co.'s  refuse  burner.. 'SSS 
Great    Atl.    &    Pac.    Tea    Co.'s    ice    factory, 

Tearing  down.     Hoadley ^729 

Great  Bend.  Kan. — Cleaning  outfall  sewer  of 

quicksand   (n)   464 

Greeley,    S.   A.     Garbage   disposal.   111.    cities  ')84 

Green,  F.  W.     No  residence  restrictions 565 

Gregg.    T.    D.      Fleldartillery    service •554 

Gregory,  W.   B.     Pump  tests 180 

Grit  chamber.  Building  Albany.     Vernon •738 

Grounding  cone,  Hlckey  &  Schneider's  "Burn- 
Boston"     carbon (n)  964 

Grout.  Lining  wells  with  cast  iron  and  ce- 
ment, Tunbrldge  Wells,  Eng •ISO 

Grouting      Milwaukee      Shore     tunnel      with 

pumps.     Warren    ^702 

Grouting  tunnel  In  Brooklyn  end  of  Catsklll 

Aqueduct.       Myers •'!'6 

Gninsky.  C.  E.     Pump  test '8,  180 

Guard-rail  holder  for  frogs  and  curves,  Mitch- 
ell's   "Betts"    (n)  •1248 

Gypsum    and    Its    effect    on    embedded    steel. 

MaranI     • •iZg 

Gypsum  roof  slabs,   lO-ft.   span ^1173 

H 

Halley,  G.  H.  Night-work  cost  G54.  Construc- 
tion  reports    ^994 

Hair   pumping,   Wilder-Manning  tannery    (n)  610 

Haley,  A.   E.     Waterwhecl   for  Irrigation •409 

Hammer,  Pile  formula  modified  for  double- 
acting    steam    29.    Knowlcs 417 

Hammond,    G.    T.      Activated    sludge 107 

Hammond.  L.  M.  Depth-flow  diagrams  •802. 
Strawberry  tunnel  surveying  •lOSe,  Flume- 
design  curve   (n)  ^1142 

Handle  for  carrying  duct  tile (n)     80 

Harahan    bridge.      See   "Memphis." 

HARBORS 

See    also    "Wharves    and    docks,"    "IT.    S. 

River  and  Harbor  bill." 

— Calumet    Harbor,   Chi.,   development (n)   382 

— Los  Angeles  river  diversion (n)  578 

— N.    J.    freight   terminal,   Bayonno,   for  port 

of    N.    Y ^90,    062 

— New  York's  harbor  troubles 366 

— Panama  Canal  breakwater  concrete  blocks.  1004 

— Port   Authorities  meet,  Montreal 623 

— St.    Paul    harbor    changes 332 

Hardaway  Contracting  Co.  plant •932 
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Hardening— A.    S.    T.    M.    papers— Hardness 

changes.  Howe,  Levy  ;  water-quenched  steel 

axle    equal   to   oil-quenched,   Yoting 88 

Hardesty,    W.    P.      Portland    survey .....   '5^ 

Harding,  C.  F.     Marketing  engineering  ability  8b.! 
Hardman,  R.  C.     Concrete  building  balanced 

on  middle  line  of  columns '  },5 

Harper,  J.  L.     To  save  Horseshoe  Fall •IISj 

Harrisburg    bridge.     Cumberland    VaL     R.R. 

Straightening  bent  I-beams  of  second  half  _ 

•385     Building   it ..."iM 

Harrisburg    bridge,    P.    &    R.    Ry.— Capping 

piers ■;•    '"^ 

Harshman.  C.  C.     Obsolescence  in  appraisals 

for  rate  making ^''''.fjl 

Hart    convertible    dump-cars ..'644 

Hartford,  Conn.— Water  case      C.  M.   Saville 

246,  Rainfall  data.     T.  Saville •1208 

Hasbrouck,  O.     L.  I.  concrete  roads 713 

Haskell    &    Barker    dump-cars •oil 

Hasse,  C.  E.     Retaining  wall 'I'S 

Haswell,  J.   R.      Soil  tests •211 

Hatton,  T.  C.     Activated  sludge lOi,  ^688 

Haulage.     See  also  "Motor  vehicles,"  etc. 
Haulage — Cable  system  handles  dump  wagons. 

Owen    *2'2 

Hawaii— Honolulu  impvts (n)   761 

Hayden,  A.  G.     Plate-girder  cantilever  bridge, 

Salamanca,  N.  Y.  •266,  Canal-bridge  floor. 

Syracuse    *5i5 

Haynes.    A.    M.      Measuring    railway    curves, 

86,  Patents  and  war 1239 

Hazen.    A.      Twin-pipe    problem    85,    Venturl 

meter    inaccuracy 293.    514 

Headgates    and    bridge,    Montreal    aqueduct 

combined     '^27 

Health    Board   reorganization,   Minn 1153 

HEATING  AND  VENTILATION 

—Tunnel  ventilation,  B.  &  0 (n)   261 

Helmets,    Beer    keg    and    kitchen    holier    as 

diving     '607 

Henderson,    H.      Right    and    left    bank 656 

Hendrick.    C.    W.     Activated   sludge 106 

Hendricks,    V.     K.       Organization     of    engi- 
neering dept.   of  a  railway 989 

Henry.  A.  J.     Southern  rains ^886,  1001 

Hermosa       Beach,       Calif. — Activated-sludge 

plant    3S0,    Brosius ^890 

Heron,    K.    A.      Goose    Lake    Val.    Irrigation 

svstem  •SOS,  809 

Herrold.   G.  H.     Miss.   Riv.  plays  with  pipe- 
laying    job •lO'lS 

Herschel,   C.      Ohio    conservancy   act 1190 

Herschel,   W.    H.     Water  brake 378 

Hess.  H.     Should  technical  societies  influence 

legislation  1   278 

Hetch-Hetchy    dam    site     •137 

Hewitt,    A.    C.      Potash    as    cement-mlU    by- 
product      ^1222 

Hicks,  H.   L.     Drilling  anchor-bolt  hole    ^54 

Higgins,  C.  H.     Plant  appraisal •SOO 

Highways.      See   "Roads."    "Streets,"    "Pave- 
ments." "Bridges,"  geographical  names,  etc. 

Hill   Annex   mine   track   shifter •1086 

Hill.  G.  E.     Wayne  sewage  works •lieS 

Hinckley,  G.  C.     Condition  of  iron  in  Keokuk 

bridge    ^400 

Hinds,  J.     Curves  for  irrigation  ditch  velocity 

and  discharge   *369.  Flume  outlets ^1097 

Hirschberg,  C.  A.     Roughening  concrete '755 

Hoadlev.   A.    G.      Tearing   down   concrete    ice 

factory    ^729 

Hodges.  P.  V.  Velocity  coefficients  for  dredged 

drainage   canal    ^1052 

Hoff.  E.  J.     Water-level  recorder •974,  'lOSO 

Hohl,  L.  L.     Asphalt-pavement  patents 761 

Hoist.       See     also     "Elevator,"     "Conveyor," 

"Derrick,"  etc. 
Hoist,    New   model   of  Ingersoll-Rand   "Little 

Tugger"     (n)  •724 

Hoist,  Automatic-skip  ore •SOO 

Hoist,  Power,  for  hand  guy  derricks.  Domestic 

E.   &  P.   Go's (n)^432 

Hoist,   Shepard   monorail  traveling (n) ^676 

Hoisting  details.  Que.  suspended-span.  Meyers 

•420,   Traveler  cranes •302 

Hoisting  equipment,  Italian  freighter ^210 

Hoisting    methods,    Quebec    bridge    suspended 

span    ^304,    ^522 

Hoisting — Safe  loads  on  rope  slings.  Salmon. •1183 
Holsting^Snatching   wagons  in  two   lifts. ..  .•560 

Holden,  C.  A.     Engineering  education 873 

Holden.  W.     TrafBc  census,  St.  Louis •832 

Holland,  C.  M.     East  Rlv    tunnel  surveys •655 

Holland.  Paved  wheelways  In.  Spaander  ^714. 
Draining    North    Holland    after   Jan.    flood. 

Spaander   •773 

Holmes   Safety  Asso.   and   award    (ns)    722,   1009 

Honey,  F.  R      Rectifying  catenary •256,  1046 

Honolulu — Public    Impvta (n)   761 

Horner,    W     W.      Materials    chuted    through 

drill  holes   •705 

Horse,  Mason's.     Travelers  Ins.  Co (n)  ^176 

Horseshoe  Fall,  To  Save.     Harper •IISS 

Horton,  R.  E.     Brakes  for  hyd.  turbines  181, 
Old  brick  Intake   tunnel  shows  low  Kutter 

factor    •460 

Houston,  Tex. — Activated  sludge  109,  Survey 

monuments    ■ (n)^S64 

Howard,  J.  E.     Elastic  limit 41.  89 

Howe,  J.  M.     Land  surveying,  Tei ^753 

Howe    truss    highway    bridge    with    composite 

chord,   Utah    559 

Howell,  C.  S,     Concrete  piles ^1207 

Hubbard,  P.     Finding  spec.  grav.  of  concrete 
aggregates    136 
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Huckaby,  M.   C.     La.   highways •544 

Hudson    Bay    Ry (n)  914 

Huf eland,  0.     N.  Y.  rainfall ^393,  ^450 

Hu£t,   N.    L.      Copper-sulphate   treatment,   St. 

Paul  water-supply    104 

Himian  factor  in  industry — Human  Engineer- 
ing Congress  address.     Newell 939- 

Humphreys,  A.  C.     Buffalo  gas  case 516 

Huntington      Beach,      Calif.  —  Grade-crossing 

elimination    (n)^176. 

Huntington,  W.   V. — High  school •TGS 

Hurlbut.  C.  C.     Railway  terminal  over  drain- 
age channel •436- 

Hutchinson,   C.   T.,   Secy.   Engineering  Foun- 
dation        (n)   625. 

Hutson,   H.    L.     Drainage-pump   foundations. •SSS 
Hydrant   and  valve  chambers.  Concrete,   Salt 

Lake  Cy ^66. 

Hydraulic   Sand  and  Transit  Co.'s  dredge.  .•121L 

HYDRAtrLICS 

See  also  "Water"  topics,  "Pipe,"  "Pumps." 

— Detroit  old  brick  Intake   tunnel  shows  low 

Kutter  factor.     Maury,  Horton •460' 

— Ditch    depth-flow    diagrams.      Hammond. .  .•802" 

— Flume  intakes  and  outlets.  Hydraulic  prin- 
ciples of.  Norton  •541,  Hinds  •1097,  Com- 
puting the   hydraulic  jump.     Kennison.   1096 

— Flumes,   Curve  for  design  of  semi-circular. 

Hammond (n)  •1142- 

— Flumes,   Rectangular  wooden.     Stevens. .  .•1160' 

— Irrigation-ditch      velocity      and      discharge 

curves.     Douglass  •72,   Hinds ^369 

—Levee  fill,  St.  John  dist..  Mo 'ISg-. 

— Mass    diagram.      Butcher •S^S 

—Pipe,  Roughness  of  steel,  after  22 .  years' 
service,  Glenwood  Springs,  Colo. ;  Kut- 
ter's   formula   coeCQcient.      Reynolds 89&. 

— Press,  1,000-ton,  for  briquetting  metal  waste, 

(n)^628 

— Ram.  Siphon-operated,  of  long  standing,  in 

Conn.      Palmer    ^164^ 

— Reservoir  mouthpiece  expts.,  Univ.  of  Penn. 

Pardee    •520- 

— Slide    rule.    Hydraulic,    Twin-pipe    problem 

solved  by.      Hazen 85 

— Submerged  orifices  and  tubes.  Experiments 

with.     Rogers,  Smith •825- 

— Velocity    coetBcients    for    dredged    drainage 

canal,   Blitzen,    Ore.      Hodges ^1052 

— Water  flow  increases  with  rising  tempera- 
ture.    Butcher •326,   611 

— Sand  lifted  to  filters  by  water 'SOS 

— Venturl    meters   inaccurate    on    lively   lines 

293,    Ledoux,    Gore 514 

— Weir    formulas.    Deriving.      Running ^695. 

— Wells,    Flow    into.      Werenskiold •256- 

Hydro-electric.     See  "Water  power." 
Hvdrolvtic  sewage  tanks,  Luton,  Eng.     Tom- 
"imson  •lOS,  225,  RoechUng SOS- 


I-beams  of  Harrisburg  bridge  bent  by  flood. 
Straightening    '385,    ^764 

Ice,  Artificial,  competes  with  natural,  St. 
Paul   (n)     73: 

Ice  factory.  Tearing  down  old  concrete.  Hoad- 
ley      •729 

Idaho  irrigation-water  duty.     Bark 19- 

ILLINOIS 

— Activated-sludge  expts.,  Univ.  of  III.  Bar- 
tow, Mohlman,   Schnellbach ^972,   110- 

— Bridge  steel  must  be  inspected  before  shop 

coat  is  applied (n)  1091 

— Civil-service    exams,    for    Junior    Highway 

Engineer  without   leaving  home (n)1200' 

— Engineer  Corps,   III,   on   Mex.    border 1035 

— Highway  Dept.  Bridge  Bureau — Bond  and 
shear  in  reinforced  footing  offsets.    Older, 

•18,  (errata  n)   325- 
— Higliwavs,     Alignment     and     drainage     of. 

Bilger    ^874,   901 

— Road-direction    sign.    Prize (n)^1092- 

— Road    specifications    127 

— Roads,   Labor  scarcity  for (n)   577 

— Roads,  Vermilion  Co. — Catchbaslns  and 
culverts  •209,  Planning  and  organizing 
for    paving    ^248 

Illinois  Central.     See  "Railways  " 
Inilioff  tank      See  also  "Sewers." 

Inihoff    tank.    Cook   Co.,    Ill ^296 

Imhoff   tank   foams,    Balto.      Potts "469 

Imlioff  tank.  Dr.  Travis  and  the  225,  Roech- 

ling    809- 

Irahoff-tank    patents.      Miller 1239 

Imhoff  tanks  and  sprinkling  filters,  Cleburne, 

Tex.     McDonnell   •1028 

Imitation,     Exact,     infringes     trade     rights — 

Expansion-bolt    case    106 

Impact    machine,    Annapolis *283 

Imperial    Brass    Co.    building,    etc.    885,    954, 

1043,  1193 
Imperial  Valley  Irrigation — Cerro  Prleto  Canal 

233,    Flooding  earth    roads   297,   Colo    Rlv. 

diversion  dam  622,  Canal-work  costs....  (n)  333 

Improvements,    Assessing.      Cupper 975 

Incinerator.     See  "Garbage  and  refuse." 

Inclines,  Cable,  Sao  Paulo  Ry •976 

India,   Activated   sludge    In (n)   624 

Indiana — New  railway  for  Penn.  system •H32 

Indiana      Real     Estate     Asso. — City-planning 

campaign   (n)   770 

Indianapolis.  Ind. — No  bidders  on  city  con- 
tracts  1044,   Typhoid 562 

Indianapolis  &  Frankfort  R.R •1132 
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Industrial  Conference  Board,  National (n)1049 

Industrial  preparedness.     See  "War." 
Infantile    paralysis,    What    can    engineers    do 

to    stop  ?    322 

Ingersoil-Rand  condensing   plants (n)     48 

Injector,   Air-lift,    Chicago   "Baker" .(n)«384 

Injunctions   in   labor  suits — Mass.    limitations 

invalid    297 

rNSTRlJMENTS 
See     also     "Surreys,"     "Water     measure- 
ment,"  "Test." 

— CO2   indicator,   Bacharach   pocket (n)«916 

—Pyrometer,   Gibb   Co.'s   "Irite" (n)   288 

— Range  finder  and  clinometer.  Young's. ..  .'IISS 
— Slide  rule.  Bock's  water-meter "800 

Insulating    material.     Diamond    State     Fiber 

Co 's    "Condensate-Cellulac"    (n)1156 

Insulating  paint.  Union  Insul.  Co.'s (n)   868 

InsuU,  S      Growth  of  elec. -lighting  industry. ♦1045 

Insuluminum  fittings    (n)   288 

Interest    rate    in    loan    repayment     (n)     852, 

Eberly    (n)  1042 

International  Correspondence  Schools'  anni- 
versary        (n)   722 

International   Geological   Congress '758 

International   Joint    Coram (n)1202 

International    Nickel    Co (n)   381 

Interstate  bridge  paving '559 

Interstate  Commerce  Comm. — N.  J.  rate  case 
129,  324,  415,  Rail  break.  Western  Md.  366, 
(n)  332,  First  complete  railway-valuation 
reports  filed  892.  (erratum  n)  1001,  En- 
gineer exam,  ratings  (n)  286,  So.  Ry.  loco.- 

axle  break  report (n)  913 

Inventory  discussed  by  A.  I.  E.  E 962 

Inventories  and  histories.     Low 181 

Inverted  siphon.     See  "Siphon." 

Iowa     sec.     Am.     W.-W.     Asso.     791,     1017, 

(ns)    383,  675,  769.  1091 
Iron,   Changing  from  alum  to,  at  Clarksburg 

filters    927 

Iron-removal   plant,    Brookllne •448 

IRON  AND  STEEL 

See  also  "Testing,"  "Rail." 
— A.  S.  T.  M.  paper  abstracts,  etc. — Hardness 
changes  in  hardening,  Howe  and  Levy ; 
water-quenched  steel  axle  equal  to  oil- 
quenched.  Young :  dangerous  ferrite 
growth  in  low-carbon  boiler  tubes.  White 
and  Wood ;  proportional  limit  identical 
with  elastic  limit,  Howard  88,  Device  for 
comparing  tension   and  traverse   tests   of 

cast    iron,    Morse (n)   286 

— A.   S.   T.   M.   specifications 40 

—Bridge    steel.    111.    highways,    must    be    in- 
spected before  shop  coat  is  applied. .  (n)  1091 
— Chain  cables  power-forged  at  Boston  Navy 

Yard.    Coburn    '1113 

— Cost  of  structural-steel  work.  Items  affect- 
ing.    Pittman,  Danf orth 1169 

— Dredge   pins.   Strong      Young (n)   633 

— Metropolis  bridge-strut  tests  by  Bureau  of 

Standards    '49,    81 

— Minn.    Steel    Co.'s    plant 138 

— Norway,    New    steel    works (n)   770 

—Paving.   Sheet   steel,   Charlotte •946 

— Rail    corrugation.      Pratt 217 

— Rail    price    raised (n)lOlO 

—Rail  break  after  10  years 366.   (n)   332 

—Rail  transverse-fissure  cure 332,  365 

— Steel    production    and    business   prosperity ; 

Schwab's  views    1237 

— Structural-steel    companies    combine. ...  (n)     93 

IRON   AND  STEEL  CORROSION 

— Antl-corroslon    fittings,     Insuluminum. .  (n)   288 

— Antl-corroslon     Iron,     Pacific     Fdy.     Co.'s 

"Corrosiron"    (n)  336 

— Bichloride  of  mercury,  effect (n)   616 

— Boiler  tubes.    Dangerous   ferrite    growth   in 

low-carbon,    Detroit    Edison    Co.      White, 

Wood    88 

— Bridge.    Condition   of   Iron   In    old   Keokuk. 

Hinckley    •400 

— Bridge  corrosion  near  footwalk,  by  dogs..^704 
— Electrolysis     discussion.    Am.     Water-WTs. 

Asso 33 

— Gypsum   and  Its   effect  on   embedded  steel. 

MaranI    ^229 

— Manganese,  Effect.     Hadfield,  Newton.,  (n)   352 

—Paint,    Union    Insulating    Co.'s (n)   868 

— Panama     locks.     Corrosion     of     submerged 

metal— Electrolysis,  etc 1005 

— -Plpe-corroston   resistance  test  with  aerated 

water.      Speller    (n)  639 

— Ralls    and    fastenings,    Oiling,    to    prevent 

corrosion    '847 

— Reinforced  concrete  cracked  by  salt  water, 

Philippines    1047 

— Water- wks.    service   pipes — Report 594 

Iron-ore  production,  U.  S (n)  785 

Iron-ore  royalties,  Minn.     State (d)1113 

IRRIGA'nON 

Sec   also  "Drainage." 
— Census   statistics — Slow  utilization  of  Irrl- 

gfttlon    works,      Tecle ^202 

— Ditch   depth-flow  diagrams.     Hammond. ..  .•802 
— Dllrh    velocity    and    discharge.    Curves   for. 

Douglass     •72,     Hinds •SOB 

— Duck  Val.  Project  survey •490,  905 

—Elephant    Bntte    dam,    Rio    Grande    Project 

(nl   fisr,.  Outlet  control.     Telchman •lOlS 

—Field  laboratory,  U,  S.,  Denver •lOSO 

• — Fish  screens  for  ditches (n)   448 


IRRIGATION— Continued 

— Flume,   Measuring,   Dept.   Ag ^270 

— Flumes,  Curve  for  design  of  seml-clrcular. 

Hammond    (n)^1142 

— Fliuues,   Rectangular  wooden.     Stevens. .  .•lieo 
— Goose    Lake    Val.    irrigation    system.    Ore. 

Heron   'SOS.   Rice 809 

— Grand  Val.  Project,  Colo. — Large  roller- 
crest  dam.  Telchman  •I,  Ed.  •eo.  Large 
metal  flumes   •127,  Ford  auto,   operating 

cost    , (n)    176 

— Idaho    conditions.    Duty    of    water    under. 

Bark,  of  U.  S.  Dept.  Ag 19 

— Imperial  Val. — Cerro  Prieta  canal  233, 
Earth-road  maintenance  in  irrigated 
lands.     Perry  297.   Colo.   River  diversion 

dam  622,  Canal-work  costs (n)  333 

— Kittitas     Project,     Wash 962 

— Natomis  Co.'s  Pritchard  Lake  pumping  sta- 
tion, Calif.,   for  drainage  and  irrigation. •556 

— New  Zealand  dry  farming,  etc (n)   297 

— Oregon  State  Engineer's  river  survey  gtiides 

water   adjudicators.     Cupper 5 

— Reeves  County  system,  Tex (n)   195 

— Salt  River  Project — Cross  Cut  power  sta- 
tion.    Gaylord  86,  Mowing-machine  work, 

(n)  364 
— Sewage    disposal   by   broad  irrigation,    San 

Antonio.     Bartlett  'SSO 

— Strawberry  tunnel  surveying.     Hammond. •1086 

— U.   S.  Reclamation  Service  report {n)1106 

—Water-level   recorder.     Hoff •974,   "1080 

— Waterwheel,  Light  home-made,  Philippines. 

Haley    ^409 

— Weir,  New  standard,  U.  S.  Dept.  Ag.  Cone.^222 

Islands,  To  plant  ocean (n)   818 

Isometric  drawing  form.  Two  Rivers (n)^676 

Italian    freight    steamer    "Milazzo,"    Cargo- 
handling   equipment   on •210 


Jack,   Baird  pneumatic   lifting (n)   •48 

Jacking    concrete-slab    bridge ^900 

Jacking  poles  out;  Templeton,  Kenly  &  Co's 

"Simplex"    jack    (n)^708 

Jacking  Quebec  suspended  span  •421,   ^424.  ^522 
Jacking  up  Riverside  Drive  viaduct,  N.  Y.  Cy.^869 

Jacksonville.    Fla. — Union    station (n)  429 

Jacksonville.    Fla. — Municipal    docks 722 

Jamaica  uses  "sausages"  for  river  protection. 

Park    468 

Japanese    railways.   Widening (n)   505 

Jensen,  J.   N.     Concrete  roof ^372 

Jersey  Cy.,  N.  J. — Munitions  explosion   ^236,  275 
Johnson  &  Co.'s  concrete  footing-waU  build- 
ing methods    ^362 

Johnson,  H.  D.     Concrete  road  pavements  on 

sandy  soils 616.  712,  713.  1036 

Johnson.  H.   T.     Combination   of  plane   table 

and  transit  for  topography ^488,  905 

Johnson,  T.  H.     Sioux  Cy.  concrete  paving. .  830 
Joint   for   water   mains.    Why   not   a    better? 

951,  N.   E.   W.-W.  Asso.   reports,  etc.    570, 

958,  960 

Joint    adhesion — Shrinkage    cracks (n)^1235 

Joints  in  timber  framing.  New  tests  of  bolted 

and    iagscrewed,    at    Panama-Pac.     Expo. 

Dewell 'Ill,    •162,    •796 

Jones    Fallsway,    Baltimore ^736 

Journal,    How    the    engineer   should    use    the 

technical.     Fleming    862 

Juror,  Engineer  as  a.     Fleming  967,  Owen...  1098 

K 

Kadel.  B.   C.     Evaporation  studies •200 

KANSAS 

— Bridge  contracts — Fair  competition  required  201 

— Flood  Congress  comm.  report (n)  530 

— Garbage-law  study   (n)   381 

— Road    maintenance    by    contract.      Moone..  204 
— Sewage     works.     Experience     in     running 

small.      Veatch    64 

Kansas    Municipalities.    League    of 816 

Kansas  Cy.,  Kan. — Terminal  railway  gets  200- 
year  franchise  814,  K.aw  Biv.  bridge  plans, 

Osage    Ave (n)  429 

Kansas  Cy  .  Mo. — Temporary  trestle  to  com- 
plete bridge  529,  New  municipal  bridges 
576,  Water  main.  Concrete    (n)   578,  Slides 

in   deep   street   cut 1171 

Kan,   Cy.   Rys.— Cleaning  old  ballast (n)1236 

Keast,  S.  A.     Que    rocker  stresses 760 

Kendall,   F.   C.     Replacing  scour  valve •173 

Kennison,   K.    R.     Hydraulic   jump 1096 

Kensico    dam    quarries.       Smith ^250 

Kentucky  road  contractors  wanted.     Wiley. .  616 
Keokuk    bridge.    Condition    of    Iron    In    old. 

Hinckley    •400 

Kllboumo    &    Jacobs    dump-cars •583 

King.    C.    L.,    on    residence    requirements   for 

engineers     413,    565 

King.  W   E.    Ashland  ore  dock •242 

Kingsbury's  twin-pipe  problem.     Hazen 85 

Kingston-on-Thames,    Eng. — Municipal    alum 

.     mfr 261 

Kirchhoff,  C.  W.  H,  Death  of (n)^191 

Klrchoffer,    W.    G.      Estimating   sewer   co8t..«780 

Kittitas    Irrigation    project 962 

Kilts,  J.  A.     Measuring  ry    curves 824 

Klondike.   Excavator   In.      Young ^74 

Knife.  Special,  for  cutting  clay  tunnel  face, 

Cleveland  •Seo 

Knight,  G.  L.     Hollow  piles •982 

Knollman,  E.  P.  Concrete-arch  bridge  near 
Columbus  •1109 
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Knowles,  A.  M.     Pile  formula  for  double-act- 
ing hammer 417 

Koehring  excavator  and  loader •495 

Koppers  coke   plant,   St.    Paul,   Street  eleva- 
tion for  477,  Foundation  for  Seaboard  Co.'s 

plant    •688 

Kutter's  formula  questions.    See  "Hydraulics." 
Kyle,  G.  A.,  to  build  Chinese  railways ^814 

L 

LaRoche,   A.   L.     Binghamton,   N.    Y.,   inter- 
cepting sewer   ^1227 

LABOR 

— Chicago — Grading    Colimibus   Park   by   day 

labor '966 

— Eight-hour  day.  Railway  413,  (n)  94,  Pub- 
lic interest  paramount  In  railway  strikes 
321,  Raising  trainmen's  wages  by  act  of 
Congress    465,    Petition    by    unorganized 

railway   employees.      Frazier 714 

— III.  roads  and  labor  scarcity (n)  577 

— Injunction  limitation  invalid.  Mass 297 

— Night  and  day  work  cost  compared;  Michel 
on  Ches.  &  0.  Nor.  experience,  etc.  323, 
Whitney  506,  Shaw  606.  Hailey  654,  Mc- 
Donald       798 

— Post-bellum    influx    unlikely 563 

— St.   Louis  garbage  collectors'  strike (n)   141 

—Strikes  on  pubUc  utilities,  Towne's  plan  to 

prevent  757 

— Unemployed,    Experiences    with,    on    road 

rock  breaking,  Los  Angeles.     Martin....  755 

Laboratory   explosion,   Univ.    Ill (n)   320 

Lagscrewed  joint  tests.     Dewell ^162,  796 

Lake  Toxaway  earth  dam  fails 331 

Lake  View  oil  storage •lOee 

Lakes  to  seaboard.  Traffic  routes.  Evans  ^604, 
Are  boats  for  lake  and  ocean  practicable  ? 

Coutlee    713 

Lakewood,  O. — Sewage  works  and  outfall. .  .•793 
Lamp  fixtures.  Cent.  Elec.  self -aligning. . .  (n)  964 
Lamp,  Hirsch  portable  elec.  inspection. ...  (n)   192 

Lamp,  Mllburn  3.000-cp.  acetylene (n)*480 

Lamp  posts,  Traffic-signal,  St.  Louis (n)«224 

Lamp  sales.   Incandescent  elec (n)  307 

Lamps,  Lux  "Daylight"  elec (n)   432 

Land  reclamation.     See  "Irrigation,"  "Drain- 
age," "Rivers." 

Lane's    daily    cost    records •897 

Lasier,   E.   L.      Strength   of  clamp  splices   In 

reinforcement    13* 

Lath,  Composite,  of  wire  cloth  and  clay.,  (n)  "62 

Lavis,  F,     "Reforming  railway  curves" 46 

Lawrence,    Kan. — Water-wks.    impvts (n)     4 

Lawrence,  S.  E.     Lubrication  system '311 

LAWS,   LEGAL   DECISIONS,   ETC. 

See  also  "Patents,"   "U.   S.,"   "Contracts," 
"Boiler,"  "Floods,  Ohio,"  etc. 

— Barrel  law.  Standard  lime (n)  696 

— Boston    engineers'     reinstatement    35,     45, 

(ns)    94,  333 

—Cleveland  Building  Code — Plumbing 328 

— Florida  state  highway  law 259 

— Garbage-laws     investigation,    Kan (n)  381 

— Highway    legislation.    State,    and   engineer- 
ing   work    1143 

— Imitation,    Exact,    Infringes    trade    rights — 

Expansion-bolt   case,    N.    Y 106 

— Juror.  Engineer  as.     Fleming  967.  Owen... 1098 
— Kan.  bridge  contracts.  Fair  competition  re- 
quired in   201 

— Legislation,   Local    sections    Influencing. . . .   806 
— Legislation.   Should  engineers  try  to   influ- 
ence?; paper  by  Hess,  In  Phlla.,  on  A. 

S.  M.  E.  boiler  code,  etc.     Q.  E.  D 278 

— Levee    system.    Miss.,    Supporting.     Dabney  228 

— License  law,  'Tex.  engineers  discuss 864 

— Long  Sault  Rapids,  N.   Y.   recovers (n)1200 

— Los  Angeles  power-line  suits  ended 1200 

—License   laws.   Local.      Green   565,   Ed 413 

— Macadam  is  pavement   in  Penn (n)1023 

— Mass. — Lien    law    revised    253,    Labor-In- 
junction  limitation    297 

— Minn.    Surveyors'    and    Engineers'    Soc.    to 

seek    improved    legislation (n)   279 

—Municipal  ownership  of  Denver  water-wks., 

(n)   333 
— N.   J.    roads    187,    226,    323,    997,    Proposed 
motor-truck  rules  1054,  Curbing  city  and 

county    debts    613 

— N.    Y     St. — Gas    case — Limit    set    to    court 
review    of    utilities    comm.    orders    865, 

Motor-truck   road   problem 1007 

— Ohio  city  tax-limit  and  sinking-fund  laws.  75' 
— Oregon  State  Engineer's  river  survey  euides 

water   adjudicators.     Cupper 

— Penn.    not    liable    for  state   highway    acci- 
dents        (n)  690 

— Penn.    State    highway    maintenance   cannot 

be  forced  (n)   939 

— Postal-rates   bill.   Second-class 1187 

— Railway    construction.    State    cannot    com- 
pel—Santa   Fe   case,   Calif (n)   985 

— Time-penalty    clause.    Inaccurate    estimate 

vitiates    53 

— Tunnel   net   void.   Pittsburgh (n)     45 

— Typhoid  from  water,  accident 442 

— Water     case.     Hartford — Compensation     in 

kind.      Snvllle    246 

—Water-power    legislation,    V.    S.    367,    999, 

(ns)   190,  430 
— Water    rights   of   power   plants   at   Seneca 

Falls  moved  for  Barge  Canal ^145 

Lead-burning     outfit,     Ozygas,     Safety     Car 

Heating   and   Lighting   Co's (n)  288 

Lead-drilling  beetle    (n)110« 

Load    water-wks.    service    pipes 594 
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Ledoux.   J,    \V.      Venturi    meter    inaccuracy..  514 
Lefflngwell,   F.    D.      Preventiug   tunnel    blow- 
outs      •728 

Legal.     See  "Laws,"  ■Patents." 

Letters,  Five  essentials  of  effective   business. 

Baebenroth    1046 

Letters  of  application  for  employment.  Ex- 
perience   with.      Bock    238,    Notepaper    de- 

■    fended  37,  How  not  to  apply 275 

Levee,     Brevoort,     Ind. — Improvised    dragline 

,  "g   *1U9 

Levee  const.,  etc..  Little  Riv.  dist.  •76,  •342,  •740 

Levee  system.  Supporting  Miss      Dabney 228 

Levees— Concrete-revetment  machine  *1070,  1094 
Levees — Five  days  on  Mississippi.  Wight... •1114 
Levees,   Hydraulic  fill   and   wheeled   scrapers 

for  Miss.  Riv.,  St.  John  dist..  Mo •ISS 

Levees — Mo.  River  mattress '1022 

Levees   of  rock-fllled  wire-mesh   bags,   Santa 

Ana  River  '"e.  Used  in  Jamaica,  etc    Park  468 
Level  rod,  Impvd.  precise,  of  Coast  &  Geod. 

Surve.v.      Fischer    •ggs 

Leveling,    Bubble-reading    mirror    source    of 

error  in.     Bevier  •1037 

Leveling  methods.  Precise.  Peters',  of  Coast 
&  Geod  Survey — Mounting  tripod  on  rail- 
way car.     Bowie  •74,  Precise-leveling  rec- 

,  <"•<'    (n)    1041,   1159 

Levers,  Raising  bridge  by.    Penney •lOSS 

Lewis,  J.  M.     Booster  pumping  station 1017 

Lewis.  R.  A.  Computing  paving  outside  curved 

curbing    «4g3 

Lewis,  W.  S.     Testing  cloth •ISS 

Lewiston,  Me. — Pumping  by  water  power •441 

Lexington,  Ky.— U.  S.  Pub.  Health  Service  as 
consulting  engineers  on  sewer.     Glennan  37, 

Norcross    180 

Liberty  Statue,  Flood  lighting .'.  (n)105T 

Library,  Million  dollars  for  United  Eng.  Soc..l009 

License  law,  Tex.  engineers  discuss 864 

Licenses,  Local,  for  engineers  413,   Green...  565 

Lien   law,  Mass.,   revised 953 

Light.     See  also  "Electricity." 

Light  exclusion,  Plate-girder (n)   863 

Light,  Milburn  3,000-cp.  acetylene,  for  night 

construction    (n)  •480 

Lighting  fixture.  Cent.  Elec.  self-aligning. .  (n)  964 
Lighting  freight  yards — Diagrams,  etc. — Asso. 

Ry.    Elec     Engineers •11,"4 

Lighting,  OfBce  and  yard.     Harrison (n)     80 

Lighting  plant,  Cleveland  municipal,  operating 

results.     Ballard  603 

Lima,  0. — Sewage  disposal (n)     46 

Lime  barrels.  Standard-capacity (n)   696 

Lime,  Hydrated,  pays  at  Council  Bluffs  set- 
tling basins.     Thornell •. •456 

Lime  treatment,  Cleveland  water  ^732,  Slaking 


tank 
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Lindenthal,  G.     Review  of  Waddell's  "Bridge 

Engineering"   II74.  ngg 

Linebaugh,  J.  J.     Elec.  braking 902 

Linseed-oil   foots.   Measuring.      Holley ".     89 

Liquid-fuel  supply,  Future  sources  of !  .1189 

Little    Riv.    drainage    dist.    work.    Mo.,    ^342, 

•740,  Tracks  for  excavators "76 

Little   Rock,   Ark. — Water   company  need   not 

test  wells  (a)   478 

Load-line  and  bulkhead  rules (n)  674 

Loader,  Barbeau  &  Werrlng's  Albrecht  drag- 
line, for  roadwork •78,   (erratum  n)  469 

Lo.ader,  Burch  wagon,  with  belt  conveyor,  (n) •336 
Loader.    Home-made    horse-operated    wagon — 

St.   Morris',   of  New  Mex •361 

Loader,  Jeffrey  barrel   (n)*110S 

Loader,  Wagon,  and  excavator,  Koehrlng •495 

Loan    repayment.    Interest   rate    in    (n)    852. 

Eberly    (n)1042 

Lochridge.  E.  E.  Intermittent  excess  coagu- 
lant, Springfield,  Mass 617 

Lock.     Canal.     See  "Canals." 
Lock  on  Cape  Fear  Riv.,  Steel  sheetplle  coffer- 
dam for   549 

Lock,  Troy  dam,  work  •408,  •492,  •SSS,  *6»9,  613 

Locknut    for    bolts.    Boss (n)^144 

Locknut,  0.  K.  tlKht-grip  (n)^W60 

Lockwood,  F.  M.  Municipal  shops.  San 
Diego    •548 

LOCOMOTIVES 

— Coal.  Powdered,  as  fuel 177.  (n)     27 

— El  Paso  &  S.  W.  1857,  locomotive  parked.. '101 

— Elec.  locomotives,  Chi.,  M.  &  St.  P ^24 

—Flange  oiling  U>  save  rails   853 

— French  military  locomotives,  Baldwln-bullt.^215 
— Gasoline  dinkey.  Contractors',  with  friction 

drive.  Fate  Co.'s   •SIS 

— Gasoline  exhaust  gases  In  mines (n)   767 

— Gasoline  switching  locomotive,  Baldwin,  for 

Erie    at   Chi (n)  384 

— Motor-truck  as  dinkey  (n)^274 

London.  Eng. — Street  traffic  905.  Seatless  cars 
1128.  Activated  sludge    (n)    37,  Deep-water 

dock    (n)  286 

Long  Island  concrete  roads ;  surfaclngs  for 
sandv  soils.  Johnson  016,  Longshore  712, 
Hasbrouck  713.  Contribution  1036.  Finishing 
concrete  surface.  Quonue-Sotithampton    fn)1092 

Long  Sault  Rapids.  N.  Y.  recovers (n)1200 

Longport.    N.    J. — Sea   wall (n)   382 

Longshore,  R.  L.  Standard  bridge  plans  •471, 
Gravel   cover   on    concrete  highway  bridges 

616,    Sand   road   surfacing 712 

Lord,  A.   R.     Flat-slab  tests    85.279 

Lorce.  L.  F.  U.  S.  the  world's  reservoir  of 
capital    1093 
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LOS    AXGELES.    CALIF..    CITY    A-ND 
COUNTY 

—Check  dams  in  mtn.  caiions   (n)1154 

— Eleetricit.v — Municipal    ownership    (n)  914 

— Excess    condemnation.      Mohler    ^20 

— Garbage  and  rubbish  disposal.     Simons *6n 

— Grade  checks  at  railroad  street  crossings..  462 

— May    be    its    own    contractor — if 912 

— Pavement,  Concrete,  for  motor  trucks ^639 

— Platform  shelters.  Unit  const,  concrete....   ^73 

— Power-line  suits  ended 1200 

— River  diversion  from  harbor  (n)   578 

— Road-patching   machine    (n)^412 

— Ship  line.  Municipal,  ocean (n)  914 

— Street  tunnel.  Another    (n)  330 

— Survey,    Geodetic    (n)  660 

— Unemployed,  Experiences  with,  on  road  rock 

breaking.      Martin    755 

Louisiana — Solving  highway-impvt.  problems. 
Huckaby   ^544,   Boiler-code   adoption. ..  (n)  735 

Low.   E.     Inventories  and   histories    181 

Lower   Otay  dam.      See   "Dams— San   Diego." 

Lubecker    excavator    in    Klondike    ^74 

Lubrication.     See  also  "Oil." 

Lubricating  oil,  Emulsiflcation  value  of.    Con- 

radson,   Herschel 136 

Lubrication  of  engine  cylinders  663,  Nordberg  808 
Lubrication  system.  New,  for  construction  ma- 
chinery,   Ohio   lock   and  dam   work ;   Davis 

lubricator.      Lawrence     ^317 

Lubricator,    Elevator    guide-rail.    Lyne...(n)     96 
Lumber.     See  "Timber"  and  cross-references. 

Luten    bridge-patent    decision    377,  661 

Luton,  Eng. — Hydrolytic  sewage  tanks.     Tom- 

linson  ^193,  225,  Roechling   809 

Lynn.  Mass. — Sewage  disposal  (n)  530.  Float- 
ing bridge   (n)  1057 

M 

JIacadam.      See  also   "Roads,"   "Pavements," 

"Streets." 
Macadam  cleaner  and  bitumen  spreader.  Fin- 
ley     (n)^820 

Macadam  held  to  be  pavement (n)1023 

Macadam-road   maintenance   with   bituminous 

binders,   N.   Y.  -State.     Ripley    •lOlS 

Macadam     roads.     Resurfacing,     with     small 

brick  cubes   827 

McClean.  G.  T.     Viaduct  vs.  fill  at  Astoria..  325 

McClintock's    f.eld-book    sheet    ^363 

JlcCullough.  E.  Field-artillery  service  should 
attract  engineers  353.  •564.  Concrete  build- 
ings are  free  from  depreciation  954,  Cement- 
milk  paint   (u)   128 

McDonald,   H.     Night  and  diiy  work 798 

McDonnell.  K.  E.     Cleburne  sewage  works.. ^1028 

McEntee.  W.     Propeller  tests 1173 

McGrath.  P.  J.     Welding  broken  cylinder ^77 

Machine  shop.     See  "Shops." 
Jtachinery,  Commonwealth  Edison  plant.  Chi. 
— Wrecking   old   by    cutting   torches    •1040, 
Growth  in  size,  etc.   •1045,  45,000-hp.   tur- 
bine        •52 

Madison-Anson    water-supply ^542 

Mafiatt,     McK.       Sand-clay    street    surfacing 

from  sewer  trenches  ^752 

Magnolia   cutoff   winter    concreting ^269 

Mail-rates    bill.    Second-class 1187 

Maine — Madison-Anson   water-supply    ^542 

Malone.  N.  Y. — Supply  main  sustains  capa- 
city for  28   years 461 

Manganese-bronze    bolt    breakage.    Panama ; 

Catskill   Aq.   experience   998,   Miller 1147 

Manganese,    Effect    of,    on    steel    corrosion. 

Hadfleld,    Newton (n)  352 

Manhole  pump,  Rochester  elec (n)»176 

Manhole  steel-step  cost  reduction,  Pueblo,  (n)  224 
Manholes  built  in  quicksand  with  open  caisson     30 

Manitowoc   hydraulic  dredge ^1211 

"Manograph"  differential   pressure  gage..(n)     96 
Maranl,  V.   G.     Gypsum,  effect  on  embedded 

steel    ^229 

Marketing  engineering  ability.     Harding  ....  862 
Markham.  E.  M.     Concrete-revetment  machine 

for   Miss •1070,1094 

Marseilles  Canal  tunnel    •lOlS 

Marshall,  111.— Pavements.     Paige •978,  ^1218 

Martin,  N.  R.     Experiences  with  imemployed 

on    road    rock    breaking    755 

Mass  diagram  for  power  and  water-supply. 
Butcher    ^376 

MASSACHUSETTS 

— City  boards  of  survey 189 

— Labor-Injunction  limitation  invalid 297 

— Lien    law    revised 253 

— Pavements.    Slipperlness    test 1162 

• — Paving.  Rough-surface  asphalt ^1141 

— Railway  rolling-.slock  life (n)   831 

— Water- Wks..     Met. — Air    chamber    protects 

venturi  meter  from  pulsations.     Doane.^1184 

— Water-Wks..     Met. — Bellevuc    tank ^434 

— Waterways  and  Public  Lands  Comm. . .  (n)  237 

Master   Car    Elders.    Asso.    on    wheel    flanges 

and  frog  clearances 34 

Mat.    Flexible,    for    concrete    form '992 

Mat.awan,  N.  J.   Activated  sludge (n)  140 

Materials    an    active    field 33 

Materials,    Facts    about.      See    "Testing." 
Mattress,  Brush,  mu.st  it  go?   1094,  Concrete- 
revetment  machine.     Markham •1070 

Mattress.  Brush,  stone  and  wire-mesh  used 
by  Wabash  Ry.  for  Mo.  Riv.  bank  protec- 
tion.    Everham    ^1022 

Mattress  work,  Dutch  dikes.. ^775 
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Mattresses.  Board,  for  revetment (n)660 

Mattresses.  Brush,  on  Miss.    Wight ^1114 

Maury,  D.  H      Old  brick  intake  tunnel  shows 

low  Kutter  factor  ^460,  Fire  rates 901 

Maxwell,   W.   H.     Lining  wells •130 

Mayer,  J.     Que.  bridge  work 517 

Medal,    Dexter   Brackett ^478 

Melber  concrete-patent   decision 661,  668 

.Melbourne  municipal  lighting  plant (n)1131 

Memphis.  Tenn. — Grade-crossing  elimination 
at  Harahan  bridge  terminals.  Weathersford 
•160.  Bridge  opened  (n)  189,  Municipal 
operation  of  private  lighting  plants  pro- 
posed   (ns)  866,  1202 

Mercury  bichloride,  effect  on  pipe  or  concrete. 

Merit,  C.   S.     Passing  examinations 1001 

Metal-waste    briquetting    press (n)  •628 

Meter  station,  Westinghouse  outdoor,  for  high- 
tension  elec.  lines (n)   gog 

Meter,  Water.     See  "Water  measurement." 
Metropolis.  111.,  bridge   •151,    (n)    1154.  Strut 
tests  •49,  SI,  Erecting  and  swinging  720-ft. 

span    *1198 

Mexican  border.  111.   Englpeer  Corps  on 1035 

Meyers,  A.  J.     Que.  bridge  work  •298.  •420,  *522 

Meyers,  E.  L      Concrete  paving.  Dallas 706 

Miami  conservancy.     See  "Floods." 

Michel,   W.     Night-work  cost 323 

-MICHIGAN 

—Bridge     abutment,     Concrete,     wrecked     bv 

backfill.     Thomas    (n)«804 

— Bridge  failure.  Highway.     Thomas •453 

—Bridges,    Erecting    highway,    under    traffic 

Dewart    *79H 

— Bridges,    Standard    pony-truss.      Dewart!!  ^990 

— Ohio  boundary  survey.  Retracing •1234 

— Pavement,  Resurfacing  concrete,  with  rein- 
forced concrete    690 

— Pavement,  Concrete,  joints  omittei     Thom- 

— Roads,  Canvas  belt  for  resurfacing 'concrete! 

T>     J     -J   .,  ,  -  •654,  709 

—Road  aid.  Making  most  of  Federal.    Thomas  795 

—Road  construction.  Concrete •1082 

-—Roads,   Gravel,  economical-     Rogers.'....!.   392 

Snddleboro,  Ky.— Street-Intersection   problem.'SOl 

Milazzo,"  Cargo  handling  on ^210 

Military.     See  "War  topics."  

Milk-cement-lime    paint    (n)   1^8 

Mill    Creek    sewer    tunnel,    St.    Louis— Align-     " 

ment  survey.     Cans  •410.  Materials  chuted 

through  drill  holes  to  mixer.  Horner. .  ^705 
Mil-refuse  burner,  Gray's  Harbor.  Blagen.'^3S8 
?}!,'•  ^-  ^-     Trenching  machines  in  war...   791 

Ml  ler,  B.  F.,  Jr.     Garbage  collection 1006 

""""^''■.„*'-   r-     Patents  in  municipal-contract 

specifications    l'>39 

Miller.    S.    W.      Detecting    init'iai '  'stress  '  in  " 

bronze    j,  ,- 

Milton  bridge  work.  Pe'nn.".'.'»5'o'9',' •558! '(n)'^610 
Milton   reservoir,   Youngstown,  O ♦1084 

MILWAUKEE,  WIS. 

—Activated-sludge    plant    •OSe,    Hatton    107 

Mechanical  agitation  expts 856 

—Nitrogen  from  sewer  sludge.     Copelan'd  'o'es, 

hid.   663,   Fuller 667 

— Sewers,  Surveying  for  intercepting.' '  Tovm- 
send  •1232,  Contractors'  compressed-air 
regulations    (qj  j^jg 

—Tunnel,  Shore— Survey  routine' 'hhl',  'Grout- 
ing with  pumps.  Warren  •702,  Concret- 
ing methods.  Warren  •794,  Steel-lined 
material  chute  (n)  ^708,  Economizing 
compressed  air (n)  1041 

Mine  cave-ins,  Scranton 276,   •280,   •eSl 

Mine  subsidences,  English  salt (u)1085 

Mine,  Copper  Queen,  Cave  from (n     495 

Mine,  Track  sliifter  for  stripping  Hill  Annex 

Kossman     'lOSO 

Mines,   Benson,    automatic   skip,  "handles 'hot 

ore.       Schiefer .590 

Mines,  Cardiff,  tractor  haulage ! iii4n 

Mining-drill  contest.  Calif '      '"(n)     21 

Mining— Excavator  In   Klondike..!!!!  •74 

Mining-experiment   and  safety  stations. ..  (li)   446 

Mining — Gasoline    exhaust    gases (n)   767 

MINNEAPOLIS,  MINN.  ' 

—Bridge    progress.    Concrete-arch •1201 

— i  liter-patent  suit  won 931    9110 

—Pavement  expts..  Woodblock ^737 

— Paving  by  day  labor '    'jnj  913 

— Pipe  laying  across  river;  flood '     ilOSS 

—Pipe  laying  with  trenching  machine. .  .'!(n)^224 
—Street  Ry  Co.  asks  proflt-sharlng  franchise.1201 
—Street  railways.  Value  of (n)   763 

Minnesota  Joint  Engineering  Board (n)   378 

Minnesota— Concrete  highway  bridges  222 
Bridge-abutment  costs  270.  Gravel  bridge 
covers  330,  468.  610.  712.  •904.  Test  of  new 
type  of  concrete  bridge  ^620.  Consulting 
engineering  services  free  (n)  1151.  State 
Iron-ore   royalties    (n)    1113,   Health  Board 

reorg,anlz.\tlon    (n)1153 

Minnesota    Surveyors'    and   Engineers'    Soe 

Legislation  and  ethics (n)  279 

Minnesota  Steel  Co.'s  plant !!...   133 

Mirror.    Bubble-reading,    source    of    error    in 

leveling.      Bevier •IDS? 

Misfire.  How  to  handle '"'     .73 

MIsflts  In  engineering.  How  avoid?  wilson 
388,  414,  Buff  565.  Riiggles  713,  Holden....'  873 
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Mississippi   River.      See   "Rivers." 
Missouri — Road  impvt. ;  engineer's  pay  limit, 

737,   (n)1021 
Mi.^er.     See  "Concrete"  (various  siib-entiies. ) 

Motrat   tunnel   financing (n)   141 

Mohler,  C.   K.     Excess  condeumatlon *20 

Mohlman,  F.  W.     Activated  sludge »972 

Molitor,  F.  A.    Cable  inclines,  Sao  Paulo  Ry.  .*97i; 
Moment  of  inertia  of  lenticular  section.  Find- 
ing.     Vetter •99.'5 

Monorail  railway.  Suspended,  Calif (u)   578 

Montana — Standard  water-rate  forms 64S 

Montreal,  Que. — Centrifugal  pump.  Gibson, 
Burford  133.  Jlore  data  ou  it.  Peterson, 
835,  Aqueduct  combined  bridge  and  head- 
gates,  427,  Water  company  makes  its  own 
alxnn  and  chlorine  477,  Municipal  water- 
power  project  condemned.  .1043,  'lOJS.  (n)lOlO 
Monument,  Sewer-tunnel  surface,  St.   Louis.. *410 

Monuments,  Houston  survey.     McVea (n)*3tJ4 

Monuments,   Ohio-Mich,   boundary ♦1234 

Moone.    K.    V.      Kan    road    maintenance    by 

contract    204 

Moore,  (;.   H.     Population  expectancy *844 

Moore,  R.  W.     Highway  legislation 1143 

Moore  on  fatigue  hypothesis 136 

Moreell,  B.     Tile  sewers,  St.  Louis. ♦1024,  (n)  660 

Morena  dam.  Plan  to  raise ^1112 

Morgan    Engineering    Co.'s    experience    with 

applicants    258 

Morgantown.  W.  Va. — Brick  pavement  broken 

by  motor-truck  traffic (n)^510 

Motor,  Knox  Co.'s  Trego  300-hp.  aero (n)»1108 

MOTOR    VEHICLES     • 

— Bridges.    Motor-truck    loads    for    highway. 

Childs    ♦898 

— Dump    wagon.    Converted    automobile    as — ■ 

Smith  Form-a-Truck  Co.'s ♦175 

—Electric  car,   Rail-and-road (n)  397 

—Engine.  WTiite  4-cylinder (n)124g 

— Fire  engines,   etc..  Elec,  Paterson (n)  887 

— Ford  operating  cost.  Grand  Val.  Project,  (n)  176 

— Forest-fire  patr.ol  truck ♦473 

— Garbage  collection.  Horse  or  motor  for,  in 

various   cities.     Miller 1006 

— Passenger-omnibus  trailer,  Fageol's  "Padgl 

Flexible"    (nj'giJS 

— Pittsburgh   racetrack   proposed (n)   674 

— Public-comfort    stations 277 

— Road    oiler.    Cost    of   operating    motor,    St. 

Paul   (n)    274 

— San  Diego  city  auto-runnlng  cost (n)   809 

^Sheridan  low-priced  commercial  motor  car, 

(n)^384 

—Statistics,  U.   S.  motor-vehicle (n)  245 

— Thomas  transmission  system  for  motor  road 

train    (n)   253 

— Tractor    and    trailers.    Heavy    haulage    for. 

Cardiff  mines ^1140 

— Tractor-grader  outfits.  Utah  roads ^28 

—Tractor.  Tom  Thunjb  light (n)^432 

— Truck.  Adapting,  to  its  work — Prize-article 

offer  805,  997.  Award 1237 

— Truck   and  trailer  hauls   40  tons  per  day. 

Hasklns   Dolomite   Co (n)^1236 

—  Truck  and  trailers.  Dumping,  for  Philip- 
pine road  work (n)^996 

— Truck.  Jtllwaukee  small  industrial (n)^964 

— Truck.  3-ton.  hauls  26  tons  of  crushed 
rock — Four  Wheel  Drive  Auto  Co.'s  as 
dinkey  on  narrow-gage   road,   Sioux  Cy., 

(n)^274 
— Trucks,  Concrete  pavement  for,  Los  Angeles  ♦GSy 

— Trucks  dump  at  second-floor  level (n)^1041 

— Trucks,  Long-distance  haulage  with,  Ariz..  271 
— Trucks  ruin  impvd.  granlte-biock  pave- 
ment, W.  42d  St..  N.  T.  ♦eoi.  938,  Time 
to  stop  road  destruction  710,  Truck 
spmigs  to  save  pavements.  San  Francisco. 
Claussen  904.  Menace  to  street  pave- 
ments ;  triick  limit  sizes  in  various  places. 
Stem  938.  Cleveland  limits  loads  and 
speed  719.  N.  Y.  State  highway  problem, 
1007,    N.    J.     highway    engineers    tackle 

problem    1054 

— Wlilte  truck  gasoline  consumption (n)   804 

Mouthpiece,     New     knowledge     on     standard. 

Pardoe,  TTnlv.  of  Penn ^520 

Moving  power  plants,  Seneca  Falls,  for  N.  Y. 

Barge  Canal •145 

Mowing  by  machine  at  angle  of  45  deg.     Hal- 
ton    (n)   364 

Muck-cars.  Transfer  plate  for 1038 

Mudgett,  F.  G.     Raising  Spauldlng  dam ♦328 

Muhlhausen,   L.     Pouring  girder   ♦506.   Com- 
parative   costs    of   concrete    and    mill   con- 

■struction     1193 

Mullen  &  Buckley  warehouse  fire ♦9.')G 

Municipal.      Sec   also   "City,"   "Wharves   and 

docks."  "Electricity."  names  of  cities,  etc. 

Municipal    alum    mfr.,    Kingston-on-Thames, 

Eng 261 

Municipal    auditorium,    Phlla *\StS 

Municipal  bridge,  St.  Louis ♦1129,  ♦1230 

Municipal  dock,   etc..   St.   Louis 216,   ♦1216 

Municipal-contract  speclflcatlons.   Patents   In. 

Miller   12.39 

Municipal  elec.   plant,  Waiiingford (n)  10.53 

Municipal    Impvts.,   Am.    Soc. — Asphalt   tests. 
Smith    20.'),    416,   Forrest   209,   Convention; 

papers 766.  855,  938 

Municipal     lighllne-plant    operating     results, 

Cleveland.     Ballard    603 

Municipal  lighting  plant.  Mclbnurne (n)1131 

Municipal  operation  of  private  lighting  plants, 
Memphis,  proposed (ns)    866,    1202 
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ilunicipal    ownership    of    Denver    waler-wks.. 

Legality    of (n)   333 

Municipal    ships,    Los    Angeles (n)   914 

Municipal  shops,   San  Diego •348 

Municipal     water-power     project,      Moulr.'al. 

condemned  by  engineers. .  .1043.  ♦1048.  (n)lOlO 
Municipal  week,  Springfield,  Mass.  1046.  103;>.  1054 
Myers,  O'K.  W.     Tunnel  grouting  In  Brooklyn 

end  of  Catskill  Aqueduct *iyo 

N 

Xagel,  C.  E.     Gravel  bridge  covers 712 

Names.      See   "Nomenclature." 

Narrows    siphon.    Connecting,    to    Staten    Isl. 

main    ^782 

Nashua,   X.    H. — Water-wks.    forestry ^472 

Nashville,  Tenn. — Paving  litigation  (n)  210. 
Water-\\'ks.     supt.      (n)      23S,     Water-wks. 

impvts (n)  1202 

National  Academy  of  Sciences  and  Engineer- 
ing  Societies (n)  237 

National   Elec.    Light  Asso., 

30,  633,  816,    (ns)   307,  669 
National  Industrial  Conference  Board. ...  (n)1019 
National   Lumber    Mfrs.'    Asso.    273,    Cost    of 
timber  and  concrete  factory  buildings. 

884,  954.  1043,  1193 
National  Paving  Brick  Mfrs.'  Asso.  721,    (n) 

431,  Monolithic  pavements 1239 

National  Research  Council 720 

National  Smoke  Prevention  Asso 673.   (n)  287 

Natomis  Co.'s  pumping  station ♦SSe 

Natural  resources.     See  "Conservation." 
Navy.     See  "War,"  "U.   S." 

Neafle,  A.  J.  Oiling  rails ^847 

Neall,  F.  L.  Road  and  terminal  costs 324,  415 

Nelles,  D.   H.     Photogrammetry ♦878 

New  Bancroft  Hotel  roof ^372 

New  England  Water  Wks.  Asso. — Brackett 
medal  ^478,  Progress  562.  Portland  meeting, 
reports,  papers,  discussion,  etc.  570,  594, 
617,  Water  losses  951,  938,  960,  Nomina- 
tions     (n)  86" 

NEW  JERSEY 

— Debts,  Curbing  city  and  county 613 

— Freight    terminal,    Bayonne,    for    port    of 

N.  Y ^90,  962 

— Motor-truck    problem.     Highway    engineers 

tackle    1054 

— N.  J.  Sanitary  Asso (n)  1156 

— Rallwav-rate  case  129,  415,  Terminal  costs. 

Neall   324 

— Road  conditions.  Investigating 187.  226,  323 

— Road    legislation.    Blundering — Bond    issue 

voted  997.  Wulff 1240 

New  Mexico  roads ^481,  482 

New  Orleans,  La. — Making  water  consumers 
pay  for  sewer  service  512,  1193,  Drainage- 
pump  foundations  ♦SSS,  Public-utilities 
board  (n)  333,  State  to  vote  for  bridge  or 
tunnel  (ns)  477,  626,  Paving  and  repair 
work  (n)  1202 

NEW   YORK   CITY 

See  also  "Subways." 
— Bridge-approach  bldg.,  Blackwell's  Isl..(n)     27 

— Bridge   Inspection,   Railway (n)   259 

— Brooklyn  R.  T.  rail  head ^418 

— Building  board.  New — "Standards  and  Ap- 
peals"       137 

—Cave,  Stalactite,  for  museum (n)  495 

— Coffer-dam,    North    River    piers    completed 

inside  of  huge 45 

—Electric  rates (n)   914 

— Elevated    rys..    Bklyn. — Light-exclusion    by 

plate   girders .■ (n)   863 

— Elevated  track  inspection  by  periscope. .  (n)  1186 

^Explosion,  Munitions,  in  harbor ^236.  275 

— Freight  termln.al  for  port,  N.  J ^90,  962 

■ — Harbor    troubles 366 

— Pavement.     Granite-block,     Bedford     Ave., 

Brooklyn    ^491 

— Pavement.  Impvd.  granite-block.  W.  42d  St., 
ruined  by  motor  trucks, 

♦691.  710,  719,  904,  938,  1007 
— Paving    methods    In    Manhattan    revised — 

Engineer    Stern's    report 397 

— Refuse  Incinerator,  Oueens  Borough.    Wood- 
man  ♦SOS.    1000.   Withlngton 1000 

— Riverside  Drive  viaduct.  Jacking  up ;  buckl- 
ing   columns ♦SBO 

—  Sewage-disposal    plant,    Elmhurst,    report ; 

electrolytic  tests 91,  370 

— Sewage-pumping  station.  Automatic,  Brook- 
lyn.     Gersoni ♦SIO 

— Sewage       treatment.       Brooklyn — Activated 

sludge.      Hammond 107 

— Sewer  design.  Long-time  rainfall  basis  for. 

Hufeland ♦SOS,   ^450 

— Sewer    siphons.    Inverted,    under    subway. 

Blelch    ^442 

— Street-cleaning  report.  Fox's 227 

—Street,  World's  busiest.   5th  Ave.    (n)    .'!97, 

Other  cities  heavier? 761,  905 

— Tunnel,  East  Rlv.,  at  60th  St.,  Low  bids...   132 

— Tunnel,  East  Rlv.,  blowout:  prevention ^728 

— Tunnel,  East  Rlv.,  surveys.     Holland ♦ess 

— Tunneling  machine,  App  rock ♦SIO,  365 

— Tunnels,  East  Rlv.,  Progress  on — (ns)  963,  1106 
— Water-supply  (see  also  "Aqueducts — Cat- 
skllD— Water-wks.  deficit  llkel.v— Wil- 
liams' Cat.skill  report  367,  Chlorinating 
the  supply.  Coffin  ♦438.  Correcting  Cro- 
ton  water-shed  area.  Brush  576,  Weg- 
mann.  Vermeule  664.  Waterproofing  draw- 
ings 808,  1037,  Rock  tunnel  18  mi.  lonE.^1008 


Page 
NEW   YORK   CITY— Continued 

— Water-wks.    relics.    Early ♦1243 

—  Zoning  progress.  Leads  U.  S.  in  225,  Regu- 
lations.     Ford 405 

X    Y.  Edison  transmission-line  work ♦54 

XEW  YORK  STATE 

— Barge  Canul — Power  plants  and  factories 
Hiuved  at  Seneca  Falls ;  Canal  power 
plant  *145,  Canal  in  partial  operation 
373,  Progress;  terminal  problem  (n) 
1057,  Shallow  railway  fioor  on  Erie  Canal 

bascule  bridge,  Syracuse.    Hayden ^545 

— Gas  calorlflc-value  standard,  2d  Dist...(n)  818 

— Long   Sault  Rapids  recovered (n)1200 

— Military  Engineers,  22nd — Camp  Whitman 
water-supply  '498,  Make  good  513,  In- 
formation   (n)    190 

— Motor-truck  highway  problem 1007 

— Popolopen  steel  arch ♦337 

— Koad-building  materials.   Cost   of   testing — 

Breed's    report 453 

— Road  maintenance.  Macadam,  with  bitu- 
minous binders.     Ripley ♦lOlS 

— Road-maintenance    costs    in    N.    Y.,    What 

are  ?       Pierce 807 

— Road  policy.    State 323 

— Road-progress   report 443 

— Roads,    Resurfacing    macadam,    with    small 

brick  cubes,.  Monroe  Co 827 

— Storm  King  road.  Building ♦sge 

— Utilities   comm.   orders.   Limit  set   to  court 

review  of,   in  gas  case 865 

New  Zealand— Dry  farming  and  irrigation, 
(n)    297,  Competition  of  Govt,   engineers, 

(n)   305 

New  Zealand  Shipping  Co (n)  585 

Newell,  P.  H.     Human  factor 939 

Newell,  J.  P.    Astoria  municipal  docks ^697 

Niagara— To  save  Horseshoe  Fall.     Harper.  .♦IISS 

Nlblack,  A.  C.     Ship  canals 1188 

Nickel  refinery  for  Canada (n)  381 

Nimmo,  W.     Thin  arch  dam ♦712 

Night  and  day  work  cost  compared ;  Michel 
on  Ches.  &  0.  Nor.  experience  323,  Experi- 
ence   elsewhere.      Whitney    506,    Shaw   606, 

Halley  854,  McDonald 798 

Nitrate  plant.  Government 155,  415,   (n)   190 

Nitrogen  from  sewer  sludge,  plain  and  acti- 
vated.    Copeland  665,  Ed.  663,  Fuller 667 

Noble,  G.  L.     Armour  sewage  plant 110 

Nolen,  J.      City-planning  problems 102 

NOMENCLATURE 

— Concrete.   Meaning   of 81 

— Elastic  limit.  Meaning  of 41,  89 

— Joint    committee    wanted 81 

— Retirance — ^New  depreciation  term.     Barker, 

1167,   1212 

— Right  and  left  bank  of  stream 856 

— Sewerage    and    disposal — Am.    Pub.    Health 

Asso.  858,  Phelps 955 

— Term,  Unusual  engineering (n)  996 

— Valuation  terms.   Standardizing — Am.   Elec. 

Ry.  Assoc,  report  by  Young 787 

Norcross,  P.  H.  Govt,  engineering  not  com- 
petition        180 

Nordberg  engine  cylinder  lubrication  663,  B. 

V.    Nordberg 808 

Nordell,  C.  H.     Sewage  agitation 836 

Norfolk  Naval  shop  specifications 512 

Norrnian's   ruling  pen ♦273 

Northampton,  Mass.- — Water  consumption  re- 
duced     (n)  203 

Northwestern  Road  Congress — Highway  Impvt. 

in   N.W.    States 1153 

Norton,  A.  C.     Fluine  Intakes  and  outlets, 

♦541,  1096,  ^1097 

Norway,  New  steel  works (n)  770 

Notepaper    defended 37 

Notes.   Loose-leaf,   Ogden  surveys (n)^320 

Nut,    Boss    lock (n)^144 

Nut-lock,  0.   K.  tight-grip (n)^1060 


Oak  Park,  III. — AspUaltlc-concrcte  paving 788 

Obsolescence    in   appraisals   for   rate   making. 

Harsimian    842,    834 

Office,  Portable  steel ^585 

Ogden,  Utah— Survey  notes (n)^320 

OHIO 

— Cities,  Lessons   from — Tax-limit  and  sink- 
ing-fund   laws 759 

— Conservancy ;  Miami  flood  prevention  ♦906, 
(n)  674.  Pl,an  approved  1055,  1093,  Scioto 

Rlv.  widening,  Columbus 1055,  1093 

— Conservancy  act.  The  Ohio.     Hcrschel 1190 

— Road-work   bids    opened (n)   186 

—Slate  Bldg.,  S.  F.,  moved  across  bay ♦SSI 

— Survey  completion.  Topographical (n)1105 

— Survey.  Retracing  old.  to  settle  Mich,  boun- 
dary   dispute    ♦1234 

Oil.     See  also  "Lubrication." 

Oil   conservation    1144 

Oil  engines.     See  "Engines." 

Oil  from  Calif  gusher.  Storing  and  measuring. 

Roaife  ♦loee 

Oil  In  engine  cylinders  663,  Nordberg 808 

Oil,  Influence  of  viscosity  In  pumping  crude. 

Collins    22 

Oil,     Lubricating.     Emulslflcatlon     value     of. 

Conradson.     Hcrschel 136 

Oil  purifier,  De  La  Vergne  lubricating (n)   868 
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Oil    reservation    for    Navy (n)  1202 

Oil     reservoir,     Concrete-iined,     Kl     aeijundo, 

Calif •849 

Oil-still  cylinder  repair *•  7 

Oil  supply.   Future  sources  of 1189 

Oil  tanks.  Repairing  damaged (n)*510 

Oiling,   Locomotive-flange,   to   save   rail   wear 

on  curves,  N.  Y.,  S.  &  \V 853 

Oiling  rails  and  fastenings  to  prevent  corro- 
sion— D.,  L.  &  \V.  practice.     Neafie •847 

Oiling  roads,  western  N.  Y *1018 

Older,  C.  Bond  and  shear  in  reinforced 
footing   offsets    '18,    (errata   n)    325,   Wind 

cripples    bridge '638 

Olean,  N.  Y. — Flood  prevention 721 

Olson   building   cost,   Chicago,   etc.    885,    954, 

1043,  1193 

Omaha,  Neb. — Relining  reservoir •04G 

Ontario  hydro-elec.  power  shortage  (n)  233, 
To  enlarge  system  478,  To  develop  Chip- 
pewa   Creek (n)  1036 

Ore  dock,  Ashland.     King *242 

Ore  handling,  Chile  copper.     Gilpin 169 

Ore  hoist,  Automatic-skip.     Schiefer •SOO 

Oregon  Portland  Cement  Co.'s  mill,    rindlay.^1194 
Oregon — State  Engineer's  river  survey  guides 

water   adjudicators.      Cupper 5 

Orenstein-Arthur  Koppel  dump-cars •382 

Orifices  and  tubes.  Experiments  with  sub- 
merged.     Rogers,    Smith '825 

Osborn,  I.  S.     Garbage,  etc.,  study 294,  •348 

Osgood,  J.  O.,  Death  of 'OS 

Owen,  A.  E.,  chief  engineer •138 

Owen,  A.  F.     Lawyers  select  juries 1098 

Owen,  J.  M.  Wagon  cable  system  '272,  Loose- 
leaf  filing  system  for  surveys ^346 

Owensboro,  Ky. — Prorating  paving  cost.     Tal- 

bott    ^14 

Oxyacetylene.     See  "Welding,"  "Cutting." 

Oyster   disinfection.      Wells (n)  285 

Oyster  shells.  Cement  from.     Struckmann •230 

P 

Pacific  G.  &  E.  Co. — To  raise  Spaulding  dam. •328 

Pacific  Light  &  Power  Co 1200 

Pacific  Power  Corp.'s  dams •1157 

PacWng-house     sewage     test  plant,     Buenos 

Aires   837 

Packing  houses,  Chi. — Activated  sludge  109, 
110,  Effect  of  sewer  gas  on  concrete  sewer 
•486,  511,  New  and  old  sewers  487,  Bubbly 
Creek's    abolition    •725,    Refuse    disposal ; 

sewerage   (ns)   427,  1202 

Paige,  W.  R.     Monolithic  brick  paving  •978,  1218 

Paint,    Cement-llme-milk (n)   128 

Paint   gun.    Spray    Engineering    Co.'s    comp.- 

alr     (n)  '676 

Paint,  Union  Insulating  Co.'s (n)  868 

Palisades      Park — Popolopen     viaduct     •337, 

Storm  King  road •596 

Palmer,  H.   S.     Old  hydraulic  ram •164 

Panama-Pac.     See   "Exposition." 
Paraffin-wax    coating    for    filter    tanks    and 

pipes,    Toronto (n)   464 

Pardoe,  W.  S.  Reservoir  mouthpiece  experi- 
ments     ^520 

Paris,    ni. — Pavements 721 

Park,    Columbus,    Chicago,    grading    by    day 

labor     '966 

Park,  J.  N.     Jamaica  uses  sausages  for  river 

protection    468 

Parsimony,  Fruits  of.     0.  M.  B 84 

Passenger-terminal    cost.      Blkle (n)  1215 

PATENTS 

— Asphalt-pavement    patents    434,    Hohl    761, 

Richardson    1001 

— Bridge-patent  decisions.  Thacher 44,   621 

— Bridge  patent,  Luten,  called  Invalid  in  lower 

court    577 

^Concrete-patent  decision.  Reinforced,  Pitts- 
burgh high  school — Melber  and  Brannon 
patents,  etc.     Godfrey 6C8 

— Concrete-patent  situation,  signs  of  clearing 

In   661 

—  Concrete-slab  floor  decisions,  Turner. .  .720,  7G9 

— Dock  patent  upheld.  Fergnson-Carey  con- 
crete, of  Cleveland  Dock  &  Eng.  Co 961 

— Filter  suit,  Minneapolis  wins  960,  Patenting 

the  unpatentable 951 

— Municipal    contract    specifications.    Patents 

in;   Imhoff   tanks.      Miller 1239 

— Septic-tank  patent,   Cameron,  ended, 

663,   (ns)    141,  866 

— War,   Patents   and      Haynes 1239 

— Words,  Pormutlt  Co.'s  patented (n)  676 

Pateraon,  N.  J.— Elec.  fire  vehicles (n)   887 

Patten,  W.  B.     Repiannlng,  Duluth ♦645 

PAVEMENTS 

See  also  "Streets,"  "Roads." 

— ^Ara.  Soc.  Mun.  Impvts.  convention — As- 
phalt, wood-block,  bltuUthlc  and  brick 
pavement   sporlficatlona 766 

— Asphalt,  Bituminous-material  tests  for 
sheet ;  A.  S.  M.  I.  specifications.  Smith, 
205.  416.  Forrest 209 

— A.sphalt -block  joints,  Sand-sproadlng  device 

for    filling (n)»n42 

— Asphalt-joint  fllllne  machine,  San  Ber- 
nardino Co.,  Calif.     Bright •SSI 

— Asphalt-mlxIng  plant.  Self-propelling,  Mu- 
nicipal Eng.   &  Con.  Co.'s (n)«968 

— Asphalt     pavements.     Low-priced,     Burlln- 

gamo.    Calif.      Wold (n)715 

— Asphalt-paving  history — Penetration  mac- 
adam 434.  Patents.  Hohl  761,  Richard- 
son     1001 


Page 
PAVEMENTS— Continued 
— ^Asphalt   paving.   Rough-surface,    Mass., 

•1141,  1162 
— Asphalt    specification    should    be    adopted. 

Standard.     Draney  278,   Durham 41b 

— Asphalt  use  increasing — Statistics ..'SOT 

— Asphaltic-concrete  pavements.  Cost  analysis 

of,  Albany,  Ore.     Penland 103 

— Asphaltic-concrete  paving.  Ft.  Wayne,  Ind.  993 
— Asphaltic-concrete  paving.  Oak  Park,  111...  788 

— Bismarck,  N.  D.,  contracts  let (n)   770 

— Bitumens,    Richardson's    colloidal (n)1012 

— Boston   paving   squabbles (n)   237 

— Boston  streets.  Pavements  recommended. . . .   3U7 
— Brick  Mfrs.'   Asso.,  Natl.   Paving — Inspects 
pavements    at    Terre    Haute,    Ind..    and 

Paris,  111 721.   (n)  431 

— Brick   pavement   base.    Concrete   for    (inq.) 

W.    H.    W ....(n)   616 

— Brick     pavement     broken     by     molor-truck 

traCac,  Morgantown,  W.   Va (n) *510 

— Brick   pavements.   Monolithic.      Blair 1239 

— Brick  paving.  Monolithic,  for  wide  streets, 
Marshall,  111. ;  special  expansion  joints, 
etc.     Paige  '978,  Cost  records.     Paige.. ^1218 

— Brick,  Use  of  vertical-fiber (n)   717 

—  Bridge,    Interstate,    Portland,    Ore. — Roller 

shapes  paving  along  track *559 

— Capitol  terraces  made  waterproof *629 

■ — Chi.    boards'    co-operation    saves    pavement 

openings     130 

— Chi.     paving    under    administration     fire — 

Baker's  report    1104 

— Cleveland  —  Durax  pavement,  Brooklyn- 
Brighton    viaduct (n)   127 

— Cleveland  paving-work  boards. ..  (ns)    141,  1009 
— (Concrete,  Canvas  belt  for  finishing,  Wayne 
Co.,    Mich.    •654,    709,    Resurfacing    con- 
crete pavement  with  reinforced  concrete.   690 
— Concrete  expansion  breaks  curbs,  Florence. 

S.    C.      Maffitt (n)»708 

— Concrete  pavements.  Garden-hose  finish  for, 

Charlotte,   N.    C '803 

— Concrete  pavements,  Mich,  omits  joints  in. 
Thomas  609,  Wood-block  expansion  joints 
in     concrete    pavements,    Wichita,     Kan. 

Broclcway   905 

— Concrete  pavements  of  world — Mainte- 
nance survey  by  Portland  Cement  Asso.. 

(n)1154 
— Concrete-road     construction.     Mich. — Royal 
Oak-Pontiac     road — Baker     machine     for 

finishing;  expansion  joints,  etc *1082 

— Concrete  road,  Easton-Allentown (n)   912 

— Concrete  road  pavements  on  sandy  soils. 
Long  Island.  Jolmson  616,  Hasbrouck 
713,  Types  of  surfacing  for  loose-sand 
foundation.  Longshore  712,  Contributor.  1036 
— Concrete  road  slabs.  Creeping  and  heaving 
of.      Sampson    134,   Trego   369,   Buckling. 

S.   H.  E 324 

— Concrete    screed,    Pasadena (n)  •1236 

— Concrete    surface    finishing,    Quogue-South- 

ampton  road.     Tuthill (n)  1092 

— Concrete  symposimn,  Albany   Engineers' . . .  864 
— (Concrete    tracks   for   earth    road.      Warner, 
•469,      Brick      wheelways      in      Holland. 

Spaander    *714 

— Curved  curbing.   Computing  paving  outside 

of.      Lewis '463 

— Dallas,    Tex. — Two-course    concrete    paving 

on  gumbo  soil  in  University  Park.    Meyers  706 

— Denver   pavement-construction   records •271 

— Edging  for  asphaltic  pavements (n)*4G4 

— Filler  and  stretcher  paving  blocks,  Nelson- 

vllle    (n)  '580 

— lU. — Vermilion  Co.  road.'! — Catchbasins  and 
culverts    ^209,    Planning    and    organizing 

for    paving •248 

— Los  Angeles  Co.  special  concrete  pavement 
for  motor  trucks  •639,  Patching  machine. 

(n)«412 
—Macadam    cleaner    and    bitiunen    spreader, 

Finley     (n)  •820 

— Macadam  held  to  be  pavement (n)1023 

— Macadam    roads.    Resurfacing,    with    small 

brick  cubes.  Monroe  Co..  N.  Y 827 

— Macadam   roadwav.  Rebuilding — Prize  offer 

for  articles.  805.  997.  Award 1237 

^Mlddleboro,  Ky..  paving  cost  assessment  at 

street  Intersection '801 

— Minneapolis  paving  by  day  labor (n)   913 

— Motor  trucks  ruin  impvd.  granite-block 
pavement.  W.  42d  St.  N.  Y.  •691.  Time  to 
stop  road  destruction  by  motor  trucks 
710,  Truck  springs  to  save  pavements, 
San  Francisco.  Claussen  904,  Motor- 
truck menace  to  street  pavements  :  vehicle 
limits,  various  places.  Stern  938,  Cleve- 
land rules  719,  N.  Y.  State  highway  prob- 
lem 1007,  N.  J.  engineers  tackle  problem.  1054 

— Nashville.    Tenn..    litigation (n)  210 

— Nebraska — Douglas  Co.   paving (n)  286 

— New  Orleans.  Slag  cement  In (n)  770 

— N.  T.  Cy. — Brooklyn — Granite-block  pave- 
ment for  residential  street,  Bedford  Ave..*491 
— N.  Y.  Cy. — Paving  methods  In  Manhattan 
Borough  revised — Engineer  Stern's  re- 
port —  Concrete  foundations ;  creosoted 
wood :  night  work ;  asphalt  as  granite- 
block  filler 397 

— N.  Y.  State — Thicker  roads 443 

— Owensboro.     Ky. — Prorating     paving     cost 

among  property  owners.     Talbott "14 

— Paving  mixture.  Vibrating  concrete  makes 
dense :    Stnbbs'    "VIbrollthic"    pavements. 

Dallas.   White   Plains,   etc •1120 

— Phlla. — Inspecting  bituminous  materials   at 

refineries    27 


PAVEMENTS— Continued 
— Pueblo    corner    inlet,    catchbasin,    curbing, 
etc.   •77,    (n)    224,  Railway  street   cross- 
ing     (n)^46i 

— Road    pavements.    Cost    of    concrete    and 

other    permanent.       Wulff 1240 

— Roads  in  arid  West '480 

— St.  Louis  specifications.  Changes  In 58 

— St.  Paul  paving  by  force  account (n)  900 

— San  Francisco — Dump-wagon  cable  system. 

Owen     '272 

— Santa  Monica,  Calif.,  paving  bids  In  com- 
petition  with   contractors (n)  577 

—  Sidewalk-roughing  tool,  Gardner. .  (ns)288,  •628 

—  Sioux  Cy.  concrete  pavements  ♦165,  A  revo- 

lutionary improvement  —  Applying  dry 
mix  226,  More  details.  Johnson  830, 
Dished  surface  for  concrete  on  hilly 
roads  ^214,  Motor  truck  as  dinkey. ..  (n)^274 

— Slipperiness  test  pavements.  Mass. ..1162,  ^1141 

— Spokane  —  Asphalt-pavement      costs      with 

municipal  plant.     Curmingham 375 

—Steel,  Sheet,  for  paving,  Charlotte,  N.  C...«946 

— 'Testing    road-building    materials.    Cost    of, 

N.    Y 453 

— Wash.    Co.,    Wash.,    roads.    Experience    in 

paving.     White 844 

— Wood-block    expansion    joints    in    concrete 

pavements,   Wichita,   Kan.      Brockway...   905 

— Wood  blocks.  Are  bleedmg,  really  bleeding 

joints? — Minneapolis    expts.      Dutton, . .  .♦737 

— Wood  flooring  Chi.  bascule  bridges ;  hex- 
agonal  blocks ^220 

Payta,  Not  so  dry  in.     Wheeler 371 

Peace.    May   it   be   purchased   at   too   high  a 

price  ?     413 

Pearse,  L.     Activated  sludge 109 

Pen.  Norrman's  rapidly  adjustable  ruling ^273 

Penland.  J.   R.   Pavement  cost 103 

Penn-Mary  steel  merger -  (n)     93 

Penney.  W.  T.     Raising  bridge ♦lOSS 

Pennichuck  Water  Co.'s  forestry ^472 

Pennsylvania  R.R.     See  "Railways." 

PENNSYLVANIA 

—Beaver  Val.  Water  Co.  appraisal. ......  (n)   333 

— Concrete  road.  Easton-Allentowh (n)912 

— Employment-agency    licenses (n)625 

— Flood    conference (n)  818 

— Highway  accidents.  State  not  liable  for.  (n)  690 
— Highway    maintenance.     State,    cannot    be 

forced   (n)  939 

—  Macadam  held  to  be  pavement (n)1023 

— Planning  Commissions.  State  Asso (n)   143 

— Stream-flow    conservation (n)   827 

— Turnpike  ordered  paved (n)   625 

— Water  companies  cannot  require  meters,  (n)   189 

— Water-Conservation    Comm (n)1106 

• — Water-Supply   Comm.    report (n)   893 

— Workmen's  compensation  report (n)  217 

Periscope,  Elevated  track  inspection  by.,  (n)  1186 

Permutit  Co.'s  patented  words (n)  676 

Perry,  C.  N.  Earth-road  maintenance  in  irri- 
gated   lands 297 

Peru — Payta  not  rainless.     Wheeler 371 

Peters'   precise-leveling  methods. 

♦74.   (n)   1041,  1159 

Peterson.  A.     Montreal  centrifugal  pump 835 

Petroleum    conservation 1144 

Petroleum    from    Calif,    gusher.    Storing    and 

measuring.      Roalfe ♦1066 

Petroleum,  Influence  of  viscosity  in  pumping. 

Collins    22 

Petroleum   reservation   for  Navy (n)  1202 

Petroleum    reservoir.    Concrete-lined,    El    Se- 

gundo,    Calif •849 

Petroleum  supply.  Future  sources  of 1189 

Phelps.   C,    C.      Siibaqueous  excavation   ♦171, 

Drill  barge  in  Everglades ^704 

Phelps,  E.  B.     Sewerage  terms 955 

PHILADELPHIA,   PENN. 

—Engineers.  City  wants (n)   332 

— Engineers'  Club — Paper  by  Hess  278,  Pro- 
ceedings     (n)   237 

— Highways  Bureau  report — Sewer  Inspection 
17,     Bituminous-material     Inspection     27, 

Most  sewers  new.     Datesman 181 

^Municipal    auditorium ♦ISS 

^Pumping-englne  crank  weld 1140 

— Terminal   ry.  ;   new   piers    ♦260,   Continuous 

package  elevators.     Edsall ♦406 

— Water-consumption    record 478 

—Water  meters  710,  Davis 720 

— Water  rates.     Trautwlne 761 

PHILIPPINE   ISLANDS 

— Atrial  tramway,  bridge  sub.stltute *12 

— Concrete.    Reinforced,    cracking    caused    by 

.salt   water 1047 

—Radio  towers.   Erecting  Canacno (n)^320 

-Railway   completed.    Manlla-Hondagua. .  (nl   141 

—Road  work.  Motor  trucks  for (n)^9fifi 

— Sewers.  Charging  for  use  of 1193 

— Tres  Cruces  dam  repair,  Cavlte.    Bennett. •1026 

Phoenix.   N.    Y.— Fire (n)  674 

Photo. — Marking  brown  print  white.    Godfrey. 

1141.  (n)lOOl 
Photogrammctry    for    taking    topography    of 

watershed.   Canada.     Nelles ^878 

Photos,  of  concrete  reinforcement 563 

Pier.        Sec     also     "^Vhn^ves     and     docks," 

"Bridges."   "Foundations."   etc. 
Plor.   Cvllndor.   foundations   laid   In   shi-etplle 
wolls,  Buffalo  G.  E.   power  house.     Board- 
man     ♦289 
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Pierce,  D.  T.     Road-maintenance  costs,  N.  Y.  8U7 

Piers,  Building  Tugaloo  Riv.  bridge 'Sas 

Piers,   Capping  old   P.    &  K.   bridge,   Harris- 
burg,   under    traffic '703 

Piers  fall,  Brick  wall,  Roxbury  scbool. .  .•262.  614 
Pikes  Peak  motor  highway (n)  286 

PILES 

— Bear  Lake  puraping-station  foundation....   *9S 

— Bridge    abutments — Cost    of    piles    vs.    in- 

creaseil    depth 270 

—Chi.  freight  station,  P.  R.R.,  pile  tests 801 

— Concrete     piles.    Bottom-driven,     on    Govt. 

job — Federal    Bldg.,    Wilmington,    N.    C. 

Howell    '1207 

— Concrete  piles,  Redondo  Beach  pier 'SIS 

—  Dam,  Sevier  Bridge,  Utah,  sheet-steel  piling  'SSS 
— Hollow  piles,  driveTi   with  point,   tinderpin- 

ning  with,  Bklyn.  Edison  station. 
Knight    '982 

—Jetting  practice,  N.  Y.  Cent.,  Chi.  &  N.W., 

So.    Pac (n)   950 

— Hammer,  Formula  modified  for  double- 
acting  29,  Knowles '. 417 

— Piledrlver,    Special,    with    adjustable   leads, 

Brooklvn  Edison  station *463 

— Piledrlver,  World's  tallest,  for  llo-ft.  piles. 

So.  Pac.  office  bldg.,  S.  F '509 

— Piledrlvers  designed  and  built  by  three  rys. 
— Chi.,  Mil.  &  St.  P.,  Grand  Trunk,  III. 
Cent •1136 

— Piledriving  rigs.  Two  light,  at  Lake  Quln- 

sigamond  bridge.  Worcester •462 

— Piledriving  rules  for  10  rys (n)   900 

— Salamanca  bridge — Constructing  pile  foun- 
dation in  hard  gravel ;  use  of  pile  points ; 
driving  costs;  pile  sheared  by  boulder. 
Steere     •338 

— Sheetpile  driving.  St.  Louis  sewer — Pile- 
hammer  leads  mounted  on  rollers •658 

—  Sheetpile    driving    with    drop    hammer.    So. 

Ry (n)»1092 

— Sheetpile.    Steel,    coffer-dam.    for    lock    on 

Cape  Fear  River 549 

— Sheetpile.  Steel,  coffer-dams.  Hudson  River, 
at  Trov.  Watt  •SSS.  Pullinc  the  piles, 
•408,  613,  Pile  hammer •603 

— Sheetpile  wells.  Cylinder-pier  foundations 
laid  in,  Buffalo  G.  E.  power  house. 
Boardman  *289,  Inverted  hammers  pull 
coffer-dam  piles  of  condensing-water 
ttinnels    •510 

— Sheetpiles  of  coffer-dam.  P.  &■  R.  bridge, 
Susquehanna  Riv.,  Milton.  Penn. — Pull- 
ing by  locomotive  crane  *509,  Cinders 
make  steel  sheeting  tight  in  swift  current, 
•558,  Coffer-dam  frame  or  templet. ..  {n)^610 

— Sheetpiling,    New    section    of    Lackawanna 

steel    (n)     96 

—  Sheetpiling  pulled  with  backfilling  machine, 

St.    Paul    sewer (n)*175 

— Sheetpiling,  Recovering  steel — Various  In- 
stances      612 

—  Sheetpiling,   Steel,   for   connecting  Narrows 

siphon  to  Staten  Isl.  main •782 

Pinning  rock  slag  to  save  bridge.     Warnecke, 

•358,  367 
Pins,  Strong  dredge.     Young (n)   633 

PIPE  AND  PIPE   LINES 

See  also  "Siphon,"  "Culvert,"  "Valve," 
"Aquedticts."  "Sewers."  "Water  mains" 
and  other  water  topics. 

— Bichloride  of  mercury,   effect (n)616 

— Brass-tube  cracking  and  Its  cure.     White..     87 
. — Concrete  pipe.  Reinforced,  used  for  culverts 

on  western  railways ♦592 

— Corrosion-resistance      test      with      aerated 

water.      Speller (n)   6.'?9 

— Culvert    pipe.    Sledding    large    steel,    over 

Ariz,  hills (n)   •32 

— Derrick.   Portable,   laving  pipe (n)^3fi4 

—Fittings,    In!?ulumlnum (n)   288 

— Gas    case.    Buffalo.    Unit    prices    for   street 

mains   in.      Humphreys 516 

— Joint  compound,  "Superior"  flexible   sewer. 

(n)   288 
— Malone.  N.  T..  supply  main  sustains  capac- 
ity for  28  years 461 

— Narrows  siphon.  Connecting,  to  Staten  Isl. 

main;  Sliding  pipe  tinwn  Inclined  track.. ^782 
— Oil.  Influence  of  viscosity  In  pumping  crude. 

Collins    22 

— Roughness  of  steel  pipe  after  22  years' 
service.  Glenwood  Springs.  Colo. ;  Kutter's 

formula  coefficient.     Reynolds 896 

— Server.  BInghamton  builds  Intercepting,  with 

four  river  crossings.     LaRoche ^1227 

— Steel    and   wood   water   mains,    Butte, 

(correction  n)   134 
— Submerged  orifices  and  tubes.   Experiments 

with.     Rogers.   Smith •825 

—Ruction  pipe.  Steadying.     Brown 'IISS 

— Twin-pipe     problem     solved     by     hydraulic 

slide-rule.      Ilazen 85 

— Varied    uses    of    pipe ;    relative    quantity. 

wrought -Iron   and  steel (n)^660 

— Venturl    meters   Inaccurate   on   lively   lines. 

Hazen  203,  Ledoux.  Gore 514 

— Vltrinwl  pliie  for  well  casing •461 

— Vltrlfled-pipe    sewers.    Aids    to    estlmatlni; 

cost    of.      KIrchoffer ^780 

—Water  los'ies,  City  systems 958,  960 

— Water  mnlns.  Finding  leaks  and  weaknesses 

In    Baltimore 991 

—Water-pipe  Inspection,  Cast-iron,   Chi  . .  (n)  700 
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PIPE  AND  PIPE  LINES— Continued 

— Water-pipe  laying  job.  Miss.  Riv.  plays 
with.  Minneapolis.  Herrold  'lOSS,  Lay- 
ing pipe  with  trenching  macliine (n)*224 

— Water-service  pipes,  Macbee  cement- coated, 

(^•724 

— Water  pipes — N.  E,  W.-W.  Asso.  reports, 
etc.  570,  On  water-works  service  pipes, 
594,  Why  not  a  better  joint  for  water 
mains?   951,  Water  losses 958.  960 

— Wood-stave  pipe-line  reconstruction,  Seat- 
tle, and  other  plans - 42 

— Wood-stave    water    main,    Madison-Anson : 

service   connection ^542 

— Water-wks.  relics.  N.  Y.  Cy. — Wood  pip- 
ing,  valve,  etc •1243 

Pilot    tube.    Difficult    piunp    test    with.    West 

Sacramento.     Grunsky  *8,  Gregory 180 

PITTSBURGH,  PENN, 

— Automobile  racetrack  proposed {n)674 

—Bridge,   Herron  Ave •647,   •1034 

— Bridge,  Point,  ornamental  portals.  .1238,  ^1242 

— Bridges,   Raising   of  Allegheny 427 

—Cliff,  Concreting  to  support 'S59 

— Concrete    flat-slab   ruling  and   Seattle   test. 

Lord    85,    Godfrey 279 

— Penn.    terminal    pi.ans (n)   237 

—  Schenley      High      School  —  Reinforced-con- 

crete   patent  decision.     Godfrey 668 

. — Taxation   changes   proposed (n)1009 

— Transit   commissioner (ns)7:i2,   912 

— Tunnel  will  not  be  built (n)     45 

Pittman,  E.  W.     Cost  of  steel  work 1169 

Pittsfield.  Mass. — Dam  contract  case 53 

Plane.    Hodge   liglit   road (n)^1204 

Plane    table    and    transit.     Combination    of, 

for  topography.    Johnson  ^488,  Sherrill 905 

Plank  roadway.  Portable,  Calif (n)   708 

Plant,    Post-mortem    appraisal    of    industrial. 

Higgins   •eOO 

Plate  girders,  Handling  28-ft.,  in  Clii.  tunnel. •972 

Plate  girders.   Light  exclusion  by (n)   863 

Platform,    Double-derrick,    for    open-dredging 

caisson.   Bear   Lake.    Utah •408 

Platform  shelters  of  concrete.  Unit  const.,  So. 

Pac,    Los    Angeles ^73 

Platt'sburg  dam  failure.     G.  M.  B 84 

Plimpton.  A.  L.     Tunnel  surveying 1141 

Plumb-bob   suspension.   Scranton •684 

Plumb-line    reflector (n)  412 

Plumbing— Cleveland  Bldg.  Code.    Drayer 328 

Plumbing  device.   Screw-adjusted ^410 

Pneumatic.      See  also   "Air."   "Concrete." 

Pneumatic  concreting.     Graham ^386 

Pneumatic  mixer  lines  Sandy  Ridge  tunnel. .  .•936 

Poland  spring  water  tank •692 

Pole.  Flag,  design.  U.  S.  Navy (n)   804 

Pole    holes.    Blasting (n)   412 

Poles,  Jacking  out (n)  ^708 

Politics.  Changing  highway  officials  for,  ex- 
pensive      1202 

Politics.  Engineers  in.    Desmond  445.  Dabncy. 

1001.  Sherman.  Spaander,  Randolph 1145 

Pomona,    Calif. — Flood   protection (n)   817 

Ponton  bridges,  U.  S.  Army.     Barbour 'ise 

Popoiopen  steel  arch ^337 

Population-expectancy    curve.      Moore ^844 

Port   Authorities  meet,   Montreal 623 

Portland  cement.     See  "Cement,"  "Concrete." 
Portals.     Ornamental,    for    Pittsburgh    Point 

bridge   123S.   ^1242 

Portland  Cement  Asso.  laboratory  adjunct, 
Lewis      Inst.      (n)673.      Concrete-pavement 

maintenance    survey (n)  1154 

Portland,    Ore. — Survey.      Hardesty •SS 

Portsmouth,  Va. — Manager  wanted (n)  625 

Po.st-bellum  Influx  unlikely 563 

Postal    rates    bill.    Second-class 1187 

Postcard   advertisement.    Contractor's (n)^1042 

Potash  as  valuable  cement-mill  byproduct— 
Cottrell  process  at  Security  Cement  &  Lime 

plant.      Hewitt    ^1222 

Potomac  bridge  plans.  New (n)  332 

Potter,    A.       Sewage    treatment    855,    Wat=r 

filters  and  typhoid,  St.   Louis 1017 

Potts,  C.     Bait.  Imhoff  tank  foams ^469 

Potts,  J.   C.  on  transfer  charges 415 

Powdered  coal.     See  "Coal." 

Power-house  foundations,  Buffalo  0.  E.«289.  ^510 

Power  plants.    Commonwealth   Edison. 

•52.  •1040.   ^1045 
Power  plants.  Hydraulic.    See  "Water  power." 

Power  station.  Ford  steam  and  gas 1085 

Power  stations.  Linking  up  British (n)1166 

Pratt.  M.  D.     Rail  comigatlon 217 

Pratt.    R.    W.      Activated    sludge.    Cleveland. 

•1061.  ^1124.  (n)   110 
Preparedness.     See  "War." 
Press,  l.ono-ton.  for  briquetting  metal  waste. 

Hydraulic  Press  Mfg.   Co 's (n)^028 

Pressure   gage,  Lanham   "Manograph"   differ- 
ential, made  by  Water-Wks.  Equip,  Co..(n)     96 
Prices.  Rapid  changes  In  market,  affect  ongl- 
ncerlng  problems  1043.  No  bidders  on  city 

contracts    1041 

Prices.   Unit,    for   street   mains   In   Buff,    gas 

case.      Humphreys 516 

Prltchard   Lake   pumping  station •.556 

Prize-flght   seat-stand   collapse (nl^578 

Prizes    offered    for    articles    805,    997,    1187, 

Awards    1237 

Problem.   3-polnt.   solution.      HIeclna (n)^610 

Professional    misfits.     Wilson   388.   414,   Buff, 

.565.  Ruggles  713.  Holden 873 

Progress  on  conslructlon.   Specifying (n)S04 

Propellers.  Power  loss  In.  duo  to  rough  sur- 
face.    McEntee    1173 
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Proportional    limit     equal     to     elastic     limit. 

Howard;  A.  S.  T.  M.  discussion 41,     89 

Providence,  R.   I. — Water  filtration 427 

Public  buildings  raid  on  the  Treasury,  An- 
other      1238 

Public  Comfort  Station  Bureau 277 

Public  health.  See  also  "Sewers,"  "Water 
pollution  and  purification."  "Sanitary." 
"Health."  "Infantile  paralysis."  "Typhoid," 

Public  Health  Asso... 831,  858,  859,  876,  901,  955 

Public  Health  school.  Rockefeller  Founda- 
tion's, at  Johns  Hopkins 131 

Public  question.  Engineers  who  "butted  in" 
on — Montreal  water-power  plant. 

1043.   •1048.    (n)    1010 

Public  questions.  Local  sections  of  engineer- 
ing societies  on 806 

Public  questions — Should  technical  societies 
infiuence  legislation?  Hess,  Q.  E.  D.  278, 
Members'  political  activity.  Desmond  445, 
Dabney  1001,  Sherman,  Spaander,  Ran- 
dolph     11*5 

Public  Roads,  Office  of.  See  "U.  S.  Dept.  of 
Agriculture." 

Public  servant  —  Residence  requirements. 
King  413,   Green 565 

Public  service.  See  also  "Rates,"  "Valua- 
tion," "Service,"  etc. 

Public  Service  Comn.  ruling,  Penn. — Water 
companies  cannot  require  meters (n)  189 

Public-service  directors,  Cleveland,  Engineers 
needed   for.      Fesler 866 

Public  service.  Organization  of  engineers  for.   672 

Public-utilities   board.  N.    0 (n)  333 

Public-utilities  comm.  orders.  Limit  set  to 
court  review  of.  in  N.  Y.  gas  case 865 

Public  utilities.  Side  lights  on  depreciation 
of.     Barker 1167,   1212 

Public  utilities.  Strong  talk  about.     Cooke...   816 

Public  Utilities,  Towne's  plan  to  prevent 
strikes    on 757 

Public  Works,  Urging  a  Federal  dept.  of. 
Ripley    84 

Pueblo.  Colo. — Corner  Inlet,  catchbasin  and 
curbing  ^77.  (n)  224,  Railway  street  cross- 
ing     (n) •464 

Pulleys.  Removing  rusted-on (n)     80 

PUMPS  AND  PUMPING 

—Air  lift— Chi.  "Baker"  injector (n)^:!84 

— Aurora.  HI.,  well-piunping  plants ^1122 

— Automobile     engines.     Zin-Ho     pump     and 

generator  outfits  with (n)  240 

— Bear  Lake  water-power  storage  reservoir 
with  pumping  station.  Utah  Power  &  Lt. 
Co. '3 ;  pumping  water  for  power ;  con- 
struction resembling  turbine  plant  •67, 
83.  Pumplng-statlon  foundation  caisson. 
•98.   ^172.   178.  Double-derrick  platform. •408 

— Boston    fire-pumping   station (n)  626 

— Centrifugal    bolier-feed    high-speed    pump. 

Cameron  (n) •384 

—Centrifugal  pump.  Montreal.  Gibson,  Bur- 
ford  133.  More  data.     Peterson 835 

— Centrifugal  pumps  dispose  of  quarry  waste. 

Upper   Hudson    Stone   Co •508 

— Chain-driven  trench  pump.  Waterloo. ..  (n)^480 

— Contractors'  pressure  pump.  Barnes....  (n)  '96 

— Diaphragm  pump.  Gasoline-driven.  Barnes. 

(n)^144 

— Diaphragm   pump,   Hlnman   power-operated. 

(n)^192 

— Diaphragm  pumps.  Elec. -motor  driven.  Do- 
mestic Engine  &  Pump  Co.'s (n)  384 

— Drainage-pump    foundation    design    Is    dam 

problem.  New  Orleans.     Hutson •838 

—El   Paso— Pumping  7,500.000   gal.   dally  by 

air   lift '204 

—Elec.  plant  for  drainage.  Spring  Lake  dlst.. 

ni 419 

— Electro-pneu,    outfit.   Hill (n)^480 

— Flood-wrecked    well    and    pumping    system. 

Restoring.  San  Diego,  Calif.     Francis •OSO 

— Flooded  pumping  plant.  Salvaging  Ocean- 
side  Mutual  Water  Co.'s.  San  Luis  Rey 
River.    C.Tllf.      Silent •125 

— Gaso. -measuring  pump  errors (n)860 

—  H.ilr  pumping.  Wilder-Manning  tannery,  (n)   610 

—Holland,    Draining   North.      Spaand'T '773 

— Hydraulic  ram.  Old  siphon-operated.  Pal- 
mer     ^164 

— Lewlston.  Me.,  pumping  by  water  power. . .  .^441 
— Manhole  pump,  Rochester  elec (n)^176 

—  Oil.  Influence  of  viscosity  In  pumping  crude. 

Collins    22 

— Portable  gasoline  pumping  outfit,  Evinrude. 

for  construction   work (nl  •336 

— Prltchard  Lake  pumping  station  of  Nntomls 

Co.,  Calif.,  for  drainage  and  Irrigation.  .•556 

— Phlla.   engine-crank  wold 1140 

— Screw    propellers.    Power    loss    In.    due    to 

rough   surface.     McEntee 1173 

— Sewage     pump     house.     Building     Albany. 

Vernon    •738 

— Sewage-pumping  station,  Brooklyn  auto- 
matic.    Gersonl    'SIC 

— Shrewsbury,  Mass..   pumping  station. 

•133.    (n)    616 
— SIouT    Cv.     booster    pumping    station     for 

wntersupplv  to  a  suburb 1017 

—Sioux  F.tIIs  pumping  plant  with  oil  engines, ^840 

— Suction    pipe.    Steadying,      Brown '1185 

— Test,   nifflrult   centrifugal-pump,  with  ol'nt 

tube.  West  Sacramento  Rcclamnllon  Dlst. 

Crunskv    •«.   Gregory 180 

— Tunnel    grouting    with    pumps,    Milwaukee 

Shore.     Warren '702 
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PUjMPS  and   PUMPIXG— Continued 

— Wiiterwheel  for  irrigation,  Piiilippines *409 

—  Wtieaton,    111.,    Proaucer-gas    engines    drive 

water-wks.    pumps '602 


Q 

Quarry  blasting.  Well-hole.     Russell (n)1042 

Quarry  waste,  Centrifugal  pumps  dispose  of. 

Upper  Hudson  Stone  Co 'SOS 

Quarries,   Kensico  dam.     Smith •250 

Quebec  bridge — South  cantilever  arm  com- 
pleted. Meyers  *29S,  321,  Suspended-span 
lioisting  details ;  floating,  jackiug,  etc. 
Meyers  *420,  Suspended-span  erection. 
Meyers  •522,  Pictures  •3411,  Credit  deserved 
Duggan  46S,  Full-load  secondaries  were 
eliminated.  Mayer  517,  Suspended  span 
collapses  513,  Barker  *524,  What  caused 
disaster?  528,  What  happened  at  Que.?  5G1, 
Sympathy  of  engineering  profession  563, 
I'ull  evidence  (with  insert  sheet)  *572,  Com- 
pany will  rebuild  5T5,  Regrets  Cooper, 
Deans,  Turner  622,  Stresses  in  rocker  cast- 
ing •650,  661,  Bilderbeck,  Witmer,  Keast 
760,  Baird,  Anon..  Foulds  •S57,  Turning 
moments  on  suspended-span  supports.  Foulds 
•1191,  Engineering  problem  without  a  pre- 
cedent— Raising  span  709,  Inquiry.  S.  R.  B., 

(n)   664 

709,  Inquiry.     S.  R.  B (n)   664 

Queens   Borough,   N.   Y.    Cy.,   reftse   inciner- 
ator.    Woodman  •SyS,  1000,  Withington. .  .1000 
Queensboro  bridge.     Waddell,  Lindenthal. . .  .1177 
Quicksand,   Cleaning  outfall  sewer   of,   Great 

Bend,    Kan (n)  464 

Quicksand,  Manholes  built  in.  witli  open  cais- 
son         30 

R 

Radebaugh   tunnel   work 124,    •234,    276 

Radio.     See  "Wireless." 

Rail  breaking  after  10  years  wrecks  train. 
Western  Md 366,  (n)  332 

Rail-corrugation   causes.     Pratt 217 

Rail  fastenings.  Experimental,  D.,  L.  &  W. — 
Hooked  tie-plates  with  screw  spikes  and 
through  bolts  •727,  O.  K.  nut-lock (n)^1060 

Rail,  Guard,  holder  for  frogs  and  curves. 
Mitchell    "Belts"    (n)^1248 

Rail  joint,  Oapp's  grip-type,  C    &  N.  W.  Ry..^735 

Rail  joints  subjected  to  severe  test,  So.  Ky. 
washout   ^490 

Rail  price  raised (n)lOlO 

Rail  wear  on  curves.  Locomotive-flange  oiling 
to  save,  N.  Y.,  S.  &  W 853 

Rails  and  fastenings.  Oiling,  to  prevent  cor- 
rosion.    Neafle    *847 

Rails — Cure  for  transverse  fissures  claimed 
found  by  Dudley,  N.  Y.  Cent.  332,  Troubles 
not  yet   ended    365 

Rails,  New  grooved  girder — Brooklyn,  Balti- 
more and  A.  E.  R.  A.  heads  compared  ; 
Cram's  statement,  etc ^418 

RAILWAYS 

See  also  "Electric,"  "Subways,"  "Elevated," 
"Cable,"    "Bridges,"    "Tunnels,"    "Locomo- 
tives," "Car." 
— Alaska   railroad  progress   672,   Station-men 

system  succeeds  995,  Leveling  experience  •1037 
— Am.  Ry.  Asso. — Crossing  signals  285,  Day- 
light saving  1044,  (n)   1058,  Preparedness 

to    transport    troops (nllOll 

— Am.  Ry.  Bridge  &  Bldg.  Asso. — Meets  at 
New  Orleans  816,  Experience  of  41  rys 
on  small  concrete  jobs  849,  Piledriving 
rules    of    10    rys.     (n)     900,    Pile-jetting 

practice    (n)   950 

— Am.   Ry.  Eng.  Asso.--Track  spike ^1215 

— Atcliison,  T.  &  S.  F.— Ark.  Riv.  K-truss 
bridge  •104.  Turntables  "828,  Wedge  tie- 
plates  for  track  under  them  ^571,  Calif, 
decision,    state    cannot    compel     railway 

construction   (n)   985 

— Atlanta,  Ga.,  New  terminals  planned •TIS 

— Atlanta,  Blrm.   &  Atlantic — Valuation  892, 

Erratum    (n)lOOl 

— Australian   Transcontinental    (n)   286 

— Bait  &  Ohio — New  chief  engineer  42,  •ISS, 
Tunnel    ventilation     (n)     261,    Trimming 

cuts    (n)»756 

— Bolt  and  screw   sockets,   Tenax  expansion, 

(n)»1012 
— Boston  &  Maine — Try  state  ownership. . . .  467 
— Braking  with  elec.  motors — Llnebaugh's  re- 
view  of  progress 902 

— Calif    R  R.   Comm. — Safe  grade  crossings. 'IISS 

— Canadian  ry.  Investigating  comm (n)  333 

— Can.     Pac. — Rogers    Pass    tunnel.      Tracy, 

•411,  (n)     94 

— Car-demurrage   rate  Increase (n)1202 

—Car,  Dump,  types T,Sl,  611,  ^640 

— Car-wheel    flanges    and    frog   clearances.:..  34 
—Carolina,    Clinchflcld    &    0. — Sandy    Ridge 

tunnel    •SOO,    •OSe 

—Cent.   R  R.   of  N.  J.— New  chief  engineer.  .'ISS 

— Ches.    &    Ohio   Nor. — Night-work   cost 323 

—Chi.,  B.  &  Q— Kan.  Cy.  bridge  work  'SI. 
Sletropolls  bridge  strut  tests  •49,  81, 
Metropolis  bridge  described  •ISl,  (n) 
1154,  Erecting  and  swinging  720-ft.  span 
of  Metropolis  bridge  ^1198,  Improvised 
dump-car  'llSi 
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— cui.,  -Mil.  &  St  P. — Electric  traction  a  suc- 
cess ^24,  Whittemore's  services  *140,  182, 
Elec   braking  902,  Proposed  Cascade  Mtn. 

tunnel  ^928,  953,  1190,  Piledriver •IISO 

—Chi.  &  N.  W.— Impvts.  at  Clinton,  la.  ^102, 
Bascule  bridge,  Chi.   ♦2S4,  Grip-type  rail 

joint    ^735 

— Chi.,  Rock  I.  &  Pac. — Slab-deck  concrete 
bridge    over    highway    ^1002,    Locomotive 

craue   for  concrete-bridge   work ^1172 

— Chicago  Union  Station,  Lowering  tunnel  for.^968 
— Chilean    Trans-Andean — Ladder    dredge   for 

snow  (n)   843 

— China,  Development  of  Govt,  railways  in. 
Wang  540,  Am.  company  to  build  railways 

in  673,  G.  A.  Kyle  to  be  engineer *814 

— Cincinnati,  New  terminals  for (n)   866 

— Cin.  Southern — Cincinnati  bridge  recon- 
struction         92 

— Clearances  in  Switzerland (n)  1007 

— Coal  pits.  Waterproof,  and  fireproof  ashpits. *635 
— Culverts,     Reinforced-concrete     pipe     used 

for,  various  western  roads *o92 

— Cumberland  Val.     See  "Railways — Penn  " 
— Curves  measured  on  arc  or  ciiords.     Ray- 
mond,   Haynes    86,    Kltts    324,    Table    of 

chords.    West  (n)  1186 

— "Curves,   Reforming   railway."     Lavis 468 

— Del.,  Lack.  &  West. — Experimental  rail 
fastening — Hooked  tie-plates  with  screw 
spikes  and  through  bolts  ^727,  Nut-lock, 
(n)  •lOOO,  Bridge-arch  centers  suspended 
from  old  plate  girders  •Sie,  Oiling  rails. ^847 
— Denver  &  Salt  Lake — Moffat  tunnel  finance, 

(n)   141 

— Depreciation   problems.     Barker 1167.    1212 

— Ditcher  with  three  sets  of  engines.  Brown- 
ing     (n) •SSd 

—Eight-hour  day  321,  413,  465,  757,  (n)  94, 
Petition  by  unorganized  employees.     Pra- 

zier    714 

—El    Paso    &    S.    W.— An    1857    locomotive 

parked     'lOl 

— Engineering  dept  of  a  railway.  Organiza- 
tion  of.     Hendricks 989 

—Erie — N.  Y'.,  Susq.  &  W. — Locomotive- 
flange  oiling   853 

—Ft.  Worth  &  Denver  Cy. — Lining  well •608 

— Freight,    Prompt   unloading   of,    to   prevent 

car    shortage    511 

— Freight    yards.    Lighting— Asso.    Ry.    Elec. 

Engineers     ^1134 

—Grade  templet.  Adjustable.     Teddy (n)1092 

— Grand  Trunk — Rock  excavation  for  dry- 
dock.  Prince  Rupert.  Phelps  •171,  Pile- 
driver   ^1136 

— Gt.  Nor. — Proposed  Cascade  Mtn.  tunnel 
•928,  953,  1190,  Landslide  (n)  935,  Elec- 
trification        (n)   914 

— Hempfleld  railroad.   Utilization   of  portions 

of   old.     Low 181 

—Hudson   Bay — Investigation    (n)   914 

—111.  Cent.. — Car-repair  shed  ^474,  Chi.  ter- 
minal to  cost  $20,000,000  624,  1200,  Pile- 
driver   •1137,  Tractor  and  plows  dig  out 

gravel  layer (n)  1041 

layer    (n)1041 

—Indianapolis  &  Frankfort.  See  "Railways — 
Penn." 

— Internatl.   Rys.   of  Cent.   Am (n)   137 

— Jacksonville,  Fla.,  union  station (n)  429 

— .Tapanese    railways,    Widening (n)   505 

—Kan.    Cy.     (Kan.)     Terminal— Gets    200-yr. 

franchise    814 

—Lehigh    Val. — Buffalo    trainshed    with    col- 
umns    between     tracks     ^390,     Terminal 
built  over  drainage   channel.     Hurlbut.  .•436 
— Los     Angeles — Grade     checks     at     railroad 

street    crossings     462 

-Minn.,    St.    P.    &    Sault    Ste.    M.— Ashland 

ore    dock.      King •242 

— Jlonorall  railway,  Suspended,  Calif (n)   578 

— N.   .7.    freight   terminal,   Bayonne,   for   port 

of    N.    Y •go,    962 

— N.  Y.  Cent.— Rail  transvcrse-flssure  cure 
332,  3C5,  West  Shore — Rock  slab  pinned 
to    save    bridge.      Warnecke    •SSS,    367, 

Elec.     track    tampers.       Vaughan '946 

— N.  Y.,  Chi.  &  St.  L    (Nickel  Plate)— Track 

depression,   Cleveland    (n)  •1042 

— N.     Y.,     N.     H.     &     H.— Crossing    signals 

(n)    419,   Life   of   rolling  stock (n)   831 

— N.    Y.,    Susq.    &    West.      See    "Railways- 
Erie." 
— Nickel  Plate.     See  "Railways — N.   Y.,   Chi. 
&  St.  L." 

—Norfolk  &  West. — Elec.  braking  902 

— Pa.ssenger-terminal    cost.      Blkle (n)1215 

— Penn.  system — Water-quenched  steel  axle 
equal  to  oil-quenched  88,  Louisville 
bridge  reconstruction  92,  Radebaugh  tun- 
nel repair  progress  124,  Jacketing  It  by 
mining  methods  •2.T4.  Its  costly  mainte- 
nance work  276.  Stone-bridge  repair  131, 
Chi.  freight  station— Pile  tests  SOI,  Tower 
derricks  for  erecting  frames  ^802,  Grade- 
crossing  dangers  854,  Posltlon-llght  sig- 
nals •877,  (erratum  n)  1193,  New  railway 
In  Indiana— Vandiilla's  "Indianapolis  & 
Frankfort"  •1132.  Cumberland  Val  — Sus- 
quehanna RIv.  bridge  work,  Harrlsburg 
•385,  •764,  Vandalla— Long  fill  built  from 
borrow  •SOO,  Pittsburgh  terminal  plans 
(n)     237,    Signal    color    scheme    changed 

(n)   285,  To  enter  Detroit (ns)   530,  674 

-  Phlla.  terminal  ry. ;  new  piers  •200,  Pack- 
age elevators   '406 
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— Pnilii.  &  Reading — ililton  bridge  work  *509, 
*.")jS,    (n)    •OlO,    Harrlsburg    bridge    pier 

capping  under  traflic •703 

— I'liiiippine    railway   completed (n)   141 

—Pittsburgh,  C,  C.  &  St.  L.  (Panhandle)  — 
Concreting   cliff   to   keep   it   from   falling 

on    tracks    *2o9 

— Price   of  railway   supplies (n)1221 

— I'ueblo,  Colo.,  street  crossing  of  A.,  T.   & 

S.    P (n)^464 

— Rates  that  help  cities  at  expense  of  coun- 
try— N.  J.  case  against  preference  to 
N.  Y  129,  Relation  between  road  and 
terminal  costs.  Neall  324,  Eliminating 
cost  of  transfers  on  through  routes. ....  415 

—  Rcrailer,   Johnson   diunp-car (n)*432 

— Itoadmasters  and  Maintenance  of  Way 
Asso. — Seasonal  distribution  of  work ; 
anchoring  track ;  tie  spacing ;  elimina- 
tion    of    slot    spiking ;     equating     track 

values;  table  of  labor  distribution 623 

—Rock  I.  See  "Railways— Chi ,  Rock  I.  & 
Pac." 

— Russian     railway-building     prospects 177 

— St.    Gothard  electrification (n)   622 

— St.  Louis  river  terminals 216,  ^1216 

— St.      Louis     &      San     Francisco — Memphis 

grade-crossing  elimination   ^160 

— St.  Paul  union  station (ns)    865,   914 

— Salvador.  Projected  ry.  in.     Blackford. .  (n)   137 
— Sao     Paulo     Ry.,     Brazil,     cable     inclines. 

Molitor   ^976 

— Signal,    Union   grade-crossing (n)^1204 

— Signals,    Standard   crossing    warning 285 

— Smoke-abatement    convention    673 

— Southern — Rail  joints  held  in  washout  •490, 
Building  culvert  for  150-ft.  fill  'SSO, 
Contractors'  dally  records  ^897,  Tugaloo 
Riv.  bridge  piers  ^899,  Dumping  trestles 
•948,  Concrete  and  earth  instead  of  steel 
viaducts  1043,  Heavy  grading  on  50-mile 
relocation  ^1075,  Chuting  concrete  ^1182, 
Loco. -axle  break  report  (n)  913,  Driving 
sheetpiling    (n)    •1092,  Diunplng  rock  off 

high    trestles    (n)1236 

—So  Pac. — Platform  shelters,  Los  Angeles 
♦73,  Spotting  snowshed  fires  ^458,  S.  F. 

ofHce-bldg.    piledriver    'SOS 

— Strikes,  Public  interest  in— Frazier's  views  321 

—Switch,  Call  ry.,  on  Bklyn.  R    T (n)*772 

— Switch,  Twin  Cy.  "Dunn"  split (n)^1156 

— Tampers,    Elec.    track.       Vaughan •946 

— Tangent    of   compound   curve.    Determining. 

Beal    •993 

— Texas   Midland — Valuation   report 892 

—Ties,    Repairing   narrow-gage   steel (n)   950 

—Track  shifter.    Hill   Annex  mine •1086 

— Track   weeding.   Chemical.     Chipman 1047 

— Tunnel,    Proposed    30-mile,    under    Cascade 

Mtns.      Chittenden ^928     953 

— Union  Pac — New  line  through  Echo  Can- 
yon, Utah  ;  double-tracking  ;  profile  ^700, 
Mo.    Riv.    bridge    renewal    (ns)    92,    101, 

Various  impvts (n)   963 

— U.    S     Congressional    investigation (n)  333 

— Valuation — Inventories  and  histories.     Low  181 
— Valuation     reports.     First     complete     892, 

Erratum  (n)lOOl 

— Valuation    surveys    may    be    made    usefuL 

Bunlap  3g 

— Vandalia.     See  "Railways — Penn." 

— Wabash — Grade    elimination   in   Ft.    Wayne 

•241.  277,  Mo.  Riv.  bank  mattress ^1022 

— West  Shore.     See  "Railways — N.  Y.  Cent." 
— Western    Md— Rail    break    wrecks     train, 

366,    (n)  332 

Rainfall  data  Interpreted  bv  laws  of  prob- 
ability;   Hartford   data.      Savllle •1208 

Rainfall.  Effect  of  seasonal,  on  annual  run- 
off,  Chemung  Riv.,  N.   Y.     Wells •792 

Rainfall,    Funds    needed    to    study ;    W.    Va 

„'!o?''„--- 321,   331,  381,   ^428 

Rainfall,  Long-time  N.  Y.,  basis  for  sewer 
design ;  "average-rate"  and  "uniform- 
intensity"    methods    compared.      Hufeland, 

•393    9450 

Rainfall,    142-ln.,    Alaska.      Dow (n)«75n 

Rainless,  Payta  not.     Wieeler 371 

Rains,  Phenomenal,  cause  Southern  floods, 
bridge  destruction,  etc.  140,  •183,  ^232 
331.  ^360.  •490,  ^815,  (ns)  429,  •seO,  756 
•924,  Exhibited  by  charU.  Henry  •886, 
Some     heavy    rainfall     records     elsewhere. 

Allen  looj 

— Contractor    discusses    bridges    damaged    by 

floods    1233 

Ralston    drop-bottom    cars ......!..   •643 

Ram,     Siphon-operated     hydraulic,     of     iong 

standing,    in    Conn.      Palmer •164 

Randolph.  I.     What  established  engineer  owes 

to  beginner  1102,  Engineers  In  politics 1146 

Itange  finder  and  clinometer.  Young's •1183 

Range-flndcr  patent.     Haynes 1239 

Rapid  transit  See  also  "Railways,"  "Elec- 
tric railways,"  "Elevated  railways,"  "Sub- 
ways." 

Rapid-transit   surveys,    Cincinnati (n)   674 

Rapid-transit   system    future,    Chicago;    map, 

1104,  •1148 
R.VTES 

Sec  also  "Valuation,"  "Service,"  "Public." 

—Boston    elevated-railway    finance (n)  860 

—Car-demurrage    rate    Increase (n)1202 

— Klcc.    lighting.    Cleveland    municipal 60S 

-Elec.  rates   N.  Y.  Cy (n)  914 

—Gas  and  electric  rates,  Memphis   (ns)   866,  1201 
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RATES — Continued 

Gas    case,    Buffalo,    Unit    prices    for   street 

mains    in.      Humplireys 516 

— Obsolescence  in  appraisals  for  rate  mak- 
ing.    Harshman    842,   854 

—Public  Utility  Rates— Depreciation.  Barker, 

—Railway  rates  that  help  cities  at  expense 
of  tlie  country— N-  J.  case  against  pref- 
erence to  N.  T.  129,  Relation  between 
inad  and  terminal  costs,  Neall  324, 
Eliminaiing  cost  of  transfers  on  through 

— liailwav-vaUiation       reports.       First       892, 

]5,.r;itmii     (n)lOOl 

-  Water,   Heaver  Val.,  Penn (n)   333 

— Watir    cUcision — Dentist's   bowl (n)   926 

— Water-rate   forms,   Mont,    standard 648 

—Water  rates,  Phila.   710,  Davis  720,  Traut-  _ 

—Water  WTts.  Asso.,  New  Eng. — Cost-of- 
service  water-meter  rates  to  the  front 
998,    Suggestion    for   making   rates 999 

Raymond,  C.  L      Rochester  sewer  tunnel *883 

Raymond,   W.    G.      Measuring   railway   curves     86 
Reclamation.      See    "Irrigation,"    "Drainage," 

"Rivers." 
Recording    instruments.      See    "Instruments 

and  cross-references. 
Records.    See  "Filing,"  "Accounting."  "Cost," 

Redondo  Beach,  Calif.— Pier.     Roberts *518 

Redondo,  Calif.— Water-meter  results.     Bowen  910 

Reflector,    Plumb-line    (n)   412 

Refuse.     See  "Garbage  and  refuse." 
Relays,    O.     E. — Solenoid-control     (n)     *580, 

Reverse- phase    (n)  *868 

Reports,  Daily  field,  on  Cleary-\Vliite  con- 
struction work.  Hailey  •994,  So  Ry.  con- 
tractors'      *897 

Requardt,    G.    J.      Completion    of    Baltimore 

sewerage   system    *736 

Rerailer,    Johnson    dump-car (n)  •432 

Research    Council,    National 720 

RESERVOIRS 

See  also  "Dams,"  "Water"  topics. 

— Backfiller  trimming  reservoir  slope (n)^1042 

• — Bear  Lake  water-power  storage  reservoir 
with  pumping  station,  Utah  •e',  83,  *98, 

•172,  178.  ^408 
^Concrete    reservoirs    built    without    forms, 

Carv  and   Elmhurst,  111 ^894 

—Crater   Lake   reservoir.   Ariz ^435,   467 

—Divided  authoritv.  bad  results 853 

—Goose  Lake  Val    irrigation •503,  809 

— Madison,    Wis.— Concrete    wall    tips    when 

lining  is  removed ^476 

— Mass   diagram     Butcher ^376 

— Mouthpiece.    New    knowledge    on    standard 

Pardoe,    Univ.    of    Penn •.t20 

— Oil  in  reservoirs.  Measuring *1066 

— Oil    reservoir.    Concrete-lined,   El    Segundo, 

Calif *849 

— Omaha,  Relining  leaky  reservoir ^646 

— Scour    valve.    Replacing    against    pressure, 

Katoomba,   N.    S.    W.      Kendall •173 

— Sioux    Falls    reservoir    with    grolned-arch 

fioor    •840 

— Southern  Power  Co.'s  big  storage  reservoirs, 

N    C (n)   138 

— Winfleld,  Kan. — Failure  of  concrete  reser- 
voir built  on  old  stone  wall ^404 

— Toungstown.  O. — Milton  reservoir  for  Ma- 
honing  Riv.   control •1084 

Residence  restrictions  for  engineers  413.  Green  565 
Retaining  wall — Bridge  abutment  wrecked  bv 

backfill    (n)  ^804 

Retaining    wall.    Building    new,    on    old    one, 

Santa    Monica.    Calif.       Basse ^173 

Retaining   wall.    Concreting   Paw   Paw ^269 

Retaining    wall    tips.    Madison    reservoir ^476 

Retaining  wall.  Weak,  saved  by  anchored  but- 
tresses,  Denver    •SO 

Retlrance    New    term.      Barker 1167.    1212 

Reversal  of  motor,  G.  E.  relay  for  protection 

against   (n) 'Res 

Revetment,   Board   mattresses   for (n)   660 

Revetment  machine.  Concrete,  for  Miss.  Mark- 
ham    •1070.  1094 

Reynolds,   W.   L      Pipe  roughness 896 

Rice,  G.  W.  Goose  Lake  Val.  Irrigation  sys- 
tem      809 

Richardson,    C.      Early    asphalt    pavements.  .1001 
Rio    Grande    Project — Elephant    Butte    dam, 

•1015,  (n)   685 
Ripley.    T.    M.      Urging    a    Federal    Dept.    of 
Public    Works    S4,    Macadam-road    mainte- 
nance  with   bituminous  binders •1018 

RIVERS 

See  also  "Lcvcc,"  "Flood,"  etc. 

— Allegheny,  at  Olean,  N.  T.,  flood  preven- 
tion       721 

— Ark. — Levee  work      Wight •1117 

— Binghanitnn,  N.  Y.,  builds  Interceptor  with 

four   river  crossings.     LaRoche ^1227 

— Cape  Fear  River,  Steel  sheetplle  coffer- 
dam   for   lock    on 549 

—  Chemung— Effect    of    seasonal    rainfall    on 

annual   runoff.     Wells •792 

—  Colo. — Survovjng  dam  sites.  Grand  Canyon 

•306  (erratum  nl  371,  Diversion  dam...  622 
— Drift    catcher.    Mill    Creek.    Eric.      Seelyc 

•795,    Flood    channel (n)    286 

—Pox  RIv.,  Ill —Pollution  case  ended (n)    189 


Page 
RIVERS— Continued 
—Genesee     at     Rochester,     Developing    more 

water    power    on ^821 

— Hudson — Albany    municipal    dock (n)   540 

— Little  Riv  drainage  dist..  Mo. — Tracks  for 
heavy  excavators  •76,  River  diversion 
and  flood-control  work  described.  .•342.  *740 
— Los  Angeles  Riv,  diversion  from  harbor,  (n)  578 
-  ^lianii — Battle  over  flood-prevention  plans. 
Chiltendeu  *nn6,  (n)  674.  Plan  approved, 
in"i.T.  1003,  Ohio  Conservancy  act.     Her- 

sehel   1190 

— Mississippi — St.  John  dist.  levee  work  *158, 
St.  Louis  terminals  projected — Bowen's 
report  216.  *1216  Supporting  levee  system. 
Dabney  22,<<.  Will  traffic  follow  river  im- 
provement ?  Wilkinson  9S5.  River  plays 
with  pipe-laying  job,  Minneapolis.  Her- 
rold  •loss.  Concrete-revetment  machine 
•1070,  1094,  Five  davs  on  the  Mississippi. 
Wight  •1114.  To  vote  for  bridge  or  tun- 
nel   at    N,    O      (ns)    477,    626,    Channel 

change    proposed,    St.   Paul (n)   977 

— Missouri — Brush,  stone  and  wire-mesh 
bank-protection  mattress  used  by  Wa- 
bash R.R.     Everham •1022 

— Naugatuck— Water    storage    (n)   626 

— Ohio — ^Lock  and  dam  work — ^Ijubrication 
of  construction   machinery  ♦317,  Placing 

coffer-dams    •1140 

— Ore.  State  Engineer's  Wallowa  Riv.  sur- 
vey   guides    water    adiudicators.      Cupper      5 

— Penri.  rivers.  C'^al  dredging  in (n)   644 

— Penn.    stream-flow    conservation (n)   827 

— Ouequechan — Nuisance    investigation. ..  (n)   674 

— Red — Board-mattress    revetment     fn)  660 

— Right  and  left  bank  of  a  stream,  Deflning. 

Henderson     856 

— River  and  Harbor  bill.  Ripley  84,  St.  Paul 
harbor   changes   332,  Limiting  flow,   Chi. 

drainage    canals    (n)     93 

— Root   Riv..   Minn.,    Straightening,    for   hand 

reclamation     (n)   139 

— Santa  Ana — Rock-flUed  wire-mesh  bags  for 
flood   protection   •79,   Jamaica   uses  such 

"sausages."     Park    46S 

—Scioto — Widening  channel,  Columbus  10.55.  1093 
— Toungstown    reservoir    for    Mahoning    Riv. 

control    ^1084 

Riverside  Drive  viaduct.  Jacking •SOO 

Rivets,  Countersunk.     Fleming 496 

Roadmasters    meet.    Railway 623 

ROADS 

See  also  "Pavements."  "Streets,"  "Bridges  " 

— Am.  Highway  Asso, — Moore's  review  of 
state  legislation — Engineering  work  1143, 
Road-material  costs    (n)   866 

— Am.     Highwnv     Oflfcials     Asso. — Changing 

highway  ofllcials  for  politics  expensive.  .1^02 

— Am.  Soc.  5Iim.  Ininvts.  reports 766 

— Ariz — Iron    culverts    for    arches '330 

—Calif  .  What  It  has  done  with  $1R.OOO,000 
road   fund    101,   Votes    $15,000,000   more, 

(n)1009 

— Concrete  and  other  permanent  road  pave- 
ments. Cost  of.     Wulff 1240 

— Concrete  pavements.  T\Tich.  omits  joints  in. 
Thomas  609,  Wood-block  expansion  joints 
in  concrete  pavements.  Wichita.  Kan. 
Brockway     905 

— Concrete  pavements  on  sandv  soils.  Long 
Island  .Johnson  616.  Hashrouck  713. 
Tv"es  of  surfacing  for  lonse-sand  foun- 
dation.     Longshore    712.    Contributor 1036 

— Concrete-road  building.  Sioux  Cv.  •16.T.  A 
revolutionary  Improvement — Applying  dry 
mix  226,  More  details.  Johnson  830, 
Dished  surface  for  concrete  on  hilly  coun- 
try  roads   ^214,   Motor   truck  as   dinkey, 

(n)^274 

— Concrete-road   building   statistics (n)   577 

— Concrete-road  construction,  Mich. — Pontlac- 
Roval  Oak  road— Baker  machine  for  fin- 
ishing;  expansion    inints.   etc ^1082 

— Concrete  road  slabs.  Creeping  and  heaving 

of.      Sampson    134     Treiro 360 

-Concrete  roads.  Bnckli'>g  of.     S    H.  E 324 

— Concrete  roads.  Single-track,  with  turn- 
outs—Inquiry   {n)1193 

—Concrete    surface    finishing,    Quogue-South- 

ampton    road    (n)1092 

— Concrete  surfaces.  Canvas  belt  for  finish- 
ing. Wavne  Co.,  Mich.  •654.  709.  Resur- 
facing concrete  pavement  with  reinforced 
concrete    690 

— Concrete  tracks  for  earth  road.  Warner 
•469.  Brick  wheelways  In  Holland 
Spaander    •714 

— Cost  of  good  roads.  Comntitlne (n)   471 

--Derrick,   Bvers'   "Auto-Crane"   traction,  on 

municipal  job.  Flint.  Mich ^507 

— Earth-road  maintenance  In  Irrigated  lands. 
Imperial  Val.  Calif  -Flooding  sides  of 
road  alternatelv.     Perry 297 

— Education  In  highway  engineering.  Confer- 
ence   on     (n)  105G 

— Engineers,  Competent,  needed  for  road  con- 
struction.     Houston     (nl   637 

— Engineers.  Demand  for  highway (nl   593 

— Federal  road-aid  act  82.  Examinations  for 
engineers  (n)  141,  Funds  apnortlonment 
to  states  (n)  23S.  Slate  offlciala  confer 
at  Wash,  (nl  3S1.  Rules  for  applying 
money  521,  Mich,  to  make  most  of  ap- 
propriations Thomas  79ri,  Progress  In 
various    stales    1054 
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ROADS— Continued 
—Federal  $1,000,000   (Dept.  of  Ag.)  for  roads 

in   forest  states 380 

— Florence.  S.   C.  sand-clay  street  surfacing 

from  sewer  trenches.     Maffltt *752 

— Florida   state   highway  work 259 

— Georgia    State    Highway    Comm (n)   479 

— Gravel- road    construction,    Donaghy's 1153 

— 111. — Alignment  and  drainage  of  rural  high- 
ways :  90-deg,  curve  :  grade-crossing  safe- 
ty, reducing  speeding  hazards  on  vertical 
curves,  etc.     Bilger  •874,  Road  surfacing 

is  not  road  building 901 

— 111. — Civil-service  exams (n)  1200 

—III.  Highway  Dept.— Bond  and  shear  in  re- 
inforced bridge-footing  offsets  •IS,  (errata 

n)    325,  Road  specifications 127 

—111— Prize    road-direction     (n)^1092 

— 111.  roads.  Labor  scarcity  for (n)   577 

— Ill  — Vermilion  Co. — Catchbasins  and  cul- 
verts •209,  Planning  and  organizing  for 

paving     *24.R 

— Kan.  road  maintenance  by  contract.  Moone  204 

— Kv,.   contractors   wanted,      Wilev 616 

— Louisiana  highway-impvt.  problems.  Solv- 
ing.  St.   Tammany  Parish.     Huckaby ^544 

— Los  Angeles  Co.  patching  machine (n)  ^412 

— Macadam    cleaner    and    bitumen    spreader. 

Finley    (n)«820 

— Macadam     maintenance     with     bituminous 
hinders ;    Monarch    motor-truck    oil    dis- 
tributor, Jefferson  Co.,  N.  Y.     Ripley.  .•lOlS 
— Macadam    roads.    Resurfacing    with    small 

brick  cubes.  Monroe   Co.,  N.   Y 827 

— Macadam  roadway.  Rebuilding — Prize   offer 

for  articles  805,  997,  Award 1237 

— Mass. — Rough-surface   asphalt  ^1141,   Slip- 

periness  test  pavements 1162 

—Michigan  (See  also  "Michigan") — Gravel 
roads    e-onomical.      Rogers    392,    Making 

most  of  Federal  aid.     Thomas 795 

— Missouri   road  impvt.,   engineer's   pay  limit 

757,    Engineers    unpopular (n)1021 

— Motor  trucks.  Time  to  stop  road  destruc- 
tion by  •691.  710,  Use  of  springs.  Claus- 
sen  904.  Truck  regulations,  various  places. 
Stern  938,  Cleveland  rules  719,  N  Y. 
state  highway  problem  1007,  N.  J.  en- 
gineers  tackle   problem 1054 

—Nebraska— Dnuglas  Co.  naving (n)   286 

— New   Mex. — Wagon    loader ^361 

— N.   Y    State  road  policy  323.  Progress  re- 
port   443.    Cost    of   testing    road-building 
materials — Breed's  report  455,   What  are 
road-maintenance  costs  in  N.  Y.  ?  Pierce  807 
— Northwestern      Road      Congress  —  Highway 

impvt.   in  N    W.   states 1153 

— Ohio — Raker  scraper  performance  32,  State 

bids    opened    (n)   186 

— Oiler,    Cost    of    operating   motor    road,    St. 

P.aul    (n)   274 

— Penn. — Easton-Allentown  concrete  road.(n)   912 
— Penn.    not   liable    for   state   highway    acci- 
dents        (n)   690 

— Penn  — State   highway  maintenance   cannot 

be  forced  (n)   939 

— Penn.    turnpike.    Berks    and    Dauphin    Co.. 

ordered   paved    (nl   625 

— Philippine    road   work — Motor   trucks. ..  (n)^996 

— Pikes    Peak    motor   highway (n)   286 

— Plane.  Hodge  light.   Inexpensive  road    (n)^1204 
— Plank    roadway.     Portable,     across     Calif. 

sand  hills    (n)   708 

—Public  Roads.  OWce  of.     See  "U.  S.   Dept. 

of  Agriculture." 
— Rer'ctitlous    road    discussions    177.    Draney 

278,    Durham    416 

— Rock  breaking.  Experiences  with  unem- 
ployed  on.   Los    Angeles       Martin 755 

— N  J.  conditions.  Investigating  187.  Wanted  : 
state  road  policy  226.  323.  Blundering 
legislation— Bond  Issue  voted  997.  \VuIfT.124ft 

—Roller.    Flnley's    multiple-disk (nl  ^964 

— St    Louis  Co.   bond  issue  valid (nU202 

—St.  Louis  Co.  bonds  valid (n)   188 

— San    Francisco — Twin    Peaks    Boid ^504 

— Sandv    soils.    Surfacings    for    loose— Mac- 
adam, etc.     Longshore   712.  Contributor.  1036 
—State  road  officials  confer  at  Wash.  381.  (n)   637 

-  Storm    King    road.    Building '599 

— Tex.  proposed  highway  commission (n)   981 

— Toronto-Hamilton  concrete-road  criticisms 
answered-  Chief  Eng.  Van  Scoyoc's  re- 
port       911 

— Utah     roads.    Earth     handled    cheaply    In 

grading:    tractor    outfits ^28 

— Viaduct,  Concrete  sidc-hlll.  for  brick  high- 
way.  Dunh.am   road,   Cuvah"Ka   Co.   0.  ..•3.12 
— Wagon    loader.    Barbeau    &    Werrlng's    Al- 
brecht  dragline,  for  roadwork,  Minn.  ^78, 

(erratum  n)   469 
^Wash    Co.,    Wash.,    roads.    Experience    In 

paving.     Wlilte    844 

—.West,    Construction     and     maintenance    of 

roads  In  arid •481 

Roalfe,  G.  D.     Storing  and  measuring  oil.. •1066 

Roberta,    C.    L.      Redondo    Beach    pier •518 

Rochester,  N.  Y. — Developing  more  water 
power  on  Genesee  ^821,  Sewer  tunnel.  Ray- 
mond   ^883,    Garbage    reduction     (n)     115, 

Manhole     pump     (n)^17« 

Rock  breaking.  Experiences  with   unemployed 

on   road,   Los   Angeles       Martin 755 

Rock  clItT  kept  from  falling  on  tracks  by  con- 
creting, Pittsburgh,   C,   C.   &   St.   L •asS 

Rock  crusher.  Burning  wedged  sledge  out  of, 

(n)  364 
Rock-crushing    plant.    Kenaico    dam '252 
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Rock-filled  wire-mesh  bags  for  river  protec- 
tion '79,  Used  in  Jamaica.     Pari! 468 

Roclt  slab  pinned  to  save  bridge.     Warnecke 

•358.  Dangers  in  solid  rock 367 

Rock.  Subaqueous,  excavated  from  platform. 
Grand     Trunk     drydock.     Prince     Rupert. 

Plieips    •171 

Rock-tunneling    macliine,    App *340,    365 

Rockefeller  Foundation  Scliool  of  Hygiene...   131 
Rocker  casting.  Stresses  in  Quebec  •650,  661. 
Biiderbeck,     Witmer,     Keast     760,     Baird, 

Anon.,    Foulds "SS?,    'IIOI 

Rockwood,   C.   R.     Rockflli  dam 622 

Rodger    ballast    dump-cars '644 

Roechling,  H.  A.     Dr.  Travis  and  the  Imhoff 

tank    809 

Rogers,   P.    F.      Gravel   roads.   Mich 392 

Rogers  Pass  tunnel  work.  Tracy. ..  .•411,  (n)  94 
Rogers,  T.  C.  Submerged  orifices  and  tubes. ^825 
Roller-crest  dam.  Grand  River.     Teichman  '1, 

Ed *W 

Roller,  Finley's  multiple-disk  road (n)»964 

Roller  shapes  paving  along  track.  Inter- 
state   bridge,    Portland,    Ore •559 

Roller  shoe  for  bridge,  Pittsburgh •647,  •1034 

Rolling   mills.    Unaflow   engines   for (n)   288 

Rolling  stock.  Life  of  railway — N.  Y..   N    H. 

&  H.  statement   (n)   831 

Roof-arch   collapse.   Atlanta   rink  •70,   Repu- 
tation poor  bracing  for  roof  83,  Dangerous 
timber  roofs  due  to  incompetence.     Deweii.^515 
Roof-arch     collapse,     Cleveland     filter     •l.se, 

(ns)  141,  1009 
Roof,  Cantilever  grandstand,  with  tension  in 

posts.   Salt   Lake   Cy.   base-ball  field '707 

Roof,   Ceraent-tile.   of  car- repair  slid ^474 

Roof,  Peaked  concrete.  New   Bancroft  Hotel, 

Saginaw,    Structural    design.     Jensen ^372 

Roof-slabs.    Gypsum,    of   10-ft.    span.   Walker 

Bidg.,    Racine    ^1173 

Roofing,     Cement-til^,     Crane    and     Packard 

plants     •154 

Root  cutter.  Btiffalo  sewer  cleaner  and..{n)^532 

Rope  slings.  Safe  loads  on.     Salmon •11S3 

Rose   sand  and  gravel  plant •470 

Roughening    concrete    floor    for    resurfacing. 

Balboa     dry-dock.       Hirschherg •755 

Roughing  tool.   Gardner  sidewalk    (ns)    2SS,   *628 

Roiimania — Cernavoda  bridge   *861 

Roxbury.    Mass  — School-shop    floor    failure. 

Thompson   »262.  Wolf,  Von  Mueller 614 

Ruggles,   S.   L.      Vocational   guidance 713 

Running.    T.    R.      Weir    formulas •695 

Russia,  Prospects  for  railway  building — Am.- 

Russian  Chamber  of  Commerce 177 

Rutenberg's  concrete  dam •788 

S 

Sacramento,    Calif. — Replanning    and    redis- 

tricting  •444.  Weir   (errata  n)    ^25 

Safe   grade    crossinE.s — Calif.    R.R.    Comm. .  .'ILSS 

Safety-first    switchboard,    0.    E (n)^1204 

Safety — Holmes  Asso.  and  award. .  (ns)  722,  1009 
Safety  scaffolding — Placing  putlogs    (n)    'Ufi. 

Mason's  horse    (n)*176 

St.   John   dist.   levee   work *158 

ST.  LOUIS.   MO  .   CITY  AND   COtTNTY 

—Bridge,    Completing    municipal •1129.    •1230 

— City  replanning  IS.S,  May  spend  $8,000,000.1151 

— Drafting  room.  Dept.   Pub.   Wks •128 

—Electric-light  plant.  Municipal (n)    237,  876 

— Engineers'  Club  paper   989 

— Garbage  collectors'  strike  ended (n)   141 

— Lamp    posts,    Trafflc-slgnal (n)  •224 

— Municipal    dock.    New •1216 

— Paving    specification    changes 58 

— River    terminals    proiected — Bowen's    rcnort  216 

— Road  bonds  valid.  County (ns)    1S8,  1202 

— .Sewer-sheetpiie     driving     •RSS 

— Sewer-tUe  laying    In  cold  weather (n)   660 

— Sewer  tunnel.    Mill    Creek — Alignment    sur- 
vey.    Cans  •IIO,  Materals  chuted  through 

drill  holes  to  mixer.     Horner ^705 

— Sewers,  Brick  and  tile,  cracked  under  same 

loading     •.557 

— Sewers,  First  tile,  compared  to  brick.     Mo- 

reell    •1024 

— Traffic-census  methods  and  results  HoIcn.»832 
— United  Rys    street-r.v.  tr.ack  without  spikes 

of  bolts    •1217 

— United    Rys.    taxation    dispute (n)1057 

— Water   filters    and    typhoid.      Potter 1047 

— Water-meter    slide    rule •800 

ST.   PAUL.  MINN. 

— Harbor   changes   by    Govt 332 

— Ice.  Artificial,  compotes  with  natural.,  (n)  73 
— Miss.  RIv.  channel  change  proposed. ...  (n)  977 

— Paving  by  force  account (n)   900 

— Road-ollcr   operating   cost.    Motor (n)   274 

— Sewer  sheetplllng.   Pulling (n)*175 

— Sewer  trenching.  Steam-shovel (n)^128 

^Street  elevated  to  retain  Koppers  coke  plant  477 

— Street-snrlnkllng    statistics    (n)   273 

—Union-station  plans (ns)  885.  914 

— Water-supply     copper-sulphafe     treatment. 

Huff    104 

St    Tammany  Parish,  La.,  highways.     Huck- 

aby    •544 

Salamanca.    N.    Y— Bridges •266.    •316.    •.338 

Salesmanship.  Engineers  and.     Lowry (n)1165 

Salmon,  P.  W.     Waterproofing  drawings  1037. 

Safe    loads    on    rope    slings "llfiS 

Salt  Lake  Cy  ,  Utah—Concrete  hydrant  and 
valve  chambers  •CO.  Gantry  cranes  work 
on  sewer •ST 
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Salt  mines  cause  subsidences (n)1085 

Salt  River  Project — Cross  Cut  power  station. 

Gaylord  86.  Mowing-machine  work (n)  364 

Salt  water  causes  cracking  reinforced  con- 
crete. Philippines    1047 

Salvador.  Projected  railway  in.    Blackford    (n)   137 
Sampson.    F.    W.      Creeping   and   heaving    of 

concrete-road   slabs    134.    369 

San  Antonio,  Tex. — Sewage  disposal  by  broad 
irrigation.     Bartlett  •SSe,  Curb  inlet. .  (n)^1042 

SAN  DIEGO  CITY  AND  COUNTY,  CALIF. 

— Automobile   operating  cost (n)   S09 

-Dam,   Plan   to   raise  Morena •1112 

— Dam,    Rebuilding   lower    Otay ;    bond    elec- 
tion    (n)    1057,  1106 

— Dams.  Two  new  water-supply 231 

— Pumping  plant.  Salvaging  fiooded ♦125 

— Pumping    system.    Restoring    flood-wrecked 

well    and     •980 

— Shops.    Municipal.      Loclswood •548 

—Water    clarifying (n)    189 

— Water  main.  Anchoring  submarine (n)   852 

SAN  FRANCISCO.  CALIF. 

See  also  "Exposition,  Panama-Pac." 

— Bridge  across  bay •426.    (n)   141 

— Cable   system.   Dump-wagon.      Owen ^272 

— Garbage    burial    proposed 1104 

— Hetch-Hetchy     dam     site ^137 

— Park   plans,   Exposition   site (n)   818 

— Shore   protection   nearing  completion ^543 

— Surveys.  Loose-leaf  filing  system  for.  Owen. •346 

— Twin    Peaks    Boulevard ^504 

— Twin   Peaks   tunnel   methods.      Cleary *636 

Sand.  Aiban.v  engineers  discuss 949 

Sand   and    gravel    plant.    Rose •470 

Sand  dredge.  Hydraulic  hopper *1211 

Sand.  Drifting,  water  filters,  Toronto  561, 
•566.  (n)  464.  Water  lifts  sand  to  filters 
from  cars.  Gore  'SOS,  Mechanical  agita- 
tion  unsuccessful.     Nordell 856 

Sand.   Filter,   washing   device ♦449 

Sand-spreading  device  for  Ailing  asphalt-block 

joints    (n)^1142 

Sands.  E.  E.     Activated  sludge 109 

Randy  Ridge  tunnel *S99,  •936 

S.anitary    Asso.,    N.    J (n)1156 

Sanitarv    problems.    Chemists    and    engineers 

talk    on    ..673 

Snnit.iry  topics  before  Am  Pub.  Health  Asso. 
.S31.  .S5S.  859,  955,  Proposed  code  for  san- 
itarv  control   of   waterways 876.    901 

Sanitation.  See  also  "Sewers."  "Water  pol- 
hitinn  and  nuriflcation,  "  "Infantile  paral- 
ysis." "Tvphoid." 

Snnilatiiin    on    watersheds 813 

Sanitation.    Rockefeller    Foundation's    school 

of.   at   Johns   Hopkins 131 

Santa  Monica,  Calif.— Retaining  wall  •173, 
Buys   water-wks.    (n)    577.   Paving  bids   in 

competition  with  contractors (n)   577 

"Sausages"     for     river     protection,     Jamaica 

use-s.      Park    468 

Savannah,   Ga. — Incinerator  costs (n)   267 

Saville.  C.  M.     Water-supply  preparedness  85, 

Hartford     water     case 246 

Saville.   T.     Rainfall   Interpreted •1208 

S-nvmill.    Pennlchuck    Water    Co.'s ^472 

Sawyer.  W.  H.     Saving  canal  walls •558 

Scaffolds.  Travelers  Ins.  Co.'s  points  on — 
Placing  putlogs    (n)    ^176.   Mason's   horse. 

(n)^176 

Schenectady.  N.  Y— Dam   failure ^817 

Schicfer.  H.    V,      Automatic  skip T,90 

Schnellbach.   J     F.      Activated    sludge ^972 

School.       See     also     "Engineering     schools." 

"Education." 
School-hi'ilding  plans.  N.  E.  A.  standard. .  (n)   817 

School.   Huntington   high,   design •763 

Schonl-shon    floor    failure.    Roxbury.'. .  .♦262,    614 
Schwab,  O.  M.     Steel  production  and  business 

properlty    1 237 

Schwada.  J.    I'       Arch-crown   thickness ^880 

Sco\ir    valve.    Replacing   reservoir,    N.    S.    W. 

Kenda  II      •173 

Scows   for   floating   Que.   bridge   span   •420.   ^522 
Scranton.    Penn. — Mine    cave-Ins    276,    •280, 

Building  foundations  150  ft.  under  armory  •681 
Scrapers.    Half-hour    performance    of    Baker 

4-whcol.    Olilo    roads 32 

Screed  with   plow  handles.   Concrete (n)*1236 

Scrapers.    Wheeled,    for    levees •ISg 

Screens   wanted,   Water-Intake (n)   664 

Screw  propellers.  Power  loss  In,  due  to  rough 

surface.      McEntee    II73 

Screw  sockets.   Tenax  expansion (n)^1012 

Sea  wail.  Longport.   N.  J (n)   382 

Sea    wall.     San    Francisco •543 

Seaboard  Byproduct  Coke  plant •688 

Seat-stand  collapse,  Colo    Springs (n)^578 

Seatless   rapid-transit   cars,   London 1128 

Seattle.  Wash— Water  for  a  million  people 
42,    Flat-slab    test.      Turner    84,    Lord    85, 

Godfrey    279 

Section  corners.  Designating.     Rankin (n)^560 

.Security  Cement  &  Lime  plant ^1222 

Security  Mutual  Life  Ins.  Bidg.  reconstruc- 
tion.  Lincoln.    Neb •778 

Sedgwick.   W.   T.      Water  refining 513 

Soelye,  T.  E      Drift  catcher ^795 

Seneca  Palls,  N.  Y.— Power  plants  and  fac- 
tories   moved    ^145 

Septic  tank.      See   also   "Imhoff,"   "Sewers." 
Septic  tank.  Dr.  Travis  and  225.  Roechling. . .   809 

Septic-tank  patent  ended   663,   (ns)   141,  868 

Septic  tanks.  Vltrifled-pipe,  Dickey  filter  for 
use   with    (n)   144 
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Seros  development — Draft-tubes   •76 

Service  pipes — N.  E.  Water-Wks.  Asso.  report  594 
Service  standard.  Gas  calorific-value.  Second 

Dist.,   N.    Y (n)    818 

Sevier   Bridge    dam,   Utah ^398 

SE\VERS,   SEWAGE.   SEWERAGE 
— Activated  sludge.  Am.  Soc.  Mun.  Impvts.  on  767 
— Activated-sludge      experiments.      Univ.      of 
111. ;   plant   at   Champaign,   etc.      Bartow, 
Mohlman,  Schnellbach  •972,  Air  diffusion  110 

fusion    110 

— Activated  sludge   in    India (n)   624 

— Activated-sludge  patent  correspondence  re- 
quested        (n)   617 

— Activated-sludge  plant,  Hermosa  Beach, 
Calif.   380,  Novelties— Air-diffuser  wheel, 

etc.     Brosius    •890 

— Activated-sludge     plant,     Milwaukee     •686, 

107,   856 

— Activated-sludge    progress    366 

— Activated-sludge  results  reviewed,  Cleve- 
land. Pratt.  Gascoigne.^1061.  •1124,  (n)  110 
— Activated-sludge  tanks.  Air-difTuser  experi- 
ences with  ;  porous-block  and  perforated- 
pipe  diffusers  ;  clogging — Baltimore  ;  Mil- 
waukee ;  Brooklyn ;  Chicago ;  Houston ; 
Cleveland :    Armour    &    Co.  ;    111.    Water 

Survey    106.    Baltimore 267 

— Albany  sewage  pump  house  and  grit  cham- 
ber.   Building.      Vernon *738 

— Am.  Pub.  Health  Asso.  reports  858,  Sew- 
erage terms  858.  955,  State  board  of 
healtii    control    of    sewage    works — Table 

.S.'IO,  Code   876,  901 

— Baltimore   Imhoff   tank  foams.      Potts 469 

— Baltimore  sewerage-system  completion — 
Treatment   works ;  Jones   Fallsway.     Re- 

quardt    •736 

— Binghamton,  N.  Y..  builds  interceptor  with 

four  river   crossings.     LaRoche '1227 

— Brick.    Los    Angeles    Co.'s    "Frost"    radial 

interlocking (n)^1248 

— Bronx  Val.   sewage  purification (n)   530 

— Buenos   Aires   slaughter-house    sewage   test 

plant.       Coulter     837 

—Buffalo — L.     V.     passenger    terminal     over 

drainage  channel      Hurlbut •436 

— Buffalo,   etc..   sewage    disposal (n)1202 

— Butte — Pipelaying  with  port,  derrick  (n)^364 
— Catchbasins  and  inlet.  Pueblo.. •77.  (n)  224 
— Chicago — Sewage  treatment  and  dilution 
1056.  Effect  of  sewer  gas  on  concrete 
stockyards  sewer.  Brooks  *486,  511, 
Stockyard  sewers,  new  and  old  487,  Bub- 
bly Creek  will  bubble  no  more  ^725,  Sew- 
age dilution  hit  by  Army  report  and  Ser- 
gei's address  1151,  Drainage-canals  fiow 
limitation  (n)  93.  Joliet  dam  power  bids 
(n)  237,  Specifying  progress.  Calumet  in- 
tercepting sewer  (n)  364,  Pollution  of 
water-supply  (n)  430,  Packing-house  and 

stoclfyards  refuse  disposal (ns)   427.  1202 

— Cleaning  machine   and  root  cutter,   Buffalo 

2-way    (n)^r)32 

— Cleburne.  Tex.,  Imhoff  tanks  and  sprin- 
kling  filters      McDonnell ^1028 

— Clinton,    la. — Hollow-tile    sewers •634 

— Coal    dumped   In    Boston   sewer (n)1057 

— Code    for    sanitary    control    of    waterways. 

Proposed.    Am.    Pub.    Health    Asso.    876.    901 
— Cook    Co..    111.,    institutions    sewage-treat- 
ment plant — Imhoff  tank.   etc.     Ashley.. •296 
— Council   Bluffs   large  catchbasin  Inlet.,  (n)   •32 
— Davenport.    la.,    disposal;    water    purifica- 
tion   safer    than    sewage    treatment ;    Al- 

vord's  views    rj.17 

— Decatur   and    Elmhurst   electrolytic    sewage 

tests.      Shields 370,    (ns)    578,    674 

— Definitions  of  sewerage  and  disposal  terms 

858,    Phelps    955 

— Detroit    sewer    construction     criticized    by 

Bureau   of  Governmental   Research .1149 

— Durant.     Okla..     electrolytic     sewage-treat- 

— Detroit   report — Engineers'   pay 1189 

— Drain  entrances.  III.  farm •209 

ment    tests  ;   bacterial    results ^547 

— Filter    for    use    with    vltrlfled-plpe    septic 

tanks,    Dickey    (n)   144 

— Fishy     sewage-treatment    scheme — Tannery 

wastes.     Observer   855 

— Florence.   S    C.   sand-clay  sheet  surfacing 

from  sewer  trendies      MafHtt •752 

— Great    Bend,   Kan  —Cleaning   outfall   sewer 

of  quicksand    (n)  464 

— Kansas  experience  In  running  small  sewage 

\vorks.      Veatch 64 

— Imhoff-tank  patents.     Miller 1239 

— Lakewood,    O..   sewage   works   and   outfall ; 

Imhoff   tanks,    etc ^793 

— Lexington,  Ky— U.  S.  Pub.  Health  Service 

as  consulting  engineers  37.  Norcross 18« 

— Lima,  O. — Relnscii-Wurl  screens  and  acti- 
vated-sludge tanks  recommended (n)     46 

— London  nctlvated-sludge  expts (n)     37 

— Luton,  Eng..  hydrolytic  sewage  tanks.    Tom- 

Ilnson  •193,  225,  Roechling 809 

—Lynn,  Mass.,  sewage  disposal (n)   530 

— Matawan,  N.  J.,  activated  sludge (n)   140 

—Milwaukee,  Activated  sludge  •686,  Hatton. 
107,  Nitrogen  from  plain  and  activated 
sludge.  Copeland  665.  Ed.  663,  Fuller, 
667,  Mechanical  agitation  expts.  Nor- 
dell      856 

-  Milwaukee    Intercepting    sewers.    Surveying 

for.     Townsend  ^1232.  Contractor's  com- 
pressed-air   regidatlons     (n)1236 

—  N.   Y.    Cy. — Brooklyn   adds  automatic  sew- 

age-pumping  station.      GersonI •810 
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SEWERS.  SEWAGE,  SEWERAGE— Continued 

. >;.    Y.    Cy. — Long-time    rainfall    basis    for 

sewer  design.     Hufeland ♦393,  •450 

—  N     V.    ty. — Keport    on    EUnhurst    disposal 

plant;  electrolytic  tests   91,   Shields 370 

N.    Y.     subway,    inverted    siphons    under. 

Bleich   ***2 

phila  — Regular  inspection  part  of  mainte- 
nance.     Connell    17,    Most    sewers    new. 

Datesman   1*1 

— Pipe-joint  compound,  "Superior" (n)   288 

— Rochester,    N.    Y.,    sewer    tunnel    in    rock. 

Raymond    *S83 

— St.  Louis— Mill  Creek  sewer-tunnel  align- 
ment survey.  Gans  '410,  Materials  chuted 
through  drill  holes  to  mixer.  Horner  '"Od, 
Brick  and  tile  sewers  cracked  under 
same  loading  'oS?,  Sheetpile  driving  'GSS, 
First  tile  sewers  compared  to  brick. 
Moreell     »1C24,     Laying     tiles     in     cold 

weather    (n)   660 

— St.  Paul — Steam-shovel  trenching  (n)   ♦128. 

Pulling  shcetpiling (n)^175 

— Salt  Lake  Cy. — Gantry-crane  work ^97 

— San    Antonio — Sewage    disposal    by    broad 

irrigation.     Bartlett  ♦5S6.  Curb  inlet,  (n) •1042 
^Sense  or  sentiment  to  govern  sewage  treat- 
ment— Dallyn's  remarks  before  A.  S.  M.  I. 
Purity   of   effluent;   typhoid   transmission 
bv  cattle.     Potter 855 

—  Septic  tank.  Dr.  Travis  and  225,  Roechling.  809 
— Septic-tank  patent,   Cameron, 

663,  (ns)  141,  866 
— Sewage  ejector,  Yeomans  motor-driven. .  {n)  288 
— Vitrifled-pipe    sewers,    Aids    to    estimating 

cost   of.      Kirchoffer ^780 

— Water  consumers.  Making  them  pay  for 
sewer  service — Earl's  report.  New  Orleans 
512,  Charging  tor  use  of  sewers,  Manila 

and  Honolulu.     Gideon 1193 

— Wavne,    Penn.,    disposal    works    after    nine 

years.     Hill ♦UeS 

— Wildwood,  N.  J.,  Screening  and  disinfect- 
ing sewage    •1243 

Shaft  sinking  by  dredging  through  springs 
and  gas,  for  Cleveland  water  tunnel  under 
Cuyahoga  River ;  drop  under  pig-iron  load- 
ing, etc •374,  ^1220 

Shaw,  A.  M.     Night  and  day  work 606 

Sheahan's   daily   cost   records *897 

Shed.    Car-repair,    with    cement-tile    roof '474 

Sheetpiling.     See   "Piles." 

Sherman,  L.  K.     Engineers  in  politics 1145 

Sherrill,   C.    O.      Combination   of   plane   table 

and    transit    for    photography 905 

Shields,   W.   S.      Electrolytic   sewage   tests   at 

Decatur  and  Elmhurst 370,    (n)    578,  674 

Ship.      See   also   "Boat,"   "Dredge."   "War.'" 
Ship — Cargo-handling       equipment,       Italian 

freight   steamer  "MiIa27,o" ^210 

Ship,    Electric    battle.    "Tennessee" (n)   279 

Ship   load-line    and   bulkhead   rules (n)  674 

Ship — Steamer-deck  flreprooflng (n)   375 

Ship  "Surveyor."  U.  S.  Coast  Surv ♦235,  •812 

Shipbuilding  development.  U.   S (n)1057 

Ships  around  world  via  Canal (n)   585 

Ships  for  lake  and  ocean  practicable?     Cout- 

lee  713.  Evans.. •604 

Ships,  Geared  turbines  for  naval (n)  818 

Ships,  Los  Angeles  municipal (n)  914 

Ships — Power  loss  in  screw  propellers  due  to 

rough   surface.     McEntee 1173 

Ships.  Steam  turbines   for 807 

Shop.   Concrete.    Panama.      Hardraan 'lieS 

Shop-wagon  for  water  meters •447 

Shops,  Municipal,  San  Diego.     Lockwood •.i48 

Shore  protection.      See  "Coast  erosion." 

Shores,   Rons'   adjustable   building (n)«1186 

Shovel  at  Rose  sand  plant ^470 

Shovel,  Mired,  that  lifts  itself (n)  •1236 

Shovel.  Revolving  steam,  sewer  trenching,  St. 

Paul    (n)^12S 

Shovel  strikes  bridge,  Cleveland (n)^274 

Shovel    work.     See   also   "Earthwork." 

Shovel  work.  Steam,  So.  Ry •1079 

Shovels.   Power.   DIcgine   end   of 172 

Showalter,  D.  N.     Sonnllng  for  water  power. .   389 
Shrewsbury.    Mass. — Pumping   station. 

•433,   (n)  file 

Shrinkage   cracks — .Tolnt  adhesion (n)  '1235 

Shrlver,    K.    H.       Placing    wood    coffer-dams 

without    driving ♦1140 

Sidewalk-roughing  tool,  Gardner. ..  (ns)   288.  •628 
Sierra  Nevadas,  Building  multiple-arch  dams 

In     '1157 

Sighting  box.  Illuminated ♦657 

Sign.    ni.    prize    road-direction (n)»1092 

Signal  color  scheme  changed.  P.  RR (n)  285 

Signal,  Traffic,  lamp  posts,  St.   Louis (n)^224 

Signal,    tlnlon    grade-crossing (n)^1204 

Signals,  Crossing,  N.  Y.,  N.  H.  &  H (n)   419 

Signals.  Position-light,  P.  R.R.   •S77,    (errata 

n)1193 

Signals.  Standard  crossing  warning 285 

Signs.    Miscellaneous    street.      Wallls •Ifi 

Silent.     Salvaging  flooded  pumping  plant •125 

Simons,   S.    C.    Garbage   and   refuse  disposal. 

Los    Angeles •677 

Sloui  Cv,.  la. — Concrete  p.Tvcmenta  •IBS. 
226.  (n)^274,  .Tohnson  830.  Dished  concrete 
roads    ^214.    Booster    pumping    station    for 

water-supply    to   a    suburb 1017 

Sioux  Falls,  S.  D.     Water-Wks.  Imnvts ♦840 

Siphon,    Connecting   Narrows,    to   Slaten    Isl. 

main    •782 

Sinhon.  Inverted,  on  suction  pipe,  Des  Moines. 
Kastberg    (n)  1091 
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Siphon-operated  ram.     Palmer '164 

Siphons,  Inverted  sewer,  under  N.  Y.  subway. 

Bleich    "442 

Skip,  Automatic,  handles  liot  ore.  Schiefer.  .♦SDO 
Skyscraper,  Altering  coliunns  of  21-story. .  .♦1170 
Siab-and-beam    floor    cracked    by    settlement. 

Load  test  of.     Byrd 'H 

Slab-deck     concrete     bridge     over     highway. 

Rock.   1.   Lines ♦1002 

Slab,    Distribution    of    load    and    moment    to 

beams  supporting  rectangular  concrete. .  (n)   464 
Slab,    Flat,    floor    failure    due    to    poor    brick 
wall      columns,      Roxbury      school      siiop. 
Thompson  •262,  Careful  design  needed  for 
wall-bearing  flat  slabs.     Wolf,  Von  Mueller  614 

Slab-floor  pat.  decisions.  Turner 720,  769 

Slab-revetment   machine,   concrete,    for   Miss. 

Markham    ♦1070,    1094 

Slabs,   Concrete,  St.  Louis  bridge •1230 

Slabs,    Flat— Seattle   test.     Turner   84,    Many 

unbiased  tests.     Lord  85,   Godfrey 279 

Slabs,    Gypsum   roof,   of   10-tt.    span,    Walker 

Mfg.   bldg.,   Racine ♦IHS 

Slabs,      Wabash     grade-crossing     deck.      Ft. 
Wayne    ^241,    Heavy    concrete    slabs    make 

good  railway  bridges 277 

Slag  cement  permitted,  New  Orleans (n)   770 

Slaughter-house    sewage    test    plant,    Buenos 

Aires.     Coulter 837 

Sledding  large  steel  pipe (n)   '62 

Sleight,  R.  B.  Irrigation  field  l.abor.atory. .  .♦lOSO 
Slide  rule  for  regearing  water  meters.  Bock's, 

St.   Louis ♦SOO 

Slide     rule.     Hydraulic,     Twin-pipe     problem 

solved   by.      Hazen 85 

Slides,  Earth.     See  "Eartlislides." 

Slings,  Safe  loads  on  rope.     Salmon *^^?^ 

Slipperiness  test  pavements.  Mass 1162,  ^1141 

Smith,  E.   B.     Soil-pressure  test  device, 

•339,    (n)   616 

Smith,  F.  P.     Sheet-asphalt  tests 205,  416 

Smith,  T.  L.     Submerged  orifices  and  tubes.. ^825 

Smith,  W.  F.     Kensico  dam  quarries '250 

Smithsonian  Inst.,  Correction  from (n)   371 

Smoke  Prevention  convention 673,   (n)  287 

Snow,    Ladder    dredge    for,    Chilean    Trans- 
Andean   Ry (n)  843 

Snow,    Melted,    supplies    arid    district,    Ariz., 

•435,  467 

Snowshed  fires.  Spotting,  So.  Pac ^458 

Society  for  Promotion  of  Engineering  Educa- 
tion—Statistics     (n)    139 

Society  of  Naval  Architects. ..  .•1113,  1173,  1188 
Soil-pressure    test    device,    V.    S.    Dept.    Ag., 

•339,    (erratum  n)   616 

Soil  tests,  P.  R.R.  freight  station,  Chi 801 

Soils,  Testing,  for  drainage  properties,  U.  S. 

Dept.    Ag.      Haswell '211 

Soldering  iron,  Clemens  electrical (n)1156 

Solenoid-control  relay,   G.   E (n)^580 

Sound-absorbing         stone,         Johns-Manville 

"Akoustolith"    (n)  1108 

Sound — Outdoor    acoustics 178 

South   America,    To   study    chances    for    con- 
struction   material    in (n)  440 

South   Am.    trade   development 1197 

Southern    Calif.    Edison    Co 1200 

Southern  Power  Co.'s  reservoirs (n)   138 

Southwestern    Engineering    Soc (n)1107 

Spaander,   J.      Paved    wheelways   in   Holland, 
•714,  Draining  No.  HolLand  •773,  Engineers 

in    politics 1145 

Spanish  turbine-plant  draft-tubes *V6 

Sparrows  Pt.,  Md.,  New  city (n)   381 

Spaulding  dam  to  be  raised.     Mudgett •328 

Speciflcations.     See  also  special  topics. 

Speciflcations— A.  S.  T.  M.  reports 38 

Speciflcations,   Modernizing  Naval 512 

Spike,  New  track  A.   R.  E.  A, ^1215 

Splices,  Strength  of  clamp,  in  reinforcement. 

Lasier    ■  ■  •   l^** 

Spokane.  Wash. — Asphalt-pavement  costs  with 

municipal  plant.     Cunningham 375 

Springfield,  Mass. — Intermittent  excess  coagu- 
lant.    Lochridge  617,  Municipal  week, 

1046,  1053,  1054 
Springs,  Truck,  save  pavements.     Claiissen...   904 

Sprinkler,   Buffalo   hand    pressure (n)  ^532 

Sprinklers,    Valve    for    dry-pipe,    Natl.    Fire 

Ext.    Co.'s •  ■  •  (°)  2« 

Sprinkling  filters.  Cleburne.     McDonnell *10iS 

Sprinkling  streets  from  trolley  cars,  Worces- 

Stack.     See  also  "Chimney." 

Stack  falling  from  broken  boom  tests  concrete 

floor.  Portland,  Ore.     Blood •618.   (n)   530 

Stacks,  Wrecking  steel.  Chi ''"'"l-lVnS 

Stackers  and  conveyors.  Jeffrey (n)^1108 

Stair  tread.  American  Mason  safety (n)    •48 

Stalrwav.   Concrete   cantilever,   Phlla (n)^950 

Standpipe.      See   "Tanks   and   standplpes." 
State  board  of  health  control  of  sewage  works 

—Table    J^J 

State  ownership  on  B.  &  M.,  Try 467 

Statcn  Isl.  main.  Connecting  Narrows  siphon 

to    •782 

Station  platform  shelters,  Los  Angeles ;,*'2 

Statue  of  Liberty,  Lighting (n)1057 

Steam.        See      also      "Boiler,"      "Engines, 

"Turbines,"        "Condenser,"        "Hammer, 

"Shovel,"   etc. 
Steam  and  gas  power  station.  Ford  combined  10»5 

Steamboat-dock  flreprooflng (n)  375 

Steamer.     See  "Ship,"  etc. 

Steamships  around  world  via  Canal (n)   o85 

Steel.     See   "Iron   and  steel." 

Steere,  S.  O.     Salamanca  bridge  work.. ♦316,  •338 

Steps,   Manhole   and   cntchbasln (n)   224 

Stern,  E.  W.     Motor  Inicks  and  pavements...   9.18 
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Stettler's  X-ray  photos,  of  concrete... .563 

Stevens,  3.  C.     Rectangular  wooden  flumes.. •llbO 
Stirrup-spacing  diagrams  for  concrete  beauis. 

B,.jij^y        •b94 

Stockyards!  Chi.— Activated  sludge  109.  110, 
Efl'ect  of  sewer  gas  on  concrete  sewer  •4!(G, 
511  Bubbly  Creek's  abolition  •725,  New 
and  old  sewers  487,  Refuse  disposal ;  sew- 
erage    (hsl    427,  1202 

Stockyards  —  Slaughter-house  sewage-test 

plant,  Buenos  Aires ;•:;,„::„ 

Stoker,    Moloch   underfeed (n)^lObO 

Stone.     See  also  "Rock,"  "Quarry,"  "Earth- 
Stone,  Crushed,  is  dutiable (n)  770 

Stone  masonry   and   concrete.   Old   battle  be- 
tween—P.     R.R.     stone-bridge    repair     131, 
Cheap  stone-arch  liighway  bridge.     Fletcher .  •368 
Stone,        Sound-absorbing,        Johns-Manvilie 

"Alioustolith"    ..■ -/"'Uni 

Stone  waste.  Centrifugal  pumps  dispose  of... '508 

Stoney  gates,  Tallassee  Power  Co .•9'il 

Store  window,  Store  Impvt.  Co.'s  non-reflect- 

^^n.    (n)^91o 

storm.     See  also  "Rainfall." 

Storm  cripples  Kankakee  Riv.  bridge.    Older.. •638 

Storm  damages  Texas  coast  (n)  429,  Effect  on 

Corpus   Christi    viaduct '815 

Storm  King  road.  Building ....•596 

Storms— Southern  and  W.  Va.  floods,  bridge 
destruction,  etc.  140,  •183,  ^232,  321,  331, 
•360,  381,  ^428,  ^490,  ^924.  (ns)  429,  •560, 
756,  Southern  rainfall  exhibited  by  charts. 
Henry  •886,  Heavy  rainfalls  elsewhere  com- 
pared.    Allen ....  1001 

—Contractor    discusses    bridges    damaged    by 

floods    12*3 

Strachan,  R.  C.     Plotting  catenary 1046 

Straightening  Harrisburg   bridge   I-beains        ^ 

Strawberry  tunnel  surveying.     Hammond. .  .•1086 
Stream.     See  "Rivers,"  "Flood,"  etc. 
Street     railway.       See     "Electric     railways, 
"Elevated,"    "Subways,"    "Cable." 

STREETS 

See  also  "Pavements,"  "Roads,"  "Garbage," 
"Curb  inlet,"   etc.  ^  „., 

—Astoria— Viaduct  vs.  flll.     McClean 3« 

— Baltimore — Jones   Fallsway • .  ■  -736 

—Charlotte,  N.  C,  work  under  tent  175,  Fin- 
ishing concrete  •803.  Sheet-stccl  paving.. 'SM 
— Duluth  replanning.     Patten .•645 

—  Excavator  and  wagon  loader,  Koehrlng,  '°^ 

street  grading,  Chi ■  • ' : ' " 

—Florence.  S.  C.  Sand-clay  street  surfacing 
from  sewer  trenches.  Maffltt  •752,  Ex- 
panding concrete  breaks  curbs (n)^iOS 

—  Flushing  streets  with  portable  water  mams 

Baker.    Ore.,    and    Buffalo    Mun.    Bqulp.^ 

— Kan.  Cv..  Mo. — Slides  in  deep  cut U71 

— Los     -Angeles     excess     condemnation     ^20. 

Grade  checks  at  railroad  street  crossings  462 
-Middleboro,  Ky.,  street-intersection  problem 

— Paving-cost   assessment 801 

Xew  Orleans  paving  and  repair  work. .  (n)  1202 

— N.  Y'.  Cy.  (See  also  "Pavements") — Street- 
cleaning  report 227 

—Paving,  Computing,  outside  of  curved  curb- 
ing.     Lewis 463 

— Phlla.    Highways   report- Sewer   inspection. 

17,  181.  Bituminous-material  inspection..     27 
—Pueblo    corner    Inlet,    catchbasln,    curbing, 
etc    ^77,  (n)  224,  Railway  street  crossing, 

(n)»4n4 

— St.  Louis  traffic  census.     Holden ..•832 

—St  Paul  provides  elevated  street  to  retain 
Koppers  coke  plant  477,   Sprinkling  sta- 

tistics   'h)    -*3 

—San  Francisco — Loose-leaf  filing  system  '<"■ 

surveys.      Owen ^46 

—Signs,  Miscellaneous.     Wallls ;,!1S 

— Sprinkler,  Buffalo  hand  pressure <"'   „„ 

-Street  Cleaning  Soc,  meets ■ i '  0 

—  Street  dirt  and  cleaning  not  measurably  un- 

healthful— Am.  Pub.   Health  Asso 8.11 

—Torento— Streets    with    two    driveways    and 

central    footwalk ("'  »'•» 

-Traffic,  Heaviest— Fifth  Ave..  N.  Y.     Stem, 

(n)    597,   Chicago.      Brodd   761,    London. 

Strobel 905 

—Worcester,    Mass.— Flushing    streets    from 

trolley  cars  ^1205 

STRESSES 

See  also  "Test."  ,        „  ^      ..       .oo„ 

—Arch-crown  thickness  formula.  Schwada. .  •880 
—Beams  supporting  rectangular  concrete  slab. 

Distribution  of  load  and  moment  to..(n)   464 
—Bridge    leans   to   side,   Extensograph   shows^^^^ 

-Bridge  loads,'  Mo'tor-tnickV  ChlWs  .  .  ■  •  ■  ••»«8 
— Bridge  rocker  casting.  Que.  •650.  661,  Bll- 

riorheck,  Wltmer,  Keast  760,  Baird,  Anon., 

p„„l,l5   ^857,  •1191 

-Brld^e-striit  tests.  Bureau  of  Standards  •49,  81 
—Bronze.  Delecting  Initial  stress  In.  Miller.. 1147 
-Concrete    fooling   offsets.    Bond    and    shear 

In— 111.   Highway  Dept.   rule      Older. 

•18.  (errata  n)  325 
—Eccentric    loading    on     rectangular    areas. 

Charts   for      Colten ...•1090 

—Moment    of    Inertia    of    lenticular    section. 

Vetler    ;:V23 

— Rope-slinc  safe  loads.     Salmon 'lis.! 

-Timber.    I'nit    stresses    for,    Natl.    Lumber 

Mfrs.'    Asso 273 
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strike.     See  "Labor." 

Sirobel.  C.  L.      Street  traffic /•,-,---.o^n 

Struckniann,  H.     Cement  from  oyster  shells.. *i JO 

STRUCTURAL  WORK 

See     generally     specific     topics,     such     as 

"Bridges."  „  ^  . 

—  Balcony  brackets.  Taking  care  of  eccentric 

loads"  from,  Huntington  high  school ..    ibJ 

—Building,  Placing  steel  frame  in  old  wall-^ 

bearing.   Lincoln,  Neb ;,■  •  V  :i' ' '■iro 

—Cost.  Items  affecting.     Pitman,  Danforth.  .11G9 
—Derricks,  Tower,  for  erecting  frames. ..  ...'S"^ 

—Que.  bridge  •29S.  321,  ♦349,  *i2».  ^^J    aU, 

»522,  Suspended  span  collapses  513,  'oij. 

561    563    •572,  575,   622.  *650,   661,   709, 

—Riverside  Drive  viaduct,  N.  Y.,  Jacking  up; 

buckling  coliunns °''-> 

—Rivets,   Countersunk.     Fleming iJo 

—Roof,    Cantilever   grandstand,    with    tension 

in  posts,  Salt  Lake  Cy '•'' 

Stubbs'    "Vitrolithic"   concrete   paving. .  ....*1120 

Students.     See  "Engineering  schools,"     Edu- 
cation,"   "Competition,"    "Engineers. 
Stump  pullers,  Hand-  and  horsepower '-.i 

SUBWAYS 

See  also  "Tunnels." 

—Chi.  rapid-transit  plans;  map 1104,  *114S 

—Memphis  grade-crossing   elimination 'il'M 

—New  York  City:  ,      „.„_„„ 

Cost   of    Centre    St.    Loop    $10,843,o86    vsr 

mile    <"'12.i 

East  Riv.  tunnel  blowout;  prevention 'i-S 

East  Riv.   tunnel  surveys.     Holland •655 

East  Riv.  tunnel,  60th  St..  Low  bids...... .132 

East  Riv.  tunnels.  Progress  on..(ns)   963,  110b 

Rock-tunneling  machine,  App .'SIO.  3()5 

Sewer    siphons.    Inverted,     under    subway. 

Bleich     '442 

Steelwork 'kept  H  ft.  behind  heading.    Fried  •949 
Timbering    collapse,    Brooklyn;   trolley    car 

falls    in .(n)   140 

Wagons,  Snatching,  out  of  pits.     Fouhy '1^4 

—Sydney,  N.  S.  W.,  subway (n)    286 

Suction   pipe.   Steadying.      Brown •1185 

Sullivan.    .T.    G.      Can.    engineers    and    alien 

appointments  ;  •  •   °a5 

Sulphate-of-alumlna      manufacture,      Enghsh 

municipal 261 

Sundav,    Shutting    down    cement    kilns    on 

Brown    !°1^J?I 

Sundry  Civil  Appropriation  bill (n)   142 

SURATJTS  AND  SURVEYING 

See  also  "City  planning." 
^Azimuth,     Field-book     sheet     for.     Mcflin- 
tock-s.  of  Union  Pac.   R.R.    •ses.   Simple 

azimuth  determinations.     Finch 1139 

— Croton  watershed  area.   Correcting.     Brush 

576,    Wegman.    Vermeule 664 

— Dam    sites.    Surveying,    in    Grand    Canyon. 

Colo.  River,  by  Girand.^3n6,  (erratum  n)   371 
— Foresight   for    accurate    work.      Gansmann. 

(n)«660 
— Four-sided  areas.  Calculating.  Averill.  .*11S6 
— Instrument  rack  for  field  office.  Brett  (n)  •SO 
— ^Leveling.   Bubble-reading  mirror  souroe   of 

error  in,  Alaska  Ry.     Bevier ♦103T 

. — Los   Angeles   geodetic   survey (n)   660 

—Mass.  city  boards  of  survey 189 

— Monuments,   Houston.  Tex.     McVea (n)^364 

—Notes,   Loose-leaf,    Ogden,    Utah (n)^320 

— Ohio    topographical-survey    completion    (n)1105 
— Photogrammetrv   for   taking   topography    of 
watershed,     Canada ;     plotting     machine, 

etc.      Nelles    •878 

—Plane    table    and    transit.    Combination    of, 
for    topography ;    Duck    Valley    project. 

.Tohnson    •4SS.   Rherrill 905 

— Plumb-bob    suspension,    Scranton ^684 

— Plumb-line    reflector    (n)  412 

— Portland,    Ore.,    precise-level    survey;   per- 
manent benchmarks.    Hardesty '55 

— Railroad   valuation    surveys   may   be   made 

useful.     Dunlap   36 

— Railway  curves  measured  on  arc  or  chord. 
Raymond  86,  Kltts  324,  Table  of  chords. 

West   (n)  1186 

— "Railway   curves.   Reforming."     Lavis 468 

— Range  flnder  and  clinometer.     Young •IISS 

— Retracing   old   survey   to   settle    Ohio-Mich. 

boundary   dispute    •-•  ■  •1234 

-River  survey.  Ore.     State  Engineer's,  guides 

water  adjudicators.     Cupper 5 

— Rochester    sewer   tunnel.      Raymond ^883 

— San  Francisco — Loose-leaf  filing  system  for 

surveys       Owen     •346 

— Section  corners.  Designating.     Rankin. .  (n)^560 
—Sewer-tunnel  alignment  survey.  Mill  Creek, 
St.    Louts :    plumbing    boles    drilled    from 
surface :    surface    monument ;     plumbing 

device,    etc.      Gans ^410 

— Sewer   tunnel   In   rock,  Unlined,  Rochester. 

Raymond     •883 

— Sewers.  Surveying  for  Milwaukee  Intercept- 
ing;  loose-leaf  field  notes.     Townscnd.  .•1232 
— Texas,    Land    surveying    In       Howe    •753, 

Crcuzbaur    954 

— Tunnel.   Milwaukee   Shore,  survey  routine; 

Illuminated    sighting   box *B57 

— Tunnel-survey  methods.  Strawberry.     Ham- 
mond     •1086 

— Tunnel   surveying  by  string  where   transit 

failed,     Boston.       Plimpton 1141 


Page 
SURVEYS    AND     SURVEYING— Continued 
—Tunnel    surveys.    East    Riv.- Surface    work 
and    plumbing ;    vernier    roof    scale ;    in- 
strument  platform;   check   measurements 

•at  shoves  of  shield,   etc.     Holland '655 

— U.  S.  Coast  &  Geod.  Survey — Peters'  pre- 
cise-leveling methods ;  mounting  tripod 
on  railway  car.  Bowie  •74,-  Peters' 
precise-leveling  record  (n)  1041,  1159. 
Steamer   "Surveyor"   •235,   *S12,   Precise 

level  rod.     Fischer ; ,?,„ 

—V.   S.    Geo!.    Surv.   topographic  work. . .  (n)114i 

Susquehanna   bridge,    Cumberland  Val.^  B.R.,^ 

Susquehanna    bridges,    P.    &    R.— At    Milton 

•509,  •558,  (n)   *610,  Harrisburg •i03 

Swan,    Robert,    Death    of ;-;.i§2 

Switch,  Call  ry,  on  Bklyn.  R.  T •••  •,'»!*! I? 

Switch.   Twin   Cy     "Dunn"   safety  split    (n)«llo6 

Switchboard,  G.  E.  safety-first "J'THJ- 

Switzerland,    Ry.    cleaTances    in (n)iooi 

Svdnev,    N.    S.    W.,    subway (n»    r^J 

Syracuse,  N.  Y.— Canal-bridge  floor •■)15 

T 

Taintor    gates.    Tallas.see    Power    Co *921 

Talboft.  H.  M.     Prorating  paving  cost *U 

Tallassee  Power  Co.  plant •Oli.  951 

Tampers.    Elec.    track,   on   N     Y.    Cent.,    and 

German    machine    discussed.      Vaughan. . .  .•946 
Tangent,   Approx.    expression   for.     Paaswell, 

(n)   364 
Tangent    of    compound    curve.     Determining 

Beal    *993 

TANKS  AND  STANDPIPES 

See  also  "Septic,"  "Imhoff,"  "Sewers," 

— Boston — Bellvue    artistic    tank •434 

— Combination  standpipes  and  elevated  water 

tanks  built  bv  Chi.  Bridge  &  Iron  'WTis. 

for   Ricker   &    Sons,    South   Poland,   Jle.. 

and  Am.  Can.   Co.,  Maywood,  111 ^692 

— Concrete    reservoirs    built    without    forms, 

with    cement    gun,    Cary    and    Elmhurst, 

111    '894 

— Electro-pneumatic     outfit.     Hill (n)  •480 

— Flour   bag.    Steel,    as    tank (n)^610 

— Oil    tanks.    Repairing    damaged (n)*510 

— Wheaton.  111.,  6-post  water-tower  tank •888 

Tannery-waste  treatment  scheme 855 

Tar  for  macadam  roads.     Ripley '1018 

Tariff — Crushed    stone     dutiable (n)   770 

Tax-limit    results,    Ohio    cities 759 

Taxation  changes  proposed,  Pittsburgh. ..  (n)  1009 

Taxation,   St.   Louis   elec.-ry (n)1057 

Technical   journal.   How  the   engineer  should 

use    the.      Fleming 862 

Technical  societies.  Should  they  try  to  in- 
fluence   legislation?      Hess,    Q    E.    D.    278, 

Local    sections     806 

Technical    societies       See    also    "Engineering 

societies"   and  societies  by  name. 
Teele.    R.    P.      Slow    utilization   of   Irrigation 

works    *202 

Teichman,  F.  Roller-crest  dam.  Grand  Val. 
project  '1.  Ed.  •OO,  Outlet  control.  Ele- 
phant  Butte    dam •lOlS 

Telegraphy,   Wireless,      See   "Wireless." 
Telephone  conduits.  Trenching  for  long.  Wis., 
with  Pawling  &  Harnisrhfeger  machine.  .•1068 

Telephone    lines.    Beetle    damages (n)1196 

Temperature,  Water  flow  increases  with  ris- 
ing.      Butcher •326,    611 

Templet.    Adjustable    grade       Teddy (n)1092 

"Tennessee,"    Electric    Battleship (n)   279 

Tent  and  bed  ontflt.  Gosso  portable (n)  ^432 

Tent,  Street  work  under.  Charlotte.  N.  C 175 

Terminal    charges,    IJ.    S.    waterways! — Barge 

Canal    study    (n)1057 

Terms.     See  "Nomenclature." 

Terraces,    Capitol,    made    waterproof •629 

Test,    Corro.sion-resistance       Speller (nl   639 

Test,   Creosote-oil    purity (n)   510 

Test   device.    Soil-pressure,   U     S.    Dept.    Ag.. 

•339.    (erratum   n)   616 
Test,  Load,  of  concrete  floor  cracked  by  set- 
tlement.     Byrd    •!! 

Test  of  new  type  of  concrete  bridge  for  Minn. 

highways    •620 

Testing    machines.    Torslonal-endurance    and 

impact,  Annapolis  '283 

Testing  materials.  Am.  Soc,  for — Activity  at 
meeting  33,  Meeting— Committee  reports  and 
papers — Specifications  for  cement,  steel  and 
other  materials  ;  meaning  of  "cla.stlc  limit." 
etc.  3.^.  Cement  specification  adopted  35. 
43,  Meaning  of  "concrete"  81,  Abstracts 
of  papers — New  facts  about  materials  and 
methods  of  teal — Cracking  of  brass  tubes  ; 
saw-toothed  stress-strain  curves  of  bronze 
wire:  strong  aluminum  bronze:  hardness 
changes  in  hardening ;  water-quenched  steel 
axle  equal  to  oll-quenclicd  :  dangerous  fer- 
rite  growth  In  low-carhon  boiler  tubes : 
pronortlonal  limit  Identical  with  elastic 
limit ;  measuring  llnseed-oll  foots  87,  Two 
ways  of  testing  cloth :  testing  refractory 
firebrick ;  wear  tests  on  concrete ;  strength 
f)f  clamp  splices  In  reinforcement :  emiilsl- 
flcation  value  of  lubricating  oil ;  proposed 
specification  for  concrete  aggregate  ;  finding 
specific  gravity  of  aggregates :  exponential 
hypothesis  of  fatigue  •ISS.  Morse's  device 
for  comparing  tension  and  traverse  tests 
of  cast  Iron   (n)   286,  Meeting  registrations, 

(n)     46 
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Testing  road-building  materials.  Cost  of,  N.  Y.  455 
Testing   soils   for   drainage   properties,   U.   S. 

Dept.     Ag.       Haswell ^211 

Tests,  Brick  and  tile  sewer,  St.   Louis  ^551, 

Comparisons    ^1024 

Tests,   Flat-slab,   Seattle.      Turner   84,    Many 

unbiased  tests.     Lord  85,   Godfrey 2i» 

Tests  for  sheet  asphalt.  Bituminous-materials  ; 
A  S.  M.  I.  specifications.     Smith  205,  416, 

Forrest   209 

Tests  of  joints  in  timber  framing,  at  Panaraa- 

Pac.  Expo.     Dewell •111.  ^162,  ^796 

Tests  of  large  Metropolis  bridge  struts  by 
Bureau  of  Standards  reveal  new  facts.. ^49,  81 

Tests,  Pile,  P.  R.R.   freight  station.  Chi 801 

Texas — Roads  *481.  Land  surveying.  Howe 
•753.  Creuzbaur  954.  Coa.st  storm-swept 
(n)  429.  »S15,  Engineers  discuss  license 
law  S64.  Proposed  highway  commission,  (n)  981 

Texas  Portland  Cement  mill •23(> 

Thacher   bridge    patent   decisions.  ..  .44.    621.    661 

Theater.    Stratford.   Phila. — Pouring   girder.. ^506 

Thomas,    D.    A.      Bridge   failure    •455,   Mich. 

omits    joints    in    concrete    pavements    609, 

Making  most  of  Fed.  road  aid  795,  Backfill 

wrecks  concrete  abutment (n)*S04 

Thomas  transmission  system (n)   253 

Thompson,  S.  E     Roxbury  floor  f. allure *262 

Thomson,   Elihu,   Medal    for (n)105T 

Thornell,    J.    B.      Hvdrated    lime    at    Council 

Bluffs  'ise 

Three-point  problem  solution.     Higglns. . .  (n)^610 

Tidal    flow   affects    artesian    wells (n)   479 

Tie-plates.  Hooked,  D.,  L.  &  W.  •727,  Nut- 
lock     (n) •106tt 

Tie-plates,   St.   Louis   street  ry ^1217 

Tie-plates,  Wedge,  for  track  under  turnta- 
bles, A  ,  T.  &  S.  F '571 

Tie  spacing.  Roadmasters  consider 623 

Ties.    Repairing   narrow-gage    steel (n)   950 

Tile  and  brick  sewers  cracked  under  same 
loading.  St.  Louis  •557,  Comparison.  Mo- 
reell  •1024,  Sheetoile  driving  •658,  Laying 

tiles  in  cold  weather (n)   660 

Tile,      "Fisk-Iock"      tapestry-brick      building 

(n)  •1248 

Tile.  Handle  for  carrying  duct (n)     80 

Tile,   Hollow,    sewers,    Clinton.    la '634 

Tile   rooflng.   Cement,   Crane  plant *154 

TIMBER 

See  also  "Pine,"  "Piles,"  "Forest,"  "Pave- 
ments." "Flooring."  . 
—Bridge.  Mo.  Riv.,  racked  by  creosoted-timber 

floor    fire     *"'•' 

—Creosote-oil  purity.  Spot  test  for.     Cloukey. 

Murphy    ("'   =10 

—Creosoted-timber  report.  Am.  By.  Bridge  & 

Bldg.   Asso     • 816 

— Factory  buildings.  Cost  of  timber  and  con- 
crete. Davidson.  Natl.  Lumber  Mfrs.' 
Asso.,  Condron  884,  McCullough  954,  Ed. 

1043,  Muhlhausen    119-^ 

— Flumes,  Rectangular  wooden.     Stevens ^1160 

—Cray's    Harbor    mill-refuse   burner •58s 

— .Toinis  in  timber  framing.  Tests  of  bolted 
and   lagscrewed,    at   Panama-Pac.    Expo,, 

•111,  •162,  ^796 

— Pennichuck  Water  Co.'s  forestry •472 

— Stresses.  Unit.     Natl.   Lumber  Mfrs.'  Asso.  2i3 

— U.  S    Lumber  cut  in  1915 (n)   293 

—Wood  blocks,  \re  bleeding,  really  bleeding 
joints?     Dutton   *'3i 

Time-penalty  clause.  Inaccurate  estimate  vi- 
tiates      ^'* 

Time.  Standard,  and  daylight-saving  move- 
ment     1944,    (nUOSS 

Toggle  bolt.  TJ.  S.  Exp.  Bolt  Co.'s  "Arrow" 
"automatic"    (n)^53Z 

Tomlinson.  .T.   W.     Hydrolytic   sewage  tanks,  _ 
T.uton,  Eng •WS,  225.  80S 

Tool  holder,  Jackson,  Schmitz  &  Shanks  bal- 
anced       (n)^11.5e 

Toronto.  Ont. — Drifting-sand  filters  561.  ^566. 
Water  lifts  sand  •SOS.  Hamilton  concrete- 
road  criticisms  answered  911.  Paralfln-wal 
coaling  for  filter  tanks  and  pipes  (n)  464. 
Mechanical  agitation  discussed.  Nordell 
856.  Streets  with  central  walks (n)   S73 

Tor.sional   endurance  machine.  Annapolis •283 

Tower  derricks  for  erecting  frames.  P.  R  R. 
freight  station.  Chi 'SOS 

Tower  foundations,  N.  Y.  Edison  transmission- 
line       loof 

Tower  tank.  Six-post  water.  Wheaton •888 

Towers.  Erecting  steel  transmission,  with  gin- 
pole,  bv  Milllken   Bros      Allison •752 

Towers.  Erecting  Canncao  radio (n)^320 

Towers.  Material.  Slahllity  of (n)     75 

Tonne's.   H.    R..   plan   to   prevent  strikes   on 

public  utilities   '57 

Townscnd.   D    W.      Surveying  for  Milwaukee 

Intercepting    sewers    l-fl^SZ 

Tracing  cloth.  Defiance  "Stirling"  Impvd  . .  (n)     48 

Track     Belts    guard-rail    holder (n)^124a 

Track— D..  L.  &  W.  experimental  rail  fas- 
tenings ^727.  0.  K.  nut-lock (n)^1060 

Track   elevation.      See   "Grade-crossing   elim- 
ination." "Hallways." 
Track  filler  and  stretcher  paving  blocks,  Nel- 

sonvllle   (n)  'SSO 

Track-grade  templet.    Adjustable (n)^1092 

Track  Inspection  by  periscope.  Queens  ele- 
vated. N.   Y    Cy (n)llS6 

Track.  St.  Louis  street-ry.,  without  spikes  or 
holts;   tie-plates    with    lugs •1217 
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Track  questions  before  Roadmasters'  Asso. — 
Seasonal  distribution  of  work;  anchoring 
traek ;  tie  spacing ;  elimination  of  slot  spik- 
ing ;  equating  track  values ;  table  of  labor 
distribution   623 

Track  shifter  for  stripping  Hill  Annex  mine. 
Rossman    *1086 

Track  spike,  New  A.  R.  E.  A *1215 

Track  tampers.     See  "Tampers." 

Track  under  turntables,  Wedge  tie-plates  for, 
A.,   T.    &    S.   F 'STl 

Track  weeding,   Cliemical.      Cliipman 1047 

Tracks,  Concrete,  for  earth  road.  Warner 
•469,  Brick  wheelnays  in  Holland.  Spaander.*714 

Tracks  for  heavy  excavators  on  river  diver- 
sion. Little  Riv.  drainage  dist..  Mo '76,  •344 

Tracks,  Sioux  Cy.  street-car — Concrete  pav- 
ing    ; *l&^ 

Tractor.     See  "Motor  vehicles." 

Tracy,  H.  P.     Enlarging  Rogers  Pass  tunnel. •411 

Trade,    Am     engineers   engaged  in  developing 

foreign    1197 

Trade — Construction  material  for  South  Am., 

(n)   440 

Trade   prosperity   and  steel   production 1237 

Trade,  U.   S.   foreign (n)   491 

Traders  Paper  Board  plant  appraisal 'eCO 

Traffic-census  methods  and  results,  St.  Louis. 

Holden    •832 

Traffic,   Heaviest  street — N.    Y.   Cy.    (n)    597, 

Chicago.     Brodd  7B1,  London.     Strobel 905 

Traffic  routes,  Lakes  to  seaboard.  Evans  •604,  713 
Traffic,  will  it  follow  river  impvt.  ?  Wilkinson  985 
Trafllc-signal  lamp  posts,  St.  Louis.    Holden, 

(n)»224 
Train-shed,  L.  V.,  Buffalo,  with  columns  be- 
tween  tracks    *390 

Tramway,  Aerial.     See  "Cableway." 

Transfer   plate    for   muck-cars 1038 

Transfers     on     through     routes.     Eliminating 

cost  of   415 

Transit  and  plane  table,  Combination  of,  for 

topography.      Johnson    •4SS,    Sherrill 905 

Transit  commissioner  for  Pittsburgh  (ns)   722,  912 

Transmission  tower.     See  "Tower." 

Tratman,   E.   E.   R.     Whittemore's   services..  182 

Trautwlne,  J.  C,  Jr.     Phila.  water  rates 761 

Traveler,    Concreting,    Magnolia    cutoff *269 

Traveler  cranes,  Quebec  bridge ^302 

Travelers,  First  aid  to  highway 277 

Traveling  hoist,   Shepard  monorail {n)*676 

Travis,  Dr.,  and  septic  tank  225,  Roechling..  809 

Tread,  American  Mason   safety (n)   •48 

Trego,  E.  A.  Creeping  and  heaving  of  con- 
crete   slabs     369 

Tremle,  Concrete  in  dry  open  caisson  depos- 
ited by.  Bear  Lake,  Utah •172,  178,  •lOO 

Trenching.     See  also  "Earthwork,"  "Sewers," 

"Pipe." 
Trenching  for  long  telephone  conduits,   Wis., 

with  Pawling  &  Harnischfeger  machine. .  .*1068 
Trenclaing  machines,   American,   in   European 

war.     Miller   791 

Tres  Cruces  dam  repair.     Bennett *1026 

Trestle,  Loading,  for  concreting  Sandy  Ridge 

tunnel     •OST 

Trestle,    Temporary,    to    complete    Kan.    Cy. 

bridge    529 

Trestles,  Dumping,  So.  Ry •948,   (n)1236 

Triple   expansion   still   ahead,   Montreal    133,    835 

Trolley  car.     See  "Electric  railways." 

Troy,  N.  y. — Lock  and  dam  work.    Watt  •408, 

•492,    ^533,   '609,   613 
Truss,  Howe,  highway  bridge  with  composite 

chord,    Utah    '559 

Truss,  Roof,  collapse,  Atlanta  rink,  etc.  '70, 

83,  •515 
Trussed  Concrete   Steel   Co.'s  portable  build- 
ings   •585 

Tube  experiences,  Detroit  Edison  plant.  White. 
Cracking  of  brass  condenser  tubes  and  its 
cure  87,  Dangerous  ferrite  growth  in  low- 
carbon   boiler  tubes 88 

Tubes,    Experiments    with    submerged    orifices 

and.  Rogers,  Smith •825 

Tunbridge  Wells,  Eng. — Lining  wells 'ISO 

TUNNELS 

iSee  also  "Subways." 
— Blowouts    In    shield    tunneling.    Device    to 
prevent — Diaphragm  under  clay.     LefHng- 

well     ^728 

— Boston    Edison   tunnel-face  blowout. ..  .44,    285 
— Cascade   Mtns.,   Proposed   SO-mlle   ry.   tun- 
nel under.     Chittenden  ^928,  953,  Walker, 

•1190 
— Catskill     Aqueduct,     Tunnel     grouting     in 

Brooklyn  end  of.     Myers '196 

— Chicago  RIv.,  Lowering  st.-ry.  tunnel  un- 
der     •968 

— Clearances,  Swiss  railway (n)1007 

— Cleveland  water-Intake  tunnel — Cutting  clay 
face  with  special  knife  •SCO,  Transfer 
plate  for  muck-cars  1038,  Divergence  from 
line   and   grade    (n)    382,   Gas   explosion, 

187,   236,   380 
—Cleveland    water    tunnel    under    Cuyahoga 
.  Rlv. — Sinking    shaft    •374,    Tunneling    In 

firm  clay  wtlh  comprcs.scd  air •1220 

Detroit  old  brick  Intake  tunnel  shows   low 

Kutter  factor.     Maury,  Horton •460 

Klectrlc-cable    tunnels,    Chicago — N.    E.    L. 

A.  report  633 

—English  Channel  railway  tunnel  (ns)  430,  1058 
— Goose  Lake  Val.  system  timber-lined  tunnel, 

•504.    809 

— Los  Angeles  street  tunnel.  Another (n)   330 

— Marseilles  canal  tunnel,   world's  largest.  .•lOlS 
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TUNNELS— Continued 

— Milwaukee  Shore  tunnel — Survey  routine 
♦657,  Grouting  with  pumps.  Warren  •702, 
Concreting  methods.  Warren  ^794,  Steel- 
lined  material  chute  (n)  •708,  Economiz- 
ing   compressed    air (n)1041 

— Moffat    tunnel    financing (n)   141 

— New  Orleans  tunnel,  To  vote  on   (ns)    477,  626 

—New  York  City  : 

Battery-tunnel    blowout:    prevention *728 

liast  Riv.,  Four  tunnels;  Progress   (n)   963, 

One  holed  through (n)  1106 

East  Riv.,   60th  St.,  Low  bids 132 

Rock-tunneling    machine,    subway. ..  .^340,    365 

Surveys,  East  Riv.  tunnel.     Holland ^655 

Water-supply,    18-mi.   rock  tunnel  for....^l008 

— Penn.  R.R.'s  Radebaugh  tunnel  repair, 
Greensburg,  Penn. — Keeping  progress  rec- 
ord 124,  Jacketing  by  mining  methods 
•254,   Costly  maintenance   work 276 

— Pittsburgh  tunnel  will  not  be  built (n)     45 

— Rochester,  N.  Y. — Water-tunnel  driving 
♦824,  Unlined  sewer  tunnel  in  rock.  Ray- 
mond     •883 

— Rock-tunneling  machine,  App,  using  ro- 
tating pneumatic-hammer  tools,  on  sub- 
way work.  Grand  Central  Terminal,  N.  Y., 

•340,    365 

— Rogers    Pass    tunnel    enlargement   methods. 

Tracy •411,  (n)     94 

— Sandy  Ridge  tunnel.  Car.,  Clinchfleld  &  0. 
Ry. — Close  cross-sectioning  widens  clear- 
ance ;  steel  forms  *&99,  Lining  with 
pneu.  mixer  under  traffic ♦936 

— Sewer  tunnel.  Mill  Creek,  St.  Louis — Align- 
ment survey.  Gans  ♦410,  Materials  chuted 
through   drill  holes   to   mixer.     Horner.. •705 

— Survey  methods.  Strawberry  timnel.  Ham- 
mond   •1086 

— Surveying   tunnel   by   string   where    transit 

failed,    Boston.      Plimpton 1141 

— Twin    Peaks    tunnel,    S.    F.,    methods    and 

progress.     Cleary  •636 

—Ventilating  plants,  B.  &  0 (n)   261 

Turbine  blower,  Wing,  with  novel  lubrication, 

(n)^5S0 

TURBINES,  STEAM 

— Chicago  Commonwealth  Edison  has  45,000- 

hp.    turbine •52,   ^1045 

— Navy,   Geared  turbines   in (n)  818 

— Pump,  Montreal  centrifugal.  Gibson,  Bur- 
ford  133,  Peterson 835 

— Turbine  at  sea  replaces  reciprocating  en- 
gine;   Westinghouse-Macalpine   gear 807 

— Water- brake  design.     Herschel 378 

TURBINES.  WATER 

See   also   "Water   power." 

— Brakes  for  turbine  with  Fink  gates.  Hor- 
ton     181 

— Cross  Cut  station.  Salt  Riv.  Project.  Gay- 
lord    86 

— Specific-speed    diagram,    Babcock's •707 

— Yadkin  plant,  31,O00-hp.  turbines  for  ^924, 
951,  Removing  runners  without  disman- 
tling      920 

Turner,  C.  A.  P.  Seattle  test  84,  Que.  bridge 
disaster  622,  Decisions  on  his  concrete- 
floor  patents 720,  769 

Turners   Falls   canal-lining  slide •lOSl,    1046 

Turntables,  Drawbridge-type  locomotive,  100 
ft.  long.  A.,  T.  &  S.  F.  ^828,  Wedge  tie- 
plates  for  track  under  them *571 

Twin    Peaks   Boulevard ^504 

Twin  Peaks  tunnel  methods.     Cleary *636 

Typhoid  and  water  filters,  St.  Louis.     Potter.  1047 

Typhoid    from    water,    accident 442 

Typhoid,  Indlanai)olis  falls  to  protect  citizens 

from  562 

Typhoid  reduced  in  Boston (n)   674 

U 

Underpinning  with  hollow  piles  driven  with 
point.    Bklyn.    Ed.    Knight '982 

Unemployed,  Experiences  with,  on  road  rock 
breaking,  Los  Angeles.     Martin 755 

Union  Water  Power  Co.,  Me. — Saving  canal 
walls  '556 

United  Engineering  Societies  building.  En- 
larging, for  A.  S.  C.  E.  425,  Million  dollars 
for   library    (n)1009 

U.  S.     See  also  "Laws." 

U.  S.  Army  (See  also  "War") — Using  engi- 
neers 36,  Engineer  Officers'  Reserve  Corps 
92,  327,  Pontoon  bridges  'ISG.  Machinery- 
lubricating  system  used  by  engineers  In 
river  work  •317,  Concrete-revetment  ma- 
chine ^1070,  1094,  Opportunities  for  civ- 
ilians to  become  engineer  officers  615.  Ex- 
jtandlng  Corps  of  Engineers  (n)  530.  West 
Point  graduating  class  (n)  531,  Engineer 
2nd    Lieutenants    appointed (n)  1202 

U.  S.  Bureau  of  Commerce — Construction 
material    for    South    Am (n)  440 

U    S.  Bureau  of  Fisheries'  car (n)   175 

U.  S  Bureau  of  Mlnes-^Conservatlon  1144, 
Holmes  Safety  Asso.  (ns)  722,  1000.  Gas- 
oline supply   (n)   839 

U.  S.  Bureau  of  Public  Bulldlng.s — Supersed- 
ing Supervising  Architect  (n)  139,  Plan 
abandoned  with  Buildings  Appropriation 
bill    (n)   190 

U.  a.  Bureau  of  Standards— Tests  at  Pitts- 
burgh of  large  Metropolis  bridge  stmts  ^40. 
81.  Steambont-dcck  flrcproonng  (n)  375. 
Gasoline-measuring  pump  errors (n)   860 
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U.  S.  Capitol  terraces  made  waterproof •629 

U  S  Census — Slow  utilization  of  irrigation 
works.  Teele  ^202,  Bulletin  showing  city 
debts  (n)  46,  Liquid-chlorine  output  (u) 
437,  Population  of  U.  S (n)1057 

U.  S.  civil-service  exam,  for  Junior  Engineer.  1U74 

U.  S  coal  wealth  and  industrial  supremacy — 
Brit.  Asso.  report •758 

U.  S.  Coast  &  Geod.  Survey — Precise-leveling 
methods — Mounting  tripod  on  car.  Bowie 
•74  (n)  1041.  1159.  Steamer  "Surveyor" 
•235.  •812,  Precise  level  rod.     Fischer •895 

U.  S.  Congressional  railway  investigation  (n)  333 

U.  S.  Dept.  of  Agriculture — Bulletin  on  Idaho 
irrigation  19,  Soil-drainage  tests.  Haswell 
•211,  New  standard  irrigation  weir  •222, 
Measuring  flume  ^270,  Soil-pressure  test 
device  'SSO,  (erratum  n)  616.  Explosions 
in  grain  separators  563,  Sensitive  water- 
level  recorder.  Hoff  '974,  Irrigation  field 
laboratory.  Denver.  Sleight  ♦1080,  Motor- 
vehicle  statistics  (n)  245,  Appropriation 
for  Public  Roads  and  Rural  Engineering 
Office  (n)  333,  Funds  for  roads  in  forest 
states  380,  State  road  officials'  conference 
381,  (n)  637.  Rules  for  applying  Federal  aid 
521,  Computing  cost  of  good  roads (n)   471 

U  S.  Dept.  of  Commerce  —  Load-line  and 
bulkhead   rules    •„•.• ',°'   ^It 

U    S.  Dept.  of  Public  Works,  Urging.     Ripley     84 

U.   S    foreign  trade W   491 

U  S.  Forest  Service — Lumber  statistics  (n) 
2SI3,  Fish  screens  for  Irrigation  ditches 
(n)  448,  Power  In  forests (n)  1200 

U.  S.  Geological  Survey— Paper  on  air-lift 
pumping.  El  Paso  ♦204,  Bulletin  on  lignite 
178,  Asphalt  statistics  •307,  Tidal  flow  af- 
fects artesian  wells  (n)  479.  Cement  pro- 
duction (n)  46.  Coal  production  (n)  169, 
Cement-industry  operations  (n)  286,  Fuel- 
briquet  production  (n)  485,  Coke-oven  by- 
products production  (n)  626.  Iron-ore  pro- 
duction (n)  785,  Coal  traffic  (n|  1047.  Arti- 
flcial-gas  production  (n)  1172.  Topographic 
work   (n)    1142.  Liquid-fuel  supply 1189 

U.  S.  Govt,  industries.  Accurate  cost  ac- 
counting  for;    armor    plate...............     83 

U.  S.  Govt,  nitrate  plant 15o.  415,  (n)   190 

U.  S.  Interstate  Commerce  Comm.  See  "In- 
terstate." 

U    S    mining-experiment  and  safety  stations, 

(n)  446 

U.  S.  Naval  Consulting  Board's  Industrial 
Preparedness   Comm (n)   238 

U.  S.  Naval  Eng.  Expt.  Sta.,  Annapolis— Tor- 
sional  endurance   and   impact   machines. .  .•283 

U  S.  Navy,  Modernizing  specifications  in — 
Norfolk  shop  512.  Designing  engineers  want- 
ed 1010,  Contracts  on  cost-plus-a-percent- 
age  basis  1143,  Large  chain  cables  power- 
forged  at  Boston  yard.  Coburn  ♦1113.  Flag- 
pole design  (n)  804.  Geared  turbines  (n) 
818.  Wants  contractors'  advice  on  contract 
provisions  (n)  1154,  Bids  for  battle  cruisers 
opened  1143,  (n)  1154.  Ship  canals  to  aid  in 
national  defense  1188,  Petroleum-deposits 
reserviition    (n)  1202 

U   S.  Public  Buildings  Comm.  for  D.  C (n)   141 

U.  S.  Public  Health  Service  as  consulting  en- 
gineers.    Glennan  37,  Norcross 180 

U,  S.  Public  Land  Survey  section  corners. 
Designating.      Rankin    • .  (n) •SOO 

11    S.  Reclamation  Service.     See  "Irrigation." 

U.  S.  River  and  Harbor  bill.  Ripley  84,  St. 
I'aul  harbor  changes  332,  Limiting  flow, 
Chi.    drainage    canals (n)     93 

U.  S.  rivers— Flood-Control  bill  and  Miss, 
levees.     Dabney   228 

U  S.  road-aid  act  82,  521,  (ns)  94,  141,  238, 
381,  1054,  Mich,  to  make  most  of  appro- 
priations.     Thomas    "95 

U.    S.  shipbuilding  development (n)1057 

U.   S.   Steel  Co.'s  Duluth  plant 138 

U.  S.  Sundry  Civil  Appropriation  bill (n)   142 

U.  S.  the  world's  reservoir  of  capital ;  Loree's 
views    1093 

U.  S.  Treasury,  Another  "public  buildings" 
mid    on     1238 

U.  S  Weather  Bureau  evaporation  studies. 
Kadel.  Abbe   '200 

Universities.  See  "Engineering  schools," 
"Education." 

Upper  Hudson  Stone  Co.  centrifugal  pumps. 'SOS 

Upper   Miss.    River   Impvt.    Asso 985 

Utah— Howe  truss  highway  bridge  with  com- 
posite   chord    '559 

Utah  Pchver  &  Lt.  Co.  reservoir,  pumps,  etc., 

•67,  83.  •OS.  '172.  178,  •408 

Utah  roads  483,  Earth  handled  cheaply  in 
grading    '28 

Utilities.  See  also  I'Publlc,"  "Rates"  and 
cross  references. 

Utilities,  The  city  and  Its.     Cooke 816 


Valuation.     See  also  "Rates." 

Valuation,  Beaver  Val.  Water  Co (n)  333 

Valuation,     Chattanooga    water-wks (n)  141 

Valuation— Depreciation.     Barker 1167,  1212 

Valuation  discussed  by  A.  I.  E.  E 962 

Valuation — Inventories    and    histories.      Low.  181 

Valuation.   Obsolescence   In.     Harshman   842,  854 
Valuation    reports.    First    complete    ry.    892, 

Erratum  (n)  1001 

Valuation    surveys,    Railroad,    may    bo    made 

useful      Dunlap   S6 

Vjtluatlon  terms.  Attempt  to  standardize — Am. 

Elcc.  Ry.  Asso.  report  by  Young 787 
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Valuation,  Traders  Paper  Board  plant.     Hig- 

gins  '600 

Valve  chambers.  Concrete,  Salt  Lake  Cy '66 

Valve  corrosion,   Panama   locks 1005 

Valve  for  dry-pipe  sprinklers,  Natl.  Fire  Est. 

Co.'s    (n)    240 

Valve,     Replacing     reservoir     scour,     against 

pressure,  N.  S.  \V.     Kendall '173 

Valves,  Automatic  flap,  Calif.  Corrugated  Cul- 
vert  Co.'s    (n)»6;6 

Van  dyke  print  white,  Marking.  Godfrey  1141. 

(n)lOOl 
Van    Scoyoc,    H.    S.      Toronto-Hamilton   road  911 

Vaughan,   G.   W.      Track  tampers *946 

Veatch,   F.   M.     Kan.    estperlence   in   running 

small  sewage  works 64 

Velocity,   Water.      See   "Hydraulics,"   "Water 

measurement." 
Ventilation.       See     "Heating     and     ventilation." 

Venturl  flume,  U.   S.  Dept.   Ag •270 

Venturi    meter.    Air    chamber    protects,    from 

pulsations.     Doane    •1184 

Venturi    meters    Inaccurate    on    lively    lines. 

Hazen   293,   Ledoux,   Gore 514 

Vermeule,  C.   C.     Croton  watershed 664 

Vermilion    Co..    III.,    roads •209.    '248 

Vernon,  S.  B.     Building  Albany  sewage  pump 

house  and  grit  chamber •738 

Vetter,   W.     Moment  of  inertia  of  lenticular 

section    •995 

Viaduct.     See  also  "Bridges." 

Viaduct,       Brooklyn-Brighton,       Cleveland — 

Durax  pavement    (n)   127 

Viaduct,    Colfax-Larimer    concrete,    Denver — 

Raising  settled  bent •221 

Viaduct,  Concrete  side-hill,  for  brick  highway, 

Dunham  road,  Cuyahoga  Co.,  O •352 

Viaduct,  Concrete,  vs.  fill  for  street  elevation, 

Astoria.      McClean     325 

Viaduct,  Effect  of  hurricane  on  Corpus  Christi, 

•815,   (n)   430 
Viaduct,    Detroit-Superior,    Cleveland — Prog- 
ress     '234 

Viaduct — Galveston  causeway   (ns)    1153,  333, 

(erratum  n)1193 

Viaduct.  Hopple  St.,  Cincinnati (n)   864 

Viaduct,  Park  Ave.,  Cincinnati (n)   674 

Viaduct,   Popolopen   steel *337 

Viaduct,    Riverside    Drive,    Buckling   columns 

give    trouble    In    jacking    up *869 

Viaduct,    So.    Ry.,   Broad   Riv.— Concrete    in- 
stead   of    steel 1043 

Vibration,  Opinions  on  building,  collected  by 

Aberthaw   Const.   Co 624 

"Vlbrolithlc"  concrete  paving ^1120 

Viscosity,  Influence  of.  In  pumping  crude  oil. 

Collins    22 

Vocational  guidance.     Buff  565,  Ruggles  713, 

Holden     873 

Von  Mueller,  0.     Flat-slab  design 614 

W 

Waddell,    J.    A.    L.      "Bridge    Engineering." 

174,  1188 
Wages.     See  "Labor." 
Wagon.     See  also  "Motor  vehicles." 

Wagon  loader  and  excavator,  Koehrlng •495 

Wagon  loader  for  roadwork,  Barbeau  &  Wer- 

ring's  Albrecht  dragline.  .^78,    (erratum  n)   469 
Wagon  loader.  Home-made  horse-operated,  St. 

Morris'    of    New    Mex •361 

Wagon  loader  with  belt  conveyor,  Burcb    (n)^336 

Wagon,  Dump,  cable  system.     Owen ^272 

Wagon,  Shop,  for  water  meters ^447 

Wagons,  Dump,  superior  to  carts,  distributing 

concrete    79 

Wagons,   Snatching,   in  two  lifts.  Underwood 

Service  Bldg.  cellar,  N.  Y •seo 

Wagons,  Snatching,  out  of  pits,  N.  Y.  Subway. 

Fouhy  ^124 

Walen,  E.  D.     Testing  cloth ^135 

Walker,  F.   B.     Cascade   Range   tunnel ^1190 

Walker  Mfg.  bldg.  roof  slabs •1173 

Wall.     See  also   "Retaining." 

Wall.   Concrete,  tips,  Madison   reservoir ^476 

Walllngford,  Conn. — Municipal  lighting  plant, 

(n)1053 

WalUs,   R   S.     Street  signs •IB 

Wang,  C.   C.     Govt,   railways.  China 540 

WAR  TOPICS 

— Armor-plate   plant — Cost  accounting 83 

— Battleship    "Tennessee,"    Electric (n)   279 

— Bridge.    Cernavoda.    Roumanla 'SBl 

— Engineer  Corps,  111.,  on  Hex.  border 1035 

—Engineer  Corps,  U.  S.  A.,  Expanding. ...  (n)   530 
— Engineer  Officers'  Reserve  Corps — Act  effec- 
tive  92,  Organizing  the  Corps — Informa- 
tion      327 

— Engineer   2d   Lieutenants    appointed (n)1202 

— Engineers,  Using,  In  present  military  emerg- 
ency. Black  36.  Opportunities  for  civ- 
ilians to  become  engineer  officers.    Black  615 

— Engineers— West  Point  graduates (n)   53) 

—Explosion,   Munitions,  N.    Y.    harbor   ^236,   275 
— Field-artillery  service   should  attract  engi- 
neers ;  gun-pointing  problems,   etc.     Mc- 

Cullough    353.    Gregg ^564 

—Flag-pole  design.  U.  S.  Navy (n)   804 

— Locomotives.    Baldwin-built    French ^215 

— Naval  Consulting  Board's  Industrial  Pre- 
paredness    Comm (n)   238 

— Naval  contracts  on  cost-plus-a-percentage 
basis  1143.  Navy  wants  contractors'  ad- 
vice on  contract  provisions (n)1154 

— Naval    designing   engineers   wanted 1010 

— Naval  Eng.  Expt.  Sta..  Annapolis — Torsional 
endurance  and  Impact  macbtnes ^283 
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WAR    TOPICS— Continued 
—Naval  ships — Power  loss  In  propellers   due 

to  rough  surface.     McEntee 1173 

-Naval   speclflcatlons,    Modernizing — Norfolk 

shop    512 

— Navy — Battle-cruiser  bids  opened  1143,  (n)1154 

— Navy,    Petroieiun    reservation    for (n)1202 

— Navy  Yard,  Boston,  Chain  cables  power- 
forged  at.     Coburn "1113 

— N.  Y. — 22nd  Engineers — Camp  Whitman 
water-supply  •49S,  Make  good  513,  In- 
formation        (n)    190 

— Nitrate  plant.  Govt ,  locations  155,  415,  (n)  190 

— Patents   and  war.     Haynes 1239 

— Ponton  bridges,  U.  S.  Army.     Barbour ^156 

— Post  -helium  influx  unlikely 563 

— Railway  preparedness  for  troops (n)lOll 

— Range  finder  and  clinometer.     Young •IISS 

— Ship  canals  to  aid  Navy  In  national  de- 
fense;   Capt.    Nlblack's    views 1188 

— Steel   production;   business   prosperity 1237 

— Turbines   In   Navy,    Geared (n)   S18 

— Water-supply  preparedness.     Savllle 85 

Warehouse,  Mullen  &  Buckley,  Far  Rockaway, 

partly  wrecked  by  Are  or  explosion •956 

Warehouses  on  terminal  piers  for  Camden. . 'IISO 
Warnecke,  W.  H.     Rock  slab  pinned  to  save 

bridge    *35S,  367 

Warner,    F.    T.      Concrete    tracks    for    earth 

road  •469,  •714 

Warning.     See  "Signal." 

Warren.   L.  G.     Tunnel  grouting *.02 

Washington   Co.,   Wash.,   rods.  Experience   In 

paving.     White    844 

Washington,  D.  C. — Study  of  garbage,  rub- 
bish and  ashes.  Osborn  284,  •348,  Capitol 
terraces  made  waterproof  •629,  D.  C.  Public 
Buildings  Comm.    (u)    141,  Potomac  bridge 

plans    (n)   332 

Water    boards.    Educate    the 466 

Water-brake    design.      Herschel 378 

Water  conduit.  Longest,  Coolgardle (n)   680 

Water-Conservation    Comm.,    Penn (n)1106 

Water-consumption    record,    Phlla 478 

Water    consumption     reduced,     Northampton, 

Mass (u)   203 

Water,  Deep-well  condensing — Layne  &  Bow- 
ler installations  779 

Water-evaporation   studies.    Weather   Bureau. 

Kadel,    Abbe    ^200 

Water    feed   for    concrete    mixers,    Lakewood, 

(n)^384 
Water  flow.     See  also  "Water  measurement," 

■Hydraulics." 
Water  flow  increases  with  rising  temperature. 

Butcher    '326,   611 

Water    How    into    wells — Approximate    theory. 

Werensklold    ^256 

Water,  Irrigation.     See  "Irrigation." 

Water-level  recorder.  Sensitive.     Hoff  ^974,  •1080 

Water  lifts  sand  to  filters  from  cars,  Toronto. 

Gore    '803 

Water  losses,  city  systems.  Barbour  958,  N. 
E.  W.-VV.  Asso.  report.     Hazen  960,  Ed 951 

WATER  MAINS 

See   also    "Pipe,"    "Aqueducts"    and   water 
topics  generally 

— Baltimore  main  burst   (n)   674 

— Baltimore  mains.  Finding  leaks  and  weak- 
nesses In;  use  of  "aquaphone" 991 

— Bayonne  supply  main  break (n)   141 

— Breaks — N.  £.  W.-W.  Asso.  discussion 570 

— Butte  steel  and  wood  mains   (correction  n)   134 

— Cincinnati    rules   on   extensions (n)lU92 

— Cleveland — Laying  water  main  with  locomo- 
tive   crane    (n)^1042 

— Concrete  main,  Kan.  Cy.,  Mo (n)   578 

— Joint  for  water  mains.  Why  not  a  better? 
951,  N.  E.  W.-W.  Asso  committee  reports, 

etc 570,  958,  960 

— Malono,  N.  Y.,  supply  main  sustains  capac- 
ity  for  28  years 461 

— Minneapolis — Miss,  Rlv.  plays  with  pipe- 
laying  job  •1038,  Pipe  laying  wltli  trench- 
ing machine   (n)   ^224,  Main  broke. ..  (n)10.")7 

— Pittsburgh  mains  burst (n)  674 

— Portable  water  mains.  Street  flushing  with 
— Baker,  Ore.,  and   Bidlalo  Mun.   Equip. 

Co.'s    devices    ^659 

— San  Diego  submarine  main.  Anchoring. .  (n)   852 
— Staten     Isl.      main.     Connecting     Narrows 

siphon    to ^782 

— Wood-main  service  connection,  Madison- 
Anson    '542 

WATER    MEASUREMENT 
See  also  "Hydraulics." 

— Detroit  old   brick  intake  tunnel  shows  low 

Kutter  factor.     Maury.  Horton •460 

— Flow  meter.  Variable-slot,  Spray  Engi- 
neering   Co.'s.      Vaughan (n)^480 

—  Flume  intakes  and  outlets.  Hydraulic  prin- 

ciples  of.     Norton   '541,   Kennison   1096. 

Hinds    •1097 

—Flume,  Measuring,  U.  S.  Dept.  Ag ^270 

— Meter  rates.  Mont,  standard 648 

—  Meters    for   Phlla.    710,   Davis   720,    Traut- 

n1no    761 

—Meters,    Setting    10,000,    Wilmington,    Del. ; 

shop- wagon    •447 

-Meters,  Slide  rule  for  regearlng.  Bock's,  St. 

Louis    •800 

Meters,    What    they    will    do — Woonsocket, 

R.    1 465 

— New     Eng.     W.-W.     Asso. — Cost-of-servlce 

rates    to    the    front    998,    Suggestion    for 

making  rates 999 


WATER    MEASUREMENT — Continued 

— Northampton,    Mass.,    reduces    consumption 

by   pitometer  and  Inspection (n)  203 

— Oil  in  reservoirs.  Measuring •1066 

— Penn.     companies    cannot    require    meters, 

(n)   139 
— Pressure    gage,    Lanham    "Manograph"    re- 
cording differential,  made  by  Water-Wks. 

Eiiuip.    Co (n)     96 

— Piunp  test,  DlfHcult  centrifugal,  with  pltot 
tube.  West  Sacramento ;  switching  device 
reversing      manometer      connections      •S, 

Gregory    180 

— Rate  decision — Dentist's  bowl (n)   926 

— Redondo,    Calif.,    Meters    give    remarkable 

results  at.     Bowen 910 

— Reservoir-mouthpiece  expts.  Univ.  of  Penn. 

Pardoe    *o20 

—  River  survey.  Ore.  State  Engineer's,  guides 

water   adjudicators.      Cupper 5 

— Venturi  meter.  Air  chamber  protects,  from 

pulsations.      Doane ^1184 

— Venturi   meters   Inaccurate   on  lively   lines. 

Hazen  293,  Ledoux,  Gore 514 

— Water-level  recorder.  Sensitive — "Evaporl- 
meter"  of  Irrigation  Branch  of  U.  S. 
Office  of  Public  Roads  and  Rural  Engi- 
neering. Hoff  •974,  Irrigation  field  lab- 
oratory, Denver •lOSO 

— Water  losses,  city  systems 951,  958,  960 

— Weir   flow  meter,   Bailey   Impvd (n)   ^96 

— Weir    formulas.    New    method    of    deriving, 

Univ.  of  Mich.     Running *695 

—Weir.    Standard    irrigation,    Dept.    of    Ag. 

Cone    '222 

WATER   POLLUTION  ANT)  PURIFICATION 
See  also  "Water-works,"  "Sewers." 

— Am.  Pub.  Health  Asso.  reports 858 

— Baltimore   Water-Dept.   organization •790 

—Boiler-water   purifler.    "Economo" (n)1012 

— Bronx    Valley    sewage    purification.    Govt. 

orders    (n)  530 

— Brookllne    iron-removal    plant — Coke    trick- 

lers  :  covered  sand  filters  and  reservoir ; 

sand-waslilng    device *448 

— Can.    boundary — Buffalo    sewage    disposal. 

(n)1202 

— Chi.  supply,  sewage  pollution (n)   430 

—Chlorine.  Liquid.  U.  S.  output (n)  437 

— Clarksburg,   W.    Va. — Changing   from    alum 

to  iron  at  filters.     Boynton 927 

—  Cleveland  water-supply   to  be  purified   and 

softened — Filter  plant  •732.  Arch  collapse, 
•186.  (n)  141.  Will  jacket  Clearwater 
basin  with  reinforced  concrete  (n)  1009. 
Foundation  settlement  1095.  •1099.  Quick 
repair    bids 1150 

— Code    for    sanitary    control    of    waterways. 

Proposed.  Am.  Pub.  Health  Asso 876.  901 

— Council    Bluffs    settling    basins.    Hydrated 

lime  pays  at;  use  of  alum.     Thornell •456 

— Detroit  experimental  filtration  plant (n)578 

— Fall   River  Investigation (n)   674 

—  Feeder   for   water-works    chemicals.   Guantt 

dry    (n)     96 

— Filter  standards.  Mechanical — A.   S.   M.   E. 

report   bv   Fuller 1148 

—  Filters.   Drifting-sand.   Toronto   •561,   ^566, 

Water  lifts  sand  to  filters  from  cars. 
Gore  •SOS,  Paraffln-wax  coating  for  tanks 
and  pipes  (n)  464.  Mechanical  agitation 
unsuccessful.       Nordell 856 

—Filters.  Loss  of  head  in  mechanical,  due  to 
micro-organisms     673 

—Fox  Rlv..  HI.,  pollution  case  ended (n)   189 

—  Indianapolis    tvphoid 562 

—  Minneapolis  wins  filter  suit 951.  960 

—  Jlontreal    Water   Co.    makes    Its   own    alum 

and    chlorine 477 

— N.  Y.  Cv.  supply.  Chlorinating — Dunwoodle 

plant.      Coffin ^438 

— Ovster  treatment  with  hypochlorite.     Wells. 

(n)   285 

— Providence   supply.   To  filter 427 

—St.  Louis,  Filters  and  typhoid  at.     Potter..  1047 
—St.      P.nul      water-supply      copper-sulphate 

treatment.     Huff    104 

—San  Diego  water.   Clarifying (n)  189 

—Sanitation    on    watersheds — Newark,   Jersey 

Cy.,  New  York 813 

-Sewage-treatment    effluent    purity — Typhoid 

transmission   by   cattle.     Potter 855 

— Springtleld.  Mass..  intermittent  excess  coag- 
ulant—Sulphate of  alumina.     Lochrldge.  617 
— Sterilising  camp  or  household  water...  (n)  224 

— Typhoid  from  water,  accident 442 

— Water  purification  safer  than  sewage  treat- 
ment ;    disposal    at    Davenport ;    Alvord's 

views     1237 

— W.nler  refining  for  cities.  Sedgwick  on 513 

-Wilmington.    Del.,   sand   filter 1008 

WATER  POWER 
S"e  nl^o  "Dams."  "Reservoirs." 

—  Be:ir  Lake  reservoir  and   pumping  station. 

Utah  Power  &  Lt.  Co.'s;  pumping  water 

for  power •67,  83,  •OS,  ^172,  178,  ^408 

—Canadian    resources (n)1003 

—Chi.    drainage-canal    power.    Jollet    dam — 

Bids    (n)   237 

—  Cross   Cut   station.     Gaylord 86 

— n.Tni — Slopping   underground   leakage ^459 

— Draft-tubes.     Forms     for     heavy     concrete. 

Ehro     Co.'s      Seros     development,      near 

Lerlda.    Spain.      Brann ^76 

—Forests,    Power    In    national (n)  1200 
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WATER    POWER— Continued 

— Grand   Canyon  dam-site  surveys, 

•30t',    (erratum  n)   371 
— Legislation   in   Congress,   engineers'    action, 

etc 367,  999,    (ns)    190,  430 

— Lewiston,  Me.,  pumping  by  water  power... *441 

— Long  Sault   Rapids,  N.   Y.   recovers (n)1200 

— Mass    diagram.      Butciier *376 

— Montreal   municipal   project   condemned    by 

engineers  1043,  •1048,   (n)   1010 

— Niagara — To  save  Horseshoe  Fall.    Harper  'IISS 
— Ont.    Hydro-Elec.   power  shortage    (n)    233, 
To  enlarge  system  478,  To  develop  Chip- 
pewa  Creek (n)  1056 

— Pac.  G.  &  E.  Co. — To  raise  Spaulding  dam.*32S 
—Rochester    (N.    Y.)    Ry.    &    Lt.    Co.— Devel- 
oping more  water  power  on  Genesee *821 

—St.   Gothard  Ry.  electriflcation (n)   622 

— Scouting  for  water  power.     Showalter 389 

^Seneca  Falls — Power  plants  moved  for 
N.  Y.  Barge  Canal :  water  rights  consoli- 
dated;  Barge  Canal  power  plant '145 

— Turbine  specific-speed  diagram.    Babcock*s.*707 
— Turbines     with    Fink     gates.     Brakes     for. 

Horton    181 

— Turners  Falls  canal-Uning  slide •1031,  1046 

— Waterwheel  for  irrigation,  Philippines *409 

— Yadkin    development,    N.    C,    of   Aluminum 

Co.  of  Am.'s  Tallassee  Power  Co •917,  951 

Water  purification.  See  "Water  pollution  and 
purification." 

Water  refining  for  cities,  Sedgwick  on 513 

Water-service    pipes,    Macbee    cement-coated, 

(n)^724 
Water  storage,  Naugatuck  Riv (n)   626 

WATER-SUPPLY 

See    also    other    "Water"     topics,    "Well," 
"Pumps,"   cross-references  from  "Water- 
works,"  etc. 
— Aurora,  III.,  well-unit  water  supply •1122 

—  Beaver  Val.  Water  Co.  appraisal,  Penn..(n)   333 
— Cleveland  supply  purification.     See  "Water 

pollution  and  purification." 

— Electro-pneumatic    outfit.    Hill (n)  •480 

— Hartford  water  case — Compensation  in  kind. 

Saville    246 

— Little   Rock   company   need   not   test   wells, 

(n)  478 

— Madison-Anson,  Me.,  supply ^542 

— Mass  diagram.     Butcher ^376 

— Militia-camp  water  supply — Camp  Whit- 
man, N.    Y ^498,   513 

— Mont,  standard  rate  forms 648 

— N.  Y*.  Cy.  (See  also  "Aqueducts — Cat- 
skill") — When  surplus  changes  to  deficit, 
367,  Chlorinating  tlie  supply.  Coffin. 
•438.  Correcting  Croton  water-shed  area. 
Brush  576,  Wegraan,  Vermeule  664,  Wa- 
terproofing drawings  808,  1037,  Rock  tun- 
nel  18  miles  long •1008 

— Penn — Stream-flow  conservation  (n)  827, 
W.-S.  Comm.  report  (n)  893,  Conserva- 
tion   Comm (n)1106 

— Phila.,    Meters    to    save    710,    Davis    720, 

Rates.      Trautwine 761 

—  Preparedness,    Water-supply.      Saville 85 

— Providence  supply,  To  filter 427 

— Rate  decision — Dentist's  bowl (n)   920 

— San  Diego  dams.     See  "San  Diego." 

—  San  Francisco — Hetch-Hetchy  dam  site.... •137 
— Sanitation    on    watersheds — Newark,    Jersey 

Cy.,    New    York 813 

— Seattle,  Water  for  a  million  people 42 

— Sioux    Cy.     booster    pumping    station     for 

supply  to  suburb  of  Morningside 1017 

—Snow,  Melted,  supplies  arid  district,  Ariz., 

•435,  467 

—  Tunbrldge  Wells.   Eng. — Lining  wells •ISO 

Water  tunnel,  Cleveland— Methods  •360.  1038, 
(n)    382.  Explosion 187,  236.  380 

Water  tunnel  under  Cuyahoga  Riv.,  Cleveland 
— Sinking  shaft  •374,  Tunneling  In  firm  clay 
with  compressed  air •1220 

Water  tunnel,  Milwaukee  Shore — Surveys, 
•657,  Grouting  with  pumps  •702.  Concreting 
methods  •794,  Steel-Ilned  material  chute, 
(n)   •708.  Economizing  compressed  alr..(n)1041 

Water  tunnel.  Old  brick,  Detroit,  shows  low 
Kutter  factor.     Maury,  Horton •460 

Water  tunnel,  18-mlle  N.  T '1008 

WATER-WORKS 

See  also  other  "Water"  topics  and  "Aque- 
ducts." "Dams."  "Reservoirs,"  "Pipe." 
"Pumps,"  "Well,"  "Tanks  and  stand- 
pipes." 
Am.  Waler-Wks.  Asso.  convention — Broader 
vision— Electrolysis  and  fire  protection. 
33.  Paper  101,  Iowa  and  III.  sections. 
791,  1017,  (ns)  383.  075.  709.  1091.  N.  Y. 
sec.  813,  Four-states  meeting,  Wilming- 
ton.   Del 1008 

Artistic     touches     for     simple     water-wks. 
structures — Shrewsbury      and      Bellevuc. 

M.1SS •433,  (n)  R16 

.\tlant.T.     Ga.,     Improvements (nll202 

.\nrora.  HI.,  well  numps •lt'>2 

Baltimore  Watcr-Depl.    organization •790 

Rlrmlneham,   Ala.,   purchase (n)   47S 

Chl. — Cast-iron    pipe   Inspection (n)   700 
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WATER   WORKS— Continued 

— Chattanooga  water-wks.  valuation (n)   141 

— Cleveland     intake     tunnel — Methods     '360, 

1038,  (n)  382,  Gas  explosion 187,  236,  380 

— Cleveland  timnel  under  Cuyahoga  Riv. — 
Sinking  shaft  ^374,  Tunneling  in  flrm  clay 

with  compressed  air ^1220 

— Denver      water-wks.       municipal-ownership 

legality   (n)  333 

— Detroit   old  brick  intake  tunnel  shows  low 

Kutter  factor.     Maury,  Horton ^460 

— Educate  the  water  boards;  water  waste....  466 

— El  Paso — Air-lift  pumping ^204 

— Electro-pneumatic  outfit.  Hill (n) ^480 

— Fire  rates.  Will  improvement  In  water-wks. 

reduce? — Maury's  question,  Wilmette,  111.  901 
— Forestry,  Profit  in  water-wks.,   Pennichuck 

Water  Co.'s,  Nashua,  N.  H •472 

— Intake    screens   wanted (n)  664 

— Lawrence,  Kan.,  impvts (n)   46 

— Lewiston,  pumping  by  water  power ^441 

— Mass.    Met. — Air  chamber   protects    Venturi 

meter  from  pulsations.     Doane •1184 

— Mass.    Met. — Bellevue    tank *434 

— Milwaukee  Shore  tunnel — Surveys  *657, 
Grouting  with  pumps.  Warren  •702,  Con- 
creting methods.  Warren  ^794,  Steel- 
lined  material  chute  (n)  ^708,  Economiz- 
ing   compressed    air (n)  1041 

— Montreal  centrifugal  pump.  Gibson,  Bur- 
ford   133,   Peterson 835 

— Nashville  water-wks.  supt.  (n)  238,  Water- 
wks.  impvts (n)  1202 

—  New  Eng.  Water-Wks.  Asso. — Brackett 
medal  •478,  Progress  562,  Portland  meet- 
ing 570,  Service  pipes  594,  Intermittent- 
excess  coagulant,  Springfield  617,  Water- 
main  joints  951,  Water  losses  958,  960, 
Meters  and  rates  998,  999,  Nominations, 

(n)   867 
— New  Orleans — Earl's  report — Making  water 
consumers    pay    for    sewer    service    512, 

Gideon    1193 

— N.  Y.  Cy.  (See  also  "New  York  City," 
"Aqueducts — Catskill")  —  When  stu-plus 
changes   to   deficit   367,   Chlorinating   the 

supply.     Coffin   •438 

— N.   Y    Cy. — Early  relics '1243 

— Salt  Lake   Cy.  concrete  hydrant  and  valve 

chambers   66 

— San  Diego — Restoring  after  flood •980 

— Santa  Monica,  Calif.,  buys  water-wks. ..  (n)   577 
— Sioux  Falls,  S.  D.,  impvts. — Reservoir  with 

groined-arch  floor;  wells;  pumping  plant. ^840 
— Well  casing,  Vitrified  pipe  for,  Medway  and 

Barnstable,  Mass ^461 

— Wheaton,    III.,    Producer-gas    engines    drive 

pumps    ^602 

—Wilmington,    Del. — Setting    10,000    meters; 

shop-wagon    ^447,    Water-wks.    changes.  .1008 

Waterproof,  Capitol  terraces  made ^629 

Waterproof  coal   pits 'OSS 

Waterproofing  drawings.     Bell  808,  Salmon..  103T 
Waterproofing    Gem    Lake    dam    with    cement 

gun    ^1159 

Waterproofing  slab-deck  bridge '1003 

Watersheds,  Sanitation  on 813 

Waterwheel,  Light  home-made,  for  irrigation, 

Philippines,    Haley ^409 

Watt,  D.  A.    Troy  dam  •408,  ^492,  'SSS,  'eog, 

613,  Discussion  on  concrete 864,  949 

Wayne,    Penn. — Sewage-disposal    works    after 

nine  years.     Hill •1163 

Weather  Bureau.     See  "U.   S." 

Weather   forecasts — Smithsonian    disclaimer, 

(n)   371 
Weatherford,   J.   H.      Grade-crossing   elimina- 
tion, Memphis  bridge  terminals •leo 

Weed  killing.  Chemicals  for.     Chlpman 1047 

Wegmann,  E.     Croton  watershed 664 

Weir  fiow  meter.  Bailey  impvd (n)   'Oe 

Weir  formulas.  New  method  of  deriving,  Unlv, 

of  Mich.     Running •695 

Weir,    Sacramento (errata   n)   325 

Weir.  Standard  irrigation.  Dept.  of  Ag.  Cone.^222 
Welcker's   extensograph   measurements. ....  .^1102 

Welding.     See  also  "Cutting." 

Welding,    Cylinder    repaired    by    autogenous. 

McGrath     ^77 

Welding   dredge   dipper   with   Thermit.      Ros- 

selle    (n)  'SSO 

Welding  of  Phlla.  pumplng-engine  crank  with 

"Thermit"    1140 

Well  and  pumping  system.  Restoring  flooded, 

San  niego.     Francis *9SI) 

Well.  Artesian,  to  float  dredges (n)     80 

Well  c.nsing.  Vitrified  pipe  for '461 

Well.  Deep,  condensing  water — Layne  &  Bow- 
ler Installations 779 

Well.     Dynamiting    deep,    to    Increase    flow. 

Alderson     1137 

Well,    Lining    114-ft.,    with    precast    concrete 

rings.  Ft.  Worth  &  Denver  Cy.  Ry.,  at  Clar- 

onden.    Tex 'OOS 

Woll-unlt  water-supply.  Aurora,  HI •1122 

Wfllman-Scaver-Morgan   drafting  room ^218 

Wells.     Flow     of     water     Into— Approximate 

ihoorv.      Werensklold •256 

Wells.   .1.    p.     Effect   of  seasonal   rainfall   on 

annual    ninoff •792 

Wells,    Lining,    with    cast    Iron    and    cement 

grout,  Tunbrldge  Wells,  Eng.     Maxwell 'ISO 


Wells,  Sioux  Falls,  S.  D •840 

Wells,  Tidal  flow  affects  artesian (n)   479 

Weils,  Water  company  need  not  test (n)   478 

Werensklold,  N.    Flow  Into  wells ^256 

West,  Construction  and  maintenance  of  roads 

in  arid '48 1 

West  Va.  flood 321,  331.  381.  •428 

Western  Wheeled  Scraper  Co.'s  dump-cars. .  .'SSI 
Westinghouse-Macalpine    gear 807 

WHARVES    AND    DOCKS 

See  also   "Harbors,"   "Piles." 

— Albany    municipal    dock (n)   540 

—Am.  Internatl.  Terminal  Co (n)     94 

— Astoria,  Ore.,  municipal  docks.     Newell. ..  .•697 
— Camden,    N.    J.,    Warehouses    on    terminal 

piers    for ^1150 

— Coal-handling  method.     Gilpin..' 169 

—  Concrete-dock     patent     upheld,     Ferguson- 

Care.y,  of  Cleveland  Dock  &  Eng.  Co 961 

— Dry-dock    coffer-dam    fails.    South    Boston, 

237,    (n)  429 
— Dry-dock,  Subaqueous  rock  excavation  for. 

Grand  Trunk  Ry.,  Prince  Rupert.    Plielps.^171 

— Jacksonville  municipal   docks  open 722 

— London    deep-water    dry-dock (n)  286 

— N.  J.  freight  terminal,  Bavonne,  for  port  of 

N.   Y •go,  962 

— N.    Y.    Cy. — North    River    piers,    46th    St., 

completed  inside  huge  coflTer-dam 45 

— Ore  dock,  Ashland  concrete,  of  Minn.,   St. 

P.  &  Sault  Ste.  M.    King ^242 

—Panama — Balboa  dry-dock   1004,   Resurfac- 
ing floor   ^755,   Dry-dock  rules    (n)    842, 

Cristobal   pier    (n)   911 

— Phila.   terminal  ry. ;  new  piers   •260,   Con- 
tinuous package  elevators.     Edsall ^406 

— Pier.    Concrete    ocean,    in    form    of    hollow 

triangle,  Redondo  Beach,  Calif.     Roberts. •518 

— ^St     Louis    municipal    dock •1216 

— St.  Louis  river  terminals 216 

Wheat,  Can.,  routes  to  seaboard 'OOl,  713 

Wheaton,    III. — Producer-gas    pumping    plant, 

•602,  Water-tower  tank '888 

Wheel,  Car.  flanges  and  frog  clearances 34 

Wheeler,  W.  S.     Not  so  dry  in  Payta 3T1 

Wlieelways,   Concrete  for  earth  roads.     War- 
ner •469,  Brick  ones  in  Holland.    Spaander.^714 

White,  A.  E.     Tube  experiences 87,  88 

White,  D.  H.    Paving  Wash.  Co.  roads 841 

White  Plains,  N,  Y'.— Concrete  paving •1120 

Whited,  W.     Bridge  skew (n)   996 

Whitney,  H.  B.    Cost  of  night  and  day  work.   506 
Whittemore,  D.  J.,  Death  of  •HO,  His  services 

to  engineering.     Tratman 182 

Wichita,  Kan. — Pavement  joints 905 

Wight.  F.  C.     Five  days  on  Mississippi •1114 

Wildwood,  N.  J. — Sewage  works •1243 

Wiley,  R.     Wanted:  contractors 616 

Wilkinson,     T.       Will     traffic     follow     river 

Impvt.  ?     985 

Williams,  W.     N.  Y.  water  report 337 

Wilmington.  Del. — Setting  water  meters  •447. 

Water-\Vks.    changes lOOS 

Wilmington.   N.    C— Fed.    Bldg.    piles •1207 

Wilson,  W.  M.     Engineering  -mi.sflts, 

388,  414,  565,  713,  873 
Wind  cripples  Kankakee  Riv.  bridge.     Older.. '638 

Windmill,    Dutch   drainage •773 

Window,  Store  Impvt.  Co.'s  non-reflecting.  (n)^9I6 

Winfleld,    Kan. — Reservoir    failure •404 

Winnipeg,  Man. — Aqueduct  cracks 716 

Winter  concreting.  Magnolia  cutoff •269 

Wire.     Saw-toothed    stress-strain     curves    of 

bronze.     De  Forest 87 

Wireless  towers.  Erecting  Canacao (n)«32n 

Wisconsin  telephone-conduit  trenching ^1068 

Withlngtnn,  C.     Incinerator  tests 1000 

WItmcr.  F.  P.     Que.  rocker  stresses 760 

Wolf.  A.  M.     Flat-slab  design 614 

Wood.     See  "Timber,"  "Pipe,"  "Pavements,  " 

"Flooring." 
Vi'oodman.  J.   C.     Refuse  Incinerator,   Qu-ens 

Borough,  N.  Y.  Cy •508,  1^'^n 

Woonsockct,    R.   I. — Water  meters .'.  465 

Worcester,      Mass. — Flushing      streets      from 

trolley    cars    •1205 

Words.     See  "Nomenclature." 

Words,  Permutit  Co.'s  patented (n)  670 

Workmen.      See    "Labor."    "Compensation." 

Wrench,    Cochrane    quick-acting (n)«1248 

Wrench,  Mechanical  Specialties  Co.'s  "Eagle- 

fliw"    (n) ^288 

VViilff.   E.   J.  J.     Cost  of  concrete   and  other 

permanent    road   pavements 1210 


X-ray  photos,   of  concrete. 


Yadkin  development  noaring  completion.  •917,  951 
Young.  C.  R.    Range  finder  and  cllmomcter.  .'I'SI 

Young.  O    J.     Excavator  In  Klondike ^74 

Yoimc^lown.  O. — River-control  reservoir  'lOSI, 
Youngsiown  Sheet  &  Tube  office  building 
concreting    •174 

Z 

Zcnine  progress,  N.  Y.   Cy.  225,  Regulations. 

Ford    40.5 

Zoning  system,  Sacramento ♦444 
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EDITORIAL 

Monthly    guide     to     engineering    books     and    ^^ 
pampiilets    ■*-- 

CORRESPONDENCE 

Eartli    Pressure,    Retaining   Walls    and    Bins. 

Cain,  Godfrey  '^* 

Indexing  technical  literature.     Wilson i44 

MISCELLANEOUS 

Eleven    worthy    volumes — International    Engi- 
neering Congress   11*» 

Wiley's  index-card  book  announcements. .  (n)   314 

Geol.  Survey  maps  of  U.  S (n)   314 

Reviews  of  tech.  books.    Fleming 550 

Engineers   as  readers   and  writers  of  Action. 

Fleming    940 

Making  engineering  libraries  of  great  benefit. 

Walker    550 

BOOKS   REVIEWED 

Alternating-Current   Phenomena,    Theory   and 

Calculation  of.     Steinmetz 944 

American  Year  Book.     Wickware 310 

Belting,     Power     Transmission     by     Leather. 

Kent    944 

Bins,   Earth    Pressure,   Retaining   Walls   and. 

Cain  308,  744 

Bituminous  Materials,  Laboratory  Manual  of 

Hubbard    1179 

Brant,  Mason,  Strange  Cases  of.     Hopkins...   310 
Brick  -  pavement      specifications,       Standard. 
Natl.  Paving  Brick  Mfrs.'  Asso...(n)   945,  1239 

Bridge    Engineering.      Waddell 1174,    118S 

Bridge  Floors,  Highway.     SpoCford (n)   314 

Bridges.  Concrete,  General  Specifications  for. 

Watson    117 

British      Standard     Specification     for     Salt- 
Glazed  Ware  Pipes.     Robertson 311 

Chemistry,  Industrial.     Thorp 554 

Chemists'  Handbook,  Metallurgists'  and.     Lid- 
dell    311 

City    Charters,    Model,    and   Municipal   Home 

Rule.      Natl.    Municipal   League 314 

City    Planning-      Nolen 532 

City  Planning,     Robinson 552 

City,  Planning  the  Modern.     Lewis 552 

Civic  Surveys,  Schedule  of-    Comey (n)   315 

Clay— Plastic  Flow.     Bingham (n)   750 

Coal :  Its  Economical  and  Smokeless  Combus- 
tion.    Cosgrove    121 

Concrete  Bridges,   General  Specifications   for. 

Watson  117 

Cost  Accounting.     Baugh 121 

Cost  Keeping  for  Contractors.     Walker 1180 

Depreciation,   Principles   of.      Sailers 117 

Descriptive  Geometry  Practical.     Smith 310 

Earth    Pressure,    Retaining   Walls    and    Bins. 

Cain  308,  744 

Electric  Power  Transmission,  Pole  and  Tower 

Lines   for.      Coombs'. 122 

Electric      Railway      Engineering.        Harding, 

Ewing   122 

Electrical  Design,  Principles  of.     Still 943 

Electrical    Engineering    First    Course.      Berg, 

Upson   311 

Electricity,  Applied,  for  Practical  Men.     Row- 
land      944 

Electricity,   Machine-Shop.      Clewell 942 

Electricity— Theory   and   Calculation   of   Alt.- 

Cur.  Phenomena.     Stelnmetz 944 

Elevators.    Jalllngs  119 

Engineer   in  War      Bond 311 

Engineering   as  a  Profession      Ketchum 313 

Formulas  and  Tables  for  Engineers,  Handbook 

of.     Peirce.  Carver 1180 

Gaillard,  D.  DuB.     By  L.  E.  Smith 553 

Gas  Congress,  Internall.,  Proceedings 314 

Gas-Engine       Ignition.         Norris,       Winning, 

Weaver  309 

Highway  Engineering,  Elements  of.     Blanch- 

ard    745 

Highway   Engineers,   Handbook  for.     Harger, 

Bonney  745 

Hydraulic  Flow  Reviewed.     Barnes 740 

Hydraulics.     Daugherty  116 

Illinois  Public  Service  Comm.     Bull 308 

Industrial  Arts  Index.     Potter,  Teich,   Craig, 

eds 313,  744 

Industrial  Chemistry.    Thorp 554 

International   Eng.   Cong    papers   on  Panama 

Canal.     Goethals  et  al 309 

International  Year  Book      Colby 310 

Iron   and  Steel   Works   Directory,     Am.   I.    & 

S.  Inst.,  McCleary,  Sec 312 

Irrigation  In  U.  S.     Tcclo 117 

Irrigation    Management.      Tcele 117 

Lighthouse  Service,  U.  S (n)   315 

Lime.   Ilvdratcd.     Lazell 312 

Logarithm  tables,  Chappell's 313 

Los     Angeles     Aqueduct.     Final     Report     on 

Con.st.   of    750 

Mathematical   Tables,   Five-Figure.      Chappell  313 
Mechanical  Engineers'  Handbook.     Marks.,..   747 
Metallurgists'  and  Chemists'  Handbook.     Lid- 
dell     311 
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Minnesota   Highway  Journal (n)   554 

Mosquito     Control     in     Panama.       LePrince, 

Orenstein   748 

Municipal  Administration.      Munro 941 

New   Eng.    Water-Wks.    Asso.    "Transactions" 

and  "Journal"   (n)   943 

N.  Y.  City — Standard  Specifications  for  Per- 
sonal Service    942 

New  York  State  Highway  Bull 312 

New  York  State   map   of  highways  and  his- 
torical points    (n)   555 

Oregon  Water  Resources,  Control,  etc.     Lewis, 

Cupper   1180 

Ozone.     Vosmaer  941 
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Stevens    309 

Panama.    Jlosqulto    Control    in.      Le    Prince, 

Orenstein    748 
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(n)   314 
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Marshall   312,  944 
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Cain   30S,  744 
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Road,   The   American      Tucker 745 
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Albany,  N.  Y.     See  '-Barge  Canal." 
B 

Billlimore,  Md  ,  road 290 

HAKGE   CANAL,   ALBANY,   N.    Y.  : 

I  cintract  A-1    53 

luntract   19-A    218 

(  ..iitract  31  IS* 

<  untract  52  81 

Contract  59  206 
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C 
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Contract  5  15 

Contract  6  15 

Contract  7  94 
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Clinton,  Okla.,  paving 250 

E 

Elgin,  111.,  paving 168 

Eliminntton  grade  crossing,  Windsor,  Conn...     53 
Everett,  Wash.,  water  system 17 


Greenwicli,  Conn.,  sewage-dipnsal  plant 54 

H 

Highway,    Lawrenceburg,     Tenn 1S5 

HOUSTON,  TEX.  : 

Sewage-disposal  plant    54 

Wharf  218 

L 

Lawrenceburg,  Tenn.,  highway 185 

Lexington,    Ky.,    sewage-disposal    plant 133 
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Milwaukee,  Wi 


Nashville,     Tenn 
NEWARK,  N.  J. 


NEW  YORK,   N.   Y. : 

Paving    

See  "Catskill  Aqueduct" 
sit  System." 


Park   improvements,    Westfield.    N.    J 255 

Passaic  Valley  Sewer,  Newark,  N.  J 94 

PAVING : 

Clinton.    Okla 256 

Elgin,   III     168 

Newark,   N.   J 94,  182 

New  York,   N.   Y 184 

St.   Louis.  Mo 207 

Philadelphia,    Penn.,   sewer 256 

Pitman,  N.  .1.,  sewer  system 207 

PLAINFIELI),  N.  J.  : 

Pumping   station    81 

Storm    sewers    219.301 

Pumping  station,  Plainfleld,  N.  .1 81 


RAPID     TRANSIT     SYSTEM,     NEW     YORK. 
N.  y. : 
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Route  18,  ISOth  St.  Y'ard 54 

Section   1,   Route  2t) 81 

Section  IB,  Route  12 207 

Signal  Towers    301 

Station  Finish   185 

Track  Installation   184 

Reservoir,   Wilmington,  Del 94 

Ridgefleld  Park,  N.  J.,  sewer  system 1S4 

ROAD  : 

Baltimore,  Md 290 

Tucson,  Airz     15 

S 

Sedalia,    Mo.,    sewage-disposal    plant 301 

SEWAGE-DISPOSAL  PLANT  : 

Greenwich.  Conn 54 

Houston,   Tex 54 

Lexington,  Ky 133 

Sedalia,  Mo 301 

SEWER  : 

Milwaukee,   Wis 290 

Pliiladelphia,  Penn 25G 

SEWER  SYSTEM: 

Bayhoad.  N.  J 256 

Bogota,    N.    J 168 

Chicago.  Ill     15,  94,  183 

Pitman,   N.  .T 207 
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Water    system.    Everett.    Wash 

Westfleld.  N.  .1..  park  improvements 

Wharf.    Houston.   Tex 
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Large  Roller^Crestl  Bainmp  Grs^imd 
Valley  Projectp  Colorado 


IIy  F.  Teu'Hman'' 


SYNOFiSIi:)' — Details  of  design  of  largest  steel 
roller-crest  dam  in  the  United  States,  just  com- 
pleted oyer  the  Grand  River  in  Colorado,  on  the 
Grand  Valley  project  of  the  United  States  Re- 
clamation Scrrirr. 

The  Grand  Eivcr  leaves  its  mountainous  conlines  at 
Palisade,  Colo.,  and  there  enters  upon  a  large  tract  of 
valuable  fruit  land,  the  commercial  center  of  which  is 
the  town  of  Grand  Junction,  Colo.     A  large  part  of  this 


chard  Mesa  dam,  a  wicket  diversion  dam  about  7  mi.  up 
river  from  Palisade  and  the  farthest  upstream  of  the 
various  irrigation  structures  on  the  river.  About  half 
a  mile  downstream  from  this  dam  the  Grand  River  proj- 
ect of  the  United  States  Reclamation  Service  has  its 
intake  structure  and  diverts  at  this  point  1,425  sec.-ft. 
for  the  irrigation  of  53,000  acres  of  good  farming  land 
lying  to  the  right  of  the  river  and  higher  than  the  land 
heretofore  reached  by  irrigation,  constituting  a  body  of 
land  11/2  to  4  mi.  wide  and  27  mi.  long.  The  diversion 
dam  and  intake  structure  are  interesting  to  the  engineer 
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KI<;.   1.     VIEW  OF  COMPLKTED  KOLLKH-CRKST  DAM  ACROSS  GRAND  RIVJOR 

\ alley  has  been  under  irrigation  for  many  years  through  and  form  a  pleasing  and  impressive  structure  that  at- 

the  canals  of  different  private  companies.     The  Orchard  tracts  the  eye  of  the  traveler  on  the  Denver  &  Rio  (Jrande 

-Mesa  District  is  a  ])icturesque  elevated  irrigated  bench  R.R.  by  the  charm  of  its  contrast  with  the  rugged  lines 

lying  on  the  left  bank  of  the  river,  the  water  for  the  of  tlie  surrounding  mountain  scenery, 
irrigation  of  which  is  taken  from  the  river  at  tlie  Or-  The  proljlem  in  the  design  of  tlic  diversion  dam  was  to 

7^    ,  „  ,     ,  „  raise  the  level  of  the  water  in  the  river  at  times  of  low 

Engineer.  United  states  Reclamation  Service.  Washington,  ,,  „■    ■      .^       .  i     ,    n-  <•-      •    .       ^i        ■    .    i 

^-  (-■  flow  suliiciontly  to  send    1,12;)   sec-it.  into  the  intake 
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and  yet  at  times  of  flood  to  permit  the  maximum  tiow 
(estimated  at  50,000  sec.-ft.)  to  pass  the  dam  without 
raising  the  water  level  upstream  to  a  plane  where  the 
adjacent  roadbed  of  the  Denver  &  Eio  Grande  E.E.  (ele- 
vation of  base  of  rail  4, 797)  would  be  endangered.  The 
solution  developed  consists  of  a  concrete  weir  of  an  ele- 
vation sufficiently  low  to  allow  the  estimated  maximum 
flood  to  pass  with  safety,  superimposed  upon  which  is  a 
movable  steel  roller  crest  providing  the  additional  ele- 
vation required  for  ordinary  diversion  purposes. 

The  movable  steel  crest  over  the  Grand  Eiver  has  au 
aggregate  net  length  of  480  ft.,  divided  by  six  piers  into 
seven  spans,  one  clear  span  of  60  ft.  near  the  right 
bank  of  the  river  and  six  clear  spans  of  70  ft.  each.  The 
60-ft.  span  is  across  the  sluiceway  in  front  of  the  intake 
openings  of  the  Government  canal,  and  its  movable  crest 
is  15  ft.  4  in.  high;  the  six  70-ft.  crests  are  10  ft.  3  in. 
high.  The  sill  elevation  of  the  60-ft.  opening  is  4,777 
and  of  the  70-ft.  openings  4,782,  thus  making  the  spill 
level  of  the  movable  crest  at  El.  4,792.25.  The  sluice- 
way has  an  inclined  concrete  floor  sloping  from  El. 
4.779  at  upstream  end  to  El.  4,777  at  the  dam.  The 
elevation  of  the  sill  of  the  intake  gates  is  4,785.25 — 
that  is,  about  71/0  ft.  above  the  floor  of  the  sluiceway. 
There  are  nine  intake  openings  of  7x7  ft.  Where  the 
dam  terminates  at  the  left  bank  of  the  river,  provision  is 
made  by  four  gates  7  ft.  wide,  5  ft.  high  and  of  sill  ele- 
vation 4,787.25  to  supply  the  Orchard  Mesa  canal  at 
this  place  instead  of  at  the  old  Orchard  Mesa  dam  pre- 
viously mentioned. 

Among  the  advantages  of  the  dam  as  designed  are  the 
following:     The  dam  is  laid  square  across  the  river  and 
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is  made  as  long  as  possible  in  order  to  reduce  the  neces- 
sary height  of  the  movable  steel  crest  and  to  redixce 
also  the  cost  of  the  worlc  required  to  safeguard  the  left 
bank  where  the  Orchard  Mesa  canal  lies  close  to  the 
rock  cliff.  The  openings  between  piers  are  large  enough 
and  the  movable  crest  can  be  raised  high  enough  so 
that  the  lodging  of  floating  trees  at  time  of  flood  is  pre- 
cluded. The  flow  into  the  intakes  on  either  side  of  the 
river  is  normal  to  the  flow  of  the  river,  so  that  there 
will  be  little  interference  from  drift;  and  the  sill  of 
the  intake  gates  is  sufficiently  high  above  the  floor  of  the 
sluiceway,  at  the  right  bank,  to  let  the  heavier  silt  pass 
by  the  gates  below  the  level  of  the  sill.  Any  silt  deposit 
formed  between  the  floor  of  the  sluiceway  of  the  Gov- 
ernment intake  and  the  sill  of  the  gates  can  be  washed 
downstream  by  opening  at  intervals  the  GO-ft.  wide  mov- 


By  this  arrangement  the  water  pressure  keeps  the  end 
shields  tight  against  the  piers  and  there  will  be  clearance 
between  these  timbers  and  the  pier  faces  as  soon  as  the 
roller  has  risen  a  few  feet.  Fig.  1  shows  the  structure  as 
a  whole  and  Fig.  4  gives  the  main  details  of  the  steel 
work  framing  of  the  70-ft.  section. 

In  determining  the  outline  of  the  curved  shields  two 
points  were  considered:  (1)  That  the  elements  of  the 
shield  wlien  the  roller  first  rises  should  draw  away  from 
(not  enter  into)  any  silt  deposit  that  may  have  formed 
in  front  of  the  shield,  and  (2)  that  the  water  pressure 
against  the  shield  for  the  initial  positions  of  the  rising 
roller  (where  the  resistance  of  silt  on  the  curved  shield 
and  the  friction  of  the  end  shields  is  the  greatest  and 
where  the  moment  of  the_ weight  of  the  shields  is  great) 
should  be  such  as  to  require  no  greater  chain  pull  for 


Longitudinal      Section 


d  r. 


ibi 


nlile  crest.      (No   sjx'cial   sluiceway   is   ai 
intake  of  the  Orcliard  Mesa  canal.) 

The  scouring  eifcct  of  the  water  wilii  1he  sluiceway 
open  is  vigorous,  and  tlie  sluiceway  is  freed  from  de- 
posit in  a  short  time  and  with  a  small  expenditure  cjf 
water. 

The  roller-crest  dam  consists  of  a  horizontally  disposed 
sheet  steel  hollow  cylinder  running  on  smooth  ti'acks  set 
in  recesses  in  the  piers  and  provided  with  cog  rims  which, 
engaging  with  racks  .set  alongside  the  smooth  tracks,  in- 
sure a  rotary  motion  of  the  cylinder  as  it  is  raised.  The 
central  cylinder  is  provided  with  an  extension  shield  held 
on  tangentially  disposed  struts.  This  shield  when  the  dam 
is  lowered  conies  to  a  bearing  on  the  concrete  sill,  thus 
forming  the  bottom  seal.  The  end  seals  are  flexible  steel 
shields  lined  at  their  upstream  edges  with  timbers  that  are 
made  to  fit  a  slightly  inclined  plane  on  the  face  of  the  pier. 


DETAILS  OF  A  70-FT.  ROLLER  CREST  ON 
GRAND  VALLEY  DAM 

starting  the  roller  than  is  required  for  other  ])ositions  of 
the  roller.  Fortunately,  a  form  of  shield  that  favors  the 
one  requirement  favors  also  the  other. 

All  the  elements  of  the  curved  shields  receive,  in  the 
lowest  jjosition  of  the  roller,  water  pressures  the  moment 
of  which  tends  to  raise  the  roller ;  and  all  the.se  elements 
have,  when  the  roller  begins  to  rise,  a  direction  of  mo- 
tion whicfh  forms  an  angle  with  the  tangent  of  that 
element.  Tliis  angle  indicates  the  degree  of  retrogres- 
sion of  the  element  from  the  silt  in  front  of  it,  the 
degree  of  retrogression  being  larger  for  the  lower  ele- 
ments of  the  shield  where  the  silt  efl'ect  is  the  greatest. 
As  the  roller  rises,  the  angle  of  retrogression  diminishes 
for  all  the  elements  of  the  shield,  becomes  zero  and  then 
reverses  into  an  angle  of  progression,  the  angle  of  retro- 
gression being  longer  retained  as  such  for  the  lower  ele- 
ment of  the  shield  than  for  the  upper.  The  reversal 
from  retrogression  to  progression  takes  place  only  after 
the  roller  has  risen  high  enough  to  permit  the  water  to 
break  through  under  the  roller  and  wash  out  the  silt 
deposit  or  keep  it  in  agitation. 

There  is  a  stationary  smooth  track  on  the  piers  at 
an  inclination  of  20°  to  the  vertical  and  a  circular  smooth 
rim  on  the  drum,  the  latter  rolling  on  tlie  former  as 
the  roller  moves  up  or  down. 

As  the  drawings  show,  the  track  is  cast  as  one  piece 
witli  a  rack,  and  the  smooth  rim  is  cast  as  one  piece 
with  a  gear  segment.  Kack  and  gear  are  in  mesh,  thus 
precluding  a   sliding  motion   of  the   rim   on   the  track. 
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Parallel  to  the  track,  near  the  fliametrically  opposite 
side  of  the  rim,  there  is  a  guard  eompelling  the  meshing 
of  rim  and  rack  teetli.  One  end  of  the  roller  has  wrapjied 
around  it  the  operating  chain,  which  unwinds  as  the  roller 
rises  and  is  taken  up  hv  an  eight-tooth  sprocket  wheel 
forged  as  one  piece  with  a  hea\y  shaft.  This  shaft  is 
placed  on  steel  girders  high  enough  above  the  rollers  to 
clear  them  in  their  highest  position  and  is  actuated  by 
gearing,  wormwheel  and  worm,  and  electric  motor. 

A  rolling  crest  of  similar  design  is  provided  liy  tlic 
Washington  Water  Power  Co.  for  the  crest  of  the  spill- 
way of  Long  Lake,  near  Spokane  (see  Engineering  New.'<, 
Sept.  19,  1914),  there  being  three  rollers  of  65  ft.  span 
and  19  ft.  height.  The  United  States  Reclamation  Serv- 
ice has  installed  a  small  roUiug  crest  30x8  ft.  in  con- 
nection with  the  Boise  project.  The  Grand  River  rolling 
crest  seems  to  be  the  third  installation  of  this  kind  of 
dam  in  this  country. 

Numerous  dams  of  the  rolling-crest  type  have  been 
built  in  Europe.  One  remarkable  instance  is  the  dam 
at  Kibling,  Germany,  which  has  one  roller  of  46  ft. 
clear  span  by  28  ft.  height.  Another  interesting  instance 
is  that  of  a  dam  near  Stuttgart,  Germany,  having  two 
spans  of  92  ft.  by  12  ft.  height.  The  contract  for  their 
manufacture  and  installation  required  a  leakage  of  less 
than  0.53  sec.-ft.  per  span.     Tests  after  erection  egtab- 


HOVS'  THIO  K(J|.LI':K  ckiost  movk.s 


both 


;pans 


lished  a  leakage  of  less  than  0.5  sec. -ft. 
together. 

Fig.  6  shows  the  60-ft.  sluiceway  witli  roller  down  on 
sill,  and  the  face  wall  of  the  intake  structure  with  its 
nine  7x7-ft.  gates.  This  pliotograph  was  taken  before 
the  completion  of  the  ojioraling  house  and  the  placing  of 
the  winch  for  the  GO-ft.  voWvv.     The  construction  of  the 


PIG.   6.    SLUICEWAY    WITH   60-FT.    ROLLER  CREST   DOWN 

intake  gates  is  in  the  form  of  a  light  cast-iron  arch  with 
occasional  ribs  and  with  three  pairs  of  angle-irons  riveted 
to  the  gate  body  as  chords  to  take  the  arch  thrust.  A 
straight  wooden  sill  is  attached  to  the  gate.  The  part  of 
the  gate  body  projecting  upstream  from  the  sill  is  attached 
to  the  gate.  The  part  of  the  gate  body  projecting  up- 
stream from  the  sill  (in  plan)  contributes  sufficient  buoy- 
ancy to  the  gate  to  practically  halance  its  weight  when 
the  gate  is  submerged.  All  gates  are  operated  by  means 
of  one  line  shaft  and  connection  is  made  with  any  indi- 
vidual gate  by  placing  into  mesh  the  line  shaft  bevel  pin- 
ion of  that  individual  gate  stand  with  its  bevel  gear. 

A  l/^-in.  wire  cable  weighted  at  either  end  passes  by  all 
gate  stands  at  level  of  floor  and  at  each  gate  stand  is 
wound  over  a  lO-in.  wheel  which  carries  also  a  socket  for 
a  hand  lever.  The  rope  leads  into  the  engine  house  and 
there  actuates  the  cones  of  a  duplex  friction  clutch  so  that 
the  line  shaft  may  be  rotated  either  one  way  or  the  other. 
Preparatory  to  any  gate  operation  the  attendant  places 
in  mesh  the  piiuon  of  such  gate  or  gates  as  he  wishes  to 
raise  or  lower,  he  starts  the  motor  and  inserts  his  hand- 
lever  in  the  socket  of  one  of  the  10-in.  wheels  conveniently 
located  to  watch  the  motion  of  the  gates.  Pressing  the 
lever  upstream  raises  the  gates,  downstream  lowers  the 
gates.  Without  pressure  on  hand-lever  the  gate  motion 
will  sto]>  due  to  the  steepness  of  the  cone  of  friction  clutch. 

The  Grand  River  project  is  one  of  the  enteqirises  of 
the  United  States  Reclamation  Service,  A.  P.  Davis, 
Chief  Engineer.  R.  F.  Walter  has  been  until  lately  the 
supervising  engineer  of  this  district  and  J.  H.  Miner 
is  the  project  manager  of  the  Grand  River  project.  The 
general  design  of  the  diversion  dam  as  a  whole  was 
made  by  the  writer  in  cooperation  with  the  engineers 
mentioned,  aided  by  the  advice  of  D.  C.  Henny,  Con- 
sulting Engineer.  The  dam  was  built  under  the  direc- 
tion of  0.  T.  Reedy,  Construction  Engineer,  who  together 
with  the  project  niaiuiger  also  designed  the  piers  and 
foot  bridge,  which  give  a  monumental  appearance.  The  in- 
take structures  and  the  steel  structures  of  the  rolling  crest 
were  also  designed  in  detail  by  the  writer,  following,  as  to 
the  rolling  crest,  the  lines  laid  down  in  a  general  way 
by  the  German  patentees  of  this  kind  of  movable  dam. 
The  Riter-Conley  Manufacturing  Co.,  Pittsburgh,  Penn., 
was  the  contractor  for  the  fabrication  of  the  rolling 
crest. 
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Gusides  Wsittes'  AdJ^dHcaftos's 
By  Percy  A.  Cl-pper* 

Tlie  uncertainty  of  property  rights  to  the  use  of  water 
in  tlie  Western  states  has  led  many  of  these  states  to 
eiiar-t  "water  codes."  These  statutes  serve  three  distinct 
purposes:  (1)  The  detennination  of  existing  water 
riglits;  (2)  providing  a  definite  record  for  all  new  water 
rights;  and  (3)  the  distribution  of  the  water  to  those 
entitled  to  it. 

The  determination  of  water  rights  necessarily  involves 
many  judicial  questions  that,  prior  to  the  adoption  of 
the  water  codes  in  the  various  states,  were  passed  upon 
by  the  courts.  .Laci  of  physical  and  engineering  data 
in  most  cases  and  the  lack  of  due  appreciation  of  tlieir 
worth  and  their  application  and  relation  to  the  legal 
questions  involved  have  led  the  courts  into  many  grievous 
errors  and  have  caused  some  ridiculous  findings.  One 
learned  jurist  in  reviewing  such  a  decision  poured  fortli 
liis  wit  and  sarcasm  and  garnislied  tlie  somber  pages  of 
legal  lore  with  the  following  literary  gem: 

Heroically  setting  aside  the  statute,  the  decisions  and  the 
evidence  in  the  case,  he  assumes  the  role  of  Jupiter  Pluvius, 
and  distributes  the  waters  of  Goosberry  Creek  with  a  bene- 
ficent recklessness  which  makes  the  most  successful  efforts 
of  all  the  rain  wizards  shrink  into  insignificance,  and  which 
would  make  the  hearts  of  the  ranchers  on  Goosberry  dance 
with  joy  if  only  the  judicial  decree  could  be  supplemented 
with  a  little  more  moisture.  The  individual  who  causes  two 
blades  of  grass  to  grow  where  but  one  grew  before  is  held 
in  highest  esteem  as  a  benefactor  of  his  race.  How  then 
shall  we  rank  him  who,  by  judicial  fiat  alone,  can  cause  400  in. 
of  water  to  run  where  nature  only  put  100  in.?  We  veil  our 
faces,  we  bow  our  heads  before  this  assumption  of  judicial 
power  and  authority.  .  .  .  Evidently  the  court  assumed 
that  Goosberry  Creek  was  as  inexhaustible  as  the  widow's 
cruse,  or  else  that  its  decree  possessed  the  potency  of  Moses' 
rod.      (3  Ida.  255,  28  Pac.  438,  Hillman  vs.   Hardwick.) 

To  avoid  such  mistakes  on  the  part  of  the  state  water 
board,  the  Oregon  water  code,  like  most  similar  statutes, 
wisely  requires  the  state  engineer  to  make  surveys  and 
investigations  as  a  guide  to  the  board  in  its  findings. 

It  was  no  easy  matter  at  the  outset  to  determine  what 
information  would  be  required  in  the  determination  of 
water  rights.  It  was  only  after  five  years'  experience  on 
the  various  streams  of  the  state  that  the  plan  followed 
on  the  Wallowa  River  survey  was  rounded  out. 

Wallowa  River  Condition's 

Wallowa  River  rises  in  the  high  granite  peaks  of  a 
spur  of  the  Blue  Mountains,  and  after  flowing  through 
a  steep  timbered  area  it  widens  in  Wallowa  Lake,  of 
terminal  moraine  formation.  Wallowa  Lake  is  used  for 
a  storage  Ijasin,  and  water  is  diverted  directly  from  the 
lake  for  municipal  supply.  Immediately  below  the  lake 
the  water  is  diverted  for  power  development  and  the 
irrigation  of  land  in  what  is  known  as  the  Upper  Valley. 
'The  stream  flows  through,  ami  together  with  its  tribu- 
taries .serves  to  irrigate  the  agricultural  land  in  Lostine 
and  Wallowa  Valleys  and  furnishes  water  for  jiowor  de- 
velopment, municipal  and  domestic  snp])ly. 

To  determine  the  legal  rights  requires  collecting  many 
engineering  data  and  making  a  carerul  analysis  of  tlieni. 
Granting  to  one  ap|)ropriator  slightly  more  water  tlian 
he  is  entitled  to  may  deprive  a  sub.sequent  appropriator 
of  water  ujion  which  he  is  relying  to  irrigate  a  well- 
improved  farm,     .\gain,  while  two  appropriators  may  ap- 
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pear  to  tap  the  same  source  of  supply,  the  lower  appro- 
priator may  be  fed  by  return  seepage  or  springs;  and 
to  divide  the  flow  at  the  upper  point  of  diversion  between 
the  two  would  really  deprive  the  upper  appropriator  and 
give  to  his  neighbor  an  excess  supply.  The  amount  of 
land  irrigated,  power  developed  or  water  used  for  muni- 
cipal supply  are  matters  iipon  which  the  testimony  of  tlie 
ordinary  witness  throws  but  little  light. 

Beneficial  use  is  the  basis,  the  measure  and  the  limit 
of  a  water  right ;  hence  not  the  amount  of  water  a  man 
uses,  but  the  auiount  he  beneficially  uses,  is  the  quan- 
tity he  is  entitred  to.  In  order  to  establish  these  facts 
a  survey  of  the  irrigated  land  is  made,  the  ditches  and 
streams  are  measured,  and  variation  tests  are  carried  on 
to  determine  the  proper  duty  of  water. 

]\rAKlX(!    SuiiVEVS    AXD    StkEAM    GaGIXGS 

The  survey  of  Wallowa  River  was  commenced  in  Aug- 
ust, 1914,  and  completed  in  September,  1914,  while  the 
stream  measurements  were  begun  in  1914  and  carried 
through  the  irrigation  season  of  1915.  The  variation 
tests  were  made  during  191,5.  A  plane-table  survey  was 
made  showing  all  irrigated  land,  streams,  ditches,  pipe 
lines,  power  plants,  waterwheels,  etc.  The  maps  were 
made  on  a  scale  of  2  in.  =  1  mi.,  though  a  scale  of  4  in. 
=  1  mi.  was  adopted  where  it  was  necessary  to  show  a 
great  deal  of  detail.  Elevations  were  not  carried  except 
for  short  distances  along  the  ditches,  to  ascertain  the 
grade  and  in  determining  the  storage  capacity  of  the 
lake.  Compass  conti'ol  was  employed,  with  a  check  on 
every  section  corner  or  property  line  that  could  be  lo- 
cated. Plane-tables  18x20  in.  were  used,  each  sheet 
covering  a  township.  The  survey  shows  39,000  acres  of 
irrigated  land.  Pi'esent-owner.ship  plats  on  a  scale  of 
2  in.  =  1  mi.  were  pre])ared  for  the  county  records. 

Two  gaging  stations  had  been  maintained  on  the  stream 
for  several  years,  and  some  records  were  availalile  of  the 
fluctuations  of  the  lake  surface;  some  of  the  larger  ditches 
had  also  been  measured.  However,  when  the  investiga- 
tion in  connection  with  the  adjudication  of  water  rights 
was  commenced,  gaging  stations  were  established  on  all 
the  important  ditches  and  streams.  These  stations  were 
rated  by  means  of  a  current  meter,  and  at  most  of  the 
stations  daily  gage  readings  were  taken.  Weirs  were  es- 
tablished to  measure  the  water  applied  in  the  variation 
tests  and  in  a  few  instances  to  measure  the  water  ap- 
plied in  the  irrigation  of  a  well-defined  tract.  The  varia- 
tion tests  were  made;  on  three  tracts  seeded  to  alfalfa, 
oats  and  barley. 

W.\TER  Supply  ok  Three  Valleys  Found  Independent 

After  the  field  woi'k  was  coini)leted  and  the  data  W(>re 
assembled,  a  careful  analysis  of  the  results  was  made. 
The  report  prepared  from  Ibis  shows  clearly  that  the 
water-supply  for  the  three  valleys  through  which  the 
Wallowa  River  flows  may  be  considered  independently. 
The  importance  of  this  conclusion  for  the  ))urpose  in 
hand  can  hardly  be  over-e.slimaled.  Had  the  determina- 
tion of  the  waler  rights  on  this  stream  been  taken  u]) 
without  such  an  investigation,  it  would  probably  have 
been  concluded  that  the  water-supply  flowing  out  of  the 
lake  had  been  distributed  more  or  less  over  the  entire 
area  irrigated  from  the  main  stream.  While  this  is  true 
to  a  limited  extent,  the  reiiort  shows  that  that  part  of 
the  regular  flow  of  the  stream  which  is  used  for  the  irri- 
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gation  of  land  in  the  two  lower  valleys  is  return  seepage 
and  that  the  diversion  and  use  of  the  entire  stream  near 
the  outlet  of  the  lake  do  not  affect  the  rights  below. 

The  report  takes  up  in  detail  the  flow  of  water  through 
each  of  the  ditches  upon  which  gaging  stations  were  es- 
tablished, and  by  means  of  hydrographs  shows  the  dis- 
charge through  the  ditch  for  every  day  during  the  irriga- 
tion season  and  also  the  head  in  miner's  inches  per  acre 
that  was  used.  For  example,  in  discussing  one  of  the 
larger  ditches  diverting  water  near  the  outlet  of  the 
lake  the  report  gives  the  following:         -, 

Average  head  flowing  in  this  ditch  from  July  15  to  July  31 
Inclusive,  1905,  was  52.6  sec.-ft..  or  0.64  miner's  inch  per  acre. 
The  average  flow  during  .\ugust.  1905,  was  17.3  sec.-ft..  or 
0.21  miner's  inch.  The  maximum  head  diverted  during  1905, 
as  shown  by  the  records,  was  86  sec.-ft..  or  1.05  miner's  inches 
per  acre.  The  average  head  diverted  through  this  ditch  in 
June.  1906,  was  49.3  sec.-ft.,  or  0.61  miner's  inch  per  acre;  and 
during  July.  1906.  the  average  head  was  54.9  sec.-ft.,  or  0.69 
miner's  inch  per  acre  for  the  area  of  3,251  acres.  The  maxi- 
mum head  diverted  during  the  season  1906,  up  to  Aug.  1.  was 
74  sec.-ft.,  or  0.94  miner's  inch   per  acre,   for  the  above  area. 

The  records  of  the  flow  of  this  ditch  during  1915  represent 
the  amount  of  water  diverti-d  for  use,  the  gage  station  being 
above  all  irrigated  lands  and  below  all  waste  gates.  The 
average  flow  of  water  in  the  ditch  from  June  7,  water  being 
turned  in  on  or  about  this  date,  to  June  30  inclusive.  1915, 
was  7S.4  sec.-ft.,  or  0.96  miner's  inch  per  acre.  During  July, 
1915,  the  average  head  was  60. S  sec.-ft..  or  0.75  miner's  inch 
per  acre;  and  during  August  the  average  head  was  14.8 
sec.-ft.,  or  0.18  miner's  inch  per  acre.  The  maximum  head 
diverted  during  the  season  of  1915  was  103  sec.-ft.,  or  1.36 
miner's  inches  per  acre,  which  head  was  only  maintained  for 
one  day.  The  amount  of  water  diverted  through  this  ditch 
from  June  7  to  Aug.  21  inclusive,  1915,  was  2.49  acre-feet  per 
acre  tor  the  area  affected. 

A  comparison  of  the  climatic  conditions  prevailing 
during  li)15  with  those  of  other  years,  as  shown  by  the 
Weather  Bureau  station  records,  was 
made.  By  this  means  the  amount  of 
water  available  and  the  amount  re- 
quired were  compared  with  the  amount 
available  and  the  amount  recpiired  dur- 
ing otlier  years. 

The  variation  tests  were  carried  on 
so  as  to  secure  practical  rather  than 
theoretical  results.  A  tract  was  se- 
lected and  divided  into  three  plats. 
One  was  irrigated  by  the  owner  in 
the  usual  manner  and  with  the  usual 
amount  of  water.  To  one  of  the  other 
plats  more  water  was  applied  than 
the  quantity  used  by  the  farmer,  and 
to  the  other  plat  less  water.  The 
results  on  different  tracts  differed 
widely,  but  in  general  established  the 
character  of  irrigation  practice  em- 
ployed by  the  irrigators.  Tracts  of  al- 
falfa, barley  and  oats  were  selected. 

The  maximum  capacity  of  the 
ditches  and  the  area  irrigated  there- 
from, considered  in  connection  with  the 
head  used  in  irrigation  of  individual 
tracts  under  the  respective  ditches, 
show  conclusively  that  rotation  is  prac- 
ticed. 

This  report,  tdgctlier  with  the  maps 
showing  the  irrigated  land  in  each 
40-acre  tract,  ownership  plats  and  a 
eummary  of  all   ditcli   mea.snrements. 


was  submitted  to  the  superintendent  having  the  ad,indi- 
cation  in  charge  and  was  considered  by  him  with  the 
claims  and  evidence  submitted  by  the  water-right  claim- 
ants. Under  these  conditions  it  will  be  an  ea.sy  matter 
to  keep  the  finding  of  the  board  within  reasonable  bounds, 
to  the  end  that  justice  may  be  done  to  all  claimants. 

Thus  we  see  tliat  engineering  data  are  taking  tlieir 
place  in  the  judicial  consideration  and  determination  of 
water  rights  in  these  proceedings.  The  presentation  of 
these  data  does  not  come  within  the  often  questioned  and 
sometimes  questionable  class  of  expert  testimony.  It 
involves  the  presentation  of  facts  with  legal  deductions 
therefrom  rather  than  the  expression  of  an  expert 
opinion. 

The  entire  investigations,  including  survey,  were  made 
and  the  report  was  prepared  by  C.  E.  Strickliu,  Field 
Assistant  for  the  State  Engineer. 


Dredli? 


A  new  design  of  steel  dredge  was  recently  brought  out 
by  the  American  Steel  Dredge  Co.,  of  Fort  Wayne,  Ind. 
It  is  of  the  single-line  type.  The  improvements  pertain 
to  the  so-called  structural  part  of  the  dredge  or  the  front 
end,  embodying  the  dipper,  dipper  handle,  boom  and 
circle.  Dippers  in  general  use  are  of  the  square  type, 
l)ut  the  one  on  this  dredge  is  made  with  an  exceptionally 
wide  moutli  and  narrow  back.  Tlie  sliell  is  formed  of  one 
piece  of  flanged  steel  riveted  to  the  back  casting,  with  a 
flanged-steel  mouthpiece  and  lower  band  (Fig.  4). 


FIG.  1.    DESIGN  OP  LATEST  IMPROVED  "AMERICAN"  STEEL  DREDGE 
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The  design  of  the  dipper  handle  is  unique  and  opens 
another  field  for  acetylene  welding.  Dipper  handles  in 
common  use  are  of  wood  or  of  wood  armored  with  steel 
plates  on  the  four  sides  or  are  made  of  steel.  In  the  latter 
instance  they  are  usually  built  of  I-beams  reinforced  to 
form  a  box  section.  The  construction  of  the  new  handle 
is  a  hollow-steel  box  section  devoid  of  rivets.  The  box 
is  formed  by  coping  the  flanges  of  two  channels,  so  that 
when  the  latter  are  placed  together  they  form  a  section 
of  the  proper  width.  The  flanges  are  then  welded  for  the 
entire  length  on  both  edges.  Two  of  these  box  sections 
are  required  for  each  handle.     The  racks  are  bultcd  on  in 


NEW    BOOM    AND    CIRCLE- 
CONNECTED 


-NOT    RIGIDLY 


the  same  manner  as  on  a  wooden  handle.  The  dipper- 
handle  foot  easting  is  put  in  place  before  the  channels 
are  welded,  so  that  when  this  is  done  the  channels  con- 
tract, resulting  in  a  tight  fit  on  the  casting. 

The  boom  as  formerly  used  on  the  "American"  dredge 
was  built  as  an  integral  part  of  the  circle,  being  attached 
by  numerous  small  bolts  to  the  comparatively  small  boom 
base  and  also  having  a  rigid  member  running  from  the 
upper  side  of  the  boom  at  the  shi]ii)er  shaft  down  through 
the  boom  and  attached  rigidly  to  the  outside  of  the 
circle. 

Four  angle  braces  were  also  used  to  brace  the  boom  and 
circle.  Experience  showed  that  digging  and  swinging 
unduly  stressed  parts  of  the  boom  and  circle  on  account 
of  the  rigid  connection.  To  obviate  this,  the  new  boom 
and  circle  are  built  as  separate  parts  with  an  exceptionally 
wide  base  and  large-diameter  base  casting,  with  wide 
bearing  surface. 

The  circle  is  of  .solid  plate  construction,  securely  riveted 
to  the  center  casting.  The  boom  and  circle  are  pin- 
connected,  with  swinging  cables  running  from  the  circle 
to  the  boom,  thus  permitting  the  latter  to  be  set  at  any 
angle  desired  and  allowing  sufficient  play  to  eliminate 
excessive  stresses  in  the  circle.  The  design  of  the  all-steel 
boom  was  also  changed  by  riveting  gusset  ])lates  on  the 
side  and  lower  chord  of  the  boom  (Fig.  2),  which  is  con- 
sequently much  stiffer,  .so  that  it  better  withstands  the 
stresses  in  service  operation  caused  by  swinging  and 
stopping  suddenly. 

The  dredge  has  a  sectional  hull,  built  entirely  of  flat 
steel  sections  of  convenient  sizes  for  easy  handling.  A 
complete  hull  80x20  ft.  in  plan  by  C  ft.  deep  can  be  loaded 
on  one  flat-car.  The  tabulation  that  follows  gives  the 
cost  of  transporting  and  erecting  one  of  the  new  ma- 
chines. The  figures  were  furnished  the  manufacturer  by 
the  contractor  and  are  for  one  of  the  new  dredges, 
equii)])C(l  with  a  lV-;-yd.  dipper  and  r)0-ft.  boom,  used  on 
a  large  drainage  district  in  Arkansas. 


PIG.    3.    DIPPER    HANDLE    FORMED    OP    TWO    RIVETLESS 
STEEL  "BOXES 

COST   OF   TRANSPORTING   AND   ASSEMBLING    KNOCK- 
DOWN DREDGE 
Transporting  Steel   HiiU 

Hull,    weighing    S8.000     lb.,    arrived    on    job    Oct.     22: 
hauled  to  bank  on  Oct.  23  and  24 

CO    man-hours    &    20c jj')  00 

110   man-hours    (3)    l~Vac 19!25 

20  hours  for  foreman  " !!!!.!.!!!!  S.SO 

Two  days'   teaming    "  . '  '  19.00 

Total     $59.05 

Erecting  and  Launching  the  Hull 

Erection     began     Oct.     26;     completed     Nov.     4     (work 
delayed  Hi   days  by  hull  grounding) 

275  man-hours    (S)    20c $55.00 

424    man-hours    @    17 Vic 74.20 

90    man-hours    @    12',Ac 11.25 

Total     $140.45 

Hauling    Machinery 

Machinery    arrived    on    two    cars    Oct.    29;    hauled    to 
dredge  Oct.  30  to  Nov.  4 

50    man-hours    ®    20c $10.00 

110  man-hours    @    17c 18.70 

30   hours   for   foreman    13.20 

Total     $41.90 

Installing  Machinery 

Began  Nov.  5;  completed  Nov.   27 

4S0  man-hours   @    20c $96.00 

170    man-hours    (a)    12iAc 21.25 

603  man-hours    &   17  Vic 105.52 

Total     $222.77 

Total    cost    of    erecting    dredge    $464.17 
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it  P^innip  Test  Made  wMIhi 


By  C.  E.  Geixsky' 


SYNOPSIS — Difficulties  include  lack  of  gaging 
point  outside  of  discharge  pipe,  discharge  water 
not  under  pressure  at  all  points  along  pipe  and  air 
trapped  in  discharge  line.  Pilot  tube  used  in  spite 
of  high  velocity  and  air  in  its  tubes;  velocities 
measured  on  two  cross-diameters  inclined  45° 
to  vertical.  Special  switching  device,  reversing 
manometer  connections,  used  to  eliminate  error 
from  air  accumulation  in  tubes.  Difference  in  head 
between  pump  inlet  and  discharge  measured  di- 
rectly by  special  manometer  rig. 

Tests  of  the  centrifugal  drainage  pumps  of  the  AVest 
Sacramento  Reclamation  District  near  Sacramento,  Cal., 
under  difficult  conditions  have  been  successfully  carried 
out.  The  novelty  of  some  of  the  features  of  these  tests 
may  be  of  interest  to  the  profession  and  has  prompted 
these  notes  which  are  presented  for  the  purpose  of 
describing  the  methods  employed  and  not  with  any  view 
to  discussing  the  perfonnance  of  the  pump  equipment. 

The  pumping  plant  consists  of  two  units,  each  compris- 
ing a  48-in.  centrifugal  pump  driven  by  a  two-speed  di- 
rect-connected electric  motor.  The  siiction  is  double  30- 
in.  at  the  pumps,  fed  by  a  single  48-in.  pipe  from  a 
sump  at  the  end  of  the  drainage  canal.  The  length  of  the 
suction  is  about  80  ft.  and  the  length  of  the  discharge 
(riveted  steel  pipe)  110  ft.  On  the  discharge,  just  beyond 
the  pump,  is  a  heavy  cast-iron  flap  valve  in  a  suitable 
enlarged  chamber  and  counterbalanced  by  outside  weights. 
An  air  pump  is  attached  for  priming  the  pump  and  re- 
moving accumulated  air  when  necessary. 

The  two  pumps  were  installed  under  a  guarantee  thai 
each  would  deliver  not  less  than  50,000  gal.  of  water  per 
min.  (111.2  ft.  per  sec.)  under  a  head  of  9  ft.,  at  10-1 
r.p.m.  and  that  then  the  average  efficiency  of  both  pumps 
would  not  be  less  than  G!)%.  It  was  also  guaranteed  that. 
if  operated  at  248  r.p.m.,  each  of  the  pumps  would  deliver 
not  less  than  50,000  gal.  per  min.  under  a  head  of  18  ft. 
and  that  then  the  average  efficiency  of  the  two  pumjis 
would  not  be  less  than  80%.  The  contract  provided  that 
if  a  test  under  the  two  heads  showed  an  average  efficiency 
below  '('4.5%,  there  sliould  be  a  deduction  from  the  con- 
tract price,  and  that  in  case  the  guaranteed  average  elli- 
ciency  was  exceeded,  there  should  be  a  bonus  paid.  It  was 
stipulated  that  the  two  heads  referred  to  in  the  guarantee 
were  to  be  determined  from  vacuum  and  pressure-gage 
readings  taken  at  the  inlets  and  outlets  of  the  pumps,  and 
that  tlie  power  cliarged  against  the  pumps  was  to  be  the 
power  actually  delivered  to  the  pump  shafts. 

Difficulties  of  Ti«t 

Conditions  were  favorable  in  March,  1914,  for  making 
the  tests.  The  water  at  that  time  wa.s  about  8.5  ft.  lower 
in  the  drainage  canals  of  the  district  than  on  the  over- 
flowed land  outside  of  the  district.  The  several  difficulties 
of  the  proposed  efficiency  test  Avill  be  briefly  explained : 

•Consulting  EnRlnecr.  President  American  Engineering 
Corporation,  San  Francisco. 


1.  The  delivery  of  the  pumped  water  is  into  the  over- 
flow of  Yolo  basin,  a  broad  expanse  of  water  when  the 
streams  are  high.  There  is  no  opportunity  to  make  a  gag- 
ing of  the  discharged  water  except  in  the  discharge  pipes. 

2.  The  drainage  canals  within  the  district  feed  into  a 
main  canal  leading  to  the  pumping  station  which,  though 
wide  and  deep,  offered  no  convenient  gaging  station  close 
by  the  pumphouse.  A  gaging  at  a  remote  point  would  be 
subject  to  the  objection  that  the  lowering  of  the  water 
plane  during  the  test  might  result  in  appreciable  inflow 
of  seepage  water  the  amount  of  which  would  be  difficult  to 
determine. 

3.  The  jDumps  discharge  over  a  levee  through  48-in. 
pipes  with  a  summit  elevation  at  the  top  of  the  pipe  about 
G.4  ft.  higher  than  the  center  of  the  pumps.  At  no  place 
on  the  discharge  pipe  except  where  it  enters  the  water  of 
the  overflow  could  it  be  hoped  to  find  the  water  at  all 
points  in  the  i)ipes  imder  pressure. 

4.  The  possibility  of  using  a  Pitot  tube  in  the  discharge 
pipes  was  affected  by  the  common  general  assumption  that 
this  instrument  cannot  be  used  except  when  the  water  is 
under  pressure.  Some  difficulty  was  expected  from  the 
high  velocity  in  the  pipes,  because  it  would  be  necessary 
to  traverse  the  pipe  from  side  to -side  at  one  operation, 
owing  to  the  inaccessibility  of  the  f)ipe  from  underneath. 

5.  Nothing  was  known  of  the  amount  of  air  likely  to  be 
trapped  at  times  at  the  high  points  of  the  discharge  pipes. 
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6.  The  flow  of  water  in  the  drainage  canal  at  the  time 
of  the  test  was  not  equal  to  the  capacity  of  one  pump, 
consequently  there  was  a  lowering  of  the  water  during  the 
test  in  the  sump  from  which  the  water  was  drawn. 
Upon  study  of  the  situation  it  was  determined : 
1.  That  the  use  of  a  Pitot  tube  would  be  feasible  even 
thougli  the  velocity  was  high  and  there  might  be  some  air 


FIG.  2.    MERCURY  U-TUBE  FOR  DETERMINING  INLET 
AND  DISCHARGE  PRESSURE  DIFFERENCE 

accumulation  in  its  tubes  due  to  lack  of  pressure  in  the 
discharge  line. 

2.  That  the  water  measurement  should  be  made  as  far 
from  the  pumps  and  as  near  the  level  of  the  discharge 
water  as  possible. 

3.  That  the  velocities  should  be  measured  on  two  di- 
ameters of  the  discharge  pipe  normal  to  each  other  and 
inclined  at  45°  with  a  vertical  plane  passing  through  the 
center  line  of  the  pipe.  (A  measurement  across  the  pipe 
on  a  horizontal  traverse  seemed  to  be  out  of  the  question 
because  the  horizontal  position  would  have  made  it  neces- 
sary to  gage  at  a  point  where  the  toj)  of  the  pipe  was  more 
than  2  ft.  above  the  surface  of  the  discharge  water  and  this 
did  not  seem  advisable.  Furthermore,  velocity  determina- 
tion on  a  traverse  normal  to  the  horizontal  from  top  to 
bottom  of  the  pipe  would  have  made  it  necessary  to  cross 
with  the  Pitot  tube  the  zone  in  which  air  was  most  likely 
to  interfere  with  the  observation.) 

-1.  That  the  errors  resulting  from  accumulation  of  air 
in  cither  of  the  two  tubes  leading  from  the  Pitot  tube 
to  the  manometer  could  be  eliminated  by  alternate  use 
of  each  tube  for  determining  velocity  head  and  then  for 
suction  head. 

5.  That  a  special  device  should  be  apjjlied  to  measure 
directly  the  difference  in  head  between  the  inlet  and  dis- 
charge of  the  centrifugal  pumps. 

Details  of  Equipment 

Notwithstanding  velocities  in  excess  of  10  ft.  per  sec. 
the  Pitot  tube  was  successfully  used.  The  instrument 
was  of  the  form  with  upstream  and  downstream  orifices. 
The  only  accident  of  note  was  due  to  the  fact  that  at  one 
insertion  the  tube  turned  in  its  support  and  the  pressure 
against  its  flat  side  bent  it  somewhat,  but  without  more 
injury  than  could  be  repaired  in  a  few  minutes. 

A  switching  device  was  secured'  equivalent  to  a  four- 
way  cock  witli  which  a  quick  exchange  of  connections, 
as  demanded  by  requirement  (4),  could  be  effec'ted.  Under 
the  low  pressures  involved  this  switching  device  was  found 
very  convenient.  It  consists  of  two  flat  disks,  each  perfor- 
ated at  two  points  and  provided  with  nipples  for  the 

'This  was  obtained  from  the  A.  Lletz  Co..  of  San  Francisco, 
which  concern  had  recently  been  called  upon  to  construct  It 
for  another  purpose. 


attachment  of  rubber  hose.  The  disks  were  fastened 
together  at  the  center  so  as  to  revolve  with  faces  in  contact, 
so  that  the  holes  in  one  could  be  successively  brought  into 
line  with  each  of  the  holes  in  the  other.  A  half-turn  and  a 
half-turn  back  was  all  that  was  required  to  change  the 
manometer  connection  and  to  bring  it  back  again  to  the 
original  position. 

During  the  test  at  low  speed  tetrachloride  of  carbon, 
with  a  specific  gravity  of  1.59  and  suitably  colored,  was 
used  in  the  U-tube  manometer  of  the  Pitot  tube.  But 
for  the  greater  pipe  velocity,  at  the  high  pump  speed, 
it  was  found  that  a  mercury  column  permitted  sufficiently 
close  readings  and  was  quite  satisfactory. 

Two  things  in  connection  with  this  test  will  be  of  inter- 
est to  the  profession.  These  are,  first,  the  use  of  the  device 
to  eliminate  error  due  to  the  possible  accumulation  of  air 
in  the  tubes  leading  from  the  Pitot  tube  to  the  mano- 
meter and,  second,  the  direct  measurement  of  the  differ- 
ence in  head  between  pump  inlet  and  pump  discharge, 
making  unnecessary  the  determination  of  the  elevation  of 
the  gage  in  its  relation  to  the  pump. 

All  errors  that  might  arise  from  the  accumulation  of 
air  in  the  connections  with  the  U-tube  were  eliminated 
by  placing  the  switching  device  close  to  the  head  of  the 
Pitot  instrument.  At  each  turn  of  the  switch  a  certain 
amount  of  water  was  expelled  through  the  downstream 
orifice  of  the  Pitot  instrument  and  a  like  amount  entered 
through  the  pressure  orifice.  This  amount  varied  accord- 
ing to  the  amount  of  change  resulting  in  the  position  of 
the  tetrachloride  or  of  the  mercury  in  the  U-tube.  Under 
repetition  of  observations  it  helped  to  eliminate  error. 

The  elimination  of  error  due  to  any  trapped  air  in 
the  tubes  connecting  the  Pitot  instrument  with  the  num- 
ometer  can  be  shown  as  follows : 

If  there  was  air  in  the  hose  leading  to  the  XT-tube  be- 
tween the  switch  and  the  U-tube  and  the  excess  of  the  air 
in  one  leg  of  the  hose  amounted  to  h  expressed  in  water 
pressure,  then  the  first  reading  and  the  second,  switched 
to  the  other  side,  would  be  equivalent  to 

H'  =  H  +  h  and  //"  =  II  —  h 
where  //  represents  the  true  difference  in  water  pressure, 
//'  the  reading  with  the  switch  in  one  position  and  //" 


r 

u  9 
it, 

lO  5 


of/' 

/ 

/ 

\ 

^ 

I??*' 

n 

% 

V 

\ 

^ 

^ 

^^ 

/ 

/ 

■■' 

s 

\ 

v^ 

t 

\ 

s  . 

f/ 

^ 

% 

% 

x^ 

/WSCHAR6C 

\''f-'i'^\ 

K 

/ 

HEABOHPUMP        1  l6J!Fr. 

mvpcRmN.       t5$.l 

WER  OH  PVMP-SHAfT  S363KP  ' 

UUP  cmciCNCr       63% 

S 

^ 

/ 

\ 

/ 

III        1 

55  0) 
iD 

40^3 

55  «" 

308 

J) 

25  a, 

-  15-5 
10  3 

-  5 
0 


FIC.    3.    RESULTS   OF   SOUTH    PUMP   TESTS;   WEST 
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the  reading  with  the  switch  in  the  otlier  position.     From 
these  equations 

//'  +  11" 


H  = 


2 


the  error  h  being  automatically  cliiiiinatud. 
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It  should  be  noted  that  sut-h  a  switching  device  makes 
possible  the  use  of  the  Pitot  tube  under  vacuum — even 
in  the  case  of  liquids  carrying  some  gas,  as  in  tlie  case 
of  sewage. 

Fig.  1  shows  the  method  adopted  for  handling  the 
Pitot  apparatus.  It  is  to  be  noted  that  ordinarily  a  man- 
ometer so  arranged  that  a  mercury  column  in  a  U-tube 
placed  at  an  inclination  with  the  horizontal  of  about  1  in 
5  will  be  found  more  convenient  for  use  than  the  tctra- 
chloride^tube. 

The  filling  of  the  hose  connections  between  the  Pitot 
instrument  and  the  U-tube  required  some  care.  A  con- 
nection was  made  with  the  air  pump,  and  by  withdrawing 
air  or  w'ater  from  the  highest  point  of  one  leg  of  the  con- 
necting hose  and  then  from  the  other,  the  tetrachloride 
column  was  raised  to  full  height  first  in  one  leg  of  the 
U-tube  and  then  in  the  other  and  this  process  was  repeated 
until  no  more  air  was  apparent.  When  once  in  working 
condition  no  further  attention  was  paid  to  complete  elimi- 
nation of  air,  since  its  presence  had  no  effect  on  the  result 
of  the  observations. 

The  writer  could  find  no  precedent  for  the  direct  meas- 
urement of  the  difference  in  head  between  the  inlet  and 
discharge  of  the  centrifugal  pump,  and  he  therefore  pre- 
sents the  adopted  scheme  as  a  novel  and  successful  arrange- 
ment which  will  be  found  iiseful  under  similar  conditions. 

The  inlet  pipes  of  each  pump  w-ere  tapped  at  I,  I,  Fig.  2, 
for  i/4-iii-  pipes  at  the  top  and  bottom  on  a  line  normal 
to  the  plane  of  the  elbow,  and  the  discharge  end  of  the 
pump  was  tapped  at  both  sides  at  K.  The  pipes  or  tubes, 
in  part  of  glass,  were  connected  and  brought  to  the 
manometer  as  shown  in  the  sketch. 

Use  of  Test  Appar.ytus 

By  means  of  the  connections  as  arranged  and  cocks 
placed  as  shown  in  Fig.  2,  it  was  possible  to  note  differ- 
ence in  pressure  between  the  discharge  and  the  bottom  or 
the  top  of  the  inlets  or  between  the  discharge  and  the 
combined  top  and  bottom  of  the  inlets.  By  opening  the 
clamp  at  B  (Fig.  2)  and  the  cock  G  and  closing  the  cocks 
D,  E  and  F,  the  apparatus  served  as  a  pressure  gage  on  the 
discharge.  By  opening  the  clamp  at  C  and  the  cock  E 
or  F  or  both  E  and  7^  and  closing  D  and  G,  the  apparatus 
served  as  a  vacuum  gage  on  the  pump  inlets.  But  when 
used  either  for  measuring  the  head  on  the  discharge  oi- 
for  vacuum  on  the  suction  pipe,  the  elevation  of  the  scale 
had  to  be  taken  into  account. 

The  use  of  this  api)aratus  was  in  every  way  satisfactory. 
There  was  no  trouble  in  setting  up  a  strong  flow  from 
the  discharge  toward  the  suction  by  opening  the  cocks 
G,  D  and  E  or  F.  Through  the  glass  tubes  the  flow 
of  water  was  noticeable,  particularly  as  there  was  slight 
air  leakage  at  some  of  the  connections  and  l)ubblcs  of  air 
could  be  plainly  seen  as  they  were  carried  along  by  the 
water. 

Between  each  two  observations  the  cock  D  would  be 
opened  for  a  moment.  If  any  air  appeared  in  the  U-tube. 
as  might  be  the  case  after  opening  ('  or  Ji  for  an  obser- 
vation of  head  on  the  discharge  or  of  vacuum  on  the 
suction,  this  was  easily  gotten  rid  of  In-  manipulating  the 
switch  and  letting  the  mercury  in  the  U-tube  play  up  and 
down  a  few  times. 

To  take  an  observation  tlie  water  was  first  allowed  to 
flow  for  a  moment  through  G,  D,  E  and  F,  and  then  D 
was  closed.    The  switch  at  A  was  turned  so  as  to  discon- 


nect the  U-tube  and  bring  the  mercury  to  complete  rest, 
and  a  reading  was  noted.  Thereupon  the  half-turn  of 
switch  A  was  completed,  and  with  a  reversed  position  of 
the  mercury  columns  a  second  reading  was  taken.  In 
order  to  eliminate  all  chance  of  error,  10  double  readings 
were  taken  to  complete  a  set,  and  a  new  set  was  taken  at 
first  every  10  min.  but  later  every  15  or  20  min.  during 
the  continuance  of  a  test,  the  full  time  of  which  was 
determined  by  the  time  it  took  to  make  the  two  traverses 
of  each  discharge  gaging — generally  from  1  to  I14  hr. 

Some  of  the  results  of  the  test  are  presented  in  Table 
1 — for  those  who  desire  to  follow  the  test  and  not  for  the 
interest  in  the  pumps.    ■ 


Water  elevation  in  suction  sump, 


ft. 


North  Pump 

South  Pump 

Low- 

High 

Low 

High 

Speed 

Speed 

Speed 

Speed 

8.50 

7.46 

8  31 

7  70 

16  50 

16.43 

16  50 

16  50 

8.00 

8.99 

7.99 

8  80 

3.02 

6  14 

2,27 

3  90 

2.34 

4.30 

2  92 

5  42 

13.36 

19  43 

13.18 

18  12 

200.3 

255.3 

200.1 

256  1 

5.48 

1.32 

6  24 

3.80 

18.84 

20  75 

19.42 

21.92 

78.0 

110  1 

74.7 

113  1 

900 

49,400 

33,500 

50,800 

lis  1 

242.4 

111.5 

232  2 

183  9 

368  9 

188.3 

365  9 

167  1 

339  0 

169.3 

336  3 

70.7 

71  6 

65.8 

69  0 

Water  elevation  at  discharge,  ft. . . , 

Static  head,  ft 

Loss  of  head  in  suction  pipe,  ft 

Loss  of  head  in  discharge  pipe,  f  t . . . 

Head  on  pump,  ft 

Revolutions  per  minute 

Hydr.  grade  at  inlet,  ft 

Hydr.  grade  at  outlet,  ft 

Water  pumped,  cu.ft.  per  sec 

Water  pumped,  gal.  per  min i 

Horsepower      of      water      passing 

through  pump 

Electric  pow-er  input,  hp 

Power  on  pump  shaft,  hp 

Efficiency  of  pump,  per  rent.* 

*  It  is  to  be  noted  that  neither  at  hish  speed  nor  at  low  speed  could  conditions 
be  obtained  in  exact  conformity  with  those  intended  und?r  the  contract  and  that 
therefore  these  efficiencies  are  not  comparable  with  the  guarantee  without  suit-  ■ 
able  modification. 

In  Fig.  3  are  shown  the  two  velocity  curves  (for  the 
separate  traverses)  and  the  discharge  curves,  obtained  at 
the  high  speed  for  the  south  pump.  The  discharge  as 
shown  by  this  diagram  is  the  area  between  the  base  line 
representing  the  diameter  of  the  discharge  pipe  and  the 
two  parts  of  discharge  curve  which  rise  from  the  middle 
of  this  diameter  and  terminate  at  vertical  lines  represent- 
ing the  top  and  bottom  of  the  pipe.  The  points  on  the 
discharge  curve  were  obtained  by  multiplying  average 
velocity  in  feet  per  second  at  any  selected  point,  as  indi- 
cated by  the  tn'o  curves,  with  the  half-circumference  in 
feet  of  a  circle  having  a  radius  equal  to  the  distance  of 
that  point  from  the  center  of  the  pipe.  In  the  original 
diagrams  each  square  inch  of  surface  represented  5  cu.ft. 
per  sec. 

The  close  agreement  of  the  velocities  on  the  two  tra- 
verses is  to  be  noted.  This  agreement  was  somewhat 
better  in  the  selected  example  than  in  the  case  of  the  other 
three  gagings — but  all  were  quite  satisfactory.  In  Table  2 
a  sample  of  the  readings,  in  inches  of  mercury,  taken  on 
the  pressure  manometer  to  determine  head  on  the  pump 
is  presented. 

T.\BLE  2.     M.\NOMETER  READINGS.     PART  OF  LOW-SPEED  TEST; 
NORTH  PUMP,  WEST  SACRAMENTO  RECLAMATION  DISTRICT 

First                  Second  First  Second 

Position  Position  Position             Position 

Dis-      Sue-  Dis-      Sue-  Dis-      Sue-      Dis-      Suc- 

chargc,    tion,    charge,    tion,  charge,    tion,    charge,   tion, 

Time    In.    In.  In.    In.  Time    In.    In.    In.    In. 

10  00   0  02   19  05  6  15  18  93  10  20   6  00  19  07  6  06   19  06 

6  10   19  00  0  15   18  95  6  07   19  03  6  10   19  00 

6  12   19  02  6  13  18  93  6  20  18  90  6  01   19  09 

6  20   18  90  6  00  19  (M  6  00  19.10  0  10   19  00 

6  10   19  00  6  10  19  00  5  90  19  20  6  13   IS  97 


Average. 
Difl.. 

6  11 

18,98 
12  87 

Average . 
Diff. 

6.06 

19  04 
12  98 

10  10 

on 

6  23 
6  22 
0.13 
6  20 

18  97 
18.85 

18,88 
18  97 
18  90 

6  12 
6  08 
6  09 
6  14 

6  28 

18  98 

19  01 
19  01 
18.94 
18  82 

10  30 

6  20 
6  18 
6.20 
6.10 
6.03 

18  91  6.00 
18  92  6  05 
18  90  5  98 
19.00  6  02 
19.03  6.11 

19  02 
19  04 
19  12 
19  02 
18  98 

Average. 
Dill.. 

6  10 

18.93 
12  77 

Avcraec. 
DifT. 

6  08 

IS  99 
12  91 

Note: 

Mi.llipl 

V  by  1.019  to 

convert 

inches  of 

•  to  feet  of  % 

■ater. 
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There  were  observations  taken,  with  the  apparatus  as 
described,  to  determine  separately  the  yacuum  at  the 
inlet  of  the  pump  and  the  pressure  in  the  discharge.  These 
observations  checlced  the  result  of  the  direct  measurement 
of  total  head  on  the  pump  and  afforded  the  means  for  de- 
termining the  loss  of  head  in  the  suction  and  in  the  dis- 
charge pipes,  as  noted  in  Table  1.  Observations  were  also 
taken  to  determine  whether  there  was  any  difference  in 
the  vacuum  indicated  by  the  connection  at  the  bottom  of 
the  inlet  elbow  from  that  indicated  by  a  connection  at 
the  top,  but  none  was  apparent. 

The  samples  of  the  readings  as  noted  in  Table  2  show 
that  there  was  but  slight  fluctuation  in  the  head  on  the 
pump  during  the  taking  of  each  set  of  readings. 

:♦: 
IL®8idl  T®sG  of  C®iac2'®ft®  FIl®®r 

By  J.  11.  P.YHD* 

The  concrete  beam-and-slab  floor  of  a  recently  built 
paint  and  oil  warehou.se  cracked  soon  after  construction, 
across  the  line  of  the  beams  near  the  eontraflexure  point 
of  one  bay,  over  the  whole  width  of  the  building.  The 
crack  was  probably  caused  by  settlement  of  one  end  of  the 
Iniilding,  due  to  yielding  foundations.  The  safety  of  the 
structure  being  questioned,  a  load  test  was  made.  The 
surprising  result  was  that  the  floor  carried  a  very  heavy 
test  load — 500  lb.  per  sq.ft. — and  thus  demonstrated  that 
it  was  safe. 

The  building  is  sho's\'n  in  plan  and  part  sections  in 
the  accompanying  sketch.  All  supports  for  the  contents, 
partitions  and  other  dead-loads  were  in  place.  The  build- 
ing was  practically  completed  when  the  cracks  were 
noticed. 

The  building  has  only  one  floor  and  roof,  and  on  this 
account  a  cheap  type  of  foundation  was  adopted.  The 
footings  were  placed  directly  on  wet  gumlio  soil,  prol)- 


Finance    Building.    Kansas   City, 


S'tVe^Sana' 


Defiecfion  ^ 


Defkcfhn  ^' 
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PLAN  AND  SECTION  OF  FLOOR   TESTED  AFTER  CRACKING 


al)Iy  about  10  ft.  thick  above  sand,  with  a  unit  pressure 
of  1,500  lb.  per  sq.ft.  They  were  balanced  for  dead-load, 
but  this  apparently  did  not  prevent  the  uneven  settle- 
ment. In  filling  the  ground  around  the  building,  sand 
was  pumped  from  the  river;  and  as  the  water  drained 
off  to  the  lower  levels,  the  footing  pits  provided  line 
sump  basins. 

As  showai  by  cracks  in  the  loading  dock  at  one  end 
of  the  building,  the  ends  of  the  building  evidently  set- 
tled. In  spite  of  this  a  construction  joint  across  the 
center  of  a  panel  near  midlength  of  the  building  showed 
no  crack.  A  crack  appeared,  however,  in  the  second 
panel  from  one  end,  at  the  eontraflexure  point  of  the 
Joist,  as  indicated  in  the  plan.  The  settlement  of  the 
Iniilding  is  not  apparent  in  levels  taken  from  a  bench- 
mark or  relative  to  the  rest  of  the  building.  On  the 
other  hand,  as  the  building  was  started  in  the  winter 
months  the  cracks  were  evidently  not  caused  by  con- 
traction of  the  concrete,  but  must  have  been  caused  by 
settlement.  The  crack  continues  all  the  way  across  the 
building  through  the  wall  beams  and  penetrates  the 
slab  sufficiently  so  that  water  can  drip  through.  It  is 
]icr])cii(licular  to  the  floor  and  at  places  opens  up  to 
iV  in. 

It  was  at  first  thought  necessary  to  build  a  brick  or 
concrete  wall  under  the  broken  joists  to  make  the  floor 
safe.  However,  it  was  decided  to  make  a  load  test  to 
gain  information  on  the  safety  of  the  building. 

An  area  20x13  ft.  was  loaded  with  wet  sand  5  ft.  high, 
making  500  lb.  per  sq.ft.,  a  total  load  of  130,000  lb. 
Tlie  maximum  deflection  at  midspan  was  Vc4  ™. ;  at  the 
crack,  y^V  in.  Most  of  the  deflection  occurred  under  the 
first  100  lb.  The  load  was  left  on  overnight,  about  16  hr.. 
and  no  additional  deflection  was  noticed.  After  the  load 
was  removed,  the  crack  was  .'^lightly  closed.  Permanent 
deflection  was  not  apparent.  The  surface  of  the  floor 
%vas  perfectly  smooth  at  the  crack. 

Thin  grout  will  be  allowed  to  seep  through  the  crack ; 
and,  as  the  floor  was  designed  for  250  lb.  per  sq.ft.  and 
carried  500  lb.,  it  will  be  considered  safe  for  the  ]nirposes 
intended. 

The  writer's  idea  was  that  arch  action  (the  joist  being 
cambered  %  in.)  would  produce  sufficient  binding  action 
at  the  broken  section  to  take  care  of  vertical  shear.  The 
success  of  the  test  seems  to  indicate  that  this  action 
took  pla(«.  Any  deflection  sufficient  to  overcome  the  arch 
action  would  have  opened  the  joint  and  probalily  caused 
failure,  there  being  no  tension  steel  at  the  ])oint  of  the 
crack. 

IvKrAli;    OF    TIIK    CitACK 

Subsequently  a  ^'-shap^■d  slot  2  in.  wide  was  cut  along 
the  crack  the  entire  width  of  the  floor.  Very  thin  cement 
grout  was  poured  into  this  slot.  The  water  dripped 
through  below. 

The  slab  flange  of  the  joiste  appears  to  be  filled  solid. 
l)ut  the  sides  of  the  joists  show  the  same  fracture,  and 
the  crack  here  can  evidently  lie  filled 
only  by  forcing  in  grout  under  air  pres- 
sure.    This  will  not  be  attempted. 

The  floor  has  now  received  nearly 
its  full  live-load,  consisting  of  ma- 
chinery, steel  tanks,  oil,  varnish,  etc. 
No  further  evidence  of  trouble  lias 
appeared. 


/A(?  unevenness  showed  here 
Lr'DeflecHon  i^ 
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SYNOPSIS — A  two-span  cable  tramway  carries 
passengers  across  a  river  at  times  of  flood.  The 
method  of  erecting  the  l,SJ,0-ft.  cable  is  described. 

An  aerial  tramway  taking  the  place  of  a  highway 
bridge  is  the  feature  of  the  crossing  of  the  Nagnilan 
Ri^■e^  by  tlie  Baiiang-Baguio  road,  in  the  Philippine 
Islands  (La  Union  Province).  The  river  is  about  %  mi. 
wide  between  banks,  has  a  flood  rise  of  25  ft.  above  low 
water,  and  the  crossing  may  be  unsafe  for  boats  or  rafts 
for  several  days.  A  steel  bridge  has  been  designed;  but 
as  conditions  do  not  warrant  its  construction  at  this  time, 
some  means  had  to  be  devised  for  maintaining  communi- 
cation during  high  water..  The  tramway  was  built  for 
this  purpose.  For  ordinary  service  there  is  a  timber 
trestle. 

The  tramway  has  two  spans  of  857  and  906  ft.,  the 
cables  being  supported  by  three  timber  towers — two  on 
shore  and  one  on  a  concrete  pier  that  eventually  will 
form  one  of  the  bridge  piers.  The  towers  are  of  ipil 
(a  native  hardwood)  and  Oregon  pine,  and  the  posts  of 
the  shore  towers  rest  on  concrete  footings.  At  the  towers 
1he   cables   are   carried    at    an    elevation    of   about   55.76 


ft.  above  low  water.  For  the  track  cable  this  allows  a 
dead-load  sag  of  71^  ft.,  a  live-load  sag  of  14^2  ft.,  a 
clearance  of  about  18  in.  from  flood  level  to  the  car  and 
7I/4  ft.  from  the  bottom  of  the  car  to  the  cable  trolley. 
Stairs  lead  from  the  ground  to  the  landing  platform  at 
the  car  level.  A  telephone  line  is  carried  across  the 
towers. 

The  track  cable  is  a  ly^-in.  plow-steel  caMe  (with  six 
19-wire  strands),  purchased  from  stock  in  Manila.  The 
ultimate  strength  is  68  tons,  and  (with  a  factor  of  safety 
of  4)  a  working  load  of  17  tons  was  allowed.  At  the 
west  end  the  cable  is  secured  to  an  anchorage.  Through 
the  cable  socket  pass  two  li/^-in.  eye-bolts  15  ft.  long, 
whose  ends  engage  a  314-in.  pin  in  the  head  of  a  lx4-in. 
eye-bar  26  ft.  long.  The  lower  end  of  the  bar  has  a 
similar  pin  2  ft.  long,  engaging  a  grillage  of  steel  bars 
in  a  concrete  anchor  block  6x41/4x71/2  ft.  This  block 
weighs  about  9  tons,  and  the  space  between  it  and  the  face 
of  the  excavation  was  filled  with  concrete  to  insure  sta- 
bility. 

At  the  east  end  the  cable  is  not  anchored,  but  passes 
over  a  grooved  pulley  on  the  tower  and  is  attached  to  a 
cylindrical  concrete  counterweight  6  ft.  2  in.  in  diam- 
eter and  8  ft.  2  in.  hiffh.     This  is  shown  in  one  of  the 


A14RTAI.  TRAMWAY  FOR  PASSENGERS;  CROSSING  THE  NAGUILAN  RIVER  IN  THE  PHILIPPINE  ISLANDS 

The  view  at  the  left  shows  the  east  tower,  with  track  cable  attached  to  a  17-ton  counterweiKht.  The  view  at  the 
right  shows  the  car  and  carrier.  The  road  and  bridge  (for  iisi  at  low  water)  arc  shown  beyond  the  car.  The  conductor 
is  holding  the  safety  cord   for  releasing  the  haulage  rope  in  case  of  overwinding 
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accompanying  views.  The  counterweight  weighs  about 
17  tons,  but  an  annular  recess  in  the  top  provides  for  an 
additional  loading  of  about  a  ton  of  sand  and  gravel  to 
compensate  for  stretching  of  the  cable.  Threaded  rods 
anchored  in  the  concrete  form  the  attachment  of  the 
table  socket.  This  block  was  built  in  place  and  in  ele- 
vated position  (with  its  top  just  below  the  top  of  the 
tower),  the  form  being  supported  on  timber  blocking. 
The  cable  sockets  are  semisteel  castings  5%xl2  in.  and  10 
in.  long.  In  the  center  is  a  hole  tapering  from  31/2  to 
114  in.;  this  receives  the  cable  end,  the  wires  being 
.-spread  and  bent  back  and  the  space  filled  with  zinc.  At 
each  side  is  a  hole  for  the  anchor  rod,  these  holes  tap- 
ering from  2jV  in-   to   lj%  in. 

The  car  is  an  open  timber  box  5  ft.  by  4  ft.  8  in.,  3^2 
ft.  deep,  weighing  about  400  lb.  It  is  suspended  from  a 
carrier  attached  by  hangers  to  a  jDair  of  two-wheel  trol- 
leys riding  on  the  cable,  as  shown.  The  weight  of  car, 
carrier  and  trolleys  is  about  1,1.50  lb.,  while  six  passengers 
and  a  conductor  bring  the  total  live-load  to  3,200  lb. 
At  the  landings  the  car  is  hooked  to  the  tower  posts  to 
hold  it  steady.  The  conductor  holds  a  safety  cord  for 
instantly  releasing  the  car  from  the  hauling  calile  in 
case  of  overwinding.  Large  animals  are  carried  in  a 
canvas  hanger,  the  car  body  being  then  detached  from  the 
suspenders. 

The  %-in.  haulage  cable  passes  around  a  horizontal 
11-ft.  driving  sheave  built  on  the  ground  behind  the  east 
tower  and  supported  on  a  framing  of  timber  beams.  The 
wheel  is  built  of  three  layers  of  Oregon  pine  plank,  3x12- 
in.  for  the  top  and  bottom  layers  and  2xl2-in.  for  the 
middle  layer.  The  edges  of  the  3xl2-in.  planks  arc  bev- 
eled to  form  a  groove  for  the  cable. 

The  under  side  of  the  wheel  has  runners  that  ride 
on  hardwood  (molave)  rollers  5  in.  long,  tapering  from 
5  to  5I/2  in.  in  diameter.  It  has  a  pivot  of  ipil  wood, 
12  in.  in  diameter  with  a  9x9-in.  bottom  plate  that  rests 
on  a  hemispherical  bearing  plate  bolted  upon  a  concrete 
base  39x32  in.  The  upper  bearing  of  the  pivot  is  braced 
against  the  tower.  Wedges  allow  for  taking  up  shrinkage. 

Guide  pulleys  lead  the  haulage  cable  to  the  driving 
sheave,  around  which  it  makes  fi/o  turns.  This  sheave 
is  operated  by  two  carabaos — or  water  buffaloes — hitched 
to  a  pair  of  timbers  projecting  on  o])posite  sides.  The 
stress  on  the  haulage  cable  with  loaded  car  (seven  per- 
sons) is  about  1,020  lb. 

PitEPAItlXG    AND    EliECTINC;    THE    CaBLE 

The  li/4-in.  track  cable  (supplied  in  three  coils)  was 
stretched  out  along  the  road  on  the  west  side  of  the  river, 
all  twists  and  turns  being  taken  out  and  each  of  the 
two  splices  made  50  ft.  long.  Tlie  required  length  be- 
tween sockets,  1,838  ft.  5  in.,  was  measured  carefully  with 
a  20-m.  tape  and  checked  twice.  To  this  length  was 
added — at  each  end — 10  in.  for  the  socket  and  7  in.  for 
bending  back  the  wires  into  the  socket.  The  total  dis- 
tance— 1,810  ft.  4  in. — was  marked  by  fine  wires  wound 
firmly  around  the  cable,  and  the  strands  were  then  cut 
one  by  one.  Tlie  cable  was  afterward  hauled  across  the 
river,  passing  through  the  central  tower. 

After  the  sockets  had  been  applied,  the  socket  on  the 
na.st  end  was  fastened  to  the  rods  in  the  top  of  the  coun- 
terweight, which  was  elevated  on  blocking,  as  already 
mentioned.  Then  the  cable  was  pulled  up  to  rest  on 
the  saddles  of  the  west  and  central  towers  and  the  sheave 


of  the  ea.st  tower,  the  saddles  and  sheaves  being  well  lu- 
l)ricated  with  axle  grease.  The  west  end  was  about  33 
ft.  from  tlie  anchorage  attachment,  the  eye-bolts  of  whicli 
were  held  in  position  liy  a  timber  support,  or  horse. 

A  timber  deadman  12x12  in.,  15  ft.  long,  was  placed 
vertically  (set  10  ft.  in  the  ground)  behind  the  anchor- 
age. Around  this  was  placed  a  4-ft.  loop  of  three  turns 
of  114-in.  wire  cable,  and  to  this  the  hook  of  a  double 
24-in.  diamond  sheave  was  secured.  On  the  main  cable, 
beginning  about  20  ft.  from  the  socket,  was  lashed  a  lo- 
ft, loop  of  two  lines  of  3-in.  hemp  rope,  the  strands  of 
which  were  unlaid  for  about  4  ft.  and  ^^Tapped  around 
the  cable.  The  hook  of  a  second  24-in.  Idock  was  se- 
cured to  this  loop. 

A  300-ft.  length  of  %-in.  steel  cable  was  run  through 
the  two  sheaves,  one  end  being  clamped  at  the  block  on 
the  deadman  and  the  other  end  being  free  for  attach- 
ment to  the  axle  of  a  40-hp.  2y2-ton  motor  truck,  loaded 
with  a  ton  of  freight.  Between  the  towers  and  the 
center  pier  the  cable  lay  on  the  ground  for  about  GG% 
of  tlie  distance.  Men  were  sent  up  the  center  and  west 
lowers  to  keep  the  under  side  of  the  cable  well  lubricated 
with  axle  grease. 

The  motor  truck  then  moved  off;  and  when  the  cable 
swung  free  (almost  simultaneously  in  the  two  spans), 
nearly  the  maximum  power  was  needed  to  keep  the  truck 
moving.  When  the  socket  was  within  a  short  distance 
from  the  anchor  rods,  the  pull  of  the  cable  was  greater 
than  the  tractive  effort  and  the  truck  stalled.  By  putting 
chains  on  the  rear  wheels,  piling  the  freight  directly  over 
them  and  then  working  the  engine  with  full  admission 
of  gasoline  a  little  further  advance  was  made,  bit  bv 
bit. 

Finally  by  applying  full  power  and  clamping  the 
brakes  to  hold  the  slight  advantage  gained  the  socket  was 
swung  into  such  position  that  the  eye-bolts  (pivoted  to 
the  head  of  the  anchor  bar)  could  be  passed  through  it, 
with  just  enough  length  projecting  to  hold  the  nuts. 
The  washers  and  nuts  were  applied  and  turned  with 
long-handled  wrenches.  As  the  nuts  took  u])  the  thread, 
the  truck  was  able  to  move  ahead  a  little,  tluis  relieving 
the  strain  on  the  nuts,  the  operations  being  repeated  until 
the  socket  had  been  forced  to  the  determined  ])osition 
on  the  bolt.  The  hauling  line  was  then  slacked  grad- 
ually, until  the  anchorage  took  the  full  strain. 

The  next  stage  of  operations  was  at  the  counter- 
weight end  of  the  cable  (east  end).  The  counterweight 
had  been  built  in  an  elevated  position,  on  blocking.  By 
jacking  slightly  with  four  60-ton  hydraulic  jacks  the 
top  12-in.  course  of  blocking  was  released  and  replaced 
with  three  4-in.  pieces,  the  coimterwcight  being  then 
jacked  and  lowered  in  4-in.  stages.  This  was  repeated 
until  it  had  been  lowered  about  (Ji/^  ft. 

Then  the  car  was  loaded  to  3,000  lb.  with  boulders 
and  run  out  to  the  middle  of  the  east  span.  As  this 
did  not  suffice  to  raise  the  counterweight,  the  load  was 
gradually  increased  to  7,000  lb.,  when  the  counterweight 
lifted  y_>  in.  The  jacks  and  blocking  were  at  once  re- 
moved, and  the  load  on  the  car  was  reduced. 

The  total  cost  ot  this  aerial  tramway,  including  the 
towers  and  concrete  pier,  was  $8,142.  The  foregoing 
information  has  been  compiled  from  a  paper  in  the 
"Bulletin"  of  the  Bureau  of  Public  Works  (Phili))pine 
Islands),  by  Frank  T.  James,  of  Manila,  who  acted  as 
supervising  engineer. 


14 


ENGIXEEEING    NEWS 


Vol.  76,  No.  1 


By  H.  M.  Talbott* 

In  1915  the  City  of  Owensboro,  Ky.,  let  by  contract 
6,124  lin.ft.  of  bitulithic  pavement.  Of  this,  5,187  ft. 
was  resurfacing  on  the  existing  concrete  foundation,  for- 
merly surfaced  with  sheet  asphalt;  270  ft.  on  new  con- 
crete foundation ;  and  667  ft.  on  macadam  foundation, 
after  tlie  latter  had  been  ."icarified  and  properly  rolled. 

Payment  for  the  work  was  met  by  the  abutting  prop- 
erty owners,  and  the  contractors  were  to  collect  the  assess- 
ments according  to  the  estimates  furnished  by  the  city 
engineer.  This  plan  of  payment  involved  169  separate 
parties  to  the  contract  instead  of  the  usual  two.  It  is 
readily  seen  that  complication  could  easily  arise  unless  a 
systematic  method  of  distributing  quantities  and  figuring 
estimates  was  employed. 

Measuring  the  Wouk  fok  Assessment 

Measurement  was  started  at  one  end  of  the  work,  con- 
sidered as  Sta.  0  plus  00 ;  and  each  property  line  was 
located  by  pluses,  the  property  owner's  front  being  found 
by  subtracting  the  station  number  at  each  side  of  his 
property.  In  this  way  the  measurement  was  made  as  a 
whole  and  the  error  in  measurement  reduced  to  a  mini- 
mum. 

The  City  E.E.  ran  over  the  streets  where  resurfacing 
was  done,  at  some  points  single  track  and  at  others 
double.  The  street  width  varied  in  different  blocks.  A 
city  ordinance  required  that  the  pavement  be  charged  to 
the  property  owners  at  so  much  per  running  foot;  but  as 
the  square  yards  per  running  foot  varied,  the  estimate 
was  figured  on  a  square-yard  basis.  AMien  the  total  cost 
to  the  property  owner  was  determined,  it  was  divided 
by  the  front  feet  of  property,  giving  the  cost  per  lineal 
foot. 

In  most  Southern  towns  (especially  the  older  ones) 
property  lines  do  not  agree  with  the  lines  shown  by  the 
deeds.  In  some  instances  there  has  been  deeded  as  much 
as  10  ft.  exceeding  the  block  measurement.  At  other 
times  there  is  a  surplus  not  owned  by  anyone,  according 
to  the  deeds;  but,  needless  to  say,  the  space  is  occupied. 
The  measurements  were  made  of  the  space  actually 
occupied  or  claimed  by  the  property  owner  and  charged 
to  him  whether  or  not  the  distance  shown  agreed  with 
his  deed.  Where  the  deed  distance  was  more  than  the 
lineal  feet  as  shown  by  the  estimate,  the  property  owaier 
of  course  did  not  demur ;  but  in  some  cases,  where  he  was 
charged  with  more  lineal  feet  than  was  shown  by  his  deed, 
objections  were  raised.  Cases  of  this  kind  were  soon 
adjusted  when  he  was  told  that  he  occu]ned  more  ground 
than  he  paid  for  and  that  the  city  would  pay  the  assess- 
ment on  the  surplus,  provided  it  could  get  a  deed  to  the 
ground  in  excess  of  the  deed  distance. 

In  some- places  property  lines  could  not  be  dctcrniiiied, 
as,  for  instance,  where  there  was  a  stairway  between  two 
buildings.  When  this  occurred,  measurements  were 
taken  to  what,  in  the  judgment  of  the  field  man,  was  the 
property  line;  and  estimates  were  issued  on  that  basis.  If 
tiiere  was  an  error,  the  property  owner  charged  in  excess 
was  quick  to  have  the  error  adjusted. 

Since  so  many  conflicting  explanations  were  made  to 
the  field  men  about  the  location  of  the  i)roperty  line,  it 


was  thought  best  to  get  as  nearly  as  possible  the  right 
line  and  let  the  owners  adjust  it  between  themselves. 
Where  the  property  line  was  moved,  as  agreed  upon  by 
the  owaiers,  the  plus  was  changed  to  conform  to  it ;  and 
automatically  the  frontage  of  the  property  on  both  sides 
or  on  one  side  was  changed.  The  city  paid  for  all  street 
intersections  (Fig.  2),  and  the  City  R.K.  paved  with 
concrete  for  31/2  ft.  on  each  side  of  center  line  of  track. 
In  tabulating  the  estimates  six  sheets  were  used  similar 
to  Table  1 ;  one  sheet.  Table  2 ;  one  sheet,  Table  3 ;  and 
two  sheets.  Table  4. 

Re.sikfacing  on  Existing  Concrete  Foundation 

In  resurfacing  on  the  existing  concrete  foundation 
(Fig.  1)  there  were  four  items  to  be  considered — top 
surface,  binder,  concrete  and  removing  old  asphalt. 

The  square  yards  fronting  the  property  was  found  by 
the  usual  method  of  multiplying  the  front  feet  by  the 
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•City  Engineer,  Owensboro,  Ky. 


PIC!.   1.    SHOWING  HOW  ABUTTING  PROPERTY   OWNERS 
WERE  ASSESSED  ON  MAIN   ST. 

width  of  improvement  and  dividing  by  9.  Where  the 
area  was  irregular,  caused  by  the  existence  of  turnouts 
in  the  City  R.R.  tracks,  the.  usual  method  of  triangles 
and  trapezoids  was  followed,  as  shown  by  the  sketch  of 
the  street  on  the  right  of  Fig.  1. 

The  binder  was  brought  to  a  uniform  grade  and  the  old 
concrete  foundation  was  irregular.  For  these  reasons  tiie 
Ifindcr  was  not  of  uniform  thickness.  Hence  it  was  paid 
for  by  the  ton  instead  of  by  the  square  yard.  In  some 
cases  no  binder  was  used  while  in  others  four  or  five  tons 
was  laid.  The  manner  of  distributing  the  binder  cost 
was  as  follows:  The  total  number  of  tons  of  binder  was 
determined  by  actual  M'eight  as  it  left  the  mixing  ])laiit 
and  amounted  to  858.04  tons.  This  was  divided  by  the 
total  square  yards  of  improvement,  and  the  decimal 
0.0445  ton  was  applied  to  each  square  yard. 

There  were  several  places  where  the  old  foundation 
needed  patching.  The  actual  amount  of  concrete  used 
was  determined  in  cubic  yards  and  the  cost  was  dis- 
tributed  by  the  same  method  as  that  of  the  binder.  The 
decimal  0.00157  cubic  yard  was  found  and  applied  to  each 
square  yard  of  improvement. 

The  square  yards  of  old  asphalt  removed  was  the  same 
as  the  square  yards  of  top  surface  placed. 
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TABLE  1.     DATA  ON  BITt'LITHIC  PAVEMENT  ON  MAIN  ST  , 

Sq.Yd. 

lar  Ac- 
count. Top   ' 
Lot      Double  Total  Price 
Front,    Track.  Sq  Yd.     per 
Property  Owners               Lin. Ft.    Fig.  1  per  Lot  Sq.Yd. 
W     C.     Sweenev     Est.     (J.     .1. 

Sweeney.  Agt.) 63.1     94.65     94.65  $145  $137.24 

Mrs  A.  G.  Sweenev                            18.3     27.45     27.45  1.45       39.80 

Mrs  Jessie Erwin.".                              4.16  62.40     62.40  1.45       90.48 

Public  Alley  (Citv) 9.8     14  75     14,75  1.45       21.39 

Mrs.  Otto  Lehman 22.2     33.57     33  57  1.45       48.68 

Louis  Neichani  (Louisville,  Ky., 

2304  West  Hill  St.) 21.6     34  44     34  44  145 

John   Thixton    (Dr.    A.   B.    Mc- 
Carthy. .4gt.) 23  5     41.39     4139  145 


OWENSBORO.   KY..  FOR  ASSEi3SMENT  OF  ABUTTING    PKOPERTY   OWNERS 
-Concrete • 


Binder Cu.Yd. 

Weight  Concrete 

in  Tons.Weight  per  .^q. 

Binder  in  Price  Cost  Y'd.  of  Im- 
per      Tons      per       per       prove- 

Sq.Yd.  per  Lot  Ton      Lot        ment 


0.0445  4.21 
0  0445  1.22 
0  0445  2.78 
0  0445  .66 
0  0445   I   49 

0  0445   1   .53 

0.0445   1   84 


Removing 
Old  Asphalt 
Cost    Price    Cost     Price     Cost 
per       per       per        per        per       Total 
Lot    Cu.Yd.  Lot     Sq.Yd.     Lot        Cost 


Lin. Ft. 


52. .50  $10. .53  0  00157  : 

2.50  3.05  0  001.57 

2.50  6  95  0  00157 

2.50  1  65  0  001.57 

2. 50  3.73  0.001,57 

2.50  3.83  0  001,57 

2. 50  4.60  0.00157 


.15  S6  00  SO. 90  $0,015  $1.42  $150.09  $2.38— 
OS  6.00  .30  .015  .41  43  56  2.38-1- 
.10  6  00  .60  .015  .94  98  97  2.38— 
.02  6.00  .12  .015  .22  23.38  2.384- 
.05  6.00   ,30   .015   .50   53.21  2.39-)- 


. 00  6 , 00 
OG  6  00 


.36 


.015 


54  ,65  2 ,  53  -I- 
65,56  2  79— 


DATA  ON  BITl'LITHIC  PAVEMENT  FOR  ASSESSMENT  XT  INTERSECTIONS;  WITH  TYPICAL  INTERSECTIONS 


Sq.Y'd. 

per 
Inter- 
Street  Intersection  section 

Lewis  and  Main  St 141.80 

Daviess  and  Main  St 363 .  89 

.Mien  and  Main  St 354  11 

St.  Ann  and  Main  St 401.04 

Frederica  and  MainSt. . . .  343  63 
Third  and  Frederica  St ... .  443 .  55 
Fourth  and  Fred.rica  St.     338.56 


Top 

End 

Removing 
Old  Asphalt 
Cost 

Cost 

Weight  in 

Weight  in 

Cost 

Cu.Yd. 

Cu.Yd. 

Cost 

Cost 

Price 

per 

Tons  of 

Tons  per 

Price 

per 

Concrete 

Price 

per 

Price 

of 

per 

Inter- 

Binder 

Inter- 

per 

Inter- 

Improve- 

Inter- 

per 

Inter- 

per 

Inter- 

Inter- 

Sq.Yd. 

section 

section 

Ton 

section 

ment 

section 

Cu.Yd. 

section 

Sq.Yd. 

section 

section 

$1.45 

$205.01 

0.0445 

6  31 

$2.50 

$15.78 

0  00157 

0  22 

$6.00 

$1  32 

$0,015 

$2.13 

$224.8* 

1  45 

527,64 

0,0445 

16  19 

2.50 

40.48 

0.00157 

0  57 

6  00 

3  42 

.015 

5.46 

577.00 

1.45 

513  46 

0  0445 

15.76 

2  50 

39  40 

0.00157 

0.56 

6  00 

3  36 

.015 

5.31 

561 .  53 

1  45 

581.51 

0  0445 

17  84 

2.50 

44.60 

0.00157 

0  63 

6  00 

3  78 

.015 

6.02 

635.91 

1  45 

498  26 

0  0445 

15  29 

2  50 

.38.22 

0.00157 

0.54 

6  00 

3  24 

.015 

5  15 

544.78 

1  45 

643 . 15 

0  (M45 

19  74 

2  50 

49.35 

0  00157 

0  69 

6,00 

4   14 

.015 

6.65 

703.29 

1.45 

490  91 

0  0445 

15  07 

2.50 

37  68 

0.00157 

0.53 

6.00 

3.18 

.015 

5.08 

536.85 

Lot 
Front 
Lin. 


TYPICAL  .ASSESSMENT  SHEET  FOR  PAVEMENT  LAID  (J.\  NEW  CONCRETE  FOUND.\TION 

-Excavation . 


Width 
of  Im- 
prove- 


Sq.Yd. 
Fronting 
Property 
116  96 
178  42 
73.38 


(Bitulithic) 
Top  Surface 


per 

Sq.Yd. 

$1.45 

1   45 


Lot 
$169.59 
258.71 


Sq.Yd. 
$0  .55 


Lot 
$64  33 


Cu.Yd. 

Excava- 
tion per 
Sq.Yd. 
Improve- 

0  272 
0  272 
0.272 


Lot 
31  81 


Cu.Yd. 

$0.50 


Total 

Cost 

;icr  Lot 


Cost 
per 


TABLE  4.     TYPICAL  ASSESSMENT  SHEET  FOR  PAVEMENT  LAID  ON  EXISTING  MACADAM  FOUNDATION 


Front 
Property  Lin. Ft. 

Owner  Lot 

Loven  Whitley.      132  1 


Sq.Yd.  Sq.Yd. 
Fronting  in  Inter- 
Property     section     Sq.Yd 


Top  Surface 

Cost  per 

Price       Lot    or 

per           Inter- 

q.Yd.      section 

$1  45     S399.05 

Sc 

Price 

per 

Sq.Yd. 

$0  10 

rifjMDg 

Cost  per 
Lot  or 
Inter- 
section 
$27.52 

Cu.Yd. 
Stone 
per  Sq.Yd. 
Improve- 
ment 
0   1 

— Foundati 
Cu.Yd. 
Stone 
per  Lot 
or  Inter- 
section 
27.52 

Cost  per 
Lot  or 
Inter- 
section 


Total 
Cost 

for  Lots 


SI   50  841   28       S467.8S        $3.54- 


Untier  the  liead  of  "Laying  Bitulithic  on  a  ^STew  Con- 
crete Foundation"  the  items  "Top  Surface  (Bitulithic) 
in  Square  Yards,"  "Concrete  in  Cubic  Yards,"  and  "Ex- 
cavation in  Cubic  Yards"  were  considered,  as  shown  by 
Table  3.  No  binder  was  used,  the  top  surface  being  laid 
directly  on  the  concrete,  which  had  been  roughened  to 
receive  it. 

Where  pavement  wa,>;  laid  on  macadam  foundation 
(Table  4),  the  items  "Top  Surface  in  Square  Yards," 


stone  was  placed  so  that  when  rolled  the  subgrade  was 
uniform  and  2  in.  below  the  finished  grade.  The  2-in. 
top  of  bitulithic  was  then  laid,  no  binder  being  used. 

In  the  two  classes  of  pavement  just  considered  the 
method  of  uniform  distribution  of  costs  and  quantities 
which  was  followed  was  similar  to  that  on  the  work  where 
bitulithic  was  laid  on  the  existing  concrete  foundation. 

This  method  of  preparing  estimates  may  not  be  new; 
but  perhaps  this  description  of  it  will  offer  a  suggestion 


THIffD'^ 


JIPl 

"•^ 

j^        K 

1    /9-7'^        ^ 

i                      ^ 

IV-' 

V^HJIULAND  5 

»-■ 

no' 

TYflCAL    STKKI'IT    INT  FOHS  ACTIONS 


"Scarifying  in  Square  Yards,"  and  "Foundation  Stone 
in  Cubic  Yards"  were  considered.  Streets  where  this 
work  was  done  were  of  macadam.  In  surfacing  them 
with  bitulithic  the  old  surface  was  scarified  and  brought 
to  a  uniform  grade  4  in.  below  subgrade.    Enough  clean 


that  may  be  of  use  to  city  engineers  who  have  estimates 
of  tills  kind  to  prepare.  There  is  a  rapid  growtii  of  city 
paving  invading  towns  no  larger  than  Owensboro 
(] 6,0(10)  and  in  many  cases  the  city  engineer  has  not 
iicen  called  upon  to  do  this  kind  of  work  before. 
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Street  signs  are  of  many  designs  and  are  placed  in  all 
sorts  of  positions  at  the  street  corners.  Rolland  S.  W'allis 
has  treated  this  subject  quite  fully  in  a  recent  publica- 
tion' of  the  Iowa  State  College.  The  sketches  and  views 
herewith  show  some  of  the  less  common  methods  of  desig- 
nating street  intersections. 

Fig.  1  is  known  as  the  flange  sign  and  has  been  used 
with  satisfactory  results  in  Cleveland.  It  is  fastened  to 
wooden  poles  with  screws  or  clamped  to  metal  poles  with 
thin  metal  straps,  as  illustrated,  and  is  used  to  supplement 
the  ordinary  street  signs  placed  at  the  intersections.  In 
Fremont,  Xeb.,  the  street  names  are  carried  on  cast-iron 
gutter  covers,  as  shown  in  Fig.  2.    This  plan  while  fairly 


The  box  type  of  sign  is  shown  in  Fig.  '^.  The  box  at 
the  right  is  of  wood  and  is  the  type  used  in  Syracuse, 
N.  Y.     It  is  nailed  or  bolted  to  wooden  or  metal  posts. 

Exameled-Iron  Signs  Used  Extexsr-ely 
Of  the  cities  from  which  data  were  obtained  by  Mr. 
AVallis,  more  than  one-half  use  enaraeled-irou  signs  to  a 
greater  or  lesser  extent.  The  cheapest  signs  of  this  con- 
struction are  prone  to  develop  such  faults  as  fading,  tar- 
nishing, chipping,  or  peeling  of  the  enamel,  followed  by 
rusting  of  the  exposed  metal.  Good  vitreous  enamels  care- 
fully applied,  each  coat  being  fused  or  baked  on  at  high 
temperature,  are  essential  to  pennanence.  One  of  this 
character  should  remain  legible  for  from  five  to  ten  years 
and  reliable  manufacturers  usually  guarantee  their  signs 
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FIGS.   1  TO  6.    STREET-NAME  SIGNS  OF 
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convenient  for  pedestrians  is  of  practically  no  value  to 
vehicular  tratBc.  Furthermore,  in  Xorthern  cities  accumu- 
lations of  snow  and  ice  will  cover  the  names  during  certain 
portions  of  the  winter  season.  Toronto  discontinued  the 
practice  of  sidewalk  signs  after  some  years'  trial. 

Now  that  street  curbs  are  so  frequently  constructed  of 
concrete,  street  names  are  often  stenciled  on  the  curb. 
Tins  method,  also,  has  limitations,  as  can  be  readily  under- 
stood. The  illumination  of  curb  signs  is  a  new  idea.  Sev- 
eral of  Fig.  7  have  been  installed  experimentally  in  San 
Francisco  and  Los  Angeles.  It  consists  of  a  waterproof 
cast-iron  box  40  in.  long  by  8  in.  high,  with  the  front  face 
perforated.  Illumination  is  furnished  by  three  tubular 
electric  lamps  connected  to  the  city  lighting  S3'stem.  The 
box  is  provided  with  a  removable  top  plate. 


'Bulletin     20, 
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"Street-Name    Siens,"    Iowa    State    College, 


for  a  period  of  ten  years.  These  signs  should  be  backed 
with  wood  to  stiffen  them.  Several  devices  for  supporting 
enameled-iron  signs  are  shown  in  Fig.  4. 

A  square  wooden  post  carrying  the  names  of  the  streets, 
painted  vertically,  as  in  Fig.  5,  has  been  found  the  most 
satisfactory  sign  for  outlying  districts  of  Spokane,  Wash., 
while  a  similar  sign  is  used  in  Los  Angeles,  Calif.,  for 
corresponding  districts.  Such  a  post  is  cheap,  readily 
renewed  or  replaced,  and  gives  a  neat  appearance. 

The  standard  sign  of  New  York  City  is  shown  in  Fig. 
G.  It  consists  of  a  two-piece  cast-iron  frame,  the  two 
pieces  riveted  together  with  a  double-face  enameled-iron 
sign  placed  between.  The  two  wings  of  the  sign,  only  one 
of  which  is  illustrated,  are  sot  at  angles  slightly  exceed- 
ing 93°  for  right-angle  streets.  The  cost  of  the  nuilleable- 
iron  frames  is  $5  per  set.  while  the  cost  of  the  sign  is  77c. 
The  cast-iron  signs  have  cost  $5.75  to  $6.91   in  place. 
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The  standard  sign  used  in  San  Francisco  costs  tlic  city 
onlv  $1.T5  erected.  The  sign  is  of  enameled  iron  with 
white  letters  on  a  brown  field  held  in  a  frame  of  bronze. 

Fi".  8  shows  the  bronze  name-plate  used  in  the  down- 
town district  of  Denver,  Colo.  It  is  cast  in  one  piece,  has 
polished  letters  and  a  dark  background  and  carries  two 
street  names.  It  is  fastened  to  the  combination  light  and 
trolley  poles  at  each  street  intersection,  being  placed 
so  that  it  can  be  read  from  the  sidewalk  side.  This  sign 
costs  $3.50  set  in  place. 

Concrete  Street  Signs 

The  use  of  concrete  as  material  for  constructing  street- 
name  signs  is  novel  at  the  present  time,  but  it  has  proved 
practicable.  Two  such  signs  are  shown  in  Fig.  9.  These 
were  designed  and  installed  recently  by  the  Department  of 
Public  Works  of  Pittsburgh.  Both  post  and  signboard 
are  of  granite-finished  concrete.  The  design  shown  at  the 
left  is  modified  as  a  Lincoln  Highway  marker.  The  sign- 
plates  are  separate  from  the  post,  being  so  constructed  that 
they  swing  about  a  vertical  axis  and  may  be  clamped 
at  any  desired  angle.  The  letters,  of  a  black  cement  com- 
position of  permanent  color,  are  about  %  in.  thick  and 
dovetailed  securely  into  the  concrete  of  the  background. 


P^iptt  ©IF  Msiniffift©Eii^inice 

William  JI.  Connell.  chief  of  the  Bureau  of  Highways, 
Philadelphia,  Penu.,  is  a  strong  advocate  of  sewer  main- 
tenance rather  than  sewer  repairs.  As  in  all  the  older 
Eastern  cities,   the  sewers  of   Philadelphia   are   wearing 


out.  The  following  paragraphs  from  Mr.  Coniiell's  recent 
annual  report  tell  how  these  old  sewers  are  being  kept  in 
service : 

The  number  of  complaints  on  sewer  conditions  received 
during  the  year  1915  were  reduced  about  1-5%  compared 
with  the  three  preceding  years.  There  were  several  rea- 
sons, chief  of  which  was  the  systematic  cleaning  and 
inspection  of  sewers  in  the  central  section  of  the  city  and 
the  replacing  of  broken  inlets  and  manhole  castings 
throughout  the  entire  city  with  standard  castings,  which 
are  heavier  and  therefore  better  adapted  to  the  increasing 
weight  and  s|)eed  of  traffic. 

The  advisability  of  periodical  inspection  and  cleaning 
is  best  shown  through  the  reduction  in  the  number  of 
complaints  in  the  central  district,  where  the  decrease  for 
one  year  has  amounted  to  3.5%.  As  a  result,  the  year's 
work  was  singularly  free  from  extensive  reconstructions, 
which  generally  follow  heavy  storms  and  freshets.  These 
test  the  sewers  to  capacity  and  play  havoc  with  the  weak 
links  of  the  various  systems. 

During  191.5  the  systematic  cleaning  of  sewers  was 
undertaken  for  the  first  time  in  the  history  of  the  Bureau 
of  Highways,  and  splendid  results  were  obtained.  The 
entire  Arch  St.  system,  including  all  the  sewers  in  the 
area  from  Market  to  Vine  St.  and  from  13th  St.  to  the 
Schuylkill  Eiver,  were  thoroughly  cleaned  and  inspected. 
The  size  of  these  sewers  varies  from  6  in.  to  9  ft.  6  in.  in 
diameter,  and  the  total  length  cleaned  at  least  once 
amounted  to  13. 9t  mi.  Approximately  one-half  of  the 
Willow  St.  system,  beginning  at  the  intersection  of  Eidge 
and  Girard  Ave.,  was  cleaned  once,  the  total  length  to 
.Tan.  1.  lOin,  bcins  9  mi. 


FIGS.  7  TO  9.    ILLUMINATED  CURB  SIGN;  BRONZE  NAME  PLATE;   REINFORCED-CONCRETE  SIGNS 
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The  sewers  in  these  systems  were  thorouiihly  inspected 
while  undergoing  the  cleaning  process,  and  minor  repairs 
were  made  where  required,  so  that  no  serious  cave-ins  of 
the  sewers  have  been  reported  in  these  two  districts  this 
year.  This  unquestionably  demonstrates  the  value  of 
what  might  be  termed  "preventive  work  in  the  mainte- 
nance of  sewers." 

The  cleaning  in  itself  is  not  only  necessary  to  insure 
the  proper  operation  of  the  sewers  and  thus  prevent  the 
backing  up  of  sewage  into  cellars  and  the  overflowing  of 
streets,  but  it  provides  for  a  patrol  system  of  inspection 
that  catches  the  many  minor  defects, of  natural  deteriora- 
tion before  serious  breaks  can  occur. 

^©Eac^  ax-iradl  Sihesitr  Sua  IReauafoiPcedl 
Fo©^ninig  O^sefts 

By  Clifford  Oldeu* 

Reinforced  concrete  is  now  so  generally  used  that  de- 
signers are  sometimes  found  using  the  formulas  for  this 
material  under  certain  conditions  which  lead  to  rather 
peculiar  results.  A  case  in  point  is  that  of  such  footing 
offsets  as  prove  desirable  in  the  design  of  many  thousands 
of  highway  bridges. 

As  an  example,  consider  the  footing  outlined  in  Fig.  1. 
The  soil  reaction  under  the  offset  0  may  be  represented 
by  the  area  ABCD.  Let  V  equal  the  resultant  of  this 
reaction,  y  its  moment  arm,  F  the  thickness  of  the  foot- 
ing and  EC  the  critical  section  to  be  considered. 

Assume  a  footing  thickness  i?'  of  18  in.,  a  moment  arm 
(/  of  9  in.  and  a  reaction  V  of  6,000  lb.  Assume  also 
tliat  the  t-bars  iised  to  reinforce  the  offset  are  located 
6  in.  above  the  bottom  of  the  footing,  because  of  conveni- 
ence in  placing  in  wet  foundation  pits.  These  are  as- 
sumptions frequently  approximated  in  highway-bridge 
design. 

Ordinary    Formula    Shows   Excessive   Bond   Stress 

The  bending  moment  at  the  critical  section  would  be 
54,000  in. -lb.  Neglecting  tension  in  concrete  and  apply- 
ing the  usual  rcinforced-concrete  fornmlas,  with  d  ^13 
in.,  fs  =  16,000,  and  n  =  15,  it  is  found  that  0.32  sq.in. 
of  steel  per  lin.ft.  of  footing  would  be  sufficient.  The 
compression  in  the  concrete  vi^ould  be  about  300  lb.  per 
sq.in.;  the  maximum  shear  {d  =  12  in.)  45  lb.  per 
sq.in.;  average  shear  {d  =  12  in.)  11.5  lli.  ]wr  sq.in., 
or  average  shear  (d  =  18  in.)  28  lb.  ]ii'r  s([.in.  .Ml  of 
these  stresses  seem  reasonable.  The  bond  stress  to  be 
developed  per  lineal  foot  of  footing,  however,  would  be 
fd  _      6,000 


54  I  lb. 


0.92  X  12 

Using  %-iu.  round  bars  12  in.  on  centers  would  pro- 
vide an  area  of  steel  of  about  0.31  sq.in.,  but  the  maxi- 
mum bond  stress  would  theoretically  be  about  277  lb. 
per  sq.in.  surface.  To  keep  the  bond  stress  down  to  80 
lb.  per  sq.in.  without  using  a  great  excess  of  steel,  Vi-in. 
round  rods  spaced  about  1.4  in.  on  centers  would  satisfy 
the  requirement  as  to  bond  and  provide  an  excess  ten- 
sion area  of  about  0.10  sq.in.  Such  a  selection  of  rein- 
forcing steel  to  satisfy  requirements  of  bond  only  seems 
rather  absurd,  considering  the  fact  that,  if  the  steel  is 
entirely  neglected  and  the  offset  figured  as  a  homogeneous 
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cantilever  beam  18  in.  deep,  the  tension  in  the  concrete 
would  be  only  aboute  83  lb.  per  sq.in.,  or  not  more  than 
about  one-third  of  the  modulus  of  rupture  that  might 
lie  expected. 

Probable  Influence  of  Concrete  Tension 

It  is  evident  that  when  the  offset  is  small  as  compared 
with  the  thickness  of  the  footing,  and  the  steel  ratio  is 
low,  the  concrete  stress  at  C,  considering  the  offset  as  a 
plain  concrete  cantilever,  may  be  well  within  a  safe 
working  stress  for  concrete  in  tension,  the  steel  stress  only 
71  times  the  stress  in  the  concrete  at  the  same  elevation, 
and  the  bond  stress  very  small.  As  the  bending  moment 
increases,  the  required  steel  ratio  increases  also,  and  the 
concrete  at  C  will  eventually  crack.  It  does  not  appear, 
however,  that  the  bond  stress  increases  suddenly  from 
practically  zero  to  the  full  theoretical  amount  when  the 
modulus  of  rupture  of  plain  concrete  is  exceeded,  nor  does 
it  appear  that  the  maximum  diagonal  tension  is  as  great 
as  the  total  shear  at  the  face  of  the  wall  would  indicate. 
Diagrams  showing  the  position  of  the  neutral  axis, 
as  determined  by  tests,  indicate  that  for  small  loads  the 
distance  from  the  compressive  face  to  the  neutral  axis  is 
practically  one-half  the  total  depth  of  the  beam,  and  this 
distance  does  not  decrease  materially,  particularly  when 
the  steel  ratio  is  small,  until  the  loads  are  increased  to 
at  least  one-eighth  of  the  ultimate.  Tlie  rise  of  the 
neutral  axis  is  not  abrupt  at  any  stage  of  the  loading. 
(vSee  "Principles  of  Reinforced  Concrete,"  by  Turneaure 
and  Maurer,  2nd  ed.. 
Art.  101.)  These  dia- 
grams seem  to  indicate 
that,  particularly  when 
small  steel  ratios  are  suf- 
ficient, tension  in  con- 
crete is  an  important 
function;  it  follows  that 
bond  and  probably  dia- 
gonal tension  are  mate- 
rially less  than  figured 
by  the  usual  formulas,  at  least  for  loads  which  would 
produce  a  concrete  stress  less  than  the  ultimate. 

Tests  of  wall  footings  by  Professor  Talbot  (See  Uni- 
versity of  Illinois  Bulletin  No.  67)  indicate  very  high 
theoretical  bond  stresses  at  maximum  loads  and  but  few 
bond  failures.  Only  four  bond  failures  were  reported 
when  the  steel  ratio  was  less  than  0.0098.  In  each  of 
these  cases  the  steel  stress  exceeded  41,000  lb.  per  sq.in. 
at  failure.  In  considering  diagonal  tension.  Professor 
Talbot  recommends  that  the  critical  section  be  taken  at  a 
distance  out  from  the  face  of  the  wall  equal  to  the  depth 
of  the  footing. 

New    Illinois    IIichway    Rule   on    Offsets 

In  view  of  these  consiilerations,  the  Bridge  Bureau  of 
the  Illinois  Highway  Department  has  adopted  the  follow- 
ing rules  governing  the  design  of  footing  offsets: 

Shear,  as  a  measure  of  diagonal  tension,  and  bond  stresses 
are  neglected  wiion  tiie  tensile  stress  in  the  concrete  (fcT 
figures  less  than  75  lb.  per  .sq.in,  considering  the  offset  as  a 
nonreinforced   cantilever  beam. 

Shear  and  bond  stresses  are  considered  to  increase  uni- 
formly from  zero  at  fc'    =    75  lb.  to  the  full   theoretical   shear 

(v  ^  ^^)  „„d  bond  (u  =  ^)  at  fc'  =  200. 

For  values  of  fc'  greater  than  20n.  the  usual  formulas  for 
shear  and  bond  are  used. 


A'- 

FIG.  1.  SKETCH  OF  REIN- 
FORCED FOOTING  OFFSET 
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Tension  in  concrete  is  neglected  in  figuring  the  area  of 
Steel  required  for  tensile  stresses  as  some  steel  is  desirable 
in  any  case  to  aid  in  anchoring  the  M-bars  of  the  vertical 
wall. 

In  order  to  facilitate  the  application  of  these  rules, 
curves  have  been  plotted  for  footings  of  various  thick- 
nesses, of  which  Fig.  3  is  an  example. 
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FIG.   2.    DIAGRAM   FOR   SHEAR  AND  BOND   IN   IS-IN. 
FOOTING  OFFSET  12  IN.  DEEP 

The  derivation  of  the  formulas  used  in  plotting  these 
curves  is  as  follows.    The  notation  is  the  same  as  that  in 
common  use  except  as  noted.     Let 
y=  Moment  arm   (see  Fig.  1)  ; 
y  ^  Eeaction  on  offset  =  total  shear; 
/  =  Moment  of  inertia  of  critical  section,  neglecting 

reinforcing  steel ; 
d  =  Gross  depth  F  of  footing  (see  Fig.  1)  ; 
c  =  One-half  depth  of  footing  =  i/,  7^'; 
jc  =  Tension    in    concrete,    neglecting    reinforcing 
steel. 
Then 


//  = 

M  =  Vy; 
V 


Mc 


y 


lojd      ^ujdy 
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Also  from  (2)  and   (.3)  &r//  =  uylo  and  yv 
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It  will  he  noted  that  when  the  bending  moment  on  the 
offset  has  been  computed,  the  area  of  tension  steel  (ne- 
glecting tension  in  concrete)  and  the  tension  in  the  con- 
crete (neglecting  steel)  maj'  be  read  direct  from  the 
diagram.  The  readings  for  bond  and  shear  must  be  di- 
vided by  y  in  order  to  obtain  the  true  value  of  these  quan- 
tities.    For  convenience,  the  bending  moment  is  given  in 

foot-pounds  and  (/  in  feet.   The  curves  for  ii-o  =  -'—.and 

uid 
M 
yv  =  Tj-j  are  dotted  from  the  f/  =  200  point  to  zero  in 

order  that  the  reduction  relation  may  be  seen. 

In  computing  the  tables  from  which  the  curves  were 
plotted,  large-scale  curves  giving  values  of  ;  and  Eg  (  = 
fspj)  for  various  percentages  of  steel  were  used. 


slF  Whiles'  iF®i?  Hs'ifSgatloBa 
U'Eades'  Hdlailhi®  Coiradlnttlomis* 

r.v  Don  II.  B.utK\ 

The  investigations  have  determined  the  factors  which 
must  be  fallen  into  consideration  in  determining  the 
proper  duty  for  an  entire  irrigation  project.  The  first 
factor  is  the  proper  duty  of  water  at  the  land.  The  re- 
sults of  the  investigation  indicate  that  under  conditions 
similar  to  those  obtaining  in  Idaho  a  normal  project 
with  medium  clay  loam  should  furnish  sufficient  water 
so  that  2  acre-feet  can  be  retained  upon  eaih  and  every 
irrigated  acre  during  the  season;  that  this  quantity 
should  be  delivered  under  a  rotation  system  in  heads  of 
such  sizes  that  economical  use  can  be  secured ;  and  that 
where  a  project  is  devoted  one  half  to  grain  and  tlie 
other  half  to  alfalfa  or  other  crops  requiring  a  similar 
volume  of  water,  l.S.7%  of  this  2  acre-feet  should  be 
delivered  during  May,  28..3%  during  June,  .'52.8%  dur- 
ing July,  17.2%  during  August,  and  2%  during  the 
first  half  of  September,  there  being  but  little  need  for 
irrigation  during  tlie  month  of  April  and  practically 
none  after  the  middle  of  .September,  provided  stock  water 
or  that  used  for  domestic  purpo.ses  is  not  taken  into  con- 
sideration. It  has  been  shown  that  the  farmer  must 
receive  approximately  214  ft.  of  water  per  acre  at  the 
farm  in  order  for  him  to  retain  2  ft.  per  acre  upon  the 
land.  Where  projects  consist  in  whole  or  in  part  of 
porous  soils  or  of  soils  with  porous  subsoils  lying  clo-ser 
to  the  surface  than  6  ft.,  more  than  214  ft.  per  acre 
should  be  delivered  to  the  consumers,  the  quantity  re- 
quired being  largely  dependent  upon  the  porosity  of  the 
soil. 

A  conservative  estimate  of  the  transmission  losses 
should  be  made  in  advance  for  each  project,  in  cither 
cubic  feet  per  square  loot  of  wetted  area  or  per  cent, 
per  mile,  from  the  quantity  required  of  canals  to  furnish 
sufficient  water  to  all  jjarts  of  a  ])roject.  A  normal  project 
will  be  found  to  lose  from  20  to  40%  of  all  water  di- 
verted before  the  water  can  be  delivered  to  the  farmer. 

After  the  duty  of  water  at  the  land,  the  size  of  the 
]iroject,  and  the  probable  transmission  losses  have  been 
determined,  the  net  area  which  may  be  irrigated  may  hi' 


•Conclusions  of  Bulletin  No.  33n.  United  States  Department 
of  Agriculture,  "Experiments  on  the  Economical  Use  of  Irri- 
gation Water  in  Idaho."  Copies  of  the  Bulletin  may  be 
oljtalned  for  10c.  from  the  Superintendent  of  Documents, 
Washington,  D.  C. 

tlrrlgatlon  Engineer,  Division  of  Irrigation  Investigations, 
United  States  Department  of  Agriculture. 
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readily  found.  It  then  becomes  necessary  to  calculate 
the  extent  of  waste  or  nonirrigated  land  from  all  causes 
which  will  finally  be  contained  in  the  project.  This, 
added  to  the  net  area  which  can  be  irrigated,  will  give  the 
gross  area  of  the  project.  The  extensive  survey  that  was 
made  for  the  determination  of  this  factor  seems  to  in- 
dicate that  90%  of  a  normal  project  will  be  irrigated 
every  year  after  the  project  is  fully  developed. 

The  investigation  has  demonstrated  the  adequacy  of 
2  ft.  per  acre  for  diversified  crops  on  the  better  class  of 
soils,  but  it  requires  careful  husbandry  to  render  this 
quantity  adequate,  and  it  seems  evident  that  but  few 
projects  will  ever  exist,  with  conditions  similar  to  those 
in  south  Idaho,  where  an  allotment  of  less  than  this  sup- 
ply will  be  justified.  It  is  believed,  however,  that  the 
volume  of  water  which  will  produce  the  maximum  yield 
of  crop  on  any  certain  variety  of  soil  is  in  but  few  cases 
the  proper  and  economic  duty.  It  is  very  evident  that 
the  cost  of  the  land,  of  water,  the  value  of  the  crops 
produced,  and  the  cost  of  producing  them,  as  well  as 
the  volume  of  water  which  will  produce  the  largest  yield. 


must  all  be  taken  into  consideration  when  determining 
the  duty  for  any  project.  In  many  places  the  largest 
crop  has  been  produced  where  the  most  water  has  been 
applied,  but  the  yield  has  been  in  but  few  cases  propor- 
tional to  the  quantity  of  water  used,  and  in  view  of  this 
there  is  no  doubt  that,  broadly  speaking,  one  would  be 
justified  in  opening  up  a  project  with  a  higher  duty  of 
water  where  water  is  very  valuable  and  land  compara- 
tively cheap  than  where  land  is  high  and  water  compara- 
tively inexpensive. 

The  determination  of  the  proper  supply  of  water  for 
an  irrigation  project  is  a  very  serious  problem  and  one  jj 
that  must  be  given  the  most  careful  consideration,  for 
it  is  fully  as  serious  to  err  on  the  side  of  too  little  water 
as  it  is  on  the  side  of  too  much.  If  too  little  water  is 
allotted,  the  farmers  never  can  produce  profitable  crops 
and  the  lands  never  will  reach  their  highest  possible  value, 
while  if  too  much  is  allotted  the  ultimate  irrigated  area 
is  not  only  cut  down,  but  the  excess  supply  is  almost  in- 
variably used,  resulting  in  the  rapid  water-logging  and 
deterioration  of  the  irrigated  lands. 
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By  Ciiaules  K.  Mohlek* 


SYNOPSIS — The  principles  and  advantages  of 
excess  condemnation,  or  the  taking  of  more  land 
than  is  needed  for  the  immediate  purposes  of  a 
public  improvement,  and  the  subsequent  readjust- 
ment of  lot  lines  and  resale  of  the  excess  prop- 
erty are  set  forth.  A  number  of  the  arguments  arc 
illustrated  by  examples  from  a  Pacific  Coast  city. 

A  serious  obstacle  to  city  planning  in  most  states  is  the 
lack  of  adequate  methods  for  acquiring  the  necessary  lands 
for  public  use.  Excess  condemnation  has  been  employed 
in  Europe  for  over  60  years.  In  the  United  States,  Con- 
necticut, ilassachusetts,  ^laryland.  New  York,  Ohio, 
Pennsylvania  and  Virginia  have  established  the  right  of 
"excess  condemnation,"  or  the  right  to  take  by  condem- 
nation land  outside  the  exact  bounds  of  a  proposed  im- 
provement. The  objects  in  acquiring  excess  land  which 
may  be  resold  or  leased  by  the  governing  agency  are : 

1.  To  place  it  under  necessary  or  desirable  restrictions. 

2.  To  secure  remnants  or  fractions  of  subdivisions  out- 
side the  improvement  boundaries. 

3.  To  secure  enough  additional  property  outside  the 
boundaries  to  include,  where  necessary,  in  resubdivision. 

4.  To  secure  for  future  use  land  which  may  not  be 
needed  at  the  present. 

The  reasons  for  these  objects  should  be  briefly  discussed. 

1.  Restrictions — In  laying  out  streets,  boulevards, 
parks,  playgrounds,  etc.,  the  very  object  of  the  improve- 
ment may  be  defeated  if  proper  restrictions  are  not  placed 
on  the  adjoining  j)roperty.  ^\^lile  the  necessary  restric- 
tions may  be  secured  in  some  cases  by  means  of  easements, 
it  may  prove  more  advantageous  in  others  to  condemn  tlie 

•Consulting  Engineer,  150  Hill  St.,  Los  Angeles,  Calif. 


property  and  resell  under  such  restrictions  as  it  may  be 
wise  to  impose.  It  may  be  desirable  or  necessarj-  to  exer- 
cise the  right  to  abate  nuisances. 

2.  Remnants — Securing  remnants  (the  value  of  which 
may  and  proljably  has  been  awarded  to  the  owner  from 
whom  the  main  portion  was  secured)  is  a  right  of  the 
greatest  importance.  This  feature  can  best  be  shown  and 
illustrated  by  a  street  opening  recently  undertaken  in  a 
Pacific   Coast  city. 

In  Fig.  1  the  "Proposed  Broadway  'Opening'  "  is  shown, 
made  up  of  the  hatched  portions  B  and  D  and  the  portion 
of  an  alley  marked  C.  Notice  the  small  fractions  or  rem- 
nants left  from  lots  4,  5,  34,  32  and  30.  Lots  6,  7,  8,  21, 
22  and  24  are  left  facing  imimportant  cross-streets.  Lot 
22  is  left  too  narrow  for  proper  development,  and  the  alley 
east  of  lot  24  will  prevent  joining  to  the  lots  on  the 
east,  to  secure  the  best  use.  With  the  opening  completed, 
the  old  portion  EE  of  Broadway  would  be  rendered  prac- 
tically useless  and  as  a  result  should  be  vacated  and 
thrown  into  the  resubdivision.  Lots  6,  7,  8  and  21,  while 
assessed  for  benefits,  are  not  in  such  position  as  to  derive 
the  full  amount  that  should  be  possible  through  resub- 
division. Under  the  present  status  the  municipality  is 
powerless  to  effect  any  change  from  such  conditions  as 
described,  and  as  sho\vn  in  Fig.  1. 

The  most  successful  method  of  handling  remnants  ap- 
pears to  be  that  worked  out  and  used  in  France.  Where 
remnants  are  too  small  for  proper  development,  they  are 
acquired  by  the  municipality.  The  parcels  are  then  care- 
fully and  impartially  apjiraised  and  the  owner  of  the  ad- 
joining property  given  the  opportunity  to  purchase  at  the 
appraised  value.  If  the  owner  of  the  adjoining  property 
does  not  purchase  within  a  specified  time,  the  municipal- 
ity may  then  proceed  to  take  over  his  property,  com- 
bine it  with  the  remnant  and  resell  the  whole. 
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The  futility  and  evil  effects  of  leaving  wedges  or  rem- 
nants in  the  hands  of  private  owTiers  without  any  power 
of  control  by  the  governing  agency  is  well  illustrated  by 
Figs.  3  and  4.  In  Fig.  3  the  "old"  street  is  shown  on  the 
left  and  the  "opened"  street  on  the  right  with  the  remnant 
in  between  occupied  by  a  brick  wall  that  serves  the  purpose 
of  an  advertising  billboard.  The  pleasing  billboard  ef- 
fect is  seen  in  Fig.  4.  At  the  extreme  left  of  Fig.  4  is  the 
end  elevation  shown  in  Fig.  3.  Fig.  5  shows  the  general 
layout  of  the  old  and  "opened"  streets  and  the  remnant 
k'ft  between  the  two  public  thoroughfares. 
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Fig. 
FIGS.    1    AND   2. 


Fig.  2 
EFFECT   OF    STREET    OPENING   ON   LOTS,   LOS   ANGELES, 
CALIF.,     AND     POSSIBLE     SUBSTITUTE- 
Fig.  1 — Ordinary  method  as  carried  out.  Fig.   2 — Excess  condemnation  possibilitie; 


Again  referring  to  Fig.  1,  observe  the  long  wedge- 
shaped  remnant  left  from  lot  5,  facing  on  10th  fit.  The 
award  for  the  portion  of  lot  5  taken  was  fully  equivalent 
to,  if  not  gi-eater  than,  the  fair  value  of  the  entire  lot; 
but  still  the  remnant  is  left  in  possession  of  the  original 
owner.  In  addition  to  the  possibilities  of  billboard  devel- 
opment, such  as  just  illustrated,  it  may  stand  as  an  eifec- 
tive  barrier  to  the  proper  development  to  secure  the  best 
results  from  the  "opening"  improvement. 

The  valuable  frontage  in  the  cas-^e  under  consideration  is 
on  Broadway.  That  would  call  for  the  merging  of  lots 
G,  7  and  8  and  the  remnant  remaining  from  lot  5.  Lots 
6,  7  and  8  have  been  asscLjsed  beneiits,  aiid  iia'au'ully  should 


be  given  the  opportunity  of  getting  the  Ijest  returns.  If 
tlie  owner  of  the  remnant  does  not  choose  to  come  to  some 
reasonaljle  agreement  with  the  other  owners,  nothing 
can  be  done  unless  the  others  submit  to  a  "hold-up."  As 
the  remnant  has  already  been  paid  for,  why  should  it  not 
l)e  taken  by  the  municipality  and  devoted  to  the  good  of 
all  concerned?  The  only  use  the  wedge  can  serve  b\ 
itself  is  for  the  location  of  an  advertising  fence  and  a 
possible  ".stand"  of  some  .sort. 

3.  Resubdivision — Under  remnants,  just  considered, 
one  feature  of  resubdivision  was  touched  u])on.  The  ques- 
tion is  one  of  far-reaching  ini- 
o'  loo'  20o'  portance.  Again  referring  to 
Fig.  1,  a  glance  will  show  how 
far  the  "improvement"  will 
fall  short  of  the  possibilities, 
if  the  entire  situation  is  left 
as  shovvni.  The  desirable,  if 
not  necessary,  changes  to  make 
are  the  following : 

A.  To  throw  lots  6,  7  and 
8  and  the  remnants  of  lot  5 
together  and  replot  so  as  to 
get  the  valuable  Broadway 
frontage. 

B.  To  vacate  the  portion  of 
Broadway  marked  I^E,  to  com- 
bine with  lots  or  portions  of 
lots  1,  2,  3,  4,  34,  33,  31,  29 
and  28,  for  an  entire  rear- 
rangement in  subdivision. 

C.  From  the  south  line  of 
lots  13  and  32,  to  change  the 
location  of  the  alley  west  of 
Broadway  to  bring  the  south 

end  out  op]iosite  the  alley  south  of  11th  St.;  to  close  the 
portion  of  the  east  and  west  alley  lying  between  Broadway 
and  tlie  north  and  south  alley  just  mentioned  and  use  it 
for  resubdivision.  This  will  give  the  twofold  advantage 
of  Broadway  frontage  for  lots  21  and  22  and  equalize 
the  de])tli  of  lots  lying  Ix'tween  Broadway  and  Hill  St. 

U.  To  relocate  the  alley  between  Broadway  and  Main, 
midway  between  the  two,  to  secure  depth  for  tlie  Broadway 
frontage  of  lot  24  and  equalize  the  lot  deptli  between 
Broadway  and  Main. 

Fig.  2  shows  a  j)ossibie  resubdivision  in  accordance  with 
the  foregoing  ?'e(|uirenients.  Old  suljdivision  lines  are 
shown  with  a  dash  and  dot.  and  old  sti'eet  lines  in  short 


FIGS.  3  AND  4.     REMNANT  AND  WALL  LEFT  IN  ].' :<  A  M  ;  I  :LI:s  STI:(:I;T  \\I1)1:.\I.\i  ;  AND  .STI:  A  H  ;  MTIOXLNc ;    (HKK  FIG    :,) 
End   view  of  wait,  new  and   old   streets,   lool<inK   south.      Side  view  of  wall  and  use  to  which  It  was  put 
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FIG.    5.       PLAN    OP    STREET    WIDENING    AND 
STRAIGHTENING  SHOWN  IN  FIGS.  3  AND  4 

dashes.     New  subdivision  and  unchanged  lines  of  streets 
are  solid.     The  advantages  gained  are  briefly: 

A.  The  valuable  Broadway  frontage  is  sec-ured  through- 
out. 

B.  The  old  and  useless  portion  of  Broadway  is  vacated 
and  made  available  for  use,  so  that  instead  of  being  left 
with  five  small  remnants,  ten  largo  well-shaped  lots  are 
secured. 

C.  West  of  Broadway  all  lot  lines  are  at  right  angles 
to  the  street  line.  East  of  Broadway  the  deviation  from 
right  angles  of  the  lot  lines  is  equally  divided  between 
Broadway  and  Main.  This  gives  better  intersection  angles 
on  both  streets  than  the  old  sul)division  lines. 

D.  As  before  stated,  tlie  change  in  tlie  location  of  the 
alleys  on  each  side  of  Broadway  gives  equal  depths  of  lots 
lic'tween  Broadway  and  Main  and  Broadway  and  Hill. 
Tlie  alleys  are  also  brought  out  opposite  the  allevs  south 
of  nth  St. 

E.  All  long,  narrow,  thin,  wedge-shaped  and  fractional 
portions  of  lots  are  eliminated  and  lots  of  usable  size 
and  shape  are  obtained  instead.  This  is  a  very  imjjortant 
object  to  accomplish. 

P.  The  amount  of  land  added  and  made  available  for 
sale  by  the  vacation  of  that  portion  of  Broadway  and  the 
alley  rendered  useless,  together  with  the  replotting  of 
the  entire  tract  effected,  should  increase  values  for  resale 
enough  to  pay  for  the  improvement,  if  not  actually  re- 
turn a  profit. 

4.  Land  for  Future  Use — ^Tiere  only  such  land  can  be 
acijuired  by  condemnation  as  is  required  for  immediate 
use,  it  may  prove  a  serious  handicap  where  future  devel- 
opments need  more  laud  than  can  be  used  at  the  time  the 
improvement  is  first  undertaken.  Generally  when  public 
imiJrovements  are  made,  the  surrounding  property  at  once 
increases  in  value.  Occupancy  and  specuhition  may  so  in- 
crease values  that,  when  additional  development  is  under- 
taken, the  necessary  land  may  cost  many  times  what  it 
would  have  cost  if  acquired  under  the  first  proceeding,  if 
in  fact  it  can  be  obtained  at  all.  Sites  for  parks,  play- 
grounds, schools,  public  buildings,  etc.,  are  cases  in 
point.  Some  advocate  the  purcluiso  of  the  major  portion 
of  the  surrounding  property,  which  would  benefit  by  the 
improvement,  by  the  municipality  for  resale  or  lease,  in 
order  to  realize  on  the  increment  in  value.  Under  proper 
safeguards  this  would  be  advisable  in  some  cases. 

It  is  needless  to  state  that  much  of  the  property,  if 
left  as  shown  in  Fig.  1  on  the  old  subdivision  lines,  will  be 
of  little  if  any  value. 

It  may  be  pertinent  to  call  attention  to  .several  miscon- 
ceptions about  excess  condemnation. 

1.  In  Favor — (a)  Some  believe  it  will  all'ord  a  means 
of  paying  for  an  improvement,  or  even  return  a  profit, 
by  the  resale  of  land  taken.  This  may  or  may  not  be 
tlie  result  and  should  be  considered  as  merelv  incidental 


in  most  cases.  Eeturns  from  resale  should  not  be  counted 
in  any  sense  as  the  "object"  in  undertaking  an  improve- 
ment. 

2.  Against — (b)  The  fear  is  entertained  by  some  that 
the  right  to  take  excess  land  will  result  in  the  munici- 
pality undertaking  improvements  for  the  purpose  of  ex- 
ploitation or  speculation. 

(c)  Others  seem  to  fear  that  the  governing  agency 
might  undertake  improvements  and  acquire  so  much  laud 
as  to  go  bankrupt. 

These  two  negative  misconceptions  are  founded  largely 
on  the  affirmative  one,  where  "returns"  from  resale  are 
"expected."  When  an  improvement  is  undertaken  be- 
cause of  its  need  or  inherent  merits  and  excess  land  is 
acquired  for  any  of  the  objects — restriction,  securing 
remnants,  resubdivision,  land  for  future  use  as  above  spe- 
cified— there  should  be  little  danger  of  either  speculation 
or  bankruptcy. 

The  fear  is  also  expressed  that  the  person  whose  prop- 
erty is  taken  outside  of  an  improvement  may  be  injured 
or  exploited.  The  process  for  acquiring  property  out- 
side the  improvement  boundary  will  be  the  same  as  for 
that  inside  and  a  party  affected  should  suffer  no  more 
injury  in  one  case  tlian  in  the  other. 

Cities  have  so  increased  in  size,  population  and  import- 
ance that  every  reasonable  facility  should  be  made  avail- 
able to  correct  past  mistakes  and  to  provide  for  futura 
needs.  Working  methods  for  this  purpose  have  beeH 
too  long  neglected. 

Eiaffl^©inic©    ©f   Vascosflfty    aim 

FMSimpBjffi^  Ciptuidle  Oal 

By  Aethur  L.  Collins* 

It  is  the  intention  here  to  emphasize  the  importance  | 
of  the  viscosity  factor  in  the  design  and  operation  of  I 
pipe  lines  rather  than  the  gravity  of  the  oil.  The  article 
by  C.  P.  Bowie,  on  "Pumping  California  Crude  Oils," 
in  Engineering  News,  Dec.  2,  1915,  treats  of  the  oils 
registering  16°  Be.  and  over.  Pipe  lines  that  transport 
oil  with  a  viscosity  practically  the  same  as  that  of  water 
for  all  temperatures  offer  no  particular  difficulties.  The 
data  obtained  on  lines  where  the  viscosity  of  the  oil  is 
greater  than  that  of  water  have  always  been  of  little 
importance  to  the  designing  and  operating  engineer,  be- 
cause tliere  has  been  no  reliable  way  to  measure  this 
so-called  viscosity.  It  can  be  shown  that  without  this 
factor,  better  termed  "friction  characteristic  of  the  oil" 
rather  than  viscosity,  there  can  be  no  accurate  basis  for 
design  and  operation. 

For  two  years  the  writer  has  devoted  liis  time  almost 
exclusively  to  the  study  of  oil  friction  in  jiipe  lines.  The 
object  has  been  to  establish  a  scientific  method  for  locat- 
ing pumping  .stations  for  new  lines,  a  method  which  will 
also  insure  the  making  of  repairs  and  improvements  in- 
telligently. Lines  now  operating  can  then  bo  made  to 
operate  more  economically  and  satisfactorily  by  knowing 
in  advance  how  the  oil  will  act  under  different  climatic 
conditions. 

In  July  1914,  E.  I.  Dyer,  of  the  Union  Oil  Co.,  pre- 
pared a  paper  for  the  American  Society  of  Mechanical 
Engineers,  in  which  he  said  : 

Unless  the  loss  of  head  by  friction  can  be  predetermined 
with   reasonable   accuracy,   every   element   entering   into   both 
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the  first  cost  and  the  operating  costs  of  the  installation  is 
uncertain:  and  should  the  design  be  undertalten  in  an  era  of 
keen  competition  and  small  margins  of  profit,  a  losing  venture 
might  easily  result.     .     .     . 

The  most  economical  pipe  line  for  a  given  service  cannot 
be  determined  in  advance  without  a  working  knowledge  of 
the  laws  governing  the  flow  of  oil  in  pipe  lines  in  general. 
The  determination  of  these  laws  offers  the  most  important 
single  problem  in  pipe-line  work. 

In  considering  what  is  meant  by  the  word  viscosity  the 
writer  wishes  to  dispel  a  general  impression  that  the  spe- 
cific gravity  or  relative  weights  of  the  different  oils  is 
a  measure  of  the  respective  viscositie.s.  The  lighter 
products  of  the  crude  oils  run  to  gasoline  and  the  heav- 
ier products  to  asphaltum  or  the  base.  The  former  may 
be  said  at  times  to  be  more  thin,  or  viscous,  even  than 
water.  The  latter  may  be  of  all  degrees  of  consistency 
and  are  known  as  heavy  oils.  It  may  be  said  to  be  a 
coincidence  that  the  light  crude  oils  have  a  thin  con- 
sistency and  the  heavy  crude  oils  are  thick. 

It  is  possible  to  select  certain  lubricating  oils  as  the 
product  of  the  crudes  and  have  the  general  rule  as  men- 
tioned reversed.  Thus  a  25°  Be.  (specific  gravity, 
0.9032)  may  have  a  greater,  or  ratlier  thicker,  consist- 
ency than,  say,  an  18°  Be.   (specific  gravity,  0.9459). 

Generally,  when  a  California  crude  oil  measures  around 
15°  Be.  its  consistency  becomes  not  unlike  that  of  mo- 
lasses at  the  normal  temperature.  At  25°  Be.  the  oils 
may  not  be  dissimilar  to  water  with  reference  to  their 
friction  characteristics.  It  is,  however,  very  important 
to  bear  in  mind  that  two  oils,  say  of  15°  Be.  or  lower, 
may  vary  almost  any  amount  in  their  friction  values 
at  the  same  temperatures  and  within  the  limits  of  the 
temperatures  as  determined  by  climatic  conditions.  By 
mixing  a  small  percentage  of  the  lighter  oils  with  the 
heavy  oils  the  viscosity  of  the  latter  may  be  changed  to  a 
remarkable  degree.  Then,  in  order  to  handle  any  given 
oil,  the  formula  that  takes  into  consideration  the  gravity 
of  the  oil  when  a  viscosity,  or,  better  termed,  friction 
factor,  is  the  one  required,  cannot  be  considered  very 
seriously  in  oil  pipe-line  work. 

The  formula  developed  by  Mr.  Bowie  (Engineering 
News,  Dec.  2,  1915)  barely  reaches  the  class  of  oils  for 
which  more  scientific  knowledge  must  be  obtained  in 
order  that  pipe  lines  may  be  constructed  and  operated  to 
the  best  possible  advantage.  The  lowest  value  of  C  as 
given  in  his  formula  is  for  a  16°  Be.  oil.  It  would  not 
be  considered  advisable  to  attempt  a  formula  such  as  is 
given  where  the  gravity  of  the  oil  appears  as  the  friction 
factor. 

The  oil  pipe  line  as  it  exists  today  is  the  result  of 
cut-and-try  methods  with  what  may  be  termed  a  wide 
variation  in  the  safety  factor.  Tlie  meaning  of  factor 
of  safety  as  used  here  by  the  writer  is  the  reserved  pres- 
sure in  excess  of  that  required  for  the  pumping  of  water 
for  any  given  capacity.  Economical  pipe-line  design 
means  the  saving  of  as  much  as  possible  of  this  required 
exce.ss  equipment.  Economical  operation  requires  not 
only  a  .saving  in  fuel  and  wear  and  tear  on  the  machinery, 
but  a  ma.ximuni  quantity  of  oil  pumped. 

The  absence  of  an  easily  operated  "oil  machine"  that 
will  determine  the  friction  characteristics  of  an  oil  will 
account  in  part  for  the  absence  of  data  on  friction  flow. 
The  ordinary  types  of  viscosimeters  in  which  the  oils 
must  pass  through  an  efflux  tube  of  capillary  size  are 
u.se!ess  for  this  purpose.  Attempts  to  connect  the  results 
of  laboratory  work  witli  the  field  work  when  using  Cal- 


ifornia oils  have  never  been  satisfactory.  To  this  fact(n 
can  be  traced  the  lack  of  sympathy  for  research  work 
along  these  lines  by  the  oil  companies. 

In  the  article  by  Mr.  Bowie  reference  was  made  to  the 
first  pipe  line  constructed  in  California  for  the  trans- 
portation of  the  crude  oil,  testing  14°  Be.,  as  obtained 
in  the  Kern  River  fields.  As  it  is  the  intention  to  give 
here  also  data  on  the  "safety  factor"  of  oil  lines,  the 
following  is  noted  regarding  this  "rifled  pipe  line"  (from 
Engineering  A'eirs,  June  7,  1906,  and  Journal  of  Eh'c- 
tricitij.  Power  and  Gax,  Oct.  3,  1908)  : 

Cost,  about  $5,000,000. 

Length,  282  mi.     Diameter  of  pipe.   S  in. 

Pumping  stations.  24  mi.  apart. 

Capacity,  17,000  to  20.000  bbl.  per  24  hr.  of  net  oil. 

Pressure  on  pumps.  750  lb.  per  sq.in. 

In  the  line  is  inserted  10%  of  water  to  form  the  water 
film  around  the  oil.     Tlie  formula  that  applies  to  the  ca- 


jiacity  and  ])ri'ssure  of 


tlie  line  is   n  = — =— , 
a 


where 

p  =  Fall  in  pressure  for  100  ft.; 
d  =  Diameter  of  pipe ; 
r  =  Velocity ; 
E  =  Constant. 

A"  changes  as  follows:  Fur  8-in.pipe  not  rifled  (with 
oil) — straight  pipe — oil — no  water,  average,  K  =  ": : 
90%  oil  and  10%  water,  best  value  of  iT  =  4.1.  For 
8-in.  pipe,  rifled  (with  oil) — 90%o  oil  and  10%  water, 
average,  K  =  0.49;  90%  oil  and  10%  water,  best  value, 
K  =  0.37.  For  8-in.  pipe,  rifled  (straight  water)  — 
average,  K  =  0.18.  With  these  data  at  hand  it  is  de- 
sirable now  to  obtain  the  pressure  as  given  by  these  values 
for  the  comparison. 

Assume  the  capacity  as  24,000  bbl.  (1,008,000  gal.) 
per  day.  The  velocity  in  the  pipe  is  about  4.45  ft.  per 
sec.  When  K  =  0.18,  the  pressure  is  23.5  lb.  per  sq.in. 
When  K  =  0.37,  the  pressure  is  48.3  lb.  per  .sq.in.  When 
K  =  0.49,  the  pressure  is  64  lb.  per  sq.in.  per  mi. 

This  formula  gives  a  value  of  23.5  lb.  per  sq.in.  per 
mi.  for  water,  but  for  convenience  the  writer  wishes  to 
use  the  value  of  25  lb.  per  sq.in. — which  can  be  justi- 
fied by  the  formula  for  ordinary  plain  pipe. 

The  64  lb.  can  be  provided  in  the  spiraled  line  only 
by  making  the  stations  12  mi.  apart  rather  than  the  21 
mi.  as  planned.  If  the  stations  are  12  mi.  apart  ami 
it  is  desired  to  discharge  24,000  bl)l.  per  day,  there  will 
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of  :^^i   or  2.56,  as  detei'iiiin 
25 


be  required 

by  the  formula.  It  is  quite  evident  from  the  factors 
where  K  is  fi-om  4  to  7  that  some  treatment  of  the  oil 
is  ab.solutely  necessary;  otherwise  the  pressure  would  be 
several  times  greater  than  is  permissible. 

It  may  be  noted  here  that  the  other  oil  lines  have  not 
been  du])licates  of  the  rifled  system.  Another  point  worth 
mentioning  is  the  fact  that  the  first  lines  with  the  "hot 
system"  have  the  pumping  station  12  mi.  apart.  The 
reason  may  be  more  than  a  coincidence,  since  they  have 
all  been  constructed  by  empirical  methods. 

The  data  given  by  ^^Ir.  Bowie  on  p.  1070,  Engineering 
News,  Dec.  2,  1915,  no  doubt  have  reference  to  the  "Iiot 
method,"  in  which  the  viscosity  of  the  oil  is  changed  by 
heating. 

As  has  been  mentioned  before,  the  value  16°  B6.  is 
a  variable  quantity  when  given  as  a  measure  of  viscosit)', 
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but  ilr.  Bowie's  indicated  value  of  C  will  be  used  for  the 
second  comparative  example. 

Le 

where 

Q  =  Quantity  of  oil  in  barrels  per  hour; 

C  =  Constant : 

P  =  Initial   pump   pressure   in    pounds   per   square 

inch ; 
L  =  Length  of  line ; 

e  =  Factor  dependent  upon  the  size  of  the  pipe  used 
(for  8-iu.  pipe  is  1 ). 
For  1G°  Be.,  C  is  KiO.     P  is  then  30  lb.  per  sq.in.  per 
mi. 

It  should  be  remembered  that  this  value  is  the  pres- 
sure on  the  pumps.  In  the  first  mile  out  from  the  sta- 
tion tlie  pressure  of  the  oil  may  not  be  more  than  that 
of  water,  but  the  last  mile  may  be  several  times  that  of 
water,  due  to  the  cooling  of  the  oil.  The  formula  gives 
an  integrated  value  of  39  lb.  per  sq.in.  per  mi.  for  a 
line  13.1  mi.  long.  In  practice  it  may  be  necessary  to 
space  the  stations  all  the  way  from,  say.  5  mi.  to  25  mi. 
apart,  depending  upon  the  character  of  the  country.  The 
viscosity  of  the  oils  testing  17°  Be.  and  lower  is  very 
erratic:  and  it  has  been  impossible,  as  far  as  the  writer 
knows,  to  obtain  an  assignable  measure  of  the  friction 
characteristics  on  any  laboratory  instrument.  The  per- 
missible average  jjressure  on  a  station  of  13.1  mi.  is 
800  lb.  divided  by  13.1,  or  61  11).  The  line  would  have 
i!  safety  factor  of  f^,  or  2.44.  Using  the  derived  value 
of  39  lb.,  there  would  be  required  a  factor  of  safety  of 
H,  or  1.5G. 

By  the  experiments  of  the  writer  it  had  been  concluded 
that  the  25°  Be.  oil  gives  a  value  practically  the  same 
as  water,  which  is  borne  out  by  comparing  the  valiie  of 
C  as  given  by  the  formula  of  ilr.  Bowie. 

The  following  data  are  from  the  Valley  pipe  lino  (Shell 
Co.),  recently  constructed  (Journal  of  Electricily,  Power 
and  Gas,  September.  1915); 

Cost,  about  84,000.000. 

Length,  170  mi. 

Two-thirds  of  the  pipe  is  of  S-in.  diameter. 

One-third  of  the  pipe  is  of  10-in.  diamuter. 

Capacity  is  23,000  bbl.   per  24  hr.  of  16°  BS.  oil. 

Stations,  15V4  mi.  apart. 

Let  it  be  assumed  that  the  water  pressure  for  24,000 
bbl.  per  day  is  25  lb.  per  sq.in.  per  mi.  for  8-in.  pipe 
and  the  pressure  for  the  10-in.  is  one-third  of  that  value, 
or  SYa  lb.  per  sq.in.  Tlic  average  pressure  then  is  19.5 
lb.  per  sq.in.  instead  of  25  lb.  The  permissible  pressure 
is  800  lb.  at  the  pumps.     The  pressure  is  51. G  lb.  per 

51.6 


sq.in.  per  mi.     The  factor  of  safety  is 


19.5' 


or  2.65. 


The  important  feature  as  pointed  out  in  this  recently 
constructed  line  is  that,  as  custom  had  established  the 
distance  between  .stations  as  about  13  mi.,  an  improve- 
ment had  been  made  by  increasing  the  distance  to  151/2 
mi.,  offsetting  tlie  increased  pressure  due  to  the  added 
cooling  of  the  oil  and  resulting  increase  in  pressure  due 
to  viscosity,  and  saving  one  pumping  station.  The  sav- 
ing is  estimated  at  $250,000  in  the  first  cost,  as  the  dif- 
ference between  the  $300,000  station  and  $50,000— the 
latter  being  the  difference  in  cost  between  the  8-in.  and 
10-in.  pipe.  This  factor  of  safety  can  be  estimated  in 
dollars.     In  the  foregoing  exami>lc.  tu  pump  water  only 


would  require  five  stations.  Then  it  has  required,  to 
take  care  of  the  safety  factor,  six  statior-i  aggregating 
$1,800,000.  There  is  then  $1,800,000  out  of  the  total 
of  $4,000,000  which  is  left  to  the  judgment  of  the  en- 
gineer for  distribution  and  expenditure  with  indefinite 
data  as  a  basis  for  the  designs,  granting  that  there  is  no 
reliable  way  by  which  the  friction  characteristics  of  the 
oil  to  be  handled  can  be  accurately  measured. 
For  the  summary  we  have : 

Rifled  Line: 

Capacity,  24,000  bbl.,   including  109^    water,  stations   12  mi. 
apart. 

Safety  factor,  by  allowable  station  pressure 2.50 

Safety  factor  by  formula,  as  necessary 2.56 

Associated  Line   (by  Mr.  Bowie) ; 
Capacity.  24,000  bbl. 

Safety  factor  by  allowable  station  pressure 2.44 

Safety  factor  by  formula,  as  necessary 1.56 

Difference    0.88 

Shell  Line: 

Capacity,  24,000  bbl. 
Safety  factor  of  construction 2.60 

After  considering  the  impro\ed  method  of  the  Shell 
Co.  with  reference  to  the  combination  of  the  8-  and  10- 
in.  pipe  the  engineer  no  doubt  will  ask:  If  it  may  be 
c(msidered  good  practice  to  increase  the  length  between 
stations  from  14.17  mi.  to  15.45  mi.  in  a  line  170  mi, 
long  and  in  so  doing  save  $250,000,  why  not  increase 
this  distance  another  1%  mi.  and  save  a  like  amount  or 
thereabouts  ? 

The  question  is  likely  to  remain  unanswered  until  the 
friction  characteristics  of  the  oil  that  is  to  be  handled 
are  better  understood  by  those  to  whom  the  work  of 
constructing  and  operating  the  line  is  intrusted. 

Pipe  lines,  and  particularly  those  which  are  heated, 
deteriorate  very  rapidly.  It  has  been  said  that  the  life 
of  the  pipe  line  should  be  considered  as  10  yr.  These 
lines  sooner  or  later,  and  some  of  them  in  the  near  future, 
nnist  be  completely  or  in  part  reconstructed.  Again,  the 
demand  for  capacity  on  the  pipe  lines  is  going  to  in- 
crease rather  than  decrease. 

The  oil  industry  has  been  allowed  to  develop  with  those 
ill  charge  of  the  operations  little  appreciating  the  value 
of  using  the  friction  characteristics  of  the  oil  rather  than 
the  gravity,  in  the  solution  of  their  tran.^portation  prob- 
lems, for  no  other  reason  than  the  absence  of  a 
better  system  of  grading  the  oils.  Inasmuch  as  it  has 
been  stated  that  the  capacit)'  of  a  line  is  determined  by 
its  weakest  jioint,  the  proper  grading  of  the  oils  for 
minimum  friction  qualities  will  eliminate  the  peaks  of 
high  pressure  aiul  cannot  help  but  improve  operating 
conditions. 


.  Mo  I®,  St.  P. 


SuBCcess 


The  first  electric  locomotives  of  the  Chicago,  Jlilwaukee 
&  St.  I'aul  I?y.  were  placed  in  service  on  the  Three 
Forks-Doer  Lodge  division  in  the  Ro<ky  Jlountains,  Dec 
9,  1915,  and  electric  operation  has  been  maintained  since 
then.  Complete  success  of  the  new  system  is  reported  by 
the  railway  officials.  In  April  of  this  year  service  was 
extended  to  Tlarlowton,  making  a  total  of  220  mi.  of 
electrically  operated  line.  By  November,  191G,  it  is 
expected  that  steam  traction  will  be  abandoned  over  the 


•From  information  furnished  by  the  General  Electric  Co., 
Schenectady,  N.  Y.,  maker  of  the  electrical  equipment  noted 
iiereln. 
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entire  proposed  stretili  of  440  mi.  between  Avery,  Idaho, 
and  Harlowton,  Mont,  (four  engine  divisions).  The  gen- 
eral engineering  features  in  connection  witli  this  pro- 
ject have  been  described  in  Engineerinij  Xeirs  (Jan  7, 
1915). 

This  section  is  now  the  longest  stretch  of  trunk  line 
under  electric  traction  in  the  world.  It  is  the  only  line 
where  electric  locomotives  are  operating  over  more  than 
one  engine  division.  The  main  continental  divide  is 
crossed,  giving  the  severest  service  conditions  possible  on 
the  entire  system  of  the  railroad.  In  crossing  the  three 
mountain  ranges  included  in  the  electric  zone  there  are 
several  grades  of  1  %  or  more,  the  most  difficult  of  which 
is  the  21-nii.  2%  grade  between  Piedmont  and  Donald. 
The  longest  grade  is  the  49-nii.  1%  grade  on  the  west 
slope  of  the  Belt  Mountains.  The  curvature  is  heavy,  the 
maximum  being  10°.  There  are  in  all  36  tunnels,  the 
longest  of  which  (liA  mi.)  is  under  St.  Paul  Pass, 
through  the  Bitter  Poot   Mountains. 

Passenger  and  Freight  Service 

Tlie  passenger  service  is  comparatively  light,  consist- 
ing of  two  all-steel  transcontinental  and  one  local  train  in 
each   direction    dailv.      It   has   been   found   that  on   the 


attractions  of  the  line  for  tourists.  Tlie  local  passenger 
train  in  the  electric  zone  is  handled  by  a  half-unit  loco- 
motive. 

A  large  part  of  the  freight  traffic  consists  of  througli 
trains  made  up  of  an  assortment  of  foreign  cars  weigh- 
ing from  1 1  to  25  tons  empty  and  70  tons  loaded.  These 
are  equipped  with  air  brakes  variously  adjusted  for  dif- 
ferent conditions  of  service,  making  the  problem  of  hold- 
ing long  trains  on  heavy  downgrades  difficult  with  air 
alone.  But  with  the  electric  locomotives  regenerative 
braking  has  been  resorted  to  with  general  success — the 
locomotive  motors  become  generators  and  return  power  to 
the  line,  the  air  brakes  being  released  and  held  in  reserve. 

In  the  freight  service  on  the  first  division,  where  steam 
locomotives  require  10  to  12  hr.  to  make  115  mi.,  the 
electric  locomotives  need  a  schedule  of  only  7  to  8  hr.  for 
the  same  distance.  The  heavy  grades  and  curves  have 
always  offered  a  serioiis  obstacle  to  steam-locomotive 
operation  even  in  summer  time,  and  in  winter  serious 
delays  have  occurred  owing  to  engine  failures.  In  Decem- 
ber, 1915,  several  ilallets  were  frozen  up  at  different 
points  on  the  system,  and  the  new  electric  equipment  was 
rapidly  pressed  into  service  to  replace  them.  On  several 
occasions  the  electric  locomotives  hauled  in  disabled  steam 


FIG.S.   1   ANT)   2.     Oi 
Fig.    1 — Tangent 


:khkad  s.ooo-volt  link  constructi' 

racket    construction.       Fig.    2^:-Cross-span, 


ml    lei-der-tal) 


il-nii.  2%  grade  between  Piedmont  and  Donald  the 
electric-  Iceomotive  can  reduce  the  running  time  from 
1  hr.  5  min.  to  40  min.  The  run  from  Deer  Lodge  to 
Butte  has  been  cut  from  1  hr.  20  min.  to  50  min.  The 
four  through  pas.senger  trains  (the  "Olympian"  and  the 
"Columbian")  are  taken  across  the  two  mountain  ranges 
by  a  single  passenger  locomotive.  These  trains  consist  of 
eight  vcstibuled  steel  coaches  weighing  600  tons.  In- 
stead of  changing  locomotives  at  Three  Forks  as  before, 
the  same  locomotive  is  run  through  the  220  mi.  from  Deer 
Lodge  to  Ilailowton,  changing  crews  midway.  The  entire 
electrified  division  will  be  covered  by  pas.senger  trains  in 
appro.xiniately  15  hr.,  including  all  .stops,  increasing  the 


engines   and   trains   that  would    have   otherwise   tied   up 
the  line  and  interi'upted  the  service. 

Power-Supply  System 

Trains  of  3,000  tons  trailing  load  have  been  hauled 
east  and  2,800  tons  west,  using  a  helper  on  the  heavy 
grades.  All  passing  tracks  are  being  lengthened  to  take 
advantage  of  longer  trains,  which  are  now  possible  with 
electric  traction.  On  some  runs,  where  the  grades  are  less 
than  1%,  trains  of  up  to  130  cars  and  as  heavy  as  4,000 
tons  have  been  hauled  by  a  single  unit. 

It  should  be  mentioned  in  passing  that  the  scheme  of 
electrification  includes  the  generation  of  power  at  several 
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liydro-electric  stations  of  the  Montana  Power  Co.,  its 
transmission  by  100,000-volt  three-phase  60-cycle  current, 
its  conversion  in  substations  to  3,000-volt  direct  current 
and  its  distribution  over  catenary  overhead  construction 
to  the  electric  locomotives.  The  power  company's  trans- 
irussion  lines  are  carried  on  steel-tower  and  wooden-pole 
lines  and  tap  into  the  railway  system  at  seven  different 
points.  The  railway  company  has  a  transmission  line 
extending  the  entire  length  of  the  system  on  wooden 
poles.  Each  substation  may  be  fed  from  either  direction 
and  also  at  the  tie-in  points  from  a  third  source  of  power. 
There  are  14  substations  distributed  along  the  route  at 
average  intervals  of  about  32  mi.  Each  station  contains 
stepdowii  transformers,  motor-generator  sets,  switchboard 
and  necessary  equipment.  The  100,000-volt  current  is 
first  stepped  down  to  2,300  volts  for  the  synchronous 
motors,  each  of  which  drives  two  l,o00-volt  direct-current 
generators  connected  permanently  in  series. 

The  overhead  construction  is  comparatively  simple. 
There  are  two  No.  0000  copper  wires,  flexibly  suspended 
side  by  side  from  the  same  steel  messenger  cable  by  in- 
dependent hangers  alternately  connected  to  each  wire. 
Bracket  supports  are  used  where  the  track  alignment  will 
permit ;  cross-span  construction  is  used  on  passing  tracks, 
switching  yards  and  sharp  curves.  All  the  overhead  work 
is  supported  on  40-ft.  wooden  poles  suitably  guyed.  A 
.500,000-cire.mil  feeder  runs  the  entire  length  of  the  elec- 
tric zone,  and  on  heavy  grades  there  is  a  supplementary 
feeder.  The  feeders  are  tapped  to  the  trolley  wire  at 
every  seventh  pole,  or  approximately  each  1,000  ft.  On 
the  top  of  the  poles  is  carried  a  supplementary  No.  0000 
negative  feeder,  which  is  tapped  to  the  middle  point  of 
every  second  reactance  Ijond  (coils  placed  in  the  track 
5,000  to  6,000  ft.  apart,  bridging  insulated  joints  in  the 
rails  and  permitting  direct  current  to  pass,  but  impeding 
60-eycle  signal  currents).  Each  track  is  bonded  with  a 
250,000-circ.mil  bond  at  each  joint  and  double  bonded  on 
lieaviei    grades    to    prevent   excessive    drop    in    voltage. 


Two  types  of  locomotives  have  been  developed — main- 
line and  switching.  The  main-line  locomotives  are  con- 
structed in  two  half-units  intended  to  be  permanently 
coupled  together :  but  the  halves  are  duplicates  and  each 
is  capable  of  independent  operation.     The  only  difference 


FIG.    3.    OVERHEAD   CONSTRUCTION   IN   TUNNELS 
Collapsing   hangers   give   flexibility 

between   passenger  and  freight  units  lies  in   their  gear 
ratios   and   minor   auxiliaries.      The   freight   locomotive 


FIG.    4.    ONE  OF  THE   3.000-HP.    ELECTRIC  LOCOMOTIVES  OP  THE  C,  M.  &  ST.  P.  RT. 
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DATA    ON    C,    M.    &    ST.    P.    RY.    3.000-VOLT    ELECTRIC 
LOCOMOTIVES 

Main-Line  Freight   Locomotives 

Length   overall    112  (t. 

Total  wheel  base 102  ft.   S   in. 

Rigid  wheel  base 10    ft.    6    in. 

Total   weight    564,000    lb. 

Weight  on  drivers 448.000   lb. 

Weight    per   driving    axle 56,000   lb. 

Weight   per   guiding   axle 29,000    lb. 

Diameter   of   driving    wheel 52   in. 

Diameter  of  guiding  wheel 36  in. 

Number  of  driving  motors 8 

Total  output    (continuous  rating) 3,000    hp. 

Total  output    (1-hr.   rating) 3,440    hp. 

Tractive  effort   (continuous  rating,  15.75  mi.  per 

hr.)    71,000   lb. 

Per  cent,  of  weight  on  drivers  (trac.  coef.) 15. S3 

Tractive  effort   (1-hr.  rating,   15.25  mi.  per  hr.)  .  .  85,000    lb. 

Per  cent,  of  weight  upon  drivers   (trac.  coef.)...  19 

Tractive  effort  starting   (30%  coef.) 136,000    lb. 

Switching  Locomotives 

Length  Inside  knuckles 40   ft. 

Height  over  cab 13   ft.   10  in. 

Height — trolley  down   16  ft.   8   in. 

Width   overall    10   ft. 

Total  wheel  base 29  ft.   4   in. 

Rigid  wheel  base 8    ft. 

Diameter   of    wheels 40    in. 

Weight — locomotive    complete    140,000   lb. 

Weight  per  driving  axle 35,000    lb. 

1-hr.   rating  of  locomotive 542    hp. 

Tractive  effort    (1-hr.   rating,   12  mi.   per  hr.) .  . .  .  18,400    lb. 

Tractive  effort   (continuous,  13.2  mi.  per  hr.)....  13,480    lb. 

Tractive  effort,  starting    (30<-c    coef.) 42,000   lb. 

weighs  282  tons,  has  a  starting  tractive  effort  of  136,000 
lb.  and  8.5,000  lb.  running  at  normal  speed.  These  fig- 
ures are  to  be  compared,  with  a  weight  of  278  tons  for 
the  Mallet  steam  locomotives,  which  have  been  relieved 
and  which  had  a  tractive  effort  of  76,200  lb.  At  this 
time  42  main-line  units  are  in  service — 30  freight  and  12 
passenger.  Each  is  equipped  with  eight  1,500-volt  motors 
insulated  for  3,000  volts  to  ground.  The  motors'  normal 
]-hr.  rating  is  430  hp. ;  the  continuous  rating  is  375  hp. 
Each  motor  is  twin-geared  to  its  driving  axle.  The 
motor  has  commutating  poles  and  provision  for  forced 
ventilation  from  a  blower  in  the  cab.  The  pantograph 
shoes  are  of  copper. 

The  control  equipment  is  of  the  familiar  multiple-unit 
type ;  the  main  control  switches  are  mounted  in  steel 
compartments  inside  the  cab  with  inspection  and  repair 
aisles.  In  each  half  of  the  locomotive  are  a  motor-driven 
air  compressor  and  a  motor-generator  set  furnishinsj  low- 
voltage  current  for  control  circuits,  headlights,  cab  light- 
ingandfor  charging  storage  batteries  on  passenger  coaches. 
(Under  steam  op(^'nition  the  charging  current  for  these 
batterie«  was  furnished  by  a  steam-turbine  generator  set 
on  the  locomotive.)  This  same  motor-generator  set  drives 
the  blower  for  ventilating  the  traction  motors.  On  the 
pas.senger  locomotives  are  oil-fired  steam  boilers  for  heat- 
ing the  cars. 

The  electric  regenerative-braking  apparatus  automat- 
ically controls  the  speed  by  regulating  the  amount  of 
energy  put  back  into  the  line.  The  usual  speed  of  a 
freight  train  electrically  hauled  is  1.5  mi.  per  hr.  ascend- 
ing, and  17  mi.  per  hr.  descending  maximum  grades,  but 
with  half  the.se  .speeds  the  braking  can  be  maintained  if 
required.  In  case  there  are  no  other  trains  between  sub- 
stations to  ab.^orb  the  power  returned  to  the  line  by  a 
descending  train,  this  power  passes  through  the  substation 
machinery,  is  converted  from  direct  to  alternating  current 
and  fed  into  the  distribution  system  of  the  power  com- 
pany. Credit  is  given  for  all  energy  thus  returned.  The 
power  returned  by  a  2.o00-ton  train,  running  at  17  mi. 
per  hr.  down  a  2%  grade,  is  about  4,700  hp.  In  addition 
to  the  elimination  of  difficulties  due  to  the  use  of  air 
brakes  and  the  prevention  of  brake-shoe  and  wheel  wear 
there  has  been  a  .saving  of  aliout  ]5%   in  power. 


This  change  from  steam  to  electric  traction  will  cost 
about  $12,000,000.  The  investment  is  expected  to  be  self- 
supporting,  through  savings  in  operating  expen.se.  C.  S. 
Goodnow,  Assistant  to  the  President  of  the  Chicago,  Mil- 
waukee &  St.  Paul  Ry.,  is  engineer  in  charge  of  the  work. 


The  Bureau  of  Highways  of  Philadelphia,  Penm,  of 
which  William  11.  Connell  is  chief,  has  for  over  a  year 
lieen  extending  its  inspection  service  to  the  plants  and 
refineries  where  the  materials  to  be  used  in  bituminous 
roadwork  are  manufactured.  In  his  recent  annual  report 
on  the  work  of  the  bureau  Mr.  Connell  states  that  while 
it  has  been  customary  with  many  organizations  dealing 
with  highway  work  to  inspect  or  test  batches  of  completed 
materials  at  refineries  to  determine  in  advance  of  ship- 
ment that  they  conform  satisfactorily  to  the  requirements 
(if  specifications,  the  work  of  this  bureau  has  made  an 
important  step  in  advance  of  this  by  specifying  that  an 
inspector  should  be  present  during  the  entire  process  of 
producing  and  combining  the  materials  used,  thus  making 
it  possible  to  secure  samples  of  the  ingredients  as  well  as 
of  the  completed  mixture  and  to  determine  the  method 
and  proportions  of  combination. 

These  inspectors  made  such  tests  at  the  plant  or  refin- 
ery as  were  necessary  to  control  the  general  character  and 
the  consistency  of  the  products,  while  complete  tests  on 
both  the  ingredients  and  mixtures  vere  made  in  the 
municipal  laboratories.  It  is  possible  by  this  means  for 
the  city  to  make  complete  studies  of  the  desirable  proper- 
ties of  such  materials  and  of  the  variations  that  should 
be  made  in  the  finished  product  to  suit  local  conditions 
rather  than  to  leave  these  points  almost  entirely  in  the 
hands  of  the  manufacturer,  as  has  largely  been  the  case  in 
the  past. 

A  Ten-Story  Bnildins  as  a  Bridge  Approach  is  to  be  erected 
by  the  City  of  New  York  on  Blackwell's  Island,  adjoining  the> 
Queensboro  Bridge.  A  number  of  the  city  institutions  are 
located  on  the  island,  approach  to  which  has  hitherto  been 
only  by  boat,  although  the  large  bridge  crosses  the  island 
some  140  ft.  in  the  air.  The  new  biilding  will  house  some  of 
the  necessary  institutional  sei-vices  and  will  contain  freight 
elevators  capable  of  carrying  a  5-ton  motor  truck  from  the 
island  to  the  bridge  level.  Boat  service  to  the  island  will 
then  be  discontinued. 

Powdered  ConI  as  Fuel  for  LocoinotlveH  was  first  tried  as 
long  ago  as  1901-02,  on  an  engine  of  the  Manhattan  elevated 
railway  in  New  York.  The  merit  of  this  system  of  combustion 
was  demonstrated,  but  its  use  was  not  extended,  as  the  means 
of  pulverizing  and  handling  the  fuel  and  controlling  the  Are 
were  unsatisfactory.  In  1914  the  New  York  Central  R.R. 
equipped  an  engine  of  the  4:6:0  class  for  experimental 
work.  In  1915  the  Chicago  &  Northwestern  Ry.  equipped  a 
passenger  engine  of  the  4:6:2  class,  which  is  now  in  regular 
service  between  Chicago  and  Milwaukee.  Early  in  1916  the 
Delaware  &  Hudson  Ry.  adopted  pulverized  fuel  for  a  145-ton 
freight  engine  of  the  2:8:0  class,  and  installed  a  plant  for 
drying,  pulverizing,  storing  and  supplying  the  fuel  both  for 
locomotives  and  for  stationary  boilers,  using  the  waste  tail- 
ings from  anthracite  culm  banks.  The  Missouri,  Kansas  & 
Texas  Ry.  Is  installing  a  similar  plant  to  supply  pulverized 
coal  for  both  locomotives  and  stationary  boilers.  A  number  of 
other  railways  are  considering  the  matter,  and  the  Central 
Railway  of  Brazil  has  decided  to  adopt  the  method,  after  ex- 
tensive Investigation  of  the  work  and  experience  In  the  United 
States.  This  Information  i.s  taken  from  a  report  presented  at 
the  annual  meeting  of  the  International  Railway  Fuel  Asso- 
ciation, held  at  Chicago,  May  15-18.  The  committee  is  of  opin- 
ion that  the  efliclency  of  the  system  has  been  demonstrated 
and  that  there  will  be  marked  progress  in  Its  use  with  bitum- 
inous and  anthracite  coals  and  lignite  for  locomotives  and 
stationary  power  plants. 
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Graders  handled  bv  gasoline  tractors  moved  earth  at  a 
cost  of  7. DC.  per  cu.yd.,  in  Utah  road  work.  This  is 
the  average  cost,  the  best  record  being  3.8c. 

Grading  on  Western  prairies  is  not  heavy  work.  The 
roads  follow  approximately  the  contour  of  the  ground,  and 
except  for  cutting  down  low  humps  and  tilling  slight  de- 
pressions the  grading  consists  merely  in  opening  ditches 
and  crowning  the  roadway.  The  earth  to  be  moved  in  the 
average  highway  can  be  taken  to  comprise  the  two  tri- 
angular ditch  cross-sections  (Fig.  1)  each  4  ft.  wide  by 
1  ft.  deep.  Thus,  the  total  excavation  per  mile  is  782 
cu.yd.,  or  about  1.000  cu.yd.  in  V/^  mi.  The  last  named 
distance  was  that  covered  each  day  by  the  machine  outtit 
illustrated  in  the  views ;  the  cost  per  day  lieing  $7-5. 

The  best  record  was  21/2  mi.  per  day.  This  is  not  for 
resurfacing  an  old  road,  but  for  grading  a  new  road  across 
comparatively   level   ground. 

The  construction  of  the  Midland  trail  in  Box  Elder 
County  during  the  last  two  years  is  a  good  example  of 


this  tractor-grader  method  of  construction.  Long 
stretches  of  a  100-mi.  highway  were  graded  for  from  $30 
to  $1)0  a  mile.  The  territory  passed  through  was  prac- 
tically all  virgin  soil,  much  of  it  covered  with  a  heavy 
growth  of  sage  brush. 

Scheme  of  Shallow  Grading 

The  first  step  is  to  mark  plainly  the  outside  lines  of  the 
ditches.  This  is  done  by  placing  flags  at  intervals  so 
that  the  tractor  operator  can  follow  the  proper  line  by 
ranging  in  the  flags  with  one  or  two  markers  on  his  ma- 
chine.    The  tractors  used  vary,  since  most  of  them  are 


FIG.     1.      CROSS-SECTION    OF    STANDARD     EARTH     ROAD. 
UTAH    STATE    HIGHWAY    DEPARTMENT 

hired   (with  the  crews)    by  the  day.     A  .50-hp.  gasoline 
tractor  has  given  the  best  service. 

Coupled  to  the  tractor  is  a  standard  10-  or  12-ft.  road 
grader  of  extra-heavy  construction.    The  first  cut  is  made 
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rfPPERV     MAKING    FIRST    CUT    IN    RIGHT-HAND     DITCH.     FIG.    3    (LOWER)      GASor,tNK    TRACTOU-CKATIF.R 
OUTFIT   BUILDING  MIDLAND  TRAIL,    BOX   ELDER  COUNTY.    UTAH 
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.dnng  tlie  line  of  the  flags  and  is  designed  to  give  one- 
half  the  necessary  depth  to  the  ditch.  At  some  convenient 
point  the  outfit  is  turned  aboiit  and  a  similar  cut  made 
on  the  opposite  side  of  the  road.  The  second  trip  crowds 
the  material  excavated  in  the  first  trip  to  the  crown  of 
the  road.  The  third  cut  excavates  the  ditch  to  grade  and 
the  fourth  places  this  material  on  the  crottH. 

Where  ordinary  sage  lirush  is  encountered  the  grader 
is  first  run  over  the  roadbed  with  the  blade  set  level  a 
little  above  the  surface.  This  cuts  off  the  brush,  after 
which  a  rooter  and  rake  are  used  to  clear  the  roadbed. 
■RTiere  the  sage  brush  is  extra  heavy,  a  grubber  has  to  be 
employed  before  the  graders  can  be  utilized. 

The  crew  with  the  grading  machines  consists  of  only 
five  men.  Each  unit  requires  a  tractor  operator  and  a 
grader  operator,  and  there  are  a  teamster  and  a  four-horse 
team  for  hauling  water,  oil  and  supplies.  It  is  sometimes 
convenient  to  grade  over  the  culvert  sites  and  place  the 
culverts  afterward  b\'  cutting  the  roadbed. 

\Miere  the  state  or  county  does  not  own  the  equipment 
the  best  results  have  been  attained  by  leasing  the  tractor 
and  grader  operators  and  teams  from  a  single  contractor. 
This  insures  harmony  and  efficiency  in  operation.  The 
two  tractors  and  crews  illustrated  in  Fig.  3  were  leased 
for  $7.50  per  hr. 

Similar  work  using  teams  and  fresnos  is  done  in  some 
of  the  counties  of  the  same  state  and  the  cost  ranges 
from  $300  to  $600  per  mi. 

Six  of  the  Utah  counties  are  now  using  tractor-grader 
outfits  similar  to  those  illustrated.  The  tractors  are 
proving  so  economical  and  efficient  that  it  is  planned  to 
use  them  with  wagon  trains  or  trailers  for  placing  the  sur- 
facing material.  An  experimental  plant  will  be  tried  out 
this  season,  and  it  is  hoped  to  reduce  the  cost  of  gravel- 
surfaced  roads.  The  cost  of  graveling  (6  to  8  in.)  now 
runs  from  $.500  to  $1,500  a  mi.,  depending  on  the  proxim- 
ity of  the  material. 

The  principal  difficulties  in  operating  the  tractor- 
grader  imits  have  been  in  getting  materials  and  supplies. 
So  far  as  possible  extra  castings  of  all  tractor  parts  liable 
to  break  are  kept  with  the  outfit. 

The  state  highway  department  of  Utali  consists  essen- 
i  dly  of  a  State  Road  Commission  of  five  members  un<ler 
which  is  the  State  Road  Engineer  and  his  staff.  The 
state  is  divided  into  five  groups  of  counties,  and  the 
general  administration  of  the  road  work  in  each  group 
i.s  allotted  to  one  of  the  commissioners,  who  is  con- 
<erned  chiefly  with  the  financial  problems.  All  road 
construction  is  under  the  State  Road  Engineer,  although 
the  State  Engineer  is  a  member  of  the  commission. 
E.  R.  Morgan  is  the  State  Road  Engineer. 
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On  a  contract  now  under  way  the  specification  requires 
pile  penetration  for  given  loading  to  be  determined  by 
the  well-known  J'Jnf/ineenni/  News  pile  formula.  The 
contractor  is  using  a  double-acting  .steam  pile-hammer, 
and  the  engineer  inquires  what  form  the  formula  ought 
to  have  under  the  conditions. 

The  Engineering  News  formula,  devised  by  the  late 
A.  M.  Wellington  in  1888.  is  based  on  the  equation  be- 
tween the  energj'  stored  in  the  hammer  and  the  work 
0  tnc  in  overcoming  the  resistance  to  penetration.     Two 


P  = 


factors  modify  the  equation — an  allowance  for  dissipa- 
tion of  energy  and  a  factor  of  safety.  A  factor  of  G  is 
used.  The  dissipation  of  energy,  by  brooming,  spring  of 
the  pile,  etc.,  is  supposed  to  be  such  as  to  reduce  the  pene- 
trating effect  by  1  in.,  in  the  case  of  a  drop  hammer,  giv- 
ing the  formula 

s  +  1 
in  which  W  =  weight  of  hammer,  pounds  or  tons;  h  = 
height  of  fall,  feet;  s  =  penetration,  inches;  P  =  pile 
capacity,  pounds  or  tons. 

For  steam  hammers  the  reduction  is  assumed  to  be 
only  0.1  in.  (which  represents  less  dissipation  of  energy 
on  account  of  the  decreased  destructive  effects  of  the  ham- 
mer, due  to  the  low  fall  and  the  more  rapid  blows),  re- 
sulting in  the  formula 

s  +  0.1 

Recently  several  comparisons  of  steam-hammer  driving 
with  results  derived  from  the  formula  have  led  various 
engineers  to  the  conclusion  that  the  steam-hammer  loss 
of  penetration  is  greater  than  0.1  in.  and  should  be  taken 
at  0.3  in.,  giving  the  formula 

.s  -f  0.3 
The  question  now  arises.  What  influence  will  the  driv- 
ing action  of  the  steam  e.xert?  Its  effect  on  brooming, 
rebound  and  similar  dissipative  actions  is  probably  slight, 
and  negligible  in  comparison  with  the  conditions  existing 
before  the  addition  of  the  steam  pressure.  All  factors 
of  the  formula  are  unchanged  except  the  energy  of  the 
hammer,  which  is  increased  by  the  added  velocity  due 
to  the  steam  action.  At  the  same  time  a  slightly  increased 
penetration  is  secured.  If  the  increased  penetration  is 
used  in  the  formula  without  making  allowance  in  the 
numerator  for  the  increased  energy  of  the  hammer,  the 
formula  would  appear  to  show  lower  load  capacity  in  the 
i-ase  of  piles  driven  by  double-acting  hammers  than  for 
]iiles  driven  with  a  free-falling  steam  hammer.  This 
obviously  would  be  incorrect.  The  following  rule  may 
be  taken  as  a  general  guide: 

Ascertain  as  nearly  as  possible  the  foot-pounds  represented 
by  the  blow  delivered  by  the  hammer.  This  can  be  done  by 
adding  to  the  toot-pounds  represented  by  the  free  fall  of  the 
hammer  the  foot-pounds  obtained  by  multiplying  the  mean 
effective  pressure  by  the  area  of  the  piston  and  the  length  of 
stroke  in  feet.     The  result  is  the  numerator  of  the  formula. 

In  the  absence  of  specific  data  on  mean  effective  pres- 
sure for  the  particular  hammer  assume  that  it  amounts 
to  25  lb.  per  .sq.in.  Multiply  this  by  the  effective  piston 
area  and  add  the  product  to  the  weight  of  the  hammer. 
This  means  using  the  formula  in  the  shape, 
IW  +  Ap)h 
s  -+-  0.3 

in  which,  of  course.  P  and  IV  must  be  m  [wunds  if  the 
steam  pressure  is  taken  in  pounds. 


P  = 


A  DrlllliiK'  Contfut  between  a  single-Jacker  and  a  Jack- 
hamer  arranged  by  Louis  A.  Rehfuss,  West  Point,  Calaveras 
County,  Calif.,  resulted  in  the  Jackhamer,  with  air  at  60  lb., 
drilling  SI  In.,  while  the  hammersman  drilled  9  in.  The  cost 
per  Jackhamer  shift  figured  out  1.75  times  that  of  the 
hand-drilling  shift,  but  the  cost  per  foot  of  hole  drilled  by 
the  Jackhamer  figured  only  19V4%  of  the  cost  of  hand-drilled 
hole. — "Engineering  and  Mining  Journal."  June  24. 
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A  corner  of  one  of  the  finest  residences  in  Denver, 
Colo.,  was  built  over  made  ground,  and  the  architect 
here  erected  a  retaining  wall  that  incloses  both  a  corner 
of  the  house  and  an  open  veranda  or  children's  play- 
yard  backfilled  to  the  level  of  the  first  floor,  or  some 
6  or  7  ft.  above  the  grading  level. 

Xot  much  precaution  was  taken  in  placing  foundations 
for  this  wall,  and  as  a  result  it  soon  commenced  to  settle 
both  downward  and  outward,  opening  large  diagonal 
cracks,  which  were  unsightly  and  threatened  the  safety 
of  that  comer  of  the  house.  The  architect  wa.s  at  a  loss 
for  a  remedy,  so  he  "put  it  up  to"  a  local  contractor, 
C.  S.  Lambie,  president  of  the  C.  S.  Lambie  Co. 

The  method  adopted  by  ilr.  Lambie  was  to  drive  sec- 
tions of  8-in.  cast-iron  pipe  along  the  footing  of  the 
wall  and  as  close  to  it  as  possible.  Fig.  2  shows  a  sketch. 
This  pipe  was  driven  to  firm  bearing  in  the  original 
ground  surface  and  partly  filled  with  concrete.  Then  a 
6-in.  I-beam,  bent  to  lie  close  to  the  wall,  was  inserted 
in  each  of  the  pipes  and  the  pipes  were  filled  with  con- 
crete to  the  top,  making  them  essentially  concrete  piles. 

Holes  were  drilled  in  the  wall  and  the  I-beams  thor- 
oughly tied  into  it  by  U-shaped  rods.  On  the  back  fac-e 
of  the  wall  near  its  top  a  channel  was  placed   ami   se- 


cured to  the  I-beams  on  the  other  side  of  the  wall  by 
two  yokes,  or  U-shaped  rods,  at  each  pile,  as  shown  in 
Fig.  2.  Prom  the  ends  of  this  short  piece  of  channel, 
iron  rods  were  inserted,  the  other  ends  of  which  were 

.■■F/n/s/!e>:^Cor7cm^Bi/ATZss 


FIG.     2.      CROSS-SECTION     OF     WALL     AND     REINFORCING 
BUTTRESS 

anchored  to  a  block  of  concrete  in  the  concrete  pavement 
of  the  play-yard. 

The  I-beams  and  ties  were  then  inclosed  in  forms  and 
lilled  around  with  concrete,  giving  the  buttressed  or 
liilastered  wall  shown  in  Fig.  1.  "\Mien  tlie  whole  had 
been  finished  to  correspond  to  the  rest  of  the  residence, 
tlie  architectural  appearance  had  been  improved  rather 
than  injured. 
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■PING    THE    SETTLE.MENT    OF    -V 
VER  RETAI.NING  WALL 


Building  manholes  by  a  modified  open-caisson  methodi 
was  reported  by  the  Underground  Construction  Commit- 
tee  of   the   Xational   Electric   Light   Association  at  the 
recent   Chicago   convention,  a  member  company  having 
lound  the  scheme  advantageous. 

The  excavation  to  the  quicksand  is  made  in  the  ordinary 
manner.  Then  a  wooden  frame  is  built,  having  the  same 
horizontal  section  as  the  manhole  walls.  This  framework 
is  built  up  of  2-in.  planks  to  a  total  thickness  of  6  in.,i 
the  corners  being  well  fastened  so  as  to  eliminate  diagonal! 
iracing  and  leave  the  center  of  the  framework  free  for 
tlie  excavation.  The  framework  is  then  ]ilaced  in  a  level 
|iosition  on  the  quicksand,  and  the  manhole  is  built  of 
lirick  to  the  required  height,  the  walls  being  well  plastered 
nn  the  outside. 

After  setting  for  three  or  four  days,  the  excavation  of 
I  he  manhole  proceeds.  By  digging  along  the  walls  inside 
lit'  the  manhole  and  under  the  wooden  framework  the 
-tructure  will  usually  settle  to  the  required  depth.  Dur- 
ing the  excavation  only  sufficient  water  should  be  removed 
io  allow  the  men  to  work  to  advantage,  as  otherwise  the 
>and  becomes  quite  hard.  The  settlement,  if  slow,  can  be 
accelerated  by  placing  bags  of  sand  or  other  weights  on 
top  of  the  manhole  walls.  Ordinarily  the  excavation  and 
tlie  settlement  of  the  structure  to  the  required  depth  will 
i.ot  require  more  than  8  or  10  hr.  unless  ol)structions  are 
encountered.  After  the  manhole  has  reached  the  proper 
depth  the  .■Jcttloment  is  stopped  by  backfilling  the  excava 
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tion  and  tamping  around  the  out.side  of  the  manhole 
walls. 

Upon  completion  of  the  settlement  the  water  is  re- 
moved from  the  manhole,  the  sand  excavated  to  the  level 
of  the  bottom  of  the  wooden  framework,  and  a  heavy  con- 
crete bottom  is  placed  in  the  manhole.  The  openings  for 
the  conduit  are  cut  in  the  manhole  walls  after  it  is  en- 
tirely completed  and  settled  to  the  proper  depth. 

In  building  such  manholes  the  cost  of  labor  is  aliout 
double  that  of  the  ordinary  manhole.  The  wooden  frame- 
work is  the  only  other  item  of  expense. 


By  H.  DaCamaka* 
During  the  construction  of  the  piers  for  the  new  Bur- 
lington Bridge  across  the  Missouri  River  at  Kansas  City, 
Mo.,  it  became  necessary  to  find  a  method  of  carrying 
material  over  the  channel  without  stopping  navigation. 


FIG.    1.     GENERAL  PLAN'   OF   BASCULE    BRIDCJK    SHOWING 
TRACK  ARR.\NGEMENT 

From  the  north  shore  out  to  Pier  4  a  timber  tramway, 
supported  on  pile  bents  spaced  15  ft.  c.  to  c,  had  been 
used  very  successfully.  This  trestle  was  designed  to 
carry  a  live  load  of  50  tons  applied  by  a  locomotive  crane. 

•4126  Virginia  Ave.,   Kansas   City,    Mo. 


The  original  plan  was  to  continue  the  tramway  on  to 
Pier  0,  cutting  through  the  upstream  end  of  the  draw 
protection  of  the  old  Hannibal  Bridge.  Interference 
with  some  of  the  government  boats  was  the  immediate 
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cause  of  a  change  in  this  plan,  although  navigation  was 
afterward    (December)   stopped  by  ice. 

The  engineers  foi  the  contractor  decided  to  span  the 
channel  from  the  new  Pier  4  to  the  old  draw  pi-otection, 
a  distance  of  about  100  ft.,  with  a  Jight  wooden  bascule 
bridge.  The  trunnion  for  the  north  half  of  the  span 
was  snpported  by  a  double  bent  of  12  cypress  piles  capped 
and  braced  as  sho\7n  in  Fig.  3.  This  bent  came  in  line 
with  the  south  side  of  the  dock  for  Pier  4,  so  did  not 
decrease  the  available  channel  width.  The  south  half 
was  carried  entirely  by  the  draw  protection,  except  that 
one  set  of  backstay  cables  was  made  fast  to  the  cap  of 
the  first  bent  of  the  continued  tram  trestle.  The  towers 
were  of  12xl2-in.  timbers  fitted  with  ordinary  timber- 
derrick  mast  shoes.  The  bracing  consisted  of  3x1  Os  and 
6x8s  as  shown  in  Fig.  1.  The  cable  backstays  were  old 
%-in.  steel  cable,  four  strands  in  the  short  sets  and  six 
strands  in  the  long.  The  12xl2-in.  stiff-legs  served  to 
make  the  whole  more  rigid. 

The  leaves  of  the  bridge  were  constructed  as  sho-rni  in 
Fig.  4.  Timber  47  ft.  long  carried  the  ties  and  raih. 
The  lateral  bracing  was  of  3xl0s  bolted  to  the  under  side 
of  the  12xl2s.  The  supporting  cables  wore  two  strands 
of  %-in.  steel  wire  fastened  at  each  end  by  means  of  a 


FIG.     2.      SHOWING    THE    NEW 

DfRLI.N-OTO.N     BlilDGE     AT 

KANSAS   CITY,    AND    THE 

TE.MI'ORAUY    BASCULE 

BRIDGE      CARItlED 

OUT  BY  ICE 
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clevis  to  wire-cable  lasliings.  The  timbers  were  pro- 
tected under  these  lashin<^s  by  rail  splice  plates  spiked 
(in  at  the  edges.  Each  of  the  supporting  cables  was  made 
adjustable  by  the  insertion  of  a  turn  buckle  or  steamboat 
:  '.tchet  at  the  lower  end. 

The  center  connection,  detailed  in  Fig.  4,  was  fitted 
with  a  lock  bolt  so  arranged  that  the  load  of  a  car  in 
jiassing  was  transmitted  to  both  leaves  of  the  bridge, 
making  the  deflection  of  tlie  rail  ends  at  this  point  the 
same.  The  bridge  was  designed  to  carry  a  live  load  of 
o.OOO  lb.  at  the  center  of  the  span,  produced  by  one  yard 
of  concrete,  bucket  and  car.  The  concrete  was  trans- 
ported by  two  cars  ninning  on  parallel  tracks.  The  cars 
were  hauled  by  l/2-iii-  cable  from  a  two-drum  hoisting 
engine,  from  the  mixing  plant  to  the  derrick  at  the 
pier. 

In  order  to  continue  this  system  to  Pier  5  an  ordinary 
rail  frog  was  introduced  at  the  north  approach  to  the 
bridge  as  indicated  in  Fig.  1,  thus  in  effect  double-track- 
ing the  bridge.  The  passing  point  of  the  cars  was 
200  ft.  north  of  the  frog.  In  raising  the  leaves  of  the 
l)i-idge,  the  lock  bolts  were  moved  as  shown  by  the  dotted 
position  in  Fig.  4.  The  north  leaf  eoxdd  then  be  raised 
i)y  the  load  line  from  either  the  derrick  at  Pier  4  or 
from  the  locomotive  crane  if  it  happened  to  be  availal)le. 
The  south  leaf  was  operated  by  a  line  run  through  snatch 
blocks  from  the  third  drum  of  the  derrick  engine  to 
Pier  5. 

The  air  pipes  which  were  also  carried  by  the  bridge 
were  fitted  with  rubber-hose  expansion  joints  and  united 
at  the  center  of  the  span  and  at  the  hinges. 

The  bridge  was  used  until  the  ice  broke  \ip  and  swept 
the  north  half,  along  with  about  400  ft.  of  tramway, 
down  the  river  (Fig.  2).  As  this  did  not  damage  the 
caisson  for  Pier  5  the  remainder  of  the  concrete  was 
placed  from  a  mixing  plant  on  the  south  bank. 

The  Union  Bridge  and  Constriiction  Co.  of  Kansas 
City,  ^lo.,  was  the  contractor  for  the  caisson  work. 


Last  season  on  a  county-road  contract  in  .Summit 
County,  Ohio,  Windsor  Brothers  employed  two  sets  of 
Alaney  4-wheel  scrapers,  consisting  of  six  machines  ea<-h. 
Two  hills,  fairly  close  together,  were  cut  through,  the 
vardage  amounting  to  48,000  and  the  average  liaul  to 
500  ft.  The  deepest  cut  was  over  20  ft.  Tlic  soil  was 
clay.    Steep  grades  were  encountered. 

The  performance  of  seven  of  these  scrapers  over  a  short 
period  was  watclied  by  J.  C.  Gorman,  Jr.,  District  Mana- 
r:-r  of  the  Ransome  Concrete  Machinery  Co.,  Columbus, 
r:id  the  following  figures  were  compiled: 

Length  of  haul 500    ft. 

Time  required  to  move  31  yd 30  min. 

7  scraper  teams  at  JiOc $3.50 

Two  2-horse  plow   teams,  each  with  drivers  at  50c 1.00 

1  extra   plowman    .20 

1  snatch-hook  man  and  horse .30 

2  dumpmen     .40 

2  slopemen    .40 

1    extra    snatch-hook    man .20 

1   engineer  on  hoist .35 

i  foreman    .50 

1  hoistman    .50 

Total    $7.35 

At  the  rate  of  31  yd.  in  '.V)  min.,  or  ()2  yd.  pvv  lir.,  the 
(ost  per  yard  moved  is  ISc.  Unfortunately,  data  covering 
the  entire  job  are  not  available. 


The  weight  of  a  1-yd.  Maney  scraper  (2,800  lb.)  make.s 
tractor  haulage  almost  a  necessity.  The  Baker  Manufac- 
turing Co.,  which  makes  this  scraper,  also  builds  a  %-yd. 
4-wheel  scraper  weighing  1.500  lb.,  which  is  more  adapted 
to  +eam  haulaire. 


.\  Record  Size  Cafchbasin  Inlet  is  believed  to  be  one  20 
It.  long"  on  a  sidehill  street  in  Council  Bluffs,  Iowa,  shown 
in  the  accompanying  illustration.  The  runoff  demonstrated  the- 
need  of  such  a  large  opening;  the  water  comes  in  such  volume 
and  such  rapidity  as  to  flow  by  the  original  opening  (to  the 
right).  The  inlet  is  a  series  of  compartments  with  a  24-in, 
outlet  from  each  to  a  very  large  storm  sewer  under  the  street. 


.\   20-FT.    C.A.TCHBASIN'  I.NLET,   COUN'CIL   BLUFFS,    IOW.\ 

It  was  installed  several  years  ago  by  S.  L.  Etnyre,  then  city 
engineer,  now  superintendent  of  the  water-works.  Including 
the  corner  inlet,  which  is  for  all  practical  purposes  part  of  the 
same  sewer  connection,  the  opening  is  26  ft.  from  end  to  end. 
Sleddins  Large  Steel  Culvert  Pipe  Cross-Country — Trans- 
porting large  corrugated-steel  pipe  culverts  over  mountain 
trails  ahead  of  the  grading  is  often  quite  a  problem.  In  one 
of  the  state  highway  divisions  in  northern  Arizona,  F,  R. 
Goodman,  division  engineer,  used  the  method  of  transporta- 
tion shown  b.v  the  view  herewith,  in  which  a  36-in.  culvert 
L'4  ft.  long  is  being  moved.  The  pipe  is  carried  by  two  sleds 
made  of  scrap  ends  of  4x4's  and  shod  with  strap  iron.  The 
i^lcds  are  made  high,  to  keep  the  pipe  from  rubbing  against 
the  ground,  which  would  damage  the  zinc  coating.  As  the 
view  shows,  a  team  of  mules  can  take  the  culvert  over  fairly 
rough  ground.  Similar  methods  are  used  for  transporting' 
the  flat  corrugated  plates  used  for   huailwalls. 
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Useful  information  ou  the  relative  attracting  power 
of  an  all-work  and  of  a  half-play  convention  is  given 
by  the  attendance  figures  for  the  meetings  of  the  Amer- 
ican Society  of  Civil  Engineers  and  the  American  Society 
for  Testing  Materials,  both  held  last  week.  The  facts 
appear  to  prove  that  engineers  will  go  where  their  time 
will  be  put  to  the  best  practical  use. 

Formerly  junket  conventions  were  much  the  fashion, 
and  most  organizations  believed  that  entertainment  fea- 
tures were  a  vital  element,  however  undesirable  on  general 
principles,  of  a  convention.  Such  fashions  and  beliefs 
are  getting  to  be  obsolete,  at  least  among  engineers.  Even 
the  time-honored  picnic  style  of  the  official  railway  con- 
\  entions  has  in  recent  years  been  transformed.  The  great 
success  of  this  year's  Testing  Materials  meeting  settles 
ihe  matter  conclusively. 

Incidentally,  there  is  no  chance  to  doiibt  of  the  vital- 
ity of  an  organization  that  can  draw  a  record-breaking 
increase  of  membership  in  the  very  year  when  it  raises 
its  dues  by  50%.  The  American  Society  for  Testing 
Materials  has  accomplished  this,  and  now,  with  3,071 
members  and  a  phenomenally  broad  and  intense  range 
of  work,  it  stands  strong  among  the  most  prominent  tech- 
nical organizations  of  the  world. 

While  achieving  this  lofty  position,  the  society  has  also 
stepped  beyond  the  confines  of  earlier  conservatism  by 
electing  as  its  president  a  manufacturer,  or,  as  the  so- 
ciety classes  it,  a  producer — engineers  in  private  practice 
being  called  nonproducers  or  consumers.  The  personality 
of  the  new  executive,  A.  A.  Stevenson  of  Philadelphia, 
makes  it  certain  that  the  society  will  have  no  cause  to 
repent  of  its  iconoclasm.  An  efficient  and  energetic  ad- 
ministration is  needed  more  this  year  than  at  any  time 
in  the  recent  past.  E.xpansion  of  work  means  new 
problems. 

There  are  delicate  problems  in  drawing  specifications. 
A  mortgage  can  not  be  more  precise  and  binding  in  its 
terms  than  the  right  kind  of  specification  for  a  tech- 
nical material.  The  enthusiasm  of  the  youthful  inves- 
tigator must  be  combined  with  the  wise  fairness  of  the 
grayheaded  judge  in  writing  the  clauses.  Many  tenden- 
cies e.xist  in  drawing  a  new  specification  that  run  counter 
to  this  spirit  of  balance.  There  is  often  a  natural  desire, 
for  e.\am])le,  to  im])rove  the  state  of  the  art  by  intro- 
ducing cunning  provisions  which  shall  prevent  the  out- 
side parties  who  will  use  tlie  specification — seller  and 
buyer — from  entering  into  the  particular  kind  of  agree- 
ment tliat  they  wish  and  intend  to  make.  Insofar  as 
this  may  give  rise  to  contradictions  in  the  terms  of  the 
agreement  actually  made  it  is  a  harmful  artifice.  It 
n'akes  the  specification  a  poor  legal  document,  one  apt 
k)  create  disputes  and  lawsuits  rather  than  avoid  them. 

Tlie  work  of  a  large  suljdivided  body  which  creates 
specifications  needs  constant  and  careful  supervision,  in 
this  regard  and  in  others.  To  provide  such  supervision 
i.^  a  <hity  tliat  becomes  more  urgent  as  well  as  more  dif- 


ficult as  the  work  broadens  out.  There  are  present 
problems  before  the  authorities  of  the  American  So- 
ciety for  Testing  Materials,  and  more  are  likely  to  arise. 
But  at  the  same  time  the  situation  justifies  the  hoiie 
that  tlie  proljlems  will  be  successfully  solved. 

The  trend  of  discussion  on  electrolysis  and  fire  pro- 
tection at  the  recent  convention  of  the  American  Water- 
Works  Association  in  New  York  City,  noted  in  Engi- 
ncffiiig  Xfu-s.  June  15,  p.  11.51,  has  raised  questions 
in  the  minds  of  some  as  to  the  willingness  of  water-works 
men  to  cooperate  with  other  utilities  and  agencies  ren- 
dering public  service.  Do  the  water-works  men  need  a 
broader  vision? 

AVliatever  their  real  intent  may  have  been,  a  numlier 
of  the  water-works  men  at  the  convention  gave  the  im- 
pression that  they  wished  the  Association  to  stand  aloof 
from  the  present  national  cooperative  study  of  the  miti- 
gation of  electrolysis  on  underground  structures. 

It  is  a  matter  of  great  moment  to  the  entire  puljlic 
if  water  and  gas  pipes  or  telephone  and  electric-supply 
cables  are  damaged  by  stray  electric-railway  currents  so 
as  to  impair  the  quality  or  increase  the  cost  of  tliose 
iitility  services.  It  is  of  equally  serious  consequence 
if  the  absolute  elimination  of  electrolysis  is  so  costly 
that  it  would  put  the  local  transportation  system  out 
of  business  or  dangerously  increase  the  hazards  of  opera- 
tion. In  the  face  of  such  a  situation  the  public  interest 
demands  that  all  the  utilities  in  conflict  cooperate  in 
finding  out  precisely  wiiat  the  danger  and  damage  are  to 
the  pipe  and  cable  companies  and  what  degree  of  mini- 
mization can  be  secured  and  supported  by  the  trans- 
portation agency. 

The  courts  have  specifically  laid  that  duty  upon  all  the 
interests  involved,  on  the  one  hand,  just  as  they  have 
recognized,  on  the  other  hand,  the  liability  of  the  in- 
vading railway  to  meet  the  costs  of  such  a  suppression  of 
stray  currents  as  is  practical,  and  to  meet  the  damages  to 
the  prior  occupant  of  the  street. 

This  need  of  cooperation  is  a  feature  of  utility  regu- 
lation that  all  the  existing  commissions  are  bound  to  take 
up  as  they  are  given  jurisdiction  over  water  utilities. 
A  few  have  such  jurisdiction  and  have  already  begun  to 
insist  on  cooperation. 

A  great  advance  has  been  nuidc  in  the  knowledge  of 
electrolytic  damage  and  in  the  practical  suppression  of 
stray  railway  currents  since  the  national  joint  committee 
on  electrolysis  was  formed  to  secure  the  cooperation  of 
the  water,  gas,  electric-light,  telephone  and  street-railway 
interests.  The  water-works  representatives  were  slow  to 
join  in  the  committee's  deliberations  and  at  the  conven- 
tion a  few  weeks  ago  strong  opposition  to  representation 
on  the  joint  committee  was  expressed,  though  no  action 
against  it  was  taken. 

The  argument  is  tliat  the  three  water-works  represen- 
tatives sitting  with  si.\  gas  men,  three  telephone  nien, 
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three  electric-light  men,  three  steam  railway  men,  three 
electric  railway  men,  three  professional  electrical  engi- 
neers and  one  United  States  Burean  of  Standards  repre- 
sentative will  be  outvoted — tliough  the  representatives 
of  interests  adversely  affected  by  stray  currents  nnml)er 
15,  the  railway  men  6  and  the  neutrals  4.  The  water- 
works men  urge  that  the  other  representatives  have  a 
community  of  private-corporation  interests.  The  water- 
works men  fear  that  the  conclusions  of  a  joint  committee 
of  such  a  character  may  be  prejudicial  to  cities  and  to 
water  companies  engaged  in  hard  fights  to  get  compen- 
sation for  electrolytic  damages. 

Alongside  the  electrolysis  controversy,  but  differing 
from  it  in  many  respects,  has  been  the  wordy  conflict 
between  the  water-works  and  the  fire-insurance  men  over 
whether  water  supplied  through  private  connections  for 
the  protection  of  factories  should  be  paid  for  by  the 
factory  owner  or  by  tlie  city  and  whether  such  connec- 
tions should  be  metered.  There  can  be  no  charge  of 
lack  of  cooperation  in  the  consideration  of  this  ques- 
tion heretofore,  for  the  two  leading  water-works  asso- 
ciations have  yielded  the  floor  for  hours  during  one 
convention  after  another  to  insurance  men.  Each  side 
has  contended  vigorously  for  what  it  has  considered  to  be 
its  own  interests  and  for  what  it  has  also  held  to  be 
the  interest  of  the  public.  At  the  New  York  convention 
the  water-works  men,  nettled  somewhat  by  the  fact  that 
the  discussion  on  this  one  subject  was  consuming  prac- 
tically all  of  "Superintendents'  Day,"  finally  withdrew 
the  privilege  of  the  floor  from  the  insurance  men. 

The  questions  invohed  in  the  private  fire  service  con- 
troversy include  some  far-reaching  matters  of  public 
policy.  It  may  be  that  they  will  never  be  settled  until 
the  public  utility  commissions  are  made  legal  arbitra- 
tors— which  has  seldom  if  ever  been  done  as  yet. 

In  both  the  electrolysis  and  private  fire-service  matters 
the  water-works  men  are  fighting  for  the  integrity  of 
their  property  and  of  the  service  which  it  is  called  iipon 
to  render.  No  one  who  has  followed  these  controversies 
for  a  score  or  so  of  years  can  doubt  the  good  intentions 
and  the  zeal  of  the  water-works  men.  Like  all  who  are 
fighting  for  principles  and  property,  they  might  well 
cultivate  greater  breadth  of  vision  and  more  of  a  spirit 
of  toleration  and  cooperation. 

Fortunately,  when  we  come  to  measure  the  actiial  re- 
sults at  the  recent  meeting  of  the  American  W'ater-'W'orks 
Association,  it  is  seen  that  the  acrimonious  discussion  did 
not  wholly  govern  the  resultant  action.  Committees  will 
continue  to  work  with  other  interests  engaged  in  the 
study  of  electrolysis  and  fire  protection. 


RsiO^y^siSf  C®iir='WIhe®l   FIlsiimg©s 


The  late  A.  M.  Wellington  once  remarked  that  it  would 
be  difficult  to  (ind  anywhere  in  engineering  a  small 
amount  of  metal  performing  such  an  important  service 
with  such  marvelous  reliability  as  that  rendered  by  the 
flange  of  a  railway  car  wheel.  This  little  projecting 
lip  on  the  rim  of  a  ear  wheel,  only  about  an  inch  in 
thickness  and  in  height  when  the  wheel  is  new,  is  the 
sole  means  of  protecting  from  derailment  every  wheel 
of  every  railway  train  in  the  world.  As  is  well  known, 
the  great  liulk  of  the  car  wheels  in  service  in  the  United 


States  are  made  of  cast  iron,  and  the  engineer  as  a  rule 
hesitates  to  trust  cast  iron  where  it  is  to  be  subjected 
to  transverse  stress  and  to  shocks;  but  the  casting  of 
car  wheels  has  been  so  perfected  that  their  record  of 
safety  and  reliability  in  service  leaves  little  to  be  de- 
sired. 

When  Mr.  Wellington  made  the  remark  quoted,  the 
average  railway  freight  car  had  a  capacity  of  30,000  to 
40,000  lb.  Freight  cars  of  the  present  day  are  built  to 
carry  a  load  of  100,000  lb.,  and  many  of  higher  capacities 
are  in  service.  In  addition  to  this  there  has  been  a 
notable  increase  in  freight-train  speeds  with  a  correspond- 
ing increase  in  shocks  to  the  wdieels  and  axles. 

There  has  been  a  general  feeling  that  because  of  the 
increase  in  stresses  to  which  car  wheels  are  subjected 
some  additional  thickness  should  he  given  to  the  wheel 
flange  so  that  it  might  better  withstand  the  severe  and 
incomputable  stresses  which  it  receives. 

As  every  engineer  connected  with  railway  work  knows, 
however,   the  present  standard  practice  as   to   width   of 
openings  through  frogs,  switches  and  guard  rails  is  based 
upon  the  use  of  car  wheels  with  flanges  of  the  present, 
standard   thickness,    and   any   material    increase    in   the 
flange  thickness  would  necessitate  an  alteration  in  these,' 
track  standards.     The  difficulty  of  altering  these  stand-^ 
ards  is  apparent.     A  railway  freight  car  in  its  wander-'i 
ings   may   run   over   the   tracks   of   any   railway   in  the| 
United  States  and  Canada.     It  is  impossible,  therefore,! 
for  any  single  railway  company  to  change  the  thickness 
of  its  car-wheel  flanges  without  endangering  the  opera- 
tion of  the.se  cars  on  every  railway  that  did  not  alter  its 
track  standards  to  correspond.     Moreover,  if  a  thicker 
wheel  flange  were  adopted  by  the  railways  of  the  United 
States  for  new  cars,  there  would  be  fully  a  dozen  years 
while  the  car  wheels  already  in  service  were  wearing  out 
during  which  there  would  be  a  variation  in  flange  thick-; 
nesses.      It   would    be   unwise,    of    course,    to   begin   the'*'' 
changing  of  track  standards  until  at  least  a  large  majority^ 
of  the  cars  in  service  had  the  thicker  flanges,  and  during; 
all  this  transition  period  there  would  be  increased  dan-l 
ger  of  derailments  at  switches  and  frogs.  | 

Nevertheless,  the  Association  of  IManufacturers  of| 
Chilled  Railway  Car  AVheels  recommended  some  time  ago* 
that  car-wheel  flanges  should  be  increased  in  thickness 
about  14  ill-  -As  a  result  of  this  recommendation,  the 
matter  has  been  under  investigation  by  committees  of 
the  blaster  Car  Builders  Association  and  the  American 
Railway  Engineering  Association.  At  the  recent  meet- 
ing of  the  former  association  held  at  Atlantic  City, 
its  committee  sulimitted  a  report  in  which  it  said  tiiat 
"nothing  will  be  gained  in  the  interest  of  safety  or 
economy  by  adding  metal  to  any  portion  of  the  flange 
of  cast-iron  car  wheels  in  suc-li  locations  as  will  in  any 
way  affect  track  clearances." 

The  investigation  which  led  to  this  conclusion  inchulcd 
a  detailed- study  of  car-wheel  fractures  and  showed  that 
the  wlieel  fractures  which  caused  derailments  were  almost 
invar.ably  of  a  character  that  would  not  have  been  pre- 
vented by  any  increased  thickness  of  the  flange.  Fur- 
ther than  this,  tlie  committee  reports  that  a  certain 
railway  had  special  wheels  cast  for  use  under  its  tenders 
having  a  flange  %  in.  thicker  than  the  standard.  The 
average  age  of  203  of  thest!  wheels  when  condemned 
was  1 1  months,  whereas  of  the  same  number  of  wheels 
with   M.  C.  B.  standard  flanges  in  the  same  service  tlie 
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average  age  when  condemned  wa?  11.1  months.  Fur- 
ther, of  these  thick-flanged  wheel,?  condemned,  28^  were 
thrown  out  of  service  on  account  of  worn  flanges,  while  of 
the  wheels  condemned  having  M.  C.  B.  standard  flanges 
but  15.2%  were  condemned  on  account  of  worn  flanges. 
From  this  showing  it  would  appear  that  the  thickening 
of  the  wheel  flange  tends  to  increase  the  rate  of  flange 
wear.  Two  other  railways  reported  to  the  committee 
that  they  had  experimented  ^rith  car  wheels  having  thick- 
er flanges  and  had  found  that  the  back  of  the  flange 
in  almost  every  case  was  grooved  by  contact  with  guard 
rails  and  frogs. 

No  better  proof  could  be  asked  for  that  the  present 
standard  car-wheel  flange  is  as  thick  as  it  can  safely  be 
made  without  a  readjustment  of  track  standards.  The 
very  great  difficulty  of  maintaining  safe  operatini^-  con- 
ditions during  the  long  transition  period  which  would 
be  necessary  if  a  change  in  flange  thickness  were  de- 
cided on  has  just  been  pointed  out.  It  is  exceedingly 
fortunate,  therefore,  that  this  small  projection  on  the 
car  wheel's  rim,  which  seemed  barely  large  enough  for 
its  work  2.5  years  ago,  is  now  proved  to  be  still  entirely 
reliable,  notwithstanding  the  great  increase  in  weights 
and  speeds  of  rolling  stock. 


©irace  M®5re  Q>m<s  i%(cc(e;pt®dl 

The  adoption  last  week  by  the  annual  meeting  of  the 
.American  Society  for  Testing  Materials  of  the  revised 
cement  specification  submitted  by  its  committee  on  cement 
is  a  definite  step  forward  toward  that  most  desirable 
end — a  nationally  accepted  cement  standard.  If,  as  seems 
probable,  the  last  minute  revisions  are  accepted  by  the 
government  and  by  the  civil  engineers  this  specification 
will  in  fact,  at  least,  warrant  the  name  "American"  quite 
rightly  denied  it  in  the  title  by  the  meeting. 

Ten  years  ago  the  labeling  of  the  universal  acceptance 
of  a  cement  specification  as  an  important  step  forward 
would  have  sounded  anachronistic,  for  following  the 
proiindgation  of  the  1904  standard  specification  the  pur- 
i-hase  of  cement  throughout  the  country  was  gradually 
l>eing  brought  under  the  provisions  of  that  standard. 
Individual  or  freaky  specifications  were  growing  rarer 
and  rarer  and  hope  was  held  out  that  in  a  j'ear  or  two 
only  a  small  percentage  of  the  cement  sold  would  have 
to  answer  other  than  the  tests  laid  down  by  the  American 
Society  for  Testing  Materials. 

But  the  knowledge  of  cement  is  in  a  state  of  flux. 
Old  as  are  the  fundamentals  of  this  knowledge,  the  won- 
derful increase  in  the  use  of  concrete  has  necessarily 
multiplied  investigation  and  experience  so  that  the  facts 
of  yesterday  l)ecome  the  faults  of  today.  Of  all  of  the 
ingredients  of  concrete,  cement  sufTered  least  in  this  in- 
creasing knowledge,  but  it  did  suffer  somewhat  and  de- 
mands grew  that  the  standards  of  purchase  be  cbaiisred 
to  meet  the  new  knowledge. 

Unfortunately  certain  elements  in  the  cement  commit- 
tee— elements  made  up  not  wholly  though  largely  of  the 
rnamifacturing  interests — adopted  an  uncompromising 
Roiirbonisni.  They  resented  change;  they  maintained 
through  several  years  that  not  only  had  50.000  or  (iO.OOO 
or  at  last  100,000  copies  of  the"  old  si)ecification  been 
distributed — of  course  an  unanswerable  argument  for  the 


specification — but  that  the  standards  set  by  that  speci- 
fication were  tlie  best  conceivable  for  this  or  all  time. 
With  only  minor  retreats  from  this  uncompromising 
position  the  cement  committee  stood  for  eight  years  until 
it  was  forced  into  a  revisionary  attitude  by  the  promul- 
gation of  a  separate  government  standard  and  the  loss 
of  the  prestige  not  only  of  government  sanction  but  of 
universal  acceptance.  The  revision  of  last  week  is  but 
tardy  recognition  of  long  standing  constructive  criticism. 
The  lessons  of  the  past  ten  years  should  not  be  lost 
on  the  cement  committee  of  the  American  Society  for 
Testing  Materials.  Nothing  could  be  further  from  the 
desirable  than  a  constant  annual  shifting  to  meet  the 
local  winds  of  research  and  opinion,  but  a  due  respect 
for  the  developments  of  the  art  is  incumbent.  Science 
and  engineering  have  iio  place  for  the  precept  •■^Vilat- 
ever  is,  is  right." 


ISostL®ira  Eiagnrcaeeirs  Ts'nuainaplhi 

The  order  for  reinstatcmcnr  in  city  employ  of  three 
of  the  Boston  engineers  removed  for  political  reasons 
last  winter  is  a  triumph  for  the  cause  of  good  govern- 
nient,  the  members  of  the  engineering  profession  in 
Boston  who  aided  in  the  light  for  reinstatement  and 
the  engineers  themselves. 

Under  the  guise  of  the  abolition  of  positions  for  the 
sake  of  efficiency  and  economy.'  IT  men  in  the  Department 
of  Works,  mostly  engineers,  were  sunnnarily  removed 
from  office.  Many  had  .served  Boston  for  years.  The 
testimony  in  the  lawsuit  that  has  just  terminated  favor- 
ably indicated  that  the  real  causes  of  the  removal  were 
lack  of  political  activity  in  favor  of  Mayor  Curley,  as 
shown  by  failure  to  attend  ]iolitical  meetings  and  to 
contribute  to  party  campaign  funds.  The  attorney  for 
the  city  objected  naively  to  this  line  of  testimony  that 
there  was  nothing  new  in  ex])ei'ting  political  activity  and 
soliciting  caiiipaign  contributions.  The  testimony  also 
appeared  to  show  that  ai)]iointments  to  offices  new  in 
title,  the  incumbents  of  which  are  to  perform  the  same 
general  duties  as  fell  to  those  abolished,  and  increases  in 
salaries  added  to  instead  of  takinu'  from  the  expenses  of 
(he  De])artment. 

It  was  also  alleged  that  notwithstanding  a  charter  pro- 
vision requiring  the  appointing  officer  to  certify  that  each 
appointee  is  qualified  by  training  and  experience  for  the 
duties  of  the  position  to  be  filled,  at  least  one  of  the 
appointees  to  replace  the  politically  decapitated  men 
lacked  experience  in  .some  of  the  new  duties  beyond 
having  once  run  an  instrument  on  that  class  of  work. 
Some  of  these  allegations  may  or  may  not  be  trivial  in 
themselves,  according  to  one's  viewpoint,  but  taken  to- 
gether and  with  other  factors,  the  Judge  decided  that 
the  men  had  been  removed  or  displaced  in  bad  faith 
and  ordered  them  reinstated. 

In  commenting  on  the  wliolesale  (lcca])itation  last 
winter,  we  asked  what  the  Boston  engineers  as  a  whole 
were  going  to  do  about  it.  They  have  answered  nobly 
during  the  past  few  months  by  strongly  backing  the  three 
employees  who  demanded  reinstatement.  This  i)acking, 
we  understand,  included  ('onlributions  to  conduct  the 
fight,  as  well  as  testimony  in  court — as  noted  elsewhere 
in  this  issue.  The  outcome  does  credit  to  the  engineers 
of  Boston  and  will  be  a  liel])  to  the  engineering  ])rol'essioii 
and  to  better  government  throughout  the  whole  country. 
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sa^aEaees'S  asa  FsreseiraS 
ry   I^Bffii®ir'^®EaC5^ 

Sir — I  have  been  in  receipt  of  numerous  inquiries  from 
engineers  as  to  how  their  services  could  best  be  iitilized 
in  tlie  present  emergency  along  our  southern  border, 
and  I  have  generally  answered  that  the  best  service 
engineers  can  render  at  the  present  time  is  to  Join  one 
of  the  engineer  regiments  of  the  National  Guard,  of 
which  a  large  number  must  be  raised  to  complete  the 
engineer  quota  of  the  twelve  infantry  divisions  of  the 
National   Guard. 

I  send  this  information  to  yon  thinking  that  it  may  be 
of  interest  to  your  readers.  William  M.  Black, 

Chief  of  Engineers,  U.  S.  Army, 

Washington.  D.  C,  June  30,  1916. 

IRsinlroadl  VaSunaftaoBa  S^ipve?'© 
Mm,Y  IB®  Mgide  Usef^Il 

Sir — The  railroads  of  the  United  States  are  spending 
large  amounts  of  money  on  the  work  of  evaluating  their 
physical  plants  in  accordance  with  the  LaFolIette  Act,  and 
judging  from  the  comments  in  the  engineering  and 
economic  press,  the  resulting  figures  and  data  will  not 
be  of  great  value  to  the  railroads.  I  wi.sh  to  draw  at- 
tention to  one  way  by  which  very  useful  and  real  benefits, 
whi('h  will  be  increasingly  felt  as  the  years  go  by,  may 
Ije  derived  by  the  railroads  from  the  re-surveys  which  are 
being  made  for  use  in  the  valuation  work. 

On  any  railroad  of  respectable  age,  how  many  de- 
tached surveys  for  special  purposes  have  been  made  by 
the  maintenance  and  other  departments,  each  referred  to 
some  mile  post,  bridge  backwall  or  other  presumably  per- 
manent landmark?  In  a  great  many  instances,  especially 
as  regards  land  and  right-of-way  information,  new  sur- 
veys are  r)^^.de  when  the  notes  of  previous  and  nmch  more 
valuabl:  surveys  are  on  file  in  the  office,  but  cannot  be 
used  because  tb'.;y  are  referred  to  a  mile  post  which  has 
li?eii  destroyed  and  carelessly  replaced  by  the  road  forces 
at  a  different  place,  or  to  tlie  former  position  of  the 
backwall  of  a  bridge  whicn  has  since  been  partly  filled  in. 
How  useful  would  all  those  old  surveys  be  in  the  i  -osent 
valuation  if  they  were  referred  to  some  common  aatuni 
of  levels  and  alignment? 

The  present  valuation  surveys  would  serve  admirably 
as  a  reference  basis  for  future  surveys  and  could  be  made 
available  for  that  purpose  at  small  expense.  Two  perma- 
nent monuments  set  at  randon:  on  the  com])any's  ])ro]ierly 
out  of  the  way  of  future  improvements  and  possibly  20 
fo  30  ft.  from  the  track,  would  give  a  line  to  which  two 
stations  of  the  track  survey  might  be  referred.  These 
pairs  of  monuments  might  be  placed  at  intcr\a!s  of  about 
ii  mile  or  less,  and  would  be  used  as  the  initial  or  closing 
])oint  of  all  future  surveys. 

A  piece  of  scrap  rail  4  ft.  long,  pointed  at  the  forge 
and  rlriven  with  a  sledge  until  nearly  flush  with  the  sur- 


face of  the  ground  and  marked  on  the  top  with  a  center 
launch  would  make  a  good  and  permanent  monument. 
Situation  sketches  giving  the  elevation  and  notes  needed 
to  find  the  monuments  would  be  necessary  and  these 
should  be  made  on  transparent  sheets  of  standard  field- 
book  size  so  that  they  could  be  blueprinted  and  thus 
made  conveniently  available  for  use  by  the  field  parties. 
It  is,  of  course,  also  necessary  that  some  proper  system  of 
indexing  and  filing  the  field  notes  be  used. 

Unless  this  or  some  more  suitable  method  of  render- 
ing the  present  surveys  permanently  available  as  a  com^ 
mou  basis  for  future  surveys  is  soon  taken,  the  oppor^ 
tuii'ty  will  have  passed  and  the  expense  of  obtaining' 
equally  good  results  as  those  now  available  will  be  greatly 
increased.  Walter  H.  Dunlap.    , 

Washington,  D.  C,  June  SI,  1916.  i 

\  It  may  be  ))ossible  that  some  of  the  railways  are  do- 
ing the  very  thing  suggested  by  the  writer,  and  if  so  it 
would    be   worth   while   for  the   facts   to  go   on   record.,. 
Emiinccrinrj  Neirs  will  be  pleased  to  make  note  of  such 
instances. — Editor.] 


lEiragaEaeeraEa^  Servae® 

Sir — The   editorial   in  your  issue  of  June    1   entitled 
"Uoverumcut   and   Student   Free   Engineering   Service," 
leads  the  writer  to  present  a  phase  of  the  subject  that  has.- 
not,  so  far  as  he  knows,  been  discussed.     Putting  aside 
the  question  of  relative  quality  of  the  work  turned  ouM 
by  senior  students  under  the  guidance  of  their  professor' 
and  which  is  donated  to  the  individual  client  at  the  ex-t 
])ense  of  the  taxpayers  of  the  state — a  most  unequal  dis-l 
tribution  of  burden — there  is  yet  to  be  considered  a  niorei 
^■icious  result  where  the  practice  extends  over  a  term  o&t, 
years.  : 

Consider  this.  The  senior  class  that  today  furuisheS' 
free  engineering  service  will  become  the  practicing  engi- 
neers in  ten  years  time  and  will  in  turn  be  subjected  to 
the  competition  of  the  then  existing  senior  class  and  its 
free  engineering  service.  This  competition  cuts  down  the  , 
earnings  of  the  practicing  engineer  and  consequently  les- 
sens the  value  of  his  investment  and  the  state's  invest- 
ment in  his  education,  and  it  may  readily  become  severe 
enough  to  cause  him  to  abandon  his  engineering  activities 
entirely  and  seek  other  means  of  livelihood.  One  of  the 
purposes  of  the  institution  being  to  train  young  men  in 
tlie  fundamentals  of  engineering  science  so  that  there 
will  grow  up  in  the  state  a  body  of  eflS.cient  men  skilled 
in  developing  the  various  resoiirces  of  the  state,  and 
thercljy  react  in  many  ways  to  the  advantage  of  the 
general  public,  any  act  or  system  that  reduces  or  destroys 
the  clfectiveness  of  that  body  defeat*  to  the  same  extent 
the  purpose  of  the  institution  and  prevents  it  from  fully 
justifying  its  exi.stence.  There  is  nothing  gained  by 
training  j'oung  men  in  engineering  science  if  later  on  in 
life  thev  must  abandon  their  chosen  field  because  the 
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institution  which  nourished  them  takes  away  their  means 
of  livelihood.  The  ijractice  of  tearing  down  with  one 
hand  while  tn'ing  to  build  up  with  the  other  is  puerile 
and  can  produce  nothing  lasting  nor  worth  while. 

The  engineering  student  has  about  one  year  to  be  a 
senior  and  perhaps  35  to  40  years  to  be  a  practicing 
engineer.  Wliy  establish  a  system  of  free  service  that  may 
be  of  some  slight  benefit  to  the  senior  student  for  one 
^;cholastic  year  and  then  be  a  constant  menace  and  a 
greater  detriment  to  him  during  the  subsequent  period  of 
i'is  professional  life  ?  The  effectiveness  of  the  practicing 
engineer  is  reduced  and  his  influence  curtailed  in  i^ro- 
portion  to  the  reduction  in  his  income;  for  he  cannot 
employ  as  many  of  the  younger  graduates,  he  cannot  so 
well  serve  as  a  man  of  affairs  in  his  community,  he  can- 
not so  effectively  influence  investors  to  back  legitimate 
projects  for  the  development  of  the  state,  nor  can  he  so 
materially  increase  the  standing  of  the  engineering  pro- 
fession with  the  public.  The  net  result  of  the  free- 
service  system  extending  over  a  term  of  years  is  to  reduce 
the  income  of  the  practicing  engineer,  to  cause  him  to 
abandon  his  profession,  to  reduce  his  effectiveness  as  a 
.itizen  and  a  man  of  affairs,  to  nullify  the  purpose  of  the 
institution,  and  to  waste  the  taxpayers'  money  in  an 
educational  investment  that  does  not  bring  the  returns 
that  it  should.  Egbert  C.  Baknett. 

Kansas  City,  Mo.,  June  12,  1916. 


Sir — The  attention  of  the  United  States  Public  Health 
Service  has  been  called  to  the  editorial  appearing  in  your 
issue  of  June  1,  1916,  and  especially  to  the  paragraph 
reading  as  follows: 

A  f^  ■■  more  serious  question  than  the  effect  on  the  profes- 
sion is  the  character  o£  the  service  likely  to  be  rendered 
inder  conditions  of  either  Federal  aid  or  free  assistance  by 
engineering  students.  In  saying-  this,  we  are  not  question- 
ing the  advice  given  by  the  United  States  Public  Health  Serv- 
ice in  the  particular  case  in  hand.  As  a  general  proposition, 
however,  the  various  branches  of  the  Federal  government 
are  not  sufficiently  well  manned  either  in  numbers  or  pro- 
fessional competence  of  the  majority  of  such  staff  as  exists 
to  make  proper  studies  of  local  questions,  determine  all 
the  various  facts  based  upon  local  conditions,  and  then  give 
advice — much  less  prepare  plans  and  specifications — that  will 
meet   the    needs   of   the    case. 

As  the  editorial  refers  to  engineering  service,  and  as 
the  Public  Health  Service  is  the  only  branch  of  the 
Federal  government  mentioned  in  the  previous  discussion 
or  likely  to  be  called  upon  for  advice  of  the  kind  men- 
tioned, this  reference  must  be  construed  as  a  criticism  of 
the  professional  competency  of  the  Public  Health  Service 
to  give  advice  in  matters  involving  engineering  projects. 

In  view  of  the  varied  activities  of  the  Public  Health 
Service  it  would  seem  neither  necessary  nor  desirable 
that  a  majority,  or  any  considerable  proportion,  of  its 
corps  be  particularly  skilled  in  the  relatively  small  phase 
of  the  Service  work  requiring  a  technical  knowledge  of 
sanitar)'  engineering  or  familiarity  with  its  principles. 
The  comparatively  small  number  of  the  local  investiga- 
tions undertaken  requiring  such  knowledge  are  invariably 
a.'^Figned  to  members  of  the  corps  especially  fitted  by  edu- 
cation and  training  for  such  work ;  and  these  officers  are 
always  allowed  sufficient  time  and  facilities  tc  investigate 
the  facts  thoroughly.  Such  local  investigations  have  to 
do  almost  always  with  questions  of  the  efficiency  of  engi- 
neering structures  such  as  water-purification  or  sewage- 
disposal  plants,  or  with  the  necessity  for  new  stnutures. 
The  advice  given  refers  only  to  the  general  principles  to 


be  followed,  not  with  the  design  o,::  structure.-^,  always 
recommending  that  the  advice  of  competent  engineers  be 
followed  in  the  selection  of  detailed  plans.  Conclusions 
and  advice  having  to  do  with  such  questions  are  invariably 
reviewed  by  engineers  of  the  Se.  ace  of  high  .standing 
and  ample  experience. 

The  character  of  the  work  done  by  this  portion  of 
the  Public  Health  Service  corps  in  their  broader  investi- 
gations constitutes  a  suiScienc  answer  to  the  implication 
that  such  men  are  not  professionally  competent  to  render 
advice  on  the  principles  to  be  followed  in  solving  locai 
public  health  problems.  A  review  of  reports  rendered 
by  the  Public  Health  Service  on  local  conditions  will 
show,  moreover,  that  the  conclusions  reached  are  based 
ordinarily  either  upon  thorough  investigations  by  tlie 
Service  or  upon  the  consideration  of  sufficiently  relialile 
data  previously  collected  by  competent  engineers. 

It  is  therefore  apjiarent  that  the  editorial  in  your  jour- 
nal has  been  based  on  a  misconception  of  the  work  under- 
taken by  this  Service  and  the  qualifications  of  its  engi- 
neering staff.  A.  H.  Glexxan, 

Acting  Surgeon-General. 

Public  Health  Service,  Washington,  D.  C, 
June  10,  1916. 

[As  to  the  second  of  the  two  foregoing  letters,  the  jiara- 
graph  quoted  in  it  from  our  editorial  of  June  1,  was 
carefully  phrased  (1)  to  disclaim  criticism  of  the  advice 
given  by  the  Public  Health  Service  in  the  Lexington 
sewage-treatment  case,  and  (2)  to  include  "the  various 
branches  of  the  Federal  government"  that  from  time  to 
time  render  engineering  assistance  on  local  as  distinct 
from  Federal  questions. — Editor.  | 

Hoft©psi.peff  DeiFeim<dl©dl 

Gentlemen  : — 

In  the  June  Sth  Engineering  Sews  is  an  article  "The 
Applicant's  Difficulty"  by  K.  Fleming. 

Finding  fault  with  an  application,  becau.se  it  is  written 
on  notepaper,  is  silly. 

What  difference  does  the  paper  make?  What  it  reads 
would  interest  most  people. 

1  use  notepaper  in  my  personal  business,  exclusively^ 
and  so  do  many  others. 

There  never  will  be  a  standard  letter  sheet.  Too  many 
people  and  firms  have  a  liking  for  "the  different." 

In  my  office  I  receive  letters  in  all,  sizes,  shades,  and 
odd  printing.  Everyone  gets  personal  attention  and 
there  is  no  trouble  in  filing  thcai. 

I  wonder,  if  he  ever  tried  to  buy  business  paper  on  a 
Sunday  or  in  the  evening.  If  he  did,  he  tried  at  the  local 
drug  store,  and  its  doUaiS  to  doughnuts  that  what  he  got 
was  notepaper. 

I'd  consider  a  letter,  carefully,  if  it  was  written  on  a 
tomatoe  can  cover.    What's  in  it  is  what  interests  me. 
Yours  very  truly, 


[We  print  the  above  letter  exactly  as  it  was  written, 
omitting  the  signature.  Any  comment  upon  it  would  be 
superfluous. — Editor.] 

Activnted-SludKe  KxperlmentN  on  London  Sewnicr  are  being 
conducted  by  the  County  Council  of  Londo.i.  England,  accord- 
ing to  the  latest  annual  reijort  of  the  cnuncil.  During  the 
year  reviewed  by  the  report  inore  than  20.000  long  tons  of  lime 
and  5,000  long  tons  of  protosulphati'  of  irim  were  used  at  the 
two  chemical  precipitation  plants  maintained  by  the  council. 
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Ms\tlerfials  TestlmiE'  Sack 


SYNOPSIS — Report  of  annual  meeting  of  Amer- 
ican Society  for  Testing  Materials,  Atlantic  City, 
N.  J..  June  21-30.  101(1. 

Eeplacing  the  existing  standard  specification  for  port- 
land  cement  by  a  radically  new  one,  revising  nearly  all 
the  steel  specifications  except  those  for  rails,  and  estab- 
lishing a  dozen  or  two  other  new  specifications  were  the 
technical  achievements  of  the  annual  meetins  of  the 
American  Society  for  Testing  ilaterials,  held  last  week 
in  the  customary  congeniality  of  Atlantic  City,  N.  J. 
Apart  from  this,  however,  the  meeting  had  a  new  and 
distinct  tone  due  to  the  strong  growth  of  committee  ac- 
tivities. One  or  two  knotty  problems  springing  out  of 
this  growth  presented  themselves,  and  they  are  likely  to 
keep  the  society's  officers  busy  during  the  coming  year. 

There  was  a  slump  in  the  number  and  range  of  tech- 
nical papers,  for  which  the  large  amount  of  committee 
work  is  at  least  partly  responsible.  However,  some 
papers  of  first  importance  were  read.  The  cracking  dis- 
ease of  brass  and  bronze  was  partly  cleared  up,  new  light 
was  throwu  on  heat-treatment  changes  in  high-carbon 
steel,  endurance  testing  and  the  elastic-limit  i)roblem  were 
usefully  discussed,  etc. 

That  the  society  has  outstripped  some  of  the  older  and 
larger  engineering  organizations  in  point  of  technical 
importance  was  demonstrated  pretty  well  by  the  attend- 
ance at  the  meeting.  It  happened  that  the  American 
Society  of  Civil  Engineers  held  its  summer  convention  at 
the  same  time,  in  Pittsburgh,  but  many  of  its  members 
cut  the  convention  in  favor  of  the  Atlantic  City  meeting. 
The  latter  broke  its  own  record  of  attendance,  in  spite 
of  the  counter-attraction.  Xo  less  than  513  men  were 
registered,  against  489  last  year,  and  even  by  Wednesday 
evening,  June  28,  when  the  Pittsburgh  convention  was 
in  full  blast,  the  attendance  had  reached  455. 
A.  S.  T.  M.  Specifications  Will  Stimul.vte  South 
Ajiekicax  Tuade 

Two  unusual  events  emphasized  the  importance  of  the 
specifying  and  standardizing  work  to  which  the  society 
is  chiefly  devoted.  An  agreement  was  reached  between 
the  Department  of  Commerce  and  Labor  of  the  V.  S. 
Government  and  the  society's  executive  committee  under 
which  the  department  will  translate  the  A.  S.  T.  ^1. 
specifications  into  Spanish  and  will  circulate  them  I'lce 
through  the  South  American  consular  offices.  Alieady 
over  30  of  them  have  been  translated. 

Alongside  this  government  recognition  stands  an  equal- 
ly significant  recognition  by  the  architectural  profession, 
which  has  hitherto  held  aloof  from  the  testing  engineers. 
The  American  Institute  of  y\rchitects  was  represented  by 
I'roF.  Tiiomas  Nolan  (University  of  Penn.sylvania),  who 
made  the  following  statement  to  the  meeting: 

The  American  Institute  of  Architects  has  just  appointed  a 
new  Standing  Committee  on  Materials  and  Methods,  to  collect, 
record  and  publish  for  the  architectural  profession.  In  a  more 
efficient  manner  than  heretofore,  the  most  Important  results 
of  Investigations  of  the  materials  and  methods  of  construc- 
tion, carried  on  by  the  American  Society  for  Testing  Materials, 
the  engineering  societies  and  similar  organizations. 


Tlie  addi'ess  of  the  president.  Mansfield  ^lerriman.  un- 
der the  title  "The  Work  of  Committees,"  happened  to 
touch  on  some  of  the  very  conditions  that  featured  the 
meeting.  Describing  the  origin  of  the  society's  system 
of  working  out  results  by  standin  r  technical  committees, 
j\Ir.  ilerriman  defined  the  principles  on  which  the  suc- 
cess of  the  system  depends.  Among  them  he  included 
the  cooperation  of  the  society  at  large  in  the  final  stage 
of  the  work  l)y  its  letter  ballot  on  the  adoption  of  stand- 
ards— a  proceeding  subjected  to  considerable  criticism 
in  recent  years. 

About  one-third  of  the  entire  membership  is  engaged 
in  the  committee  work,  yet  its  cost  to  the  society  is  only 
•$1,200  per  year  for  37  committees.  Mr.  Merriman  sug- 
gested that  larger  expenditures  in  this  direction  are  in 
order,  now  that  the  society  is  no  longer  hampered  by 
annual  deficits.  Increase  of  the  membership  dues  on 
Jan.  1,  1916,  is  producing  an  additional  income  which 
will  in  the  first  year  wipe  out  the  accumulated  deficits. 

Specifyixg  Exgineering  Design  axd  Methods 

The  society  is  confronted  by  serious  vmsolved  problems 
in  the  desire  of  certain  committees  to  prescribe  not  only 
the  material  but  also  how  that  material  may  be  used. 
Thus,  one  committee  in  specifying  the  qualities  of  gyp- 
sum plasters  wished  to  limit  the  framing  of  the  building 
to  a  minimum  spacing  of  16  in.,  and  proceeded  still 
farther  to  tell  what  lath  must  be  used  and  how  they 
must  be  nailed  on,  not  to  speak  of  detailed  rules  fot 
a]ii)lying  the  scratch  coat,  the  browai  coat  and  the  fin- 
ishing coat.  Fortunately  the  committee  reconsidered,  and 
v.-ithdrew  the  whole  proposed  specification  before  actu- 
ally coming  into  the  meeting. 

The  difficulty  was  brought  on  two  years  ago  by  the 
Drain-Tile  Committee  (chairman,  Prof.  A.  Marston, 
Ames,  Iowa),  followed  by  the  Sewer-Pipe  Committee 
(chairman,  Rudolph  Hering,  New  York).  The  former 
insisted  that  the  quality  of  drain  tile  cannot  be  specified 
successfully  unless  the  pressure  of  earth  on  pipe  in 
trenches  and  the  right  way  to  lay  the  pipe  be  specified 
at  the  same  time.  It  drew  up  a  specification  covering 
all  three  matters,  and  this  specification  was  adopted  by 
the  society  in  1914.  The  Sewer-Pipe  Committee,  followed 
suit  with  a  document  entitled  ''Recommended  Practice 
in  Laying  Sewer  Pipe,"  which  in  1915  was  accepted  by 
the  society  as  tentative,  though  not  accompanied  Ijv  a 
specification   for  quality  of  sewer  pipe. 

Thereupon  the  Executive  Committee,  believing  that 
the  society  should  stick  to  its  own  work  on  quality  of 
materials  and  keep  clear  of  the  engineering  questions 
involved  in  the  use  of  materials,  established  the  prin- 
ciple that  in  general  the  committees  should  not  include 
matters  of  engineering  design  or  construction  in  their 
specifications,  but  that  they  might  do  so  if  necessary. 
This  declaration  has  had  but  little  effect  up  to  the  pres- 
ent, and  the  question  involved  appears  to  be  still  un- 
settled. 

The  Drain-Tile  Committee  this  year  reported  a  radi- 
cally new  specification,  restricted  mainly  to  specifying 
quality  of  tile,  but  retaining  some  essential  reference  to 
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earth  pressure  or  to  methods  of  laying.  The  Sewer-Pipe 
Committee  adhered  to  its  intention  to  specify  recom- 
mended practice  in  laying  pipe  sewers,  and  indeed  revised 
the  specification.  The  Gypsum  Committee,  already  men- 
tioned, made  the  widest  divergence  from  the  principle 
declared,  but  by  later  withdrawing  its  specification  kept 
the  question  from  coming  up  for  direct  discussion. 

The  Society  Resumes  Control  of  Committees 

Action  was  taken  in  two  or  three  matters  to  place 
restraint  on  the  tendency  of  committees  to  assume  ab- 
solute control  of  their  fields.  This  tendency,  appearing 
with  the  growth  in  weight  of  the  committees  and  their 
work,  had  the  result  that  in  recent  years  proposed  spe- 
cifications went  through  the  society  meetings  in  routine 
fashion,  and  lively  discussion  was  rare.  This  year  several 
committees  undertook  to  put  their  specifications  through 
without  a  one-year  trial  as  provided  by  the  rules.  But 
if  any  expectations  were  based  on  the  tame  attitude  of 
prior  meetings  they  experienced  a  partial  disappointment. 
A  fight  developed  when  the  Road  ^laterials  Committee 
made  its  proposal  for  immediate  adoption  without  reveal- 
ing adequate  reasons  for  the  request,  and  the  committee 
was  overruled  as  to  an  entire  group  of  specifications. 

Another  squabble,  this  time  on  definitions  of  spe- 
cial technical  terms,  led  to  preliminary  steps  toward  ap- 
pointment of  a  Nomenclature  Committee.  Definitions 
have  up  to  now  been  prepared  by  the  technical  committees 
for  their  several  subjects,  and  frequent  overlap  developed, 
with  controversy  over  who  had  jurisdiction.  When  the 
Gypsum  Committee  presented  definitions  including  one 
for  concrete,  and  it  appeared  that  a  rather  novel  and 
academic  meaning  was  to  be  formally  tacked  on  to  this 
well-fixed  term,  objection  was  raised,  and  in  consequence 
the  committee  received  a  mild  rebuke :  It  was  instructed 
next  year  to  justify  its  endeavors  to  deal  with  terms 
that  apparently  are  not  in  the  immediate  field  of  the 
committee. 

The  Cement  Committee  took  the  very  large  view  that 
its  new  cement  specification  will  monopolize  the  field 
so  thoroughly  that  it  should  be  called  "American  Stand- 
ard Specification,"  and  that  this  name  should  be  given 
it  by  the  American  Society  for  Testing  Materials.  The 
tone  of  the  society  meeting  was  more  modest,  and  the 
committee's  proposal  was  turned  down  gracefully.  The 
title  "A.  S.  T.  ^I.  Standard  Specification"  was  consid- 
ered good  enough. 

An  unusual  decision  affecting  the  clearness  of  speci- 
fications was  reached  by  the  Executive  Committee  during 
the  ])ast  year.  The  question  was  raised  at  last  yeai-'s 
meeting  whether  it  would  not  be  best  to  prohibit  dis- 
crimination between  two  or  more  materials  unless  the 
same  specification  contained  a  method  of  distinguishing 
the  materials.  By  the  decision  now  reached  it  is  "in- 
expedient to  approve  this  proposal  because  in  some  cases 
there  are  no  known  metliods  of  distinguishing  different 
materials  withcmt  direct  knowledge  of  their  origin."  The 
ease  of  acid  and  basic  openhearth  steel  has  been  cited 
in  support  of  this  decision. 

MiCUOGIUPHY    AND    STUUCTUKE    STUDIES    IN    THE    FORE- 
GKOUND 

In  the  independent  papers,  and  to  some  extent  in  com- 
mittee reports,  micrographic  and  other  study  of  internal 
structure  was  very  much  to  the  fore.     This  is  true  not 


only  as  to  amount  of  use  of  structure  study,  but  also  as 
to  definiteness  and  convincing  character  of  the  proof  fur- 
nished. A  leading  case  in  the  latter  regard  was  a  paper 
on  improving  brass  condenser  tubes,  by  A.  E.  "WHiite.  in 
which  the  entire  argument  on  limits  of  annealing  tcni- 
perature  was  set  forth  and  proven  in  remarkably  clear 
manner  by  a  series  of  accurately  comparable  micm- 
sections. 

The  importance  of  microstructure  studies  stood  out 
so  much,  in  fact,  that  when  the  suggestion  was  made 
that  magnifications  ought  to  be  standardized  there  was 
prompt  general  a])])ro\al  of  the  idea,  and  committee  work 
on  the  subject  will  doubtless  be  initiated  shortly. 

COOPERATIOX    WITH    OtHEK    OrGAXIZ.\TIONS 

Notable  among  cooperative  efforts  was  the  work  of 
the  Joint  Committee  on  Concrete  and  Reinforced  Con- 
crete, and  this,  unfortunately,  seems  to  have  reached  a 
]ioint  where  either  the  committee  or  its  cooperation  or 
both  are  in  a  bad  way.  Similarly  in  the  co-called  Joint 
Conference  on  the  cement  specification  the  cooperation 
])artly  failed,  inasmuch  as  the  agreement  reached  in  con- 
ference was  upset  when  the  society's  Cement  Committee 
met  by  itself.  In  general,  however,  the  extent  of  co- 
operation is  growing  steadily,  and  even  the  failures  arc 
such  only  in  superficial  appearance.  The  two  new  cases 
of  cooperation — real  or  prospective — with  the  De]iart- 
ment  of  Commerce  and  with  the  architects,  represent  a 
v,-eighty  addition  to  the  prior  list. 

Remaking  the  Portland  Cement  Specification 

After  four  years  of  labor,  the  committee  on  Cement 
presented  a  revision  of  the  requirements  for  portland 
cement  in  the  present  Standard  Specifications  for  Cement, 
adopted  in  190-1  and  slightly  revised  in  1908  and  1909. 
This  latest  revision  consists  in  an  entire  rewriting  of 
the  specifications,  a  number  of  changes  in  the  require- 
ments, and  the  incorporation  in  the  specifications  of 
the  method  of  making  the  tests,  whicli  has  hitherto  been 
an  appendix  of  the  s])ecifieations  in  the  form  of  the  rec- 
onnnendations  of  a  special  committee  of  the  American 
Society  of  Civil  Engineers.  The  requirements  for  natural 
cement  have  not  as  yet  been  revised,  although  the  new 
methods  of  making  tests  will  apply  to  natural  as  well 
as  portlaiul  cement  (see  page  43  of  this  issue). 

It  may  be  worth  while  here  to  set  down  briefly  a 
history  of  the  specification. 

The  first  standard  specification  for  cement  was  adopted 
by  the  American  Society  for  Testing  Materials  in  1901 
and  soon  received  extended  recognition  as  a  laudable  at- 
tempt to  standardize  what  had  up  to  that  time  been  vari- 
able practice.  In  a  few  years,  however,  the  constantly 
changing  \iews  on  concrete  and  on  cement  led  to  a 
number  of  complaints  mainly  by  engineers,  as  to  the 
requirements  of  the  specifications  and  repeated  efforts 
were  made  to  get  the  committee  to  revise  the  standards. 
A  certain  conservatism,  inspired  by  a  desire  for  a  reason- 
al)le  permanence  in  standards  even  at  the  expense  of 
minor  error,  managed  to  prevent  any  changes  in  the 
specifications  until  1908  (and  again  1909)  when  sonu' 
changes,  mostly  in  the  tensile  requirements,  were  nuide. 

In  1912,  however,  tlie  Federal  departments  by  execu- 
tive order  were  compelled  to  adopt  for  use  in  all  of  their 
work  a  government  specification  for  cement  which  had 
been  prejiared  by  a  special  committee  of  government  en- 
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gineers.  This  was  a  severe  blow  to  the  prestige  of  the 
A.  S.  T.  il.  Standard  specifications.  So  in  ■March,  1912, 
the  society's  cement  committee  recommended  that  a  con- 
ference committee  of  the  American  Society  of  Civil  En- 
gineers, the  Government  Departmental  Committee  and 
the  American  Society  for  Testing  Materials  be  organized 
"to  confer  for  the  purpose  of  reconciling  differences"  in 
the  specifications.  In  pursuance  of  this  recommendation 
on  Oct.  34,  1912,  the  Joint  Conference  on  Uniform  Meth- 
ods of  Test  and  Standard  Specifications  for  Cement  was 
organized. 

This  conference  reached  practical  agreement  on  Apr. 
28,  1915,  but  its  report,  an  extensive  volume,  was  con- 
sidered by  the  Cement  Committee  to  be  more  elaborate 
than  it*  instructions  permitted  and  the  recommendations 
contained  therein  were  not  made  public  but  were,  at  the 
annual  meeting  of  1915,  made  the  subject  of  considera- 
tion of  subcommittees  for  the  ensuing  year.  During  the 
past  year  the  Conference  and  the  Committee  agreed  on 
a  specification  which  was  sent  out  for  information  some 
months  ago  and  which,  as  revised  by  the  Committee 
(the  Conference  not  being  present)  in  meeting  at  At- 
lantic City  on  June  28,  1916,  was  submitted  to  the 
meeting  of  the  society  on  June  29. 

The  specification  was  subjected  to  little  criticism  on 
the  floor,  but  about  an  hour  was  used  up  in  a  spirited 
discussion  on  the  title  for  the  specification  submitted  by 
the  Committee.    To  quote  the  report: 

The  committee  recommends  that  the  proposed  revised  speci- 
fications for  Portland  cement  be  given  tlie  title  "American 
Specifications  and  Methods  of  Tc.«ts  for  Portland  Cement." 
In  the  judgment  of  the  committee,  they  are  entitled  to 
this  distinction  because  they  are  the  result  of  several  years' 
work  of  the  special  committees  representing  the  Board  of 
Direction  of  the  American  Society  of  Civil  Engineers,  the 
United  States  Government  Departmental  Committee,  and  Com- 
mittee C-1.  It  is  highly  desirable  to  convey  not  only  to 
those  who  use  cement  in  this  country,  but  also  to  our  export 
trade,  that  there  is  a  single  uniform  American  specification 
for   this    important   product. 

This  recommendation  was  referred  to  the  Board  of 
Direction,  which  returned  it  for  the  consideration  of 
the  meeting,  with  the  statement  that  in  the  Board's  opin- 
ion such  action  would  be  insidious  since  there  are  numer- 
ous other  specifications  of  the  society  to  which  the  same 
arguments  as  to  title  apply.  The  discussion  resolved 
itself  into  two  sides  one  of  which  argued  for  the  "Amer- 
ican" in  the  title  because  of  the  impressive  effect  on 
South  American  trade  and  as  a  recognition  of  the  three 
interests  involved  in  the  producing  of  tlie  specifications. 
The  opposition  upheld  tlie  Board  of  Direction  and  fur- 
ther disputed  the  right  of  any  body  to  usurp  the  word 
"American."  The  opposition  won  out  and  the  title  has 
been  referred  to  the  Board  of  Direction. 

Finally  it  should  be  said  that  up  to  now  neither  the 
American  Society  of  Civil  Engineers  nor  the  Govern- 
ment Committee  has  accepted  the  specifications  as  re- 
vised on  June  28,  so  that  those  specifications  so  far  are 
only  the  tentative  Standards  of  the  American  Society 
for  Testing  Materials,  to  become  effective  as  such  Jan. 
1,  1917,  subject  to  the  approval  of  the  letter  ballot  of 
the  society. 

The  Cement  Committee  further  submitted  proposed 
tentative  Specifications  and  Methods  of  Tests  for  Com- 
pressive Strength  of  Portland  Cement  Mortar,  which 
may  later  be  made  a  part  of  the  Cement  Specifications. 
The  compression  test  recommended  is  on  2x4-in.  cylinders 
instead  of  on  the  2x2-in.  cubes  which  jiave  been   men- 


tioned in  previous  compression  recommendations,  and  for 
that  reason  was  objected  to  on  the  floor.  The  specifica- 
tion, however,  was  adopted  as  tentative. 

The  personnel  of  the  committee  is  to  be  changed. 
George  F.  Swain,  chairman,  George  S.  W^'ebster,  vice- 
chairman  and  Richard  L.  Humphrey,  secretary,  have  re- 
signed and  their  places  are  to  be  filled  by  Russell  S. 
Greenman,  of  the  State  Engineer's  office  of  New  York,  as 
chairman,  H.  B.  ^lacFarland,  Testing  Engineer  of  the 
Atchison,  Topeka  &  Santa  Fe  Ry.,  vice-chairman,  and 
P.  H.  Bates,  of  the  United  States  Bureau  of  Standards, 
secretary. 

New  Metal  Specifications 
The  Steel  Committee  recommended  changes  in  a  large 
number  of  its  specifications,  showing  that  its  activitj' 
during  the  year  was  well  up  to  normal.  Most  of  the 
changes  are  of  minor  character,  for  example,  tlie  whole 
group  of  structural  steel  specifications  is  revised  only  by 
change  of  the  table  of  permissible  variation  of  plates  to 
accord  better  with  experience. 

Boiler  and  firebox  steel  is  affected  by  making  the  bend 
test  much  less  severe,  the  specimen  however  to  be  taken 
from  the  top  of  the  plate  to  give  a  check  on  the  uni- 
formity of  the  metal.  The  old  specification,  with  this 
change,  was  retained  for  locomotive  use,  over  the  objec- 
tions of  C.  L.  Huston,  who  questioned  the  new  bend-test 
clauses.  A  wholly  new  specifieaiion  was  drafted  for 
stationary  boilers,  in  order  to  get  into  closest  possible 
agreement  with  the  Boiler  Code  of  the  American  Society 
of  ^Mechanical  Engineers.  It  differs  from  the  Boiler 
Code  in  respect  to  the  bend  test  and  also  in  allowing 
a  slightly  greater  range  of  tensile  strength. 

A  noteworthy  little  innovation  was  made  in  the  stand- 
ard 2-in.  tension  test  specimen,  which  for  years  has  had 
l^-in.  diameter  and  threaded  ends  to  screw  into  the 
grips.  Shouldered  ends,  for  use  with  socket  grips, 
were  made  permissive,  to  agree  with  the  adoption  of 
socket  grips  in  some  leading  laboratories  during  the  year. 
In  regard  to  diameter  the  committee  showed  remarkable 
agility  of  mind.  In  its  preprinted  report  it  recommended 
changing  from  l/^-in.  to  0.505  in.,  which  would  give  a 
cross-section  of  Vo  sq.in.  Before  coming  into  the  meet- 
ing, however,  it  changed  its  mind  back  to  %  in.,  and 
the  meeting  accepted  the  recommendation  without  asking 
an  explanation. 

New  specifications  drafted  by  this  committee  cover 
track  spikes,  screw  spikes,  tie  plates,  spring  bars  with 
special  silicon  requirements,  and  automobile  springs, 
I)csides  boiler  steel  as  noted  above. 

Several  laboratory  researches  were  carried  out  for  tlie 
committee.  One  of  them,  by  J.  R.  Cain  and  H.  S. 
Rawdon,  of  tlie  Bureau  of  Standards,  aimed  to  deter- 
mine how  relialfle  is  tlie  ladle  test  of  steel.  Ladle-test 
ingots  were  found  to  be  segregated  and  unsound,  and 
various  analyses  of  them  differed  accordingly.  Further 
work  is  ])lanned  to  develop  a  method  of  getting  good 
ladle-test  ingots. 

All  the  revisions  and  new  specifications  proposed  liy 
the  committee  were  accepted  by  the  .society  in  the  form 
proposed   (standard  or  tentative). 

The  Wrought  Iron  Committee  on  the  contrary  was  prac- 
tically inactive.  A  corrected  table  of  minimum  weights 
was  inserted  in  the  boiler-tube  specification,  however. 

The  committee  on  Nonferrous  Metals  took  up 
during  the  .year  the  snlijci-f  of  copper  and  brass  for  fire- 
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box  and  tube  service.  Four  specifications  were  formu- 
lated as  a  result,  and  all  of  them  were  accepted  by  the 
meeting  as  tentative :  Copper  Plates  for  Locomotive 
Fireboxes,  Copper  Bars  for  Locomotive  Staybolts,  Seam- 
less Copper  Boiler  Tubes,  and  Seamless  Brass  Boiler 
Tubes.  Other  work  by  this  committee  was  extensive 
revision  of  the  specification  for  spelter,  and  a  new  spe- 
cification for  railway  bearing  alloys,  but  the  latter  was 
referred  back  to  the  committee  after  criticism. 

Copper  wire  is  in  the  hands  of  another  committee. 
Two  specifications  were  approved  as  standard,  after  being 
tentative  for  the  past  year  and  then  being  revised  slightly : 
For  bare  concentric-lay  copper  cable,  and  for  high- 
strength  bronze  trolley  wire.  A  specification  for  insulated 
wire  was  approved  as  tentative. 

Other  New  Specifications 

Paint  materials  are  affected  by  a  revised  specification 
for  purity  of  raw  tung  oil  (the  new  name  for  Chinese 
wood  oil),  tests  for  shellac,  tests  for  distillation  of  paint 
thinners  other  than  turpentine,  and  methods  for  routine 
analysis  of  white  pigments.  The  three  latter  are  ten- 
tative only. 

In  fuels,  specifications  for  coke  and  for  sampling  and 
analysis  of  coal  were  (after  revision)  advanced  to  the 
rank  of  standards,  having  been  proposed  as  tentative  last 
year.  Methods  for  laboratory  sampling  and  analysis  of 
coke  were  accepted  as  tentative. 

Road  materials  gave  rise  to  a  sharp  controversy  be- 
tween the  committee  and  the  meeting,  which  resulted  in 
accepting  many  of  the  specifications  as  tentative  only, 
while  the  committee  wished  nine-tenths  consent  to  ad- 
vance them  at  once  to  the  rank  of  standards.  The  new 
specifications  are  for  certain  grades  of  broken  stone,  de- 
termining specific  gravity  of  homogeneous  coarse  aggre- 
gates, mechanical  analysis  of  aggregates  (concrete  aggre- 
gates excepted),  penetration  test  of  bituminous  materials, 
test  for  loss  on  heating  of  oil  and  asphaltic  compounds, 
method  of  distillation  of  bituminous  niaterials  suitable 
for  road  treatment,  and  determination  of  softening  point 
of  bituminous  materials  other  than  tar  products. 

The  density  grading  recently  applied  to  Southern  yel- 
low pine  has  been  extended  to  Douglas  fir,  under  sub- 
stantially the  same  wording.  The  Timber  Committee 
reported  a  specification  for  bridge  and  trestle  timbers  of 
this  wood,  iinder  which  only  the  "dense"  grade  is  ac- 
ceptable. This  was  adopted  as  tentative.  A  revised  spe- 
cification for  sampling  and  analysis  of  creosote  oil  was 
also  accepted  as  tentative. 

A  tentative  specification  for  fire  hose  for  public  de- 
partment use,  reported  by  the  Eubber  Products  Com- 
mittee, was  accepted.  The  same  was  done  with  a  group 
of  specifications  for  cotton  fabrics  for  automobile  tires 
and  for  hose  and  belting,  wherein  different  tests  are  es- 
tal)lished  for  the  two  classes  of  fabric.  Commercial  con- 
siderations appear  to  have  controlled  in  formulating  the 
latter  specifications.  There  was  an  interesting  set  of 
five  papers  reporting  results  on  comparative  tests  of  the 
two  test  methods  specified,  which  established  the  superi- 
ority of  one  metliod. 

A  curious  situation  arose  as  to  elastic  limit  in  tension 
testing.  The  society's  standard  methods  of  mechanical 
testing  were  slightly  supplemented  and  revised,  chiefly  as 
regards  "elastic  limit,"  now  defined  as  beginning  of  set. 
Coincident  with  this  change,  however,  the  Steel  Commit- 


tee put  into  use  a  very  different  definition.  An  improve- 
ment was  introduced  in  specifications  for  steel  forgings 
providing  for  a  new  way  of  determining  the  elastic  limit, 
but  without  any  reference  to  permanent  set :  An  exten- 
someter  reading  to  0.0002  in.  shall  be  used,  and  wliile 
the  load  on  the  specimen  is  increased  at  a  uniform  rate 
the  observer  shall  watch  for  the  point  at  which  tlie  rate 
of  elongation  shows  a  sudden  increase,  this  point  to  be 
recorded  as  the  elastic  limit. 

The  ancient  question  of  what  is  elastic  limit,  involved 
in  the  above,  was  illuminated  by  an  excellent  topical 
discussion  joined  in  by  J.  E.  Howard,  T.  D.  Lynch. 
H.  F.  Moore  and  F.  B.  Seeley.  This  discussion  tended 
to  establish  the  view  that  proportional  limit  and  set 
limit  are  identical. 

The  standard  tests  for  magnetic  properties  of  iron 
and  steel  were  revised  extensively  by  detailing  tests  suit- 
able for  permanent  magnets. 

Notes  of  Progress 

Interesting  progress  is  being  made  in  some  phases  of 
the  committee  work  not  represented  in  the  above.  On 
the  subject  of  shipping  containers,  a  te.«t  apparatus  of 
the  foundry-rattler  type  for  boxes,  etc.,  is  being  shaped 
up  to  serviceable  form.  On  concrete  aggregates  work 
is  being  done  that  may  lead  to  some  definite  knowledge 
of  what  to  put  into  concrete  mixtures.  The  most  vital 
work  seems  to  be  an  elaborate  study  of  impurities  in 
sands,  being  carried  on  by  D.  A.  Abrams  and  0.  E. 
Harder  at  Lewis  Institute,  Chicago. 

The  Sewer-Pipe  Committee  has  fonnulated  a  full  and 
valuable  discussion  of  the  service  of  sewer  pipes  and 
means  of  coordinating  quality  with  service.  Every  engi- 
neer concerned  even  remotely  with  sewers  ought  to  read 
tliis  monograph. 

The  Paint  Committee  has  started  tests  on  the  effi- 
ciency of  different  methods  of  cleaning  the  surface  of 
steel  before  painting — a  subject  on  which  practically  no 
knowledge  exists.  Similarly  the  Corrosion  Conimitlee. 
now  also  in  charge  of  metallic  coatings,  is  starting  two 
important  comparative  tests,  one  on  relative  corrosion 
of  100  or  more  sheets  of  different  irons,  the  other  on 
galvanizing. 

The  Rubber  Products  Committee  is  working  success- 
fully on  specifications  for  rubber  insulating  tape,  the 
Copper  Wire  Committee  on  tinned  copper  wire.  The 
(iypsum  Committee  has  already  made  great  progress  in 
its  work  on  gypsum  and  plasters  and  methods  of  test 
for  them,  ancl  is  likely  to  bring  this  work  to  full  suc- 
cess in  the  next  year. 

In  numerous  other  subjects,  as  heat  treatment,  water- 
proofing, and  cast-iron  soil  pipe,  little  or  no  progress  can 
be  recorded. 

New  Officers  and  Regul.vtions 
A.  A.  Stevenson,  of  the  Standard  Steel  Works,  Phila- 
delphia, Penn.,  was  elected  president  for  the  coming  year, 
and  S.  S.  Voorhees,  of  the  Bureau  of  Standards,  Wash- 
ington, D.  C,  vice-president.  The  new  members  of  the 
executive  committee  are  W.  H.  Bassett,  John  Brunner, 
G.  W.  Thompson  and  F.  E.  Turneaure. 

A  cliange  was  made  in  the  manner  of  selecting  the 
nominating  committee  (now  chosen  by  referendum),  by 
making  elected  members  of  the  comnxittee  ineligible  for 
service  the  following  year.  A  new  regulation  allowing 
proxy  voting  in  the  technical  committees  was  adopted. 
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few  ClhleiF  E.ntigairaeea'  of 


Franei?  Lee  Stuart  has  resigned  as  chief  engineer  of 
the  Baltimore  &  Ohio  R.R.,  effective  July  10,  to  engage 
in  private  practice  with  offices  in  New  York  City.  He 
will  be  succeeded  as  chief  engineer  of  the  Baltimore  & 
Ohio  by  Ralph  Norman  Begien,  now  General  Superin- 
tendent of  the  Baltimore  &  Ohio  Southwestern  at  Cin- 
cinnati. 

Mr.  Stuart  has  been  chief  engineer  since  Jan.  1,  1011, 
previous  to  which  he  was  for  five  years  chief  engineer  of 
the  Erie  R.R.  Under  his  direction  a  very  extensive  pro- 
gram of  improvements  has  been  carried  out  on  the  Balti- 
more &  Ohio,  including  the  construction  of  three-  and 
four-track  lines  in  mountainous  country,  grade  reduc- 
tions and  curve  eliminations,  etc.  The  Magnolia  cutof?, 
on  the  eastern  end  of  the  Cumberland  division  in  West 
Virginia,  described  in  Engineering  Neivs,  June  29,  is 
among  the  many  important  projects  carried  through  by 
^Ir.  Stuart.  The  double-track  tunnels  on  the  main  line 
through  the  Allegheny  Mountains  at  Sand  Patch,  Penn., 
and  Kingwood,  W.  Va.,  are  other  notable  engineering 
achievements  during  this  period. 

R.  N.  Begien,  the  new  chief  engineer  of  the  Baltimore 
&  Ohio  system  is  a  native  of  Boston  and  an  engineering 
graduate  of  Harvard  University,  class  of  1897.  For  three 
years  he  was  engaged  in  siirvey  work  in  Central  America 
for  the  Nicaraguan  Canal  Commission,  after  which  he 
spent  a  year  in  railway  work  in  Ecuador.  Returning  to 
this  country  he  was  for  a  short  time  with  the  Engineering 
Department  of  the  District  of  Columbia  at  Washington. 
In  1902  he  joined  the  engineering  staff  of  the  Balti- 
more &  Ohio  R.R.  as  an  assistant  engineer  on  surveys 
and  construction  of  trunk  line  and  branch  line  improve- 
ments, and  later  was  on  special  work  under  the  chief  engi- 
neer at  Baltimore.  From  1908  to  1909  he  was  division 
engineer  at  Philadelphia,  then  acting  engineer  of  main- 
tenance-of-way  of  the  main  line  system,  assistant  to 
chief  engineer,  assistant  to  general  manager,  assistant  to 
third  vice-ijresident,  assistant  general  superintendent  and 
recently  general  superintendent  of  the  B.  &  0.  South- 
western. 


Wstfteff"  fos"  a  MflSIlaoEa  People 


A  water-supply  program  to  ])rovi(le  ultimately  for  a 
])opulation  of  1,000,000  at  a  cost  of  .$8,182,000  was  out- 
lined in  a  report  to  the  city  council  of  Seattle,  Wash., 
made  on  June  15  by  A.  J.  Dimock,  City  Engineer,  and  L. 
B.  Youngs,  Superintendent  of  Water.  The  Cedar  River 
source  of  supply  would  be  retained,  but  the  present  wood- 
stave  conduits  would  be  supplemented  and  eventually  dis- 
placed by  a  concrete  aqueduct  to  a  point  below  Swan 
Lake  and  by  two  steel  conduits  below  that  point.  Swan 
Lake,  well  down  the  conduit  line  toward  the  city,  would 
be  converted  into  a  large  storage  reservoir  and  the  stor- 
age within  the  city  would  be  materially  increased.  The 
distributing  system  would  be  reinforced  by  trunk  lines. 
This  work  would  be  carried  out  in  sections,  according  to 
need  rather  than  natural  order.  The  scheme  provides 
for  an  ultimate  capacity  of  150,000,000  gal.  a  day,  which 
at  150  gal.  per  capita  would  serve  1,000,000  people,  or 


Ihe  population  in  1950  suggested  by  the  Seattle  expect- 
ancy curve. 

The  present  supply  is  conveyed  to  Seattle  through  two 
wood-stave  pipe  lines,  completed  in  1901  and  in  1909. 
No.  1  is  28  mi.  long,  and  has  diameters  as  follows:  51 
in.  to  screening  chamber,  1/2  i^ii-j  44  in.  to  a  point  1 
mi.  west  of  Swan  Lake,  10  mi.;  42  in.  to  Volunteer 
Park  reservoir,  171/2  mi.  At  three  stream  crossings,  the 
42-in.  wood  pipe  gives  way  to  steel.  No.  2  is  3414  mi. 
long,  parallel  with  No.  1  as  far  as  Volunteer  Park,  and 
only  10  ft.  from  it  most  of  that  distance.  The  diam- 
eters of  No.  1  are :  54  in.  to  the  screen  chamber  l/^  mi. : 
60  in.  for  10  mi.,  to  a  point  near  Swan  Lake;  511/2 
in.  for  14  mi.  to  Beacon  Hill  reservoir;  48  in.  for  4% 
mi.  to  Volunteer  Park  reservoir;  42  in.  for  5  mi.  to 
Maple  Leaf  reservoir. 

(Joverning  twin  factors  in  the  program  for  carrying  out 
the  improvements  are  the  present  wood-stave  pipe  lines 
and  the  need  for  storage,  both  nearer  and  within  the 
citv.  (See  Engineering  News,  Jan.  20  and  27,  Feb.  3, 
Mar.  30,  Apr.  6,  1915,  pp.  140,  184,  197,  233,  585,  647.) 

No.  1  wood-stave  pipe  line  is  now  being  reconstructed 
and  No.  2  will  soon  need  to  be.  The  report  states  that  if 
the  city  had  the  courage  to  rebuild  the  wood  pipe  lines 
every  12  years  "we  could  probably  obtain  as  satisfactory 
results  as  to  safety  of  operation  with  wood  pipe  as  with 
steel,  and  at  very  much  reduced  cost."  But  in  view  of  the 
"tendency  of  human  nature  to  put  off  reconstruction"  as 
long  as  the  old  lines  hold  out  steel  rather  than  wood  is 
recommended  for  the  lower  portion  of  the  new  conduit. 

Water  storage  for  Seattle,  with  a  present  estimated 
population  of  300,000,  and  a  maximum  water  consump- 
tion of  42,000,000  gal.  a  day,  is  limited  to  183,000.000 
gal.  for  the  low  service,  83,000,000  for  the  intermediate 
service,  and  practically  nothing  for  the  high  service. 
The  demand  on  the  low  service  is  greater  than  that  on 
the  high  service  but  not  in  proportion  to  the  storage. 
The  two  conduits  together  have  a  capacity  of  63,000,000 
gal.  a  day. 

The  two  wood-stave  pipe  conduits  pass  close  by  Swan 
Lake,  at  a  point  about  one  third  the  distance  from  the 
intake  to  the  city.  This  lake  has  a  drainage  area  of 
perhaps  3,000  acres,  and  a  water  area  of  535  acres.  The 
city  owns  23,000  of  the  32,000  lin.ft.  of  shore  line  and 
288  sq.mi.  of  the  drainage  area  of  the  lake.  A  dam 
16  ft.  high  would  give  4,410,000,000  gal.  available  stor- 
age in  the  lake,  or  TOO  days'  summer  and  200  days'  win- 
ter consumption  at  the  present  rate.  Such  storage  would 
reduce  the  pipe  line  hazard  by  a  third,  postpone  the  nec- 
essity for  a  more  permanent  pipe  line  between  the  intake 
and  the  lake,  and  give  the  supply  the  well  known  benefits 
due  to  storage. 

If  the  two  existing  conduits  were  to  discharge  into 
Swan  Lake  their  delivery  capacity  up  to  that  point  would 
be  increased  from  63,000,000  to  80.000.000  gal.  a  day. 
When  still  more  capacity  is  needed,  a  150,000.000-gal. 
concrete  conduit  should  be  built.  Estimates  show  that 
for  governing  conditions  plain  concrete  would  be  cheaper 
than  reinforced  concrete.  This  conduit  would  discharge 
into  the  east  end  of  the  lake.  The  outtakc  would  be  at 
the  north  end,  and  for  about  21/^  mi.,  or  to  Molasses 
Creek,  local  conditions  favor  a  concrete  conduit. 

The  cajiacities  of  the  lower  portion  of  the  existinj; 
conduits  would  be  reduced  by  the  Swan  Lake  connection 
to  52,000,000  gal.  a  day,  so  when  the  connection  is  made 
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a  50,000,000-£ral.  conduit  should  be  built  tbe  remaining 
distance  to  the  city. 

The  most  imperative  need  today  is  more  storage  in  the 
city.  The  report  recommends  that  the  city  reservoir  ca- 
pacity be  greatly  increased  and  that  some  of  this  increase 
be  made  second  to  nothing  but  the  completion  of  the 
rebuilding  of  Pipe  Line  No.  1,  now  in  progress. 

The  estimated  cost  of  the  entire  program  recommended 
is  as  follows : 

Concrete  Conduit,  Landsberg  to  Swan  Lake,   includ- 
ing rebuilding   of   intake    $573,000 

Development     of     Swan     Lake,     including     aqueduct 

to  Molasses    Creek    777,000 

Replacing    No.    1    Line    with    steel* 62ri.00n 

Replacing  No.  2  Line  with  steel*    1. ISO. 000 

Steel    Pipe    Line    No.    3,    Molasses    Creek    to    West 

Seattle     1,650,000 

Steel  Pipe   Line  No.   4,   Molasses  Creek   to  Volunteer 

Park 1,600,000 

Enlarging  Volunteer  Park   Reservoir    190,000 

Enlarging    Lincoln    Park    Reservoir    70,000 

Reservoirs   at    West   Seattle 4S3.000 

Distribution     1.034.000 

Total    $S.1S2,000 

*Evidentlv  meaning  from  the  end  of  the  concrete  conduit 
only  if  rebuilt  of  wood  instead  of  steel  the  cost  for  the  two 
would  be  reduced  about   $1,000,000. 

If  in  place  of  a  concrete  aqueduct,  Conduits  1  and  "2 
were  rebuilt  of  steel  and  new  Conduits  3  and  4  were  also 
built  of  steel,  each  when  needed  and  for  the  entire  dis- 
tance from  the  intake  of  the  city,  and  Swan  Lake  was 
cut  out  of  the  program,  the  total  cost  would  be  -$10,127,- 
000  or  $7,727,000  if  Nos.  1  and  2  were  rebuilt  of  wood 
instead  of  steel. 

The  successive  .steps  recommended  in  the  report  are  as 
follows : 

1.  Complete  the  rebuilding  of  Pipe  Line  No.  1  in  wood. 

2.  Increase   the   capacity   of  Volunteer   Park   Reservoir. 

3.  Acquire  and  develop  Swan  Lake,  including  necessary 
lands  and  rights-of-way. 

4.  Build  Pipe  Line  No.  3  of  steel,  from  Molasses  Creek  to 
West  Seattle. 

5.  Acquire  sites  and  construct  the  West  Seattle  reservoirs. 

6.  Construct  new  distribution  mains. 

7.  Rebuild  Pipe  Line  No.  2  in  wood  or  steel,  as  experience 
may  dictate. 

S.  Construct  a  single  conduit  from  Landsberg  to  Swan 
Lake,  when  necessary  because  of  the  need  of  additional  supply 
or  because  of  failure  of  present  pipe  lines. 

9.  Construct  Pipe  Line  No.  4  from  Swan  Lake  to  Volunteer 
Park. 

This  would  give  1.50,000,000  gal.  a  day.  Items  2  to 
7  (No,  1  already  in  progress)  call  for  an  outlay  of  $4.20.5,- 
000.  This  should  be  authorized  at  once,  the  report  says, 
but  would  be  distributed  through  three  to  five  vears. 


Foipftlainidl  Cesimeinitl  S]p©<safficai,{ta©EiiS 

As  outlined  in  the  report  of  the  annual  meeting  of 
tbe  American  Society  for  Testing  ^laterials  on  another 
page,  a  new  specification  for  portland  cement  was  adopted 
by  that  meeting  with  the  prospect  of  siniiliar  adoption 
by  the  letter  ballot  of  the  Society,  the  U,  S.  Government 
departmental  cement  committee,  the  American  Society 
of  Civil  Engineers  and  many  minor  societies.  This  spe- 
cification, then,  will  proljably  be  as  nearly  as  possible  a 
nationally  accepted  standard.  Below  is  given  that  part 
of  the  specifications  relating  to  requirements;  there  are 
in  addition  33  sections  relating  to  the  methods  of  testing. 
The  new  specification  is  entirely  rewritten  and  rear- 
ranged and  does  not  include  the  requirements  for  natural 
feinent.  The  main  differences  between  it  and  the  old 
A.  S.  T.  M.  standard  specifications  are  as  follows: 

Fineness  has  been  increased  from  75%  to  78%  through 
a  200-iiiesh  screen,  with  no  prescription  for  the  100-niesh 


screen  in  the  new  specification.  The  permissible  SO,, 
content  has  been  increased  from  1,75%  to  2%  and  the 
^IgO  content  from  4%  to  5%,  The  time  of  initial  set 
has  been  increased  from  30  min.  to  45  min.  as  read  on 
the  Vicat  needle  and  an  alternate  permission  to  use  the 
Gillmore  needle  has  been  included.  The  neat  test  for 
tensile  strength  has  been  omitted  and  the  28-day  tensile 
requirement  for  1 : 3  mortar  briquettes  has  been  in- 
creased from  275  lb.  per  sq.in.  to  300  lb.  per  sq.in.  The 
normal  air  and  cold-water  tests  for  soundness  have  been 
eliminated  and  only  the  steam  test  retained. 

The  first  15  clauses  of  the  specifications  follow: 

1.  Portland  cement  is  the  product  obtained  by  finely  pul- 
verizing clinker  produced  by  calcining  to  incipient  fusion  an 
intimate  and  properly  proportioned  mixture  of  argillaceous 
and  calcareous  materials,  with  no  additions  subsequent  to 
calcination  excepting  water  and  calcined  or  uncalcined 
gypsum. 

I.   CHEMICAL  PROPERTIES 

2.  The  following  limits  shall  not  be  exceeded: 

Loss   on    ignition,   per    cent 4.00 

Insoluble  residue,   per  cent 0.S5 

Sulphuric    anhydride    (SO;),    per    cent 2.00 

Magnesia    (MgO),   per    cent 5.00 

II.    PHYSICAL  PROPERTIES  AND  TESTS 

3.  The  specific  gravity  of  cement  shall  be  not  less  than  3.10 
(3.07  for  white  Portland).  Should  the  test  of  cement  as  received 
fall  belo^v  this  requirement,  a  second  test  may  be  made  upon 
an  ignited  sample.  The  specific  gravity  test  will  not  be  made 
unless  specifically  ordered. 

4.  The  residue  on  a  standard  No.  200  sieve  shall  not  exceed 
22%    by  weight. 

5.  A  pat  of  neat  cement  shall  remain  firm  and  hard,  and 
rhow  no  signs  of  distortion,  cracking,  checking  or  disintegra- 
tion in  the  steam  test  for  soundness. 

6.  The  cement  shall  not  develop  initial  set  in  less  than  45 
min.  when  the  Vicat  needle  is  used  or  60  min.  when  the  Gill- 
more  needle  is  used.     Final  set  shall  be  attained  within  10  hr. 

7.  The  average  tensile  strength  in  pounds  per  square  inch 
of  not  less  than  three  standard  mortar  briquettes  (see  Par. 
57),  composed  of  one  part  cement  to  three  parts  standard 
sand,  by  weight,  shall  be  equal  to  or  higher  than  the  follow- 
ing: 

.\geatTest,  Tensile  Strength, 

Days  Storage  of  Test  Pieces  Lb.  per  Sq.in. 

7  1  day  in  moist  air,  6  days  in  water  200 

2S  1  day  in  moist  air,  27  days  in  water  300 

8.  The  tensile  average  strength  of  standard  mortar  at  the 
age  of  28  days  shall  be  higher  than  the  strength  at  7  days. 

III.   PACKAGES,    MARKING    AND    STORAGE 

9.  The  cement  shall  be  delivered  in  suitable  bags  or  barrels 
with  the  brand  and  name  of  the  manufacturer  plainly  marked 
thereon,  unless  shipped  in  bulk.  A  bag  shall  contain  94  lb. 
net.     A  barrel  .shall  contain  376  lb.  net. 

10.  The  cement  shall  be  stored  in  such  a  manner  as  to  per- 
mit easy  access  for  proper  inspection  and  indentification  of 
each  shipment,  and  in  a  suitable  weather-tight  building  which 
will  protect  the  cement  from  dampness. 

IV.   I.VSPECTION 

11.  Every  facility  shall  be  provided  the  purchaser  for  care- 
ful sampling  and  inspection  at  either  the  mill  or  at  the  site 
of  the  work,  as  may  be  specified.  At  least  10  days  from  the 
time  of  sampling  shall  be  allowed  for  the  completion  of  the 
7-day  test,  and  at  least  31  days  for  the  2S-day  test.  The 
cement  shall  be  tested  In  accordance  with  the  methods  here- 
inafter prescribed.  The  28-day  test  shall  be  waived  only  when 
specifically  ordered. 

V.   REJECTION 

12.  The  cement  may  be  rejected  if  It  falls  to  meet  any  of 
the  requirements  of  these   specifications. 

13.  Cement  shall  not  be  rejected  on  account  of  failure  to 
meet  the  fineness  requirement  if  upon  retest  after  drying  at 
100°   C.   for  one  hour  It  meets  this  requirement. 

14.  Cement  falling  to  meet  the  test  for  soundness  In  steam 
may  be  accepted  If  it  passes  a  retest  using  a  new  sample  at 
any  time  within  28  days  thereafter. 

15.  Packages  varying  more  than  5%  from  the  specified 
weight  may  be  rejected;  and  It  the  average  weight  of  pack- 
ages in  any  shipment,  as  shown  by  weighing  50  packages 
taken  at  random.  Is  less  than  that  specified,  the  entire  ship- 
ment may  be  rejected. 
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Tlhadheip  IBiPldlg©  FsiG©mift  CalUedl 

The  well-known  United  States  Patent  No.  617,615 
ihsiied  to  Edwin  Thacher,  Jan.  10,  1899,  for  a  "new 
and  useful  improvement  in  concrete  arches"  has  been 
declared  invalid  by  Judge  Hale  of  the  United  States 
District  Court,  District  of  Maine,  in  a  decision  handed 
down  June  .27,  1916,  in  the  case  of  Edwin  Thacher  vs.  the 
Inhabitants  of  the  To^vn  of  Falmouth.  The  judge  based 
his  decision  mainly  on  the  contention  of  coimsel  that  the 
Jlonier  arch,  as  shown  in  the  celebrated  1895  arch  ex- 
periments of  the  Austrian  Society  of  Engineers  and 
Architects,  is  a  substantial  anticipation  of  the  Thacher 
claims.  Other  patents  apparently  did  not  enter  into  the 
defense  of  the  case. 

The  bridge  in  question  is  a  160-ft.  twin-rib  reinforced- 
concrete  arch,  the  ribs  being  reinforced  with  upper  and 
lower  rows  of  %-in.  rods  tied  together  every  3  ft.  with 
so-called  "hoops"  of  i/a-in.  rods  and  vertical  so-called 
"binders"  of  %-in.  rods.  In  contradistinction  to  one 
Thacher  suit,  however,  these  vertical  rods  were  not 
brought  into  the  case  to  set  up  the  dependence  of  the 
upper  and  lower  longitudinal  rods.  The  suit  was  for 
infringement  of  the  first  and  third  claims  of  the  patent; 
it  was  brought  by  Mr.  Thacher  against  the  town  but  it 
was  defended  by  the  IMaiiie  State  Highway  Commission, 
with  S.  W.  Bates,  of  Portland,  Me.,  as  attorney. 

As  stated,  the  main  defense  was  the  75-ft.  Monier 
bridge  tested  by  the  Austrian  society  and  described  in 
the  Zeitschrift  des  Oesier.  Ingenicur-  und  Architehieiv- 
Vereines,  under  date  of  May  24  and  May  31,  1895.  The 
judge's  comments  on  this  bridge  are  as  follows: 

It  is  in  evidence  that  in  1895  the  "Zeitschrift"  of  the  Austrian 
Society  of  Engineers  and  Architects  published  in  a  supplement 
the  results  of  a  series  of  tests  made  on  full-sized  arch  bridges 
of  certain  well-known  types,  for  the  purpose  of  getting  data 
for  calculations.  Among  other  publications  was  the  descrip- 
tion of  a  bridge  75  ft.  long,  built  on  the  Monier  plan,  with 
longitudinal  wires  about  Vn  in.  in  diameter  and  cross-wires 
about  V4  in.  in  diameter.  The  proofs  contain  also  cuts  and 
descriptions  of  the  bridge  construction.  This  publication  is 
shown  to  have  been  made  some  time  before  the  application 
for  this  patent  was  filed. 

I  think  the  "Zeitschrift"  must  be  held  to  disclose  a  con- 
struction having  in  combination  all  the  elements  of  the  patent 
In  suit.  It  contains  the  abutments,  the  concrete  arch,  the  series 
of  pairs  of  bars,  one  bar  of  each  pair  near  the  intrados,  and 
the  other  pair  near  the  extrados;  it  shows  each  bar  extending 
well  into  the  abutments,  after  the  completion  of  the  abut 
ments.  I  think  there  can  be  no  doubt  that  the  concrete  work, 
into  which  the  arch  extends,  must  be  held  to  be  a  part  of  the 
abutment  after  the  construction  is  complete.  Bach  bar  of  the 
pair  is  clearly  independent  of  the  other  bar  of  the  pair.  It 
appears  that  the  wires  in  use,  under  the  system  disclosed  in 
this  publication,  were  '^  in.  in  diameter.  A  wire  of  this  char- 
Hcter  may  well  be  called  a  bar;  the  reinforcement  used  in  the 
construction  described  in  the  publication  was  something  more 
than  a  wire  netting. 

We  have  before  us  tlie  drawing  of  the  Thacher  patent;  also 
of  the  defendant's  construction.  Having  these  two  drawings 
in  mind,  if  we  examine  the  drawing  described  by  the  "Zelt- 
Hchrlft"  publication,  we  shall  see  that  this  drawing  appears  to 
present  the  elements  of  the  Thacher  patent  and  of  the  de- 
fendant's construction,  as  I  have  just  referred  to  them  in 
detail. 


The  Court  further  ruled  that  the  publication  in  the 
foreign  periodical  was  legal  anticipation  and  that  the 
fact  that  the  bridge  was  for  test  and  not  for  practical 
use  could  not  be  used  to  eliminate  it.  The  decision 
continues : 

The  "Zeitschrift"  device  appears  to  belong  to  the  German 
Monier  system.  It  is  not  necessary,  however,  to  decide  to 
what  system  it  belongs.  In  my  opinion  it  discloses  public- 
knowledge  of  the  improvement  in  question.  In  view  of  this 
disclosure,  the  proofs  lead  me  to  believe  that  the  complainant 
did  not  discover  anything  new.  He  enlarged  some  of  the 
longitudinal  wires;  he  omitted  soiue  of  the  lateral  wires:  he 
made  some  other  mechanical  changes;  by  these  means  he 
thought  he  would  be  enabled  to  build  a  bridge  more  eco- 
nomically than  it  could  be  built  under  the  Monier  system.  The 
result  is  shown  in  what  the  complainant  has  brought  before 
the  pulilic. 

He  testifies  that  he  had  read  a  paper  produced  by  Frederick 
von  Emperger  before  the  American  Society  of  Civil  Engineers, 
giving  a  sketch  of  the  Monier  system.  This  was  some  time 
before  von  Emperger  produced  his  patent  No.  583,464  in  1S97 
to  which  refeivnce  has  been  made  by  the  courts.  The  com- 
plainant testified  that  this  paper  started  him  upon  the  line  of 
inventive  thought  which  led  up  to  this  patent.  The  proofs  do 
not  induce  the  belief,  however,  that  Mr.  Thacher  made  any  ad- 
vance in  the  art. 

Variations  of  size  of  wires  do  not  constitute  invention; 
widening  the  spaces  between  the  bars,  to  enable  an  engineer 
to  use  coarser  concrete,  is  not  invention;  dispensing  in  whole 
or  in  part  with  unessential  parts  is  not  invention;  producing 
economy  in  bridge  building  by  consolidating  numerous  small 
bars  into  one  large  bar  cannot  be  said  to  be  invention.  These 
things  are  mechanical;  they  relate  to  good  engineering;  they 
do  not  disclose  inventive  thought. 

The  judge  then  sought  to  show  that  had  the  Austrian 
bridge  been  submitted  to  the  court  in  the  two  previous 
Thacher  cases  (^laryland:  Engineering  Xews,  ilar.  4, 
1915,  p.  461;  Feb.  10,  1916,  p.  290.  New  York:  Eiigi- 
neeriny  Xews,  Mar.  23,  191G,  p.  580;  June  15,  1916, 
p.  1157)  it  would  have  come  under  what  the  judges  in 
these  cases  considered  an  anticipation. 

The  final  decision  is  as  follows: 

After  a  careful  examination  of  the  "Zeitschrift"  publication 
I  am  constrained  to  hold  that  Mr.  Thacher's  alleged  invention 
in  the  patent  in  suit  was  described  in  a  printed  publication 
previous  to  his  application  for  a  patent,  and  that  such  printed 
publication  was  made  in  this  country  and  in  a  foreign  country. 
By  reason  of  this  publication  I  find  that  the  patent  in  suit  does 
not  disclose. invention;  it  is  therefore  invalid. 

Having  taken  this  view  of  the  publication  to  which  I  have 
referred,  it  is  not  .necessary  to  refer  to  other  publications, 
although  other  publications  are  produced  illustrating  the 
German  Monier  system. 

In  view  of  ni.v  conclusion  ;is  to  the  validity  of  the  patent. 
it  is  not  necessary  to  discuss  the  question  of  infringement. 
The  bill  of  complaint  is  dismissed  with  costs. 

A  stateincnt  concerning  the  J5oston  I'ldison  tunnel 
blowout,  June  24,  1916,  indicates  the  remarkalile 
fact  that  a  tunnel  face  of  practically  semiliquid  material 
blew  out  with  such  violence  that  nearly  the  full  height 
of  the  shaft  was  filled  with  the  inflowing  mud  and  water. 
The  tunnel  is  being  built  as  a  cable  conduit  under  tlie 
Keserved  Channel  at  what  is  known  as  the  L  Street 
Bridge  on  Summer  St.  Extension  in  South  Boston.  It 
is  to  be  a  7-ft.  circular  tube  70  ft.  below  street  surface 
and  984  ft.  long  between  end  shafts.     The  tunnel  walls 
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are  12  in.  thick,  the  shaft  walls  16  in.  thick;  the  shafts 
are  also  7  ft.  in  diameter  inside. 

Borings  showed  under  the  harbor  silt  coarse  sand 
and  gravel,  silt  and  sand,  stiff  blue  clay,  and  finally  a 
hard  stratum  of  sand,  gravel  and  clay.  In  the  latter  the 
tunnel  was  located. 

Work  was  begun  at  the  west  shaft,  which  was  sunk 
to  depth  as  a  steel  caisson  imder  compressed  air.  Exca- 
vation for  the  tunnel  away  from  the  shaft  had  just  started 
at  the  time  of  the  accident.  A  pressure  of  30  11).  was 
being  carried,  indicating  that  the  face  was  not  as  good 
as  the  borings  had  indicated. 

Four  men  had  just  entered  the  heading.  They  were 
carried  out  with  the  blowout,  and  their  bodies  have  not 
been  recovered.     The  inflow  nearly  filled  the  shaft. 

The  Boston  Edison  company  declined  to  give  infor- 
mation on  the  accident.  Investigation  by  the  public 
authorities  may  throw  more  light  on  the  facts.  The 
Hugh  Nawn  Contracting  Co.  is  constructing  the  tunnel. 

T^imiraon  WaM  Mot  Be  B^iM 

The  Supreme  Court  of  the  State  of  Pennsylvania  on 
July  1  declared  unconstitutional  the  act  under  which 
the  so-called  Neeld  or  South  Hills  tunnel,  Pittsburgh, 
was  to  be  built  by  the  county.  The  decision  reversed 
the  Common  Pleas  Court  of  Allegheny  County  and  the 
Superior  Court.  It  involves  both  a  defective  title  and 
the  general  proposal  to  have  the  county  construct  works 
within  the  city.  Contract  for  the  tunnel  was  let  last  fall 
to  Booth  &  Flinn.  Work  was  started  on  a  sewer  diversion 
near  the  west  end  of  the  tunnel,  this  diversion  itself 
being  a  piece  of  tunnel  work  in  shale.  About  $50,000 
worth  of  work  has  been  done.  The  whole  enterprise  was 
to  cost  about  $1,350,000.  A  section  and  profile  with 
data  were  printed  in  Engineering  News  of  Aug.  13,  1915, 
p.  300. 
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Catty  Seir^ice  II 

A  legal  decision  of  interest  to  all  engineers  and  of 
special  interest  to  engineers  in  Boston  was  filed  in  the 
Dorchester  District  Court  on  June  27  by  Judge  Joseph 
K.  Churchill.  This  decision  orders  the  reinstatement 
of  Frank  A.  Mclnnes,  division  engineer  in  charge  of 
the  sewer  and  water  service,  Storrs  L.  Durkee,  superin- 
tendent of  the  permit  department  of  the  paving  division, 
and  Bliss  W.  Eobinson,  superintendent  of  the  main 
drainage  system,  who,  of  the  17  employees  of  the  Public 
Works  Department  discharged  last  January,  contested 
the  action  of  the  mayor  in  announcing  that  their  posi- 
tions were  abolished. 

A  few  days  after  their  "discharge"  a  hearing  was 
given  to  these  three  men  by  the  Commissioner  of  Public 
Works,  Edward  F.  ]\Iur])liy,  as  provided  under  the  civil 
service  regulations.  The  commissioner  maintained  that 
he  had  no  complaint  as  to  their  'fficiency,  but  that  the 
department  had  been  reorganized  and  the  positions 
abolished  so  that  there  was  no  further  occasion  for  tlieir 
services. 

The  attorney  for  these  men,  Arthur  D.  Hill,  decided 
I'l  carry  the  cases  on.  Much  testimony  was  presented  to 
show  that  the  so-called  reorganization  of  the  Public 
Works    Department   had    been   made    in   bad    faith    and 


that  the  work  of  the  city  could  not  actually  be  carried 
on  without  filling  the  vacant  places,  even  though  under 
different  titles.  The  city,  through  its  law  department, 
attempted  to  show  that  the  service  had  not  been  injured 
and  that  the  civil  service  regulations  had  not  been 
violated  because  the  positions  had  not  been  filled.  The 
ease  attracted  much  attention,  because  it  is  the  first  that 
has  ever  been  brought  under  this  law.  Among  the  wit- 
nesses who  were  introduced  for  the  plaintiffs  were  L.  K. 
Rourke,  consulting  engineer,  formerly  Commissioner  of 
Public  Works;  Frederick  H.  Fay,  consulting  engineer, 
formerly  division  engineer  of  the  bridge  and  ferry  divi- 
sion of  the  Public  Works  Department :  Guy  C.  Emerson, 
consulting  engineer  of  the  Boston  Finance  Commission 
and  a  former  superintendent  of  streets;  Frederic  P. 
Stearns,  consulting  engineer  and  past  president  of  the 
American   Society  of   Civil   Engineers,   and   others. 

The  evidence  was  well  summed  up  in  Mr.  Hill's  argu- 
ment, in  which  he  said  : 

We  are  required  to  prove  that  the  petitioners  held  positions 
under  civil  service  rules.  That  is  conceded.  We  are  required 
to  prove  tliat  the  petitioners  were  removed  from  positions  or 
reduced  in  rank  or  salary  without  proper  cause,  or  in  bad 
faith.  If  we  show  they  were  removed  without  proper  cause, 
we  have  shown  enough,  without  regard  to  the  proposition  of 
bad  faith.  But  I  think  in  this  case  the  matter  of  bad  faith 
is  proved.  The  question  is  whether  the  abolition  of  the  offices 
was  a  bona  fide  abolition.  If  Mr.  Murphy  removed  these  men 
for  any  other  reason  than  to  maintain  the  proper  working  of 
the  department  he  did  it  in  bad  faith.  It  is  on  this  issue  that 
the  whole  matter  hangs.  Mr.  Murphy  was  given  wide  liberty 
under  the  Boston  city  charter.  All  he  had  to  do  was  to  act 
in  good  faith.  But,  if  we  show  he  acted  otherwise  than  in 
good  faith  in  the  fullest  sense  of  the  word,  then  we  have 
proved  our  cases.  These  offices  could  not  be  abolished  in  the 
true  sense  of  the  word. 

There  is  no  charge  of  inefficiency  against  any  of  the  peti- 
tioners  But   Mr.    Murphy   hit   upon    the    term    "lack 

of    effective    coordination"    as   a    substitute    for    "inefficiency." 

I  think  the  charts  will  show  that  there  was  no  real  reor- 
ganization  It  was  shown  that  the  new  plan  could 

be  devised  only  for  an  ulterior  motive  and  that  it  is  full  of 
inefficiencies  and  conflict  of  authority  as  well  as  overloading. 

Judge  Churchill  concluded  his  opinion  ordering  the 
men  to  be  reinstated  with  the  following  words : 

It  follows  from  my  findings  that  the  order  of  removal 
was  made  by  the  respondent  without  proper  cause  and  in  bad 
faith  and  the  order  must  be  reversed  in  each  cade  and  the 
three  petitioners  be  reinstated  to  their  oiflces. 

m 


Hmisiidle  Mtuj^e  ColTifeir^OsiKini 

The  great  cotrer-dam  at  West  46th  St.,  New  York 
City,  built  in  connection  with  the  construction  of  the 
new  1.000-ft.  pier,  was  flooded  on  the  afternoon  of  June 
29.  To  witness  the  opening  of  the  sluice  gates  by  flayer 
i\Iitchel,  a  large  party  of  invited  guests  and  engineers 
were  taken  to  the  work  by  E.  A.  C.  Smith,  Commissioner 
of  Docks,  and  C.  W.  Staniford,  Chief  Engineer.  The 
coff'er-dam  was  described  in  Engineering  News  of  July 
23,  191  I.  It  is  much  larger  than  any  previous  dam  of 
tliis  type  ever  built.  The  only  two  important  dams 
of  a  similar  type  are  those  built  at  Black  Eock,  near 
Buffalo,  and  one  at  Troy.  In  these  previous  dams  the 
piles  were  less  than  50  ft.  in  length  and  were  driven 
through  hard  river  bottom.  At  tlit  West  46th  St.  coffer- 
dam the  river  bottom  is  of  solid  rock  overlain  with  a 
thick  layer  of  very  soft  silt.  To  make  tlie  successive 
cylinders  which  made  up  the  dam  at  West  46th  St., 
Lackawanna  steel  shectpiles  70  ft.  in  length  were  driven 
and  the  contact  of  the  sheetpiling  in  the  interlock  was 
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the  main  reliance  for  watertightne.ss.  The  hurstins  pres- 
.<ure  on  the  interior  of  the  cylinders  was  relieved  by 
dumping  riprap  on  either  side  of  them.  The  coffer-dam 
proper  was  water-tight  and  remained  so  during  the  fifteen 
months  from  its  completion  until  water  was  again  ad- 
mitted. The  only  places  where  water  entered  were 
through  springs  on  the  land  side  and  a  single  leak  at 
the  44th  St.  corner  of  the  dam,  where  two  piles  en- 
countered a  boulder  and  could  not  be  driven  to  the 
bottom. 

The  water  pressure  against  the  dam  was  about  90 
tons  per  lineal  foot.  The  dam  contains  about  3,800 
tons  of  steel  piling  and  about  90,000  cu.yd.  of  riprap. 
The  area  inclosed  by  the  dam  was  about  51/2  acres. 

:♦: 

Rlcnsch-W'url  Screens  and  Activated-SIudee  Tanks  have 
been  recommended  to  treat  the  sewage  o£  Lima.  Ohio,  by 
Geo.  W.  FuUer,  Consulting  Engineer,  New  Yorlc  Cit.v.  The 
plan  is  to  operate  the  screens  the  year  round,  but  at  the 
outset  to  run  the  activated-sludge  tanks  about  seven  mo.rThs 
in  the  year,  when  the  flow  of  the  Ottawa  River  is  relatively 
small. 

An  Iron-Reniotal  and  AVater-Softenlng  Plant  will  be  added 
to  the  water-works  of  Lawrence,  Kan.,  the  distribution  system 
extended  and  protection  against  floods  provided  at  a  cost  of 
$200,000.  This  work  was  projected  some  time  ago,  but  was 
delayed  until  a  second  election,  to  make  good  a  technical  de- 
fect in  the  first  one,  could  be  held  on  buying  the  privately- 
owned   plant.     A   favorable   vote   was  secured   on   June   22. 

Comparative  Regristrations  at  the  secon  i  da.v  of  the  meet- 
ings of  the  American  Society  of  Civil  Engineers  at  Pitts- 
burgh and  the  American  Society  for  Testing  Materials  at 
Atlantic  City,  both  from  June  27  to  30,  are  as  follows:  Am. 
Soc.  C.  E.,  Pittsburgh  men  130,  out-of-town  men  132  (total 
262),  ladies  156.  Am.  Soc.  T.  M. ;  men  502,  ladies  130.  The 
latter  society  registered  about  a  dozen  more  in  the  later 
days  of  the  meeting;  records  for  these  days  a  the  Pitts- 
burgh meeting  are  not  available. 

Cement  Production  in  1915,  as  now  finally  reported  by  E. 
F.  Burchard,  of  the  United  States  Geological  .Survey,  was 
practically  the  same  as  predicted  in  the  preliminary  report 
("Engineering  News,"  Jan.  27,  1916,  p.  193).  The  shipments 
of  natural  cement  in  1915  were  750,863  bbl.,  valued  at  $358,- 
627,  a  decrease  in  quantity  of  422  bbl.,  and  an  increase  in 
value  of  $7,257  compared  with  those  of  1914.  The  shipments 
of  puzzolan  cement  in  1915  were  42,678  bbl.,  valued  at  $3'i,- 
801,  a  decrease  in  quantity  of  25,633  bbl.  and  in  value  of  $23,- 
557  compared  with  the  shipments  of  1914.  The  shipments 
of  Portland  cement  in  1915  were  86,891,681  bbl..  as  against 
86,437,956  bbl.  in  1914.  Portland  cement  production  in  1915 
was  only  85,914,907  bbl.  against  88,230,170  bbl.  in  1914.  The 
1915  average  price  per  bbl.  at  factory  was  $0.86  against  $0,927 
in   1914. 

The  Increase  In  City  Debt  is  the  subject  of  a  bulletin  issued 
by  the  Census  Bureau  on  July  7.  The  statistics  cover  204 
American  cities  which  have  a  population  of  over  30,000.  In 
156  of  these  cities  the  net  increase  in  debt  during  the  fiscal 
year  1915  was  $147,000,000,  or  $5.48  per  capita  of  population. 
In  the  remaining  48  cities  the  debts  were  reduced  during  the 
year,  the  revenue  exceeding  the  expenditure.  The  total  reduc- 
tion, however,  was  only  $7,700,000.  The  debt  conditions  of  the 
smaller  cities  ai-e  nearly  hidden,  however,  by  the  ovei'whelm- 
ing  preponderance  of  the  three  largest  cities — New  York, 
Chicago  and  Philadelphia.  The  net  indebtedness  of  New 
York  City  alone  ($921,754,000)  is  nearly  two-thirds  as  much 
as  the  total  debt  of  all  other  cities  of  over  30,000  population 
taken  together.  The  net  per  capita  indebtedness  of  New 
York   City   amounts   to   $172.82. 


Roy  O.  Walker  has  resigned  as  City  Engineer  of  Tarpon 
Springs,    Fla. 

R.  S.  Slncliiir  has  resigned  as  President  of  Alsen's  Ameri- 
can Portland  Cement  Works,  New  York  City. 

Wm,  P.  Corlictt  has  been  appointed  First  Vice-President  of 
Alsen's  American  Portland  Cement  Works,  New  York  City. 

ChnrlrN  P.  JaeKar,  recently  Deputy  Commissioner  of  the 
Cleveland  (Ohio)  water-works  department,  has  been  appointed 
Commissioner. 


J.  W.  Kittrell,  M.  Am.  Soc.  C.  E.,  of  Rochester,  N.  Y..  has 
been  appointed  General  Manager  of  Alsen's  American  Portland 
Cement   Works,    New    York   City. 

J.  A.  AVade,  formerly  with  the  S.  Morgan-Smith  Co.,  York, 
Penn.,  is  now  with  George  F.  Hardy,  M.  Am.  Soc.  C.  E.,  Con. 
suiting  Engineer,  New  York  City. 

George  AV.  Fuller,  M.  Am.  Soc.  C.  E.,  has  been  appointed 
Special  Lecturer  on  Sanitary  Engineering  (sewage  disposal) 
at  Sheffield  Scientific  School,   Yale  University. 

M.  E.  Ready,  former  Assistant  Engineer  of  the  United 
States  Reclamation  Service,  is  now  with  engineering  depart- 
ment of  the  Chicago,  Milwaukee  &  St.  Paul  Ry.,  at  Chicago. 
J.  L..  Parsons,  drainage  and  civil  engineer,  has  resigned 
his  position  with  the  Lehigh  Sewer  Pipe  and  Tile  Co.,  and  has 
again  taken  up  private  practice,  with  offices  at  Fort  Dodge, 
Iowa. 

Charles  R.  fioiv,  M.  Am.  Soc,  C.  E.,  a  \.  ell  known  engineer 
and  contractor  of  Boston,  Mass.,  has  resigned  from  the  Boston 
Licensing  Board,  to  which  he  was  appointed  by  Governor 
Walsh. 

H.  R.  Hershey,  recently  Chief  of  Construction,  Pennsylva- 
nia State  Highway  Department  at  Allentown,  has  been  pro- 
moted to  be  Road  Superintendent  of  Lehigh  and  Northampton 
Counties. 

George  H.  Graves,  formerly  Assistant  Electrical  Engineer 
of  the  Sanitary  District  of  Chicago,  is  now  head  of  the  de- 
partment, having  succeeded  Edward  B.  Ellicott,  M.  Am.  Inst. 
E.    E.,    resigned. 

Jerome  Xewman,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the 
Board  of  State  Harbor  Commissioners,  San  Francisco,  Calif., 
has  resigned,  owing  to  differences  with  the  President  of  the 
Board,    J.   J.    Dwyer. 

Arthur  H.  Morrill  has  accepted  a  position  with  Morris 
Knowles,  Civil  Engineer,  of  Pittsburgh,  Penn.  Mr.  Morrill 
was  formerly  employed  at  the  sewage  disposal  plant  of  the 
Baltimore  Sewerage  Commission. 

Herman  Xieter,  former  Sales  Manager  of  the  Kennicott  Co., 
at  Chicago,  and  later  Manager  of  the  New  York  office  of  the 
Blaw  Steel  Construction  Co.,  is  now  Sales  Engineer  of  the 
American   Spray  Co.,  New  York  City. 

C.  A.  Case,  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  with  the  St. 
Louis  &  San  Francisco  Ry.,  at  Joplin,  Mo.,  and  later  with  Al- 
bert C.  Moore,  Consulting  Engineer,  Joplin,  Mo.,  has  been 
appointed    City   Engineer   at   Neodesha,    Kan. 

C.  D.  Emmons,  General  Manager  of  the  Chicago,  South 
Bend  &  Northern  Indiana  Railway  Co.,  South  Bend,  Ind.,  has 
resigned  to  become  Vice-President  and  General  Manager  of 
the   Boston   &   Worcester  Street  Ry..    Boston,   Mass. 

Charles  AV.  Lusk,  Assoc,  M.  Am.  Soc.  C.  E.,  for  the  last  six 
years  Designing  Engineer  with  Burns  &  McDonnell,  Consult- 
ing Engineers,  Kansas  City,  Mo.,  has  been  appointed  City  En- 
gineer  of   Arkansas   City,   Kan.,    succeeding   J.   K.   Titus. 

Louis  N.  McDonald,  recently  Superintendent  of  the  open- 
hearth  and  bessemer  departments  of  the  Ohio  Works  of  the 
Carnegie  Steel  Co.,  Y'oungstown,  Ohio,  has  been  promoted  to 
be  Assistant  General  Superintendent  of  the  Youngstown  dis- 
trict   of    the    company. 

Frank  H.  RIack,  of  Garrett,  Somerset  County,  a  member  of 
the  Pennsylvania  State  Commission  of  Agriculture,  was  ap- 
pointed State  Highway  Commissioner.  July  1,  by  Governor 
IJrumbaugh.  He  succeeds  the  late  Robert  J.  Cunningham,  who 
died  at   Sewickle>*,   April   4. 

Ernest  Martin  Hopkins,  of  the  American  Bell  Telephone 
Co.,  Boston,  Mass.,  has  been  elected  President  of  Dartmouth 
College,  to  succeed  Ernest  Fox  Nichols,  resigned.  Mr.  Hop- 
kins is  a  graduate  of  Dartmouth  and  was  formerly  private 
secretary  to  President  Tucker  of  the  college. 

Walter  D.  Hines,  Chairman  of  the  Executive  Committee  of 
the  Atchison,  Topeka  H.  Santa  Fe  Ry.,  has  been  elected  to  the 
newly  created  office  of  Chairman  of  the  Board  of  Directors. 
Mr.  Hines  is  also  General  Counsel  of  the  railway  and  will 
hereafter  devote  his  whole  time  to  the  company. 

\.  R.  Murphy,  Jun.  Am.  Soc.  C.  E.,  of  Knoxville.  Tenn., 
has  become  associated  with  the  engineering  staff  of  Wallace 
&  TieVnan  Co.,  manufacturers  of  chlorine  control  apparatus. 
New  York  City.  Mr.  Murphy  is  a  graduate  of  the  University 
of  Tennessee  and  has  had  several  years  water-works  experi- 
ence. 

<^'.  I..  Sturdevant,  Captain.  Corps  of  Engineers.  U.  S.  A.,  has 
been  transferred  from  the  Pittsburgh  Olfiee  to  Montgomery. 
Ala.,  where  he  will  take  charge  of  the  ollice  there,  relieving 
Maj,  F.  C.  Boggs.  Major  Boggs.  who  was  formerly  General 
Purchasing  Agent  of  the  Isthmian  Canal  Commission,  has 
gone   to   the  border. 

Edgar  Jndnin,  Lieutenant-Colonel,  Corps  of  Engineers,  U. 
S.  A.,  took  charge  of  the  Pittsburgh  office  on  July  1,  rellevini: 
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Col.  Francis  R.  Shunk.  Col.  Jadwin  has  just  completed  a  trip 
over  the  rivers  in  the  territory  in  charge  of  the  Pittsburgh 
Engineer  Office,  inspecting  the  slackwater  improvements  com- 
pleted   and    under    way. 

James  F.  Barker.  Principal  of  the  East  Technical  High 
School,  Cleveland.  Ohio,  has  resigned  to  become  President  of 
Mechanics  Institute.  Rochester.  N.  Y.,  at  a  salary  of  $4,500  per 
annum.  He  graduated  from  Cornell  University  in  1893  and 
for  a  time  was  with  the  designing  department  of  the  Allis- 
Chalmers   Co.    at    Milwaukee,    Wis. 

Richardson  &  Hale,  Civil  Engineers,  Boston.  Mass.,  are 
temporarily  out  of  business  because  of  the  sending  of  tlie 
Massachusetts  militia  to  the  Texas  border.  Maj.  Richard  K. 
Hale.  Assoc.  M.  Am.  Soc.  C.  E.,  commands  the  First  Battalion 
of  Field  Artillery,  and  Capt.  Edward  B.  Richardson  is  in  com- 
mand of  Battery   A  of   the  same   battalion. 

AVilliam  C.  Bulnier,  former  Special  Engineer  of  laessemer 
department  of  the  Ohio  Works  of  the  Carnegie  Steel  Co., 
Youngstown,  Ohio,  and  recently  Assistant  Superintendent  of 
the  openhearth  and  bessemer  departments,  has  been  pro- 
moted to  he  Superintendent  of  these  departments,  succeeding 
Louis  N.  McDonald,  promoted  as  noted  elsewhere.  Mr.  Bulmer 
is  a  graduate  of  the  University  of  Michigan,  class  of  1909. 

Bdn-ard  E.  Kraus.s,  formerly  Secretary  of  the  American 
Concrete  Institute,  S.  D.  Burrows,  and  Frederick  ISdin»;er. 
formerly  Engineer  in  charge  of  design  and  construction  with 
Wayss  &  Freytag,  of  Dusseldorf.  Germany,  have  formed  the 
Integrity  Construction  Co.,  with  offices  at  612  Lincoln  Bldg., 
Philadelphia,  Penn.  The  firm  will  engage  in  general  contract- 
ing and  engineering  work,  specializing  in  reinforced  concrete, 

Samuel  Hill,  Past-President  of  the  American  Road  Build- 
ers' Association,  of  Seattle,  Wash.,  is  reported  to  have  gone 
to  Vladivostok,  Siberia,  to  take  charge  of  the  traffic  depart- 
ment of  the  Trans-Siberian  Ry.  for  the  Russian  Government. 
Mr.  Hill  is  a  lawyer  by  education.  He  is  a  son-in-law  of 
the  late  J.  J.  Hill,  of  St.  Paul,  and  his  early  experience  was  as 
counsel  of  the  St.  Paul  &  Northern  Pacific  Ry.  and  the  Min- 
neapolis &  St.  Louis  Ry.  He  has  also  served  as  President  of 
some  of  the  Great  Northern  subsidiary  lines. 

J.  B.  Ambler,  Assoc.  Am.  Inst.  E.  E.,  O.  W.  0«t  and  L.  J. 
Rlter,  have  formed  the  firm  of  Ambler,  Ott  &  Riter,  Consult- 
ing Engineers,  Kearns  Bldg.,  Salt  Lake  City,  Utah.  Mr.  Am- 
bler is  a  graduate  of  the  University  of  Pennsylvania  and  was 
formerly  connected  with  the  engineering  department  of  the 
General  Electric  Co.  and  was  recently  Sales  Engineer  of  the 
Salt  Lake  district;  Mr.  Ott  is  a  graduate  of  Cornell  University 
and  was  recently  a  member  of  the  firm  of  Wilson  &  Ott.  Con- 
sulting Engineers,  previous  to  which  he  was  Mechanical  En- 
gineer of  the  Oregon  Short  Line  R.R. ;  Mr.  Riter  is  also  a 
graduate  of  Cornell  University  and  has  been  with  the  Utali 
Power  and  Light  Co.,  the  Nevada  Consolidated  Mining  Co..  and 
other   railway  and   mining  corporations. 


Joseph  O.  Os);uod,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the 
Central  R.R.  of  New  Jersey,  died  June  28  from  heart  disease 
at  the  Broad  St.  station  of  the  railway  in  Newark.  N.  J.  A 
portrait  and  biography  will  be  published  in   next  week's  issue. 


INTEIUVATIO.NAL   ASSOCIATION   OF   FIliE    ENGINEERS. 
AuK,    liU-Sept.    1.      Convention    in    Providence,    R.    I.      Secy., 
James  McFall,  Roanoke,  Va. 
ASSOCIATION    OF    EDISON    TLT,UMINATING    COMPANIES. 
Sept.  4-7.     Convention  in  Hot  Springs,  Va.     Asst.  Secy..  K.  A. 
Bally,  360  Pearl  St..  Brooklyn.  N.  Y. 
THE  TRAVELING    ENGINEERS'   ASSOCIATION. 

Sept.    5-.8.      Annual    meeting    in    Chicago,    III.      Secv.,    W.    O. 
Thompson,   care   General   Ofllces,   N.   Y.   C.    R.R.,   Cleveland, 
Ohio. 
AMERICAN    FOUNDRYMEN'S    ASSOCIATION. 

Week    of    Sept.     11.       Annual     meeting    In     Cleveland,    Ohio. 
Secy..  A.  O.  Backert,  12th  and  Chestnut  St.,  Cleveland,  Ohio. 
THE  AMERICAN  INSTITUTE  OF  METALS. 

Week  of  Sept.   11.     Meeting  In  Cleveland,  Ohio.     Secy.,  W.  M. 
Corse,  106  Morris  Ave.,  Buffalo,  N.   V. 
NATIONAL  ASSOCIATION  OF  STATIONARY  ENGINEERS. 
Sei)t.  11-16.     Convention,  Minneapolis,  Minn.     Secy.,  Fred  W. 
Haven,   417   S.   Dearborn   St.,   Chicago. 
MASTER  CAR  AND  LOCOMOTIVE  PAINTERS' ASSOCIATION. 
Sept.   12.     Convention   In   Atlantic  City.     Secy.,   A.   P.   Dane, 
Heading,  Mass. 
RAILWAY  SIGNAL  ASSOCIATION. 

Sept.    12-14.      Convention    In    Mackinac   Island.      Secy.,   C.    C. 
Rosenberg,   Myers   Building,   Bethlehem.   Penn. 


ILLUMINATING  ENGINEERING  SOCIETY. 

^^R"^- J^'^C-      Convention  in   Philadelphia.   Penn.      Asst.  Secv.. 
C.  D.  Pawcett,  29  West  39th  St.,  New   York,  N.   Y. 
ASSOCIATION    OF    IRON    AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 
Sept.  lS-22.     Convention  in  Chicago.     Secy.,  W.  O.  Oschmann. 
Oliver  Iron  and  Steel  Co.,  Pittsburgh,   Penn. 

THE   ROADMASTERS   AND   MAINTENANCE   OF   WAY   ASSO- 
CIATION OF  AMERICA. 
Sept.  19-22.     Convention  in  New  York  City.     Secy.,  P.  J.  Mo- 
Andrews. 
MICHIGAN  GAS  ASSOCIATION. 

Sept.  21-22.     Annual  meeting  in   Detroit,  Mich.      Secy.,  Clark 
R.  Graves,  Lansing,  Mich. 
AMERICAN   PEAT  SOCIETY. 

Sept.    21-23.      Annual    meeting    in    Washington,    D.    C.      Secy., 
Julius  Bordello,  Kingsbridge,   N.    Y. 
RAILWAY   FIRE   PROTECTION  ASSOCIATION. 

Oct.    3-a.      Convention    in   New    York    Citv.      Secy.,    C.    B.    Ed- 
wards. Mobile  &  Ohio  R.R.,  Mobile,  Ala. 
AMERICAN  SOCIETY  OF  MUNICIPAL   IMPROVEMENTS. 
Oct.    9-13.      Convention    in    Newark,    N.    J.      Secv..    Charles    C. 
Brown,  Indianapolis,  Ind. 
AMERICAN   ELECTRIC  RAILWAY  ASSOCIATION. 

Oct.    9-13.      Convention   at   Atlantic   City.   N.   J.      Secv..    E.   B. 
Burritt.   S   West   40th   St..   New   York   City. 

AMERICAN    RAILWAY    BRIDGE    AND    BUILDING    ASSOCIA- 
TION. 
Oct.   17-19.     Convention  in  New  Orleans.     Secy.,  C.  A.  Lichty. 
C.  &  N.  W.  Ry..  Chicago. 
AMERICAN  GAS  INSTITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  G.  G.   Rams- 
dell.    New    Y'ork.    N.    Y. 
AMERICAN   PUBLIC   HEALTH   ASSOCIATION. 

Oct.    24-27.      Convention    in    Cincinnati,    Ohio.       Secy.,    Prof. 
Selskar  M.   Gunn,  Boston,   Mass. 

The  Rncineer's  Society  of  Western  Pennsylvania  enter- 
tained the  members  of  the  American  Society  of  Civil  Engi- 
neers at  the  Pittsburgh  Convention,  at  a  successful  smoker  on 
June  SO.  About  500  members  and  guests  were  present  on  the 
floor,  while  the  balconies  were  filled  with  ladies  attending  the 
convention. 

The  Illinois  .Vssoeiation  for  Public  Health  and  AVelfare  has 
been  organized  to  promote  this  field  of  activity  throughout 
the  state.  The  honorary  president  is  Dr.  Robinson  (Presi- 
dent of  the  State  Board  of  Health):  president,  Dr.  G.  T.  Pal- 
mer; secretary  Paul  Hansen  (Chief  Engineer  of  the  State 
Board   of  Health,   Springfield.   111.) 

The  Kansas  State  Drainage  and  Conservation  Assoclatloi^ 
was  organized  in  Topeka,  Kan.  June  22,  with  the  followint; 
officers:  President,  V.  R.  Parkhurst.  secretary,  C.  B.  Zarker. 
Topeka;  vice-presidents,  C.  P.  Humphreys,  H.  E.  Dean.  D.  L. 
Dawdy,  R.  T.  Wright.  M.  W.  Crum,  O.  O.  Wolf,  O.  E.  Noble, 
James  Shinier,  S.  W.  Knotts  and  George  Plum.  The  as- 
sociation will  request  the  legislature  to  increase  the  authority 
of  drainage  boards,  to  provide  for  surveys  of  new  drainage 
districts  and  to  give  the  drainage  boards  power  to  condemn 
property    for    flood    protection. 

The  National  Exposition  of  rhemiral  Industries  will  take 
place  for  the  second  time  in  New  York  City  in  the  week  of 
Sept.  25,  under  the  management  of  the  International  Expo- 
sition Co..  at  the  Grand  Central  Palace.  The  American  Elec- 
trochemical Society  has  arranged  to  hold  its  annual  meeting 
Sept.  28  to  30.  In  this  week  the  Technical  Association  of  the 
.American  Pulp  and  Paper  Industries  expects  to  hold  an  annual 
meeting.  The  membership  of  this  association  comprises  chem- 
ists, engineers,  plant  superintendents  and  foremen  engaged 
in  the  manufacture  of  paper  and  its  byproducts.  The  Bureau 
of  Commercial  Economics.  Washington.  D.  C,  is  cooperating 
with  the  Exposition  by  arranging  an  elaborate  program  of 
motion  pictures  covering  subjects  dealing  with  the  industries 
depending   on    chemistry. 

Thr  Rondmastors  and  Mnlntenance-of-AVny  Association  will 
hold  its  annual  convention  Sept.  19  to  22.  In  New  York  City, 
at  the  Hotel  McAlpin.  The  Entertainment  Committee  held  a 
meeting  on  June  17.  and  at  that  time  outlined  the  general 
program.  The  first  day  will  be  devoted  to  routine  business 
and  to  discussion  of  committee  reports,  the  latter  being  con- 
tinued on  Wednesday  morning.  On  Wednesday  afternoon, 
Sept.  20.  there  will  be  an  inspection  trip  to  the  western  end  of 
the  Long  Island  R.R..  the  party  returning  In  time  for  a  busi- 
ness session  in  the  evening.  The  next  afternoon  a  special 
train  will  conduct  the  members  and  guests  over  the  main 
line  of  the  New  York.  New  Haven  &  Hartford  R.R..  between 
Grand  Central  Terminal  and  Stamford.  Conn.,  while  in  the 
evening  the  Track  Supply  Association  will  give  a  banquet  to 
the  members  and  a  theater  party  for  the  ladles.  Friday 
morning  will  be  devoted  to  business,  and  to  an  inspection  of 
the  exhibits  of  the  supply  association.  In  the  afternoon  the 
Central  R.R.  of  New  Jersey  will  carry  a  party  down  the 
Hudson  River,  through  New  York  Harbor  to  .Sandy  Hook  and 
Atlantic  Highlands,  thence  by  train  to  Asbury  Park,  and  re- 
turning to  New  York.  The  secretary  Is  L.  C.  Ryan,  C.  &  N. 
W.    Ry..    Sterling.    111. 
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A   XeTT   Safety  Tread 

A  new  type  of  safet.v  tread  was  recently  placed  on  the 
market  by  the  American  Mason  Safety  Tread  Co.,  Lowell, 
Mass.  The  "Black  Diamond"  tread  (the  trade  name  of  the 
new  type),  like  the  original  Mason  tread,  meets  the  recog- 
nized requirements  of  a  non-slip  stair  tread,  including  the  de- 
formed surface  for  receiving  foreign  substances,  such  as 
match  stems,  snow,  ice,  etc.,  and  the  necessary  open-end 
grooves  for   drainage   and   easy   cleaning. 

The  abrasive  material  is  carried  entirely  through  the  tread. 
The  tread  is  made  up  of  a  skeleton  metal  frame,  the  sur- 
face of  which  presents  a  series  of  raised  diamond-shaped 
openings.     Each  diamond   unit   is  thus   surrounded   by  a   steel 


BITUMINOUS    SAFETY    TREAD 

frame  which  takes  the  wear,  the  abrasive  wearing  down  in 
proportion  to  the  wear  on  the  steel  frame.  The  base  of  the 
tread   consists  of  asphaltic  compound. 

Mason  treads  can  be  applied  to  all  types  of  stairs,  whether 
wood,  marble,  concrete  or  steel.  When  ordered  for  new 
concrete  work  the  treads  are  shipped  with  anchors  attached, 
ready  to   put   in   place. 

Pneumatic    Liftiiif^   Jack   for   General    Service 

The  small  lifting  jack  shown  is  built  by  the  Baird  Pneu- 
matic Tool  Co.,  Topeka,  Kan., 
for  the  various  small  jobs  that 
occur  around  shop  or  yard.  It 
has  a  minimum  height  of  10  H* 
in.  and  with  piston  extended  is 
16  in.  high.  It  may  be  operated 
by  an  ordinary  automobile  tire 
pump  or  from  shop  air  con- 
nections. A  central  telescoping 
piece  can  be  raised  2  in.,  malt- 
ing the  total  height  IS  in.  For 
the  sake  of  additional  safety 
holes  are  drilled  crosswise 
through  the  piston  and  the 
telescoping  piece,  so  that  the 
latter  may  be  locked  witli  a 
pin  when  raised.  The  jack 
weighs  10%    lb. 


PNEUMATIC   LIFTIN 
JACK 


Imi>r<ivcil  Truoing-  Clotll 

.A  new  and  improved  tracing 
cloth,  bearing  the  trade  name 
"Stirling,"  is  being  imported  by 
the  Defiance  Manufacturing  Co., 
22  East  42nd  St.,  New  York  City,  the  company  being  ex- 
clusive sales  agents.  After  long  research  the  makers  de- 
veloped for  the  fabric  a  coating  that  requires  the  use  of  no 
powder  on  the  cloth  before  inking.  The  cloth  is  claimed  to 
be  30%  more  transparent  than  the  market  standard,  and 
tests  have  shown  that  up  to  six  erasures  may  be  made  before 
re-inking  is  impossible.  The  price  is  aliout  lO'/r  under  that 
of  the  standard  cloths.  It  is  reported  tliat  the  British  Indian 
Government   has  used   22,000   rolls   in   a  year. 

InKerNOll-Rand  to   Make   CondenNlnK  PlantM 

The  Ingersoll-Rand  Co.,  11  Broadway.  New  York  City,  is 
offering  complete  steam-condensing  plants  for  all  services. 
The  equipment  includes  the  "Beyer"  barometric  condenser, 
for  which  the  company  has  secured  the  patent  rights,  "Imper- 
ial"   duplex   and    "IngersoU-Rogler"    straight-line    reciprocat- 


ing dry  vacuum   pumps  and,   where   required.    "Cameron"   sim- 
plex and   centrifugal  pumps. 

The  "Beyer"  barometric  condenser  is  of  the  counter-current 
type,  in  which  air  and  cooling  water  flow  in  opposite  direc- 
tions. The  steam  inlet  is  at  the  bottom  of  tlie  condensing  ves- 
sel, the  water  inlet  above  and  the  air-removal  opening  at  the 
top.  The  sheets  of  cooling  water  overflowing  the  pool  at  the 
inlet  point  meet  the  entering  steam.  The  two  are  brought 
into  intimate  contact  by  conical  baffle-plates.  The  non- 
condensable  air  liberated  in  the  condensing  action  rises 
through  the  falling  water  to  the  removal  ipoint  at  the  top,  be- 
ing cooled  to  practically  the  temperature  of  the  incoming 
water  and  removed  before  it  mixes  \vith  tlie  steam. 

The  hot  waste  water  is  discharged  through  the, self-draining 
tail  pipe.  This  pipe  straddles  the  hot  well  and  rigidly  sup- 
ports the  condenser.  The  vacuum  and  water  «pumps  are  inde- 
pendently operated  and  regulated  to  meet  varying  water 
temperatures. 

*     *     * 

Collapsible   Steel  Preig:ht  Container 

A  steel  container  for  package  freight  has  been  placed  on 
the  market  by  the  Pneumatic  Steel  Corporation  of  Norfolk 
Downs,  Mass.  The  material  of  which  the  sides  are  made  is 
formed  of  three  thin  steel  sheets,  with  the  two  outside  ones 
sweated  on  the  middle  sheet,  which  is  corrugated.  Protected 
hinges  run  the  entire  length  of  the  ends  and  sides,  enabling 
it  to  be  knocked  down  to  a  thickness  of  %  in.  There  is  a 
locking  device  and  each  shipper  or  owner  can  be  provided 
with  a  private  lock  if  desired.  The  handles  are  flush  with  the 
ends,  and  space  is  provided  in  the  handle  recesses  for  placing 
shipping  instructions.  The  box  can  be  manufactured  in  any 
desired  size.  Its  first  cost  is  high  when  compared  with 
wooden  boxes,  but  its  strength  and  convenience  make  it 
worth  considering  in  many  instances. 

The  strength  of  this  box  was  recently  demonstrated  in  the 
testing  laboratory  of  the  Massachusetts  Institute  of  Tech- 
nology. For  comparative  purposes  a  standard  wooden  box 
used  by  the  American  Sugar  Refining  Co.,  made  of  'i-in.  hem- 
lock with  %-in.  pine  cleats  2  in.  wide  around  the  edges,  was 
selected  to  be  tested  equally  with  a  steel  box  of  the  same 
inside    dimensions,     13%xl9;sxl4%     in.        The    weight    of    the 


COLLAPSIBLE    STEEL    FREIGHT    CONTAINER 

wooden  box  was  11.5  lb.,  and  of  the  steel  box  21.2  lb.  The 
boxes  were  filled  with  120  lb.  of  sugar  In  60  two-pound  car- 
tons. 

When  pressure  was  applied  at  the  diagonally  opposite 
corners,  the  steel  box  proved  to  be  ten  times  as  strong  as  the 
wooden  box.  When  filled  with  sugar  and  dropped  3  ft.  upon 
a  concrete  foundation  two  times,  the  wooden  box  was  de- 
molislicd  and  the  contents  badly  damaged  on  the  first  test, 
while  the  steel  box  showed  only  slight  injury  at  the  corner 
and  none  of  the  pasteboard  cartons  was  injured  after  the 
second  test.  Further  tests  still  further  proved  the  ex- 
cellence of  the  steel  container. 
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Tests  of  ILe^rge  Bridlg'e 
Reveal  New^  Facfc 


)<lr^tL^ 


Important  new  facts  about  columus  have  been  learned 
from  the  results  of  tests  on  eighteen  very  large  bridge 
columns  that  were  tested  to  failure  on  the  5,000-ton  test- 
ing machine  of  the  United  States  Bureau  of  Standards  at 
Pittsburgh.  Abnormal  bridge  steels  were  represented 
in  the  tests,  ranging  from  hard  or  high-carbon  steel  to 
silicon  steel,  the  most  recent  bridge  material.  The  re- 
sults stand  out 
prominently  as  a 
further  dem- 
onstration of  the 
conclusion  drawn 
from  previous 
tests  of  large  col- 
u  m  n  s ,  namely, 
the  failure  point 
is  at  or  very  near 
the  yield  point  of 
the  metal.  An  ab- 
solute check  on 
this  fact  is  not  olj- 
tainable  because 
the  Bureau  inves- 
tigated the  metal 
only  for  its  ten- 
sile yield  point, 
and  did  not  deter- 
mine the  compres- 
s  i  v  e  properties. 
The  detail  con- 
struction of  the 
columns  wa.s  found 
to  have  so  marked 
an  influence  on 
the  manner  of  fail- 
ure that  this  feat- 
ure dominated  the 
tests.  Only  twelve 
out  of  the  eighteen 
test  columns 
showed  integral 
tjcnding ;  the  other 
six  failed  by  local 
crippling.  Unsus- 
pected weaknesses 
in  pin  jaws  and 
latticing  were  re- 
vealed. A  full  report  on  the  tests,  prepared  by  J.  11.  Grif- 
fith and  J.  G.  Bragg,  has  Ijeen  submitted  to  the  Director 
of  the  Bureau  of  Standards.  The  present  notes  are  from 
la  very  brief  summary  of  tiie  report. 
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.MACHl.Vli   AT    PITTSBURCH 
high-caitjori    steel    column    under    test.      Restrained    lattice, 
of   diagonals    has    begun 


The  test  objects  were  half-size  models  of  compression 
members  of  three  very  large  bridges — two  now  under 
construction,  one  recently  completed.  None  of  these 
models  were  made  of  ordinary  "bridge"  steel;  they  were 
built  of  nickel  steel,  ilayari  steel,  chrome  steel,  silicon 
steel  and  higli-carbon  steel.  The  chemical  compositions 
are  tabulated   almi-sidc  the  test  results.  Table  2.     The 

columns  ranged 
in'  length  from  16 
ft.  to  241/2  ft.,  in 
cross-section  from 
42  to  119  sq.in., 
and  in  slender- 
ness-ratio  from  15 
to  44.  Important 
details  of  con- 
struction differed 
in  the  several  col- 
umns. Some  had 
pin  jaws  at  the 
ends,  involving 
the  usual  absence 
of  lateral  bracing 
or  staying  of  the 
thin  end  sections. 
Some  columns  had 
simple  crossed  lat- 
tice, while  others, 
particularly  those 
of  the  Metropolis 
Bridge,  had  trans- 
verse struts  be- 
tween successive 
sets  of  lattice  bars. 
Tlie  columns  were 
tested  in  vertical 
position.  Defor- 
mation was  meas- 
ured by  80-in. 
exteu  s  o  m  e  t  e  r  s 
clamped  to  the 
lour  corners  at 
niidlength.  Num- 
erous measure- 
ments were  taken 
also  on  8-  and  16- 
in.  gage  lengths, 
on  shaft,  lattice  bars,  pin  plates,  diaphragms,  etc. 
Supplemeiitar}'  tests  were  made  on  small  s])ecimens,  to 
obtain  information  on  the  (pialities  of  the  material  and 
to  study  the  effects  of  additional  strain  from  fabrication. 
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Fig.  2 — Two  typical  body  failures;  local  buckling  of  plates  .antl  arifties  with  distortion  of  lattice.  Figs  3  and  4.  ttucklins 
of  pin  jaws  at  end  of  laterally  supported  part.  Figs.  5  anrl  G.  Integral  bending  of  column  fitted  with  transverse  stay 
members   In   tl>e  lattice.      Contrast  with   Fig.   7.  showing   local  buckling 


Of  the  eij^ritecn  columns  twelve  failed  as  integral  niem- 
bers,  by  bending  in  the  body,  as  though  they  were  of  solid 
cross-section.  The  four  columns  with  pin  jaws  failed  by 
bending  of  the  jaws.  Two  columns  failed  in  the  plane  of 
greatest  theoretical  strength,  distorting  in  the  body. 

No  influence  of  column  length  was  discernible  in  the 
results,  as  might  be  e.xpectcd  from  the  low  values  of 
slenderness-ratio  and  the  small  range  under  test.  The 
bending  at  failure  in  the  views  is  exaggerated;  the  load 
was  increased  to  get  enough  distortion  for  a  good  picture. 


DcHectioiis  llrst  became  vi.^ible  at  loads  clo,-;e  to  tlie 
maximum  load,  and  increased  to  an  inch  or  two  as  the 
loading  progressed. 

The  average  of  the  loads  at  failure  is  practically  iden- 
tical with  the  mean  yield-point  of  the  component  steek 
(only  1/^%  deviation).  More  usefully  stated:  The  curve 
of  ultimate  strength  is  practically  confined  to  the  zone 
between  the  curves  of  high  and  low  extremes  of  the  ten- 
sile yield-points  for  the  specimens  (each  column,  being 
composite,    contains    material    of    difrerciit    yield-points. 
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Abscissa  of  curves  =  pin  plafe  disptacemenf 
per  inch(abstracf  number).  Multiply  bj  16  for 
in  inches  at  anj  porticvlor  stres  - 


Yield  Point  of  Steel- 
S5,8W  tYs^$      I 


48,100 
'49,200 

V 


_.-3uchanani  \Yietd Poinf'not  observable 

'iffective^Uasfic  Limit  ""'Bi/cbananslilasfic— 

Thebest  obtainable  values  of  this  I    Limit." 

-point  (ire  inserted  in  the  fable  for  each 

column.  The  valueiare conservative.       j 

Hcd-I9,000,000lb.periq.in.:esacf  criKsiectionarea  used 
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■     'Ave.\?f  Stations  I.Z.S  and  4 

'ExfensometersfSO  gage  length)  ar/oU. 

corners  of  shaf*     ■.;_,_/  ■,,  ^metrical 

about  mid  poirr  ,  - 


0.001 


'caZ/y 


0.001 
TYPICAL   CURVES    OP    TEST    RESULTS 


0.001         OOOJ 
£>  1-  r  o  i  n 


A  typical  load-deformation  curve  is  given  in  Fig.  8. 
This  shows  a  very  straight  lower  portion  and  a  gradually 
curving  upper  portion.  The  Junction  of  the  two  portions 
is  the  elastic  limit  of  the  column.     For  the  twelve  col- 


umns that  failed  Ijy  integral  bending  the  elastic  limit  aver- 
aged 481/2%  of  the  maximum  load.  The  authors  of  the 
report  believe,  however,  that  the  elastic  limit  was  unfav- 
orably influenced  by  initial  strains  from  riveting  and  by 

DIMENSIONS  AND  MAKE-UP  OF  THE  TE.ST  COLU.M.NS 
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I  WES  PL.  Vz' 


Diaes. 
3x1 ixl 

angles 


fM-M 


icov.pl.  ZS'xI/4' 
4WEBPIS.Zl'xll/is' 
8lS,4'x3''jci/z' 
4  FLATS, 3'x '/z' 


EACH  COL.  PIB 
I  PL.'W  OUTSIDE 
IPL.i/z' INSIDE 
I  PL.3/B' INSIDE 
I  WEB,  11/ le' 


Diags 
3xlixi 
angles 


wm 


laiV.PL.  21  X  I/a' , 
TOUT.lNEBS,V"%r</ii 
40UtL'4'x3  xi/z' 

2  FLATS.  3'x3/e', 
lCEN.IV£i,?l'xiV3! 
4CEN.IS,4'x}x}/e' 

IFLAT,6l/z'xVls' 


OUTSIDE  PIBS(Z) 
ZPIS.    i/z' 
2  PL<:.  S/a' 
2  PL".  9/16 


Diags. 
3x1 ixl 
angles 


4  WEBS,  2l"x'/4 
4  SIDEPJf.a'xi/z' 
6lS,4"x4"xi/z' 


EACH  COL.  PIB 
iPL'.Va' 
I  WEB.V*'  , 


rie    pis. 

J  diag. 

E3xl!xJ^8 


4IVEBS,I9X"/Jl 
6L',4'x4'xi/z' 


EACH  COL .  PIB 
iPe.  Va' 
I  PL.    i/z' 

IWEBPL  is/jt' 


Tie  pis.  J 

diag.  i 

3x1  ixl         thick 
anglcis      I 


66.55  66.02(8.17 


piB. 
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TABLE  2.     SUMMARY  OF  RESULTS  OF  COLUMN  TESTS 


STRESSES  m  THOUSAND  LB,  =5 
PER  5Q  IN.  OF  ACTUAL  AREAlop 
EXCEPT  FOR  UiUj  AND  UrUsBj 
WHICH  WERE  ON  BA55  OF N0M5E 
INAL  AREA 


1. 

o'3 

Name 

CheniiL- 

al  Tests 

Physical  Tests               | 

Ek-nic 

nts,  % 

Yield  Point 

Break 
Load 

^^ 

1 

Ni 

C 

P 

Mn 

S 

Si 

Cr 

Cu 

Mean 

High 

Low 

Mean 

U.U, 

A  ,11 

0.29 

0  014 

0  59 

0  031 

55,300 

63,100 

50,500 

93,300 

U.U, 

3.sy 

0  32 

0  015 

0  59 

0.033 

55,200 

63,100 

52,040 

93,060 

HC 

0.36 

0.012 

0  43 

0  030 

40.700 

50,00(1 

37,390 

76,660 

-^ 

HCl 

0.311 

0.012 

0  40 

()  03U 

44,100 

-iii.ii'Hi    ;7.t,,.ii 

73.9301 

MY 

i    !■! 

0  34 

0  010 

0  OS 

0  037 

0   10 

0  53 

0   It 

59,900!)--   .  - 

1110,6101 

MYl 

1    12 

U  3 1 

0  OIU 

0  OS 

0  037 

0   Ul 

0  53 

O.IC 

62,llo!  ),-     - H- 

iiil,17i;. 

OT 

31HC 

0  2S 

U  U17 

11  04 

0  031 

42.9011    1  .  ,  Hi     .;   J-(i 

::i,4ou 

— 

31HCI 

0  2S 

0  017 

0  (H 

0  031 

.  .  .    ]  4J,.  1)11    .■.-','•     ,,  ,  J^M 

7t.4Uii 

Q. 

32S 

0  35 

0  017 

0  S3 

0  039 

0  38 

1  .ii    ."*■     .-  ^  1'  1    . 1 1 ,'.!  In 

-,  .7(1(1 

£ 

32S1 

0.35 

0  017 

0  S3 

0  039 

0.3S 

1  .it 1  ,  '  ^1 1     >  I ,'.'  Ml 

--,.;( Ill 

"S 

34CS 

0  31 

0  017 

0  49 

0  02S 

0   13 

0  BO 

^:i.7ii(( 

<^ 

34CS1 

0  31 

U  017 

0  49 

0  02S 

0   13 

0  00 

.54,200 

oS.OlO 

4S,260 

S3,600 

us.  MS, 

2j          carbon 

0  23 

0  012 

1)    19 

0  027 

41,740 

43,700 

40,250 

65,420 

^    usaas, 

•e:          Mayari 

I)  33 

0  Oil) 

0  04 

0  027 

0  37 

62,430 

72,160 

52,000 

99,800 

ffl     U,M, 

.2 

carbon 

0  23 

(1  012 

0  49 

0  029 

41,740 

43.700 

40,250 

65,420 

3. 

U,M, 

S 

Mayari 

I)  33 

0  IllU 

0,04 

0  027 

0  37 

62,830 

72,160 

52,000 

99.800 

►^ 

LCoLC, 

"i 

Carbon 
LC„LC, 

0  23 

0  012 

0  49 

0  029 

41,740 

43,700 

40,250 

05,420 

Mayari 

1)  33 

0  Ulli 

11  04 

0  027 

0  37 

62.430 

72,160 

52,000 

99.800 

i-scctional  i 


of  sliafls. 


*  Scale  weights  not  available  for  getting  exact  cro; 
t  Columns  failed  by  local  bending  at  end,  as  in  Fig.  2. 

t  Columns  failed  as  indicated  in  Fig.  3.         Reniaining  members  developed  the  strength  as  a  unit. 

§  Esclucled  in  modulus  determinations  on  account  of  the  few  observations  taken  within  hunts  of  proiiortionality.     The  15  columns  not  marked  <+ §)  wen  used 
for  modulus  calciilations.     Each  stress  and  strain  reading  was  treated  as  an  observation. 

crimping  or  local  buckling;  of  the  shapes  under  increasing  The  modulus  of  elasticity  of  fifteen  columns  out  of  the 

load.  eighteen  averaged  29,600,000  lb.  per  sq.iu.,  with  a  proba- 

In  the  ten  columns  of  the  Metropolis  Bridge,  all  iden-  ble  error  of  120,000. 

tical  as  to  length   and  cross-sectional  area,  five  of  the  The  coefficient  of  lateral  expansion  of  the  steel  was 

specimens  were  built  as   H-sections   in  which   each  rib  found  to  be  appro.ximately  the  same  as  that  of  plain  steel, 

was  a  built  channel  with  web  and  two  flange  angles,  while  the  range  being  from  0.291  to  0.327,  with  a  mean  of  0.30. 

the  other  five  had  in  addition  outer  flange  angles   (and  r*; 


somewhat  thinner  web  materials  to  keep  the  total-cross- 
section  the  same).  Of  the  former  set,  four  failed  below 
the  yield-point  of  the  metal,  while  of  the  second  set  only 
two  failed  below  the  yield  point.  In  other  words,  the  col- 
umns with  I-ribs  were  stronger  than  those  with  channel- 
ribs. 

Transverse  Memijeks  in  Lattice 

The  Metropolis  Bridge  columns  all  had  transverse  bars 
at  the  panel-points  of  the  lattice,  and  the  lattice  was 
double.  ]\Iore  uniform  bending  of  tlie  columns  was  ob- 
tained and  all  sharp  bends  in  the  ribs  eliminated.  All 
these  members  failed  with  the  smooth-iiitegial-dciicction 
curve  exhibited  in  Pigs.  5  and  6. 

All  the  pin-plate  observations  indit-atc  slight  movement 
of  one  pin  plate  over  the  other.     The  intensity  of  the 


A  l."),O0ii-hp.  (30,000-kw.)  steam-turbine  generating 
unit  has  recently  been  put  into  service  in  the  Northwest 
station  of  the  Commonwealth  Edison  Co.,  of  Chicago.  The 
following  details  of  this  huge  unit  are  taken  from  an 
article  in  Power,  June  20,  1916  : 

This  machine  is  known  as  Unit  No.  3  and  has  higli- 
aiid  low-pressure  turbine  elements  on  one  horizontal  shaft 
with  the  generator  rotor  (coupled  sections). 

Steam  is  carried  in  a  20-in.  header  from  a  battery  of 
live  boilers;  in  the  high-pressure  chest  there  are  14  admis- 
sion valves  all  under  control  of  the  governor.  There  arc 
also   four   overload   valves   discharging   into    the    fourth 


stress  just  over  the  pin  probably  accounts  for  this  slip.     g^y„^._     ^^  passing  through  the  high-pressure  element  the 

steam  is  e.\])an(led  to  7  lb.  below  atmospheric  pressure: 
it  then  enters  the  center  of  the  low-pressure  element  and 


FIG.    1.     TAUT    SECTIONAL.    VIEW    OF    30,000-KW.    TUUJ30-GENERATOR 


July  lo,  lOKi 


ENIJINEERING     NEWS 


53 


I       \^J-}  stack 


FIG.  2.    DIAGRAMMATIC  SKETCH  OV  STEAM  AND  WATER 
CIRCUITS 

PraNCIPAL,  DATA  ON  EQUIPMENT  OF  UNIT  NO.   :; 
Turbine 

Maker General    Electric   Co. 

Type Horizontal     compountl 

Capacity,    hp 45,000 

Number  single  stag-cs,  h.-p.  element 10 

Number  of  double  stages,  l.-p.  element 2 

Speed,  r.p.m 1,500 

Condenser 

Maker Wheeler  Condenser  and  Enginecrine-  Co. 

Number    of   tubes    11,000 

Size   of  tubes,   in 1 

Surface  in  condenccr,  sq.ft EO.OOO 

Surface  per  kilowatt  of  g^encrator  rating,  sq.lt 1.67 

Capacity,  lb.  of  steam  per  hr 360,000 

Steam  condensed  per  square  foot  of  surface,  lb 7.2 

Weight  of  condenser,   empty,   tons 176 

Weight  of  cooling  ■water  in  condenser,  tons 66.5 

"irculating'-pump  capacity,  gal.  per  r.iin 52,000 

■Jirculating--pump  capacity,  lb.  per  hr 2C,0O0,O0O 

;"oollng  water  per  pound  of  steam,  lb 72 

Jondensate  pump,  gal.  per  min 1,200 

Generator 

Maker <:cncr:^l    Electric   Co. 

;ai)aeity,   rated    30,000 

Voltage   9,000 

s'requency,  cycles    25 

•Speed,  r.p.m 1,500 

Vumher  field  poles 2 

>encth  complete  unit,  over-all  It 59.5 

Width,  ft 1,S .  33 

:''loor  area  cover,  sq.ft 1,091 

\rea  per  kilowatt  of  generator  rating,  sq.ft 0.036 

Sxciter    voltage     , 220 

Boilers 

Maker Babcock  &  Wilcox  Co. 

Type Cross-drum,    water-tube 

'ressure,  lb.  per  sq.in.  gase 230 

■iuperheat,   deg.    F 200 

Temperature  of  steam,  deg.  F 600 

N'umber  of  boilers  in  unit 5 

S'umber  of  tubes  per  boiler 5S<S 

)iameter  of  tubes,  in 4 

^ength  of  tubes,  ft 18 

itcam-making  surface  in  boiler,  eq.tt 12,200 

■itokers   \icr   boiler 2 

Type  of  stoker B.    &  W.   chain-grato 

Votive  area   of  two   stokers,    sq.ft 273 

tatlo  grate  area  to  boiler-heating  surface 1  to  45 


'er  1,000  sq.ft.  of  boiler-heating  surface: 
Connected  grate  area,  sq.ft.. 


22.3 

4.17 
538.2 
85,000 


Stack  area,   sq.ft 

Economizer  surface,  sq.ft 

'apacity  of  each  boiler,  lb.  steam  per  hr 

Evaporation  per  sq.ft.  of  heating  surface,  lb. 

'oal   capacity   of   each   boiler,   lb.    per   hr 12,600 

'oal  per  square  foot  of  grate,  lb 46 

^Ize  of  eteam  main  to  turbine,  in 20 

3oller-feed  pumps: 

Maker Henry  R.  Worthington 

Type. .  .Turbine  driven,  three-stage,  double-suction  impeller 

Capacity,  lb.  per  hr 450,000 

Speed,   r.p.m 2,500 

Water  tcmperaturos: 

In  feed-water  heatec,  deg.  F 100-120 

Leaving  economizer  and  entering  boiler,  deg.  F.. .  270 

Economizers 

.Maker '-'>■   V.   Sturtcvant   Co. 

Type High-pressure 

■N'unihcr  of  economizer;: 5 

.Number  of  tubes  in  eacii 4o6 

Length  of  tubes,  ft 12 

Heating  surface   in   tubes 6,566 

Maker li.  F.  Sturtevant  Co. 

Type   Multivane 

Capacity,  cubic  feet  hot  gasea  per  mln 90,000 

Horsipower  of  motor 100 

Draft  In  boiler  uptake,  in.  of  water 2.4 

Height  of  Ktack  above  boiler-room  floor,   ft 250 

I     Diameter  of  stack,  inside,  ft 18 


flows  in  n]i]iiisitc'  ilirrctions  tliroiioli  double  staijcs  on  citlici- 
side  and  (inally  yoos  to  tlu'  oondMisers.  Tlie  steam  and 
water  circv.its  are  .shown  diagrainmatically  in  Fig.  2. 

The  shaft  has  a  nia.xiinum  diameter  of  34  in.  and  is 
supported  by  four  bearings.  The  latter  are  water  cooled 
!.)y  pipes  embedded  in  the  babbitt ;  oil  is  supplied  by  forced 
circulation.  The  generator  is  a  three-phase  25-cyclc  9,000- 
v<ilt  machine  rated  for  30.000  kw.  at  100%  power  factor 
(but  it  has  carried  ;>."). 0(10  kw.  with  inciilcrate  ti'iiipci'atui-c 
lise).  .\  220-volt  exciter  is  nioiintcd  mi  the  end  of  the 
main  shaft. 

Tlie  coiidcnsiT  is  a  twd-pass  surface  type  maintaining 
vacuum  within  •/.  II).  of  al)soliite.  It  will  take  :i(;0.000 
lb.  of  steam  ]>er  hour,  oi-  7.2  lb.  per  sq.ft.  normally,  the 
maximum  steam-condensing  capacity  is  400,000  lb.  The 
circulating  water  is  drawn  from  an  intake  tunnel  by  a 
48-in.  double-suction  tri-rotor  pninp  driven  by  a  l!")!)- 
p.  noncondensing  turbine.  The  normal  hourly  quantity 
of  circulating  water  is  ;i, 120,000  gal.  On  first  entering 
the  condenser  the  steam  coiucs  in  contact  with  the  preheat- 
ing feed-water  tubes.  \\y  and  condensate  are  taken  from 
the  condenser  through  a  single  outlet  by  a  turbo  air  pump 
on  the  shaft  with  the  circulating  piunp.  In  a  separating 
chamber  the  air  turns  off  into  a  separate  compartment 
and  is  discharged  by  separate  impellers.  From  Fig.  2  it  is 
seen  that  tlie  condensate  passes  from  the  heater  to  two 
turbine-driven  boiler-feed  pumps,  thence  to  the  economiz- 
ers above  the  boiler  and  to  the  boilers.  The  accompanying 
table  shows  the  principal  data  of  turbines,  condenser,  gen- 
erator and  boilci-s  for  T^nit  Xo.  3. 


Tasnti© 


The  firm  of  Win.ston  &  Co.,  ccintractniv.  built  a  dam 
and  reservoir  for  the  City  of  rittslicid,  Mass.  In  the 
preliminary  estimate  of  (piantities  placed  in  the  sheet  sent 
out  for  the  information  of  bidders  the  quantity  of  earth 
e.xeavation  in  stripping  was  estimated  at  37,000  cu.yd. 
In  actual  construction  the  stripping  amounted  to  !)5,<S77 
cu.vd.  This  increa.se  developed  gradually  during  the 
working  season  and  could  not  be  estimated  in  advance, 
as  the  engineer  designated  from  time  to  time  the  dc]itli 
to  which  the  stripping  was  to  i)o  carried. 

The  contractors  failed  to  complete  the  work  on  the 
specified  date,  and  the  city  deducted  liquidated  damages 
of  $75  per  day  for  the  time  in  which  the  contractors  were 
delinquent.  The  latter  brought  suit  for  this  amount,  hold- 
ing that  the  great  discrepancy  between  the  estimated 
quantity  and  the  actual  quantity  of  earth  and  other  ma- 
terials "was  the  cause  of  the  delay  and  that  they  should 
be  relieved  from  the  time  requirement,  which  was  based 
on  the  quantities  in  the  original  estimate.  The  ease  was 
tried  before  the  United  States  District  Court  in  Boston, 
Mass.,  Judge  Morton  presiding.  The  judge  in  his  deci- 
sion said : 

We  have  here  a  contract  to  do  work  the  extent  of  which 
neither  party  knew  when  the  work  was  begun.  They  had  a 
rough-and-ready  estimate  which  was  nowhere  near  the  facts. 
If  the  defendant  chose  to  make  that  sort  of  indefinite  con- 
tract. I  do  not  think  that  he  can  hold  the  plaintiff  to  the 
penalty  and  liquidated  damages  if  the  work  was  not  done  on 
time.  If  the  defendant  wanted  to  hold  onto  that,  I  think  It 
was  the  defendant's  place  to  familiarize  himself  with  the 
extent  of  the  work  In  hand  and  give  directions. 

It  should  be  mentioned  that  this  was  a  i)reliminary  de- 
cision, in  which  the  case  was  placed  in  line  for  a  jury  trial 
of  the  question  at  issue. 
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By  H.  L.  Hicks* 

The  New  York  Edison  Co.  has  under  construction  an 
electric  transmission  line  from  Elmsford  to  Croton  Lake, 
N.  Y.,  a  distance  of  18  mi.  For  the  greater  part  of  its 
length  it  follows  the  line  of  the  Catskill  Aqueduct,  and 
this  eliminated  the  work  of  clearing  the  right-of-way. 

The  latticed  steel  towers  are  to  be  spaced  at  400-ft. 
intervals  and  will  be  60  ft.  in  height,  except  at  angles 
and  curves  in  the  line  where  70-ft.  towers  will  be  erected. 
The  foundation  work  has  been  in  progress  for  the  past 
si.x  months.  The  towers  are  to  be  bolted  to  6-ft.  steel 
anchor  bolts,  or  "stubs,"  embedded  in  reinforced  concrete. 
These  stubs  are  2  in.  in  diameter  and  are  without  heads, 
dependence    being    placed    upon    the    holding    power   of 


amji.feW 


it> 


y/"^^    i 


FIG.  1.    SHOWING  ROUGH  GROUND  OVER  WHICH  DRILL 
HAD  TO  BE  TRANSPORTED 

the  corrugated  surface.  The  right-angle  flanges  to  which 
the  towers  will  be  bolted  are  3  in.  wide  by  12  in.  long 
and  are  drilled  for  six  %-in.  bolts. 

In  laying  out  the  line  it  was  found  that  at  12%  of  the 
locations  rock  would  be  encountered.  This  necessitated 
setting  many  of  the  stubs  in  solid  rock  and  drilling  large- 
diameter  holes  up  to  5  ft.  in  depth. 

The  large  amount  of  hole  drilling  made  it  advisable  to 
employ  machine  drills,  and  the  Ingersoll-Rand  •'gasoline- 
air"  drill  was  selected  for  the  work. 

This  is  the  first  recorded  installation  of  this  tyi)e  of 
drill  in  this  section  of  the  country.  The  gasoline-air 
drill  (Fig.  1)  consists  of  a  tripod-mounted  piston  drill 
operated  by  a  pulsator  similar  to  the  Temple-IngorsoU 
electric-air  outfit.  The  pulsator  in  this  case  is  driven  by 
a  (i-hp.  single-cylinder  gasoline  motor  which  with  fuel 
tank  and  pulsator  is  mounted  on  a  small  wheeled  tnu  k. 
The  drill  is  reciprocated  by  pulsations  of  air  acting  in  a 
closed  circuit  on  alternate  sides  of  the  drill  piston. 

The  pulsator  unit  weighs  about  fiOO  lb.,  the  compara- 
tive lightness  and  compactness  being  a  great  advantage 
under  the  conditions. 

For  convenience  in  handling  on  soft  ground  tbc  truck 
mounting  the  engine  and  pulsator  was  fastened  to  skids 
(Fig.  2)  and  a  removable  wooden  housing  provided  as 
a  protection  from  the  weather.  The  entire  outfit  was 
transported  liy  wagon. 

Bedrock  was  uncovered  and  the  drill  set  iij)  in  the 
excavation.  Particular  care  in  setting  up  was  neces.sary  to 
keep  the  drill  perpendicular  and  the  four  holes  accurately 
spaced.     The  rock  was  very  seamy.     If  the  hole  started 

•with  Ingersoll-Rand  Co.,  11  Broadway,  New  York  City. 
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to  run  off,  pieces  of  iron  were  wedged  around  the  drill 
steel  to  correct  this. 

Collapsible  steel  forms  were  set  up,  the  stubs  were 
grouted  in  the  drill  holes  and  the  concrete  then  poured. 
The  anchoring  stubs  were  spaced  21/2  ft.  each  way.  being- 
located  by  a  templet  and  so  held  in  place  until  the  cou- 
crete  had  set  (Fig.  3). 

The  circular  concrete  foundation  is  3  ft.  10  in.  in 
diameter  with  a  hollow  core  21/0  ft.  in  diameter  and  pro- 
jects 6  in.  above  the  ground.  This  center  space  is  sub- 
sequently filled  with  spoil.  Where  no  rock  is  encountered, 
the  concrete  is  extended  to  a  full  depth  of  5  ft. 

Observations  of  the  performance  of  the  gasoline-air 
drill  in  drilling  a  group  of  four  holes  showed  a  total  of 
21  ft.  of  drill  hole  in  4  hr.,  including  the  time  of  chang- 
ing set-up  and  squaring  the  layout  of  holes.     These  ob- 


KIG.    3.     FOUNDATION    FORMS    AND    TEMPLET    IN 
PLACE  FOR   POURING 

servations  were  made  on  n  day  when  the  Icnqierature 
ranged  from  10°  at  8  a.m.  to  21"  at  noon.  The  fuel 
consumption  averaged  1  gal.  of  gasoline  and  I/5  pt.  of 
oil  pel'  10  ft.  ol'  drill  hole.  Crossbits  were  used,  with 
drill  holes  bottoming  at  2%  in.  The  labor  expense  con- 
sisted of  a  drill  runner  at  $2.50,  a  helper  at  $2.00  and 
an  engine  operator  at  $2.50  per  day. 

The  drill  is  ojieratcd  intermittently,  and  the  drill  crew 
is  employed  jiart  of  the  time  on  other  work.  It  is  there- 
fore rather  dillicult  to  arrive  at  any  accurate  estimate 
of  the  operating  cost  ])er  foot  of  drill  hole. 

The  erection  of  the  steel  towers  is  progressing,  and  the 
line  is  being  rapidly  pushed  to  completion. 
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FrecSse^Level  Survey  ©f  tHe  Cit-y 

Porttlaimdlo  Oreo 


r>V    W.    1'.    HAIiDESTY' 


SYjVOPSIS — Willi  city  area  of  over  Go  sq.mi. 
and  hilly  country — over  1,000  ft.  difference  of  ele- 
vation— Portland  lacked  benchmarks.  In  a  coin- 
prehensirely  ylanned  survey  over  2,000  bronze  tab- 
lets and  iron-pipe  benchmarks  were  set,  their 
elevations  determined  by  precise  levels  and  a  full 
list  published.  The  cost  of  the  work  was  very 
low — net,  about  $^  per  benchmark. 

Portland  had  never  had  a  comprehensive  system  of  levels 
over  any  part  of  the  city.  The  survey  to  be  described  was 
undertaken  because  of  the  inferior  system  of  benchmarks, 
Ijoth  as  regards  permanency  and  accuracy,  that  already 
existed.  As  there  was  considerable  variation  in  different 
portions  of  the  city  and  as  there  were  but  few  really 
permanent  marks,  the  survey  included  the  accurate  deter- 
mination of  points  in  widely  scattered  districts  and  also 


the  establislinient  of  what  might  lie  called  "working 
benchmarks."  The  main  result  desired  was  the  provision 
of  thoroughly  good,  permanent,  definite,  easily  located  and 
accessible  benchmarks,  so  distributed  that  one  could  be 
picked  up  in  any  locality  where  either  preliminary  sur- 
veys or  improvement  work  was  under  way  or  was  likely 
to  be  done. 

The  project  was  authorized  by  the  city  council  and  an 
a])propriation  made  under  the  head  of  "Permanent 
Works."  The  survey  to  be  made  was  officially  named  the 
'■'Bench-Level  Survey."  An  outline  of  the  system, 
methods  and  working  rules,  together  with  plans  of  stand- 
ard benchmarks  to  be  manufactured,  was  developed  by 
the  writer  and  approved  by  Robert  G.  Dieck,  Commis- 
sioner of  Public  Works. 

Equipment  and  Methods  of  Survey 

Equipment — Two  precise  levels  were  made  to  order  for 
the  work  by  Leupold  &  Voelpel,  Portland.  These  are  not 
Y-lcvcls.    The  cost  of  each  complete,  witli  metallic  mirror 


FIG.  1.    TAKI.HT  BENCHMARK,  CLASS  A.  IN  CONCRETE  FIG.    2.     IRON-PIPE    BENCHMARK,    SIZE    1,    WITH 

WALL  OF  GARAGE  INVERTING   PRECISE   LEVEL  ALONGSIDE 
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for  reflecting  level-vial  .«cale,  was  -I^UiS.  The  instruments 
were  made  according  to  rigid  specifications.  One  is  erect- 
ing (1814-in.  length)  and  the  other  inverting  (17iA-in. 
length).  Tripod  heads  with  four  leveling  screws  were 
Used  with  these  instruments. 

There  were  also  purchased  two  10-ft.  precise-level  rods 
figured  directly  and  two  others  with  the  figures  inverted. 
These  rods  were  in  one  piece,  with  a  circular  level 
mounted  on  the  rod  and  a  target  reading  by  vernier  to 
thousandths.  The  cost  of  the  four  rods  delivered  in  Port- 
land (manufactured  in  Seattle)  was  $75.  The  cost  of 
smaller  tools  and  items  of  equipment  brought  the  total 
cost  of  the  field  outfit  up  to  $427.50. 

Ordinarily  only  one  level,  the  inverting  one,  has  Iteen 
used,  and  all  the  work  has  been  done  by  one  partv.  as  it 


- ^i" >|k 

PIPE  BENCHMARK.  SIZE  No.l 


PIPE  BENCHMARK,  SIZE No.Z 


DIFFERENT  TYPES  OF  BENCHMARKS  IN  PORTLAND 
PRECISE-LEVEL  SURVEY 


was  not  thought  justifiable  to  employ  two  crews  on  the 
survey,  although  the  e(]ui])m('iit  bad  been  purchased  for 
two. 

Organization  of  Party — The  party  consisted  of  the 
levelman  and  three  rodmen.  The  rodwork  was  done  by 
two  rodmen  in  the  customary  manner  for  precise-level 
work,  while  the  third  rodnian  carried  tlie  instrument  box 
and  smaller  pieces  of  eciuipment  and  stayed  with  the 
instrumentnian  and  kept  a  full  set  of  peg  levels  as  they 
were  read. 

In  addition,  each  rodman  kept  a  record  of  all  the  sights 
taken  on  his  rod,  so  that  the  combination  of  the  two 
afiforded  an  additional  full  set  of  levels.  The  lengHh 
of  each  level  sight  was  also  measured  with  the  stadia 
wires  of  the  instrument  and  recorded,  and  the  sums  of 
backsights  and  foresights  were  occasionally  equalized. 


Limits  of  Error — Nearly  the  same  standards  were  adop- 
ted for  the  survey  as  are  used  on  the  United  States  Coast 
and  Geodetic  Survey  and  on  the  precise  levels  of  tlu 
United  States  Geological  Survey,  except  that  a  nmcli 
greater  allowance  of  error  was  considered  permissible  on 
lines  with  a  large  range  in  elevation  than  in  comparatively 
level  country.  The  following  limits  were  adopted:  On 
lines  with  range  of  elevation  not  exceeding  100  ft.  per  mi.. 
O.OS.'W miles  run;  with  range  of  100  to  200  ft.  per  mi.. 
0.();!.")V  miles  run;  200  to  400  ft.,  0.045  V  miles  run  ;  over 
100  ft.  per  mi.,  0.055  V  miles  run.  "Eange  of  elevation'" 
means  the  total  rise  or  fall,  or  the  sum  of  the  two  where 
tluTo  were  both.  The  work,  as  a  rule,  came  far  within 
(be  foregoing  limits  of  error,  and  only  one  or  two  line> 
had  to  be  re-run.  The  datum  plani' 
adopted  was  that  of  the  United  State- 
Geological  Survey,  a  shift  of  about  2i>. 
ft.  from  the  old  datum. 

Before  beginning  the  work  the  city 
was  sidjdivided  into  30  nets,  varying 
in  size  and  shape.  The  boundary  of  each 
net  was  first  run  in  the  forward  direc- 
tion and  then  the  levels  run  in  the 
reverse  direction,  so  as  to  have  a  com- 
plete cheek  on  everything.  After  i\\\> 
were  run  the  subdivision  lines,  wbiili 
v/ere  termed  crosscuts.  Benchmarks 
of  all  kinds  were  established  on  the 
crosscuts  as  well  as  on  the  boundaries, 
or  routes.  The  nets  were  platted  on  a 
map  drawn  to  a  ],250-ft.  scale,  and  the 
outlines  of  each  one  were  ]ilainly 
marked. 

There  were  two  general  types  of 
manufactured  benchmarks  used — (a) 
bronze  tablets  and  (b)  sections  of 
wrought-iron  pipe  surmounted  by  a 
bronze  cap.  Of  the  tablets  (.see  Fig. 
3),  Class  A,  the  larger,  is  intended  for 
the  more  permanent  locations,  such  as 
in  or  on  concrete  walls,  on  bridgi' 
abutments,  etc.  Class  B  is  placed  in  the 
more  available  locations,  generally  in 
concrete  curbs,  sometimes  in  con- 
crete walks  or  on  walls.  A  benchmark 
placed  in  a  wall  (as  Class  A  more  com- 
monly was)  is  not  iiearly  so  convenient 
to  use,  because  it  requires  a  knife  or 
carpenters'  chisel  to  support  the  level  rod. 

The  iron-pipe  benchmarks  were  of  two  sizes,  the  design 
being  nearly  the  same.  Sizp  1  was  first  used,  but  it  was 
decided  to  be  unnecessarily  large  and  expensive,  so  that 
after  the  first  order  of  50  was  used  up  a  smaller  one  (size 
2)  was  adopted.  Either  one  may  be  set  in  concrete  (eitiier 
in  a  footing  or  to  nearly  the  full  height)  or  may  be  planted 
in  earth  only. 

These  four  kinds  of  benchmarks  were  designed  after 
careful  study  of  those  used  by  the  United  States  Geological 
Survey  and  of  those  adopted  by  Cincinnati  and  Pitt.s- 
burgh,  and  they  are  believed  to  be  improvements  on  all 
of  these. 

All  of  size  1  pipe  benchmarks  were  .set  in  concrete 
reaching  to  within  about  6  in.  of  the  top,  the  block  of 
concrete  thus  containinff  over  4  cu.ft.     So  substantial  are 
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they  that  one  in  tirm  earth  couhl  well  serve  as  a  moor- 
ing post  for  a  steamboat. 

The  first  cost  of  the  benchmarks  (in  lots  of  30  to  100) 
was  as  follows : 

Each 

Tablets,  class  A $0.60 

Tablets,  class  B -30 

Pipe,   size    1 2.20 

Pipe,   size   2 1.75 

In  the  case  of  the  hitter  it  was  found  that  the  total  cost 
of  size  1  in  place  (including  the  benchmark  itself,  labor 
of  setting,  team  hire  in  transportation  and  cost  of  cement, 
.•;and  and  gravel)  ran  about  $5  each,  while  that  of  size  2 
ran  about  $3. 

During  the  latter  part  of  the  survey  a  number  of  the 
smaller  size  were  set  without  concrete,  and  these  were 
called  Class  B.  These,  firmly  planted  in  a  hole  and  with 
the  earth  well  tamped  to  above  the  ground,  are  believed 
to  be  more  substantial  tlian  those  of  the  United  States 
Geological  Survey  (all  similarly  set),  as  the  latter  merely 
have  the  bottom  of  the  iron  pipe  split  to  widen  the  base, 
while  the  Portland  benchmark  has  a  cast-iron  base  of 
9-in.  diameter  screwed  onto  the  bottom  of  the  pipe.  This 
gives  a  broad,  flat  ba,se  and  also  renders  the  tamped  back- 
filling more  effective. 

All  the  pipe  benchmarks  were  set  with  the  top  6  to  10 
in.  above  the  ground. 

Placing  the  Benchmarks — One  of  the  first  steps  in 
the  work  was  starting  an  instrumcntman  on  a  recon- 
noissance  of  the  city  (taking  one  net  at  a  time)  to  select 
the  best  places  for  the  benchmarks.  His  instructions 
covered  the  selection  of  suitable  objects  on  which  the  tab- 
lets were  to  be  set  and  of  suitable  spots  for  the  pipes. 

The  matter  of  proper  location  and  distribution  of  the 
sites  was  a  vital  one.  The  locator  carried  detail  maps  for 
each  area  in  which  he  worked,  and  these  showed  all  the 
established  street-grade  points.  The  frequency  of  bench- 
marks was  logically  greater  in  a  rolling  or  hilly  section 
than  in  a  nearly  flat  one,  for  the  convenience  of  future 
use.  The  instrumentnian  marked  the  points  selected, 
using  red  bicycle  enamel  for  concrete  surfaces  and  stakes 
for  the  pipe  sites.  These  marks  and  one  copy  of  the  dupli- 
cate loose-leaf  notes  taken  describing  the  location  were  for 
the  guidance  of  the  benchmark  setter  later  on.  The  other 
copy  of  the  loose-leaf  notes  was  for  the  level  party. 

It  may  be  remarked  that  the  frequency  of  benchmarks 
was  largely  dependent  on  the  objects  available  for  the 
tablets.  In  the  localities  not  built  up,  especially  those 
with  very  few  sidewalks,  dependence  was  placed  mainly 
on  pipes,  and  the  number  of  these  was  necessarily  limited. 

The  benchmark  setter  was  a  mechanic  skilled  in  cement 
work.  With  a  set  of  tools  (small  drills,  chisels,  single 
hammer,  etc.)  ho  made  the  rounds,  drilling  lioles  in  the 
concrete  surfaces  selected  and  setting  the  tablets  in  a 
1 : 1  cement  mortar.  For  setting  the  ])ipes  a  wagon  with 
team  and  driver  was  added  for  hauling  the  benchmarks, 
cement,  sand,  gravel  and  tools.  The  benchmark  setter 
was  often  several  weeks  behind  the  reconnoissance  man 
and  at  times  was  several  months  ahead  of  the  level  party. 

To  secure  proper  objects  for  the  tablets  and  proper 
>ites  for  the  pipes  frequently  required  going  onto  private 
property,  and  the  written  consent  of  the  owner  to  the 
placing  of  the  beiuliniark  was  in  each  case  obtained.  Two 
forms  of  permit  wore  used — one  for  corporations  and  the 
other  for  private  individuals.  In  all  considerably  over 
100  permit'^  h:id  (o  be  obtained. 


In  addition  to  the  manufactured  benchmarks  the  ele- 
vations were  taken  on  the  existing  street  monuments 
wherever  the  latter  could  be  reached  from  the  lines  of 
levels.  The  street  monuments  are  considered  as  being 
of  about  the  same  order  as  the  Class  B  manufactured 
benchznarks. 

Advantage  was  taken  of  the  opportunity  in  running  the 
levels  to  establish  a  large  number  of  additional  bench- 
marks on  available  points  and  objects.  These  were  more 
commonly  points  on  the  concrete  curbs,  generally  either 
on  ring  bolts  in  the  curb  or  on  one  end  of  an  angle-iron 
curb-guard  at  the  sidewalk  corners.  These  benchmarks 
are  called  Class  C.  While  not  so  permanent  and  definite 
and  so  certain  of  identification  in  the  field  as  the  others, 
they  are  fully  as  good  as  the  general  run  of  benchmarks 
on  most  engineering  works.  These  benchmarks  were  de- 
termined with  the  same  degree  of  accuracy  as  the  others. 

It  will  be  observed  that  only  the  manufactured  bench- 
marks could  be  numbered,  as  the  design  provided  space 
for  the  serial  number  to  be  placed.  The  numbers  were 
assigned  in  consecutive  order  as  the  lienchmarks  were 
determined,  without  any  regard  to  locality.  The  num- 
bers were  stamped  on  with  a  steel  die.  This  numbering 
of  benchmarks  is  a  marked  advantage,  both  as  regards 
(crtainty  of  identification  and  ease  of  reference  in  tabu- 
lations and  on  maps.  On  the  benchmark  map  constructed 
from  the  survey,  each  numbered  benchmark  was  located  in 
position  and  the  number  entered  alongside,  while  the 
street  monuments  were  also  noted.  Different  symbols  and 
colors  were  used  for  the  different  classes  and  types. 

EXTEXT    AXD    PrOGRE-SS    OF    THE    WoKK 

Fieldwork  by  the  level  party  began  about  the  middle 
of  March,  1914,  and  was  finished  at  the  end  of  July,  191.5. 
The  woi'k  was  continuous  except  for  an  intermission  of 
about  2i/>  mo.  Over  500  ini.  of  level  lines  was  run.  As 
much  of  Portland's  area  is  quite  hilly,  progress  could 
not  be  so  rapid  as  in  a  level  locality.  The  extreme  range 
in  elevation  of  ijcnchmarks  set  was  1,017  ft. 

Area  Covered — -The  total  area  within  the  Portland 
limits  (including  some  water  surface)  is  now  00.3  sq.ini. 
Of  this  area,  9.5  sq.mi.  is  taken  by  the  recent  annexation 
of  Linnton,  and  the  survey  was  not  extended  over  Linnton. 
Practically  all  of  the  remainder  of  the  city  was  covered, 
and  several  of  the  nets  extended  outside  of  the  city.  Over 
G  sq.mi.  outside  the  limits  was  thus  covered,  and  an  ad- 
ditional area  of  2  sq.mi.  (some  of  it  in  a  different  county) 
was  traversed  to  the  extent  of  running  some  main  circuits. 

Altogether  about  fi5  sq.mi.  gross  area  was  cov- 
ered by  the  survey.  The  frequency  of  benchmarks  ranged 
from  13  to  about  60  per  square  mile  within  the  city.  Out- 
side the  city  limits  some  areas  have  only  4  to  5  bench- 
marks per  square  mile. 

Tabulation  of  Benc'hmarks— On  the  survey  there  were 
established  and  accurately  determined  in  elevation  the 
following  number  of  benchmarks:  104  A  tablets,  973  B 
tablets.  170  A  iron-pipe  iiciichmarks,  17  B  iron-])ipe 
■benchmarks,  118  street  monuments  and  585  C  bench- 
marks, making  a  total  of  2,00().  In  addition,  17  United 
States  Geological  Survey  benchmarks  or  points  were 
checked  on  and  the  differences  noted.'  All  these  bench- 
marks were  listed  in  the  tabulation  aftersvard  made. 

The  arrangement  of  such  an  immense  number  of 
l)enchmarks  in  a  list  for  ready  reference  was  a  formidable 
undertaking,  especially  so  becaiLse  of  the  great  diversity 
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of  the  street  systems  and  the  irregularity-  because  of  to])o- 
graphical  con.siflerations  existing  in  Portland.  The 
benchmarks  in  any  city  are  iisually  referred  to  by  their 
street  locations,  though  sometimes  better  designated  by 
other  features,  such  as  railway  lines,  river  or  harbor  lines, 
etc. 

It  was  decided  to  divide  Portland  into  eight  areas  or 
districts  and  to  list  the  benchmarks  in  each  one  sep- 
arately. A  general  alphabetical  arrangement  for  the  en- 
tire city  did  not  promise  well,  because  of  the  great  number 
of  street  names  and  street  numbers.  An  additional  con- 
sideration was  the  fact  that  tlie  list  was  to  be  published 
in  loose-leaf  form.  As  the  work  of  many  of  the  city  sur- 
veyors is  confined  to  certain  sections  of  the  city,  the  list- 
ing by  districts  permitted  the  .separate  use  of  Just  those 
leaves  needed  to  cover  the  particular  districts  affected. 
The  surveyor  can  thus  place  whatever  leaves  are  necessary 
in  his  loose-leaf  field  binder  with  his  regular  survey  notes, 
the  size  and  punching  of  the  regular  siirvey  leaves  l^eing 
the  same  as  those  of  the  benchmark  publication. 

The  method  used  in  listing  was  to  compile  a  ''consec- 
utive" index  of  all  the  benchmarks  in  each  district,  sup- 
plemented by  a  short  alphal)otical  list  of  those  bench- 
marks where  the  street  locations  did  not  fall  within  the 
regular  scheme.  In  addition,  all  of  the  nearly  l,;iOO  num- 
bered benchmarks  were  listed  in  a  separate  table  in  their 
numerical  order.  By  this  latter  list,  if  the  number  of 
a  benchmark  be  known,  it  can  at  once  be  turned  to. 

The  benchmark  talnilation  was  printed  in  booklet  form 
in  January,  1916.  The  booklet  of  141  pages,  of  41/2x714- 
in.  size,  contains  all  the  different  lists,  with  full  prefatory 
notes,  explanations,  table  of  contents  and  index.  The  is- 
.sue  consisted  of  350  copies  bound  in  flexible  covers  and 
also  350  sets  of  loose  leaves  (each  set  with  loose-leaf  cov- 
ers for  convenience  of  keeping). 

Cost  of  Survey  and  Tabulation — Following  are  items 
composing  the  complete  cost  of  the  survey  from  the  be- 
ginning of  the  preliminary  work  to  the  printing  of  the 
tabulation: 

Salaries  of  field  men $u.07B.S5 

Wages  of  benchmark  setter 773.. 10 

Salaries  of  office  men  in  checldng.  adjusting,  distrib- 
uting  errors   of   closure,   indexing,   compilation    of 

lists  of  benchmarks,  etc S4S.80 

Hire   of    team    and    driver   for   hauling   pipe   bench- 

m.arks  and  materials  for  setting 145.25 

Cement,    sand    and    gravel    for    concrete    for    pipe 

benchmarks    54.39 

Manufactured  benchmarks  of  the  four  types   (about 

$70  worth  not  yet  used) S05.20 

Kquipment,   including  minor  supplies  for  surveying  435. 5S 

Street-car  fare   for  employees SS.60 

Miscellaneous    items    33.5 1 

Publication   of   the    tabulation    of   benchmarks    (350 

bound  copies  and  350  loose-leaf  copies) 245.00 

Total ?!s,507.71 

If  the  value  of  the  equipment  (less  soiiio  depreciation) 
and  the  value  pf  the  .supplies — all  available  for  future 
extensions — be  allowed,  the  net  cost  of  the  survey  reduces 
to  not  over  $8,100.  The  pro  rata  cost  for  the  2,00(; 
benchmarks  established  thus  becomes  about  %\  each. 

Attention  is  now  called  to  the  fact  that  a  primary  aim 
of  this  survey  was  to  establish  working  benchmarks,  as 
referred  to  at  the  beginning.  In  the  precise-level  surveysj 
of  other  cities,  such  as  tho.se  of  New  York  and  Ciiicago 
and  to  some  extent  those  of  Pittsburgh  and  Cincinnati, 
the  priniarj'  object  has  been  to  carry  precise  levels  out 
from  an  initial  point  so  as  .substantially  to  cover  the  entire 
area  of  the  city,  but  with  the  actual  establishment  of  only 
occasional  benchmarks.  In  these  cities  there  was  but 
little  attempt  made  1o  put  in  working  bciichniarks.  and 


the  reference  benchmarks  established  in  the  different 
sections  or  boroughs  were  depended  on  mainly  as  starting 
points.  Secondary  levels  were  naturally  run  from  them 
by  the  regular  city  survey  parties  as  occasion  demanded, 
with  the  ordinary  grade  of  leveling  instruments.  In 
Portland  the  aim  has  been  to  obtain  a  complete  list  of 
benchmarks  for  use  by  the  city  surveyors  and  others,  tli. 
distribution  being  such  that  it  will  be  seldom  necessary  ti 
establish  other  intermediate  benchmarks. 

The  covering  of  the  city  in  this  thorough  manner  wa- 
made  all  the  more  necessary  hy  reason  of  the  fact  that 
nearly  all  the  ordinary  leveling  in  Portland  has  been 
done  with  transits,  so  that  not  a  very  high  degree  of  ac- 
curacy is  obtained.  By  having  the  permanent  benchmark- 
at  convenient  intervals  there  will  be  no  objection  to  con- 
tinuing this  practice,  and  work  that  would  be  needed  in 
other  cities  in  carrying  out  secondary  sets  of  levels  and  the 
establishment  of  secondary  benchmarks  will  be  practically 
eliminated.  For  this  reason  the  instrumental  work  in  the 
future  will  be  much  lessened,  and  the  cost  of  this  liench- 
level  survey  could  be  very  properly  distributed  over  a  num- 
ber of  years  to  come. 

It  will  of  course  be  necessary  to  extend  the  benchmark 
system  with  the  growth  of  the  city,  Iioth  because  of  the 
expansion  and  annexation  of  contiguous  territory  and  lie- 
cause  of  the  building  up  of  areas  at  present  but  thinly 
settled  and  in  which  but  a  limited  number  of  benchmarks 
was  established  at  the  time  of  the  survey  by  reason  of  so 
few  available  objects  being  at  hand. 

The  project  of  covering  the  City  of  Portland  with  a 
comprehensive  and  precise  level  survey  was  initiated  bv 
Robert  G.  Dieck,  Commissioner  of  the  Department  of 
Public  Works,  soon  after  his  assumption  of  office  in 
19] 3.  The  execution  of  the  .survey  and  the  resulting 
comjiilations  have  been  under  direct  supervision  of  tlu' 
writer. 


Since  the  adoption  of  the  new  charter  in  1914  the  City 
of  St.  Louis  has  abandoned  the  practice  of  having  stand- 
ard specifications  for  each  form  of  street  improvement. 
The  Designing  Division,  of  which  W.  W.  Horner  is  chief, 
now  prepares  individual  specifications  for  each  street; 
and,  while  the  principal  features  are  the  same  in  all,  the 
attempt  has  been  made  to  work  out  carefully  the  special 
details  applicable  only  to  the  particular  improvemeiH 
For  this  reason  it  is  impcssible  to  print  complete  sped 
fications.  The  division  now  has  loo.se  ]irinted  sheets  for 
(crtain  common  clauses,  and  the  additional  sheets  arc 
ty])ewritten  for  each  ease.  Some  of  the  special  dctail- 
wliich  would  be  difficult  to  describe  in  specifications,  m 
shown  with  accompanying  notes  on  the  plans  for  tin 
work.  (Typical  plans  for  street  improvements  in 
St.  Louis  wore  described  in  Engineeriiifj  Xrirx.  Sept.  "?• 
1915.) 

The  concrete  base  fur  the  majority  of  the  imiirovcnu'iit- 
is  being  made  5  in.  in  thickness,  but  the  base  has  been 
increased  to  as  much  as  7  in.  in  particular  cases.  Some 
of  the  main  points  in  the  new  specifications  are  as  follow? : 

Wood-block  pavement  consists  of  Sy2  in.  yellow  pino 
blocks  treated  with  IG  lb.  of  heavy  oil.  The  blocks  arc 
laid  on  a  %-in.  dry-mortar  cushion  with  bituminous- 
filled  joints.    The  filler  generally  specified  is  a  high-gra(Je 
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asphalt,  but  on  one  large  contract  special  ]3ilch  filler  is 
called  for. 

There  have  been  no  expansion  troubles  on  any  of  the 
wood-block  work,  but  on  two  pavements  laid  late  last 
fall  the  blocks  have  bled  rather  badly  during  May  and 
June  of  this  year.  Blocks  laid  this  year  and  having 
apparently  had  a  little  longer  final  steaming  do  not  as  yet 
show  any  evidence  of  serious  bleeding. 

Of  the  very  large  yardage  of  vitrifled-brick  pavement 
in  St.  Louis,  a  considerable  proportion  is  in  bad  condition 
because  of  the  unsatisfactory  sand  bed  that  was  used,  and 
a  number  of  contracts  are  now  being  let  to  re-cover  these 
old  brick  pavements  with  an  asphalt  wearing  surface. 

Old  Beick  Pavements  Surfaced  with  Asphalt 

Specifications  for  resurfacing  old  brick  with  asphalt 
have  been  provided  to  meet  three  different  conditions : 
First,  where  the  old  brick  wearing  surface  is  badly  out 
of  level  on  account  of  shifting  of  the  sand  cushion,  the 
specifications  provide  for  a  rough  readjustment  of  the 
brick.  The  pavement  is  then  covered  with  binder  in 
'  order  to  fill  any  remaining  surface  inequalities,  after 
which  a  stanxlard  ly^-in.  asphalt  surface  mixture  is  laid. 
Specifications  provide  for  payment  for  the  binder  course 
by  the  ton  and  for  the  wearing  surface  by  the  square  yard. 
They  also  provide  for  readjustment  of  curbing,  for  taking 
up  old  brick  and  for  resetting  old  brick. 

In  the  second  case,  on  certain  of  the  more  important 
streets,  it  is  proposed  to  provide  new  brick  gutters.  These 
gutters  will  be  on  a  sharp  slope  in  order  to  give  a  shoulder 
at  their  outer  edge,  against  which  the  resurfacing  material 
:an  be  laid,  and  at  the  same  time  give  an  ample  depth 
jf  curb  face  at  their  inner  edge.  In  the  third  case,  if  a 
zreat  portion  of  the  old  brick  wearing  surface  is  undis- 
turbed and  in  good  condition,  it  is  proposed  to  readjust 
•and  carefully  regrout  all  rough  places,  apply  a  thin  paint 
:oat  of  asphalt  cement  and  a  l^A-in.  asphaltic  wearing 
surface. 

On  account  of  the  high  cost  of  readjusting  the  brick 
in  advance  of  the  covering,  as  under  the  first  condition 
noted,  it  appears  doubtful  whether  this  type  of  construc- 
tion is  warranted,  because  for  a  very  small  increase  in 
cost  the  brick  could  be  removed  entirely,  a  small  amount 
'jf  concrete  added  and  a  standard  sheet-asphalt  pavement 
laid. 

Rkk-k  Pavements  for  Streets  and  Alleys 

Specifications  for  vitrified-brick  pavement  now  provide 
for  a  wire-cut  lug  block,  not  repressed.  On  all  street 
work  the  brick  is  laid  on  a  %-in.  bedding  course  of  dry 
mortar  of  a  1 : 4  mix  and  is  filled  with  a  1 :  2  mixture  of 
portland-cement  grout.  For  the  alley  pavements  the 
brick  are  laid  on  a  bedding  course  of  limestone  screenings. 

During  the  past  year  three  contracts  have  been  let  for 
brick-paved  alleys,  where  a  monolithic  type  of  construc- 
tion is  provided  for;  that  is,  the  brick  and  the  mortar 
l)edding  course  are  to  be  laid  on  the  fresh  concrete  and 
rolled  with  a  hand  roller.  Prices  on  this  work  were 
ipproximately  the  same  as  for  the  first  type  mentioned, 
but  none  of  the  three  alleys  have  as  yet  been  constructed. 
It  is  doubtful  if  many  alleys  will  be  let  on  this  specifica- 
tion, as  the  difficulty  of  carrying  on  this  type  of  construc- 
tion in  a  closely  built-up  alley  would  make  the  work 
unduly  expensive. 

One  street  having  a  .^G-ft.  roadway  was  paved  ijy  the 
monolithic  method  with  very  satisfactory  results,   but  it 


was  found  that  the  wide  roadway  made  the  operations 
much  more  difficult  than  those  on  the  usual  narrow  high- 
way, so  that  the  cost  was  materially  greater  than  for  the 
dry-mortar  bed.  No  further  attempt  has  been  made  to 
apply  this  method. 

New  Bituminous-Macadam  Pavements 
Following  the  decision  of  the  Board  of  Public  Service 
at  the  beginning  of  the  fiscal  year  that  no  more  water- 
bound  telford  macadam  pavement  would  be  laid,  a  new 
specification  for  telford  was  adopted,  which  provided  for 
a  6-in.  telford  base,  3  in.  of  waterbound  macadam  and 
a  3-in.  top  course  of  bituminous  macadam. 

A  high-grade  asphalt  has  been  specified  for  the  binder 
in  most  of  this  work,  but  on  one  large  contract  refined 
tar  was  called  for.  On  one  contract  also  alternate  bids 
will  be  taken  for  a  base  of  6-in.  telford  plus  3  in.  water- 
bound  macadam  on  the  one  hand  and  a  5-in.  concrete  base 
on  the  other. 

More  Concrete  Curbing  Being  Used 

Up  to  last  year  the  curbing  used  had  been  almost 
entirely  granite.  Some  limestone  w^as  tried  several  years 
ago,  but  it  has  given  poor  service.  Nearly  all  the  granite 
curbing  has  come  from  Georgia  quarries  and  was  for- 
merly delivered  for  from  55c.  to  58c.  per  lin.ft.  on  the 
cars.  Since  last  j'ear,  when  the  specifications  for  curb 
were  revised  and  a  little  better  workmanship  required, 
the  prices  have  risen  steadily  until  the  quotations  in 
St.  Louis  are  now  about  7oc.  per  lin.ft.  This  is  appar- 
ently due  somewhat  to  the  revision  of  the  specification, 
to  close  inspection  and  largely  to  labor  conditions  at  the 
quarries. 

The  division  began  last  year  to  specify  concrete  curb 
in  connection  with  bituminous-macadam  work;  and  since 
the  rise  in  price  of  granite,  concrete  curb  is  being  speci- 
fied on  all  except  the  most  important  streets. 

Elimixating  Fieldwohk 

The  tendency  is  to  make  careful  designs  and  prelim- 
inary estimates  for  each  piece  of  work  and  to  take  bids 
in  as  much  detail  as  possible  in  order  that  the  contractors 
may  have  no  occasion  to  estimate  contingencies. 

On  account  of  the  general  increase  in  prices  of  materials 
and  labor  since  these  specifications  were  adopted  it  is 
difficult  to  ascertain  to  what  extent  the  present  form  of 
plans,  specifications  and  bidding  is  afTecting  the  cost  of 
work,  but  there  is  no  doulit  that  it  has  tended  toward 
fiiuphTn-ation  of  tlu-  work  in  the  field. 


Depreciation  In  <'«»<t  Accountlnier — The  Federal  Trade  Com- 
mission is  urging  on  every  business  man  tlie  absolute  neces- 
sity of  malting  proper  provision  for  depreciation  and  doing 
it  monthly  or  at  least  quarterly.  I  think  I  can  safely  say 
that  no  accounting  system  will  receive  the  indorsement  of 
the  commission  unless  it  docs  provide  for  the  inclusion  of  this 
most  important  item  of  cost.  Statistics  show  that  the  per- 
centage of  business  men  who  do  not  provide  for  depreciation 
is  very  large,  running  over  50%,  and  this  la  one  of  the  causes 
that  have  a  great  influence  on  the  business  death  rate.  Nearly 
every  man  is  perfectly  willing  to  include  in  his  cost  all  items 
for  which  he  pays  out  actual  money,  but  he  is  inclined  to 
overlook  items,  such  as  depreciation,  that  do  not  require  a 
visible  outlay.  Many  manufacturers  and  merchants  do  not 
charge  any  depreciation  and  give  as  a  reason  that  they 
keep  their  plant  and  stock  in  flrst-class  condition.  This  Is 
one  of  the  erroneous  ideas  in  business  today.  Every  ma- 
chine, building  and  apparatus,  like  every  man,  h.as  a  cer- 
tain period  of  life;  and  no  matter  how  much  care  is  taken  of 
equipment,  death  Is  bound  to  come. — From  an  address  by  13. 
N.    Hurley,   Chairman.   I-'ederal  Trade  Commission. 
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.S}'-\OF>SIS — The  larijcd  xlccl  rolliny-creat  dam 
in  thin  country  lias  just  been  completed  by  the 
United  States  Heclamation  Service  over  the  Grand 
River  near  Grand  Junction,  Colo,  hi  " Engineerintj 
Sews,"  July  6, 1010,  F.  Teichman,  one  of  the  engi- 
neers in  the  service,  described  the  design  of  the 
dam.  This  article,  prepared  by  one  of  the  editors, 
describes  the  construction  feaiuri.<. 

Work  on  the  Grand  Kiver  dam  was  begun  Aug.  2T, 
1913,  but  owing  to  the  European  War  and  unforeseen  dif- 
ficulties in  arranging  for  the  fal)rication  of  the  steel 
rollers  and  operating  mer-hanisni  the  construction  opera- 
tions were  prolonged  far  beyond  the  original  estimate. 

Essentially  the  dam  consists  of  a  standard  concrete 
masonrj'  ogee  weir,  the  crest  of  wliich  is  at  El.  4,'i'82, 
with  an  apron  about  33  ft.  long  and  3  to  6  ft.  thick  with 
its  top  at  El.  4,7  T4,  a  little  below  the  normal  bed  of 
the  Grand  Eiver,  and  a  front  apron  covered  with  pud- 
dle. On  the  weir  is  420  ft.  of  rolling  crest,  10 
ft.  3  in.  high,  in  six  units  of  70  ft.  each.  At  the  west 
end  of  the  dam  is  a  60-ft.  sluiceway  controlled  by  a  roll- 
ing crest  of  the  same  type,  but  15  ft.  4  in.  high,  as  the 
elevation  of  the  sluiceway  sill  is  5  ft.  lower  than  the  crest 
of  the  ogee  weir.  The  roller  crests  are  of  a  type  having 
its  origin  in  Germany,  and  are  built  under  patents  o^\Tied 
by  the  Machinenfabrik  Augsburg-Nurnberg  A.  G. 

The  right-hand  (shore)  wall  of  the  sluiceway  contains 
the  canal  intake  regulator  gates,  nine  in  number,  each 
r.\7  ft.  The  sill  of  the  intake  gates  is  at  El.  4,785.25,  or 
8.25  ft.  higher  than  the  sill  of  the  sluiceway  and  6.25 
ft.  higher  than  the  floor  at  the  entrance  to  the  sluiceway. 
The  maximum  height  of  water  in  the  canal  is  4,791.5  ft. 
for  a  discharge  of  1,125  .sec.-ft.  The  gates  cost  $6,079, 
the  Hinman  Hydraulic  Manufacturing  Co.,  Denver,  being 
tlie  contractor. 

Ogee  Weik  and  Piek.'; 

Tlie  dam  substructure  rests  on  gravel.  Borings  made 
30  ft.  in  the  bed  of  the  stream  showed  the  bedrock  to  1)0 
soft  .sandstone.  The  cross-section  of  the  weir  was  made 
long  to  restrict  the  flow  of  tlie  undercurrent  and  un- 
usually heavy  to  resist  sliding. 

The  diversion  dam  and  canal  hcadgates  are  one  struc- 
ture. The  canal  draws  water  at  right-angles  to  the  cur- 
rent so  as  to  have  the  least  interference  from  drift,  and 
water  is  drawn  from  the  up])er  strata  so  as  to  have  a 
minimum  of  silt.  The  axis  of  the  ogee  weir  is  at  right- 
angles  to  the  river,  except  for  a  slight  bend  at  the  east 
end  to  meet  the  wall  of  the  adjoining  Orchard  .Mesa  canal 
at  right  angles. 

Construction  of  a  dam  at  the  site  chosen  was  com- 
plicated by  the  presence  of  the  tracks  on  the  Denver  & 
Kio  Grande  R.ll.  side  and  the  canal  of  the  Orchard  .Mesa 
Irrigation  District.  Both  the  railway  tracks  and  canal 
bank  had  to  be  permanently  raised  and  protected.  The 
original  intention  was  to  supply  the  Orchard  Mesa  canal 
from  this  dam,  but  this  arrangement  could  not  be  satis- 
factorilv  made  with  the  Irriu'ation  Disti'ict. 


jver 


The  general  scheme  of  construction  was  to  build  the 
sluiceway  first  and  then,  diverting  the  river  through  it. 
build  the  ogee  weir  and  piers.  A  trestle  was  built  acro.ss 
the  river  a  short  distance  above  the  dam  and  filled  with 
rock  and  earth  to  form  a  coffer-dam.  The  work  was 
done  under  difiiculties  as  the  highest  water  on  record 
occurred  during  this  time.  A  cableway  was  erected  over 
the  center  of  the  dam  for  handling  materials. 

All  machines  were  electric  driven.  Power  was  obtained 
from  the  steam-generating  plant  at  Cameo  over  a  trans- 
mission line  three  miles  long.  Transmission  was  made 
at  16,500  volts  a.c.  and  was  stepped  down  by  transfonner- 
iu  the  substation  to  2,200  volts  a.c.  and  converted  into  250 
volts  d.c.  for  all  equipment.  Sand  and  stone  for  the  con- 
crete was  taken  from  a  sandstone  quarrv'  on  the  east  bank, 
opposite  the  dam.  The  over-burden  as  removed  was  used 
to  tighten  the  coffer-dam  and  for  the  puddle  on  the  up- 
stream apron.  The  rock  was  handled  by  a  .^titf-leg  derrick 
wJiich  dumped  onto  the  feeding  platform  for  a  Gates 
gyratory  crusher  and  Davis  sand  rolls.  These  discharged 
into  the  same  bucket  elevator  running  to  a  revolving 
screen  mounted  over  hopperbottomed  bins.  Gates  in  tin 
bottom  of  the  bins  emptied  into  measuring  boxes  for  thr 
mixer. 

Xegotiatioxs  foe  Fabricatiox  of  Rollers 

In  the  latter  part  of  1913  it  was  considered  that  lioth 
time  and  money  would  be  saved  by  having  the  steel  rollers 
designed  and  fabricated  by  the  patentees,  the  Machineii- 
fabrik  Augsburg-Nurnberg  A.  G.     The  German  firm  ac- 
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FIGS.  3  AND  3.   VIEWS  OF  gi;a;;d  valley  divejrslon  dAm  d-uring  construction 


Fig    2 — Construction  view,  talten  from  tlie  east  side  looking  west  toward  sluiceway  an 
was  still  dry.      Fig.    3 — Same   view   as   in   Fig.   2;    taken  afiter   roUe 


canal  lie«dgates  vi-hile  dam  site 
were    up 


cepted  the  contract  in  September,  1013.  A  set  of  plans 
was  received  at  the  Washington  office  of  tlie  Reclamation 
Service  on  Apr.  11,  1914,  and  submitted  to  the  project 
ofifice  where  they  were  reviewed  and  reported  upon  ilay 

22,  1914.  Fabrication  of  certain  parts  was  begun  in 
Germany. 

Early  in  August,  1914,  it  became  evident  that  because 
of  the  European  War  the  German  company  would  not  be 
able  to  complete  its  contract  and  tentative  plans  were 
made  for  beginning  the  preparation  of  drawings  and 
specifications  for  American  manufacturers.  Later  the 
German  company  announced  its  inability  to  proceed  with 
the  work,  and  F.  Teichman,  Designing  Engineer,  Re- 
clamation Service,  proceeded  at  once  to  Washington  and 
in  the  course  of  a  few  nionths  entirely  worked  over  the 
German  designs  to  conform  to  American  practice.  C. 
H.  Branscombe  assisted  in  this  work.  Plans  and  spe- 
cifications were  completed  and  submitted  to  bidders  Dec. 

23,  ]9M.  Owing  to  the  fact  that  this  is  the  first  steel 
roller  dam  fabricated  in  this  country  the  following  list 
of  bids  and  bidders  is  of  interest: 

Name  of  Bidder  Unit  Total 

Knpineers'  estimate    3..')C.  ?20,531.00 

Rlter-Conlcy      Manufacturing      Co.,      Pitts- 

bureh,  I'enn 2.3r.c.  1 4,938.30 

Pennsylvania  Bridge  Co.,  Beaver  Falls,  Penn.  2.94c.  17,246.04 
Stacy  -  Sctimidt    Manufacturing    Co.,     York, 

Penn 3.2c.  IS. 771. 20 

American  Bridge  Co.,  Baltimore,  Md 3.2c.  18,771.20 

Independent  Bridge  Co..  Pittsburgh,  Penn.. .  3.46c.  20,296.36 

St.  I'aul  Foundry  Co.,  St.  Paul,  Minn 3.55c.  20,824.30 

Minneapolis  Steel   and   Machinery   Co.,   Min- 
neapolis,   Minn 3.72e.  21.821.52 

Milwaukee  Bridge  Co.,  Milwaukee,  Wis 3.72c.  21,821.52 

Chicago  Bridge  and  Iron  Works,  Chicago,  111.  3.75c.  21,997.50 

Allls-Chalmers  Co.,  Milwaukee,  Wis 3.8c.  22,290.80 

Reummell-Dawley    Manufacturing    Co.,    St. 

Louis,   Mo 3.9c.  22,877.40 

Pittsburgh  -  Des    Moines    Steel    Co.,    Pitts- 
burgh, Penn 3.97c.  23,289.02 

Kansas    City    Structural    Steel    Co.,    Kansas 

City,    Mo 4.0c.  23,464.00 

McMyler  Interstate  Co.,  Bedford,  Ohio 4.76c.  27,922.16 

Treadwell  Construction  Co.,  Midland.  Penn.  5.375c.  31,529.75 
Whitehead    &    Kales    Iron    Works,    Detroit, 

Mich 5.8c.  34,022.80 

William  Cramp  &  Sons,  Philadelphia,   Penn.  8. 55c.  50,154.30 

The  contract  wa.s  let  to  the  low  bidder,  the  Riter- 
Conley  Manufacturing  Co.,  of  Tittsburgh,  for  $1 1,958.30. 
The  erection  and  freight  costs  are  not  included  in  this 
or  the  other  figures  given.  The  erection  was  done  by  the 
Reclamation  Service  forces. 

Having  arranged  for  the  manufacture  of  the  rollers  in 
this  country  it  was  still  considered  d(!siral)le  to  attempl 
arrangements  witii  tiie  German  patentees  for  tlie  manu- 


facture of  Hk'  hoists  and  eb.ains.  The  hoist  for  the  heav- 
iest— the  GO  ft.  roller — was  ordered,  but  orders  for  the 
hoists  for  the  70-ft.  rollers  were  held  pending  bids  from 
American  firms.  The  bid  of  the  Minneapolis  Steel  and 
Manufacturing  Co.,  Minneapolis,  ilinn.,  was  as  low  as 
the  German  bid  and  the  contract  for  the  six  TO-ft.  roller 
hoists  was  let  to  this  firm  for  $825  each.  The  order  for 
the  60-ft.  roller  hoist  placed  in  Germany  was  then  re- 
called and  let  to  the  Link-Belt  Co.,  Chicago,  111.,  for 
$1,600. 

The  only  parts  then  left  in  the  hands  of  the  German 
manufacturers  were  the  steel  chains  and  sprockets,  in- 
cluding shafts,  but  eventually  these  too  had  to  be  con- 
tracted for  in  this  country.  The  German  firm  did, 
however,  manufacture  and  ship  to  this  country  in  Jan- 
uary, 1915,  the  cast-steel  toothed  racks  for  the  piers  and 
the  toothed  rims  for  the  rollers. 

The  steel  supports  for  the  racks  were  furnished  by 
the  ilinneapolis  Steel  and  ilachinery  Co.  These  supjiorts 
were  drilled  with  %-in.  holes  and  the  %-in.  holes  in  the 
rack  were  reamed  to  %-in. ;  the  racks  were  then  fastened 
to  the  supports  witii  tight-fitting,  turned  bolts.  The 
original  design  called  for  ').i-iii.  bolts.  The  two  up])er 
sections  of  the  rack  are  not  attached  to  the  supports  but 
are  merely  held  in  the  pier  in  ])lace  by  tight-fitting  an- 
chor bolts. 

EHECTION   OF   IJOLLEU   CrESTS 

The  original  program  for  the  erection  of  the  roller 
crests  was  as  follows:  (1)  Construct  a  coffer-dam  from 
■  pier  c  upstream  to  the  main  coffer-dam,  and  demolish  the 
main  coffer-dam  between  this  junction  and  the  east  hank, 
or  in  front  of  spans  ah  and  he:  (2)  erect  rollers  cd,  dr. 
and  ef,  and  at  the  same  time,  by  placing  heavy  rock  with 
the  cableway  across  the  sluiceway  channel,  turn  all  Ihc 
river  through  spans  ah  and  he  and  begin  work  in  the 
sluiceway  (i.e.,  finish  concrete  abutment  k  and  pier  (j. 
place  the  paving  in  the  tailrace  and  erect  the  sluiceway 
roller)  ;  (3)  when  ttio  three  rollers  lietween  piers  r  and  / 
should  be  erected,  raise  lliem  out  of  danger  and  demolisli 
the  coffer-dam  in  front  of  them,  at  the  same  time  rebuild- 
ing the  coffer-dam  in  front  of  spans  a  to  r;  and  so  soon  aS 
water  could  be  turned  from  tliese  spans  erect  the  rollers 
upon  tlieni  and  finally  demoli.^li  the  remains  of  tlie  colfer- 
dam.     (See    Fig.    1    for   locations    of    sections    noted.) 
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PIGS.    4  TO   9.     CONSTRUCTION   VIEWS   OF   THE   ROLLER-CREST   DAM,   GRAND  VALLEY   PROJECT, 

U.  .S.  RECLAMATION  SERVICE 

Pig.  4  (Upper  Left) — PlaclriB  lollor  sections  by  cableway.  Fig.  .5  (Upper  Right) — Placing  tlie  closing  section  of 
roller  shown  in  Fig.  4.  Fig.  G  (Middle  Left) — Erection  of  roller  BC,  showing  falsework  suspended  from  truss  beam. 
Fig.  7  (Middle  Right) — Placing  shields  on  the  sluiceway  roller.  p'lg.  S  (Lower  Lett) — Sluiceway  roller  In  place. 
Fig.  9  (Lower  Right) — End  of  sluiceway  roller,  showing  track  extension  on  the  upstream  side  of  pier,  which  takes 
the  place  of  safety  chains  In  the  original   design.     Note  also  that  the  shield  Is  boarded  over 
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This  program  was  essentially  carried  out  except  the 
erection  of  the  sluiceway  roller  simultaneously  with  the 
rollers  cd,  de  and  ef.  The  increase  in  head  resulting 
from  damming  the  sluiceway  caused  such  leakage  through 
the  coit'er-dam  as  to  endanger  it;  hence  the  diversion  of 
the  flow  from  the  sluiceway  was  postponed  until  the 
three  rollers  c  to  f  were  erected  and  raised  to  a  position 
where  the  flow  under  them  would  not  interfere  with 
continuing  work  upon  them,  and  the  coffer-dam  protect- 
ing them  would  no  longer  be  required. 

The  erection  of  the  first  roller  was  begun  ilar.  25, 
1915.  This  roller  was  shipped  in  five  sections — the  two 
inds,  each  about  13  ft.  long,  upon  which  the  toothed  rims 
were  attached ;  the  two  adjoining  pieces  each  about  21  ft. 
long  and  a  closing  section  61/0  ft.  long.  The  two  end 
sections  were  swung  into  their  approximate  positions  on 
timber  falsework  by  means  of  the  cableway,  and  with 
bars  and  jacks  the  proper  teeth  on  the  racks  which  had 
i)een  set  and  the  rims  were  brought  into  mesh. 

The  two  adjacent  sections  of  tlie  roller  were  then 
joined  to  the  ends  and  held  in  place  by  barrel  pins  and 
fitting-up  bolts.  The  four  sections  were  then  adjusted 
for  alignment  at  all  parts  of  the  circumference.  The 
opening  for  the  closing  section  was  made  about  Vi-iu- 
larger  than  the  length  required,  and  the  slip  or  closing 
section  swung  into  place.  The  end  sections  were  then 
drawn  together  by  pulling  jacks  and  the  splice-plates  put 
on  and  held  by  barrel  pins  and  fitting-up  bolts. 

The  roller  was  next  tested  by  wye  level  and  the  riveting 
commenced.  AMien  the  riveting  was  completed  on  the 
roller  proper,  not  including  the  shields  and  end  shields, 
the  roller  was  raised  to  give  8  ft.  clearance  over  the  ogee 
weir.  It  was  here  held  in  place  by  12xl2-in.  Oregon 
fir  posts,  one  under  each  end,  strongly  braced  and  fit- 
ting into  a  hole  chipped  in  the  bottom  of  the  recess. 
This  recess  was  then  planked  up  to  insure  against  dis- 
placement of  the  post  by  floating  debris.  In  this  position 
the  shields  were  riveted  to  the  rollers. 

In  erecting  the  roller  be  a  trussed  beam  of  8xl8-in. 
Oregon  fir  was  constructed  and  placed  across  the  space 
between  piers  b  and  c,  aliout  7  ft.  downstream  from  the 
sill  of  the  rollers.  To  this  beam  six  cables  were  fast- 
ened and  dropped  down  to  support  the  downstream  ends 
of  the  caps  upon  which  the  falsework  was  erected.  Work 
on  the  roller  ah  was  carried  out  in  the  same  manner. 
In  both  instances  extreme  high  water  threatened  the 
safety  of  the  falsework  and  only  quick  work  saved  the 
situation. 

The  erection  of  the  five  rollers  a  to  /  was  pushed  ^^nth 
all  possible  speed,  but  during  this  period  there  were  times 
when  it  was  expedient  to  work  on  roller  fg,  which  is  east 
of  pier  9  and  inclosed  on  the  opposite  side  by  the  sluice- 
way wall.  It  was  blocked  off  by  co(fer-dams  built  both 
up  and  downstream  from  pier  /.  The  apron  below  this 
roller  was  built  around  the  sump  to  which  drainage  water 
was  run  during  construction  work.  As  soon  as  the  sec- 
tions of  the  roller  had  been  assembled  and  riveted  it 
was  raised  8  ft.  clear  of  the  weir  and  the  shields  riv- 
eted in  place.  A  temporary  sill  and  sealing  strips  were 
attached  and  the  roller  lowered  on  the  crest  of  the  weir, 
effectually  shutting  off  the  water  from  this  sjian  and 
protecting  the  bay  below  and  the  coffer-dam  above  from 
pier  /  to  the  corner  of  the  sluiceway. 

The  erection  of  the  sluiceway  roller  did  not  begin  until 
liie  early  part  of  June,  1915.     The  sluiceway  was  cut 


i^ff  by  three  coli'er-dams.  The  method  adopted  differed 
only  slightly  from  that  employed  for  erecting  the  70-ft. 
rollers.  The  falsework  for  pieces  Nos.  2  and  4  was 
built  on  flat  cars  running  on  a  36-in.  gage  track  laid 
parallel  to  the  sill,  the  flat  apron  of  the  spillway  favor- 
ing this  method.  The  erection  and  riveting  of  the  sluice- 
way roller  was  carried  out  during  a  flood  season,  when 
the  discharge  of  the  river  reached  a  maxinnun  ul'  21,000 
sec.-ft. 

Pavixc.  Sluiceway  axd  Slope-s 

The  next  operation  was  the  concreting  of  the  drainage 
sump  and  the  paving  of  the  downstream  end  of  the  sluice- 
way channel,  after  which  the  sluiceway  roller  was  raised 
and  the  others  lowered,  diverting  the  entire  flow  through 
the  sluiceway  and  finally  demolishing  the  coffer-dams. 

The  heavy  riprap  below  the  dowaistream  apron  was 
placed  with  a  15-ton  derrick,  and  a  36-in.  gage  truck 
was  built  along  the  spoil  bank  to  bring  the  stone  within 
reach  of  the  derrick.  This  work  was  begun  about  mid- 
way between  piers  /  and  y  and  proceeded  eastward.  When 
the  east  abutment  was  reached  the  derrick  continued 
downstream  and  also  laid  the  slope  paving  downstream 
from  the  east  abutment.  Previous  to  placing  the  slope 
paving  a  footing  wall  3  ft.  wide  and  averaging  41/^  ft. 
deep  was  built  on  solid  rock.  The  embankment  upon 
which  the  slope  paving  is  l;ii(l  is  10  ft.  wide  on  top 
and  forms  the  right-hand,  or  river  >idi',  embankment  of 
the  Orchard  Mesa  canal. 

Operating  Meciiaxism   iok  Koi.leijs 

In  March,  1915,  steps  were  taken  to  have  the  chains 
and  chain  shafts  made  in  this  country.  -Ml  except  a 
sample  set,  which  was  made  liy  the  Vulcan  Iron  Works, 
Denver,  Colo.,  are  being  made  by  the  Lakeside  Bridge 
and  Steel  Co.,  Milwaukee,  Wis. ;  the  contract  price  was 
$5,147  for  the  chain  shal'ls  and  ()])erating  chains  and 
$891  for  the  safety  chains.  Subsequently  the  part  of 
the  design  calling  for  the  safety  chains  was  discarded  in 
favor  of  triangular  bents  of  structural  steel,  which  form 
the  upper  part  of  the  upstream  roller  tracks  (?ee  Fig. 
9).  The  bids  for  the  .safety  chains  were  rejected  and 
the  contract  for  the  track  extensions  awarded  to  the  Vul- 
can Iron  Works,  Denver,  for  $125.  Since  Sei)tember, 
1915,  the  rollers  have  been  operated  by  shifting  the 
single  chain  for  the  70-ft.  roller  from  one  to  another, 
and  liy  temporary  rigging  from  the  cableway,  in  order 
to  enable  the  diversion  of  water  for  seasoning  and  prim- 
ing the  canals. 

The  permanent  power  plant  for  the  operating  of  the 
roller  crests  and  canal  headgates  consists  of  a  gasoline- 
engine-driven  electric  generator  (25  kw. )  which  will  su]v 
ply  current  to  six  10-hp.  motors,  operating  the  hoists 
for  the  70-ft.  rollers,  one  20-hp.  motor  for  the  GO-ft. 
roller,  and  a  3-hp.  motor  for  the  headgates.  A  storage 
battery  will  also  be  installed,  to  be  charged  by  the  gen- 
erator set.  The  battery  will  furnish  enough  ]iii\vcr  to 
operate  one  roller.  The  gears  are  also  capable  of  iieing 
operated  by  a  hand-winch. 

The  service  bridge  connecting  the  operating  houses  and 
intermediate  piers  consists  of  seven  3-hinge  steel  arch 
.spans.  Six  arc  70  ft.  in  length  from  pier  wall  to  pier 
wall  and  one  is  60  ft.  The  width  of  the  bridge  is  6  ft. 
inside  the  lower  chords.  The  rise  of  the  arches  is,  in 
each  instance,  7  ft.  and  the  curve  is  approximately  para- 
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bolic.  The  floor  is  3-in.  planking  at  an  elevation  of 
4,809.25,  which  is  the  finished  elevation  of  the  piers  a, 
c,  e  and  g.  The  latticed  handrail  on  the  upstream  side 
is  continuous  from  piers  a  to  /;.  The  service  bridge  was 
built  by  the  Des  Moines  Bridge  and  Iron  Works,  Des 
Moines,  Iowa,  and  cost  2.8c.  per  lb.     It  weighs  45  tons. 

COXCLUSIOX    AND   ACKNOWLEDGMEXTS 

The  elevation  of  the  tops  of  the  roller  crests  is  4,'i'92.25 
ft.  For  an  assumed  high-water  level  above  the  dam  of 
4,792.5  ft.  the  discharge  over  the  dam  and  sluiceway, 
with  all  movable  crests  raised,  is  estimated  at  50,000 
sec.-ft.  Besides  this  2,000  see.-ft.  can  be  bypassed 
through  the  canals  on  each  side  of  the  river.  The  ele- 
vation of  the  tracks  of  the  Denver  &  Rio  Grande  R.R. 
was  raised  from  4,792  to  4,797  ft. 

It  will  be  necessary  at  times  to  divert  the  whole  flow 
of  the  river  into  the  project  canal.  This  requirement 
eliminated  the  possibility  of  using  wickets  or  other  in- 
expensive types  of  movable  crest,  on  account  of  the 
leakage.     The   choice   was   therefore   restricted   to   roller 


crests  or  large  Stoney  sluicegates.  The  greater  ease  with 
which  the  rollers  could  be  operated  was  the  determining 
factor.  A  roller  was  selected  for  the  sluicewaj'  gate  on 
account  of  the  lower  cost  and  for  uniformity  in  operating 
mechanism.  The  committee  of  Reclamation  Service  En- 
gineers responsible  for  the  adoption  of  the  design  is  com- 
posed of  R.  F.  Walter,  D.  C.  Henr^,'.  J.  H.  Miner,  F. 
Teichman  and  0.  T.  Reedy. 

As  previously  noted  Mr.  Teichman  was  the  designing 
engineer ;  Mr.  Miner  is  project  manager  and  0.  T.  Reedy 
was  construction  engineer  in  charge  of  erection  until  the 
summer  of  1915,  after  which  the  project  manager,  Jlr. 
iliner,  was  in  direct  charge.  The  chief  engineer  of  the 
Reclamation  Service  is  Arthur  P.  Davis,  and  Chief  of 
Construction  is  F.  E.  Weymouth. 

For  the  material  of  which  this  article  is  composed 
Engineeriny  News  is  indebted  to  E.  H.  Baldwin,  who 
was  Acting  Chief  of  Constniction,  and  to  Mr.  Miner. 
The  text  is  based  largely  on  extracts  from  the  project 
histories  of  1914  and  1915  and  on  other  data  gathered  on 
the  site  of  the  work  bv  one  of  tlie  editors. 
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.•^IWOPSIS — I'lic  iifcd  of  ami  ccuiwiin/  of  effi- 
cient sitpervmon  of  small  seiragc-diapo.ml  workg  vi 
shown  by  Kansas  experience  7rith  plain  and  Iwo- 
story  septic  tanks,  contact  beds  and  their  dosing 
ileri(  es. 

The  following  observations  are  based  on  an  investiga- 
tion by  the  writer  of  the  operation  of  sewage-disposal 
plants  in  the  State  of  Kansas  during  a  period  of  two 
years.  It  is  believed  that  what  may  be  said  of  Kansas 
plants  is  also  applicable  to  those  of  other  states. 

The  types  of  disposal  plants  found  in  Kansas  are  septic 
tanks,  either  ordinary  or  two-stage,  contact  beds,  and 
one  installation  each  of  disinfection  and  of  subsurface 
irrigation.  Several  sand  filters  and  one  trickling  filler 
arc  niidcr  construction. 

Omux.vKY  Axi)  Two-Stage  Septic  Taxks 

By  variation  of  the  length  of  the  detention  period  of 
a  tank,  il  may  be  o])erated  either  as  a  plain  settling  tank 
or  as  a  septic  tank.  The  greater  number  of  our  tanks 
are  composed  of  two  or  more  compartments  which  fact 
allows  for  some  flexibility  in  operation,  but  a  knowledge 
of  the  principles  which  underlie  the  working  of  the  tanks 
is  necessary  for  the  successful  adaptation  of  plant  capac- 
ity to  sewage  flow. 

All  of  our  plants  are  subject  to  variation  in  sewage 
flow,  due  in  some  cases  to  leaky  sowers  or  to  fluctuations 
in  the  ground-water  level,  and  in,  others  to  the  uses  to 
which  the  sewers  are  put.  Therefore,  it  is  easily  seen 
that  a  ]>lant  cannot  be  expected  to  give  the  same  purifi- 
cation through  this  range  of  conditions  unless  its  capacity 
is  correspondingly  varied. 

•Assistant  Engineer,  State  Boarrl  nf  HeaUh.  Lawrence.  Kan. 


A  point  which  has  received  little  or  no  attention  at  our 
plants  is  the  gradual  change  of  capacity  of  tanks  due  to 
the  accumulation  of  sludge.  Owing  to  the  wide  range  of 
conditions  met  with  in  different  plants,  it  is  impossiitle 
to  set  an  optimum  detention  period  for  all  plants,  but 
this  must  be  determined  for  each  individual  case,  by 
experiment. 

Many  of  our  ])lants  are  so  located  that  they  receive 
their  sewage  in  a  very  fresh  condition,  and  in  these  cases 
there  is  no  material  benefit  to  be  obtained  by  allowing 
the  .sewage  to  remain  in  a  tank  any  longer  than  is  neces- 
sary for  the  deposition  of  the  greater  part  of  the  solids. 
The  benefit  to  be  gained  by  the  sludge  digestion  that 
might  take  place  by  the  use  of  the  longer  period  is  more 
than  overbalanced  by  the  increased  difficulty  of  subse- 
quent treatment  either  by  dilution  or  on  filters.  In 
several  cases  the  writer  has  found  the  effluent  of  tanks 
and  occasionally  those  of  contact  beds,  to  require  more 
water  for  their  safe  dilution  than  did  the  raw  sewage, 
owing  to  lack  of  cleaning  at  the  proper  time  or  to  im- 
proper detention  periods.  In  such  a  case  the  plant  is  a 
detriment  to  a  city  and  the  money  spent  for  its  constrnc- 
tion  is  a  total  loss  so  long  as  such  coiulitions  are  allowed 
to  prevail. 

The  advantage  of  the  two-stage  septic  tank  lies  in  the 
isolation  of  the  digesting  sludge  from  the  settling  sewage 
and  to  effect  this  the  operation  of  the  plant  must  receive 
daily  attention.  Gas  vents  should  be  kept  ojieii  to  pre\ent 
gas-lifted  particles  of  sludge  from  entering  the  settling 
chamber.  Scum  should  be  removed  from  the  surfaces  of 
the  settling  chamber.  The  height  of  the  sludge  in  (lie 
digestion  chamber  should  be  so  regulated  that  it  will  at 
no  time  be  nearer  than  a  foot  or  so  to  the  settling  sewage. 
Sludge  pipes  and  valves  should  receive  sulficient  attention 
to  insure  their  readiiu^ss  for  operation  at  all  tinu>s. 
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The  extreme  offensiveness  of  the  collections  on  screens 
and  the  danger  of  backing  np  of  the  sewage  make  their 
cleaning  a  necessity  as  often  as  they  become  clogged, 
since  a  poorly  operated  screening  chamber  is  worse  than 
useless. 

Do.six(;  Chajibees  axd  Devices 
Failure  to  flush  dosing  chambers  has  frequently  been 
a  source  of  trouble  in  our  plants,  and  the  subsequent 
treatment  of  good  tank  effluents  has  on  this  account  been 
made  more  difficult.  Holding  the  effluent  in  contact  with 
septic  sludge  in  a  dosing  chamber  has  the  same  or  worse 
effect  than  an  equivalent  lengthening  of  the  detention 
period  in  the  tank.  We  have  increased  the  efficiency  of 
some  of  our  contact  beds  by  changing  the  piping  of  the 
dosing  siphon,  so  as  to  allow  the  tank  to  discharge  at  a 
lower  level,  thus  decreasing  the  period  in  the  chamber. 

Xo  matter  what  the  design  of  a  dosing  device  may  be, 
it  must  be  thoroughly  understood  by  the  operator,  in 
order  that  small  repairs  and  adjustments  may  be  quickly 
made,  when  necessary. 

When  seen  for  the  first  time  any  device  seems  to  be 
merely  a  maze  of  piping  and  it  is  not  surprising  that 
much  trouble  has  been  encountered  in  their  operation 
by  men  who  do  not  understand  their  construction.  The 
writer  has  been  called  upon  to  put  a  dosing  apparatus 
into  operation  when  all  that  was  necessary  was  the  correct 
adjustment  of  a  three-way  cock.  Every  plant  operator 
should  have  a  setting  plan  of  his  device  and  should  be  so 
familiar  with  it  that  he  is  able  to  vary  its  operation  at 
will.  Such  drawings  may  be  had  free  of  charge  from 
the  manufacturers  of  the  apparatus. 

Where  secondary  treatment  is  practiced,  the  import- 
ance of  the  successful  operation  of  the  dosing  apparatus 
cannot  be  overestimated.  Time  after  time  the  writer  has 
visited  plants,  after  having  been  assured  that  they  were 
operating  successfully,  only  to  find  the  dosing  device  out 
of  order  and  the  whole  plant  out  of  commission.  Any  de- 
vice will  at  times  fail  to  operate,  but  if  it  is  immediately 
attended  to  no  permanent  injury  results.  Several  cases 
have  been  noted  by  the  writer  where  a  contact  bed  has 
been  practically  ruined  by  the  failure  of  an  alternating 
siphon  to  take  its  seal,  thus  allowing  the  sewage  to  run 
through  one  bed  continuously. 

Need  or  Cahe  in  Opehatixg  Contact  Beds 
Treatment  on  contact  beds  cannot  be  successfully  prac- 
ticed wifliout  much  care  in  the  adjustment  of  the  opera- 
tion cycle  to  the  rate  of  flow  of  sewage.  This  cycle  must 
be  selected  with  due  regard  for  the  character  of  the  tank 
effluent  treated,  as  well  as  for  the  rate  of  flow,  and  can 
only  be  chosen  by  trial  in  each  plant.  In  general,  the 
results  of  our  beds  have  been  the  best  in  cases  where 
relatively  fresh  tank  effluent  has  been  treated  and  the 
writer  has  yet  to  .see  a  stable  effluent  produced  by  a  plant 
which  treats  the  effluent  of  a  tank  witli  a  detention  period 
of  over  twelve  hours. 

Cases  have  been  found  where  no  attempt  has  been  made 
to  set  the  valves  in  the  timing  chambers  so  that  each  bed 
will  have  an  equal  contact  period,  and  in  such  cases  no 
efficiency  need  bo  expected. 

Lack  of  protection  from  back  water  has  proved  a  source 
of  trouble  in  several  of  our  contact  beds.  This  has  hap- 
pened in  plants  w-ell  protected  by  levees  and  in  many 
"•ases  has  been  due  merely  to  the  failure  to  close  an  outlet 
vnlvc  and  b>7iass  the  sewage  at  times  of  flood.     A  single 


flood   from  one  of  our  turbid   Kansas  streams   will    do 
more  toward  clogging  the  stone  in  a  contact  bed   than 
■  several  years  of  careful  operation. 

The  length  of  time  that  a  contact  bed  will  operate  suc- 
cessfully, without  cleaning,  is  determined  largely  by  the 
care  it  receives.  We  have  beds  that  have  been  in  opera- 
tion for  eight  years  and  are  still  in  good  order,  but  we 
also  have  others  that  have  become  so  clogged  in  the 
course  of  a  year  or  so  that  they  will  have  to  be  renewed 
before  a  good  effluent  is  produced.  The  cleaning  of  con- 
tact-bed material  is  a  very  expensive  proposition  and  the 
economy  of  efficient  supervision  is  very  plainly  shown  by 
the  decreased  cost  of  upkeep  due  to  the  increase  of  the 
period  between  cleanings. 

AiiorxT  OF  SrPERvislox  Required 

It  is  not  intended  to  recommend  the  employment  of  an 
expert  for  the  handling  of  each  plant.  In  Kansas  and 
many  other  states  this  is  attended  to  by  the  State  Board 
of  Health,  which  maintains  an  engineering  department, 
the  services  of  which  are  at  the  disposal  of  plant  operators 
who  wish  help  or  instruction.  Furthermore,  the  entire 
time  of  one  man  will  hardly  be  required  for  the  work  but 
an  average  of  three  hours  each  day  will  in  most  cases 
more  than  suffice  for  the  routine  work.  In  practically 
every  ca.se  it  is  possible  to  give  this  man  enough  other 
city  work  to  fill  in  his  time.  More  hcl])  will  of  course 
be  required  when  units  are  cleaned. 

The  duties  of  the  plant  operator  should  consist  of:  1. 
The  making  of  a  daily  trip  to  the  plant.  2.  Making  sure 
that  all  parts  of  the  plant  are  in  working  order  and  in 
operation.  3.  Making  a  few  simple  tests  to  determine 
the  amount  of  sewage  being  treated,  and  the  character 
of  the  effluent.  4.  The  recording  of  his  results  in  a  sys- 
tematic log. 

It  has  been  stated  that  the  services  of  an  expert  need 
not  be  secured.  This  is  true  but  it  is  not  meant  that  the 
work  of  any  common  laborer  will  suffice.  The  man 
should  be  intelligent,  quick  to  learn  and  above  all  he  must 
lie  a  willing  worker  and  take  an  interest  in  the  plant. 

The  necessary  tests  for  the  operation  of  the  ordinary 
small  plant  are:  1.  Flow  gaging.  2.  Relative  stability. 
;?.  Settling  solids. 

Impoktaxce  of  Flow  Gagixcs  axd  of  Tests 
The  rate  of  flow  through  any  plant  mu.st  be  determined 
before  it  can  be  intelligently  operated.  A  permanent 
weir  is  jirobably  the  most  satisfactory  equipment  for  this 
purpose,  although  in  some  plants  good  results  may  be 
obtained  by  noting  the  ri.se  in  the  dosing  chamber. 
Gagings  should  be  made  throughout  an  entire  day  at 
intervals  of  one  hour  or  less  every  month  or  so  in  order 
to  determine  the  exact  daily  flow,  and  the  hourly  varia- 
tion. If  this  is  done  the  operator  may  calculate  the 
approximate  daily  flow  from  his  hourly  variation  curve. 
A  better  method  would  be  to  use  an  automatic  recording 
gage  in  connection  with  the  weir.  The  first  cost  of  such  a 
gage  is  high,  but  the  time  saved  soon  pays  for  it. 

The  relative  stability  test  as  outlined  in  the  standard 
methods  of  the  American  Public  Health  Association  is 
very  easily  made  and  is  recommended  to  the  small  plant 
operator.  It  will  be  found  at  times  that  effluents  must 
be  diluted  with  water  before  the  test  may  be  made  and  in 
this  case  it  will  not,  strictly  speaking,  be  the  relative 
stability  that  is  tested  for,  but  rather  the  amount  of 
dilution  required  to  produce  a  certain  relative  stability. 
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The  use  of  Imhoff  cones  or  settling  glasses  as  au  aid 
to  the  operation  of  tanks  and  contact  beds  is  recom- 
mended to  the  operators  of  our  plants.  While  these 
frlasses  may  not  give  results  comparable  with  the  actual 
suspended  "solids  test,  much  practical  good  may  be  derived 
from  their  use,  as  a  check  on  plant  operation. 
Economy  of  Proper  Supervision 

In  the  above  statements,  the  production  of  a  good  efflu- 
ent has  been  emphasized  as  a  reason  for  efficient  super- 
vision and  the  subject  treated  from  the  standpoint  of  the 
sanitary  engineer.  However,  when  the  subject  is  ana- 
lyzed with  dollars  and  cents  as  a  basis  the  economy  of 
supervision  is  none  the  less  evident.  In  the  first  place,  a 
sewage-disposal  plant  represents  an  investment  of  several 
thousand  dollars,  the  interest  on  which  is  represented  by 
useful  work  by  the  plant  in  the  prevention  of  nuisances. 
In  the  second  place,  a  plant  is  composed  of  parts  subject 
to  more  or  less  rapid  deterioration,  the  useful  life  of 
which  depends  on  proper  care.  Therefore  the  city  that 
allows  its  plant  to  work  below  maximum  efficiency  is 
suffering  loss  just  as  surely  as  the  money  lender  who  is 
unable  to  collect  interest  on  his  loans. 

Examples  of  loss  by  the  above  means  have  often  been 
noted  in  our  plants.  In  one  instance  an  expensive  appar- 
atus was  installed  for  the  treatment  of  septic  tank  effluent 
with  liquid  chlorine.  This  machine  gave  good  results 
during  a  two-months'  test  by  the  writer,  but  less  than  four 
months  later  he  found,  on  an  inspection  trip,  that  the 
machine  had  been  allowed  to  operate  with  a  leaky  union 
on  the  chlorine  feed  pipe,  and  as  a  result  was  in  such  a 
state  of  corrosion  that  its  practical  renewal  was  necessary. 
In  this  case  a  lead  gasket  and  a  very  few  minutes  of  time 
would  have  saved  the  city  an  amount  equal  to  the  cost  of 
supervision  for  several  months. 

In  another  case,  that  of  a  plain  septic  tank,  a  sludge- 
pumping  outfit  was  installed  when  the  plant  was  built. 
This  outfit  consisted  of  a  6-in.  centrifugal  pump  driven 
l)y  a  20-hp.  gasoline  engine.  The  tank  was  constructed 
so  large  that  up  io  the  time  oC  the  inspection  (four  yeais) 
no  sludge  ])uniping  had  been  done.  At  present  the 
engine  is  in  such  a  state,  owing  to  misuse  by  trespassers 
and  lack  of  attention  at  times  of  high  water,  that  it  is 
doubtful  whether  it  can  ever  be  used  and  it  is  certain  that 
an  expenditure  of  a  considerable  .sum  of  money  for  labor 
and  materials  is  necessary  Ijcfore  sludge  pumping  may  bo 
done.  This  case  represents  an  investment  of  over  $1,000, 
from  which  no  return  has  ever  been  realized.  Other  like 
instances  might  be  cited  but  the  above  are  representative 
of  this  phase  of  the  problem. 

Too  often  a  city  considers  that  its  obligation  is  dis- 
charged by  the  construction  of  a  sewage-disposal  ])Iant, 
and  fails  to  realize  that  its  upkeep  is  just  as  important 
a  consideration  as  is  its  construction.  There  is  also  by 
far  too  great  a  tendency  toward  resting  the  blame  of  poor 
results  from  .«ewage-disposal  plants  upon  the  shoulders 
of  the  designers. 

In  Kansas,  at  least,  much  of  the  present  unrav(n-able 
criticism  of  the  practice  of  sewage  disposal  would  be 
(|uieted  if  eacli  individual  plant  was  so  operated  that  its 
maximum  efficiency  could  at  all  times  h*  obtained.  As 
every  one  familiar  with  the  subject  knows,  the  practice 
of  sewage  disposal  lias  undergone  great  changes  in  the 
])ast  fifteen  years,  and,  as  a  result,  some  of  the  earlier 
plants  are  somewhat  obsolete.  This,  liowever,  should  not 
be  made  the  criterion  by  which  plants  are  judged. 


The  city  engineering  department  of  Salt  Lake  City, 
Utah,  whicJi  is  headed  by  Sylvester  Q.  Cannon,  has  a 
standard  setting  for  fire  hydrants  and  their  valves  which 
makes  all  parts  of  the  hydrant  accessible. 

Instead  of  planting  the  fire  hydrant  in  the  ground  with 
a  separate  valve  box  in  the  middle  of  the  street,  as  is 
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FIG.    1.     STANDARD    F'IRE    HYDRANT    SETTING 
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FIG.   2.    STA.MDARD   VALVE   SETTING.   S.\LT   LAKE   CITY 

common  practice,  both  the  hydrant  and  valve  are  en- 
closed in  a  concrete  chamber  as  illustrated   herewith. 

No  trouble  has  been  ex])erienced  in  Salt  Lake  City  from 
freezing  on  account  of  the  expo.sed  connection  of  the 
fire  hydrant,  but  temperatures  there  are  not  extreme. 

The  hydrant  stands  4  ft.  back  from  the  curb,  so  that 
tiie  valve  box  is  entirely  under  the  sidewalk.  This  is 
possible  in  Salt  Lake  City  because  of  the  very  wide  streets 
and  sidewalks.  In  many  cities  a  hydrant  so  placed  wxjuld 
be  a  serious  obstruction  to  traffic. 

The  standard  water- works  valve  chamber,  for  valves 
from  6  to  12  in.  in  size,  is  shown  by  Fig.  2.  A  similar 
box  but  of  larger  dimensions  is  used  for  all  water-main 
valves.  Two  covers  arc  shown,  a  plain  iron  casting  and 
an  asphalt-filled  casting  for  use  on  asjihalt-iiavcd  streets. 
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SYNOPSIS — In  connection  with  tiie  use  of  Bear 
Lake,  Utah,  as  a  storage  reservoir  for  the  control 
of  Bear  River  and  the  conservation  of  water  from 
the  upper  reaches  of  the  river,  a  unique  project 
has  been  developed.  Bear  Lake  lies  in  the  lower 
reaches  of  Bear  Eiver,  there  being  3,000  sq.rni.  of  . 
drainage  area  above.  The  storage  capacity  of  the 
lake  is  large  relative  .to  the  annual  stream  flow. 
To  restore  the  impounded  water  to  the  river  the 
pumping  station  is  being  built  with  five  SOO-sec.-ft. 
units,  the  largest  for  as  great  head.  Construction 
problems  brought  about  by  local  topography  and 
some  details  of  equipment  are  given. 

A  pumping  station  of  l,500-sec.-ft.  capacity  is  being 
built  by  the  Utah  Power  and  Light  Co.,  at  Bear  Lake, 
100  mi.  northeast  of  Salt  Lake  City,  in  connection  with 
the  development  of  this  lake  as  a  storage  reservoir  for 
the  control  of  flow  in  Bear  River  and  the  conservation  of 
all  of  the  water  in  the  up]>er  reaches  of  the  Bear  Eiver 
drainage  area  for  use  in  both  power  and  irrigation. 

As  shown  in  Fig.  1,  Bear  River  flows  down  past  Bear 
Lake  about  5  mi.  distant.  The  storage  capacity  of  Bear 
Lake  is  large  relative  to  the  total  annual  stream  flow. 
There  was  originally  a  small  natural  outlet  of  insignifi- 
cant capacity  from  the  lake  basin  to  the  river,  but  it 
was  some  20  mi.  long  and  crossed  a  very  flat  swamp. 
During  the  high  river  .stages  of  spring,  water  sometimes 
flowed  back  from  the  river.  The  pumping  station  is  to 
lift  the  stored  water  for  discharge  back  into  Bear  River 
without  the  necessity  of  expensive  works  for  a  gravity 
channel  draining  the  lake.  The  station  will  be  operated 
iiy  electric  power  developed  on  the  stream  regulated. 

The  Utah  Power  and  Light  Co.  obtains  its  power  from 
hydro-electric  stations,  the  largest  and  most  important 
of  which  are  on  Bear  River.  There  are  four  stations  of 
67,500-kw.  total  capacity  utilizing  the  same  water  through 
a  total  head  of  865  ft. 

Bear  Lake  Storage  Project 

Bear  Lake  is  a  deep  body  of  water  approximately  21 
rai.  long  and  8  mi.  wide.  At  the  north  end  there  is  the 
large  swamp,  already  referred  to,  and  a  shallow  lake  called 
Mud  Lake,  which  is  6  mi.  long  and  5  mi.  wide.  The 
inlet  canals  through  which  water  is  diverted  from  Bear 
River  discharge  into  the  north  end  of  ^fud  Lake,  and 
the  water  then  runs  6  mi.  before  coming  into  Bear  Lake. 
When  Bear  Lake  has  been  pumped  d(nvn  over  5  ft.  prac- 
tically all  the  bottom  of  Mud  Lake  will  be  expo.sed.  In 
Bear  Lake  proper  the  shores  are  very  steep  and  there 
is  relatively  little  dill'erence  in  area  between  the  high  and 
low  water  levels.  One  foot  of  drawdown  of  the  lake  equals 
68,000  acre-ft.  The  total  capacity  available  is  approxi- 
mately 1,. 300,000  acre-ft.,  or  57  billion  cubic  feet.  The 
'Irainage  area  of  Bear  River  above  Bear  Lake  is  approxi- 
mately 3,000  sq.mi. ;  the  drainage  area  of  Bear  Lake 
proper  is  approximately  400  sq.mi.  The  capacity  of  the 
inlet  canals  is  5.000  sec.-ft.,  so  that  practically  all  flood 
iwaters  can  be  diverted  into  Bear  Lake. 
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Irrigation  is  quite  extensively  carried  on  in  the  Bear 
River  drainage  area,  the  water  being  diverted  directly 
from  the  main  river  and  also  from  a  great  many  of  its 
small  tributary  streams.  The  regulation  of  the  river  flow 
for  povv-er  purposes  automatically  regulates  the  flow  for 
irrigation  also,  and  besides  preventing  a  shortage  of  water 
in  dry  years  on  the  land  now  under  cultivation,  will  pro- 
vide water  for  irrigating  large  additional  areas,  both  by 
gravity  and  electric  pumping  distribution. 

A  canal  has  been  dredged  through  the  north  swamp 
from  a  point  called  Li f ton  on  the  north  end  of  the  lake 
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FIG.    1.    MAP   OF    BFAR    RIVER   POWER   SYSTEM 

14  mi.  north  to  Bear  River  at  Junction.  When  the  lake 
is  full  there  is  approximately  8  ft.  fall  between  the  sur- 
face of  the  lake  and  the  surface  of  the  river  at  Junction. 
Almost  all  of  this  fall  is  necessary  for  the  grade  of  the 
canal  for  the  maximum  required  capacity.  It  is  possible 
to  draw  the  water  from  the  lake  by  gravity  to  a  depth  of 
approximately  4  ft.  by  means  of  this  outlet  canal,  but 
the  quantity  of  course  reduces-  as  the  lake  level  goes 
down  and  tlie  hydraulic  grade  of  the  canal  flattens  out. 

The  pumping  plant  will  make  available  for  storage 
purposes  all  the  water  in  the  lake  for  a  depth  of  prac- 
tically 21  ft.  During  a  year  of  average  ilow,  the  varia- 
tion in  the  lake  level  necessary  to  equalize  Bear  River  just 
below  the  reservoir  would  be  approximately  3.5  ft.  Th.c 
large  capacity  of  the  reservoir  will  make  it  possible  not 
only  to  equalize  the  stream  flow  throughout  an  average 
year,  but  it  will  make  it  possible  to  equalize  the  stream 
flow  throughout  any  series  of  extraordinary  dry  years  of 
which  there  is  any  record. 

Past  records  indicate  that  so  to  equalize  the  flow  of 
the  river  only  12  ft.  of  the  depth  of  the  lake  is  necessary 
However,  the  pumping  station  has  been  designed  so  that 
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the  use  of  20  ft.  of  storage  will  bo  possible,  in  order  to 
provide  for  errors  and  inaccuracies  in  the  data,  and  also 
to  make  it  possible  to  u  e  the  storage  reservoir  to  equalize 
the  power  output  from  streams  other  than  Bear  RiN'er. 
Such  equalization  of  power  output  will  make  more  water 
available  for  irrigation  during  the  summer  months  than 
would  be  available  if  the  stream  flow  were  equalized 
throughout  the  year.  Just  how  far  down  it  may  be  de- 
sirable at  some  time  in  the  future  to  pump  the  water  in 
the  lake  is  problematical,  and,  since  tlie  additional  cost 
for  placing  the  suction  of  the  pumps  a  few  feet  deeper  is 
very  small,  it  was  decided  to  builil  the  jjlaut  with  several 
feet  of  additional  capacity  available. 

It  was  necessary  to  locate  the  pumping  station  on  a 
sand  bar  called  '"'The  Causeway."  which  extends  entirely 


across  the  north  end  of  the  lake  and  separates  Bear  Lake 

from  Jlud  Lake  and  the  .^wamp.    The  material  all  about 

this  locality  is  a  very  fine  sand  mixed  with  clay,  and  this 

cxtciuls  to  an  unknown  depth.     The  only  variation  is  in 

the  percentage  of  sand  and  clay.     This  material  flows  so 

readily  in  water  that  the  wave  action  against  The  Cau.se- 

way  has  flattened  the  material  out  so  that  the  Itottom  of 

the  lake  where  it  is  20  ft.  deep  is  approximately  2,000  ft. 

from  the  north  shore.     It  is  planned  to  dredge  a  large 

channel    through    this    beach    to   the 

pumping  plant,  which  is  located  ap- 

jiroximately   150   ft.   away   from  the 

shore  line  of  Bear  Lake.     The  station 

is  situated  back  from  the  shore  line 

on    account   of   the   fact   that   heavy 

windstorms  sometimes  break  up  the 

ice  on  the  intake  and  drift  it  up  on 

The  Causeway  to  a  height  of  10  or 

12  ft.     For  this  reason  the  pumping 

plant  has  been  put  on  the  side  of  the 

channel,  and  if  large  quantities  of  ice 

are   bknvu  into  the   channel   the   ice 

will  slide  up  on  the  shore  at  the  cud, 

where  there  are  no  structures. 

It  is  expected  that  the  maintenance 
of  this  channel  from  the  lake  to  the 
jnimping  station  may  be  quite  a  diffi- 
cult problem,  as  the  action  at  the 
mouth  may  gradually  fill  it  up  with 
sand.  The  construction  of  a  perma- 
nent intake  chamiel  would  involve 
such  large  expenditure  that  it  was  de- 
cided to  maintain  the  channel  by 
dredging  it  very  large  at  first  and  by 
additional  dredging  in  the  future  as 
might  be  foujid  necessary.  On  account  of  the  peculiar 
foundation  conditions,  the  building  is  built  on  a  concrete 
mat  supported  on  piles.  In  order  to  place  this  mat  and 
unwater  it,  an  open  wooden  caisson  140x60  ft.  and  44 
ft.  deep  was  used.  This  caisson,  which  is  by  far  the  largest 
j-et  built  in  the  world,  will  be  described  in  a  future  article. 

PuiiriNO  Statio.v  Equipment 

The  ])umping  station  will  contain  five  vertical-shaft 
niiils,  each  having  a  nominal  capacity  of  300  sec.-ft.  The 
head  will  vary  from  nothing  to  20  ft.,  and  variable-speed 
motors  and  two  types  of  impellers  have  been  provided  for 
best  operation  at  both  high  and  low  heads.  The  accom- 
panying sketches  show  the  arrangement  of  the  principal 
and  auxiliary  apparatus  in  the  station. 


A — Looking  east  along  llic  Ca 
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;iy.  B — Looking  north  along  the  disehargc  canal    Uoth  views  from  top  ul  concreting  tov 
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Firs+       Floor 
FIG.  4.    SECTIONAL,  PLANS  AND  ELEVATIONS  OF  LIFTON  STATION 


The  pumps  in  the  Liftou  Station  have,  so  far  as  known, 
lie  largest  rate  of  discharge  for  as  high  head — 300 
L'c.-ft.  (134,500  gal.  per  niin.  or  194,000,000  gal.  per 
ay)  against  16  ft.  and  running  at  77.5  r.p.m.  The  con- 
truction,  as  shown  in  Fig.  5,  is  very  similar  to  recent 
ertical-shaft  single-runner  Francis-turbine  units.  The 
asing  and  suction  tube  are  molded  in  the  concrete  foun- 
ations.  The  vanes  around  the  impeller  are  not  diffu- 
ion  vanes  as  they  conform  to  the  free  path  of  the  flow ; 
liey  are  cast  solid  with  the  foundation  ring  supporting 
a  part  the  concrete  of  the  casing  and  the  motor  above. 
'he  steady  bearing  is  of  the  water-lubrieateil   lignum- 


DETAILS  OF  LIFTON  300-SEC.-FT.  PUMI 


vitae  type,  and  is  held  by  a  diaphragm  immediately  above 
the  impeller.  A  Kingsbury  thrust  bearing,  mounted  on 
the  motor  bracket,  carries  the  revolving  element  of  each 
pump. 

All  five  pumps  are  alike  and  are  designed  to  draw  the 
lake  down  20  ft.  Normal  full  load  speed  of  motors  is 
72.5  r.p.m.,  at  which  speed  the  pumps  will  have  a  capacity 
of  300  sec.-ft.  up  to  13  ft.  head.  It  is  planned  to  install 
speed  regulators  later  which  will  give  a  sjjced  range  of 
5S.4  to  82.!)  r.p.m.  These  regulators  will  give  each  pump 
a  capacity  of  250  sec.-ft.  for  the  maximum  operating 
head  of  20  ft.  At  low  heads,  the  pumps  will  be  operated 
at  a  speed  lower  than  normal,  for 
economy  in  power  consumption  and 
also  for  controlling  the  capacity.  A 
second  type  of  runner  has  been  de- 
signed for  use  in  these  pumps  for 
reducing  the  power  consumption  at 
very  low  heads.  Up  to  and  including 
5  ft.  head,  this  second  type  will  have 
a  capacity  of  300  sec.-ft.,  and  will 
have  reduced  capacities  up  to  10  ft. 
The  designs  for  this  development  were 
prepared  in  the  engineering  offices  of 
the  Electric  Bond  and  Share  Co.,  of 
New  York  City.  The  direct  super- 
vision of  construction  has  been  by  the 
Phoenix  Construction  Co.,  of  Salt 
Lake  City.  The  ])umps  were  made  by 
I.  P.  :Morris  &  Co.,  of  Philadelphia, 
and  the  motors  and  electrical  equip- 
ment by  the  Genera!  Electric  Co.,  of 
Schenectady.  As  stated  before,  a 
description  of  the  design  and  con- 
struction of  the  large  caisson  foun- 
dation for  the  i)unii)s  will  be  published 
in  au  early  issue. 
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The  roof  of  a  building  on  S.  Pryor  St.,  Atlanta.  Ga., 
used  as  a  skating  rink,  collapsed  and  fell  about  9  :  30  p.m., 
June  9,  killing  three  people  and  injuring  more  or  less 
seriously  about  ten  more.  Two  of  those  killed  and  most 
of  the  injured  were  caught  under  the  falling  roof;  one  of 
the  employees  of  the  rink  was  struck  by  falling  lirick 
from  the  broken  front  parapet  wall  as  he  climbed  through 
a  window.  The  building  has  been  used  to  stage  boxing 
contests,  and  one  drawing  a  large  crowd  was  held  there 
recently.  The  cause  of  the  accident  has  not  been  deter- 
mined by  the  city  authorities. 

The  building  was  101  ft.  wide  and  165  ft.  long,  facing 
east  on  Pryor  St.  It  was  built  about  a  year  ago,  and  the 
lumber  used  in  its  construction  seems  to  be  in  good  con- 
dition. No  plans  of  the  building  are  available,  as  the 
city  does  not  require  the  filing  with  the  building  depart- 
ment of  plans  of  one-.stor\'  structures.  The  architect  who 
designed  it  (G.  W.  Foote)  has  retired  since  that  time, 
and  all  his  less  important  plans,  of  which  he  considered 
this  one,  were  destroyed  for  lack  of  room. 

The  accompanying  sketch  shows  the  details  of  design 
as  well  as  could  be  gathered  from  the  trusses  themselves. 
All  the  lumber  seems  to  be  merchantable-grade  Southem 
yellow  pine.  The  dimensions  given  on  the  sketch  are  for 
rough  lumber,  while  all  that  used  is  finished  on  four  sides, 
making  the  dimensions  less  by  %  to  %»  depending  on  the 
thickness,  etc.  The  walls  of  the  building  are  something 
over  20  ft.  high  of  3x4x81/4 -in.  vitrified  paving  blocks  laid 
in  lime  mortar.  The  front  wall  and  the  first  100  ft.  of 
each  side  wall  are  16  in.  thick;  the  remainder  of  the  side 
walls  and  the  rear  walls  are  8  in.  thick,  with  8x20-in. 
pilasters  spaced  11  ft.  center  to  center. 

The  roof  trusses,  spaced  11  ft.,  are  of  an  arch 
design,  rising  sharply  from  the  floor  at  the  ends  (batter 
about  3%  to  12),  and  are  nearly  flat  for  the  larger  mid- 
dle portion  of  the  span.  The  boards  of  which  the  top 
and  bottom  chords  are  composed  arc  laid  flat  (Pig-  4) 
and  nailed,  about  one  8d.  nail  per  foot  showing  on  top. 
The  radial  and  diagonal  struts  are  in  two  planes,  as 
shown  (Figs.  2  and  3),  the  diagonals  alternating  from 
panel  to  panel.  The  ends  of  the  trusses  rest  on  concrete 
footings  about  1  ft.  below  the  level  of  the  main  skating 
floor.  There  is  an  observation  floor  running  entirely 
around  the  building,  elevated  about  10  in.  above  the 
main  floor,  and  at  the  rear  there  is  a  second  floor  or 
platform  10  in.  above  the  first.  There  were  no  fixed 
benches  or  seats,  but  a  number  of  chairs  were  placed 
promiscuously  along  the  observation  floor.  At  the  rear 
of  the  hall  there  is  a  pile  of  temporary  benches  used  dur- 
ing the  recent  boxing  match  and  now  stacked  up  out 
of  the  way. 

The  roof  was  nearly  flat,  with  a  light  pitch  toward 
the  front  of  the  building  so  as  to  carry  the  rain  water 
to  city  drains  in  the  street.  It  was  a  light-weight  roof 
of  felt,  tar  and  gravel  laid  on  1-in.  sheeting  nailed  to 
2x6-in.  purlins,  which  in  turn  were  supported  on  4x6-in. 
rafters  running  directly  over  the  trusses.  The  rafters 
were  supported  on  4x6-in.  posts  about  11  ft.  apart,  which 
stood  on  top  of  the  roof  trusses.  The  pitch  of  the  roof 
was  given  by  varying  the  lengths  of  these  posts,  as  the 
trusses  were  all  set  at  the  same  elevation.  The  trusses 
were  held  together  by  2x6-iu.  ties  about  10  ft.  center  to 


center,  nailed  flat  on  top  of  the  top  chord  with  five  or 
six  20d.  nails  at  each  connection. 

The  ties  were  ordered  put  in  by  the  building  inspector 
after  the  construction  started.  The  posts  were  toe- 
nailed to  the  tops  of  the  trusses  and  the  rafters  toe-nailed 
to  the  posts,  using  four  or  five  lOd.  nails  at  each  connec- 
tion. The  purlins  were  toe-nailed  to  the  rafters,  usins 
one  8d.  nail  at  each  rafter.  ^^Tiere  the  ends  of  the  pur- 
lins met,  if  they  lapped  sufficiently,  they  were  nailed  to- 
gether with  one  8d.  nail  and  each  of  them  toe-nailed  to 
the  rafter. 

The  purlins  were  stock  22-ft.  material.  ^Tiat  lap  they 
had,  if  any,  was  whatever  extra  length  the  lumber  chanced 
to  have,  that  is,  there  does  not  appear  to  have  been  any 
intention  to  tie  the  purlins  together  at  the  ends  with  the 
object  of  making  them  continuous.  In  some  places  the 
lap  was  as  much  as  4  in.,  generally  less  and  sometimes 
almost  none  at  all.  All  purlins  were  laid  with  even  joints 
and  the  sheeting  was  laid  in  similar  manner,  making  con- 
tinuous joints  along  certain  purlins  (foreground  of  Fig. 
2,  background  of  Fig.  4).    Punning  along  the  middle  of 
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PIG.    1.     DET.\ILS    OF    ONE    OF    THE    ARCHES 

the  building  on  top  of  the  rafters  from  about  30  ft.  from 
the  front  to  about  45  ft.  from  the  rear  was  a  monitor  of 
light  construction,  mostly  windows,  added  to  the  original 
design  after  the  construction  was  under  way   (Fig.  5). 

The  roof  trusses  were  designed,  built  and  erected  with- 
out the  tie-rods.  During  the  erection  there  was  a  hard 
rain,  and  water  several  inches  deep  was  impounded  on  top 
of  the  roof  immediately  to  the  rear  of  the  skylight,  show- 
ing that  the  trusses  nmst  have  sagged  under  their  own 
weight  and  the  weight  of  the  roof  above  them.  They  were 
immediately  jacked  up  and  propped  and  the  ties  put 
in  to  hold  them  up.  (The  building  inspector  says  he 
ordered  them  in;  the  architect  says  he  put  them  in  of  his 
owTi  accord.)  Only  two  of  the  trusses  sagged  under  the 
weight  of  the  water,  and  they  were  strengthened  with 
additional  braces  in  the  form  of  a  i/4xl2-in.  plate  several 
feet  long  fastened  by  lagscrews  to  the  side  of  the  arch  at 
the  haunch  at  each  end  and  a  long  plate  of  the  same 
strength,  fastened  to  the  other  side  of  the  truss,  reached 
from  one  of  these  shorter  plates  to  the  other  and  over- 
lapped a  little.  A  similar  long  plate  is  screwed  to  the 
rear  side  of  the  last  truss. 

The  forward  truss  was  22  ft.  in  from  the  front  wall. 
At  11  ft.  from  the  wall  the  roof  was  supported 
on  2x4  rafters  nailed  to  4x4-in.  posts,  which  were  set  on 
the  top  of  a  light  wooden  partition  wall  about  8  ft.  high, 
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?eparating  tlie  offices,  dressing  rooms,  etc.,  from  the  main 
hall. 

The  workiiianship  generally  seems  to  have  been  fair, 
though  the  jointing  of  the  diagonals  of  the  trusses  was 
not  exact. 

All  the  arched  trusses  fell  toward  the  rear  of  the  build- 
ing and  lie,  lapping  over  one  another,  with  the  feet  near 
where  they  stood.  Only  two  of  those  visible  are 
broken — the  rear  truss,  in  two  places,  and  one  near  the 
middle  of  the  building,  in  one  place.  Both  were  broken 
sidewise  from  striking  obstructions  as  they  fell.  The 
rear  truss  is  partly  supported  by  a  small  room  at  each 
end,  which  reaches  from  the  truss  hard  up  against  the 
rear  wall,  the  room  walls  being  about  8  ft.  high.  It 
might  have  been  the  push  of  the  trusses  transmitted 
through  the  2x6  ties  and  the  wall  frames  of  these  rooms, 
aided  by  the  blow  of  the  falling  truss  nearer  the  top  of  the 
wall,  that  caused  the  rear  wall  to  fall. 

It  fell  outward  against  a  bank,  almost  as  a  complete 
wall,  breaking  loose  near  each  end  (one  end  shown  in 
Fig.  5)  and  practically  at  the  floor  level.  Parts  of  the 
wall,  including  the  pilasters,  are  still  intact.  The  win- 
dow frames  lean  up  against  the  bank,  with  the  brick  still 
in  place  above  the  frames. 

The  roof  fell  practically  vertically.  The  condition  of 
the  glass  in  the  monitor  windows  would  seem  to  indicate 
that  it  fell  all  at  once,  producing  litle  strain  in  the  mon- 
itor frame.  The  roof  parted  at  most  of  the  purlin  joints 
and  at  some  of  the  sheeting  joints  (Pig.  5).  The  first 
22-ft.  section  at  the  front  of  the  building  stayed  prac- 
tically in  place,  supported  by  the  posts  on  the  partition 
wall.  It  was  removed  next  day  by  order  of  the  building 
department.  Apparently  this  section  was  pulled  down  a 
little  way  at  the  rear  end,  as  a  part  of  the  concrete-coped 
brick  parapet  along  the  front  of  the  building  was  pried 
off  and  fell  on  the  sidewalk.  Six  or  seven  courses  of  the 
tops  of  several  pilasters  along  the  south  wall  were  pulled 
off  by  the  plate  as  the  roof  fell.  The  pilasters  generally 
are  tied  to  the  walls  every  header  course,  but  the  tops  of 
those  particular  ones  were  not  tied. 


There  are  a  few  things  about  the  design  of  this  roof 
that  deserve  notice :  The  roof  trusses  apparently  were  not 
able  to  .support  the  weight  of  the  roof  as  originally  con 
structed,  so  that  reinforcing  ties  were  put  in  after 
the  trusses  were  up  and  the  roof  on.  There  was  no  swir 
bracing — nothing  to  prevent  the  trusses  from  falling  ovoi 
once  they  overbalanced  their  less  than  10-in.  foot.  Tlit- 
2x6-in.  ties  later  put  in  by  order  of  the  building  inspector 
helped  steady  individual  trusses,  so  that  they  must  all 
have  acted  together,  at  least  to  the  extent  of  the  strength 
of  the  nails  holding  the  ties.  The  posts  supporting  the 
roof  above  the  trusses  stood  unbraced  on  top  of  the  trusses, 
so  that  if  the  truss  got  out  of  plumb  or  the  post  itself 
Avere  not  exactly  vertical,  the  weight  of  the  roof  abovi 
would  have  a  tendency  to  push  them  over.  The  purlin- 
were  all  laid  with  even  joints,  so  that  the  roof  did  not 
have  the  stiffening  that  broken  joints  would  give  and 
parted  in  .sections  when  the  roof  fell.  The  sheeting  wa^ 
similarly  laid  with  a  similar  result. 
y: 

V©IlocStt5»'  SiEadl 

By  L.  R.  Dougla.ss* 

Eecently  the  writer  was  called  upon  to  cross-section 
and  measure  a  ditch  some  five  or  more  miles  in  length, 
with  a  view  of  accurately  determining  the  maxinuim 
velocities  and  discharges.  Cross-sections  were  taken 
every  100  ft.,  and  oftener  where  thought  necessary.  In 
order  to  eliminate  the  long  and  tedious  calculation  of 
Kutt^'s  formiila  and  also  to  save  time  and  allow  for  a 
more  intelligent  study  of  each  varying  section,  the  ac- 
companying diagrams  were  evolved. 

Their  use  can  be  most  easily  explained  by  example. 
Take  a  ditch  whose  top  width  is  12  ft.,  bottom  width  10 
ft.  and  depth  2  ft.  The  grade  or  slope  is  5  ft.  to  the 
mile,  or  for  convenience  5  ft.  in  5,000  ft.  By  calculation 
the  wetted  perimeter  is  found  to  be  1  L-lT-f-. 

•Of  Danford  &  Douglass,  Civil  and  Mining  Engineers.  Trin- 
idad, Colo. 
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In  Fisr.  1  find  the  area  22  at  the  bottom  and  run  ver- 
icallv  upward  until  an  intersection  is  made  with  a  line 
iroduced  horizontally  from  the  wetted  perimeter  of  14.47. 
rhe  hydraulic  radius  of  1.52+  is  thus  determined. 

Tlie'next  step  is  to  find  the  velocity.  Proceeding  witli 
^ig.  2,  we  find  the  hydraulic  radius  of  1.52  at  the  l)ot- 
oni  of  the  sheet  and  run  vertically  upward  to  an  intcr- 
ection  with  the  slope  line  of  5  ft.  in  5,000,  or  slope  of 
1.001  per  ft.  This  intersection  point  lies  between  the 
elocity  curves  2.1  and  2.2  ft.  per  sec.  By  proportion- 
11 V  scaling  (if  greater  accuracy  than  interpolating  by 
ye  is  required)  we  find  the  intersection  point  to  be  at 
he  velocity  of  2.18  or  2.19  ft.  per  sec.  Having  the 
elocitv,  the  discharge  is  then  determined  by  taking  the 
rea  of  22  at  the  right  of  the  sheet  and  producing  it  hori- 
untally  to  the  velocity  line  of  2.18.  From  the  point 
lius  found,  run  vertically  upward  to  the  discharge  table 
t  the  top  of  the  sheet,  and  the  resulting  discharge  is 
jund  to  be  48  cu.ft.  per  sec,  as  nearly  as  can  be  read. 
The  velocity  curves  are  based  iipon  the  value  of  n  ^= 
.027  in  Kutter's  formula.  This  value  is  used  where  the 
inal  is  more  or  less  irregular  in  regard  to  alignment 
nd  cross-section,  but  free  from  stones  and  weeds.  Suf h 
editions  almost  always  exist  in  the  small  irrigating 
inal  ranging  in  discharge  from  15  to  60  cu.ft.  per  sec. 
With  regard  to  the  range  in  the  velocity  cairves,  it 
lay  be  well  to  state  that  in  this  country,  where  the  soil 
mostly  a  sandy  loam,  velocities  of  1.5  and  2.5  ft.  per 
'C.  may  be  considered  as  limiting:  The  first,  in  that  it 
sufficient  to  prevent  deposit  of  silt;  and  the  second, 
icause  it  is  slightly  below  that  which  would  cause  ex- 
■ssive  erosion.  The  curves  without  this  zone,  shown  in 
ig.  2,  were  constructed  to  cover  conditions  as  foimd  in 
le  ditch  previously  mentioned  and  have  no  particular 
due  except  for  like  cases. 

Actual  calculation  by  Kutter's  formula  with  n  as 
027  gives  a  velocity  of  2.202  and  a  discharge  of  48.44 
i.ft.  per  sec,  for  the  example  as.sumed  in  order  to  illus- 
ate  the  use  of  the  table.  By  increasing  the  size  of 
le  table  and  the  number  of  velocity  lines  or  curves,  it 
readily  seen  that  results  can  be  obtained  to  a  corre- 
)ondingly  greater  accuracy. 


The  new  station  of  tlie  Soutliern  Pacific  Co.  at  Los 
ngeles,  Calif.,  has  the  platfonns  covered  by  shelter  roofs 
lilt  of  reinforced-concrete  units.  The  roofs  are  of  the 
butterfly"  or  concave  type,  sloping  down  from  the  eaves 
I  a  central  gutter.  There  are  four  i)latforms  740  ft. 
■ng  and  IG  ft.  -wide,  with  roofs  18  ft.  wide. 
Tlie  main  construction  consists  of  a  central  row  of 
'-head  columns,  spaced  20  ft.  c.  to  c.  and  carrying  two 
)ws  of  roof  slabs  20  ft.  long.  This  is  shown  clearly 
I  Fig.  1,  with  a  locomotive  crane  placing  the  slabs  in 
osition.  The  columns  are  12x24  in.  at  the  base  and 
3x18  in.  at  the  top,  wath  caps  or  heads  10  ft.  long  and 
7  in.  deep.  On  each  side  of  the  cap  is  a  recess,  form- 
ig  a  shelf  for  the  end  of  the  roof  slab. 
Reinforcing  bars  projecting  from  the  ends  of  the  slabs 
ip  each  other  over  the  top  of  the  cap  and  are  embedded 
1  cement  mortar,  which  is  filled  in  over  the  cap  to  the 
!vel  of  the  .slabs.     The  longitudinal  joint  between  the 


Fh;     1       IjX'IXr;    r.OfiF  SL.\BS  OF   PL.A.TFORM   SHELTERS 
ULll.T   L.F   ru.XCiaCTE  UXXTS;    LOS  .-VXCJELES,  CALIF. 

slabs  is  also  filled  with  cement  mortar.  A  roofing  com- 
position is  laid  upon  tlie  completed  shelter.  At  intervals 
of  about  340  ft.  an  expansion  joint  is  provided,  covered 
with  copper  flashing. 

The  roof  slab  has  a  minimum  thickness  of  4  in.   (in- 
creased to  give  an  incline  lor  drainage)  and  is  stiffened 


^,__. 


i    TncBj, 

Sec+ion  through    Incline 

FIG.     2.    CONCRETE    PLATFORM     SHELTER     WITH     TWO- 
POST  BENTS  SPANNING  INCLINE  APPROACH 

by  six  transverse  ribs.     The  columns  are  set  in  sockets, 
18  in.  deep,  in  pedestal  footings. 

A  variation  in  this  construction  is  required  where  the 
inclined  ramps  connect  the  platforms  with  the  subway 
beneath  the  tracks.  Here  the  roof  is  carried  by  two- 
column  bents,  as  sho^ni  in  Fig.  2.  Tlie.se  columns  are 
8x12  in.,  connected  by  an  arched  cap.  They  are  set  in 
steel  sockets  in  the  steel  framing  of  the  subway  roof. 

This  station  was  designed  and  built  under  the  direc- 
tion of  William  Hood,  Cliicf  Engineer  of  the  Southern 
Pacific  Co.  Similar  platform  shelters  have  been  used 
in  the  Southern  Pacific  station  at  San  Francisco,  Calif., 
and  in  the  new  union  station  at  Denver,  Colo.  Tliey 
were  built  by  the  Van  Sant-Houghton  Co.,  of  San  Fran- 
cisco, Calif. 

•». 

ArtlOcial  loi-  rnmpctpii  with  NntnrnI  Ice — Althoufch  St. 
Paul,  Minn.,  is  .surrountleil  by  sprlnpr-fed  l.ikes  and  has  the 
finest  natural  Ice  In  the  worlil,  an  artificial  Ice  plant,  turn- 
ing out  30,000  tons  per  year  has  been  found  to  be  a  paying 
enterprise  durlns  the  first  twelve  months  of  Its  operation  by 
the   CItizcn.s   Fuel   and    Ice   Co. 
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InaiaovsiSaoias  aim  Pip®case°]L©v®HEa^ 

Meft]h®dls  s.m  Cosisft  S^ir^e^^ 

By  \Yilliam  Bowie* 

One  of  the  most  important,  changes  in  the  United 
States  Coast  and  Geodetic  Survey  precise-leveling  meth- 
ods is  the  mounting  of  the  tripod  on  the  frame  of  a 
I'ailway  motor  car.  John  H.  Peters,  in  charge  of  a  Coast 
and  Geodetic  Survey  precise-leveling  party  now  operat- 
ing in  Indiana  and  Michigan,  recently  reported  that  he 
had  leveled  about  60  mi.  with  the  tripod  of  his  instru- 
ment mounted  on  a  motor  velocipede  with  which  he 
transports  his  party.  The  results  were  so  satisfactory 
that  each  of  the  three  leveling  parties  of  the  survey  now 


of  setting  u]i  the  tripod  has  been  eliminated,  and  tho 
time  necessary  to  level  the  instrument  is  only  a  few  sec- 
onds where  the  grade  is  uniform  and  the  track  straight. 
The  leveling  can  be  done  quickly  even  where  there  are 
changes  in  grade  and  curvature  of  track  between  instru- 
ment stations. 

It  is  possible  that  a  mounting  for  the  instrument  dif- 
ferent from  that  described  may  be  devised  which  will  be 
even  better  than  the  ordinary  wooden  tripod  with  the  legs 
shortened.  It  might  be  somewhat  more  convenient  to 
I  be  observer,  but  probably  would  not  result  in  greater 
s[)ced  and  certainly  not  in  increased  accuracy. 

There  is  no  reason  why  the  railroad  leveling  with  the 
enu'ineers'  ordinary  level  should  not  be  done  in  manv  cases 


FIGS.  1T0.3.   PiQUII'MKNT  FOR  FAST  WORK  IN  PRECISR  M 
1 — Level  tripod  mounted  on  railway  motor  car;  2 — Adding  mad 

in  the  iicld  will  ndojit  this  luctbod  of  mounting  tbc  in 
strumcmt. 

The  GO  mi.  were  run  in  both  forward  and  Ijackward 
directions,  and  the  accumulatx?d  discrepancies  between 
tlie  two  runnings  were  only  3  mm.  for  the  entire  distance. 
The  accumulated  difference  changed  signs  a  number  of 
times,  showing  that  there  was  no  systematic  error  in 
even  a  single  running.  It  is  certain  therefore  that  tlie 
accuracy  of  the  leveling  is  as  great  with  the  tripod  mount- 
ed on  the  car  as  when  it  is  set  up  on  the  ballast  of  the 
track,  the  universal  custom  to  the  present  time. 

The  tripod  is  placed  in  position  at  the  beginning  of 
the  day's  work,  and  it  is  not  dismounted  until  the  party 
starts  back  to  headquarters  at  the  end  of  the  day.  It 
even  remains  on  the  car  when  the  track  is  cleared  for 
passing  trains.  Mr.  Peters  reported  that  tiic  vibration 
of  the  car  while  traveling  between  instniment  stations 
did  not  throw  the  instrument  out  of  adjustment. 

One  can  readily  see  advantages  in  this  new  way  of 
setting  up  the  tripod.  It  is  free  from  the  effect  of  the 
observer  standing  on  the  tics  or  ballast  near  a  tripod 
leg.  The  car  weighs  .'B.'JO  lb.,  so  that  the  mounting  is 
very  firm  and  the  height  of  the  instrument  remains  con- 
stant while  both  sights  are  taken  at  a  station.     The  time 

•Chief.  Division  of  Geodesy.  United  States  Coast  and  Geo- 
detic Survey. 


IVRLING.  UNITED  STATES  COAST  AND  GEODETIC  SURVEY 
line  l)y  tabulating  records;  3 — Party  and  equipment  complete 

witb  tbc  tri]3od  mounted  on  the  car,  as  in  tbc  precisi 
leveling  by  the  Coast  and  Geodetic  S\irvcy.  Ijven  tlit 
band  velocipede  car  will  no  doubt  be  sulliciently  rigiil 
for  tlu!  ])ur]30se. 


<4.eX0)JlSiC©S 

Oredl^®  aim  B5.Il©iffidlal}S.® 

Xeai'ly  all  the  mining  companies  operating  on  a  lai'gc 
scale  in  the  Klondike  on  creek  or  river  gravel  use  the  ordi- 
nary type  of  floating  dredge,  but  the  Xorth  West  Corjiorii- 
tion,  Ltd.,  is  trying  out  the  large  electric-driven  excavat- 
ing mncbine  illustrated  in  Fig.  1.  This  machine  was  re- 
const  I'uctcd  by  Taylor  iS;  Hubbard,  Leicester,  England, 
from  a  (ierinan  excavator',  and  was  fitted  by  Leach  & 
Goodall,  of  Leeds,  with  a  washing  plant  and  stacker  for 
handling  the  coarse  tailings.  In  the  Enfjincerinc]  ami 
MInitifj  Joiinia]  of  .June  17,  C.  A.  Thomas  describes  this 
excavator. 

The  complete  machine  weighs  1  TO  tons  and  operates  on 
two  sets  of  tracks  of  3fliA-in.  gage,  the  outside  rails  be- 
ing 231/^  ft.  apart.  The  machine  is  carried  on  four  ivrnkn 
having  four  wheels  each.     Each  truck  has  two  flanged 

'Made  by  the  LUbecker  Maschinenbau  Gesell.schaft.  Liibeck. 
Germany;  described  by  George  J.  Young,  "Brown-Coal  Mining 
in   Germany,"   Bull.   Am.   Inst.   Mln.   E..   February.   1916. 
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;i:i.    l^XCAVATOR    REMODELED   FOR   GOLD    DIGGING   IN  THE  KLONDIKE 


leels  on  the  outer  side  and  two  flat-surface  wheels  on  the 
ner,  the  latter  being  the  driving  wheels  to  which  power 
transmitted  by  a  set  of  bevel  gears.  The  frame  is  com- 
ised  principally  of  12-in.  channels  and  I-beams  and  is 
x23  ft.  in  plan.  The  excavator  is  27  ft.  4  in.  high. 
The  speed  traveling  parallel  to  the  open  cut  can  be 
ried  from  3  to  10  ft.  per  min.,  and  is  determined  by 
e  depth  to  which  the  buckets  are  digging. 

BrcKETs  Fill  ix  Travelixg  Toward  Machixe 

The  buckets  are  open-connected,  of  riveted  sheet  steel 
til  a  cast-steel  cutting  lip.  They  are  connected  by  steel 
iks  and  pins,  a  cast-steel  lug  riveted  to  the  sides  of  the 
icket  forming  one  of  the  links  of  the  chain.  These 
gs  and  connecting  links  traveling  in  a  channel  on  the 
iderside  of  the  ladder  keep  the  bucket  down  against  the 
aterial  to  be  excavated  and  take  the  entire  stress  of  dig- 
ng.  The  buckets  are  spaced  4  ft.  9  in.  e.  to  c.  The 
leration  of  the  excavator  is  explained  thus: 

The  buckets  are  filled  as  the  line  travels  toward  the  ma- 
Ine  on  the  lower  side  of  the  ladder,  which  is  the  reverse  of 
e  ordinary  dredge  operation.  After  passing  over  the  inter- 
edlate  tumbler,  the  full  bucket  line  travels  up  a  sheet-steel 
ute,  being  held  about  3  in.  from  the  bottom  by  cast  lugs  on 
e  sides  of  the  chute.  At  the  same  time  that  the  buckets  are 
ing  filled,  the  whole  machine  is  propelled  along  its  two  sets 

tracks,   corresponding  to  the  swing  of  the  floating  dredge. 

As  the  line  passes  over  the  upper  tumbler,  the  rear  of  the 
icket  disengaging  from  the  connecting  chain  allows  its 
ntents  to  slide  out  the  back  end  into  the  dump  hopper, 
-.fore  the  bucket  passes  over  the  top  of  the  upper  tumbler. 
is  in  an  upside-down  position  over  the  hopper.  The  empty 
le  returns  to  the  lower  tumbler  in  siispension  or  carried  on 
?ht  flanged-whee!    idlers. 

As  the  gravel  is  dumped  into  the  hopper.  It  is  dragged  to 
e  starboard  side  of  the  machine  by  an  endless  raker  cliain 
•mposed  of  cast  links  and  crossbars,  supported  and  driven 
■  c?.st  sprocket  wheels.  At  the  end  of  the  steel-plate  com- 
irtment  through  which  the  raker  chain  carries  the  material 

be  washed  there  Is  .an  opening  that  allows  all  material  to 
op  to  a  second  compartment  immediately  below;  and  the 
me  chain  returning  after  passing  over  the  sprocket  idler, 
ags  the  material  over  a  set  of  grizzly  bar.s,   approximately 

ft.  long.     Two  8-in.  spray  pipes,  extending  the  full  length 

this  compartment,  furnish  water  for  washing  and  separat- 
g  the  fines  and  gold  from  the  coarse  material.  This  operation 
les  away  with  the  revolving  or  shaking  screens  of  other 
pes  of  placer-mining  machines.  The  fines,  after  passing 
irough  the  grizzly,  are  carried  by  steel  sluices  to  the  gold- 
vlng  tables.  The  coarse  material  Is  dragged  by  the  cross- 
ira  of  the  raker  chain  past  the  grizzly-bar  ends,  where  it 
lis  Into  a  metal  chute  and  is  conveyed  by  gravity  to  the 
acker. 


The  tables  are  constructed  in  two  20-ft.  sections  of  six  sluice."! 
each,  having  a  fall  of  1'^  ft.  in  20  ft.  and  a  total  area  of  about 
720  sq.ft.  After  the  water  and  fines  have  passed  over  the  last 
section,  they  are  collected  in  a  steel  sluice  and  carried  across 
the  machine  to  the  sand-elevator  settling  tank  on  the  port 
side  of  the  excavator.  This  settling  tank  is  27  ft.  7  in.  by  54 
in.,  with  bottom  sloping  to  the  center,  making  a  sump  for  the 
collection  of  sand  for  elevation  by  a  bucket  conveyor.  These 
buckets  elevate  the  sand  to  the  top  of  the  machine,  where  it 
is  dumped  into  an  extension  of  the  steel  chute  that  delivers 
the  coarse  material  to  the  stacker.  The  water  from  the  sand- 
elevator  tank  is  conveyed  across  the  machine  to  a  series  of 
steel  settling  tanks  under  the  tables.  From  these  tanks  the 
water  is  repumped  to  the  spray  pipes  over  the  grizzly  bars, 
and  in  this  way  is  used  over  and  over  for  washing  the  gravel. 

The  stacker  is  70  ft.  long,  equipped  with  a  S4-in.  can- 
vas conveyor  belt,  and  can  neither  be  lowered  nor  elevated. 
The  discharge  end  is  20  ft.  above  the  rails. 

The  bucket  line  is  driven  by  a  100-hp.  motor  through  an 
intermediate  shaft,  on  which  is  a  friction  clutch  which 
can  be  set  so  the  pinion  will  be  automatically  released 
if  the  stress  becomes  too  great  for  the  bucket  line.  A  30- 
hp.  motor  drives  the  ladder  hoist,  and  it  is  this  motor  that 
propels  the  machine.  The  raker-chain,  stacker,  and  sand- 
elevator  drives  are  all  taken  from  a  countershaft  connected 
to  the  30-hp.  motor.  The  electrical  equipment  was  manu- 
factured by  the  British  Thompson-Houston  Co.,  Ltd. 

The  machine  is  at  present  located  on  Dominion  Creek, 
Yukon,  Canada.  Power  will  be  furnished  by  the  North 
Fork  Power  Co.  from  the  Xorth  Fork  of  the  Klondike 
River,  lii  mi.  fi'om  the  present  site.  Current  is  trans- 
mitted at  33. 1  volts  and  step])ed  down  to  220. 


The  Stnbility  of  Mnterlnl  Towerx  of  the  temporary  variety 
used  to  elevate  building  materials  to  the  proper  floor  level, 
is  an  important  consideration.  This  is  especially  true  In  view 
of  the  general  spread  of  the  compensation  laws.  In  large 
cities  towers  of  this  character  frequently  serve  a  dozen  stories 
and  unless  well-designed  and  constructed  of  sound  timber  add 
materially  to  the  general  hazard  of  the  building  trade.  They 
must  be  braced  and  strutted  and  either  guyed  or  anchored  to 
the  building.  The  subject  is  briefly  treated  in  "Scaffolds,"  pub- 
lished by  the  Travelers  Insurance  Co.,  Hartford,  Conn.  This 
states  that  when  a  high  building  Is  to  be  erected  it  Is  better 
practice  to  add  to  the  height  of  the  hoist  tower  as  demanded  by 
the  progress  of  the  main  construction.  Sometimes  a  pair  of 
towers  are  employed,  in  which  case  the  two  structures  should 
be  tied  together  b.v  horizontal  and  diagonal  stringers.  It  also 
notes  that  hoist  towers  are  often  sheathed  with  boards,  and 
where  this  is  done  It  is  better  to  cover  them  on  the  Inside.  Do- 
ing this,  results  in  a  smoother  surface  for  the  elevator.  This 
excellent  recommendation  is  by  no  means  general  practice. 
The  main  objection  Is  that  the  area  of  the  holstway  Is  reduced, 
unless  the  plan  dimensions  of  the  tower  are  Increased. 
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Uuusiially  heavy  jiortable-track  construction  i.s  required 
to  support  the  heavy  excavating  machines  working  on  the 
river-diversion  channel  of  the  Little  River  drainage  dis- 
trict, near  Cape  Girardeau,  Mo.  The  machines  are 
Bucyrus  175-ton  and  800-ton  dragline  excavators,  each 
carried  by  four  4-wheel  triu;ks  on  two  3-ft.  tracks. 

The  track  construction  is  shown  in  Fig.  1.  Each 
track  is  in  sections  about  18  ft.  long  overall  and  8 
ft.  wide.     The  base  of  the  section  is  a  course  of  4xl2-in. 


u ,e' --->j^i^" 

Tracli  for  Excavctters  on  Wheels 
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5  wir'3 
Mcttfor  Excavo+or  on  Co+erplllars  Of  Rollers 

FIG.  1.    TRACK  AND  MAT  CONSTRUCTION  FOR  EXCAVAT- 
ORS ON  WHEELS  AND  CATERPILLARS 

longitudinal  planks,  upon  which  are  8xl2-in.  crossties 
8  ft.  long,  with  two  12xl2-in.  track  stringers  carrying 
100-lb.  rails.  The  stringers  are  tied  together  by  through- 
bolts  and  have  transoms  of  spacing  timbers  between  them. 
Under  the  ends  of  the  rails  are  V-i-i'i-  steel  plates  12x18 
in.,  and  %-in.  bolts  pass  through  the  rail  flanges  and 
through  the  entire  thickness  of  the  track. 

It  will  be  seen  that  the  track  sections  overlap.  At  one 
end  the  stringers  project  30  in.  beyond  the  base,  and  the 
rails  project  10  in.  beyontl  the  stringers.  Thus  the  rail 
ends  and  stringers  of  one  section  rest  upon  the  stringers 
and  crossties  of  the  adjacent  section.  The  rails  are 
spliced  with  fishplates  of  lx4-in.  steel,  with  slotted  holes. 

The  track  sections  are  shifted  as  required  by  hitching 
them  to  the  boom  of  the  excavator.  For  attaching  the 
slings  there  are  four  U-bolts,  set  diagonally  in  the  ties. 
These  are  more  satisfactory  than  eye-bolts. 

The  stripping  of  surface  in  advance  of  the  main  ex- 
cavators is  done  by  90-ton  Bucyrus  dragline  machines. 
Each  of  these  is  mounted  on  four  caterpillars,  as  shown 
in  Rg.  2;  but  even  this  base  is  not  sulficicnt  on  the  wet 
soft  ground,  which  is  furtlier  broken  by  numerous  stump 
holes.     'I'd  pioMdr  sn]i|)ort    for  the  caterpillar  machines 


aiul  also  for  lighter  machines  that  travel  on  rollers,  heavy 
timber  mats  or  platforms  are  used,  as  illustrated  in  Fig.  l. 
These  are  18x5  ft.,  built  up  of  three  layers  of  4xl2-iii, 
planks.  The  longitudinal  bottom  planks  are  16  ft.  Ion", 
and  those  of  the  top  layer  project  about  30  in.,  so  as  to 
lap  over  the  next  section. 

In  shifting  these  sections  they  are  attached  to  a  thret 
part  sling  that  is  hooked  over  the  excavator  bucket.  TL 
sling  is  of  old  cable;  one  line  carries  a  large  flat  hook  t^- 
engage  the  projecting  front  edge  of  the  mat ;  the  other- 
have  ordinary  hooks  to  engage  TJ-loops  placed  slightly  in 
advance  of  the  center  of  gravity  of  the  mat.  The  loops 
are  made  of  old  cable. 

Information  as  to  these  details  was  furnished  by  S.  T. 
Neely,  Manager  and  Engineer  of  the  Floesch  Construc- 
tion Co.  (Rochester,  N.  Y.,  and  Cape  Girardeau,  Wn.). 
which  has  the  $1,260,000  contract  for  the  work. 
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By  H.  H.  Bi:aux* 
In  the  construction  of  the  five  large  draft-tubes  for  tli 
13,500-hp.  turbines  of  the  Ebro  Irrigation  and  Power  Ci .. 
near  Lerida,  Spain  (described  in  Engineering  Neu-y. 
Sept.  10,  1914,  p.  536),  the  details  of  the  formwork  pn- 
sented  some  difficulties.  These  tubes,  of  the  general 
dimensions  shown  in  the  accompanying  sketih.  are  fluteil 
on  the  horizontal  axis,  turn  a  90°  curve  and  change  from 
a  circle  at  the  top  nearly  to  a  rectangle  at  the  bottom. 


DRAGLINE    EXCAVATOR    MOUNI'i:!'   ' 
CATEUl'ILL.\liH    OX    I'LANK    MAT.S 
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TTMr.T.-:R   FORMS  FOR  COXCRRTR   DRAFT  TUBER 

The   forms  were  so  large  that  it  was  necessary  to  erect 
tbeni  in  place.     Great  care  in  location  was  imperati\e. 

The  top  and  bottom  curves  of  the  draft-tube  arc  tn 
circles,  with  the  same  center.  The  cross-section  at  nim 
different  points,  radial  to  the  hack  curve,  was  deterniincil 
and  ribs  built  to  these  shapes,  11/4  iii-  being  allowed  all 
ci-oiuid  for  lagging.  Two  templets  somewhat  longer  than 
the  back  curve  and  to  the  same  radius,  less  IVi  in.  for 
lagging,  were  built  of  two  layers  of  3-in.  plank  and  were 
nuule  strong  enough  to  bear  the  weight  of  the  assembled 
foi-m.  One  set  of  templets  was  used  for  all  five  draft- 
tubes. 

Two  posts  were  erected  in  front,  bearing  a  light  i=caf- 
r<ild  on  which  the  true  center  of  the  back  draft-tube  curve 
was  located  with  a  transit  and  level.  Tliese  centers  were 
set  about  3%  ft.  each  side  of  the  center  line  of  the  unit, 
in  line  with  the  templets.  The  curved  back  templets  were 
located  by  means  of  a  2x2-in.  stick  cut  to  the  proper 
length,  swinging  from  these  centers,  and  then  secured  by 
blocking  and   bracing.      The   ribs  were  erected  on  these 

•Jtooin   1G3C,   120  BioiuUva.v,  New  Yoi  k  City. 
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emplets,  properly  spaced  by  measuring  along  the  templet, 
nd'the  direction  determined  by  a  string  drawn  from  the 
enters  on  the  scaffold.  The  ribs  were  held  in  place  by 
racing.  The  form  was  then  lagged,  with  the  exception 
f  two  6-in.  strips  where  the  ribs  rested  on  the  templets. 
As  it  was  necessary  to  remove  the  blocking  and  tem- 
lets  before  concreting,  two  small  saddles,  or  piers,  with 
ix  sleeve  bolts  in  each,  extending  the  entire  width,  were 
uilt  underneath  to  carry  the  framing  after  the  removal 
f  the  templets.  The  piers  were  concreted  through  holes 
1  the  draft-tube  forms.  After  the  concrete  had  set,  the 
old-down  bolts  were  tightened,  the  piers  stripped  and 
16  blocking  and  the  templets  removed,  leaving  the  form 
'curely  bolted  down  on  two  concrete  saddles.  The  mass 
mcrete  was  then  poured,  no  additional  bracing  being 
■quired. 

The  power  system  was  built  by  the  Pearson  Engineer- 
]g  Corporation,  under  the  direction  of  A.  W.  K.  Billings, 
[anaging  Director,  Fred  W.  Abbot,  Manager  of  Con- 
ruction,  with  the  writer  in  immediate  charge  of  power- 
lant  construction.  Alfred  Sanerbrann  was  in  charge  of 
le  Seros  division. 


re'n 


Corner  curb  inlets  and  catchbasins  are  standard  prac- 
ce  in  Pueblo,  Colo.  Instead  of  being  on  a  90°  arc 
18  curb  has  two  45°  arcs  with  a  short  tangent  between. 
his  allows  the  catchbasin  inlet  to  come  on  a  plane 
irfaoe,  as  shown  by  Fig.  1. 

The  inlet  is  illustrated  in  Fig.  2.  The  interior  is 
adily  accessible  from  the  gutter  but  not  from  the  side- 


■36' J 

to.    1.     DETAIL    OF    CORNER    CURBING.    PUEBLO,    COLO. 

alk.  The  top  grating  is  designed  to  keep  out  leaves  and 
her  debris.  Yet  should  the  grating  become  clogged 
lerc  is  always  the  4i/2-in.  opening  under  the  curb. 
The  bottom  of  the  inlet  is  built  as  a  plane  surface, 
oping  toward  the  sewer  outlet.  This  is  constructed  of 
•ick  in  the  detail  shown,  but  in  practice  it  is  custom- 
7  to  make  this  wedge-shaped  masonry  of  concrete,  using 
[one,  brickbats  and  other  coarse  material.  The  inlet, 
id  also  all  sewer  manholes,  are  lined  inside  and  outside 


DETAIL    OP    CURB    INLETS,    PUEBLO.    COLO. 


with  a  plaster  coat  of  cement  mortar,  the  mixture  used 
inside  being  1 : 1  and  outside  1 :  3. 

The  foregoing  data  were  obtained  at  the  office  of  I). 
P.  Gaymon,  City  Engineer,  Pueblo,  Colo. 

Bs'olte.eiffi  Cs^Minvdler  I^epsiSredl   "hiw 
^■imtl©geini®^s  "Weldlaiag 
By  Patkick  J.  McGkatii* 
A  steel  pressure  still  for  oil,  9  ft.  IO14  in-  in  diameter 
by  30  ft.  long,  which  had  been  hammer  lap-welded  in  a 
gas  fire  originally,  but  had  not  been  properly  annealed, 
broke  through  the  solid  %-in.  steel  plate  for  a  length  of 
30  in.    The  break  was  parallel  to,  and  about  12  in.  from, 
one  of  the  girth  welds.     At  the  time  of  the  failure  the 
cylinder  was  under  a  hydrostatic  pressure  of  1.50  lb.  per 
sq.in.     The  crack  was  •''/,;,,  in.  wide  for  practically  its  en- 
tire length. 

Owing  to  the  fact  that  it  was  not  advi.sable  to  dismantle 
the  fittings,  it  was  necessary  to  make  an  autogenous  weld. 
This  was  about  120°  from  the  bottom  (the  cylinder  being 
on  its  side)  of  the  shell.  It  is  generally  conceded  that  the 
bottom  of  such  welds  contains  slag  and  that  a  solid  weld 
throughout  the  entire  section  is  difficult  to  obtain  in  view 
of  this  fp.ct. 


\.::^ 
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FIGS     1    TO   5.     LOCATION   OF    BREAK    IN    CYLINDER   i 
SEVERAL   STEPS   IN    WELDING    IT 
1 — Location   of  crack.      2— Cross-section   of   plate,    shov 
crack.      3 — How    crack    was    prepared    for    welding.      4 — \ 
completed  but  not  dressed.     6 — Finished  Job. 
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The  break  was  prepared  for  welding  by  cutting  tlie 
customary  V  to  the  full  depth  of  tlie  plate,  after  which 
the  edges  of  the  apex  of  the  V  were  heated  to  red  by 
means  of  the  torch  and,  by  using  a  hand  fuller  tool,  were 
set  down  in  the  manner  showTi  in  Fig.  3.  Befoie  filling 
the  V  we  welded  crossbridges  at  8-in.  intervals  to  prevent 
drawing  together  by  contraction  of  the  welded  parts.  The 
after  eflfects  of  contraction,  due  largely  to  heat  that  es- 
capes into  the  body  of  the  plate  when  welding,  were  min- 
imized by  pouring  water  on  the  plate  about  8  in.  from 
each  side  of  the  weld. 

After  welding  about  4  in.,  we  thoroughly  hammered  the 
weld  and  adjoining  metal  from  inside  and  out  alternately, 
meanwhile  holding  on  with  a  sledge  on  the  opposite  side 
of  the  plate.  After  welding,  the  inner  surface  was 
chipped  until  the  solid  metal  under  the  scale  was  reached, 
when  it  was  finished  by  grinding  out  every  vestige  of 
the  break  with   a  portable  emery  wheel. 


A  combination  portable  dragline  excavator  and  wagon 
loader  has  been  devised  by  Barbeau  &  Werring,  state  road 
contractors,  ^linneapolis,  Minn.  One  of  these  is  now  on 
gravel-road  construction  at  Worthington,  Minn. 

A  gasoline  engine  operates  by  chain  drives  two  hoisting 
drums,  mounted  on  a  light  steel-frame  truck,  as  shown  in 
Figs.  2  and  3.  The  hauling-line  hoist  is  at  the  top  of  the 
triangular  body  frame,  and  the  outhaul  lire  is  manipu- 
lated from  a  hoist  below. 


Tlie  loaded  skip  is  drawn  upon  an  elevating  hopper, 
which  is  raised  into  dumping  position  by  the  hauling  line. 
At  the  top  of  the  wagon  frame  the  hopper  and  skip  are  in 
a  position  that  causes  the  gravel  to  slide  out  through  a ' 
chute  into  the  wagon.     No  bin  is  i^rovided. 

The  apparatus  is  still  experimental  and  is  doubtlo-- 
capable  of  improvement.  W.  P.  Eosenwald  is  Division  En- 
gineer for  the  State  Highway  Department  on  this  work. 


When  electric  blasting  cajDs  are  Tjsed  and  one  or  ail  ii 
the  holes  fail,  disconnect  the  wires  from  the  blasting 
machine,  and  it  is  safe  to  go  back  immediately  to  investi- 
gate the  trouble.  The  investigation  should  first  consiist 
of  a  search  for  broken  wires,  faulty  connections  or  short- 
circuits. 

AVhen   blasting  caps  and  fuse   are  used,  greater  care- 
must  be  exercised.     It  is  never  safe  to  go  back  immedi- 
ately to  a  delayed  shot  that  is  primed  with  a  blasting  rn" 
and  fuse.     The  fuse  may  have  been  injured  in  tanipii 
and  instead  of  burning  rapidly  may  smolder  for  a  Ion 
time,  then  reignite  the  powder  in  the  lower  end  of  tb 
fuse  and  fire  the  blast.   The  interval  of  waiting  should  1" 
as  long  as  possible,  preferably  until  the  next  day  if  t! 
firing  is  done  in  the  afternoon.     In  all  cases  the  w;i 
should  be  several  hours.     When  lighting  fuse,  be  sure 
that  the  powder  column  is  on  fire,  as  time  may  be  wasted 
in  waiting  for  a  blast  whose  fuse  is  not  even  lighted. 
Never  use   blasting-powder  squibs  and  blasting  powder 
for  dc'toniiting  dvnamite  changes. 


Tf  ib(>  hole  is  untnnipcd  or  is  tamped  with  watci',  ma! 
ii]i  another  primer,  place  it  on  top  of  the  charge,  and  liri-. 
ir  Ibc  ground  is  soft  and  wet,  put  down  another  charge 
far  enough  away  for  drilling  in  safety,  but  close  enough 
to  cause  detonation  by  concussion.  When  this  is  not 
possible,  there  are  two  methods  of  relief.  The  tamping 
can  be  carefully  removed  almost  down  to  the  charge  with 
a  spoon  and  hardwood  probe.  Extreme  caution  must  be 
observed,  especially  when  the  cap  is  in  the  top  cartridge 
oF  the  charge,  to  prevent  danger  of  firing  the  cap  by 
friction  or  impact.   The  upper  sketch  (page  7!))  is  a  type 

s])oon  recommended  by  the  Du  Pont  Co. 

'When  it  is  necessary  to  blast  out  a  misfire  by  drilling 

il  cliarixinEr  a  second  hole,  much  care  should  lie  used. 
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ich  a  hole  must  be  far  enough  away  from  the  charge  to 
ake  drilling  and  loading  safe,  but  must  be  close  enough 
insure  the  old  charge  being  blown  out  together  with 
e  rock  or  confining  ground. 

When,   for   any   reason,   misfires   may   be   expected,   a 
,od  practice  is  to  put  a  wad  of  paper  or  dry  leaves  ini- 


r 


Blas^  n^  Cap 


Chcrrge- ''  Paper  Ptucr-  Tampinff-- 

UPPER — A  GOOD  SPOON  FOR  REMOVING  TAMPING. 
LOWER — PAPER  PLUG  PLACED  OVER  CHARGE 

ediately  over  the  cliarge  of  explosive  and  jiack  the  tamp- 
g  on  top  of  this.  If  it  becomes  necessary  to  remove  the 
raping,  this  dry  material  makes  an  excellent  index  of 
■  st  how  far  down  it  is  safe  to  remove  the  tamping.  All 
isfires  should  be  placed  under  the  direction  of  a  careful 
id  experienced  workman,  who  should  make  his  exam- 
ation  in  a  slow,  methodical  manner  before  beginning 
&  work  of  repriming. 

Distributing  concrete  in  drop-bottom  dump  wagons  is 
msual.    For  a  haul  of  more  than  two  blocks  the  wagon 

superior  on  account  of  its  greater  capacity,  in  the  same 
ay  that  large  wheeled-scrapers  are  superior  to  small  slip- 

rapers  for  handling  earth  where  the  haul  is  long.  A 
nger  haul  is  also  said  to  be  practicable,  even  up  to  10  or 
I  blocks,  thus  reducing  the  number  of  moves  or  set-ups 
'  the  concrete-mixing  plant.  With  large  loads  the  con- 
•ete  does  not  set  during  transportation. 

Further,  where  slow-setting  cement  is  used,  there  is  a 
jssibility  of  establishing  the  mixer  plant  near  the  railway 
■  source  of  supply  (as  with  asphalt  plants)  and  distribut- 
ig  all  or  a  large  proportion  of  the  concrete  from  this 
le  point. 

One  contractor  who  has  used  both  one-horse  carts  and 
vo-horse  dump  wagons  is  John  A.  Beebe,  of  Omaha,  Neb. 
le  states  that  as  a  result  of  his  experience  he  sold  the 
jrmer  and  increased  the  number  of  the  latter.    He  found 

difficult  to  hire  single  horses;  the  cost  was  nearly  as 
luch  as  for  a  team,  and  the  men  leading  or  driving  them 
ere  apt  to  walk  slowly  at  the  end  of  the  day.  Teams  for 
18  wagons  were  easily  obtained ;  the  load  did  not  tire  the 
orses,  and  as  the  driver  rode,  he  did  not  slow  down  the 
ace.  In  this  way  from  50  to  G0%  more  concrete  was 
laced  in  a  working  day,  while  both  men  and  horses  were 
;S8  tired  after  the  work. 

Another  advantage  is  that  the  dump  wagons  can  l)e 
sed  also  for  hauling  dirt  or  other  material,  while  the 
arts  nmst  stand  idle  wlien  not  in  use  for  hauling  concrete. 
lis  latest  work  was  in  paving  at  Benson,  Xeb.  The  haul 
.'as  one  to  three  blocks,  using  Stroud  wagons  with  %-yd. 
)ads.  A  little  sand  was  thrown  in  tlie  bottom  to  prevent 
sakage. 

The  Monarch  Engineering  Co.,  of  Falls  City,  Neb.,  has 
ised  the  same  make  of  wagons  for  hauling  concrete  in 


street  work  at  that  city  and  at  Sabetha,  Kan.  The  haul 
was  from  two  to  four  city  blocks  of  300  ft.,  and  the  load 
was  30  cu.ft.  (two  batches)  of  1:3:6  concrete.  This 
firm's  experience  with  carts  and  wagons  has  been  about 
the  same  as  that  noted. 

At  Aurora,  111.,  a  large  amount  of  concrete  has  been 
placed  in  this  way,  especially  the  base  for  street  paving. 
Several  contractors  have  used  Western  dump  wagons  for 
hauling  both  excavated  material  and  concrete.  The  same 
equipment  serves  for  hauling  gravel  when  weather  does 
not  permit  of  concreting.  As  to  the  possibility  of  leak- 
age, Mr.  Tarble,  City  Engineer,  states  that  this  can  be 
avoided  by  using  practically  new  tight-closing  wagons  and 
exercising  proper  precaution  in  cleaning  out  after  each 
dump.    There  has  been  very  little  trouble  of  this  kind. 

Mark  H.  Lynch,  of  Boston,  Mass.,  and  the  Eureka  Con- 
struction Co.,  of  Tulsa,  Okla.,  have  used  AVatson  dump 
wagons  in  this  way.  Some  dump-wagon  builders  state 
that  their  wagons  have  been  used  for  this  purpose,  but 
cannot  mention  siJecific  cases.  With  the  use  of  the  high- 
side  dump  wagon,  sj^ecial  arrangements  are  required  to  get 
it  under  the  spout  of  the  mixer.  Usually  the  driveway  is 
excavated  to  some  extent,  and  the  mixer  raised  by  placinj; 
it  on  planks  or  blocking. 


The  accompanying  views  show  some  of  the  flood-pro- 
tection work  on  the  Santa  Ana  River  in  California.  The 
rock  mounds  or  levees  are  laid  inshore  from  the  low-water 
lines  of  the  river  as  a  protection  against  encroachment 
in  time  of  high  water.  The  wire  mesh  is  first  laid  in 
longitudinal  strips  and  wired  together.     The  boulders  arc 
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theu  dumped  on  top  to  the  desired  shape  and  height, 
and  the  ends  of  the  mesh  are  brought  together  and  wired 
at  the  top.  Tills  forms  a  very  flexible  levee  and  one 
that  will  readily  sink  when  undermined  and  thus  stop 
undercutting.  A  similar  system  has  been  in  vogue  iv 
India  for  some  years.  An  installation  there  was  de- 
scribed in  Engineering  News,  May  6,  1909,  p.  490.  It 
is  stated,  however,  that  the  system  as  used  in  California 
has  been  patented  in  this  countiy  by  "W.  E.  Pedley,  of 
Eiverside,  Calif. 


A  Gravel  Cart  Made  of  Scrap — The  prohibitive  cost  of  mov- 
ing gravel  by  wheelbarrow  up  a  steep  grade  was  ingeniously 
overcome  by  a  gravel  cart  built  of  .scrap  materials,  by  Edward 
Christman,  well  contractor,  in  building  a  well  sump  at  Indian 
Head,  Md.,  recently.  The  view  shows  the  construction  of  the 
cart.  Old  pulleys  on  a  piece  of  pipe  formed  the  wheeLs  and 
a.xle.  The  sills  were  made  of  2x4s  and  the  body  was  built  of 
inch   planks.      .4   wire   bridle    served    for    towing,    and    the   cart 


bowls  which  are  then  fastened  together  and  made  air-tight. 
This  fixture  is  quite  as  effective  in  yard  lighting  as  in  street 
illumination.  For  a  300-watt  gas-flUed  tungsten  lamp  the 
intensity  at  angles  near  the  horizontal  is  nearly  900  cp.,  and 
it  is  the  light  at  these  angles  that  is  most  effective  in  illum- 
inating distant  areas  and  dark  corners.  Flood  lighting  is  be- 
ginning to  sho'w  a  utilitarian  value  as  vrell  as  one  purely  dec- 
orative. It  is  useful  in  furnishing  light  in  and  about  large 
industrial  plants.  If  a  gantry  crane,  for  example,  is  to  be 
repaired  at  night  and  no  convenient  facilities  are  available 
for  obtaining  electric  light  close  at  hand,  a  projector  may  be 
mounted  in  a  window  of  a  building  many  yards  away  and  the 
centre  of  operation  as  satisfactorily  illuminated  as  if  a  port- 
able cluster  were  used.  Aside  from  the  matter  of  night  repair 
and  construction  work,  it  is  worth  while  for  the  plant  electri- 
cian to  keep  on  hand  a  number  of  these  projectors  for  oper- 
ation in  case  of  strike  or  other  disturbances.  Lighting  up  the 
approaches  to  a  plant  in  this  effective  manner  by  a  battery  of 
units  has  obvious  advantages. 

.\n  Artesian  Well  to  Float  Dredges  for  digging  a  drainage 
canal  near  Cravvfordsville,  Ark.,  is  to  be  put  down  by  the 
Canal  Construction  Co.,  of  Memphis.  Instead  of  waiting  for 
the  fall  rain  to  fill  the  ditches,  a  centrifugal  pump  will  be 
used  to  lift  the  water.  Seven  dredges  will  be  used  in  digging 
the  canal.  The  latter  will  drain  90,000  acres.  The  contract 
price  for  the  canal  is  $47,000. 

A  Handle  for  Carrying  Duct  Tile  is  used  by  "workmen  of 
the  Rochester  (X.  Y. )  Gas  and  Electric  Co.  It  is  made  bjr 
bending  a  stiff  rod  into  S  shape.  The  top  is  grasped  by  the 
hand,  and  the  bottom  is  slipped  into  the  tile.  The  vitrified 
clay  has  sharp  and  burred  edges  that  cut  the  men's  hands; 
formerly  the  tiles  were  carried  by  slipping  a  pick  handle  or 
stick   through   a  duct. 

SurvcyinB-In»trument  Rack  for  the  Field  Office — When  we 
had  an  instrument  on  the  job  we  always  begrudged  the  time 
necessary  to  take  the  transit  off  the  tripod,  put  it  away  in  its 
box,  etc.  On  a  recent  job  of  the  Samuel  Austin  &  Sons  Co. 
a  wall  rack  was  made  in  which  the  instrument  with  its  tripod 
could  be  placed  and  so  the  need  tor  dismounting  obviated.  A 
small  shelf,  say  2  ft.  long,  was  built  about  4  ft.  off  the  floor, 
high  enough  to  come  almost  to  the  top  of  the  tripod  stand- 
ing vertically.  Two  notches  were  cut  in  the  shelf,  one  to 
receive  the  head  of  the  tripod,   the   other   to   take  rods.     The 
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PULLED  BY  CABLE  AND  STEERED  BY  TONGUE 

was  steered  by  a  2x4-in.  tongue.  The  motive  power  was  the 
winch  drum  of  the  well-drilling  machine,  which  wound  in  a 
wire  cable  running  through  snatchblocks  and  attached  to  the 
bridle.  A  load  of  15  cu.ft.  could  be  hauled  100  yfl.  and  dumped, 
in  a  minute  and  a  half.— Lieut.  C.  L.  Lothrop,  Jr.,  Indian  Head, 
Md. 

Office  and  Yard  LiKhtins  were  discussed  by  Ward  Harrison 
recently,  at  a  meeting  of  the  Association  of  Iron  and  Steel 
Electrical  Engineers,  in  Pittsburgh.  The  following  are  his 
opinions:  Luring  the  past  year  the  tendency  in  ortice  and 
drafting-room  lighting,  even  in  industrial  plants,  became  so 
decidedly  in  favor  of  indirect  or  semi-indirect  units  that 
scarcely  a  factory  building  is  now  erected  in  which  this  form 
of  illumination  is  not  employed  in  the  office  space.  In  install- 
ing a  semi-indirect  system  bowls  of  great  density  must  be 
chosen,  otherwise  the  results  will  be  but  little  superior  to 
those  obtained  from  direct  lighting.  The  density  of  the  glass 
should  be  such  that  the  bowls  are  not  markedly  brighter  than 
the  ceiling.  The  extensive  use  of  gas-fllled  tungsten  lamps  in 
street  lighting  has  led  recently  to  the  development  of  the 
prismatic  glass  reflector,  in  which  the  prisms  are  kept  free 
from  dust  by  being  placed  on  ttie  inner  surfaces  of  two  glass 
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front  of  each  notch  was  shut  off  by  a  vertically  EWinginK 
gate  which  when  closed  locked  in  by  the  dovetail  cut  of  Its 
end.  When  the  operator  comes  in  oft  the  job  with  the  transit 
on  the  tripod  he  folds  the  legs  of  the  tripod  close  together, 
stands  it  upright  in  its  proper  notch  and  shuts  the  gate  In 
front  of  it.  A  possible  imi»rovement  would  be  to  provide  a 
heavy  oilcloth  cover  to  put  over  the  tran.sit  when  it  is  in  the 
rack. — Allen   Brett,   Cleveland,   Ohio. 

Reniovini;  Pulleys  that  have  been  rusted  cm  shafts  is  fre- 
quently a  troublesome  job,  but  can  generally  be  accomplished 
by  heating  the  hub  with  a  charcoal  fire  or  some  other  means. 
The  hub  will  expand,  and  the  wheel  can  be  easily  removed. 
Care  should  be  fatten,  however,  not  to  heat  the  shaft,  for  if  It 
expands  as  much  as  the  hub  nothing  is  gained. — "Power." 
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The  making  of  a  technical  definition  is  notoriously  diffi- 
.■ult.  Local  meanings  are  quite  variable  and  the  diction- 
aries are  generally  both  inadequate  and  wrong.  Conse- 
quently the  individual  or  the  small  group  that  attempts 
to  set  down  in  precise  terms  Just  what  some  well  known 
technical  word  is  meant  to  convey  is  generally  subjected 
to  most  critical  comment,  for  it  is  strange  but  true  that 
ilmost  any  engineer  can  on  a  moment's  notice  build  iip 
in  opposition  definition  which  he  is  prepared  to  defend 
igainst  all  comers. 

And  yet  the  fact  is  obvious  that  some  standard  defini- 
•ions  are  most  woefully  needed.  Take,  for  instance,  con- 
■rete.  It  is  safe  to  say  that  to  nine  engineers  out  of  ten 
:he  word  concrete — just  plain  unqualified  concrete — 
neans  the  hard  stone-like  substance  resulting  from  the 
netting  of  a  mixture  of  a  hydraulic  cement  with  some 
nert,  inorganic  aggregate.  Yet  the  dictionary  does  not 
justify  that  definition,  nor  would  the  road  men  who  talk 
)f  asphaltie  concrete  accept  it.  The  narrow  definition 
las  been  proposed  by  the  Xomenclature  committee  of 
he  American  Concrete  Institute.  In  contrast  thereto,  the 
j}T)sum  committee  of  the  American  Society  for  Testing 
Materials  proposes  a  definition  which  would  label  as  con- 
rete  a  mi.xture  of  glue  and  sawdust. 

This  confusion  is  multiplied  by  the  number  of  terms 
leeding  definition,  particularly  wlien  such  terms  are 
jointly  used  in  different  industries.  Xo  small  group 
■an  settle  the  difficulty.  What  is  necessary  is  a  joint 
committee  of  unquestioned  standing  and  the  widest  of 
ields — a  committee  which  will  be  able  to  weigh  the 
bairns  for  preference  and  will  be  of  snch  authority  that 
ts  pronouncements  will  by  that  fact  become  definitions. 

What  society  will  be  the  first  to  propose  such  an  or- 
,'anization?  It  is  no  mean  job  that  it  would  have  before 
t;  the  French  academy  iti  many  decades  is  only  through 
:he  first  dozen  letters  in  its  formulation  of  a  dictionary 
)f  the  French  language.  In  its  more  restricted  field  a 
Joint  Committee  on  Xomenclature  would  have  just  as 
iiard  and  as  useful  a  job. 

SeiniSSitL©nti©.]l  Q^osttaoims  aEa  H<s''yy 

Tlie  real  situation  surrounding  the  new  column  tests 
3f  tlie  Bureau  of  Standards  appears  to  be  that  the  result-s 
are  very  fair  and  satisfying  on  the  surface,  but  deeper 
flown  give  cause  for  serious  concern.  It  is  not  possible  to 
find  the  latter  in  the  few  scanty  data  released  l)y  the 
Bureau  in  its  present  short  memorandum.  Fortunately 
sonio  additioHal  information  is  available.  The  general  fig- 
ures of  results  justify  the  most  optimistic  news  as  to  col- 
umn strength.  They  .show  performances  not  approached 
by  the  bridge-builder's  skill  in  prior  eon.struction.  Earlier 
tests  sliowcd  that  modem  columns  of  standard  i)ridge  steel 
will  develop  a  high  strength — practically  the  yield-point 


of  the  metal.  The  great  Washington  test  series  made 
by  the  Bureau  for  the  American  Society  of  Civil  Engi- 
neers, fully  discussed  in  these  columns  some  months  ago. 
may  be  referred  to  for  clear  proof  of  this  fact.  Xow 
come  the  new  tests  with  most  gratifying  confirmation  of 
the  general  law,  by  showing  that  high-strength  special 
steels  will  improve  the  resistance  of  the  column  in  pro- 
portion to  the  increased  strength  of  the  metal. 

Thus  it  now  apjwars  certain  that  special  and  alloy  steels 
retain  their  full  advantage  when  fabricated  into  columns. 
All  the  assumptions  which  lead  to  the  choice  of  such 
steels  for  very  large  bridges  are  thus  approved. 

No  less  emphatic  approval  is  given  to  the  work  of 
the  designing  engineer.  In  these  tests  he  is  found  to 
have  been  completely  successful  in  the  endeavor  to  con- 
struct an  integral  strut,  a  column  which  will  fail  in  the 
body  and  not  in  details.  The  engineer  has  applied  the 
metal  to  column  service  with  100%  efficiency. 

Two-thirds  of  the  struts  in  the  test  series  failed  by  in- 
tegral body  curvature;  every  detail  held  wp.  Only  one- 
third  failed  by  local  crippling,  and  even  these  came  close 
to  the  full-efficiency  mark,  since  their  strength  figures 
compare  closely  with  those  obtained  with  the  body 
failures. 

These  two  certificates  of  merit  naturally  produce  feel- 
ings of  satisfaction.  But  further  we  may  congratulate 
onrselves  on  obtaining  the  valuable  teachings  of  the  sev- 
eral detail  failures  observed  in  the  tests.  There  are  dis- 
closed certain  slight  weaknesses  in  latticing,  in  pin  jaw.s, 
in  thin-plate  flanges  stitched  together.  By  improving 
these  details  we  may  reasonably  hope  to  attain  a  state  of 
full-efficiency  designing  for  every  column.  We  are  nearly 
at  this  point  of  jjerfection  now,  but  with  the  help  of  the 
tests  we  come  measurably  closer  to  it. 

It  is  pertinent  now  to  mention  the  fact  that  the  last  of 
these  tests  were  made  nearly  two  years  ago.  In  spite  of 
this  lapse  of  time,  which  doubtless  permitted  the  memor- 
andum of  results  to  be  prepared  with  great  care,  we 
learn  only  the  optimistic  side  of  the  case  from  the  facts 
stated  in  the  text  and  the  tal)le  of  results.  The  text 
omits  all  reference  to  certain  observations  of  utmost 
weight  in  their  bearing  on  column  strength. 

The  simple  fact  is  that  while  the  ultimate  static 
strengths  of  the  columns  tested  are  very  high,  elastic  fail- 
ure occurred  at  alarmingly  low  loads.  This  one  fact 
overthrows  the  entire  structure  of  optimism  erected  on 
the  high  ultimate-strength  results. 

Only  one  stress-strain  curve  is  shown  in  the  memor- 
andum, and  it  is  reproduced  in  our  abstract.  This 
shows  what  may  perhaps  be  called  fairly  good  elastic  be- 
havior. The  elastic  limit  as  marked  is  located  well 
above  the  point  reached  by  ordinary  working  stresses. 
True,  it  is  only  half  the  ultimate  strength  of  the  column, 
yet  on  the  other  hand  no  reason  is  shown  for  paying  any 
more  attention  than  is  customary  to  this  evanescent 
phenomenon  of  an  elastic  limit. 

But,  unrovealed  by  the  memorandum  of  the  Bureau, 
a  whole  ser^ies  ot  stress-strain  curvets  shows  elastic  limits 
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hiiiir  between  15,000  and  25,000  lb.  per  sq.iu.  1  Does 
this  mean  that  high-strength  alloy  steel  is  not  even  as  good 
as  ordinan-  bridge  steel?  Somethiug  must  have  been 
badly  wrong  with  the  material,  or  else  the  elastic  limit  is 
a  snare  and  delusion  and  should  be  neglected  in  fixing 
safe  working  stresses. 

The  fact  is,  however,  that  these  elastic  limits  were  not 
mere  irregularities  in  the  stress-strain  curve,  but  the 
points  at  wliieh  permanent  set  began.  This  was  amply 
proved  by  release  of  load  and  reapplication.  The  point 
of  beginning  of  set  is  universally  recognized  as  an  upper 
limit  of  possible  loading,  with  regard  to  both  variable 
static  loads  and  to  endurance.  Therefore  the  truth  ap- 
pears to  be  that  these  columns  of  special  steel,  strong: 
enough  in  the  testing  machine  to  go  up  to  50,000  lb. 
before  failure,  were  not  even  as  strong  for  service  as 
columns  of  ordinary  bridge  steel  with  elastic  limit  of 
25,000  lb. 

A  further  fact  of  critical  importance  must  be  added: 
When,  having  aijplied  such  a  load  exceeding  the  elastic 
limit,  the  load  is  alternately  raised  and  lowered  a  few 
thousand  pounds  per  square  inch,  there  is  a  continuous 
increase  of  permanent  set.  The  column  slowly  yields 
under  this  jiggling  of  the  load.  The  importance  of  this 
observation,  even  if  only  in  a  suggestive  way,  is  too 
plain  to  be  disregarded. 

Precisely  such  load  actions  take  place  in  the  regular 
service  of  a  column;  the  load  is  always  varying,  alter- 
nating from  higher  to  lower.  If  in  such  service,  with 
loads  exceeding  the  original  elastic  limit,  there  is  progres- 
sive yielding,  then  how  can  we  depend  on  the  ultimate 
safety,  the  endurance  of  columns  subjected  to  such  loads  ? 
It  becomes  clearer  than  ever,  from  this  observation,  that 
working  stresses  must  be  kept  within  the  elastic  limit,  and 
that  the  sj^ecial  steel  therefore  failed  to  demonstrate 
its  service  value. 

Part  of  the  case  is  still  without  evidence,  however. 
How  does  the  column  behave  as  to  deflection  while  the 
increasing  load  is  bending  the  stress-strain  curve  away 
from  a  straight  line?  Deflections  are  an  important  fea- 
ture of  column  action,  or  rather  of  failure. 

Observations  show  that  there  is  no  measurable  deflec- 
tion of  the  columns  until  a  very  high  load  is  reached,  a 
load  well  up  toward  ultimate  strength.  Very  long  be- 
fore a  load  is  reached  at  which  deflection  begins,  the  col- 
umn has  passed  its  elastic  limit,  and  the  diagram  is  curving 
decidedly  as  the  metal  undergoes  permanent  set. 

This  striking  comparison,  if  it  means  anything,  tells 
that  the  weakness  of  the  column  is  not  in  its  structure  but 
in  its  metal.  The  engineer  has  done  his  part,  and  more 
than  his  part,  in  making  the  column  keep  in  strict  align- 
ment up  to  a  high  load,  even  while  the  metal  is  compress- 
ing and  undergoing  permanent  yield.  The  column  as  a 
structure  holds  up  rigidly,  with  no  trace  of  deflection,  to  a 
load-intensity  of  40,000  lb. ;  but  the  metal  in  the  column 
fails  at  half  that  load.  The  steel  maker  has  not  done 
his  part. 

These  facts  are  so  startling,  and  so  new,  that  they 
surround  the  subject  of  steel  columns  with  a  wholly 
changed  atmosphere.  Most  important  deductions  as  to 
design  and  construction  of  columns  are  sure  to  flow  from 
them,  when  they  w-ill  have  been  confirmed  broadly.  It 
is  conservative,  therefore,  to  regard  the  pulilicatinn  of 
results  of  the  new  column  tests  as  a  sensational  event  in 
the  field  of  structural  knowledge. 


F©cdl©iPSifl  F^mimdls  Avs^als^Ibll©  for 


The  passage  by   Congress  of  the  act  granting  money 
from  the  Federal  treasury  to  the  several  states  for  aid 
in  road  construction  may  be  viewed  from  several  different 
angles.      There  has   been  opposition   to  the   bill  on  the 
ground  that  it  was  an  attempt  to  make  the  wealthy  cities 
and  the  populous  states  of   the   East,  which  contribute    | 
the  bulk  of  the  Federal  revenue,  help  pay  for  the  con-   I 
struction  of  roads  in  remote  parts  of  the  country.     It 
has    been    predicted    also    that    this    bill    is    merely    an 
entering  wedge  and  that  in  the  near  future  every  rural    _ 
congressman   will   go   to  Washington   charged   with  the    I 
duty  of  bringing  home  as  large  appropriations  as  jTOSsible    1 
for  the  roads  in  his  district,  following  the  bad  precedent 
set  by  the  Eiver  and  Harbor  and  the  Public  Buildings 
appropriation  bills. 

There  is,  however,  a  more  hopeful  aspect  to  this  new 
departure  in  Federal  legislation.  That  Federal  aid  to 
road  construction  was  inevitable  has  been  for  some  tinip 
recognized  and  was  made  clearly  evident  by  the  debate 
iipon  the  bill  in  both  houses  of  Congress.  A  large 
majority  in  both  houses  were  strongly  in  favor  of  Federal 
aid  and  the  debate  was  chiefly  over  the  best  manner 
of  extending  it.  It  should  be  understood  that  the  Federal 
aid  now  extended  is  a  very  insignificant  fraction  of  the 
total  expenditure  on  road  work  in  the  United  States. 
The  $5,000,000  of  Federal  money  which  will  be  available 
next  year  is  less  than  2%  of  the  amount  which  states 
and  counties  and  towns  are  already  expending  on  road 
work.  If  through  the  establishment  of  Federal  aid  and 
Federal  supervision,  an  influence  may  be  exerted  which 
will  cause  the  states  to  expend  their  own  road  appropria- 
tions with  more  intelligence  and  honesty,  the  indirect 
benefits  resulting  from  the  Federal  appropriation  may 
far  exceed  the  amount  of  the  money  payment. 
~It  is  true  that  under  the  act  as  passed,  Federal  engi- 
neers are  not  to  directly  supervise  the  work  of  construc- 
tion. The  svirveys,  plans,  specifications  and  estimates, 
however,  are  to  be  passed  iipon  by  the  Federal  authorities 
and  the  Secretary  of  Agriculture  is  not  to  pay  over  the 
Federal  appropriation  until  he  finds  that  the  work  is 
being  constructed  in  compliance  with  the  plans  and 
specifications.  Thus  the  primary  responsibility  for  the 
conduct  of  the  work  is  left  where  it  should  be '  left, 
with  the  state  authorities  which  originate  the  plans ;  but 
it  will  be  an  excellent  stimulus  to  good  work  to  know 
that  what  is  being  done  may  have  to  undergo  inspection 
by  Federal  engineers  and  that  if  the  results  of  the  in- 
spection are  unfavoralde,  the  appropriation  may  be  held 
up. 

It  is  unfortunately  the  case  that  the  great  bulk  of 
the  highway  and  bridge  construction  in  the  United  States 
is  still  carried  on  by  county  authorities  without  state 
supervision.  County  government  is  a  matter  in  wliieli 
the  taxpayers  and  voters  generally  take  comparatively 
little  interest  and  as  a  result  it  is  more  or  less  pernieateil 
with  politics  and  graft.  Only  a  very  snuill  proportion 
of  the  counties  in  the  United  States  employ  engineers 
to  carry  on  their  construction  work.  Few  of  tliem 
in  fact  have  work  of  sufficient  magnitude  to  justify  the 
employment  of  an  engineer.  There  is  no  more  important 
reform  needed  in  the  conduct  of  public  work  than  tli'' 
establishment  of  thorough  state  supervision  of  the  work 
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carried  on  by  counties,  especially  in  the  fields  of  highway 
and  bridge  construction  and  maintenance.  It  is  to  be 
hoped  that  the  Federal  bureau  which  is  to  be  established 
to  supervise  road  construction  on  which  Federal  aid  is 
extended,  will  be  able  to  wield  a  powerful  influence  toward 
bringing  about   this  very  desirable  result. 


Pumping  water  through  a  small  head  from  one  body  to 
another  to  maintain  an  adequate  supply  through  a  con- 
siderable fall  for  the  generation  of  power  is  not  new.  Es- 
pecially has  it  been  resorted  to  in  emergencies.  But  so 
far  as  generally  reported,  the  Bear  Lake  storage  develop- 
ment of  the  Utah  Power  and  Light  Co.,  described  else- 
where in  this  issue,  presents  the  most  extensive  and  inter- 
esting employment  of  this  scheme.  Bear  Lake  was  an  iso- 
lated body  near  the  lower  reaches  of  Bear  Eiver,  but  it  was 
so  advantageously  situated  that  it  could  easily  be  made  to 
receive  the  flood  waters  coming  down  from  3,000  sq.mi. 
of  drainage  area  above,  so  as  to  provide  regulation  of 
river  flow  over  any  cycle  of  dry  years  on  record.  But 
the  gradual  paying  out  of  the  impounded  waters  was 
less  simple.  Obviously,  there  was  the  choice  of  a  long 
and  expensive  outlet  canal  for  gravity  feed  to  the  river 
or  a  .short  high-level  canal  with  a  large  pumping  station 
at  the  lake.  Operating  expenses  of  such  a  project  were 
less  than  interest  charges  on  the  low-level  canal  plus  the 
greater  annual  expense  of  maintaining  the  longer  and 
deeper  channel. 

The  pumping  station  itself  is  of  great  interest ;  look- 
ing at  the  section  showm  on  another  page,  a  striking  simi- 
larity is  seen  with  the  latest  type  of  hydro-electric  gen- 
erating station — witness  the  vertical-shaft  pump  with 
converging  inlet  passage,  the  spiral  casing  molded  in  the 
foundations,  the  direct-connected  motor  and  the  entire 
runner  supported  by  a  Kingsbury  top  bearing.  Conven- 
iently neglecting  some  details  in  the  motors  and  impellers, 
this  is  a  hydro-electric  station  running  backward. 


The  Federal  Trade  Commission  and  the  Interstate 
Commerce  Commission,  are  insisting,  very  properly,  on 
the  establishment  of  accurate  cost-accounting  methods 
by  the  corporations  under  their  supervision.  This  is  justi- 
fied on  the  ground  that  only  through  the  facts  furnislied 
by  an  accurate  and  honest  accounting  system  can  informa- 
tion be  obtained  that  will  enal)le  a  regulating  commission 
60  to  control  the  operations  of  public  utilities  as  to  deal 
justly  with  the  public,  the  employees  and  the  owners  of 
the  company's  securities. 

It  would  seem  that  the  Government  ougiit  to  do  itself. 
in  conducting  its  own  business,  what  it  compels  the  own- 
ers of  a  private  business  to  do.  Unfortunately,  it  is  the 
rare  exception  when  government  accounts  are  so  made  up 
that  the  actual  cost  of  a  piece  of  work  can  be  known.  Not 
only  this,  but  Congress  seems  very  loath  to  apply  to  Gov- 
ernment work  the  accurate  accounting  methods  that  it  is 
prompt  to  demand  in  connection  with  private  industry. 

In  the  recent  debate  in  the  House  of  Representatives  on 
the  appropriation  of  $11,000,000  to  establish  a  Govern- 
ment armor-making  plant.  Congressman  Butler  oll'ered  an 


amendment  that  expert  chartered  accountants  should  be 
cinplo}ed  to  open  a  set  of  books  which  would  show  every 
item  that  was  spent  in  connection  with  the  construction 
of  the  Government  plant  and  the  final  cost  per  ton  of 
armor  for  each  month  of  operation.  The  House,  however, 
rejected  this  amendment. 

There  is  without  doubt  a  large  body  of  public  opinion 
^\•hich  favors  Government  ownership  and  operation  of 
plants  producing  war  munitions,  as  well  as  public  utilities. 
Those  who  hold  such  views,  however,  surely  cannot  consist- 
ently oppose  the  demand  that  records  shall  be  kept  which 
will  show  the  actual  financial  results  of  Government  opera- 
tion. Eefusal  to  permit  the  establishment  of  such  a  cost- 
account  .system  is  a  strong  indication  that  accurate  records 
of  cost  are  not  wanted  and  that  Congress  very  much  pre- 
fers to  have  the  records  in  connection  with  its  Government 
enterprises  in  such  a  condition  that  they  may  be  open  to 
manipulation  for  political  purposes. 


The  belief  that  an  architect's  reputation  or  a  build- 
ing inspector's  approval  will  hold  up  an  unbraced  structure 
received  a  rude  shock  from  two  recent  cases  of  collapse, 
in  Salt  Lake  City  and  Atlanta.  Engineering  science  may 
note  down  in  its  records  a  double  confirmation  of  the  as- 
sumption hitherto  made  that  what  is  not  held  up  by 
solid  substance  of  wood  or  steel  or  an  equivalent  is  apt 
to  fall  down.  Putting  two  and  two  together.  Engineering 
News  considers  it  as  twice  proved  that  a  large  roof 
requires,  among  other  things,  some  tangible  means  of 
bracing  in  the  longitudinal  direction. 

This  demonstrated  conclusion  is  recommended  to  the 
attention  of  the  building-department  officials  of  the  above- 
named  cities.  By  carefully  heeding  the  teaching  of  the 
two  accidents  they  may  succeed  in  protecting  the  lives  of 
their  citizens  in  the  future,  though  at  the  same  time, 
of  cour.se,  they  will  probably  get  into  occasional  contro- 
versy with  some  members  of  the  architectural  profession. 

A  circttmstance  well  worth  noting  is  that  possibly  these 
building  officials  could  have  secured  for  themselves  the 
credit  of  deriving  the  important  conclusion  of  the  case, 
instead  of  leaving  the  discovery  to  Engineering  News.  It 
would  have  been  necessary  for  them,  however,  to  under- 
take the  distasteful  task  of  investigating  the  collap.ses. 
(Concerning  the  Salt  Lake  City  situation  at  least,  the  re- 
porter who  gathered  the  facts  of  the  case  found  that 
city  officials  seemed  desirous  above  all  of  forgetting  the 
collapse  and  disclaiming  responsibility.  With  this  atti- 
tude of  mind,  of  course,  an  investigation  would  have  i)een 
unduly  painful. 

It  is  a  pleasure  to  look  back  on  ihe  rapid  and  continu- 
ous progress  made  in  city  building-law  administration 
during  the  last  ten  years.  If  the  same  rate  of  advance 
keeps  up  for  the  next  decade,  the  building  situation 
throughout  the  United  States  will  be  in  excellent  shape. 
It  is  certain  that  building  inspectors  will  then  be  able 
to  prevent  the  erection  of  unsafe  architects'  and  carpen- 
ters' designs  or,  for  that  matter,  of  unsafe  engineers'  do- 
signs  too.  They  will  also  have  the  power  and  the  time, 
when  accidents  occur,  to  make  pronijjt  investigation,  and 
utilize  the  results  of  the  investigation  to  promote  the 
safety  of  living  in  their  city. 
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of  F^IbMc  ^y^os-Ms 

Sir — Eeferring  to  the  editorial  in  Engineering  Xews 
of  June  8,  "The  Cohesive  Power  of  Public  Plunder,"  it 
is  a  healthy  sign  that  the  Eiver  and  Harbor  Bill  appro- 
priating $44,000,000  was  carried  in  the  Senate  by  a  ma- 
jority of  only  three  votes.  Comparing  this  vote  with  that 
on  previous  river  and  harbor  bills,  Senator  Kenyon's  pre- 
diction that  "this  is  the  last  river  and  harbor  bill  framed 
along  the  lines  of  the  present  bill  that  will  ever  pass 
Congress"  is  likely  to  be  fulfilled. 

Ts  it  not  evident  that  a  river  and  harbor  bill  to  be  of 
benefit  to  the  country  should  be  framed  by  men  not  only 
familiar  with  the  needs  of  navigation,  but  with  the  special 
knowledge  to  say  how  those  needs  should  be  met? 

The  writer  believes  that  the  United  States  should  have 
a  Secretary  of  Public  Works,  whose  sole  and  only  bus«»«M 
it  should  be  to  look  after  the  public  works  carried  on 
by  the  Federal  Government,  and  whose  honor  and  that  of 
the  President  who  appointed  him  would  be  either  bright- 
ened or  smirched  according  to  the  manner  in  which  these 
works  were  carried  out. 

At  present  Federal  public  works  are  carried  on  by 
.-everal  departments,  under  .subordinate  bureaus.  The 
Secretary  of  the  Interior,  the  Secretary  of  War  or  any 
other  secretary  who  has  as  part  of  his  departmental  or- 
ganization some  bureau  that  looks  after  some  particular 
portion  of  the  public  works  of  our  country  need  care  little, 
.so  far  as  his  standing  as  a  cabinet  officer  goes,  whether 
this  particular  public-works  bui'eau  is  efficient  or  not. 
I  cannot  remember  that  any  cabinet  officer  was  ever 
severely  criticized  or  that  the  President  appointing  such 
an  officer  lost  any  prestige  because  of  wasteful  or  ex- 
travagant work  in  designing,  building  or  maintaining  any 
public  work  throughout  the  country. 

The  responsibility  has  been  easily  shifted.  The  buck 
has  been  passed  with  ease  and  celerity,  e.xcepting  as  crit- 
icism has  fallen  upon  Congress  at  the  time  of  passing  the 
bill  obtaining  the  funds  for  the  work — and  Congress  is 
a  hard  thing  upon  which  to  fasten  responsibility.  Each 
individual  composing  it  soon  becomes  an-  experienced 
buck-passer,  and  only  in  the  past  few  years  since  senti- 
ment has  begun  to  crystallize  somewhat  upon  these  large 
appropriations  has  Congress  felt  any  qualms  upon  the 
matter.     I  fully  agree  with  you  when  you  say: 

At  least  three-quarters  of  the  senators  fully  understand 
the  inherent  corruption  in  the  present  method  of  malving  up 
river  and  harbor  bills  and  would  gladly  welcome  some  method 
of  framing  such  bills  that  would  place  the  interests  of  com- 
merce and  navigation  first  and  relieve  members  of  Congress 
of  the  present  responsibility  for  drawing  all  the  money  they 
can  from  the  national  treasury  to  be  spent  among  their  own 
constituents. 

I  sincerely  hope  that  you  will  let  no  opportunity  pass 
to  recommend  either  the  establishment  of  a  Department 
of  Public  Works  under  a  cabinet  officer  as  seci'etary 
thereof,  or  some  permanent  national  commission  to  con- 
trol our  public  works  for  the  benefit  of  navigation,  as 


mentioned  in  the  last  paragraph  of  your  editorial.     You  1 1 
would  be  doing  not  only  the  engineering  profession,  for 
which  you  stand,  but  also  the  country  at  large  a  great 
service  in  pushing  such  a  project.  T.  M.  Eipley. 

Watei-town.  X.  Y.,  June  20,  1916. 

Frmifts  ©if  Psis^sisiffioiras^ 

Sir — The  only  criticism  of  your  recent  editorial  "The 
Fruits  of  Parsimony,"  is  that  the  title  is  too  narrow.  The 
failure  of  the  dam  at  Plattsburg  was  but  typical  of  our 
national  irresponsibility,  of  a  pleasant  freedom  fEom 
worry  about  consequences.  We  are  not  in  the  least  penuri- 
ous, merely  very  coniident  that  everything  will  come  out 
all  right.  This  confidence  is  most  touching  until  it  cul- 
minates in  an  Iroquois  fire,  a  "General  Slocum"  disaster, 
or  the  burning  up  of  a  lot  of  girls  in  a  shirtwaist  factory. 
Then  comes  a  wave  of  horror,  which  the  optimist  hopes 
works  a  tiny  permanent  advance,  and  the  great  stream  of 
our  self-centered  interest  rolls  placidh'  on. 

"Preparedness"  is  today  a  word  to  conjure  with,  ilay 
we  not  hope  that  with  all  the  monster  parades  and  loud 
acclaim  we  may  be  stirred  to  an  advance  in  the  Pre- 
paredness that  embraces  all  other  kinds  and  is  funda- 
mental— that  against  needless  and  foolish  loss,  whether 
of  property,  life  or  ideals?  G.  ]\I.  B. 

Ms°o  T^iPEaes'  ©ira  Sesitfel®  Test 

Si  I- — I  note  regarding  your  discussion  of  tlie  flat-slab 
floor  test  at  Seattle  that  you  have  not  been  quite  as 
ready  to  accept  a  test  on  partly  cured  work  as  some 
other  engineering  papers.  This  test  is  merely  a  repeti- 
tion of  past  history.  In  the  John  Deere  Plow  Co. 
building  a  $50,000  bond  was  written  by  me  guaranteeing 
deflection  on  cured  work.  A  premature  test  was  made  of 
a  panel  with  a  resulting  deflection  of  2  in.  which  should 
not  have  exceeded  %  in.  When  the  work  was  thoroughly 
dried  out  and  cured  the  deflection  was  precisely  that 
figured ;  to  wit,  -^^  in. 

The  relative  deportment  of  the  wall  and  interior  panel 
is  another  indication  of  the  condition  of  the  work.  The 
deflection  of  a  wall  panel  is  twice  as  great  as  an  interior 
panel  before  the  concrete  is  thoroughly  dried  through  at 
the  neutral  plane.  Afterward  it  is  substantially  the 
same.  This  phenomenon  is  familiar  to  all  builders  and 
is  readily  accounted  for. 

The  displacement  of  the  steel  noted  may  account  for 
20%  difference  in  deflection  when  the  work  is  thoroughly 
cured;   in    the   writer's   judgment   not  more   than    liiat. 

The  results  of  merely  making  a  test  on  partly  cured 
work  are  much  less  serious,  but  involve  the  same  error. 

The  erroneous  idea  that  the  number  of  days  that  con- 
crete has  been  cast  determines  whether  it  is  cured  or 
not  is  still  lielieved  in  to  some  extent  by  many  engaged 
in  the  concrete  business  who  have  had  experience  in 
putting  up  tivo  or  three  buildings  in  warm  weather. 
The  idea  that  concrete  is  safe  when  it  is  cured  on  the 
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p  and  bottom  siirfaL-e  of  the  floor  and  not  cured  in 
e  center  has  resulted  in  the  erroneous  belief  honestly 
tertained  by  many  that  there  was  no  relation  between 
■flection  and  stress  in  reinforced  floors.  No  relations 
ist  when  the  concrete  at  the  neutral  plane  is  not 
oroughly  dry  and  hard.  When  it  is  thoroughly  cured 
that  there  is  no  appreciable  horizontal  shearing- 
formation  at  the  neutral  plane,  there  is  a  precise  rela- 
m  between  deflection  and  stress.  This  relation  between 
rrizontal  shearing  rigidity  and  flange  rigidity  when 
iderstood  will  account  clearly  to  all  for  such  freak 
suits  as  that  of  the  Seattle  test.  When  the  promised 
pplemental  test  is  made,  the  accuracy  of  this  statement 
ill  be  apparent. 

In  the  ease  of  the  John  Deere  test  made  eight  years 
'0,  there  were  many  engineers  who  honestly  entertained 
e  view  that  50-day  concrete  was  as  hard  as  the  concrete 
er  would  be,  and  if  it  would  not  carry  the  load  with 
e  guaranteed  deflection  at  that  time  it  never  would. 
hey  could  not  conceive  that  the  dampness  of  the  base- 
ent  and  lack  of  circulation  of  the  air  could  have 
1  used  the  drying  out  and  hardening  to  be  slow. 

C.      A.     P.      TUKXER. 

Minneapolis,  Minn.,  June  2(t,  1916. 

fiaffiiy  Uiralbasisecdl   FSsift^SEsiJb  Testis 

Sir — That  part  of  Mr.  Godfrey's  letter  (published  in 
■igineering  News,  June  29,  1916,  under  the  heading 
'ittsburgh  Flat-Slab  Euling  and  the  Seattle  Test")  which 
ntains  his  claim  that  the  Seattle  '■'mushroom"  building 
atisfies  Mr.  Ferguson's  ruling  exactly"  has  been  an- 
ered  by  Mr.  Ferguson  by  definite  calculations,  showing 
e  unwarranted  nature  of  the  claim.  My  own  figures, 
ade  some  weeks  ago,  showed  practically  the  same  re- 
It — namely,  that  the  stresses  observed  in  the  Seattle  test 
e  what  would  be  expected  under  the  Pittsburgh  ruling. 
lie  floor  tested  does  not  approximate  a  Pittsburgh  design 
either  strength  or  stiffness. 

But  Mr.  Godfrey's  letter  contains  other  statements 
ually  unwarranted,  which  should  also  be  briefly  noted 
.  your  journal  for  the  sake  of  accuracy.  Mr.  Godfrey 
fers  to  the  Seattle  test  as  "the  solitary  disinterested 
st,"  the  plain  implication  being  that  all  previous  flat- 
ab  tests  are  dishonest  and  unreliable.  At  my  invitation 
r.  Godfrey  witnessed  the  test  of  the  Larkin  warehouse 
Chicago  in  1912  and  saw  there  Professors  Talbot  and 
ater  and  Messrs.  Abrams,  Xel.son,  Gonnerman  and  others 
oni  the  University  of  Illinois  Engineering  Experiment 
latioa  at  work.  The  readings  were  taken  by  these  men 
id  the  test  conducted  with  their  expert  knowledge  and 
;perience  throughout.  The  test  of  the  Franks  Building 
I  Chicago  was  conducted  by  Prof.  W.  K.  Hatt,  of  Purdue 
Diversity,  assisted  by  Professors  Slater  and  Skofield  and 
■.hers.  Several  other  tests  have  been  conducted  under  the 
inie  scientific  auspices,  and  for  my  part  I  do  not  see 
i)w  any  fair-minded  engineer  can  make  such  statements 
^  Mr.  Godfrev'  does. 

In  the  Larkin  test  three  adjacent  wall  panels  were 
ladcd  before  Mr.  Godfrey's  eyes;  in  other, tests,  accounts 
f  which  have  been  generally  published,  wall  panels  have 
L'en  loaded,  and  yet  Mr.  Godfrey  has  repeatedly  protested 
1  print  that  wall  panels  are  never  loaded.  In  one  test 
le  wall-panel  load  was  held  in  place  for  a  full  year.  Of 
lurse,  I  understand  that  these  tests  afford  no  support 


for  ilr.  Godfrey  in  his  present  position,  but  it  is  only  fair 
to  point  out  that  this  letter  of  June  29  is  based  on  a  delib- 
erate disregard  of  the  great  accumulation  of  scientific  tost 
data  previously  made  by  many  agencies  and  on  erroneous 
and  unwarranted  conclusions  from  the  data  of  the  single 
test  actually  considered.  Akthur  R.  Lord. 

Chicago,  111.,  July  3,  1916. 


Pap©  FiroIbE©52im  S®Sv©dl  Ib^^ 

Sir — Mr.  Kingsbury's  solution,  in  Enijineering  News 
of  June  29,  of  the  flow  in  a  douiile  pipe  line  with  varying 
sizes  and  with  several  coefficients  by  the  Williams-Hazen 
formula  is  interesting  and  correct.  It  may  be  useful  to 
your  readers,  however,  to  know  that  there  is  a  much  easier 
solution  for  this  common  problem.  It  can  be  carried 
out  with  the  hydraulic  tables  mentioned  or,  still  better, 
with  the  hydraulic  slide-rule  by  the  aid  of  which  the  tables 
were  made. 

Assume  a  quantity  of  water,  say  10  million  gallons,  flow- 
ing through  one  of  the  lines,  say  the  30-in.  line  used  by 
Jlr.  Kingsbury.  With  the  coefficients  assumed  by  him, 
the  loss  of  head  in  this  line  for  this  quantity  is  found  to 
be  1.67  ft.  The  same  loss  of  head  divided  by  the  length 
of  the  other  line  gives  a  slope  for  it  of  1.11  per  1,000. 
With  this  slope  the  second  line  is  found  to  carry  4.83  mil- 
lion gallons  per  day.  The  total  discharge  is  the  sum  of 
these  quantities,  14.83  million  gallons  per  day,  with  a  loss 
of  head  of  1.67  ft.  Putting  the  marker  on  the  hydraulic 
slide-rule  over  a  slope  of  1.67  and  bringing  over  it  the  fig- 
ure 14.83  on  scale  Xo.  2  (taken  to  represent  flow  in  gal- 
lons daily),  the  marker  may  then  be  moved  and  will  give 
directly  the  quantities  corresponding  to  any  other  heads. 
For  instance,  with  8  million  gallons  per  day  the  head  is 
found,  by  a  single  movement,  to  be  0..j3  ft.,  as  stated  by 
Mr.  Kingsbury.  The  proportions  of  flow  through  the  two 
lines  will  be  as  the  amounts  found  in  the  first  computa- 
tion— namely,  as  4.83  and  10  are  to  the  total  of  14.83. 

The  results  obtained  are  identical  with  Mr.  Kingsbury's. 
The  calculation  is  more  rapid  and  no  diagram  need  be 
made.  The  extension  of  this  principle  allows  rapid  solu- 
tions of  still  more  complex  problems  involving  multiple 
lines  and  lines  in  each  of  which  there  may  be  several  pipe 
sizes  involved.  Allkn  Hazex. 

30  West   1 2nd  St.,  .New  York  City,  June  30,  1916. 

Watteir=§uappJly  Fff-epsiiredliniess 

Sir — The  need  for  "preparedness"'  in  water-supply 
matters  is  illustrated  by  the  reported  unpreparedness  at 
Camp  Whitman,  brought  out  by  the  sudden  call  for 
mobilization  of  the  Xew  York  State  troops.  If  such  con- 
ditions can  obtain  at  a  camp  where  preparations  for 
reception  of  troops  must  have  Ijeen  under  way  for  some 
time,  it  is  not  to  be  wondered  at  that  enitrgency  encamp- 
ments are  often  so  illy  served. 

To  meet  such  situations,  does  it  not  seem  desirable  tiiat 
systematic  investigations  .should  be  made  of  the  resources 
of  the  country  for  supplying  safe  water  and  maintaining 
supply  .systems  under  war  conditions?  The  need  of  this 
seems  to  apply  both  to  present  reserved  or  ajjpropriated 
areas  and  to  locations  that  might  later  be  needed  for  troop 
camps,  hospitals,  detention  and  concentration  purposes. 
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For  such  a  purpose  clear  and  concise  data  should  be 
available  regarding  present  sources  in  order  to  judge  of 
their  ability  to  deliver  adequate  emergency  supplies;  the 
possibilities  of  additional  undeveloped  sources;  the  loca- 
tion of  suitable  materials  to  construct  temporary  .supply 
works;  and  the  availability  of  local  water-works  depart- 
jnents  to  supply  men  and  materials  for  emergency  work. 
Based  on  this  information,  general  plans  could  be  formu- 
lated as  to  what  to  do  and  how  to  do  it  quickly  and 
efficiently,  should  necessity  arise. 

As  the  health  and  comfort  of  both  soldiers  and  civilians 
depend  largely  on  safe  and  adequate  supplies  of  water, 
it  seems  desirable  to  take  early  measures  to  meet  such 
emergencies  as  can  be  foreseen.  This  duty  should  proba- 
bly come  under  War  Department  control,  and  most  fit- 
tingly it  seems  now  might  be  assigned  to  the  Medical 
Corps.  That  division  of  the  army  is  particularly  con- 
cerned with  the  preservation  of  health  and  therefore 
seems  best  equipped  to  administer  this  work. 

The  details  of  organization  and  method,  however,  in 
order  to  get  best  results,  should  be  directly  under  the 
supervision  of  competent  water-works  men  familiar  with 
both  construction  and  maintenance  problems.  In  the 
past  many  data  have  ■  been  collected  for  Government 
bureaus  by  well-meaning  but  untrained  men  and  have 
failed  to  reach  their  utmost  possible  value. 

In  the  unlooked-for  event  of  an  invasion  of  this  coun- 
try or  the  bombardment  of  its  seacoast  cities  it  is  possible 
that  the  work  suggested  might  also  be  of  great  value  in 
helping  to  maintain  present  supplies  and  p-eventing  or 
remedying  serious  interruption  of  service  from  enemy 
activitv.  Caleb  ]\Iills  Saville. 

Hartford,  Conn..  June  2r,,  191(i. 

Sir — The  Cross  Cut  power  plant  described  by  J.  W. 
Swaren  in  your  issue  of  Apr.  20,  1916,  was,  before  its 
completion,  considered  by  some  a  questionable  innovation 
in  the  development  of  low-head  water  power,  and  the 
engineers  responsible  for  its  design  were  subjected  to 
much  unfavorable  criticism.  As  pointed  out  by  Mr. 
Swaren,  the  silt-laden  water,  the  necessity  of  fully  utiliz- 
ing the  varying  stream  flow  without  interfering  with 
irrigation  demands  below  the  plant,  the  long  pipe  lines 
and  the  extreme  temperature  variations  each  contributed 
to  the  difficulties  of  the  problem.  Each  of  these  condi- 
tions has  been  successfully  met  by  the  design  of  the  plant, 
and  the  merit  of  the  design  has  been  demonstrated  by  the 
efficiency  attained  and  the  satisfactory  operation  of  the 
apparatus. 

Reaction  turbines  operated  on  the  Salt  River  project, 
with  practically  the  same  char.icter  of  water  at  heads  of 
aliout  200  ft.,  deteriorated  so  rapidly  that  their  wicket 
gates  and  runners  required  renewal  every  three  or  four 
years,  yet  the  Cross  Cut  wheels  after  about  a  year's  opera- 
tion still  show  an  efficiency  of  over  79%,  or  4%  above  the 
guaranty. 

The  wear  has  been  confined  almost  entirely  to  the  jet 
deflectors,  and  even  these  parts  are  kept  out  of  action  to  a 
great  extent  by  using  a  number  of  nozzles  just  sufficient 
to  carry  the  maximum  load.  It  is  a  rather  significant  fact 
that  the  manufacturers  consented  to  an  efficiency  test  to 
determine  a  bonus  or  penalty  of  $1,200  for  each  per  cent, 
after  the  wheel  had  been   in   more   or  less  continuous 


service  for  over  a  year.  Practically  full-load  efficiency  is 
maintained  down  to  one-sixth  power  by  successively  cut- 
ting out  nozzles. 

The  plant  is  being  maintained  and  operated  in  three 
8-hr.  shifts  by  five  men,  including  the  chief  operator  and 
a  janitor,  and  this  is  the  best  answer  to  any  (juestion  as 
to  the  satisfactory  operation  of  the  equipment.     A  num- 
ber of  unexpected  conditions  developed  when  the  plant 
was  put  in  operation  for  the  first  time,  and  the  engineer^ 
of  the  Pelton  Co.  are  entitled  to  credit  for  their  persever- 
ance and  ingenuity  in  correcting  these  difficulties.     The 
fundamental  conception  of  the  plant  and  in  fact  many  of 
the  details  of  design  are  due  to  0.  H.  Ensign,  Consulting 
Engineer  for  the  Ignited  States  Reclamation  Service. 
James  M.  Gaylord, 
Electrical  Engineer,  United  States 
Reclamation  Service. 

Denver,  Colo.,  June  15,  1916. 

©rm  AiP©  CDS'  CIh©2=dls 

Sir — Responding  to  the  note  by  T.  A.  Palmer  in  Engi- 
neering News  of  June  29,  p.  1210,  may  I  suggest  that 
some  years  ago  Professor  Philbrick  issued  a  railway  engi- 
neers' fieldbook  in  which  the  definition  of  the  degree  wa< 
based  on  the  arc  of  100  ft.  instead  of  on  the  chord.  A  very 
few  years  ago  in  response  to  a  suggestion  of  mine  ma<li 
to  the  Track  Committee  of  the  American  Railwa\ 
Engineering  Association  the  question  whether  to  use  this 
method  or  to  continue  the  use  of  chord-degree  curve  was 
debated  somewhat  and  put  to  a  vote.  There  was  an 
overwhelming  majority  in  favor  of  present  practice,  but 
a  respectable  minority  in  favor  of  the  system  stiggested 
by  ]\Ir.  Palmer.  At  page  18  of  the  text  on  "Railroad 
Field  Geometry,"  by  the  writer,  the  arc  method  is  recom- 
mended ;  but,  because  of  the  action  of  the  railway  associa- 
tion, it  was  not  generally  used  in  the  book,  nor  was  it 
used  (for  the  same  reason)  in  the  "Railroad  Engineers' 
Field  JIanual,"  although  on  page  iv  of  the  preface  the 
liicthod  is  again  recommended. 

By  the  way,  the  reviewers  of  this  same  field  manual 
(which  is  based  on  the  decimal  division  of  the  degree 
instead  of  the  sexagesimal)  have  almost  unanimously 
indorsed  the  system,  but  with  practically  equal  unanimity 
have  said  that  American  engineers  are  too  conservative 
to  introduce  it,  whicli  strikes  one  as  curious. 

William  G.   Raymoxd. 

State  Univcrsitv  of  Iowa,  Iowa  City.  July  1,  1910. 


Sir — Regarding  the  inquiry  of  T.  A.  Palmer,  then 
are  many  an.swers  in  the  files  of  Engineering  News:  a  fair 
sample  is  on  p.  17  of  the  Engineering  Literature  Supple- 
ment, Fob.  16,  1911.  As  in  all  .such  discussions  the  old 
experienced  engineer  has  the  last  word.  But  he  is 
wrong,  even  though  trains  have  gotten  around  his  curves 
these  many  years. 

We  stick  to  the  old  approximate  method  only  from 
sujierconservatism ;  for  the  same  reason  that  radically  dif- 
ferent track  and  rolling  stock  are  used  here  tlian  in  Eng- 
land under  exactly  the  same  conditions. 

j\Ir.  Palmer  is  on  the  right  track  for  peace  of  mind  and 
a  clear  conscience  but  he  .should  not  try  to  convert  any 
one.  A.  M.  Haynes. 

Denver.  Colo..  Julv  5,  191G. 


July  13,  1916 


ENGINEERING     NEWS 


87 


Mettlhods   ©f  Test 


A  considerable  number  of  important  facts  on  properties 
of  materials  and  tests,  and  descriptions  of  several  new 
forms  of  test  apparatus  were  brought  out  in  technical 
papers  read  before  the  American  Society  for  Testing  Ma- 
terials at  its  annual  meeting,  Atlantic  City,  N.  J.,  June  27 
to  30,  191G.  The  essential  points  are  abstracted  very 
briefly  below,  together  with  additional  information  or 
comment  in  discussion  at  the  meeting. 

The  papers  of  most  immediate  practical  bearing,  per- 
haps, are  those  on  hardening  and  on  grain  growth  in 
steel,  and  on  the  cracking  disease  of  brasses.  They,  as 
well  as  other  parts  of  the  proceedings  of  the  meeting,  put 
strong  emphasis  on  micrographic-structure  study,  and  a 
side-issue  consequence  of  this  is  that  the  society  will  en- 
deavor to  standardize  micrographic  magnifications. 


The  puzzling  defects  of  rolled  and  drawn  brass  and 
bronze  articles,  which  caused  great  loss  of  money  on  the 
Catskill  Aqueduct,  have  produced  corresponding  trouble 
and  expense  elsewhere.  Brass  condenser  tubes  have  given 
particular  trouble  from  splitting.  The  Detroit  Edison  Co. 
could  get  no  promise  of  relief  from  the  condenser  manu- 
facturers. A.  E.  White  then  investigated  the  matter  for 
them.  He  found  the  cause  of  splitting  to  lie  in  slip-planes 
developed  in  the  grains  by  cold-working  and  allowed  by 
■usufiicient  annealing  to  persist.  A  specification  was  de- 
veloped, based  on  the  Navy  Department  specification,  with 
micrographic  tests  added.  The  microscope  is  to  detect 
unremoved  strains  in  the  metal  (slip-planes)  and  also 
show  whether  the  grain  size  is  coarse ;  in  both  respects  it 
is  a  check  on  annealing. 

Very  closely  defined  temperatures  of  anneal  are  vital. 
The  change  in  structure  was  investigated  with  the  micro- 
scope, and  it  was  found  that  no  change  of  structure  from 
the  original  cold-worked  and  presumably  injured  condi- 
tion was  produced  until  an  annealing  temperature  of 
nearly  400°  C.  was  used.  With  annealing  temperatures  of 
600°  and  over,  the  size  of  crystal  grew  very  large,  espe- 
L'ially  with  long-continued  lieating.  This  represents  dam- 
aged constitution,  which  must  be  avoided.  The  micro- 
scope clauses  of  the  specification,  based  on  these  facts,  are 
inserted  with  a  view  to  insuring  anneal  on  the  one  hand 
at  sutficiently  high  temperature  to  efface  the  mechanical- 
strain  injuries  and  on  the  other  hand  low  enough  to  avoid 
coarsening  of  grain. 

The  tubes  in  question  were  of  G0%  copper  and  40% 
zinc,  approximately.  The  chemical  impurities  were  of 
small  amount,  not  enough  to  be  a  probable  cause  of  the 
splitting. 

Strong  comments  tending  to  uphold  present  roUing- 
inill  practice  were  offered  by  W.  1{.  Webster  and  W.  B. 
Price.  Mr.  Webster,  for  instance,  stated  that  since  the 
navy's  Bureau  of  Steam  Engineering  1-5  years  ago  adopted 
a  specification  covering  final  annealing  of  brass  condenser 
tul)cs,  millions  of  tubes  have  been  made  without  a  single 
faihire  reported.  Ductility  and  tul)e  service  have  not  been 
shown  to  have  any  connection.    Claims  that  the  degree  of 


drawing  per  pass  should  be  limited  to  avoid  injury  have 
not  been  demonstrated.  There  is  no  experience  to  show 
that  annealing  l)etvveen  passes  must  be  at  limited  tempera- 
ture to  avoid  grain  growth.  Mr.  Price  went  farther 
than  this,  saying  that  the  claims  for  light  drafts  are  con- 
trary to  fact.  At  a  reduction  per  pass  of  30%,  or  three 
numbers  on  the  B.  &  S.  gage,  crystal  change  occurs,  and 
such  heavy  drafts  are  therefore  necessary. 

C.  M.  Chapman  referred  to  the  past  ditficulty  of  getting 
good  condenser  tubes  and  in(]uired  for  a  reason.  Mr. 
^\'hite,  on  the  amount  of  reduction  ]ier  pass,  conceded  that 
further  investigation  of  the  point  is  needed.  In  support 
of  his  specification  he  stated  the  simple  fact  that  up  to 
July,  1913,  the  company  had  found  no  relief  from  "season 
cracking"  of  condenser  tubes,  but  thereafter,  with  the 
new  specification,  complete  relief  was  obtained. 


j{tlP©SS°S^S'Si5Ea 


Tests  of  bronze  and  similar  wii-e  by  A.  V.  De  Forest 
showed  jagged  or  saw-toothed  .stress-strain  curves  imder 
certain  conditions.  Only  the  part  of  the  curve  above  the 
elastic  limit  was  thus  affected.  Phosphor-bronze  wire 
showed  this  effect  slightly  when  heated  to  126°  C,  and 
strongly  at  180°  C.  Some  brass  wire  showed  it  at  room 
temperature  when  the  load  was  applied  slowly.  A  very 
effective  special  testing  apparatus  was  used  for  the  work, 
in  which  load  was  applied  by  water,  and  both  the  stretch 
of  the  wire  and  the  load  were  registered  by  the  motion 
of  a  beam  of  light  on  photographic  paper.  The  autlior 
offered  an  explanation  of  the  jagged  character  of  tlie 
curves,  based  on  the  hypothesis  that  there  is  an  amor]ihous 
substance  in  a  thin  layer  between  the  grains  of  the  metal 
and  the  further  a.ssumption  that  this  substance  becomes 
viscous  at  certain  temperatures  and  allows  a  limited  slip. 

Prof.  II.  M.  Howe,  mentioning  the  fact  that  similar 
saw-toothing  has  been  observed  in  stress-strain  diagrams 
of  steel,  set  forth  some  difficulties  in  the  way  of  the  au- 
thor's explanation  of  the  phenomenon. 


iVlternating-stress  tests  of  aluminum  bronze  showed 
very  satisfactory  endurance,  as  reported  by  W.  M.  Corse 
and  G.  F.  Comstock.  Comparisons  were  made  with  man- 
ganese bronze  (of  higher  static  strength),  and  the  alumi- 
num bronze  stood  a  larger  number  of  alternations.  Both 
the  Landgraf-Turner  machine,  which  tests  with  largo 
degrees  of  bending,  and  the  White-Souther  machine,  which 
applies  a  definite  stress  (usually  within  the  yield  limit), 
were  used. 

Ileat-treatment  of  aluminum  bronze  was  found  to  pro- 
duce higher  elastic  properties  without  greatly  reduced  duc- 
tility. The  ])ieces  were  quenched  in  water  from  850°  C., 
later  reheated  to  G.jO°  C.  and  allowed  to  cool  in  the  fur- 
nace. This  treatment  gave  a  proportional  limit  of  40,000 
to  r)6,000  lb.  per  sq.in.,  a  tensile  strength  of  over  90,000, 
and  elongation  and  reduction  of  area  of  12  to  18%.  The 
alternating-stress  endurance  also  was  good. 


ENGINEERING     NEWS 


Vol.   ,6,  No.  2 


In  liardening  steel  at  various  quenching  temperatures. 
Prof.  H.  M.  Howe  and  A.  G.  Levy  discovered  striking  dis- 
crepancies between  hardness  and  transformation  of  struc- 
tural constituents  of  the  steel.  Lower  quenching  tem- 
perature (but  always  alwve  recalescence)  produced  little 
change  in  hardness,  while  the  density  increased  pro- 
gressively, showing  progressive  transformation  of  the  hard 
to  the  soft  constituents.  Still  lower  quenching  tempera- 
tures produce,  first,  a  sudden  loss  of  hardness  at  the  recal- 
escence point,  and  then  a  continued  slower  decrease  of 
hardness,  while  the  structure  change  is  slight.  The  au- 
thors refer  the  change  of  hardness  below  recalescence  to 
coalescence  of  the  cenientite  and  ferrite,  regarded  as  a  de- 
terioration. 

These  investigations,  made  on  0.92  carbon  steel,  in- 
volved the  use  of  both  the  Brinell  ball  method  and  the 
Shore  scleroscope  method  of  measuring  hardness.  The  lat- 
ter method  was  found  to  be  specially  valuable  because  it 
tested  small  areas.  Certain  observations  on  peculiarities  of 
the  Shore  test  are  inchaded  in  the  paper  ("Notes  on  the 
Hardening  and  Tempering  of  Eutectoid  Carbon  Steel  and 
on  the  Sliore  Test"). 


1  ft©  ©nIl°Qtifl©]a(Dlh®<dl 

Yery  tliorough  tests  on  two  driver  axles  were  made  l\v 
the  Pennsylvania  E.R.  to  learn  whether  oil  quenching  or 
water  quenching  in  the  hardening  process  gives  better  re- 
sults. 'J'he  differences  found  were  slight,  but  generally  in 
favor  of  water  quenching. 

The  two  axles,  10  in.  in  diameter,  forged  from  the 
same  heat  of  steel,  contained  about  0.55%  carbon,  0.57% 
manganese  and  0.20%  silicon.  They  were  quenched  at 
1,550°  F.,  one  vertically  in  water  and  the  other  horizon- 
tally in  a  heavy  oil,  and  then  were  heated  to  1,175°  and 
l,2t)0°  F.  respectively  and  cooled  in  air.  From  each,  45 
longitudinal  test  specimens  were  cut,  at  five  different 
places  along  the  axle,  in  three  radial  planes  and  at  three 
different  distances  from  the  inner  bore.  The  grand  aver- 
age of  all  45  pieces  gave : 

Elastic  Ultimate 

Limit,    Strength,  Elongation  Reduction 

Lb.  per     Lb.  per  in  2  In.,  of  Area, 

Quenching                          Sq.In.        Sq.In.  %  % 

Water    54,509        9fi,4S2  23.1  42.2 

Oil    51,118        96,415  24.2  43.4 

Minimum  of  A.  S.  T.  M. 

speclflcations    50,000        80,000  20.0  40.0 

Micrographs  showed  good  sorliilic  sti'iictiirc,  witb  dilVuse 
ferrite  in  the  water-quenched  and  a  liiu'  network  of  ferrite 
in  the  oil-quenched  axle.  Chemical  analysis  showed  10  to 
15%  .segregation  close  to  the  inner  bore,  which  is  un- 
usually high. 

Tliese  results,  reported  by  C.  D.  Young,  Engineer  of 
Tests  of  the  railway,  were  interpreted  by  him  as  showing 
an  advantage,  or  at  least  no  disadvantage,  in  the  use  of 
water  as  quenching  medium.  He  referred  also  to  long 
experience  of  one  treating  plant  witb  water  quenching 
as  sliowing  that  there  is  no  undue  danger  (of  cracking) 
in  the  use  of  water  when  the  work  is  done  carefully. 

Nearly  every  phase  of  the  steel  subject  is  related  to 
(lie  question  raised,  as  the  discussion  indicated.  (Quench- 
ing results  are  detennined  by  rapidity  of  cooling,  but  not 


by  file  nature  of  the  medium  (Prof.  H.  M.  Efowe;  Law- 
ford  H.  Fry).  The  internal  stresses  existing  in  the  metal 
during  the  quencliing  probably  affect  the  transformation 
of  structure  in  the  axle  (Prof.  H.  M.  Howe).  The  oil- 
quenched  axle  may  be  the  tougher  on  account  of  its  lower 
elastic  ratio.  Tests  have  shown  that  while,  before  draw- 
ing back,  oil-quenched  steel  has  lower  elastic  limit  than 
water-quenched,  the  change  produced  by  drawing  back  is 
not  tlie  same  for  the  same  reheating  temperature,  and 
with  increasing  reheating  temperature  the  elastic  limit 
of  oil-quenched  steel  holds  up  better  and  finally  passes 
that  of  water-quenched  steel  (R.  P.  DeYries). 

As  to  drawing-back  temperature,  Professor  Howe  said: 

It  should  exceed  400°  C.  by  only  enough  to  reduce  the 
quenching  stresses  to  harmlessness,  or  rather  to  reduce  them 
till  the  benefit  from  their  further  removal  ceases  to  equal  the 
harm  done  by  the  accompanying  increase  of  coalescence.  If, 
for  instance,  the  quenching  stresses  become  thus  harmless  on 
drawing  at,  say  500°,  then  500°  is  the  proper  drawing  temper- 
ature. Should  this  leave  the  strength  too  great  and  the  duc- 
tility too  small,  it  would  seem  better  to  get  the  needed  weak- 
ening and  ductilizing-  through  smaller  carbon  content  thar 
through  higher   drawing  temperature. 

But,  replied  Mr.  Y^'oung,  the  treatment  used  is  known 
from  practice  to  give  good  service  results.  Whether  lower 
ductility  would  still  give  good  service  is  not  known,  but 
practical  railway  men  would  not  like  to  try  it.  Lower 
drawing  temperature  would  not  meet  the  ductility  speci- 
fication. On  the  other  hand,  lower  carbon  would  make  it 
imi^ossible  to  get  the  elastic  limit  up  to  50,000.  The 
treatment  used  gives  the  ductility  of  full  annealing  and 
50%  higher  elastic  limit  (C.  D.  Young). 

Cracking  during  hardening  is  not  due  to  segregation, 
since  case-hardened  pieces  do  not  crack  and  since  the 
axles  reported  did  not  crack,  although  they  had  high  seg- 
regation. The  differences  of  the  two  sets  of  results  in  the 
paper  are  very  slight  as  compared  with  the  differences  of 
metliods  of  procedure,  so  that  probably  the  latter  are  more 
responsible  than  the  quenching  medium   (J.  S.  Unger). 

A  fundamental  question  was  put  by  Prof.  H.  M.  Howe: 
Is  the  objection  to  liigh  elastic  limit  in  railway  steel  a 
superstition,  in  view  of  the  good  service  given  by  hard- 
drawn  wire? 

Forced  circulation  of  the  cooling  medium  was  reported 
by  L.  II.  Fry  to  give  surprising  results.  In  a  comparative 
trial  using  comjDressed  air  as  a  means  of  producing  cir- 
culation the  elastic  limit  was  69,000  and  the  ultimate 
105,000,  while  without  circulation  the  figures  were  49,500 
and  95,000;  the  ductility  was  practically  the  same  for 
botli  pieces,  21%  elongation  and  42%  reduction  of  area. 
Details  of  the  test  were  not  given.  He  expressed  the  view 
that  all  cooling  media  produce  cracks  and  that  the  best  re- 
sults are  obtained  by  using  oil  and  subsequently  applying 
a  proof  test. 


IL<o>'w=Csi2'lb©ini  I(B©nE®s='  T'smlbes 

111  forcing  its  boilers  at  high  rates  to  carry  peak  loads, 
the  Detroit  Edison  Co.  had  trouble  from  fre(iuent  bagging. 
The  forcing  is  such  that  melted  ash  is  found  on  top  of 
tubes  over  30  ft.  above  the  grate.  There  is  some  scale 
formation,  although  only  distilled  water  is  used  for  make- 
up. Bagging  occurs  under  scale  deposits.  A.  E.  White 
and  II.  F.  Wood  believed  that  the  bagging  was  due,  at 
least  partly,  to  deterioration  of  the  tube  steel  from  re- 


jiilv  13.  ifiir. 


ENGINE BEING     NEWS 


89. 


|:  ry.stallization  of  the  ferrite  to  a  coarse  structure.  In  sec- 
tions of  the  tuhe  wall  they  did  indeed  find  coarse  stnic- 
ture  in  a  thin  layer  at  the  fire  side  of  the  wall.  This  led 
hem  to  make  studies  of  the  conditions  under  which  grain 
^rowth  of  low-carbon  steel  takes  place. 

Grain  growth  results  from  heating,  but  only  after  cold 
ivorking  or  deformation  below  recalescence.  The  boiler 
lubes  (seamless  drawn)  being  deformed  at  low  tempera- 
ture, their  heating  in  service  might  cause  grain  growth. 
Many  careful  experiments  were  therefore  made  on  0.11% 
■arbon-steel  samples,  by  annealing  thoroughly,  making  a 
leep  Brinell-ball  imi^ression  on  one  face,  cutting  apart 
through  the  depression,  and  studying  the  structure  by  nii- 
LTOscope  before  and  after  prolonged  heating.  Different 
heating  temperatures  required  different  lengths  of  time 
to  produce  grain  growth.  A  law  connecting  the  required 
time  in  minutes  with  the  temiJerature  in  Centigrade  de- 
crees was   deduced : 

Temperature  =  T22°  —  .52.4  log^iy  iimo 

The  experiments  covered  a  temperature  range  from 
,  550  to  61 5°  C.  It  is  planned  to  try  higher-carbon  tubes, 
Df  about  0.35  to  0.40%  carbon,  to  coi^e  with  this  coarsen- 
ing of  structure. 

fcjauveur,  in  1912,  showed  that  only  in  a  fixed  range  of 
ileformation  does  grain  growth  of  ferrite  take  place.  Jeff- 
ries recently  showed  that  for  every  temperature  there  is 
1  critical  strain,  and  for  every  strain  a  temperature,  pro- 
lucing  grain  growth.  Pearlite,  however,  is  a  bar  to 
growth  of  the-  ferrite  when  it  incloses  the  latter.  Sauveur 
never  found  growth  with  steel  over  0.12%  carbon;  and  if 
this  proves  to  hold  true,  it  would  not  be  necessary  to  raise 
the  carbon  of  tubes  verv  much  in  order  to  stop  the  coarsen- 
ing (H.  M.  Howe). 

The  weakening  effect  of  recrystallization  extends 
through  only  a  small  part  of  the  tube  section,  for  which 
reason  it  is  hardly  a  sufficient  explanation  of  bagging. 
The  great  drop  in  the  tensile  strength  of  steel  at  high 
temperatures — to  practically  zero  above  800° — is  enough 
to  account  for  the  action.  If  prior  overstrain  were  re- 
sponsible for  recrystallization,  the  latter  ought  to  be  found 
inside  the  metal  rather  than  at  the  outer  surface.  High- 
carljon  steel  will  show  the  same  kind  of  drop  in  strength 
at  high  temperatures  as  low-carbon  steel,  and  the  tubes 
will  be  harder  to  set  tight  and  keep  tight.  The  solution 
is  to  hold  down  the  forcing  of  boilers.  The  tests  were 
made  on  steel  just  under  the  line  of  0.12%  carbon.  There 
is  no  difficulty  in  making  or  applying  drawn  tubes  of  0.15 
to  0.18%  carbon  (F.  X.  Speller). 

The  tubes  in  question  showed  recrystallization  for  a 
depth  of  one-eighth  the  thickness  in  from  the  fire  side. 
At  every  point  of  bagging  there  was  found  either  coarse 
crystallization  or  blowholes.  Experience  shows  no  diffi- 
culty in  rolling  0..T5  carbon  tuljcs  in,  or  in  keeping  them 
tight  (A.  E.  White). 

Ps'OipOJPtlaoBiiSill  ILnsmaft  Hdleiaftacsill 

That  there  is  no  good  ground  for  distinguishing  pro- 
portional limit  from  elastic  limit  was  asserted  by  several 
expert  testers  w'ith  wide  knowledge  of  materials,  in  a 
topical  discussion.  J.  E.  Howard,  in  taking  the  view  that 
sets  do  not  develop  before  the  proportional  limit,  ob- 
jected to  the  term  yield-point  as  lacking  definite  meaning. 
His  discussion  directed  special  attention,  however,  to  the 


factors  whirh  give  rise  to  early  irregularities  in  the  stress- 
strain  diagram,  including  local  sets  due  to  initial  strains 
or  to  nonhoniogeneity  and  imperfect  manipulation.  He 
asserted  that  preliminary  straining  is  not  a  proper  means 
for  removing  initial  strains  and  that  annealing  is  the  only 
satisfactory  normalizing  method. 

T.  I).  Lynch  advocated  fixing  the  yield-point  at  an  elon- 
gation of  0.5%;  for  steels  below  100,000  lb.  jjer  sq.in. 
yield-point  this  should  agree  w-ell  w-ith  the  value  read 
either  witli  dividers  or  by  drop  of  beam.  He  drew 
a  distinction  between  material  characterized  by  a 
slow  curvature  of  the  diagram  between  firoportional 
limit  and  yield-point,  ,  and  material  characterized  by 
abrupt  change  (the  two  limits  close  together).  The 
abrupt  type  of  curva  may  be  produced  in  material  of  the 
gradual  class  by  mechanical  work  or  by  heat-treatment. 
The  difficulty  of  determining  yield-point  by  dividers  or 
drop  of  beam  in  material  of  the  gradual  class  was  claimed 
to  justify  the  proposed  definition  by  an  elongation  figure. 
Mr.  Lynch  holds  that  in  modern  work  designers  must  have 
accurate  information  on  the  proportional  limit. 

H.  F.  Moore  and  F.  B.  Seely  concluded  from  test  data 
and  experience  that  probably  no  stress-strain  curve  is 
straight  in  the  lower  part  and  that  curvature  starts  at 
once.  If  this  is  true,  the  proportional  limit  is  a  matter 
of  the  sensitiveness  of  the  instruments  used.  Some  pre- 
cise test  measurements  were  made  to  get  a  comparison  of 
various  methods  proposed  for  elastic-limit  determination. 
In  these  tests  an  averaging  extensometer  was  found  to  give 
a  diagram  equivalent  to  the  average  curve  constructed 
from  gage  readings  on  three  lines.  The  influence  of  the 
grips — threaded  and  wedge — was  found  to  be  erratic,  and 
more  work  on  the  subject  is  needed. 

Ii.  1*.  l)e  Vries  cited  elastic  hysteresis  as  proof  that 
speed  of  straining  does  affect  the  stress  readings.  The  ex- 
istence of  a  yield-point  as  a  practically  useful  limit  must 
be  recognized.  H.  L.  Morse  advocated  dropping  the  term 
elastic  limit  in  favor  of  proportional  limit,  the  two  de- 
fining the  same  point.  L.  H.  Fry  shared  in  the  latter 
view.  C.  D.  Young  called  attention  to  the  new  definition 
of  elastic  limit  just  adopted  by  the  Steel  Committee  as 
one  practically  useful  in  the  laboratory  that  must  accept 
material  quickly  and  determine  the  critical  points  without 
tedious  refinement.  This  definition  simply  makes  change 
of  rate  of  elongation  the  criterion  and  leaves  open  the 
question  of  how  it  is  to  be  observed ;  an  extensometer  with 
dial  gage  is  used  for  the  purpose  at  Altoona.  Uniform 
rate  of  applying  stress  is  premised. 
3-; 

Mesistmipflira^  ILaE3iS©edl=OIE  FooUs 

In  view  of  special  attention  directed  during  the  past 
year  to  the  possible  harmful  influence  of  foots,  or  deposits, 
ill  linseed  oil,  interest  attaches  to  the  method  devised  by 
C.  D.  Ilolley  for  quick  separation  of  foots  in  the  labora- 
tory, determining  their  amount  with  relial)i]ity  and  dis- 
tinguishing an  oil  that  has  been  duly  aged  from  one  that 
lias  not  been  aged.  The  method  de])cnds  on  treatment  of 
the  oil  with  phosphoric  acid  and  naiihtlia,  after  treatment 
allowing  the  liquid  to  separate,  when  foots  collect  on  to]) 
of  the  phos])lioric  acid.  H.  A.  Gardner  suggested  heating 
and  letting  the  oil  stand  over  night,  to  precipitate  albu- 
minous substances,  after  which  the  benzine  thinning  will 
cause  the  foots  to  settle  out  quickly. 

\Furlher  abstracts  will  appear   in   comiiuj    issues.} 
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fos"  th.®  Fort  of  Ble"w  Y©rfe 

Every  engineer  who  has  studied  the  proljlem  of  freight 
handling  in  the  port  of  New  York  understands  that  for 
economic  transfer  between  ocean  .steamships  and  railways 
leading  to  the  West  a  great  freight  terminal  should  be 
created  on  the  New  Jersey  side  of  the  North  River. 

The  port  of  New  York  is  the  gateway  for  nearly  half  the 
foreign  commerce  of  the  United  States.  A  very  large  pro- 
portion of  this  commerce  does  not  originate  at  New  York, 
but  is  brought  there  by  the  railways  leading  to  the  West. 
The  ocean  steamships  entering  the  port  are  docked  on 
the  waterfront  of  the  Boroughs  of  Manhattan  and  Brook- 
lyn for  the  most  part;  and  the  few  which  are  docked  on 
the  New  Jersey  side  of  the  river  have  no  railwav  lines 


similar  in  general  to  the  Bush  plant  in  Brooklyn.  As  at 
present  projected,  the  city  and  the  corporation  to  be  or- 
ganized by  Mr.  Bush  would  jointly  furnish  the  capital 
for  the  creation  of  the  terminal  and  would  share  in  the 
control  of  the  property  and  in  the  profits. 

The  accompanying  perspective  sketch  has  been  prepared 
from  the  preliminary  plans  to  indicate  something  of  what 
such  a  great  terminal  plant  might  eventually  become. 
The  ultimate  development  .shown  in  the  view  would  cover 
an  area  of  about  400  acres  of  land  now  under  water.  The 
total  volume  of  fill  required  to  be  placed  to  raise  the  now 
submerged  ground  to  an  elevation  of  10  ft.  above  hi^h 
water  is  estimated  at  5,000,000  cu.yd.  Much  of  the  ma- 
terial for  this  fill  would  be  obtained  from  the  dredging 
necessary  to  make  the  channels.  The  plans  contemplate 
channels  of  a  depth  of  35  ft.,  350  ft.  in  width  on  each  side 
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reaching  tlieir  jiicrs.  Thus  on  practically  all  the  foreign 
commerce  handled  through  the  port  of  New  York  there  is 
involved  the  cost  of  lighterage  between  the  railway  ter- 
minal and  the  steamship,  and  a  vast  amount  of  trucking 
through  tlie  streets  as  well.  The  lighterage  alone  costs 
probably  on  the  average  not  less  than  $1  a  ton,  and  the 
cost  of  trucking  is  an  e.xceedingly  heavy  burden  upon  New 
York  commerce.  If,  however,  the  railway  car  could  lie 
brought  alongside  the  steamship,  at  a  termiiuil  on  the 
western  side  of  New  York  TTarbor,  all  this  expense  would 
be  eliminated. 

During  the  past  year  the  New  Jersey  IJoard  o(  (!'om- 
mcrce  aiul  Navigation  has  been  actively  studying  the  com- 
mercial development  of  the  New  Jersey  shore  of  the  North 
River.  Plans  have  been  developed  by  the  Chief  Engineer 
of  the  board,  B.  F.  Cresson,  Jr.,  for  a  groat  steamship  and 
railway  terminal  to  be  located  on  the  waterfront  of  Bay- 
onne,  between  the  Greenville  terjninal  of  the  Pennsylvania 
R.R.  on  tlie  north  and  the  Standard  Oil  refineries  and 
docks  on  the  south.  Negotiations  are  now  in  progress 
between  Irving  T.  Bush,  President  of  the  Bush  Terminal 
Co.,  and  the  city  authorities  of  Bayonne,  having  in  view 
the  construction  of  a  great  freight  terminal  on  this  site, 


of  the  peninsula  and  extending  inward  from  the  bulkhead 
line  a  distance  of  about  4,700  ft.  The  two  piers  that 
extend  from  the  bulkhead  line  outward  to  the  pier-liead 
line  are  each  285  ft.  in  width  and  2,400  ft.  long,  with  a 
waterway  between  that  is  290  ft.  in  width.  The  view 
shows  these  piers  covered  with  one-story  sheds.  On  the 
bulkliead  inland  from  the  piers  a  row  of  multistory  ware- 
houses for  freight  in  transit  is  provided.  Located  at  the 
center  of  this  artificial  peninsula  is  a  railroad  yard  with 
a  capacity  of  2,000  to  2,500  cars,  and  tracks  lead  from  thi.s 
yard  out  onto  the  long  piers  and  to  every  building  on  the 
jiroperty.  From  this  yard  direct  rail  connections  can  be 
made  to  all  the  railways  terminating  on  the  west  shore  of 
the  Hudson.  The  plans  also  include  grain  elevators,  a 
marine  coaling  plant,  cold-storage  warehouse,  cargo- 
handling  cranes  and  warehouses  and  factory  buildings. 
At  present,  plans  are  being  worked  out  to  deter- 
mine with  wimt  minimum  investment  an  operative 
plant  can  be  created  sufficiently  large  to  provide  the  essen- 
tial features  of  economic  operation  and  capable  of  devel- 
opment with  the  growth  of  business.  From  j)resent  indi- 
cations it  is  probable  that  such  an  initial  plant  can  be  con- 
structed in  Bayonne  at  a  cost  of  $8,000,000  to  $10,000,000. 
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A  final  report  to  the  Board  of  Estimate  and  Appor- 
;ionment,  City  of  New  York,  on  the  Landreth  electrolytic 
sewage-disposal  plant  at  Elmhurst,  Long  Island,  has  just 
)een  made  by  tlie  City  Board  of  Consulting  Engineers 
(made  up  of  the  Chief  Engineers  of  the  Board  of  Esti- 
mate and  Apportionment  and  the  consulting  engineers 
of  the  several  boroughs  of  the  city.  The  board  considers 
the  continued  use  of  this  plant  as  too  expensive  and 
uncertain  and  recommends  the  temporary  use  of  chemical 
precipitation  and  sludge-drying  beds  at  tliis  point  pending 
1  permanent  connection  to  projected  sewers. 

History  of  the  Elmiiurst  Plant 

In  1900  a  disposal  plant  was  authorized  by  the  Board 
jf  Public  Improvements  for  Elmhurst.  It  consisted  of 
four  settling  tanks  and  three  sand  filters.  On  account  of 
the  continuance  of  objectionable  odors,  in  1914  a  small 
(25,000  gal.)  experimental  Landreth  plant  (employing 
simultaneous  lime  precipitation  and  electrolysis)  was 
installed  (by  the  Electro-Chemico  Corporation,  of  Phila- 
delphia). Reports  on  this  machine  were  made  (1)  by 
P.  U.  Travis,  Chemist,  and  E.  I.  Firth,  Engineer,  for 
the  Borough  of  Quec-s,  (2)  by  R.  H.  Brown  and  W.  T. 
Carpenter  for  the  Bureau  of  Sewer  Plan,  (3)  by  F.  A. 
Cleveland  for  the  Bureau  of  ^Municipal  Research,  and 
(4)  by  E.  J".  Fort  and  C.  E.  Gregory  for  the  Bureau  of 
Sewer  Plan. 

A  large  unit,  capable  of  handling  750,000  gal.  per 
day  was  installed  in  1915  and  two  studies  have  been 
made  on  that,  (5)  one  by  \Y.  P.  Mason,  J.  C.  Olsen, 
C.  0.  Mailloux  and  P.  M.  Travis  for  the  Electro- 
Chemico  Corporation,  and  the  other  (6)  by  the  Bureau 
of  Sewer  Plan  for  the  Board  of  Estimate  and  Appor- 
tionment. 

There  was  not  entire  accord  in  the  results  of  these 
investigations.  For  instance  the  first  (Travis  and  Firth) 
report  showed  a  requirement  of  144  kw.-hr.  per  1,000,000 
gal.  and  1.257  lb.  lime.  This  electrolytic  machine  (vertical 
type)  was  24x18  in.  in  section  and  7  ft.  3  in.  high.  The 
current  was  split  between  carbon  and  steel  electrodes, 
and  paddles  were  revolved  between  these  plates.  No  great 
technical  skill  was  required  for  operation  and  no  apparent 
wear  was  foiind  on  the  iron  electrodes.  Immediate 
coagulation,  wonderfidly  quick  settlement  and  bacteri- 
cidal action  (99.819%)  beyond  possible  action  of  lime 
alone  was  reported.  The  dissolved  oxygen  was  "consider- 
ably increased"  and  the  oxygen  consumed  by  organic 
matter  "enonnously  reduced." 

The  later  reports  (3)  were  less  optimistic.  For  in- 
stance in  the  Brown-Carpenter-Cleveland  series,  time  of 
passage  tlirough  the  machine  was  given  as  2^4  min.  and 
the  time  of  filling  the  sedimentation  tank  ly^  hr.  The 
previous  high  bacterial  reductions  were  not  repeated 
(only  from  30  to  94%  in  effluent  from  the  machine 
and  from  97  to  100%  in  the  settlement-tank  effluent). 
The  machine  was  found  very  sensitive  to  change  in 
character  of  sewage.  The  reduction  in  total  su<»]5ended 
solids  was  between  65  and  83%.  The  reduction  in  sus- 
pended organic  matter  was  3  to  7%  in  the  machine 
effluent  and  38%  in  the  tank  effluent.  Tlie  reduction 
in  (onsunied  o.xygen  ran  from  2  to  95%  for  machine  efflu- 
ent and  23  to  '80%  for  tank  effluent.     The  increase  in 


dissolved  o.xygen  for  these  two  effluents  was  18  to  87% 
and  53  to  68.5 7o  respectively. 

On  running  the  machine  with  lime  only  (without 
current)  the  chemical  results  and  bacterial  reduction  in 
machine  effluent  were  equal  to  that  of  regular  operation — 
except  in  the  appearance  of  the  flock  and  the  higher 
dissolved  oxygen  content  after  sedimentation.  Without 
the  paddles  the  flock  was  formed  slower  and  the  bacterial 
reduction  less.  No  bacterial  reduction  in  machine  efflujnt 
v/as  obtained  in  operating  with  lime  added  at  375  lb. 
and  684  lb.  per  1,000,000  gal.  On  increasing  -"he  content 
to  1,010  lb.  the  reduction  was  72.3%,.  On  ?,210  lb.  the 
reduction  was  94.1%.  About  17%  cu.yd.  of  sludge 
(94%  moisture)  was  formed  per  1,000,000  gal. 

The  large  plant  as  tested  by  Messrs.  Mason,  Olsen  and 
Mailloux  employed  in  order  (1)  screening,  (2)  addition 
of  lime,  (3)  electrolysis,  (4)  sedimentation,  (4)  sludge 
pressing.  The  machine  was  a  covered  horizontal  box 
3x2%  ft.  in  section  and  2314  ft.  long.  The  flow  was 
between  sets  of  parallel  steel  plates  with  paddles  revolv- 
ing parallel  to  the  plates.  The  maximum  values  of 
or  .-rent  supply  were  125  volts  and  40  amp.  The  time  of 
fl-.w  through  \'..e  tank  was  68  sec.  The  time  in  the  sedi- 
mentation tanks  was  about  4  hr.  With  1,000  to  1,300  lb. 
hydrated  hme  per  1,000,000  gal.  the  raw  sewage  and 
machine  and  tank  effluents  showed,  for  instance,  oxygen 
saturations  of  25.5%,  31.8%  and  45.5%  and  bacterial 
counts  of  1,100,000,  846,000  and  800. 

When  lime  was  used  in  the  machine  (1.510  lb.  per 
1,000,000  gal.)  but  no  current,  the  machine  effluent 
became  darker  with  smaller  flocks.  The  bacterial  reduc- 
tion in  raw  sewage  and  machine  and  tank  effluent  was 
from  210,000  to  11,150  and  61,000  (for  the  last,  bacteria 
rose  to  9.360,000  after  standing  two  days).  The  percentage 
of  saturation  for  dissolved  oxygen  rose  from  28.4%  to 
43.9  and  44.3%;  the  consumed  oxygen  in  the  final 
effluent  was  25.7%. 

In  regard  to  costs,  for  a  1,000,000-gal.  plant,  ]\ressrs. 
Mason,  Olsen  and  JIailloux  reported:  1,300  lb.  lime, 
$5.14 ;  current,  85  kw.-hr.  for  electrolysis,  60  kw.-hr.  for 
agitation,  174  kw.-hr.  for  pumping,  and  16  kw.-hr.  for 
lime  vat,  at  4c.,  $13.40;  sludge  pressing  and  removal 
$5.11;  labor  and  supervision  $12.50;  maintenance  and 
supplies  $1 ;  total  $37.15. 

On  account  of  the  lack  of  accord  of  the  reports  they 
were  all  submitted  to  Earl  B.  Phelps  of  the  United 
States  Public  Health  Service  Hygienic  Laboratory  for 
review  and  report.  His  findings  were  (1)  that  the  final 
effluent  was  highly  satisfactory,  (2)  that  the  method  of 
sludge  disposal  was  not  satisfactory  and  could  not  bo 
employed  where  there  was  real  necessity  for  sewerage 
purification,  (3)  that  there  was  good  basis  for  honest 
difference  of  opinion  as  to  whether  the  electrolysis  con- 
tributed materially  to  the  results,  (4)  that  the  cost  was 
too  great  to  compete  under  usual  conditions  with  better 
known  processes. 

In  considering  what  to  recommend  at  Elmhurst  the 
City  Board  of  Consulting  Engineers  considered  the 
annual  cost  per  1,000,000  gal.  of  the  following:  Electro- 
chemical ($48.19)  and  activated  sludge  ($39.38)  proc- 
e.«ses,  sprinkling  filters  ($36.45),  chemical  precipitation 
($30.63),  pumping  to  51st  St.  sewer  ($24.05)  and  to 
Booth  St.  sewer  ($22.15).  The  eloctrocheniical  process 
was  dismissed  because  of  cost  tuid  the  uncertainty  of 
results  with  stronger  sewagew 
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The  reconstruction  of  two  noted  bridges  over  tlie  Oliio 
Uiver  will  1)6  a  feature  of  the  bridge  engineering  work 
of  1916.  The  first  of  these  is  the  bridge  of  the  Pennsyl- 
vania Lines  at  LouisvillC;  Kv.,  Avhich  was  built  in  18(59 
and  has  therefore  seen  47  years  of  active  service.  It  was 
designed  by  and  built  under  the  direction  of  the  late 
Albert  Fink,  then  Chief  Engineer  of  the  Louisville  Bridge 
Co.  It  consisted  almost  entirely  of  deck-truss  spans  of 
the  Fink  type.  The  two  channel  spans  had  subdivided 
triangular  Warren  through  trusses,  and  the  swing  s]ian 
-liad  trusses  with  ordinary  triangular  web  system. 

Beginning  at  the  north  (Indiana)  end  the  bridge  had 
•one  span  of  100  ft.,  one  of  119  ft.,  three  of  100  ft.,  -lOO-ft. 
channel  span,  six  spans  of  2451/^  ft.,  3T0-ft.  channel  span, 
two  of  227  ft.,  two  of  210  ft.,  two  of  ISO  ft.,  four  of  1491/0 
ft.,  264-ft.  swing  span  over  the  Louisville  &  Portland 
Canal,  and  two  50-ft.  spans  to  the  Kentucky  approach. 
Interesting  observations  as  to  the  longitudinal  creeping  of 
the  bridge  spans  were  given  in  Engineering  News,  liar. 
28,  1885. 

There  may  be  some  changes  in  the  span  lengths  of  the 
new  bridge.  The  War  Department  required  a  clear  span 
of  at  least  200  ft.  for  the  new  draw,  as  noted  in  Engi- 
neering Neivs  of  Dec.  18,  1913,  and  the  railway  company 
had  proposed  a  cable-operated  lift  bridge  over  the  canal  in 
place  of  the  present  2G4-ft.  swing  span.  The  company 
is  now  in  litigation  with  the  Federal  Government  in  re- 
gard to  the  latter's  requireinents  as  to  the  spans,  and 
until  the  decision  is  rendered  by  the  United  States  Su- 
preme Court  no  definite  action  can  be  taken.  The  design 
ai-.d  construction  of  the  new  bridge  will  be  under  the 
direction  of  J.  C.  Bland,  Engineer  of  Bridges  for  the 
Pennsylvania  Lines.  A  contract  has  been  placed  for 
part  of  the  work,  and  preparations  are  lieing  made  for  tlie 
removal  of  the  first  spans  at  the  south  end.  For  this  rea- 
son the  local  train  service  oxer  (lie  bridge  has  been 
discontinued. 

The  second  Ohio  Eiver  bridge  referred  to  is  that  of  the 
Cincinnati  Southern  Ey.  (Cincinnati,  Xew  Orleans  & 
Texas  Pacific  Ey.),  at  Cincinnati,  Ohio.  This  present 
structure  was  completed  in  1877.  The  main  bridge  has 
two  .300-ft.  truss  spans  at  the  north  end,  a  519-ft.  (;hannel 
i;pan,  a  370-ft.  swing  span  and  a  llO-ft.  shore  span  at  tlie 
Kentucky  end.  This  main  structure  was  built  by  the  Key- 
stone Bridge  Co.,  under  the  direction  of  its  designer,  J.  H. 
.Linville.  The  north  or  Cincinnati  approach  has  six  truss 
spans  of  121  to  191  ft,  and  was  built  by  the  Baltimore 
Bridge  Co.  The  structure  is  single-track  throughout,  witli 
rails  lOfi  ft.  above  low-water  (or  about  35  ft.  above  high- 
water). 

The  present  piers  will  be  used,  with  minor  alterations  at 
their  tops,  but  will  carry  a  double-track  superstructure. 
The  new  bridge  is  being  designed  by  Eali)li  ?iIodjeski, 
consulting  engineer,  of  Chicago;  M.  B.  Case,  who  has 
been   resident  engineer  for   Mr.   Modjeski   on   the   new 


]\Iemphis  bridge,  is  now  in  charge  of  the  sur\-e_ys  for  the 
new  Cincinnati  bridge.    The  work  will  be  under  the  gen-  4 
eral  direction  of  Curtis  Dougherty,   Chief   Engineer  of  I 
the  Cincinnati,  New  Orleans  &  Texas  Pacific  Ey.  (Queen 
&  Crescent  Eoute). 

Two  other  examples  of  the  reconstruction  of  the  super- 
structures of  notable  old  bridges  may  be  mentioned. 
The  first  is  the  ilississippi  Eiver  bridge  at  Keokuk,  Iowa. 
This  was  designed  by  J.  H.  Lin\iLLe  and  built  by  the 
Keystone  Bridge  Co.  in  1869-70.  Its  reconstruction 
(on  the  old  piers)  was  completed  early  this  year,  and  was 
described  in  Engineering  News  of  Apr.  13,  1916.  Thi' 
second  is  the  Missouri  Eiver  bridge  of  the  Union  Paeifir 
E.E.  at  Omaha,  Xeb.  Tliis  was  built  in  1872  and  par- 
tially rebuilt  in  1887.  The  reconstruction  was  planned 
under  the  direction  of  K.  L.  Huntley,  Chief  Engineer  of 
the  Union  Pacific  E.E.,  and  work  is  now  in  progress. 

Maittn®iaai.Il  lEiagimieeir  IResces've  Act 

The  legislation  necessary  to  create  a  national  engineer 
reserve  was  recently  passed  by  Congress  and  signed  by 
the  president,  becoming  effective  July  1.  Tlris  bill,  knomi 
as  the  Army  Eeorganization  Act  of  1916,  provides  for 
the  organization  of  an  Officers  Eeserve  Corps  includ- 
ing an  engineer  section  or  an  Enlisted  Eeserve 
Corps.  The  War  Deparbuent  is  now  formulat- 
ing the  plan  of  organization  and  tlie  requirements  that 
will  be  prescribed  for  enrollment.  As  soon  as  practicable 
the  War  Department  will  invite  the  engineers  of  the  coun- 
try to  apply  for  commissions  in  the  reserve  corps  of  engi-  i 
neers,  and  there  will  be  available  for  those  interested  full 
and  complete  information  as  to  the  requirements  for 
commissions  in  the  several  grades,  from  second  lieutenant 
to  major,  and  for  master  engineers  and  sergeants,  and  , 
the  method  of  procedure  to  secure  commissions  or  enlist-  i 
ment.  The  following  is  an  abstract  of  the  principal 
clauses  relating  to  the  Officers  Reserve  and  the  Enlisted 
licservc  Corps. 

The  commissions  of  all  officers  of  thie  Officers  Reserve  Corps 
shall  be  in  force  for  a  period  of  five  years  unless  sooner 
terminated  in  the  discretion  of  the  President.  Such  olficers 
may  be  recommissloned.  either  in  the  same  or  higher  srades, 
for  successive  periods  of  five  years,  subject  to  such  examina- 
tions and  qualifications  as  the  President  may  prescribe  and 
to  the  age  limits  prescribed  herein:  Provided,  That  officers  of 
the  Officers  Reserve  Corps  shall  have  rank  therein  in  the 
various  sections  of  said  Reserve  Corps  according  to  grades 
and  to  length  of  service  in  their  grades. 

In  time  of  actual  or  threatened  hostilities  the  Presidei 
may  order  otTicers  of  the  Officers  Reserve  Corps,  subject  ' 
cucli  subsequent  physical  examinations  as  he  may  prescrlbf, 
to  temporary  duty  with  the  Regular  Army  in  grades  thereof 
which  cannot,  for  the  time  being,  be  filled  by  promotion,  or 
as  officers  in  volunteer  or  other  organizations  that  may  be 
authorized  by  law,  or  as  officers  at  recruit  rendezvous  and 
depots,  or  on  such  other  duty  as  the  President  may  prescribe, 
While  such  reserve  officers  are  on  such  service  they  shall,  by 
virtue  of  their  commissions  as  reserve  officers,  exercise  com- 
mand appropriate  to  their  grade  and  rank  in  the  organizations 
to  which  they  may  be  assigned,  and  shall  be  entitled  to  the 
pay  and  allowances  of  the  corresponding  grades  In  the 
Regular    Army,  .with    increase    of   pay    for    length    of   active 
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service,  as  allowed  by  law  for  officers  of  the  Regular  Army, 
from  the  date  upon  which  they  shall  be  required  by  the  terms 
of  their  orders  to  obey  the  same:  Provided,  That  officers  so 
ordered  to  active  service  shall  take  temporary  rank  among 
themselves  and  in  their  grades  in  the  organizations  to  which 
assigned,  according  to  the  dates  of  orders  placing  them  on 
active  service;  and  they  may  be  promoted,  in  accordance  ■n-ith 
such  rank,  to  vacancies  in  volunteer  organizations  or  to  tem- 
porary vacancies  in  the  Regular  Army  thereafter  occurring 
in  the  organizations  in  which  they  shall  be  serving.      .      .     . 

To  the  extent  provided  for  from  time  to  time  by  appropria- 
tions for  this  specific  purpose,  the  Secretary  of  War  is  author- 
ized to  order  reserve  officers  to  duty  with  troops  or  at  field 
exercises,  or  for  instruction,  for  periods  not  to  exceed  15  days 
in  any  one  calendar  year,  and  while  so  serving  such  officers 
shall  receive  the  pay  and  allowances  of  their  respective  grades 
in  the  Regular  Army:  Provided,  That,  with  the  consent  of  the 
reserve  officers  concerned,  and  within  tlie  limit  of  funds  avail- 
able for  the  purpose,  such  periods  of  duty  may  be  extended 
for  reserve  officers  as  the  Secretary  of  War  may  direct.     .     .     . 

For  the  purpose  of  securing  an  additional  reserve  of  en- 
listed men  for  military  service  with  the  Engineer  .  .  . 
Corps  ...  of  the  Regular  Army,  an  Enlisted  Reserve 
Corps,  to  consist  of  such  number  of  enlisted  men  of  such  grade 
or  grades  as  may  be  designated  by  the  President  from  tirne 
to  time,  is  hereby  authorized,  such  authorization  to  be  effective 
on  and  after  the  first  day  of  July,  1916. 


A  Senate  amendment  to  the  Eiver  and  Harbor 
.Appropriation  Bill  limiting  the  diversion  of  water  from 
Lake  I\liphigan  through  the  Chicago  drainage  canals  to 
250,000  ft.  per  miu.  was  noted  in  Engineering  JSJ'ews  of 
June  8,  1916,  p.  1108.  The  Conference  Committee 
eliminated  this  amendment  in  its  report  submitted  on 
July  3  and  at  the  same  time  struck  out  the  pro\ision 
granting  authority  to  the  State  of  Illinois  to  e.xpend 
$5,000,000  on  the  improvement  of  the  Illinois  River  in 
accordance  with  a  law  passed  by  the  Illinois  Legislature 
in  June,  1915.  Unless  some  change  is  made-in  the  bill 
prior  to  its  final  pas.?age  by  both  houses,  which  is  very 
unlikely,  Congress  will  therefore  have  taken  no  action 
either  legalizing  or  limiting  the  Chicago  drainage  canal 
and  the  State  of  Illinois  will  lack  the  authority  to  pro- 
ceed wit!i  the  work  of  improving  navigation  on  the 
Illinois  Kiver. 

ana  He\«r  C©siaIb)BEa§i^a(DEj\ 

The  merger  of  the  Pennsylvania  Steel  Co.,  Steelton, 
Peiin.,  and  the  Maryland  Steel  Co.,  Sparrows  Point,  Md., 
announced  .some  time  ago,  has  been  completed  by  tlie 
formation  of  a  new  company  known  as  the  Penn-Mary 
Steel  Co.,  South  Bethlehem,  Penn.,  which  will  be  a  sub- 
sidiary of  the  Bethlehem  Steel  Co.  A  deed  transferring 
the  property  of  the  Penn.«ylvania  Steel  Co.  to  the  Penn- 
Mary  company  was  filed  at  Harrisburg,  July  7.  It  called 
for  a  consideration  of  $10,167,297.  A  mortgage  held 
by  the  Bankers'  Trust  Co.,  Trustees,  of  Xcw  York  City, 
for  $60,000,000  was  filed  against  the  property  at  the  same 
time. 

Changes  in  the  engineering  and  executive  departments 
of  the  Steelton  plant  of  the  JPennsylvania  Steel  Co.  have 
lK?en  announced  by  Vice-President  W.  F.  I{ol)erts,  who 
i.s  in  charge  of  all  plant  operations,  as  follows :  President, 
E.  C.  Felton,  retires  automatically;  and  wiiile  no  place 
lias  yet  !)een  designated  for  Frank  Tenney,  secretary,  he 
will  be  retained  in  some  capacity.  Frank  B.  Carney,  sup- 
erintendent of  the  Steelton  plant,  is  made  general  metal- 


lurgist for  the  Bethlehem,  Steelton  and  Sparrows  Point 
])]ants  with  headquarters  at  South  Bethlehem.  William  S. 
Iiutherford  is  made  head  of  the  order  department  of  the 
entire  com]>aiiy  with  headquarters  at  South  Bethlehem. 
Thomas  Earl,  superintendent  of  the  bridge  and  con- 
struction dpartment  of  the  Steelton  plant;  Charles  H. 
fiercer,  chief  engineer,  and  Lewis  E.  Johnson,  assistant 
to  Superintendent  Earl,  are  transferred  to  South  Bethle- 
liem,  where  they  become  part  of  the  sales  and  engineering- 
force  in  charge  of  designing  and  field  erection  in  connec- 
tion with  structural  work.  Carl  B.  Ely,  assistant  to  ilr. 
Earl,  has  been  appointed  superintendent  of  the  bridge 
and  construction  department  in  charge  of  operations. 


Joseph  0.  O.sgood,  chief  engineer  of  the  Central  E.E. 
of  New  Jersey,  whose  death  on  June  28  was  noted  in 
la.st  week's  issue,  was  born  at  Cohasset,  JIass.,  in  1848. 
He  took  sj)ocial  courses  at  the  l\Iassachusetts  Institute 
of  Technology  in  1872  and  1877,  but  had  long  before 
then  engaged  in  engineering  work. 

At  17  years  of  age  he  joined  the  engineering  corps  of 
the  Eastern  Shore  II. E.  (now  a  part  of  the  Pennsylvania) 
as  a  rodman.  Sulisequently  he  was  assistant  engineer, 
and  from  1870  to  1871  was  transitman  and  resident 
engineer  on  the  location  and  construction  of  the  Portland 
&  Ogdensburg  Ey.  He  was  made  assistant  to  the  chief 
engineer  of  the  Maine  Central  E.E.  in  1871. 

Following  his  studies  at  the  Massachusetts  Institute 
of  Technology,  ^ir.  Osgood  was  made  resident  engineer 
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for  the  State  of  ^Massachusetts  on  the  improvement  of 
the  South  Boston  Flats.  In  1878  he  went  West  and 
for  two  years  was  division  engineer  of  the  Atchison, 
Topeka  &  Santa  Fe  Ry.  on  construction  work  in  Colorado 
and  Xew  ilexico,  and  for  two  years  was  chief  engineer  of 
the  California  Southern  R.R. 

From  1883  to  1884  he  was  chief  engineer  of  the  Boston. 
Hoosac  Tunnel  &  Western  R.R. ;  after  a  year  in  private 
practice  he  became  chief  engineer  of  the  Toledo,  St.  Louis 
&  Kansas  City  R.R.,  and  in  1887,  chief  engineer  of  the 
Lake  Sliore  &  Michigan  Southern  Ry.  For  the  12  years 
following  1889  he  was  a  consulting  engineer  with  offices 
in  Xew  York  City.  Since  1901  he  had  been  chief  engi- 
neer of  the  Central  R.R.  of  New  Jersey. 
'^. 

The  Excavation  for  the  Rogers  Pass  Tunnel  was  finished 
on  July  6.  In  the  past  year  more  than  3%  mi-,  has  been  ex- 
cavated— -n-orking  from  two  headings.  This  double-track 
tunnel  is  being  built  for  the  Canadian  Pacific  Ry.,  by  Foley 
Bros..  Welch  and  Stewart.  A.  C.  Dennis  is  superintendent  for 
the    contractor. 

Tribulations  of  Boston  Public-AVorks  Engineers  —  Since 
Mayor  Curley  removed  17  employees  of  the  Tublic  Works  De- 
partment of  Boston  last  January  by  abolishing  their  posi- 
tions he  has  put  nine  of  them  back  into  other  and  subordinate 
positions.  These  do  not  include  the  three  who  resisted  the 
mayor's  action  by  legal  means,  and  who,  though  ordered  rein- 
stated by  the  court,  have  not  yet  been  put  back.  The  case 
of  these  three  is  still  under  consideration  by  the  city  law  de- 
partment, which  is  planning  to  have  the  decision  reviewed  by 
the  supreme   court  of  the   state. 

The  American  International  Terminal  Co.  has  been  in- 
corporated in  Delaware  as  a  subsidiary  of  the  American  In- 
ternational Corporation  which  w-as  organized  some  months 
ago  by  interests  connected  with  the  National  City  Bank  of 
New  York.  The  new  corporation  is  organized  to  deal  with  the 
problem  of  transportation  terminals,  warehouses,  etc.,  and 
will  begin  its  work  with  a  study  of  the  conditions  in  New 
York  City.  The  Vice-Presidents  of  the  company  are  Geo.  J. 
Baldwin  and  W.  S.  Kies;  among  the  Directors  are  a  number  of 
officers  of  the  National  City  Bank  and  E.  F  Webster.  Henry 
R.  Hays  and  O.  E.  Stevens  of  the  Stone  &  Webster  Co.  Wil- 
liam H.  Lyford,  of  Chicago,  has  been  appointed  Consulting 
Engineer    of    the    company. 

Railway  Employees  Engaged  in  Train  Servlre  throughout 
the  United  States  are  now  taking  a  general  ballot  giving 
authority  to  the  officers  of  the  trainmen's  brotherhoods  to 
declare  a  strike  in  case  the  railways  will  not  grant  the  S-hr. 
day  with  time  and  a  half  for  overtime  which  the  brother- 
hoods have  demanded.  Congress  has  as  yet  taken  no  action 
on  the  request  of  the  National  Chamber  of  Commerce  that  the 
Interstate  Commerce  Commission  should  be  given  authority 
to  make  an  immediate  investigation.  At  the  recent  conven- 
tion of  the  Brotherhood  of  Locomotive  Firemen  and  Engineers 
in  Denver,  a  resolution  was  adopted  protesting  against  any 
action  by  Congress.  In  preparation  for  the  possible  emerg- 
ency of  a  strike  of  its  employees  engaged  in  train  service,  the 
Pennsylvania  Railroad  Co.  issued  a  circular  to  its  employees 
calling  for  volunteers  to  fill  vacancies  in  the  train  service  in 
the  event  of  a  strike  and  announcing  that  if  such  volunteers 
are  called  on  for  duty  they  will  be  given  permanently  the 
positions  to  which  they  may  be  assigned.  Many  of  the 
employees  now  engaged  in  train  service  are  receiving  two  or 
three  times  the  wages  of  equally  competent  men  employed  in 
the  repair  shops,  and  are  working  shorter  hours.  The  Penn- 
sylvania announces  that  between  50,000  and  60,000  of  its 
employees  have  volunteered  in  response  to  this  circular,  or 
more  than  twice  the  number  that  would  be  needed  to  take  the 
place  of  the  engineers,  conductors,  and  other  trainmen  in  the 
event  of  a  strike. 

The  Federal  Aid  to  Rond  Construction  Bill,  which  was 
signed  by  the  President  on  July  11,  is  substantially  the  Senate 
bill  with  a  half-dozen  minor  changes.  The  bill  makes  an  ap- 
propriation of  $3,000,000  for  the  fiscal  year  ending  June  30, 
1917,  and  this  appropriation  is  increased  $5,000,000  for  each 
successive  year  until  for  the  year  1921  the  sum  of  $25,000,000 
is  appropriated.  Control  of  the  appropriation  is  pLaced  with 
the  Department  of  Agriculture,  which  is  authorized  to  deduct 
not  exceeding  3%  of  the  appropriation  for  the  expenses  of  ad- 
ministration. Distribution  of  the  appropriation  to  the  several 
states  is  to  be  made  in  the  following  manner:  One-third  in 
the  ratio  of  the  area  of  the  state  to  the  total  area  of  the 
United  States;  one-third  in  the  ratio  of  the  state's  population 


to  the  population  of  the  United  States,  and  one-third  in  the 
ratio  of  the  mileage  of  rural  delivery  routes  in  the  state  to 
the  total.  In  order  that  a  state  may  obtain  the  fund  to- 
which  it  is  entitled,  its  legislature  must  assent  to  the  provi- 
sions of  the  act  and  the  State  Highway  Department  must 
submit  to  the  Secretary  of  Agriculture  projects  for  the  con- 
struction of  rural  post  roads,  with  such  surveys,  plans,  speci- 
fications, and  estimates  therefor  as  he  may  require.  "The 
Secretary  shall  approve  only  such  projects  as  may  be  sub- 
stantial in  character."  Items  for  engineering,  inspection  and 
unforeseen  contingencies  must  not  exceed  lOTf  of  the  total 
estimated  cost.  The  proportion  of  the  cost  of  the  work  pay- 
able from  the  Federal  treasury  must  not  exceed  oO'^'c.  No  pay- 
ment shall  be  made  in  excess  of  $10,000  per  mile,  exclusive 
of  the  cost  of  bridges  of  more  than  20  ft.  clear  span.  Re- 
sponsibility for  maintenance  of  the  roads  so  built  is  placed 
upon  the  state  or  its  "civil  subdivision";  and  if  any  such 
roads  are  not  properly  maintained,  the  Secretary  of  Agricul- 
ture must  refuse  to  grant  further  Federal  appropriations  to 
the  delinquent  state  or  section.  The  act  further  appropriates 
$1,C00,000  for  the  fiscal  year  ending  June  30,  1917,  for  the 
survey,  construction  and  maintenance  of  roads  and  trails 
within  or  partly  within  the  national  forests.  All  work  done 
by  the  Government  under  this  act  is  to  be  carried  on  by  em- 
ployees selected  from  the  eligible  lists  of  the  Civil  Service 
Commission. 


(..  1..  Mariek  has  been  appointed  Assistant  Office  Engineer 
of  the  Gulf,  Colorado  &  Santa  Fe  Ry.,  at  Galveston,  Tex. 

James  AVall,  of  Pittsburgh,  Penn.,  has  been  appointed  a 
member  of  the  County  Engineer's  staff  of  Allegheny  County, 
Pennsylvania. 

Harry  Burgess,  Major,  Corps  of  Engineers,  U.  S.  A.,  has 
been  detailed  to  succeed  Col.  Mason  M.  Patrick,  in  charge  of 
the    Detroit,    Mich.,    district. 

John  C.  Oakes,  Major,  Corps  of  Engineers,  U.  S.  A.,  has 
been  detailed  to  succeed  Col.  George  A.  Zinn,  in  charge  of 
the  Philadelphia,  Penn.,  district, 

A.  E.  Owen,  Assoc.  M.  Am.  Soc.  C.  E..  Principal  Assistant 
Engineer  of  the  Central  R.R.  of  Ne^v  Jersey,  has  been  promoted 
to  be  Chief  Engineer,  succeeding  the  late  J.  O.  Osgood. 

AVilliani  V.  Jnd.son,  Lieutenant-Colonel.  Corps  of  Engi- 
neers, U-  S.  A.,  has  been  detailed  to  succeed  Col.  John  Biddle, 
in  charge  of  the  Baltimore,  Md.,  district. 

George  P.  Clay,  an  inspector  in  the  fourth  district  of  the 
Pennsylvania  State  Highway  Department,  at  Franklin,  Penn., 
has  been  promoted  to  be  Road  Superintendent  of  Erie  County. 

A,  Engh  has  been  appointed  Assistant  Bridge  Engineer  of 
the  Chicago,  Burlington  &  Quincy  R.R.  Lines  East  of  the  Mis- 
souri River,  succeeding  G.  A.  Haggander,  promoted,  as  noted 
elsewhere- 

R.  M.  Roliinson,  Jun.  Am.  Soc.  C.  E.,  has  resigned  his  posi- 
tion with  the  Tennessee  Copper  Co..  Copperhill.  Tenn.,  to  join 
the  staff  of  the  Clinchfleld  Products  Corporation,  Johnr-on 
City,  Tenn. 

B.  B.  'Weinberg,  an  inspector  in  the  14th  district  of  the 
Pennsylvania  State  Highway  Department,  at  Washington, 
Penn.,  has  been  promoted  to  be  Road  Superintendent  of  Blair 
and    Cambria    Counties. 

Judson  R.  West,  Assoc.  M.  Am.  Soc.  C.  E.,  has  resigned  as 
Chief  Engineer  of  the  Seattle  (Wash.)  Port  Commission  to  ac- 
oe])t  the  professorship  of  railroad  engineering  at  Pel  Yang 
University,   Tientsin,  China. 

AV.  H.  Franklin,  Jun.  Am.  Soc.  C.  E..  has  resigned  from  the 
valn.ation  department  of  the  Chicago,  Milwaukee  &  St.  Paul 
Ry.,  at  Seattle.  Wash.,  to  join  the  staff  of  the  James  Black 
Masonry    and    Construction    Co.,    Seattle. 

G.  .\.  Hnggnnder,  Assistant  Bridge  Engineer  of  the  Chi- 
cago, Burlington  &  Quincy  R.R.  Lines  East  of  the  Missouri 
River,  has  been  promoted  to  be  Bridge  Engineer  of  the  whole 
system,  succeeding  the  late  C.  H.  Cartlidge. 

Thomas  A.  I,anx,  Assistant  to  the  Chief  Engineer  of  the 
Pennsylvania  Steel  Co.,  Steelton,  Penn.,  is  now  -Assistant  to  the 
Chief  Engineer  of  the  Bethlehem  Steel  Co.,  South  Bethlehem, 
Penn.      Mr.   L.aux    is  a   civil    engineer   of   Harrisburg,    Penn. 

.1.  B.  Chapman,  a  graduate  physician  of  Alabama  State 
University  and  a  former  student  in  the  course  in  public  health 
at  Harvard  University,  has  been  appointed  Health  Officer  of 
Talladega   County,   Ala.,   at  a  salary   of  $3,000   per   annum. 

Henry  O.  Pond,  M.  Am.  Soc.  M.  E.,  has  resigned  as  Me- 
chanical Engineer  of  Westlnghouse  Church  Kerr  &  Co-,  New 
York    City,    to    take   charge    of   the    timber,    pulp    and    water- 
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Dwer  interests  in  ttie  Northwest  of  E.  E.  Cadwell  &  Co.,  Inc., 
ew   Torlt    City. 

A.  N.  ■\Vnrdle  and  Ellis  S.  Tisdale.  botli  recent  graduates  ot 
le  course  in  sanitary  engineering,  Massacliusetts  Institute  of 
echnology,  have  been  appointed  members  of  the  engineering 
aff  of  the  West  Virginia  State  Department  of  Health,  at 
harleston,  W.  Va. 

J.  P.  Stevens,  recently  General  Superintendent  of  the 
hesapeake  &  Ohio  Ry.,  at  Huntington,  W.  Va.,  has  been  pro- 
oted  to  be  General  Manager  with  headquarters  at  Richmond, 
a.  He  is  a  son  of  George  W.  Stevens,  President  of  the 
liesapeake  &  Ohio;  he  is  31  years  old  and  has  been  in  the 
nploy   of   the    railway    since    1000. 

John  Bennett  Bissell,  formerly  President  ot  John  Bennett 
issell.   Inc.,   exporters,   has   resigned   to  join   the   organization 

the  Blaw  Steel  Construction  Co.,  Pittsburgh,  Penn.  Mr. 
issell  will  be  Manager  of  the  Export  Department,  and  the 
astern  Structural  Sales  Department,  and  will  be  located  at 
,e  company  offices,  165  Broadway,  New  York  City. 

Fred  C.  Alber,  City  Manager  of  Newburg,  N.  T.,  has  been 
moved  by  the  city  commissioners.  He  was  formerly  City 
irk  Commissioner  of  Cleveland,  Ohio.  He  was  made  City 
anager  Jan.  1,  and  according  to  a  Cleveland  newspaper  ac- 
■unt,  has  had  a  hard  time  from  the  start,  chiefly  because 
!  was  an  outsider  and  because  his  salary  of  $5,000  per 
mum  was  considered  too  much.  He  is  succeeded  by  a  local 
lysician.    Dr.    Henry    Wilson. 

Thomas  C.  Desmond,  Assoc.  M.  Am.  Soc.  C.  E.,  Consulting 
ngineer,  110  West  34fh  St.,  New  York  City,  has  been  selected 
•  Col.  Theodore  Roosevelt  to  take  charge  of  recruiting  the 
ifimer.t  of  engineers,  which  is  to  be  included  in  the  colonel's 
my  for  Mexican  or  other  service.  Col.  Laurance  H.  Grahame, 
rmerly  of  the  Rough  Riders,  is  cooperating  in  the  work  of 
ganizing  the  engineer  regiment.  Further  data  may  be  se- 
.red  by  addressing  Mr.  Desmond. 

Frank  S.  Krng-,  City  Engineer  of  Cincinnati,  Ohio,  and 
lief  Engineer  ot  the  City  Rapid  Transit  Commission,  will 
ceive  one  of  the  largest  salaries  paid  to  an  American  muni- 
pal  engineer.  As  City  Engineer  he  receives  $6,000  per  an- 
im.  and  as  Chief  Engineer  of  the  Transit  Commission  he  has 
en  voted  $9,000  more,  making  $15,000  per  annum.  Alfred 
•aven.  Chief  Engineer  of  the  I'ublic  Service  Commission,  New 
jrk  City,  receives  $20,000,  which  is  probably  the  largest 
lary  paid  any  municipal  engineer   in  this  country. 

L.  B.  Allen,  Division  Superintendent  of  the  Chesapeake  & 
lie  Ry.,  at  Huntington,  W.  Va.,  has  been  promoted  to  be 
■neral  Superintendent  to  succeed  J.  P.  Stevens,  promoted,  as 
'ted  elsewhere.  Mr.  Allen  is  a  graduate  of  Kentucky  State 
dlege  and  began  his  railway  work  as  a  rodman  on  the 
•uthcrn  Ry.  in  1S99.  He  was  with  the  engineering  depart- 
ent  of  the  Chesapeake  &  Ohio  fiom  August,  1S99,  until  two  or 
ree  years  ago,  when  he  joined  the  operating  staff  as  a 
vision  superintendent.  He  had  previously  been  Engineer  of 
a!ntenance-of-Way. 


to  the  Paris  International  Exposition  as  Railroad  Commis- 
sioner of  the  United  States.  Since  1913  he  had  been  President 
and  General  Manager  of  the  Lorain,  Ashland  &  Southern  R.R- 
in  Ohio,   of  which  he  supervised  the  construction. 


H.  J.  Bowman,  M.  Can.  Soc.  C.  E.,  of  Bowman  &  Connor, 
insulting  Engineers,  Berlin,  Ont.,  died  recently.  He  was  a 
rmer  city  engineer   of  Berlin. 

F.  A.  Crelghton,  M.   Can.   Soc.   C.   E.,   a   consulting  engineer 

Winnipeg,    Man.,    former    city    engineer    ot    I'rince    Rupert, 

C,  was  recently  killed  in  action  in  France.  He  had 
ortly  before  received  the  cross  of  the  Legion  of  Honor  from 
e  French  Government   for  bravery  at  the   front. 

Joseph  Itanisey,  M.  Am.  Soc.  C.  E.,  President  of  the  Lorain, 
ihland  &  Southern  R.R.,  former  President  of  the  Wabash 
R..  died  July  7  at  his  home  in  East  Orange,  N.  .1.  He  was 
>rn  at  Pittsburgh,  Penn.,  Apr.  17,  1850.  He  was  educated  at 
e  We.stern  University  of  Pennsylvania  and  in  1869  joined  the 
igineer  corps  of  the  Pittsburgh,  Cincinnati.  Chicago  &  St. 
)ul8  Ry.  For  many  years  he  was  active  in  railway  con- 
ruction  In  Pennsylvania  and  Ohio,  serving  as  chief  engineer 

small  roads  which  were  subsequently  alisorbed  by  the 
rger  systems.  He  was  Chief  Enginec:'  on  the  location  and 
terward  Chief  Engineer  on  construction  of  the  famous 
•ir»  Gap  R.R.  (from  Bellwood  to  Irvona.  Penn.,  now  a  part 
'  the  I'cnnsylvania  R.R.)  From  1S86  to  1890  Mr.  Ramsey  was 
hief  Engineer  of  the  Cincinnati,  Hamilton  &  Dayton  Ry.     For 

year  following  he  was  Assistant  to  the  President  of  the 
leveland,  Cincinnati,  Chicago  &  St.  Louis  (Big  Four)  Ry.,  and 
len  for  two  years  General  Manager.  He  was  Vice-Pres- 
ent and  General  Manager  of  the  Wabash  R.R.  from  1895  to 
'01  and  subsequently  was  President  of  this  and  subsidiary 
nes.     While  President  of  the  Wabash  Mr.   Ramsey  was  sent 


INTERNATIONAL  ASSOCIATION   OF   FIRE   ENGINEERS. 
Aug.    29-Sept.    1.      Convention    in    Providence,    R.    I.      Secy., 
James  McFall,  Roanoke,  Va. 
ASSOCIATION   OF    EDISON   ILLUMINATING   COMPANIES. 
Sept.  4-7.     Convention  in  Hot  Springs,  Va.     Asst.  Secy..  E.  A. 
Baily,  360  Pearl  St.,  Brooklyn,  N.  Y. 
THE   TRAVELING    ENGINEERS'    ASSOCIATION. 

Sept.    5-S.      Annual    meeting    in    Chicago,    111.      Secy.,    W.    O. 
Thompson,   care  General  Offices,   N.   Y.  C.    R.R..   Cleveland, 
Ohio. 
AMERICAN    FOUNDRYMEN'S    ASSOCIATION. 

Week    of    Sept.     11.       Annual     meeting    in    Cleveland,    Ohio. 
Secy..  A.  O.  Backert,  12th  and  Chestnut  St.,  Cleveland,  Ohio. 
THE  AMERICAN  INSTITUTE  OF  METALS. 

Week  of  Sept.  11.     Meeting  in  Cleveland,  Ohio.     Secy.,  W.  M. 
Corse,  106  Morris  Ave.,  Buffalo,  N.  Y. 
NATIONAL  ASSOCIATION  OF  STATIONARY  ENGINEE>RS. 
Sept.  11-16.     Convention,  Minneapolis.  Minn.     Secy.,  Fred  W. 
Raven,   417  S.   Dearborn   St.,  Chicago. 
MASTER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCIATION. 
Sept.    12.      Convention    in    Atlantic  City.      Secy.,    A.    P.    Dane, 
Reading,  Mass. 
RAILWAY  SIGNAL  ASSOCIATION. 

Sept.    12-14.      Convention    in    Mackinac    Island.      Secy.,    C.    C. 
Rosenberg.    Myers   Building.    Bethlehem,    Penn. 
ILLUMINATING  ENGINEERING  SOCIETY. 

Sept.   lS-20.      Convention  in   Philadelnhia.  Penn.      Asst.   Secy., 
C.  D.  Fawcett,  29  West  39th  St..  New  York,  N.  Y. 
ASSOCIATION    OF    IRON   AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 
Sept.  lS-22.     Convention  in  Chicago.     Secy..  W.  O.  Oschmann. 
Oliver  Iron  and  Steel  Co.,  Pittsburgh.   Penn. 

THE   ROADMASTERS   AND   MAINTENANCE   OF   WAY   ASSO- 
CIATION OF  AMERICA. 
Sept.  19-22.     Convention  in  New  York  City.     Secy.,  P.  J.  Mc- 
Andrews. 
MICHIGAN  GAS  ASSOCIATION. 

Sept.  21-22.     Annual  meeting  in   Detroit,  Mich.      Secy.,  Clark 
R.  Graves,  Lansing,  Mich. 
AMERICAN   PEAT   SOCIETY. 

Sept.    21-23.      Annual    meeting    in    Washington,   D.    C.      Secy.. 
Julius   Bordello.   Kingsbridge.   N.    Y. 
RAILWAY   FIRE   PROTECTION   ASSOCIATION. 

Oct.    3-5.      Convention    in    New    York    City.      Secy.,    C.    B.    Ed- 
wards, Mobile  &  Ohio  R.R.,  Mobile,  Ala. 
AMERICAN   SOCIETY  OF  MUNICIPAL   IMPROVEMENTS. 
Oct.    9-13.      Convention    in    Newark,    N.   J.      Secy.,    Charles    C. 
Brown,  Indianapolis,  Ind. 
AMERICAN   ELECTRIC   RAILWAY  ASSOCIATION. 

Oct.    9-13.      Convention   at    Atlantic   City.    N.   J.      Secy.,    E.    B. 
Burritt,   S   West   40th   St..  New   York  City. 
AMERICAN    RAILWAY    BRIDGE    AND    BUILDING    ASSOCIA- 
TION. 
Oct.  17-19.     Convention  in  New  Orleans.     Secy.,  C.  A.  Lichty, 
C.  &  N.  W.   Ry..  Chicago. 
AMERICAN  GAS  INSTITUTE. 

Oct.  17-20.     Annual  meeting  In  Chicago.     Secy.,  G.  G.  Rams- 
dell.    New    York.    N.    Y. 
AMERICAN   PUBLIC   HEALTH    ASSOCIATION. 

Oct.    24-27.       Convention    in    Cincinnati,    Ohio.      Secy.,    Prof. 
Selskar  M.   (Juiin.  Boston.   Mass. 

The  Pacifie  Const  (;aM  .\H.suciatlon  will  hold  its  24th  annual 
convention  at  Santa  Barbara.  Calif.,   Sept.  19  to  22. 

The  I'aelflc  Assoviatioii  of  Consl■ltin^-  Kneineers  holds  its 
annual  meeting  in  San  Francisco,  on  Sept.  21.  The  secretary 
is  C.  H.  Snyder.  251   Kearny  St..  San   Francisco. 

The  Fifth  .\nnual  Safety  Conyrrcss  will  be  held  by  the  Na- 
tional Safety  Council,  Oct.  16  to  21,  in  Detroit,  Mich.  The 
secretary  is  W.  H.  Cameron,  Continental  and  Commercial  Bank, 
Chicago. 

The  Anierlean  Society  of  Meehnnieal  EnBineers,  through 
the  nominating  committee,  has  reported  the  following  nom- 
inees: For  pi'esldent,  Ira  N.  Hollis,  Worcester,  Mass.;  for 
vice-president  for  two  years,  Charles  H.  Benjamin.  Lafayette. 
Ind.:  Arthur  M.  Greene.  Jr.,  Troy,  N.  Y.;  Charles  T.  Plunkett, 
Adams,  Mass.:  for  manager  for  three  years,  Robert  H.  Fernald. 
Philadelphia,  Penn.;  William  li.  Gregory,  New  Orleans,  La.; 
C.  R.  Weymouth,  Berkeley.  Calif.;  for  treasurer,  William  H. 
Wiley,  New  York.  The  nominating  committee  was  appointed 
by  the  president  from  five  groups  of  the  diffirent  geographic 
sections  of  the  society,  and  consisted  of  Walter  B.  Snow, 
chairman,  representing  the  Boston,  New  Haven  and  Worcester 
sections;  H.  M.  Montgomery,  representing  the  Chicago,  Mil- 
waukee and  Minnesota  sections;  E.  H.  (Jhle,  representing  the 
Atlanta,  Birmingham.  St.  Louis  and  Cincinnati  sections;  J.  T. 
Whittlesey,  representing  the  San  Francisco  and  Los  Angeles 
sections,  and  D.  Robert  Yarnoll,  representing  the  New  York, 
Philadelphia   and   Buffalo   sections. 
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LiiiEiriejitor  fur  Klevator  <*uiile  Rails 

An  elevator-rail  lubricator  of  the  type  shown  herewith  is 
manufactured  by  Lewis  F.  Lyne,  39  Cortlandt  St.,  New  York 
City.  It  is  an  oil  box  cast  from  aluminum  alloy  and  is  Ig 
in.  thick.  Its  only  movable  parts  are  three  pairs  of  wicks  in- 
tended to  prevent  glazing  or  caking  over  the  surfaces.  The 
wicks  wipe  oft  the  edges  and  sides  of  the  rails  and  at  the 
same  time  deposit  oil  upon  the  cleaned  surfaces.  The  feed  is 
positive,  no  oil  being  delivered  except  when  the  car  is  run- 
ning. The  wicks  are  held  by  screws  that  can  be  loosened  to 
allow  the  wicks  to  be  pulled  out  a  little  when  they  become 
w'orn.  Each  box  has  a  suitable  support  or  bracket  for  at- 
taching it  to  various  types  of  elevator  cars.  It  can  be  fast- 
ened to  the  counterweights  as  well  as  to  the  car  proper. 

Contractors'  Pressure  Pump 

A  high-pressure  pumping  outfit  tor  use  on  construction 
work,  delivering  water  considerable  distances  to  supply  l>oil- 
ers,  concrete  mixers,  etc..  is  shown  in  the  accompanying  view. 
It  consists  of  a  single-cylinder  vertical  gasoline  engine,  gear- 
ing, and  horizontal  double-acting  force  pump  mounted  on  a 
steel  frame  or  bedplate  as  a  single  unit.  The  countershaft 
has  two  gearwheels  carrying  side  rods  which  extend  along 
the  sides  of  the  pump  cylinder  and  are  attached  to  the  cross- 
head.  These  gearwheels  are  carried  in  an  extension  of  the 
pump  casting,  so  that  the  alignment  is  maintained  perma- 
nently. The  crosshead  slides  on  guide  rods  attached  to  the 
cylinder  head.  There  is  a  suction  opening  on  both  sides,  and 
the  discharge  can  be  made  at  four  points.  The  pump  can  de- 
liver to  a  distance  of  three  miles,  and  will  work  on  a  suc- 
tion lift  not  exceeding  25  ft.  It  is  made  for  pressures  of  175, 
225  and  300  lb. 

The  small-size  outfit  has  a  pump  cylinder  3x5  in.,  lU-in. 
suction   and  discharge  openings,  and  runs  at  55  r.p.m.     It   has 


PORT.i\BLE    PRIOSSFRK    ITMP    FO[{    roNTUACTClRS 

a  3-hp.  engine,  and  can  deliver  900  gal.  per  hr.  A  larger  ma- 
chine with  5x5-in.  cylinder,  2i^-in.  pipes  and  S-hp.  engine  oan 
deliver  2,400  gal.  perhr.  The  weight  of  the  outfit  is  only  625 
lb.  for  the  smaller  and  1,635  lb.  for  the  large  size.  Those 
portable  pressure  pumping  outfits  are  built  by  the  Barnes 
Mfg.   Co.,  of   Mansfield,   Ohio. 

".Maiionraph"   nilTerentiiil    Pressure   (iage 

The  "Manograph"  recording  differential  pressure  gage  de- 
vised by  Paul  Lanham.  of  Washington,  D.  C,  for  use  on  the 
water-leakage  surveys  of  that  city  and  described  in  "Engi- 
neering News,"  Jan.  6,  IHIH,  is  now  being  made  by  the  Water 
Works  Equipment  Co.,  50  Church  St.,  Xew  York  City.  New 
models  have  been  added  to  the  line — notably  (1)  an  instru- 
ment for  permanent  station  installation,  and  (2)  a  multiple- 
unit  recorder  for  measuring  the  flow  through  a  number  of 
mains.  It  will  be  recalled  that  the  Lanham  scheme  Involves 
a  mercury  U-tube,  a  moving  contact  rod  actuated  by  a  water 
or  other  motor  and  an  electric  circuit  controlling  the  re- 
cording  pen. 


Dry    Feeder   fcr   V.ater-W'orks   Chemicals 

A  nev,^  dry  feeder  for  lime,  iron,  soda  ash,  crushed  alum, 
etc.,  in  water-purification  or  softening  plants  is  being  made  l>\ 
the  F.  G.  Gauntt  Manufacturing  Co.,  Fort  Wayne,  Ind.  Ca.st- 
iron  ends  support  a  trough  in  which  a  worm  agitator  anl 
feed  screw  revolve.  The  amount  of  material  to  be  discharged 
is  controlled  by  changing  the  length  of  an  adjustable  reach 
rod  driving  the  feed.  A  machine  with  bronze  worm  and  wood 
trough  is  also  made  for  dryfeeding  hypochlorite  of  lime,  de- 
livering from  4  to  200  lb.   per  hr.  ^f  ; 

Iniprovetl  "VVeir  Kloiv  Meter 

A  new  flow  meter  for  feed-water  tanks,  etc.,  has  been  de- 
signed by  E.  G.  Bailey,  President  of  the  Bailey  Meter  Co:, 
141  Milk  St.,  Boston,  Mass.  As  shown  in  the  accompanying 
view,  water  flows  over  a  V-notch  weir  from  a  high-level  to 
a  low-level  compartment.  Interest  mostly  centers  on  the 
mechanism   for  giving  the   recording-pen   ai'ni   uniform   motion 


BAILEY  RECORDING   WEIB  METER 

proportional  to  the  flow.  A  beam  carries  two  unlike  displace- 
ment members,  and  is  fastened  to  a  short  shaft  supported  on 
monel-metal  knife  edges.  One  end  of  the  shaft  passes 
through  a  pressure-tight  bearing  and  carries  the  recorder  pen 
and  integrator  control  directly  on  its  outer  end.  The  in- 
tegrator disk  is  driven  by  the  same  clock  that  drives  the 
chart;  the  counting  train  is  suspended  from  a  knife-edge 
bearing  on  the  clock  frame  and  is  moved  across  the  disk  by 
an  arm  from  the  main  shaft.  The  follower  wheel  has  a  large 
number  of  rollers  to  prevent  wearing  the  disk,  and  its  axis 
is  inclined   to  eliminate  slip. 

New  Section  of  Lackawanna  Steel  Slieetpillni; 

A  new  Lackawanna  SM;-in.  section  of  steel  sheetpiling 
has  been  added  to  this  line,  to  give  a  wider  range  of  selec- 
tion. This  new  sfection  is  of  the  standard  Lacka\\'ann.i 
straight-web  type,  with  interlock  consisting  of  similar  hooks 
and  guards  on  both  edges,  and  is  for  use  where  a  .compara- 
tivel.v  light  section  is  required  with  high  transverse  strenRth 
and  minimum  weight — as  in  medium  trench  and  coffer-dam 
work.  The  general  advantages  of  the  L.ackawanna  design  are 
well  known.  In  the  development  of  this  new  section  special 
attention  was  given  to  secure  for  this  joint  high  tensional  and 
transverse  strength  and  at  the  same  time  to  produce  a  pile 
that  would  have  comparativel.v  low  weight  per  square  foot, 
that  would  be  simple,  interlock  perfectly  and  have  the  ma- 
terial so  distributed  as  to  give  a  high  section  modulus  per 
lineal  unit  of  wall. 

The  new  section  weighs  14.70  lb.  per  lin.ft.  and  20.75  lb. 
per  sq.ft.  The  least  radius  of  gyration  is  0.509  and  the  sec- 
tion modulus  1.1  per  single  section,  0.1294  per  in.  width  and 
1.555  per  horizontal  foot  of  wall  interlocked  in  place.  This 
section  is  to  be  compared  with  the  older  74Vi-in.  piling — least 
radius  of  gyration  0.373;  modulus  of  section,  0.567  for  single 
section,  O.OSl  per  in.  width;  weight,  12.54  lb.  per  lin.ft.  and 
21.5   lb.   per  sq.ft. 

Lackawanna  steel  sheetpiling  is  made  by  the  Lacka- 
wanna  Steel   Co.,    Lackawanna.   N.   Y. 
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The  nevr  intf  ?epting  sewer  about  completed  at  Salt 
Lake  Citj-,  Utah,  will  form  an  outlet  for  all  that  por- 
tion of  the  sewerage  system  not  tributary  to  the  gravity 
iewei  system.  It  begins  at  10th  South  and  7th 
West  streets,  connecting  there  with  the  60-in.  main 
;ewer,  draining  approximately  68  mi.  of  sewer  recently 
■onstructed.  It  runs  thence  northerly  a  total  distance 
)f  23,850  ft.  to  the  intersection  of  9th  North  and  Uth 
West  streets.  This  line  is 
oca  ted  in  the  western  part 
)i  the  city  at  practically  the 
owest  ground  level,  and  will 
)C  deep  enough  to  take  care 
)f  the  sewage  from  any  por- 
ion  of  the  city.  The  sewer 
s  being  built  of  lock-joint 
•einforced-concrete  pipe 
nade  by  the  Pacific  Lock 
Toint  Pipe  Co.,  under  an 
■greement  with  the  con- 
ractors,  Messrs.  Gibbons 
kos.,  Eeed  &  Roche.  The 
rade  of  the  sewer  varies 
rom  0.104  to  0.45%.  The 
lepth  of  the  trench  varies 
rom  14.6  to  19.9  ft.,  with 
n  average  depth  of  17.1  ft. 
The  material  encountered 
onsists  of  alternate  layers 
if  clay  and  sand.  The 
rround-water  level  is  ap- 
iroximately  7  ft.  below  the 
urface.  The  (>o«n  tract 
mounts  to  $296,510.  The 
engths  of  pipe  of  each  size 
nd  unit  prices  are  as  fol- 
ows:  "00  ft.  of  30-in.  pipe, 
;2.35  per  lin.ft.;  2,4:57  ft.  of 
2-in.,  $3.73;  6,628  ft.  of 
;0-in.,  .$5.10;   8,838   ft.  of 

6-in.,  $6.50 ;  3,556  ft.  of  72-in.,  $8 ;  1,692  ft.  of  78-in. 
40  i)er  lin.ft.  The  unit  price  for  excavation  and  back- 
illing  was  $0.97.  The  trench  width  for  the  78-in.  pipe 
veragcs  10  ft.  8  in.  The  pipe  was  made  at  the  rate  of 
ppro.\imately  60  ft.  per  day  for  each  size. 

Lackawanna  steel  shcetpiling  was  driven  by  a  pueu- 
natic  hammer  for  each  side  of  the  trench.  The  first  6 
r  8  ft.  of  excavation  was  taken  out  with  teams  and  the 
oraainder  handled  by  clamshell  and  orange-peel  buckets 
perated  electrically  and  working  from  the  gantry  cranes 
hown  in  t^ie  view  on  this  page.    A  separate  gantry  crane 


EXCAVATING   AND   SHKKTING   SKWJiR   TRENCH    lOJi    FT. 
WIDE.  SALT  LAKE  CITY,  UTAH 

Gantry  in  foreground  digging  with  clamshell,  next  one  in 
rear  digging  In  strutted  trench  with  orange-peel.  Rear  gantry 
engaged   in  setting  concrete  pipe 


was  used  for  handling  the  pipe  and  for  pulling  the  sheet- 
piling.  The  material  taken  out  of  the  trench  was  hauled 
back  by  dump  carts  along  the  line  of  the  sewer  and  used 
for  backfilling. 

Three  gantry  cranes  of  the  same  general  structural 

framing  were  employed.    The  first  one  went  right  behind 

the   preliminary   hand   excavation   and,   with   clamshell, 

made  the  next  cut.     Behind  this  the  trench  was  strutted 

and  the  excavation  made  to 

grade   with   an   orange-peel 

working    from    the    second 

gantry  between  the  struts. 

In  the  rear  a  third  gantry 

lowered  the  reinforced-con- 

erete  pipe  units  to  place. 

The  gantry  cranes  are 
framed  of  battered  bents 
just  above  the  rails  on 
which  they  run,  connected 
by  a  cross-frame  which  car- 
ries the  electric  motor  and 
the  transverse  track  on 
which  runs  in  one  case  the 
buckets  and  in  the  other 
case  the  tongs  for  the  pipe. 
The  tracks  are  regulation 
r^ils  laid,  one  on  each  side 
the  trench,  on  short  ties. 
The  bucket  cranes  are  pro- 
vided with  one  30-hp.  and 
one  141/2-hp-  motor  for  the 
hoist  and  one  6i/^-hp.  motor 
for  the  drive,  while  the  pipe 
crane  has  a  15-hp.  motor 
for  the  trolley  and  a  61/^- 
hp.  motor  for  the  drive. 
The.se  machines  were  made 
by  the  Sprague  Electric 
Works  of  the  General  Elec- 
tric Co.  They  are  fairly 
practice   but   are   novel   for 


common    in    coal    iiami 
trenching  machines. 

A  pumping  plant  will  be  installed  at  tlie  lower  end  of 
this  sewer  to  discharge  the  sewage  into  a  gravity  line, 
whence  it  will  be  carried  to  Great  Salt  Lake.  Completion 
of  these  sewerage  improvements  will  provide,  in  connec- 
tion with  the  gravity  outlet  sewer,  sullicient  outlet  ca- 
pacity for  a  population  of  500,000.  The  contract  for 
the  work  was  let  Aug.  5,  1915,  the  time  for  completion 
being  200  days.  The  work  is  under  the  direction  of 
Sylvester  Q.   Cannon,   City   Engineer,   Salt  Lake   City. 
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M'-Y0F5/»S — An  enormous  open  dredging  well, 
or  caisson,  has  been  sunk  during  the  past  winter 
in  Lear  Lale,  100  mi.  northeast  of  Salt  Lake  City, 
and  in  it  are  now  being  constructed  the  foundation 
and  substructure  of  a  jmm/nng  station  of  tlie  Utah 
Power  and  Liglit  Co.  Tlie  purpose  and  design  of 
this  plant  were  pi-esented  in  "Engineering  News," 
Juhj'  IS. 

The  location  cluisen  for  the  Liftou  pumping  station  is 
on  a  causeway  separatino;  the  north  end  of  the  lake' 
basin — now  a  separate  sliect  of  water  called  Mud  Lake — 
from  Bear  Lake  itself.     'I'his  beach  is  all  very  tine  sand, 


Fo 

capping  slab,  and  thou  build  the  concrete  substructure  of 
the  pumping  station,  with  its  inlet  and  discharge  passage.^ 
formed  in  the  concrete.  The  dredging-caissou  method  was 
adopted  as  the  simplest  and  surest  way  of  accomplishing 
these  results. 

The  design  of  the  caisson  is  shown  in  Fig.  1.  The  stnir- 
ture,  ]  40  ft.  long,  621/2  ft.  wide  and  45  ft.  high,  is  a  shell 
of  13-in.  tind)ers  stiffened  by  series  of  interior  struts  in 
both  directions  at  about  11  ft.  spacing  horizontally,  and  2 
to  4  ft.  clear  spacing  vertically.  This  describes  approxi- 
mately tlie  lower  section  or  first  build-up,  which  is  the 
part  ol  the  caisson  designed  to  resist  the  sinking  stresses. 
The  colfer-dam  or  second  build-up,  erected  above  when 
tiie  lirst  biiilil-up  liad  started  sinldng,  consists  of  3-in. 


_  ^Max.  Height  of  Sand  Fill  m  Weighting  Pockets 
jp'xIZ'  ^'4'xiz' 
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-        31-0' 

Cross  -  Section 
FIG.    1.     FRAMING    OF    UliEUCilNG    CAISSON    FOR  FOUNDATION  OF  LIFTON  PUMPING  STATION 


considered  a  quicksand ;  borings  to  considerable  de])t]i, 
made  by  the  owners  preliminary  to  design,  did  not  iind 
the  bottom  of  the  .sand  stratum. 

The  type  of  foundation  cho.sen  was  a  pile  group  capped 
with  a  concrete  mat  or  slab  at  the  depth  required  by  the 
pump  intake — about  40  ft.  below  water  level.  The  proli- 
lem  was  to  make  the  excavation,  drive  the  piles,  place  the 

C.L  of  Sluicewc^-y  ^ -C.L. of  Intake  and  Discharge  ■:.., 

<i-i34i\4-i'-M  iB-i-i^id-s'^      ^jN  f       "H 

Discharge  Side  ' 


Intake  Side 


K - 140-5^- - - ^ 

full  lines  sfrotv  bracing  on  top  of  caisson    Dotted  lines  stiow  clearance 
at  bottom  inside  of  caisson 


FIG.  2.     PILE  PLAN 


shci'ting  on  franu'-ribs  with  interior  bracing  similar  t" 
that  below  but  of  larger  vertical  spacing. 

Arrangements  to  secure  sinking  weight  and  transfer  (lii> 
to  the  working-chamber  shell  complicate  the  .simple  stnu- 
ture  somewhat.  The  55  pockets  (five  lines  of  11  each) 
formed  by  the  interior  strutting  were  in  part  used  as  sink- 
ing-weight jmckets.  The  middle  and  the  two  outer  lines  of 
eleven  pockets  were  left  open  for  excavation  and  the  two 
int(>rniediate  lines  were  sheeted  inside  and  filled  with 
earth  to  load  the  structure  down  and  sink  it.  To  transmit 
the  weight  of  this  loading  to  the  outer  shell,  a  full  si't 
of  diagonal  batter  posts  and  horizontal  tic-rods  was  built 
into  the  framing,  as  shown  in  Fig.  1.  The.sc  elements  in 
effect  formed  series  of  II  owe  trusses  across  the  wiilth  of 
the  caisson,  supplenientt'd  liy  queenpost  trussing  in  the 
longitudiiuil  direction. 

'i'be  caisson  contains  about  800.000  ft.  of  timber,  and 
120  tons  of  rods  and  fastenings.  All  material  had  to  be 
teamed  in  12  mi.  from  the  nearest  railway  station  (^ari^ 
Idaho ).  Timber  was  stacked  in  a  large  material  yard  m 
ranged  at  one  end  of  the  site  and  was  cut  and  frMined  in  n 
carpenter's  yard   near   the   caisson   site.      Four   derricks 
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et  alongside  the  caisson,  two  on  each  long  side,  placed  the 
imber.  Separate  -n-orkiug  drawings  or  cutting  sheets  were 
nade  for  the  individual  sticks  of  the  timberwork,  so  that 
he  carpenters  were  relieved  of  all  work  in  interpreting 
he  general  drawings  and  determining  the  dimensions  and 
:uts.  This  uncommon  procedure  proved  highly  successful 
ifter  the  first  start,  and  worked  out  to  complete  satisfac- 
ion. 

SixKiN"G  THE  Caissox  :  Marsh  Gas  Outflow 
It  was  the  intention  originally  to  sink  the  caisson  by 
Iredging,  in  accordance  with  normal  practice.  The  sand 
,vas  counted  on  to  flow  sufficiently  to  enable  buckets  in 
he  three  rows  of  open  compartments  to  clear  the  ground 
mder  the  weight  pockets,  since  it  was  known  that  when 
listiirbed  and  mi.xed  with  water  this  sand  takes  very  flat 
dopes.  However,  the  material  in  place  was  found  to  be 
in  extremely  solid  mass,  compacted  and  dried  out  by  lying 
indisturbed"  for  a  long  time.  Xeither  clamshell  nor 
irancepeel  buckets  would  bite  in  sufficiently  to  let  the 
rork  progress  at  a  reasonable  rate.  In  fact,  the  material 
vas  so  tight  that  the  seepage  into  the  caisson  was  negli- 
rible,  even  at  its  lowest  level.  Hand  .^hoveling  was  re- 
■orted  to,  and  the  material  was  hoisted   out  by  skips. 
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FIG.   3.     SECTIONS  SHOWING   .A.RR.A.NGEMENT    OF  CONrRKTl.VG   WITHIN  CAISSON 


The  sand  being  such  that  it  became  of  running  char- 
cter  when  disturbed  and  under  the  influence  of  moving 
•ater,  the  sinking  created  a  belt  of  disorganized  sand  all 
round  the  shell  of  the  caisson.  The  frictional  drag  of  the 
aisson  as  it  went  down  and  the  downward  seepage  of 
ater  along  the  shell  of  the  caisson  made  the  material 
nstable.  This  caused  a  certain  amount  of  trouble,  with 
ome  runs  or  blows  that  were  just  .short  of  being  dan- 
erous.  The  wide  cutting  edge  of  the  caisson  (see  Fig.  1) 
equired  the  excavation  to  undercut  this  edge  almost  com- 
letely.  Conditions  were  thus  created  that  favored  sudden 
lowing  in  of  quantities  of  sand.  Even  without  such 
lovenient  there  was  a  continuous  flow  of  sand  downward 
long  the  side  and  into  the  caisson  as  Ihc  sinking  pro- 
Tcssed.  This  disturbed  the  surface  immediately  adjacent 
)  the  caisson.  The  pile  towers  supporting  the  derricks 
■ere  in  one  or  two  cases  put  out  of  Itusiness  by  subsidences 
Irom  this  source. 

More  serious  difficulty  was  caused  by  oiitHows  of  marsh 
as  from  the  soil  in  the  caisson.  The  gas  was  always  pre.i- 
nt,  but  for  long  periods  it  blew  out  under  pre.ssure  and 


the  aggregate  of  gas  flow  was  of  enormous  volume.  Occa- 
sionally the  jets  of  gas  were  lighted  and  they  would  then 
flame  up  four  or  five  feet  high  in  a  .steady  geyser. 

Beyond  the  difficulties  just  mentioned,  the  caisson  sink- 
ing proceeded  smoothly  and  uneventfully.  It  was  started 
on  Feb.  10,  1916,  and  the  caisson  reached  its  final  eleva- 
tion, about  461/2  ft.  below  ground,  on  Apr.  6.  The  maxi- 
mum rate  of  excavation  was  1,000  cu.yd.  a  day.  In  the 
working  time  mentioned,  a  week  was  taken  out  for  putting 
on  the  second  lift.  The  theoretical  amount  of  caisson 
excavation  was  13,000  cu.yd.  Actually  about  17,000 
cu.yd.  was  excavated. 

PiLK  Foundations 

The  caisson  is  only  a  temporary  device,  a  means  of  mak- 
ing the  excavation  and  constructing  the  foundation,  not  a 
load-carrying  element.  The  weight  is  carried  by  a  pile 
group  spaced  at  practically  minimum  spacing  all  over 
the  caisson  bottom. 

It  proved  to  be  inipo.ssihie  to  ilrive  piles  on  account  of 
the  hard  (■on<lition  of  the  sand  already  referred  to.     AH 
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KIG.    5.     CAIS.SONS   SUNK   TO   BOTTOM 

Top  of  cofferdam  showing.     Chute  in  place  for  concreting 
middle  line  of  pockets 


FIG.   6.    CAISSON   DURING   SINKING 

Top  view  showing  dirt  in  weight   pocket  and   other  three 
lines    of    pockets    open    for    dredging 


of  theiu  had  to  be  jetted  down.  A  peiietratiou  of  35  ft. 
below  eaissou  bottom  was  decided  upon  as  satisfactory 
and  the  originally  ordered  65-ft.  piles  were  cut  off  after 
driving. 

During  this  jetting  operation  the  sand  rose  up  4  ft. 
within  the  bottom  of  the  caisson.  This  was  essentially  in- 
flow from  along  the  sides  of  the  caisson  under  the  cutting 
edge.  About  2  ft.  of  this  material  was  blown  out  by  a  sand 
ejector  after  the  pile  work  was  completed. 

The  concrete  pile-cap  or  seal  course,  a  slab  approxi- 
mately 8  ft.  thick  engaging  the  upper  3  or  4  ft.  of  the 
piles,  was  deposited  in  a  continuous  operation,  the  work 
extending  over  some  two  weeks.  The  bottom  of  the  caisson 
at  this  time,  as  previously,  was  practically  dry.  .'During 
the  work  gas  had  to  be  taken  care  of  by  piping  through  the 
seal  concrete,  the  pipes  being  plugged  subsequently. 

Concreting  Arrangements  , 

Sand  and  gravel  suitable  for  concrete  had  to  be  brought 
from  a  point  about  3^/2  mi.  away.  Here  a  dragline  excava- 
tor was  set  up  which  dug  the  material  and  loa.ded  it  on 
cars  to  bring  it  to  the  site.  At  the  site  it  was  washed 
and  screened  and  then  dropped  into  storage  bins  holding 
about  one  day's  supply. 

Below  the  bins  were  mounted  two  mixers,  only  one  being 
needed — the  other  as  reserve  in  case  of  breakdowai,  in 
order  not  to  interrupt  the  concreting.  Sand  and  gravel 
were  supplied  to  the  mixer  hoppers  by  a  measuring  car 
running  past  the  bin  spout  and  discharging  directly  into 
the  hopper,  while  cement  was  brought  from  the  cement 
storehouse  alongside  the  bin  structure.     The  mixers  dis- 
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charged  into  the  hopper  of  a  hoisting  tower  IK)  ft.  high 
alongside  one  end  of  the  caisson. 

Distribution  from  the  tower  was  handled  in  a  novel 
way.  A  low  fixed  tower  on  the  center  of  the  caisson  car- 
ried a  distributing  bo.x  from  which  chutes  running  in  twii 
directions  could  be  supplied.  The  last  chute  led  to  tlie 
top  oF  a  tremie  hung  from  the  boom  of  the  derrick.  By 
means  of  this  tremie  it  was  possible  to  control  the  flow  of 
tlie  cdurrete  at  will  and  hold  the  height  of  di'op  down  as 
might  be  desired. 

Concreting  the  Pumphouse  Substructure 

The  seal  course  of  concrete  included  the  lowest  set  of 
strutting  of  the  caisson.  For  the  actual  substructure  con- 
crete above  this  level  it  was  important  to  leave  no  timber 
embedded  in  the  concrete.  This  determined  the  order  of 
operations  in  concreting. 

Tlie  substructure  concrete  was  put  in  in  lifts  corre- 
sponding to  the  height  between  sets  of  bracing  struts  and 
was  in  all  cases  so  arranged  as  to  leave  the  bracing  struts 
exjiosed  for  removal.  In  this  operation  the  concrete  form- 
ing the  walls  of  the  inlet  and  discharge  passages,  etc.,  was 
not  placed,  to  avoid  having  it  cut  up  by  the  construction 
joints  between  successive  lifts.  The  concreting  in  lifts 
comprised  a  skeleton  of  the  substructure  sufficient  to  form 
a  body  for  bracing  the  caisson  walls  after  removal  of  the 
timber  strutting.  In  the  spaces  within  this  skeleton  the 
linished  concrete  work  of  the  passages  was  subsequently 
placed  around  forms. 

Fig.  3  shows  the  series  of  lifts  and  how  they  were  ar- 
ranged in  order  to  provide  support  for  the  caisson  walls 
by  concrete  as  close  as  possible  to  the  struts  to  be  removed. 
At  the  jiump  inlet  and  discharge  openings  there  are  only 
narrow  ribs  of  concrete  between  the  several  openings  or 
chambers,  and,  as  the  clear  width  across  the  openings  is 
large,  the  framing  at  these  points  had  to  be  designed  care- 
fully to  transmit  the  wall  jDressure  to  the  concrete. 

The  caisson  was  designed  and  sunk  by  the  Jarrett- 
Chambers  Co.,  Inc.,  of  New  York  City,  which  is  also  con- 
structing the  discharge  flume  and  the  superstructure  of 
the  pump  house. 


KiviTfrniit  Improvcmpiit  In  Des  BIoliics,  lown,  is  planned 
to  ini'liKle  paving  both  banks  of  the  river  from  Locust  St. 
to  the  railway  tracks  with  sheet  asphalt,  putting  in  12-ft.  ce- 
ment walks  on  either  side  and  installing  electroliers  along  the 
walks.  Harry  B.  Frase,  superintendent  of  the  Department  ot 
Parks  and  Public  Property,  states  that  present  plan.s  for 
riverfront  improvement,  other  than  the  foregoing,  are  indell- 
nite. 
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Locomotives  as  monuments  of  railway  and  locomotive 
history  are  not  frequently  seen.  It  is  therefore  of  interest 
to  note  that  locomotive  No.  1  of  the  El  Paso  &  South- 
western Railway  System  has  been  installed  as  a  monu- 
ment in  the  park  adjacent  to  the  railway  company's 
iiffice  building  at  El  Paso,  Tex.  It  is  shown  in  the  ac- 
lompanying  view,  but  as  originally  built  it  had  a  short 
-mokebox  and  "woodburner"  smokestack  (of  inverted  cone 
-hape),  instead  of  the  extension  front  and  straight  stack 
ulded  later.  The  cab,  bell,  sandbox,  dome,  short  wagon- 
lop  l)oiler,  side-rod  ends  and  other  features  show  decid- 
■dly  old-fashioned  characteristics. 

This  engine  was  built  in  18.57  by  Brcese  &  Kneeland,  of 
Fersey  City,  IST.  J.,  for  the  Milwaukee  &  Prairie  Duchesne 
Ry.  Later  it  became  the  property  of  the  Chicago,  Mil- 
.vaukee  &  St.  Paul  Ey.  It  was  afterward  purchased  by 
he  Arizona  &  Southeastern  Ey.,  now  a  part  of  the 
El  Paso  &  Southwestern  System,  and  was  in  service  on 


Miles  of  road    surveyed    2.280 

Miles  of  ripht-of-way    secured '. 1.705 

.\cres    of   risht-of-way    secured 13,327 

Miles  of  highway  constructed: 

Oiled  macadam    129 

Concrete   pavement    933 

Asphalt     33 

Graded    395 

Total   1.4'JO 

Miles  of  roads  p.aved  by  counties  and  taken  over,  im- 
proved and  maintained  by  the  state 108 

11.750,000  cu.yd.  earth  and  rock  moved  at  average  cost  of  38c. 

8,750,000  sq.yd.  concrete  pavement  laid  at  average  cost  of  74  Vic. 

1,000,000  cu.yd.  concrete  pavement  laid  at  average  cost  of  $C.G-1. 

143  g:rade  cj-ossings  eliminated. 

200  mi.,  approximately,  saved  on  the  trunk  lines. 

443  bridges    secured     from     counties     of    aggregate     value     of 
$3,450,000. 

Eliminating  advance  surveys  and  materials  on  hand,  out 
of  every  dollar  expended  S7',2C.  went  directly  into  the  roads 
in  materials  bought  at  "rock-bottom"  prices  and  contracts  let 
under  keen  competition. 

The  remaining  12'/4c.  represents  every  other  character  of 
expenditure,  including  costly  preliminary  studies  of  niountain 
laterals  and  expensive  aid  given  to  many  counties. 

The  Highway  Act  of  1009  called  for  the  construction 
of  nearly  2,900  mi.  of  road,  an  average  allowance  of 
approximately  $6,200  per  mi.,  including  expenses  of  every 
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his  road  from  1888  till  190i.  In  1909  it  was  installed  in 
he  park,  as  shown.  It  is  interesting  to  note  that  the 
ractive  ])ower  of  this  little  4:4:0  engine  is  7,000  lb., 
■liile  that  of  the  latest  2:8:2  freight  locomotives  on  the 
:iine  road  is  G0,000  lb.  Information  has  been  furni.shed 
y  J,  L.  Campbell,  Engineer  of  Maintenance  of  Way,  and 
'.  Paxton,  Superintendent  of  Motive  Power. 

ii'J^lhvaitl  CsilniroirKiiia  Mas  ID)©iae  •wntllh 
aim  $]l©pOOOpOOO  Rosid  F^imd 

The  .$18,00(1,(1(1(1  ai)propriatcd  by  the  California  State 
lighway  Act  of  1909  for  road  improvement  will  be  prac- 
ically  all  expended  during  the  current  year.  The  unex- 
ended  balance  on  Apr.  1.5,  191(i,  was"  $1,900,000,  but 
early  all  this  is  needed  to  complete  roads  already  under 
ontract.  A  new  $15,000,000  bond  issue  is  asked  for  by 
he  State  Highway  Conmiission,  of  which  Austin  B. 
^jptchor  is  chief  engineer. 

The  following  statistics  from  the  July  issue  of  the 
.'altfornia  /fir/lnray  BuUclin  show  what  lias  been  aicom- 
I'linhed  thus  far  with  the  original  bond  issue: 


nature.  State  highways  in  other  states  under  comparable 
conditions  have  cost  from  $10,000  to  $20,000  per  mi. 
Hence  it  is  not  surprising  that  only  about  one-half  of  the 
projected  mileage  in  California  has  been  improved  under 
the  original  bond  issue. 


K 


Reueniil  <>f  the  .MlNnniirl  lliver  IIHiIbo  of  the  Union  Taclflt 
R.R.  between  Council  P.luff.s,  Iowa,  and  Omaha,  Neb.,  is  now 
under  way.  It  includes  renewing  all  the  steel  work,  revlsinu 
the  foundations  for  the  approach  spans,  and  raising  the  grade 
about  2  ft.  The  main  part  of  the  bridge  consists  of  four 
double-track  through,  pin-connected  Pratt  truss  spans  with 
curved  top  chords,  each  span  being  246  ft.  3  in.  long.  These 
arc  over  the  main  channel  of  the  river.  The  cast  approach 
has  one  through  riveted  double-track  lattice  span  of  120  ft. 
9  in.,  three  deck  plate-girder  spans  of  GG.ft.  and  one  of  50  ft 
The  plato-glrdcr  spans  are  supported  on  steel  bents.  The 
west  approach  has  two  through  riveted  double-track  lattice 
spans  of  120  ft.  9  In.  ahd'129  ft.  6  In.,  and  two  deck  plate- 
girder  spans  of  67  ft.  and  00  ft.  The  plate-girder  spans  and 
the  west  end  of  the  longer  truss  spun  are  supported  on  steel 
bents.  The  foundations  for  the.  approach  spans  are  of  con- 
crete on  piles  cut  oft  below  low-water  level.  The  bridge  was 
built  in  1872  and  partly  rebuilt  In  1SS7.  The  American  Bridge 
Co.  has  the  contract  for  the  new  sled  work  and  Its  erection. 
The  work  is  under  the  direction  of  li.  L.  Huntley,  Chief  Engi- 
neer of  the  Union  I'aclflc  H.R. 
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Improvements  on  tlie  Chicago  &  Northwestern  By.  at 
Clinton,  Iowa,  will  provide  better  station  facilities  and 
reduce  the  blocking  of  street  traffic  by  the  trains  and 
yard  movements.  The  conditions  are  shown  clearly  in 
Fig.  2.  From  the  west  end  of  the  ]\Iississippi  River 
bridge  the  line  is  now  at  the  street  level  and  has  a  de- 
scending grade  for  the  greater  part  of  the  distance,  rising 
then  to  the  entrance  of  the  freight  yards. 

The  line  will  be  raised  so  as  to  cross  over  2nd  St., 
which  is  to  be  depressed,  as  shown  in  Figs.  1  and  2. 
The  bridge  will  be  fan-shaped  in  plan  and  will  carry 
eight  tracks.  Three  streets  near  the  new  station  will 
be  closed,  but  a  60-ft.  roadway  parallel  with  the  right- 
of-way   will   give   improved   means   of   access.     Another 


Base  of  Rail,  El.  34 


Boitom  of  5ubmy,EL  18 

FIG.  1.    CROSS-SECTION   AT   SECOND  ST.   SUBWAY; 
CLINTON,   IOWA 

street,  at  the  entrance  to  the  freight  yard,  will  be  closed 
also.  Two  street  crossings  will  remain  at  grade,  but 
they  will  be  protected  by  gates  and  switchmen.  The  en- 
trance to  the  freight  yard,  as  shown  on  the  plan,  is 
shifted  westward  of  the  present  position. 

The  present  passenger  station  is  a  frame  structure  south 
of  the  tracks,  at  the  west  side  of  2nd  Ave.  The  main 
part  of  the  city  is  north  of  the  tracks,  and  the  new  sta- 
tion will  be  on  this  side,  at  the  end  of  11th  Ave.  (closed), 
having  a  60-ft.  approach  driveway  connecting  with  ad- 
jacent streets.  The  station  will  be  a  one-story  building 
having  exterior  walls  of  brick  with  stone  trimmings  and 
tile  roof.  A  separate  building  will  provide  for  the  bag- 
gage and  express  business.  There  will  be  two  platforms 
880  ft.  long.  The  one  in  front  of  the  station  will  be 
20  ft.  wide,  and  the  one  between  tracks  will  be  16  ft. 
wide.  These  will  have  shelter  sheds  of  steel  construction 
with  composition  roofing. 


A  new  freight  station,  to  be  built  at  3rd  St.  and  8th 
Ave.,  with  driveway  ^entrance,  on  the  latter,  will  have  a 
brick  building  40x270  ft.  and  will  be  approached  bv 
tracks  extending  through  the  team  yard  shown  on  the 
plan.  This  freight  house  is  to  be  built  in  1916,  as  it 
must  be  completed  before  the  track  changes  necessary 
for  the  now  passenger  station  can  be  made.  It  is  planned 
to  build  the  station  in  1917  and  the  2nd  St.  subway  in 
J  918.  The  improvements  have  been  designed  under  the 
direction  of  W.  H.  Finley,  Chief  Engineer  of  the  Chi- 
cago &  Northwestern  By. 

There  are  now  two  other  railway  stations :  That  of 
the  Chicago,  Burlington  &  Quincy  B.R.  and  the  Rock 
Island  Lines  is  just  south  of  the  present  Northwestern 
station ;  the  Chicago,  Milwaukee  &  St.  Paul  By.  has  a 
station  farther  east,  on  the  river  front.  There  is  a 
movement  to  secure  joint  use  of  the  new  Northwestern 
station  by  all  the  railways.  This  plan  is  being  sup- 
ported by  the  Association  of  Commerce,  the  railway 
committee  of  which  is  headed  by  C.  P.  Chase,  consulting 
engineer. 

Fl^Eaimliffig  PiToIblefflms  of*  <Cnti©§  In 
tlihe  Ssmisilllea'  Class* 
By  John  NoLExf 

This  paper  is  to  be  devoted  to  the  problems  of  cities 
with  a  population  of  approximately  100,000,  or  which  will 
soon  reach  that  size.  The  planning  problems  of  the 
smaller  cities  are  very  much  like  those  of  the  larger  cities, 
except  that  the  smaller  cities  have  an  opportunity  to  head 
off  and  avoid  many  of  the  evils  resulting  from  the  early 
lack  of  proper  planning  on  the  part  of  cities  that  are 
now  large. 

A  notion  prevails  that  comprehensive  plans  are  needed 
onlv  for  large  cities.  The  reverse  of  this  is  nearer  the 
truth.  In  large  cities  the  conditions  are  comparatively 
fixed  and  unyielding.  Comprehensive  planning,  especially 
with  our  present  legal  limitations,  can  occupy  only  a  lim- 
ited field  in  larger  places,  relieving  only  the  worst  pliysical 

•Condensed  from  a  paper  before  the  City  Planning  Confer- 
ence, Cleveland,  Ohio.  June,  1916.  The  paper  is  printed  In 
full  in  "The  City  Plan"  for  June,  1916,  the  official  organ  of  the 
National  Conference  on  City  Planning  (19  Congress  St.,  Bos- 
ton, Mass.). 

tLandscape   Architect,   Cambridge,   Mass. 
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FIG.  2.    PLAN  AND  PROFILE  OF  IMPROVEMENTS  ON  THE  CHICAGO  &  NORTHWESTERN  RY.  AT  CLINTON,   IOWA 
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onditions.  In  tlic  smaller  cities  streets  can  be  widened, 
ransit  systems  properly  outlined,  building  districts  de- 
ined,  park  and  recreation  areas  selected,  public  buildings 
rouped  and  a  scheme  of  planning  adopted  which  will  ha\e 
nity  and  character.  All  of  these  elements  of  a  city  plan, 
linost  indispensable  sooner  or  later  to  the  progressive 
oiimiunitv,  may  be  had  in  the  small  city  with  relative 
,ise  and  at  slight  cost. 

The  safeguarding  regulations  which  should  be  consid- 
rcd  and,  if  approved,  adopted  by  local  authorities,  are  as 
tllows : 

1.  The  minimum  width  for  main  thoroughfares  and  the 
?servation  of  land  necessary  for  the  same. 

Z.  Provision  for  narrow  streets  and  roadways  of  short 
ingth  in  many  residential  areas. 

3.  The  establishment  of  building  districts  defining 
mes  for  factories,  dwellings,  etc.,  with  regard  to  use, 
lid  also  the  bulk  (height  and  area)  of  buildings  alluw- 
)le. 

4.  Provision  for  some  systematic  setting  aside  of  open 
laces  for  public  use  in  connection  with  the  extension  of 
le  town  or  city,  just  as  streets  are  now  usually  set  aside. 

3.  The  approval  of  land  subdivisions  by  local  public 
ithorities. 

In  connection  with  these  safeguarding  regulations  it 
inuld  be  established  that  property  would  not  be  deemed 
be  injuriously  affected  by  reason  of  provisions  which 
•escribe  the  minimum  space  necessary  around  buildings, 
eir  height,  area  or  character,  or  which  limit  the  number 
buildings  to  be  erected  in  a  given  area.  There  should 
so  be  public  power  to  purchase  or  expropriate  land  neces- 
ry  for  the.se  wider  public  purposes,  including,  when  de- 
rable,  land  within  200  ft.  of  the  boundary  lines  of  any 
reet,  park  or  otlicr  public  property. 
The  town  or  city  should  have  all  the  power  necessary 
make  systematic  local  surveys  and  to  provide  a  general 
wn  or  city  plan,  including  the  appropriation  of  the 
cessary  funds,  which  in  view  of  the  fact  that  such  sur- 
ys  are  largely  for  the  benefit  of  future  generations 
ight,  if  it  were  deemed  wise,  be  provided  for  by  bond 
iues.  While  it  should  be  noted  here  that  more  than 
e-half  of  what  is  important  for  towns  and  cities,  es- 
cialiy  the  smaller  ones,  could  be  accomplished  by  regula- 
ms  involving  practically  no  expen.se,  nevertheless  1  be- 
^ve  that  early  planning,  at  least  general  planning,  is 
ually  imiwrtant,  and  in  order  that  the  regulations  al- 
iidy  referred  to  shall  be  wisely  placed,  a  general  plan 
sed  upon  a  local  survey  should  be  pre|)aretl  as  early  as 
acticable.  One  need,  then,  of  the  snuiller  cities  is  for 
me  method  that  would  bring  action  on  the  part  of  the 
\vn  or  city  early  enough  and  of  the  right  character  so  as 
avoid  unnecessary  waste  and  mistakes. 


Costt  AKaal^^sas  of  As]plhiSillftflC= 

An  accurate  analysis  of  the  cost  of  constructing  18,000 
.yd.  ot  asplialtic-concrete  pavement,  at  Albany,  Ore., 
IS  made  by  John  11.  Penland,  City  Engineer.  The  work 
IS  done  under  an  unusual  contract  which  gave  the 
gincer  access  to  all  of  the  contractor's  ac'counts.  ITenee 
e  costs  given  are  actual  costs  to  the  contractor  and  are 
■t  based  on  an  inspector's  estimates. 
The  pavement  had  a  1l/j-'n.  lop  and  a  .'ii/.-in.  asphaltic- 
ncrete  ba.se.  or  a  total  of  5  in.     .Mr.  Penland  came  to 


the  couclusiou  that  the  actual  material  and  labor  costs 
should  not  exceed  68c.  per  sq.yd.,  and  that  with  all  gen- 
eral and  overhead  expenses  and  a  reasonable  profit  this 
pavement  should  be  laid  at  a  contract  price  of  $1  per 
sq.yd.  A  contract  was  finally  let  for  the  work  in  question 
at  a  price  in  excess  of  this  figure,  or  $1.15  per  sq.yd.,  but 
with  the  stipulation  that  Mr.  Penland  should  have  access 
to  all  the  contractor's  records  and  accounts,  including  his 
bank  books  and  ch«-ks. 

The  mixture  was  a  gravel  asphaltic  concrete.  The  top 
practically  corresponded  to  the  well-known  Topeka 
specification,  while  the  base  was  a  coarser  and  dryer  or 
more  open  mixture.  The  asphalt  used  was  the  California 
"D  Grade,"  which  is  ]irepared  at  the  refineries  and  is 
Nhipped  in  barrels  for  use  without  fluxing. 

The  mixing  was  done  in  an  "Equitable"  portable  plant 
of  800  sq.yd.  daily  capacity,  the  heating  drum  being  fired 
with  crude  oil,  while  the  as[)halt  kettles  were  fired  with 
wood  and  with  staves  from  the  asphalt  barrels.  The  plant 
force  in  general  consisted  of  nine  men,  and,  with  tlic 
exception  of  the  foreman,  were  in  the  beginning  unused 
to  this  class  of  work.  The  output  of  the  plant,  after  the 
work  had  been  organized,  was  about  800  sq.yd.  of  ba.se 
and  1,200  sq.yd.  of  top,  per  day.  In  laying  the  pavement, 
the  top  and  base  were  s])read,  raked  and  rolled  se])arately. 

The  detailed  costs  of  lal)or  and  material  obtained  by 
llr.  Penland  fully  confirmed  bis  original  estimates.  The 
average  for  the  entire  job  showed  28c.  per  sq.yd.  for  the 
liA-in.  top  and  37c.  for  the  3l/^-in.  base,  a  total  of  65c. 
for  the  5-in.  pavement. 

The  detailed  costs  of  the  Albany  work  are  available  for 
a  week's  run  in  the  middle  of  the  job,  after  the  labor  li:id 
been  broken  in,  and  perlia]is  show  more  representative 
conditions  than  the  cost  on  the  entire  job: 

COSTS    PER    SQUARE    YARD    FOR    ONE    WEEK'S    RUN: 
ALBANY.  ORE.,  ASPHALT   PAVING 


Item  Unit  Cost 

Gravel,  per  cu.yd $O.SG 

Fine  sand,  per  cu.yd...      L.'JO 
Coarse  sand,  per  cu.yd.      1.80 

Asplialt,   per  ton 12.00 

Fuel  oil.  per  bbl 1.25 

Coal    

Wood,    per  cord 4.00 

Plant  labor   

Street  labor 

Teams    

Totals    

Amount  laid    (sq.yd.) 

In  addition  to  the  above,  a  contractors  costs  would 
include  plant  charges,  overhead  and  profit.  The  mixing 
plant  used  for  the  Albany  work  cost  new  about  $6,000. 
The  owner  of  this  plant,  after  the  completion  of  the  job, 
offered  to  rent  it  to  the  city  for  5c.  per  sq.yd.  of  jnivement 
laid  with  it.  While  sudi  a  figure  might  re])resent  a  legiti- 
mate charge  for  a  municipally  owned  jjlant,  it  would  .seem 
rather  low  for  contract  work,  where  ordinarily  freight 
charges  for  shipping  in  a  plant  from  outside  would  have 
to  be  met.  A  plant  charge  of  10c.  would  however  cover 
almost  any  contingency  of  contract  w-ork.  In  addition  to 
this,  the  (Iiarge  for  roller  and  for  small  tools  would  run 
about  5c.  per  sq.yd.  To  summarize,  an  equitable  contract 
price  for  the  conditions  represented  by  the  Albany,  Ore., 
work  would  be  as  follows: 

PcrSci.Yd 

Labor  and   material    (actual  co.st) $0.nK 

MIxinf?  plant   (Interest,  depreciation   and   repalrw) 10 

Roller  and  small  toola .05 

Overhead    (10%)    08 

rrofit    (10',;)    08 


Top, 

Base. 

1  Vi  in. 

3  \i  In. 

Total.»5  In. 

$0.01.3 

$0,062 

$0,075 

.0.32 

.026 

.058 

.058 

.024 

.082 

.0,S9 

.078 

.167 

.008 

.016 

.024 

.003 

.005 

.008 

.002 

.005 

.007 

.031 

.052 

.083 

.032 

.044 

.076 

.008 

.013 

.021 

$0,276 

$0,325 

$0,601 

5,204 

1,548 

Total 


$0.96 
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A  successful  campaigu  against  tastes  and  odors  due 
to  organic  growths  in  the  water-supply  of  St.  Paul, 
ilinn.,  was  conducted  in  1915,  along  lines  recommended 
the  previous  year  by  Allen  Hazen,  consulting  engineer. 
New  York  City.  The  campaign  was  in  direct  charge  of 
N.  L.  Huff.  Professor  of  Botany,  University  of  Minnesota, 
under  G.  0.  House,  general  superintendent  of  the  St. 
Paul  Bureau  of  Water.  The  following  information  is' 
taken  from  a  paper  by  Professor  Huff,  read  before  the 
convention  of  the  American  ^Yater-Wo^ks  Association  in 
New  York  City  last  June.  (The  paper  appeared  in  the 
Journal  of  the  Association  for  June  and  has  also  been 
reprinted  for  Professor  Huff.) 

The  water-supply  of  St.  Paul  is  taken  from  a  series 
of  lakes.  A  laboratory  was  established  on  the  lower  one 
and  a  careful  study  made  of  the  organisms  in  the  lake 
before  and  after  treatment  with  copper  sulphate.  The 
lake  as  a  whole  was  treated  three  times,  at  a  cost  of 
$180  for  material  and  $17.50  for  labor  each  time.  Special 
treatment  of  troublesome  coves  and  shallows  was  also 
made   at  slight  expense.     The   result   of  the  treatment 


.-Diaphragms. 


or  the  application  of  small  quantities  ot  copper  sulphate  to 
the  particular  spot  where  the  trouble  is  originating,  has  been 
found  very  effective.  If  careful  attention  is  given  to  such 
areas,  and  accumulations  of  organisms  prevented  here,  the 
number  of  general  treatments  necessary  to  keep  the  lake 
clean  for  the  entire  season  may  be  lowered  and  the  total  cost 
of  treatments  materially  reduced. 

For  treatment  of  very  shallow  bays,  flat  muddy  shores  and 
small  ponds  the  use  of  a  hand  pump  such  as  is  used  for  spray- 
ing trees  is  a  practicable  and  economical  means  of  distribut- 
ing copper  sulphate.  In  addition  to  spreading  the  solution  in 
places  inaccessible  for  a  boat,  this  method  has  the  advantage 
of  leaving  the  water  unrolled  and  gives  the  organism  the  full 
effect  of  the  copper,  much  of  which  might  otherwise  be  ab- 
sorbed by  mud  and  organic  matter  stirred  up  by  a  boat  in 
such  places. 


A  bridge  built  recently  by  the  Atchi.son,  Topeka  & 
Santa  Ee  Ey.  has  riveted  trusses  with  K-system  web 
instead  of  the  usual  subdivided  panels.  In  each  pani ' 
there  are  two  diagonals,  e.xtending  from  the  middle  of  oi- 
post  to  the  top  and  bottom  of  the  next  post.  This  K-ty]i 
of  truss  is  used  also  in  the  Quebec  Bridge. 

The  Santa  Fe  Ry.  bridge  was  built  rather  as  an  expen 
ment  to  determine  whether  the  weight  and  cost  of  tiii- 
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FIG.  1.    GENERAL  DESIGN  OF  K-TRUS,S  BRIDGE  FOR  THE  ATCHISON,  TOPEKA  &  SANTA  FE  RY. 


was  a  material  reduction   in  the  number  of  com[)laints 
of  bad  taste  or  odor  from  consumers. 

The  paper  describes  all  the  governing  conditions  and 
gives  the  mode  and  results  of  the  treatment  in  detail. 
In  conclusion,  after  naming  the  various  classes  of  green 
and  blue  algffi,  diatoms  and  protozoa  found  in  the  water 
during  the  campaign,  Profes.^or  Huff  says: 

With  conditions  under  which  above  treatments  were  made, 
a  treatment  of  one  part  of  copper  sulphate  in  10.000,000  parts 
of  water  remains  effective  (or  about  five  weeks,  after  which 
time  the  organisms  present,  or  many  of  them  at  least,  seem  to 
find  conditions  favorable  for  their  growth  and  reproduction, 
and  if  the  treatment  is  not  rciieated  at  this  time  they  may 
increase  again  with   remarkable   rapidity. 

Where  quiet  shallow  bays  afford  breeding  places  for 
numerous  organisms,  nr  where  any  one  or  more  organisms 
become   abundant   in   small   or   limited   areas,   local    treatment 


design  would  be  less  than  for  the  ordinary  design.  The 
details  are  found  to  be  heavier  than  in  the  latter.  The 
results  indicate  that  the  K-truss  is  not  economical  for 
spans  as  short  as  230  ft.,  but  would  be  decidedly  economi- 
cal for  spans  of  300  ft.  and  over. 

The  bridge  crosses  the  Arkansas  River  at  rueblo,  Colo, 
it  is  230  ft.  long  e.  to  c.  end  bearings  and  has  Uiiougli 
trusses  40  ft.  deep  at  the  center,  spaced  1(1  ft.  (M  ft- 
clear  between  the  trusses).  The  clearance  height  is  32  ft. 
(i  in.  from  base  of  rail  to  the  sway-bracing  struts. 

The  bridge  is  designed  for  the  railway  compan/-" 
heavy-grade  live-load,  which  is  about  equivalent  to 
Cooper's  E-fio  loading.  The  axle  load  for  Ihe  floor  is 
66,000  U). 
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The  hea\7  floor  framing  is  assumed  to  take  '2'j%  of  the 
lateral  force.  The  assumed  dead-load  is  6,000  lb.  per  ft. 
of  span,  as  follows:  Steel,  3,950  lb.;  timber  deck,  270  lb.; 
ballast,  1,580  lb.;  ties,  100  lb.;  rails  and  fastenings,  100 
lb.    The  shipping  weight  of  the  span  was  about  512  tons. 

The  to]i  chord  is  of  box  section,  of  verj-  heavy  construc- 
tion It  has  two  26-in.  web  plates  on  each  side  (Vi;  to  % 
in.  thick),  four  outside  flange  angles  6xJ:x:}4  in.  and 


The  top  laterals  are  pairs  of  .^i/^xSi/o-in.  an.c^les,  laced. 
The  top  struts  are  composed  of  four  angles,  with  vertical 
lacing  for  the  web.  Beneath  them  is  the  sway  bracing, 
with  diagonals  and  bottom  struts  composed  of  pairs  of 
angles  SxSi^  in.  The  bottom  lateral  diagonals  are  10-in. 
bars,  1^6  to  ^  J  in.  thick,  riveted  to  the  bottoms  of  the  posts. 

The  ends  have  pin  bearings  in  the  shoes,  and  at  the 
expansion  end  each  shoe  has  a  nest  of  nine  segmental 
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FIG.   2.    DETAILS  OF   K-TRUSS  BRIDGE  ON  ATCHISON,  TOPEKA  &  SANTA   FE  RY.  AT  PUEBLO 


^-g-in.  top  cover  plate  28  in.  wide.  Across  the  bottom 
Sanges  is  a  lacing  of  bars  5x%  in.,  with  struts  of  7-in. 
hauiiels  between  the  lacing  sets.  The  chord  is  stiffened 
jy  vertical  diaphragms  of  %-in.  plates  and  four  angles 
jy2x3y2X%  in.,  there  being  two  of  these  to  each  panel. 
The  bottom  chord  is  similar,  except  that  it  has  i:he  flange 
ingles  on  the  inside.  It  is  composed  of  four  24-in.  web 
■jlates  (two  on  each  side),  1/2  to  }J  in.  thick,  and  four 
ingles  4x-ix%  in.,  with  top  and  bottom  batten  plates. 

The  posts  and  diagonals  are  pairs  of  12-in.  and  15-in. 
hannels,  with  flanges  turned  outward  for  the  posts  and 
nward  for  the  diagonals.  The  channels  are  connected 
)y  batten  plates  and  lacing  bars  5x%  in.  These  bars  (in 
:he  chords  as  well  as  the  web  members)  are  notable  for 
their  width  (5  in.),  which  allows  two  rivets  in  each 
;nd.  The  connection  'ates  are  large  and  allow  for  ample 
riveting. 
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FIG.  3.    SOLID-FLOOR  CONSTRUCTION  OF  THE  ARKANSAS 
RIVER  BRIDGE 


rollers  6x3  in.,  41/2  ft.  long.  Four  tooth-bars  projecting 
above  and  below  the  rollers  engage  pockets  in  the  bridge 
plate  and  base  plate,  so  that  any  movement  of  the  bridge 
must  operate  the  roller  nests. 

The  structural  material  is  openhearth  steel  of  55,000 
to  65,000  lb.  ultimate  strength  and  an  elastic  limit  of 
55%  of  the  ultimate  strength.  The  rivets  are  %  "iv 
with  If-in.  open  holes.  Holes  in  the  chord  splices  are 
reamed  with  the  chord  sections  assembled  in  the  shop, 
in  order  to  secure  fair  holes.  All  the  other  work  is 
punching  and  riveting  without  any  reaming.  A  coat  of 
raw  linseed  oil  was  given  at  the  shop,  and  surfaces  that 
would  be  inaccessible  after  assembling  were  given  two 
coats  of  paint.  After  erection  the  steel  was  cleaned  with 
wire  brushes  and  scrapers  and  then  given  two  coats  of 
paint,  as  is  general  practice  on  this  road. 

SoLiD-^LooR  Construction 

The  floor  system  is  of  special  interest,  though  it  is  not 
peculiar  to  tliis  bridge,  being  the  railway  company's 
standard  I-beam  floor  for  balla.sted-deck  construction. 
There  are  no  plate-girder  floor-beams,  as  in  ordinary  con- 
struction, and  the  stringers — instead  of  l)eing  placed 
under  the  track— are  placed  directly  under  the  bottom 
chords,  being  framed  between  the  truss  posts.  These 
stringers  are  45-in.  plate  girders,  with  i^-in.  webs,  top 
flange  angles  6x6x1/2  in.  and  bottom  flange  angles  6x4x% 
in. 

On  the  bottom  flanges  of  the  stringers  rest  transverse 
20-in.  I-bcams,  spaced  20  in.  c.  to  c.  These  are  secured 
by  shelf  angles  6x4  in.,  riveted  to  the  stringer  webs.. 


106 


ENGINEERING     NEWS 


Vol.  re,  No.  3 


Upon  the  I-beams  is  a  deck  of  longitudinal  4xl0-in. 
nreosoted  jjlanks,  with  a  GxlO-in.  curb  on  each  side  to 
retain  the  ballast.  The  curb  is  held  by  a  flat  nailing  piece 
that  bears  against  the  web  of  the  stringer  and  can  be 
easily  removed  for  inspection  or  painting  of  the  steelwork. 
Boxing  of  4xlO-in.  pieces  keeps  the  ballast  away  from  the 
truss  posts.  The  ballast  is  about  7  in.  deep  under  the 
ties. 

The  bridge  was  designed  under  the  direction  of  A.  F. 
Robinson,  Bridge  Engineer  of  the  Atchison,.  Topeka  & 
Santa  Fe  Rv.     It  was  built  bv  the  American  Bridge  Co. 


In  a  case  before  tlie  Supreme  Court  of  New  York 
County,  decided  by  Judge  Shearn  on  June  20,  where  a 
competing  manufacturer  of  a  device  made  an  exact  copy 
of  his  competitor's  production,  his  object  Iieing  apparently 
to  deceive  a  purchaser,  the  court  ruled  that  such  a  pro- 
ceeding was  unfair  competition  and  the  plaintiff  was  en- 
titled to  a  judgment  and  an  accounting. 

The  plaintiff  in  the  suit  was  the  Diamond  Expansion 
Bolt  Co.  and  the  defendant  the  United  States  Expansion 
Bolt  Co.  The  plaintiff'  has  built  up  in  the  last  seventeen 
years  a  large  business  in  the  manufacture  and  sale  of  lag 
shields  and  anchors,  and  was  the  pioneer  in  introducing 
them  to  the  trade.    Other  manufacturers  entered  the  same 


field  with  widely  different  forms  of  shields  and  anchors. 
The  lag  shield  designated  as  the  "diamond"  sliield  was 
put  on  the  nuirket  by  the  plaintiff  in  1910  and  1911.  In 
1913  the  defendant  placed  upon  the  market  a  rival  lag 
shield  and  anchor  which  to  external  appearance  was  a 
Chinese  copy  of  the  plaintiff's  device  but  differed  slightly 
from  the  plaintiff"s  in  a  hidden  feature  which  was  pat- 
enteil.  In  marketing  this  device  the  defendant  widely 
advertised  a  cut  of  25%  in  the  prices  maintained  by  tlie 
plaintiff',  used  underhand  attempts  to  hire  the  plaintiff's 
important  salesmen,  and  declared  to  the  trade  that  its  de- 
vices were  identical  with  those  of  the  plaintiff'.  The 
court  in  its  decision  said : 

It  is.  of  course,  true  that  where  a  design  is  not  patented 
there  is  no  exclusive  legal  right  to  its  use  per  se,  and  apart 
from  patent  rights,  one  may  copy  with  exactness  that  which 
another  has  produced  without  inflicting  any  legal  injury,  un- 
less he  attributes  to  that  which  he  has  made  a  false  origin, 
by  claiming  it  to  be  the  manufacture  of  another.  On  the  other 
hand,  where  an  article  of  distinctive  appearance  has  been  on 
the  market  in  that  form  for  a  long  period  and  has  been  popu- 
larized and  identified  with  its  manufacturer  through  adver- 
tising and  general  use,  its  distinctive  appearance  graduaUy 
becomes  as  important  a  representation  of  its  origin  as  its 
trademark. 

The  court  ruled  that  from  the  evidence  it  was  clear  that 
the  defendant,  who  made  the  Chinese  copy  of  the  plaiii- 
tiff"s  devices,  believed  they  would  sell  better  if  their  ap- 
pearance were  identical  with  the  form  so  popularized  b\ 
the  plaintiff'.  The  court  ruled  that  this  constituted  unfaii- 
competition  and  a  judgment  and  accounting  for  the  plaiu- 
tilf  was  ordered. 


Acftiv^tledl^SllujidlEe  Tamils 


SYNOPSIS — Differenco;  of  crperiencc  and  opin- 
ion as  to  the  use  of  porous-hlock  and  perforated- 
pipe  diffusers  for  intimately  mixin<j  air  and  agitat- 
ing sewage  in  activated-sludge  tanlis  are  expressed 
hy  engineers  in  charge  of  test  and  working  plants 
at  MHwaukee,  Baltimore,  Brooklyn,  Cleveland, 
Urbana  and  Chicago. 

In  the  design  and  operation  of  activated-sludge  tanks 
questions  that  have  received  considerable  attention  and 
will  probably  be  given  much  more  arc  tlie  possible  clogging 
of  the  "filtros"  or  other  porous  blocks  used  for  diffusing 
the  air  as  it  is  forced  into  the  bottom  of  the  tank  and  up 
through  the  sewage,  and  the  relative  advantages  of  poi-ous- 
block  and  perforated-pipe  diffusers. 

It  is  well  known  that  in  other  mechanical  operations 
where  a  large  volume  of  air  has  to  be  forced  through  re- 
ptricted  passages  the  latter  become  clogged  with  dust  and 
dirt  and  must  be  regularly  cleaned  or  tiic  (low  of  air  will 
be  interrupted;  at  least,  this  will  hapi)en  unless  the  air  is 
first  washed  or  otherwise  cleaned  of  dust.  To  what  extent 
is  this  same  trouble  likely  to  ari.se  in  porous  dilfusers  in 
activated-sludge  tanks?  In  dealing  with  this  general 
question  in  the  di-scussion  relating  to  experience  at  Mil- 
waukee there  appeared  in  Engineering  News  of  Feb.  10, 
1916,  p.  263,  in  the  course  of  some  remarks  by  T.  Chalkley 
Hatton,  a  statement  that  there  was  no  trouble  from  clog- 
ging in  the  large  tanks  at  the  Milwaukee  testing  station. 


The  air.  hdwever,  is  filtered  through  excelsior  placed  in  tlic 
air-feed  |ii|ie.  The  experience  at  Milwaukee  also  showeil 
that  theie  was  no  trouble  during  nine  mouths'  operation 
from  filtros  block  clogging  from  the  sewage  itself. 

Subsequent  to  the  appearance  of  the  article  on  the  Mil- 
waukee plant,  a  member  of  the  editorial  staff'  of  Kmji- 
neering  News  visited  the  large  Imhoff  tank  at  Baltiiiioiv. 
where  under  the  direction  of  Calvin  W.  Hendrick,  Cliiil 
Engineer  of  Baltimore,  and  Leslie  G.  Frank,  Sauitai) 
Engineer,  United  States  Public  Health  Service,  one  of  thf 
large  new  Imhoff  tanks  has  been  adapted  to  serve  as  an 
activated-sludge  tank.  The  experiences  at  Baltimore  be- 
ing somewhat  af  xaiianic  with  those  at  Milwaukee,  it 
seemed  desirable  to  appeal  to  the  engineers  wlio  have  been 
most  intimately  connected  with  activated-sludge  work  in 
this  country,  asking  them  to  summarize  their  experiences 
with  air  distribution  in  its  relation  to  clogging  of  ponni  ■ 
distributors.  The  responses  to  this  request  have  liroiiglii 
cut  some  interesting  facts  regarding  perforated-pi i>e  a:' 
well  as  porous-block  distributors.  Below  are  ])rinted  st'ilf 
notes  on  the  Baltimore  plant,  kindly  revised  l)y  Mr.  TIcm- 
drick  and  supplemented  by  Mr.  Frank,  together  with  note- 
from   various  other  localities  and  engineers. 

Bai.timouk  Notk,s:  Revi.sed  by  Mr.  IIkndrick 

The  air  supply  at  liallimore  before  passing  to  the  blower 

is  thoroughly  washed  to  remove  any  dust  it  may  contain 

'J'his  washing  is  effected  by  passing  the  air  thvonub  a  1'' 

ft.  length  of  a  12-in.  cast-iron  pipe  set  vertically.    Tin 
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ir  euters  at  the  bottom  and  passes  upward  througli  gravel 
rith  an  approximate  diameter  of  %  in.  This  gravel 
iver  is  supported  18  in.  from  the  lower  end  of  the  pipe 
v  a  <^rid  and  extends  to  within  3  ft.  of  the  top  of  the 
•ashcr.  A  small  stream  of  water  is  trickled  through 
he  gravel  from  the  top  and  is  taken  off  at  the  bottom  by  a 
oat-actuated  valve.  The  air  at  Baltimore  is  compressed 
V  a  rotary  compressor  having  an  eccentric  rotating  piston 
hat  requires  a  great  deal  of  lubrication.  Xotwitlistand- 
i<r  the  thorough  washing  that  the  air  receives  before  going 
hrough  the  blower,  there  has  been  found  on  the  inside  of 
he  porous  blocks'  a  deposit  of  oily  sludge.  This,  it  is 
apposed,  comes  from  the  lubrication  process  already  men- 
oned.  It  is  hoped  that  the  oily  deposit  in  the  blocks 
in  be  avoided  by  substituting  a  rotary  compressor  of 
le  gear  type,  or  a  high-pressure  centrifugal  blower 
neither  of  which  requires  internal  lubrication),  for  the 
ind  of  blower  referred  to  above. 

JIr.  FRAXK  ox   EXPERIICXCE  AT   BALTIMORE 

The  diffuser  grid  installed  in  the  activated-sludge  tank 
as  first  provided  with  carborundum  disks,  grit  120,  the 
ifluent  air  being  washed  as  is  described  above.  Two 
icts  soon  become  evident — that  an  oily  sludge  accumu- 
ted  on  the  bottom  surfaces  of  the  disks  and  that  the 
r  washer  removed  practically  as  much  oil  without  the 
ater  stream  as  with  it.  The  whole  gravel  layer  soon 
■came  heavily  coated  with  an  oil  film,  and  this  oil  film 
as  as  good  or  probably  better  than  a  water  film  for  the 
moval  of  dust  and  oil  particles.  Neither  oil  film  nor 
iter  film,  however,  removed  the  oil  vapor  that  had 
•en  generated  by  the  heat  of  compression,  the  air  deten- 
m  period  in  the  washer  being  insufficient  to  effect  its  re- 
ndensation.  This  oil  vapor,  therefore,  passed  down  into 
e  manifold  and  condensed  on  the  cold  under-surfaces  of 
e  diffusers,  gradually  forming  a  sort  of  oily  sludge  com- 
ist  with  the  particles  of  sludge  that  worked  their  way 
to  the  grid  in  times  of  shut-oft'.  This  oily  sludge  ren- 
•red  the  carborundum  disks  almost  impervious  to  air  and 
used  us  to  substitute  filtros  therefor.  The  same  accumu- 
tion  of  oily  sludge  has  been  observed  on  the  underside 
the  filtros  plates,  but  owing  to  the  greater  porosity  of 
is  material  the  corresponding  increase  in  resistance  has 
)t  been  so  great  as  in  the  ca.se  gf  carborundum. 
At  present  (Apr.  29)  the  air-compressor  capacity  is 
ing  greatly  increased  by  the  installation  of  a  C'onners- 
lle  blower,  and  it  is  hoped  that  at  the  same  time  the  oil 
fficulties  will  be  obviated  due  to  the  fact  that  this  type 
blower  requires  no  internal  lubrication,  as  in  the  case  of 
e  blower  heretofore  used. 

Since  the  above  was  put  in  ty|)e,  Mr.  Hendricks  in- 
mis  us  under  date  of  July  11  that  a  Connersville  blower 
ith  a  capacity  of  lO-')  cu.ft.  of  fuel  air  per  minute  has 
st  been  installed  and  the  ])(jrous  area  of  the  grill  has 
en  douliled.  Experiments  on  this  installation  have  just 
■gan. 

MiLWAi-KKE,  Wis.:  T.  Ciialklkv  Hatto.n* 
As  to  the  experience  of  Milwaukee  I  might  repeat  the 
atement  in  Engineering  News  of  Feb.  10,  1916,  in  which 
said  that  no  trouble  from  the  clogging  of  the  filtros 
ates  had  been  so  far  experienced  at  the  Milwaukee  test- 

•Carborundum  disks  of.  120  grrit  were  first  used,  but  the 
fferentlal    pressure    required    to    force    the    requisite    amount 

air  through  rose  so  rapldiv  (from  less  than  1  to  over  5  lb. 
r  sq.in.)  on  account  of  clogging  that  tlltro.s  wa.i  substituted. 

•Chief   Engineer,    Sewerage    Commission.    Milwaukee,    Wis. 


ing  station — that  is,  clogging  due  to  the  passage  of  the  air 
through  the  plate.  We  have  occasional  clogging  on  the 
top  of  the  plate,  owing  to  the  very  heavy  sludge  temporar- 
ily alighting  thereon  and  not  being  lifted  through  the  body 
of  the  liquor. 

We  think  this  is  due  to  the  character  of  our  sewage  in 
that  it  carries  a  great  deal  of  waste,  entrails  from  the 
packing-house  district,  small  pieces  of  leather  from  the 
tanneries  and  large  quantities  of  hair.  All  this  becomes 
massed  together.  The  specific  gravity,  being  thus  largely 
increased,  overcomes  the  tendency  of  the  air  to  keep  such 
masses  in  constant  suspension.  We  think  much  finer 
screens  than  we  now  use  will  largely  overcome  this  diffi- 
culty. 

The  Connersville  blower,  which  we  are  operating,  was 
designed  with  a  view  of  preventing  any  lubricating  oil 
used  in  the  blower  from  getting  into  the  discharge  pipe, 
and  the  wood  wool  placed  compactly  in  the  filter  seems 
so  far  to  have  intercepted  the  dust  carried  by  the  air. 

^Miile  we  have  not  removed  any  plates  that  have  been 
in  operation  more  than  two  months,  there  is  no  visible 
evidence  in  the  operation  of  our  plant  that  these  plates  are 
not  giving  just  as  good  diffusion  as  when  they  were  in- 
stalled. Two  months  after  our  new  and  large  fill-and-draw 
tank  was  first  placed  in  operation  we  did  remove  some  of 
the  plates  from  it  and  carefully  examined  them  for  po- 
rosity. We  found  that  they  were  in  the  same  condition 
in  this  respect  as  when  they  were  first  introduced. 

From  the  notes  furnished  me  of  the  Baltimore  expe- 
rience I  should  attribute  the  trouble  to  the  lubricating  oil 
from  the  compressor.  This  w^ould  not  be  entirely  removed 
by  the  washing  of  the  air.  In  fact,  I  do  not  place  as  much 
dependence  upon  the  washing  of  the  air  as  upon  a  good 
filter.  Whether  the  w'ood  w'ool  is  the  best  medium  for 
this  filter  or  not,  I  am  not  prepared  to  say,  but  so  far  it 
has  been  successful  with  us.  It  is  cheap,  easily  examined, 
easily  removed  and  replaced. 

We  are  now  experimenting  with  a  diffuser  made  of 
basswood,  cut  at  right  angles  to  the  grain.  We  have  made 
several  experiments  on  woods  of  different  characters,  but 
find  basswood  so  far  is  the  most  reliable  and  gives  the 
best  diffusion  with  the  least  frictional  loss.  The  air  ap- 
pears to  be  uniformly  distributed  in  smaller  bubbles  than 
from  the  filtros  plates,  but  whether  the  wooden  disk  will 
prove  practical  or  not  is  a  question  yet  to  be  determined. 

We  are  trying  8xl0-in.  plates  to  determine  among  other 
things  the  total  swelling  of  the  wood,  the  uniformity  of 
porosity  during  long-time  service  and  the  possibility  of 
decomposition  through  aerobic  action  or  through  chemical 
action  due  to  contact  with  the  sewage.  These,  of  course, 
are  matters  that  can  only  be  determined  after  considerable 
careful  investigation.  , 

Brooklyn',  N.  Y.  :  Geouoe  T.  Hammond* 
The  activated-sludge  method  of  sewage  treatment  is  so 
recent  that  it  is  not  surprising  if  we  have  not  yet  learned 
the  best  teehnic  of  applying  the  principle  in  actual  prac- 
tice. The  first  experiments  were  made  on  a  lal)oratory 
scale,  or  with  apparatus  designed  for  other  methods  of 
treatment,  which  codd  be  modified  for  immediate  use  in 
temporary  experimental  plants.  Resort  to  the  actual  trial 
of  apparatus  was  the  best,  if  not  the  only,  way  to  gain 
essential  working  knowledge  before  serious  problems  in 
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design  could  be  undertaken :  and  indeed  these  trials  and 
experiments  are  as  yet  unfinished,  and  it  is  still  too  early 
to  anticijiate  their  results. 

It  is  scarcely  a  year  since  the  first  plant  on  a  working 
scale  was  put  into  service.  While  we  may  not  forecast 
results,  it  is  quite  safe  to  hazard  the  opinion  that  sev- 
eral years  must  elapse  before  sufficient  data  of  a  satisfac- 
tory kind  will  be  secured  to  permit  an  adequate  solution 
of  some  of  the  problems  presented.  Considering  the  short 
time  that  has  elapsed,  it  is  rather  surprising  how  much 
progress  has  been  made. 

Air  diffusion  into  the  sewage  has  been  attended  with 
considerable  trouble  and  affords  one  of  the  main  problems 
involved  in  the  application  of  the  method. 

The  ideal  air  diffuser  should  give  an  easily  controlled 
flow  and  volume  of  air,  equally  diffused  to  all  portions  of 
the  tank,  with  bubbles  of  the  "critical"  size  formed  at  the 
points  of  entrance.  It  should  not  tend  to  become  clogged, 
or  at  least  should  not  tend  to  imcqual  clogging.  It  should 
be  readily  cleaned  in  place  without  emptying  the  tank, 
or  should  be  easily  removable  for  replacement  and  for 
cleaning  in  case  of  clogging.  It  should  show  the  mini- 
mum deterioration  in  service,  and  its  cost  should  be 
reasonable. 

The  earliest  aerator  tanks  of  which  the  writer  is  in- 
formed employed  grids  of  perforated  pipe  for  this  pur- 
pose. The  experiments  of  Black  and  Phelps  in  Brooklyn 
were  conducted  with  such  grids,  as  was  the  continuous- 
flow  aerating  tank  experimented  with  in  1914-15  at  the 
same  j^lace.  (See  Engineering  News,  July  29,  1915.) 
These  grids  have  uniformly  given  good  service,  if  designed 
on  correct  principles,  and  have  shown  but  little  tendency 
to  become  clogged. 

Porous  material  used  to  diffuse  air  has  shown  a  ten- 
dency to  progressive  clogging.  This  may  possibly  be  re- 
duced to  a  miniminn  by  various  forms  of  air  filters,  placed 
in  the  supply  line,  which  promise  to  render  its  use  practic- 
aljle.  It  has  been  employed  because  it  gives  a  very  fine 
bubble,  and  the  entering  bubbles  are  distributed  over  a 
wide  surface.  While  clear  and  new,  it  gives  the  air  dif- 
fused a  higher  efficiency  than  does  the  perforated  grid. 
But  in  spite  of  every  care  this  freedom  of  discharge  and 
high  efficiency  seem  not  always  to  be  maintained.  From 
whatever  reason,  some  of  the  porous  plates  come  to  pass 
the  air  less  freely  than  others.  Examination  of  a  num- 
ber of  tanks  supplied  by  air  in  this  manner  convinced  the 
writer  that  there  was  in  every  instance  a  material  variation 
in  the  diffusion  of  the  air  in  different  portions  of  the  safue 
tank.  This  was  evidenced  by  violent  local  ebullitions  and 
evident  local  streaming  out  of  air,  while  other  portions  of 
the  tank  surface  remained  quiescent,  or  nearly  so.  Photo- 
graphs tak*i  of  the  surfaces  of  a  number  of  these  tanks 
sustain  this  observation. 

It  was  also  oljserved,  where  this  phenomenon  was  seen, 
that  for  one  or  another  assigned  reason  the  aeration  pe- 
riod had  been,  in  all  the  ca.ses  observed,  materially  length- 
ened. This  result  \vas  quite  in  accordance  with  the  writ- 
er's own  experience  with  the  use  of  porous  diffusers.  We 
found  that  our  disks  clogged  very  unevenly  and  thai  the 
entire  supply  of  air  was  discharged  through  the  uncilogged 
disk  without  showing  any  decrease  in  quantity  by  meter^ 

It  seems  obvious  that  the  primary  cause  of  this  trouble 
is  the  fineness  of  the  pore,  or  passage,  through  which  the 
air  is  diffused.  Even  if  all  dust  and  other  foreign  ma- 
terial are  excluded  by  means  of  air  filters,  various  kinds 


of  bacterial  and  other  minute  forms  of  life,  etc.,  enter 
freely  and  may  cause  obstructing  growths.  The  sewage 
directly  over  such  plates  may  enter  the  pores  and  cause  oli- 
struction  in  various  ways,  among  which  may  be  mentioned 
deposits  of  mineral  matters  from  solution.  In  short, 
there  are  many  ways  by  which  porous  material  can  become 
clogged,  even  if  the  greatest  care  is  taken  to  prevent  it. 

In  view  of  the  foregoing  it  seems  desirable  to  find  somo 
other  method  of  diffusion.  Apparently  the  porous  material 
answers  only  one  of  the  above-mentioned  ideal  require- 
ments of  a  distributor — that  of  giving  a  very  fine  size  of 
air  bubble. 

Experiments  have  shown  that  the  finer  the  bubble  the 
more  the  pressure  needed  to  distriluite  the  compressed 
air  and  the  greater  the  danger  of  clogging.  The  finer 
the  bubble  the  greater  its  efficiency,  but  the  more  expensiw 
the  air.  The  tank  efficiency  is  highest  when  its  reliable 
average  performance  gives  the  effluent  required  at  the  lea«t 
expense  for  air. 

The  exj^eriments  conducted  in  Milwaukee  in  1915,  re- 
ported by  Mr.  Hatton,  seem  to  indicate  that  the  porous 
material  was  rather  the  best  for  diffusing  air,  although 
he  states  that  "there  appeared  to  be  little  difference  in  the 
character  of  effluent  obtained  by  the  same  volume  of  air, 
whether  it  was  applied  through  an  open  jet  or  a  filtro.'^ 
plate." 

It  seems  to  the  writer,  in  view  of  this  and  his  ovra  e.\- 
perience,  that  the  use  of  porous  material  for  diffusion  has 
largely  grown  out  of  theoretical  rather  than  practical  con- 
siderations and  that  further  experimental  work  is  very  de- 
sirable. The  useful  age  of  service  to  be  expected  from  a 
porous  substance,  it  would  seem,  must  be  comparatively 
short,  if  we  can  depend  upon  our  experience  in  other  lines 
of  work.  I 

Our  experience  in  Brooklyn  has  been  in  favor  of  the 
perforated  grid,  the  pipes  of  which  are  placed  not  more 
than  12  in.  apart  and  the  perforation  made  of  -^  in 
diameter,  6  in.  c.  to  c.  The  grid  in  one  tank  aerator  i- 
. still  in  service  after  over  2i/2  yi"-,  during  which  time  il 
has  had  no  cleaning.  The  depth  of  sewage  aerated  is  2'2 
ft.,  and  the  distribution  is  very  good. 

Another  tank,  in  which  distribution  was  provided  In 
porous  disks,  was  not  so  satisfactory  on  account  of  clog- 
ging. The  phenomenon  of  clogging  in  this  tank  was 
rather  interesting.  Some  of  the  disks  clogged,  vihilr 
others  did  not.  As  a  result,  a  greater  volume  of  air  en- 
tered tiirough  the  unclogged  disks,  causing  intense  local 
surface  ebullition  and  streaming  out  of  air,  while  at  other 
places  the  surface  was  quiescent.  As  there  is  always  an 
excess  margin  of  working  pressure,  increased  volume  of 
flow  can  readily  occur  through  the  unclogged  ditrusei-s; 
thus  the  entire  metered  flow  of  air  will  still  continue  to 
enter  the  tank,  but  it  may  not  reach  half  of  the  sewagew  I 
and  much  of  it  escapes  by  streaming.  Why  employ  tBr  | 
porous  material,  to  obtain  the  most  efficient  size  of  bubble, 
in  order  to  save  a  small  per  cent,  of  the  air,  if,  as  a  icsult 
of  the  attempt,  clogging  or  uneven  distrilmtion  may  occur 
anil  waste  far  more  than  could  be  saved  by  this  means': 

Unfortunately,  there  seems  to  be  no  satisfactory  way  to 
clean  out  the  porous  disks  or  plates,  without  removing 
them.  This  problem  has  been  ingeniously  handled  at 
Baltimore,  where  the  diffuser  disks  are  mounted  on  a 
framework  of  pipes  that  may  be  closed  like  an  umbrella 
and  the  entire  mechanism  withdrawn  by  a  derrick.  (See 
I'Jnfjinecrinf/  News,  Apr.  27,  191(),  p.  800.)    This  eiialiles 
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operator  to  remo%'e  and  replace  a  disk  at  will;  but 
ere  the  porous  plates  are  built  into  the  bottom  of  the 
ik,  as  in  some  plants,  it  is  too  early  to  feel  certain  that 
■\  can  be  kept  in  good  order.  But  as  the  surfaces  of  the 
inlets  must  be  as  nearly  absolutely  level  with  each  other 
possible,  it  may  be  difficult  to  obtain  this  with  a  movable 
tributor. 

[n  the  design  of  a  sewage-disposal  plant  refinements  in 
■rating  parts  are  undesirable.  The  mechanism  that 
dl  give  the  most  reliable  average  service  will  usually 
selected.  For  diffusing  air  in  a  tank  filled  with  sewage 
writer's  observation  leads  him,  in  the  light  of  present 
iwledge,  to  prefer  the  perforated-pipe  grid,  although  it 
1  not  give  the  most  efficient  size  of  bubble, 
riie  grid  may  be  so  designed  that,  if  necessary,  it  can 
eive  frequent  flushings  from  the  city  water-supply, 
ich  always  has  a  greater  head  than  the  sewage  in  the 
k ;  and  it  can  be  provided  with  drains,  so  that  it  may  be 
4icd  out  with  little  trouble,  without  emptying  the  tank, 
ndd  the  perforations  become  clogged  with  grease,  the 
k  may  be  emptied  and  steam  or  hot  water  discharged 
ough  the  grid.  Possibly,  further  experiments  may 
(lify  this  opinion,  which  is  offered  by  way  of  discussion 
experimental  work  still  in  progress. 
The  question  has  several  times  suggested  itself  to  the 
ter,  "Would  it  not  be  possible  to  get  along  with  less 
by  the  use  of  mechanical  agitation  in  the  aeration 
ks?"  It  would  seem  that  much  of  the  air  applied  at 
sent  is  wasted,  as  it  is  only  applied  to  produce  agita- 
1 — a  churning  movement  that  seems  to  aid  coalescence 
the  finer  particles  of  colloidal  matter,  and  facilitates 
activation  treatment.  This  has  not  been  tried  out  so 
as  the  writer  is  aware,  but  various  means  suggest  them- 
es, such  as  paddles,  screw  propellers,  movable  air  dis- 
lutors  designed  to  agitate  the  sewage  and  to  diffuse  air, 
.  of  sewage  discharged  into  the  tank,  if  the  sewage 
3r8  by  pumping,  etc.  May  not  such  a  method  greatly 
rease  the  effect  of  air,  which  could  then  enter  by  means 
I  rather  coarse  movable,  or  stationary,  grid  and  be  me- 
nically  mixed  with  the  sewage? 

'he  inijiortanee  of  continuing  our  experimental  work 
li  the  airtivated-sludge  method  of  sewage  treatment 
not  be  overstated,  and  every  possible  advantage  should 
aken  of  constructive  criticism,  as  well  as  experimental 
■k. 

lANiTARY  District  of  Chicago  :  Laxgdox  Peause* 
ly  personal  experience  with  small  experimental  units 
I .  satisfactory,  but  in  the  plant  put  into  operation  by 
I  in  January,  comprising  four  units,  with  a  capacity  of 
i  )00  gal.  per  day  on  a  21-hr.  period,  we  have  had  consid- 
:  ')le  difficulty  with  the  clogging  of  the  plates.  This  ap- 
I  ently  has  been  caused  by  the  sewage,  which  contains  a 
;  d  (leal  of  paunch  manure,  straw,  hair  and  other  ma- 
I  a!  that  will  mat  and  clog.  A  recent  examination  of  one 
i  k  with  a  nominal  inside  dimension  of  plan  of  ()x23  ft., 
I  h  a  single  row  of  filtros  plates  down  the  center,  indi- 
!  'S  that  all  the  plates  have  l)ecn  ])roken.  The  breaks  are 
I  larently  due  to  downward  pressure.  The  plates  were 
I  ported  on  two  sides  only,  in  wooden  Iroxes,  lined  with 
!  vanized  iron,  and  were  set  in  jointite.  The  use  of  wood 
3  lialily  caused  the  trouble,  a  more  rigid  frame  being 
i  irabie.  The  distribution  in  the  tank  was  seriously  in- 
iTercd  with,  a  considerable  deposit  of  hair  and  coarse 
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sludge  being  found  underneath  the  plates,  many  of  which 
were  badly  shattered.  We  are  endeavoring  to  find  the 
exact  reason  for  this  difficulty,  although  it  ajjpears  to  be 
due  to  clogging  and  the  loading  of  the  water  on  top.  Xo 
provision  was  made  for  back-flushing  by  water.  For  va- 
rious reasons  the  air  pressure  has  been  shut  off  from  time 
to  time.  The  air  distribution  has  been  remodeled,  the 
boxes  being  stiffened,  and  an  additional  support  placed  so 
that  all  plates  are  supported  on  four  sides.  This  has 
proved  satisfactory. 

The  air  at  our  testing  station  is  furnished  by  a  rotary 
blower  of  the  Connersville  type,  working  against  a  (J-lb. 
head,  the  depth  of  water  being  IQi^  ft.  over  the  plates. 
We  have  a  muslin  screen  on  the  intake  of  the  blower.  So 
far  as  we  can  ascertain,  there  has  been  no  difficulty  on  the 
underside  of  the  plates  from  any  oily  deposits,  there  being 
no  trace  of  oil  in  the  air  boxes  underneath. 

In  order  to  cure  certain  difficulties  in  measuring  the 
air  with  a  venturi  meter,  a  steel  storage  tank  5  ft.  diam- 
eter, 5  ft.  high,  has  been  installed.  This  reduces  the 
pulsating  effect  and  forms  a  trap  for  oil  or  moisture. 

Before  our  experiments  are  concluded,  I  hope  to  run 
comparative  tests  on  two  tanks  with  perforated  pipes  and 
two  tanks  with  filtros  plates.  I  believe  that  considerable 
thought  is  still  required  to  determine  the  proper  design  for 
the  air-distribution  system  in  order  to  make  it  satisfac- 
tory at  a  minimum  cost. 

I  l)elieve  that  Engineering  NeiVR\\\\\  do  well  to  impress 
upon  its  readers  the  importance  of  going  slow  in  the  adop- 
tion of  activated-sludge  plants  without  thorough  consid- 
eration of  all  the  elements  involved,  as  I  think  most  of  us 
still  agree  that  it  is  not  a  simple  process  to  operate,  but 
one  whose  entire  limitations  are  not  yet  developed. 

The  cost  problem  is  still  in  the  air,  particularly  the 
cost  of  handling  the  sludge.  Another  warning  should  also 
be  issued  on  the  short-time  tests  lasting  only  two  or  three 
weeks,  which  are  liable  to  give  misleading  results,  as 
it  takes  several  months  in  general  to  determine  the  effi- 
ciency and  limitations  of  sewage-treatment  methods  defi-' 
nitely.  We  have  noticed  in  our  work  that  good  results 
are  obtained  for  the  first  three  or  four  weeks,  and  then 
dilTiculties  begin  to  develop  that  were  not  anticipated. 

Houston,  Tex.:   E.  E,  Sands* 

Our  experiments  were  all  conducted  with  that  variety  of 
filtros  manufactured  by  the  General  Filtration  Co.  and 
known  as  Grade  5-1.  The  catalog  published  by  the  com- 
pany states  that  where  there  is  a  net  head  of  2  in.  of  water 
the  capacity  of  a  filtros  plate  U/^  in.  thick  and  12  in. 
square  is  3G0  cu.ft,  of  air  per  hour,  or  0  cu.ft.  per  inin., 
and  that  the  porosity  of  this  plate  or  the  per  cent,  of  voids 
is  37.5G%.  It  is  evident  that  the  tests  from  which  this 
table  was  prepared  were  made  with  dry  air  and  under  dry 
conditions.  When  a  filtros  plate  becomes  wet,  the  porosity 
is  reduced  and  its  resistance  to  the  flow  of  air  increases. 
Careful  experiments  were  carried  on  with  the  filtros  plate 
in  tank  No.  3.  This  plate  was  submerged  to  a  depth  of  7 
ft.  G  in.  The  air  as  it  entered  the  plate  was  measured 
through  an  orifice  in  a  thin  jilate  located  in  an  enlarged 
section  of  the  supply  pipe.  When  the  plate  was  new,  ISO 
cu.ft.  of  air  per  hour  (measured  under  a  water  pressure  of 
8  ft.)  required  a  net  head  of  G  in.  After  the  plate  had 
been  used  for  30  days  in  a  tank  operated  on  the  fill-and- 

*Clty  EnRlneer,  Houston,  Tex.  The  remarks  here  Riven  are 
from  Mr.  .Sands'  "First  Annual  Report  ...  on  Sewage 
Disposal,"   dated   Feb.   1,  1916. 
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draw  plan,  it  was  found  that  the  same  amount  of  air  re- 
quired a  net  head  of  15  in. 

After  40  days'  use  the  following  heads  were  required, 
the  depth  of  sewage  in  the  tank  still  being  90  in. : 


Head  of  Water. 

Inches 

Total 

Net 

102.2 

10.5 

102.22 

12.22 

104.1 

14.0 

105. S2 

15.82 

107.53 

17.53 

109.20 

19.20 

111.10 

21.10 

Where  the  plate  is  in  a  fill-and-draw  tank,  every  time 
the  air  is  shut  off  a  certain  amount  of  sewage  filters 
tlirough  the  filtros  plate  back  into  the  air  pipe,  and  it  is 
reasonable  to  assume  that  a  small  amount  of  sludge  re- 
mains in  the  voids  of  the  filtros  plate  and  reduces  its 
capacity. 

Where  a  tank  was  used  for  a  continuous  flow, 
the  resistance  of  the  plate  was  not  found  to  increase  to 
any  great  extent,  and  it  is  believed  that  if  a  continuous- 
flow  tank  were  supplied  with  filtered  air  the  resistance 
of  the  filtros  plates  would  remain  nearly  constant  for  any 
given  clunatic  condition.  It  was  observed,  however,  that 
the  humidity  of  the  atmosphere  had  a  decided  influence 
on  the  capacity  of  the  plates.  When  the  air  was  moisture- 
laden,  the  resistance  of  the  plates  was  greatly  increased. 
For  this  reason  the  use  of  a  cheesecloth  filter  for  the  re- 
moval of  dust  from  the  air  will  give  more  satisfactory  re- 
sults than  the  use  of  an  air  washer.  Such  a  filter  will  not 
remove  as  much  dust  as  a  washer,  but  a  washer  will  cause 
an  increase  in  humidity  unless  some  cooling  device  is  used. 

Tank  No.  3  was  equipped  for  about  10  days  with  an 
aerator  constructed  of  small  brass  tubing.  This  aerator 
consisted  of  a  central  head  from  which  there  radiated  in  a 
horizontal  plane  eight  %-in.  brass  tubes  6  in.  long.  An 
aerator  constructed  in  this  manner  would  work  in  a  con- 
tinuous-flow tank  without  any  trouble,  but  when  it  was 
tried  on  a  fill-and-draw  tank  it  was  found  that  the  small 
tubes  clogged  up  when  the  air  was  shut  off  and  the  sludge 
allowed  to  settle.  As  the  water  surface  in  the  tank  was 
lowered  during  the  operation  of  drawing  down  the  tanli, 
the  air  held  in  the  su})ply  pipe  between  the  valve  and  the 
aerator  expanded  and  slowly  escaped.  Then  when  the 
tank  was  refilled,  the  sludge  was  forced  into  the  aerator 
tubes  and  considerable  difficulty  was  experienced  in  keep- 
ing this  aerator  cleaned  out  and  in  proper  working  con- 
dition. 

All  the  mechanical  difficulties  of  this  could  have  been 
overcome  without  much  trouble,  but  results  of  analyses 
made  during  the  time  this  aerator  was  in  use  show  a  de- 
cided loss  in  efficiency.  This  is  attributed  to  the  fact 
that  the  air  is  not  as  finely  divided  by  such  an  apparatus 
as  it  is  by  the  filtros  plate. 

It  is  apparent  that  the  operation  of  any  large  tank  con- 
taining a  great  number  of  aerators  requires  careful  consid- 
eration of  the  following  conditions:  When  the  air  is 
turned  on,  a  few  aerators  will  handle  a  largo  quantity 
of  air  unless  each  aerator  offers  consideral)le  resistance. 
This  air  will  diminish  the  hydrostatic  head  over  these 
aerators  and  consequently  increase  the  effective  head  on 
the  particular  ones  that  start  to  work  first.  To  eliminate 
this  possibility  it  is  necessary  that  each  aerator  shall  con- 
tain sufficient  resistance  to  prevent  a  few  of  them  from 
discharging  all  the  air  that  is  intended  to  be  discharged 
by  the  entire  system.  In  other  words,  a  certain  resistance 
to  the  flow  of  air  is  absolutolv  necessary  to  insure  a  uni- 


form distribution.  Where  the  tank  is  10  ft.  in  depth, 
this  resistance  should  be  such  that  a  net  head  of  at  least  (j 
in.  of  water  is  required  to  discharge  the  amount  of  air  that 
the  aerating  plate  is  designed  to  provide.  If  a  type  of 
aerator  were  used  that  did  not  require  a  6-in.  hydrostatic 
head  to  discharge  the  required  amount  of  air,  some  other 
resistance  would  have  to  be  used  at  each  aerator;  conse- 
quently the  resistance  offered  by  the  filtros  plate  is  of  no 
disadvantage  until  it  becomes  greater  than  6  in.  It  is 
believed  that  a  jiroper  filtros  plate  can  be  selected  for  any 
particular  design  that  will  afford  the  right  resistance  to 
insure  uniform  distribution,  but  it  is  necessary  that  air 
should  be  freed  of  all  dust  and  that  the  tank  should  be 
worked  as  a  continuous-flow  tank  or  the  resistance  of  the 
filtros  plate  will  gradually  increase  with  a  resultant  loss 
of  power. 

Armour  &  Co.,  Chicago  :  G.  L.  Noble* 

The  filtros  plates  that  we  had  in  our  tank  were  admitted 
by  the  General  Filtration  Co.  to  be  of  uneven  porosity, 
due  to  the  manufacture  by  an  outside  kiln  firm.  This 
resulted  in  the  very  rapid  clogging  of  the  finer  plates,  and 
this  method  of  distribution  was  abandoned. 

Perforated  pipes  were  promptly  installed  and  have 
given  good  satisfaction.  They  are  made  of  %-in.  galvan- 
ized iron  and  perforated  with  Voj-in.  holes,  2  in.  apart  and 
staggered.  Cleaning  is  necessary  only  once  in  four 
months,  and  this  cleaning  can  be  accomplished  in  short  _ 
order  without  interfering  with  the  operation  of  the  plant.    I 

We  have  carefully  studied  all  the  data  available  for  I 
comparing  these  two  methods  and  have  yet  to  be  con- 
vinced that  a  porous  plate  is  preferable  to  perforated  pipe, 
when  the  matter  is  considered  from  every  viewpoint.  We 
expect  (July  '■])  to  install  perforated  pipes  in  our  larger 
experimental  plants.  i 

Cleveland,  Ohio:  R.  Winthrop  PRATTf 

We  have  been  running  now  (July  3)  more  than  five 
months  and  as  yet  have  noticed  no  trouble  which  might  be 
due  to  clogging  of  filtros  blocks. 

\Ye  hope  and  believe  that  with  our  type  of  blower,  con- 
taining as  it  does  a  water  trap  through  which  the  air  must 
go,  there  will  he  no  serious  trouble  from  dirt  or  dust  in 
the  air  entering  the  activated-sludge  tanks. 

Illinois  Water  Survey:  Edward  BautowJ 

In  our  experiments,  operating  tanks  on  the  fill-aud-draw 
plan  for  about  a  year,  we  have  experienced  no  troulile  from 
clogging  of  the  filtros  plates.  On  the  fill-and-draw  plan, 
however,  the  pores  are  cleaned  by  downward  flow  of 
the  water  while  the  air  is  shut  off  during  the  settling 
j)cri(id. 

In  our  continuous-flow  plant,  about  to  be  put  in 
operation,  we  expect  to  filter  the  air  through  cheesecloth, 
and  we  have  made  arrangements  so  that  the  air  may  be 
shut  off  and  water  allowed  to  flow  downward  through  the 
plates  into  a  space  from  which  it  can  be  pumped.  We  can 
tell  better  after  operating  whether  our  precautions  are 
.satisfactory,  but  we  do  not  anticipate  any  trouble 
from  clogging  of  plates  by  impure  air. 


•Engineer-in-CharKe,   Union   Stockyards,   Chicago,  lU. 
tConsulting     lingineer.      Department     of     Public     Service, 
Cleveland,  Oiilo. 

tDirector,  State  Water  Survey.  Urbana,  111. 
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SYNOF-'^IS — Xew  tests  on  bolted  joints  in  timber 
give  a  safe  basis  for  design.  Previous  rules  of 
handbooks  are  vnreliable.  A  %-'"■  bolt  in  double 
shear  is  good  for  2,000  to  2,S50  lb.,  depending  on 
the  thickness  of  the  timber  and  pads;  in  single 
.ihear,  half  as  much. 

In  au  article  entitled  "Tests  of  Some  Joints  Used  in 
[ea\y  Timber  Framing,"  Engineering  News,  Mar.  19 
ud  26,  1914,  the  author  discussed  briefly  the  lack  of 
('finite  knowledge  of  the  actual  strength  of  bolted  timber 
)ints  and  the  discrepancy  between  the  sizes  of  bolts  in 
ich  connections,  as  computed  by  the  accepted  methods  of 
i>sign,  and  those  sizes  commonly  used  by  contractors  and 
rehitects.  There  were  presented  the  results  of  some  tests 
lade  by  E.  E.  Adams  on  'l-in.  plank  belted  with  i^^-in., 


Tinius  Olsen  &  Co.,  of  Thiladelphia.  The  machine  is  of 
150,000  lb.  capacity,  with  an  attachment  for  making 
autographic  records  of  the  tests  and  a  device  for  automati- 
cally balancing  the  arm  by  means  of  a  sliding  weight. 

The  tests  on  lagscrewed  Joints  are  dealt  with  in  a  sub- 
sequent article. 

Present  Methods  of  Designing  Bolted  Joints 

One  of  the  most  difficult  things  an  engineer  has  to 
contend  with  in  timber  design  is  the  justification  of  the 
large  size  of  bolts,  when  designed  as  pins,  as  compared 
with  the  sizes  found  in  the  designs  made  by  many  con- 
tractors and  architects.  In  checking  over  many  plans  the 
author  has  found  it  to  be  a  common  practice  to  consider 
bolts  in  timber  joints  as  ecpiivalent  to  rivets  in  steel 
joints.  Obviously,  this  jiractice  is  vitally  wrong  in  prin- 
ciple.    Shear  usually  g(i\c'nis  tbc  design  of  rivets  or  bolts 


Joint  11 — .Side  hear- 
ingr  2%x6-in.  pads  on 
6-in.  timber;  tliree 
%-in.  bolts;  maxi- 
mum load.  35,000  lb.; 
deflection,  0.735  in. 


Joint  6 — End  bear- 
ing" 2%xS-in.  pads  on 
6xS-in.  timber;  three 
%-in.  bolts;  maxi- 
mum load,  36,250  lb.; 
deflection,    0.635    in. 


Joint  3 — End  bear- 
ing 2x8-in.  pads  on 
4xS-in.  timber;  three 
%-\n.  bolts;  maxi- 
mum load.  46,650  lb.; 
deflection,  l.'.)5  in. 


Joint  20 — End  bearing  6xl0-in.  pads  on 
12xlO-in.  timber;  three  %-in.  bolts;  maximum 
load.  4ri,325  lb. 

All  of  these  joints  show  the  pronounced 
bending  of  the  bolts  under  compression  of 
the   liiaber. 


FIG,  1.     FOUR  OF  THE  BOLTED  JOINTS  CUT  OPEN  AFTER  TEST 


<-in.  and  %-in.  Iiolts,  and  reference  was  made  to  other 
sts  on  bolted  end  joints  of  timber  trusses.  These  are 
e  only  recorded  tests  of  bolted  joints  which  the  author 
IS  been  able  to  find. 

The  same  article  also  described  some  tests  by  the 
ithor  to  determine  the  lateral  resistance  of  -^xliy^-in. 
g  screws  used  to  fasten  2-in.  timber  plates,  as  in  column 
cing  or  bracing.  Here  again  is  a  field  in  which  no  other 
sts  have  been  recorded,  to  the  author's  knowledge. 

A  New  Series  of  Tests 

For  fuller  information  a  further  series  of  tests  was 
ade  during  1915.  This  series  comprised  tests  of  24 
'Ited  joints,  10  all-timber  lagscrewed  joints,  4  joints  in 
liich  a  steel  plate  was  lagged  to  timbers  with  %-in.  and 
(-in.  lagscrews,  and  1.3  tests  made  to  determine  the 
•aring  resistance  of  a  round  holt  against  the  ends  and 
TOSS  the  fillers  of  Douglas  fir.     The  joints  were  tested 

the  Panama-Pacific  International  E.xposition,  in  the 
nlace  of  Machinery,  on  an  exhibit  testing  machine  of 

•Civil  EnKlnecr,  r,S  Sutter  St.,  San   Francisco,  Calif. 


in  .steel  connections,  but  in  timber  joints  the  bolts  will 
bend  or  the  timber  fail  before  the  bolt  will  fail  in  shear. 

Xot  alone  are  tliese  high  values  used  for  bolts  having 
all  end  bearing  against  the  timber,  but  they  are  also  used 
when  the  bolts  have  partial  or  entire  bearing  across 
the  fibers  of  the  timber.  A  common  example  of  a 
connection  in  which  the  bolts  Iiear  across  liie  fibers  is 
that  of  an  all-timber  trn.ss,  where  the  web  members  con- 
sist, say,  of  2-in.  plank  bolted  to  the  cliords.  In  such  a 
case  strict  adherence  to  the  method  of  designing  the  bolts 
as  pin.s,  with  due  allowance  for  bearing  across  the  fibers, 
results  in  bolts  of  abnormal  size,  and  the  engineer  is 
criticized  for  extravagance. 

The  rules  given  by  text-books  vary  over  a  large  range. 
As  concems  designing  bolts  as  rivet«,  Kidder  ("Archi- 
tects' and  Builders'  Pocket  Book")  disregards  bending 
where  the  pieces  joined  are  not  more  than  2  in.  thick. 
\V.  J.  Douglas  (in  Mcrriman's  "American  Civil  Engi- 
neers' Pocket  Book")  disregards  bending  where  the  pieces 
are  less  than  .'!  in.  thick.  For  computing  bending  in  bolts, 
the  rales  given  are  as  follows: 
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Considering  a  butt  joint  of  two  sticks  2L  thick,  spliced 
on  each  side  by  a  pad  L  thick,  through-bolted,  the  joint 
carrying  a  load  2P,  of  which  half  goes  through  each  pad : 
Kidder  gives  the  bending  movement  in  the  bolts  as  ViPL ; 
Jacoby  ("Structural  Details")  gives  it  as  y2PL,  on  the 
assumption    of    uniform    pressure    on    the    bolt;    Howe 
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("Treatise  on  Wood  Trusses")  uses  the  same  formula  as 
Jacoby;  W.  J.  Douglas  uses  the  same  formula  as  Kidder; 
Thayer  ("Structural  Design,"  Vol.  I)  recommends  as- 
suming uniform  bolt  pressure  on  such  a  length  of  bolt 
that  the  resulting  bending  in  the  bolt  will  just  equal  the 
flexural  or  shearing  strength  of  the  bolt.  Xot  only  the 
formulas  but  also  the  stresses  used  by  these  several 
authors  differ. 

Table  1  gives  the  working  strengths  of  the  joints  as 
determined  by  the  methods  of  Jacoby,  Howe,  Kidder. 
Merriman  and  Thayer,  together  with  results  deduced 
from  the  new  tests.  In  the  case  of  all  the  authorities  the 
lowest  and  highest  values  are  shown — that  is,  the  values 
for  joints  with  2-in.  and  2vs-in.  splice  pads  and  those 
with  6-in.  splice  pads.  This  table  emphasizes  the  wide 
variation  in  the  prescribed  practice  of  designing  bolts. 

The  author  maintains  that  the  high  values  as  given  for 
joints  with  the  thin  plates,  when  based  on  the  supposition 
of  friction,  cannot  be  sustained,  as  shrinkage  of  the 
timber  will  soon  destroy  the  effect  of  friction. 

Joints  Tested  After  Loosexing  Xrxs 

Fig.  2  shows  details  of  the  joints  tested.  All  had  three 
bolts;  20  had  the  bolts  bearing  against  the  ends  of  the 
fibers,  while  4  had  the  bolts  '-"earing  against  the  sides  of 


the  fibers  of  the  main  timber.     The  washers  throughout 
were  standard  cut  pressed-steel  washers. 

All  joints  were  tested  in  compression.  Before  com- 
mencing the  tests  all  nuts  were  loosened  so  that  friction 
should  not  play  a  part  in  the  results.  This  was  to  approx- 
imate the  condition  of  a  joint  after  shrinkage  has  taken 
place — a  condition  which  actually  exists  in  the  majorit\ 
of  cases.  An  initial  load  of  1,000  lb.  was  first  put  on  tin 
joint,  and  the  autograph  set  at  1,000  lb.  load  and  zeiv 
deflection. 

As  to  the  propriety  of  loosening  the  nuts  in  the  test 
specimens :  The  test  conditions  were  considerably  simpli- 
fied by  eliminating  the  influence  of  the  washers ;  the  action 
of  the  bolts  was  thus  limited  to  bearing  and  bending,  and 
a  rational  analysis  of  the  results  was  made  possible. 
But  the  practical  side  of  the  matter  is  even  more  im- 
portant. Even  with  washers  tight  it  is  not  probable  that 
friction  plays  a  very  important  part  in  the  action  of  a 
bolted  joint  as  ordinarily  framed.  The  washers  are  usu- 
ally of  such  a  small  size  that  when  the  nuts  are  tightened 
the  wasliers  sink  into  the  timber  instead  of  pulling  the 
pieces  of  timber  together.  However,  if  comparatively 
large  washers  are  used,  considerable  friction  will  cer- 
tainly exist. 

In  addition,  and  much  more  important,  the  washers  will 
exert  a  restraining  moment  on  the  bolt,  tending  to  pro- 
duce the  condition  in  the  bolt  of  a  restrained  beam,  and 
the  larger  the  washer  the  more  effective  is  its  action. 
However,  unless  the  washers  are  at  all  times  tightly  drawn 
against  the  wood  this  action  will  not  exist.  Thus,  if  any 
appreciable  shrinkage  takes  place,  the  washers  will  not 
bear  tightly,  and  the  bolt  will  deflect  before  the  washer 
takes  up. 

In  other  words,  the  strengthening  effect  of  th' 
washers  is  not  available  at  the  working  values  of  the  joint 
where  shrinkage  can  take  place.  And  with  green  timber 
it  does  not  take  the  sun  long  to  shrink  the  timber,  even  in 
temporary  construction,  as  contractors'  falsework. 

In  joints  2  to  6  and  10  to  16  inclusive  the  slip  of  tli- 
side  pieces  over  the  center  piece  was  measured  by  grad. 
ated  cards  tacked  on  the  two  lines  of  division  of  one  fat 
only.  In  joints  18  to  28  inclusive  the  slip  was  measured 
by  means  of  two  threads  stretched  across  each  face  and 
passing  over  two  graduated  cards,  one  on  the  center  i 
each  exposed  face  of  the  center  block. 

The  load-slip  curves  made  by  the  pencil  of  the  auto- 
graph show,  in  all  cases  but  one,  more  deflection  than 
those  plotted  from  the  direct  readings.  This  is  due  i' 
the  fact  that  the  autograph  measures  the  total  movemi'i 
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TABLE  1.     COMPARISON  OF  STRENGTH  OF  TEST  JOINTS  AT  SAFE  WORKING  STRESSES 

. 2-Xn.  Side  Timbers .     2J-In.  Side  Timbers . 6-In.  Side  Timbers 

4-In.  Center  Timbers  al-ln.  Center  Timbers  12-In.  Center  Timbers 

■m           Authority              3-|  In.  B  3-J  In.  B  3-J  In.  B  3-1  In.  B    3-1  In.  B  3-S  In.  B  3-i  In.  B  3-1  In.  B    3-i  In.  B  3-i  In.  B  3-i  In.  B  3-1  In.   P 
1     Merriman*     (W.     J. 

Douglas) 9,000  10,800  12,600  14,400          12,937  15,675  18,112  20,700  1,080  1,860  2,960  4,410 

3     Howet   1.793  3,100  4,920  7,350            1,248  2,160  3,420  5,110  598  1,030  1,640  2,450 

3  Kiddert 10,125  12,144  14,196  16,200            2,590  4,460  7,100  10,600  1,080  1,860  2.960  4,410 

4  Thaver§ 3,330  4,800  6,540  8,850            3,330  4,800  6,540  8,850  3,.330  4,800  6,540  8,850 

5  Jacobyll 1,620  2,740  4,400  6,615            1.295  2,230  3,.555  5,.300  540  930  1,480  2,205 

6  Test  curves** 4,250  5,000  4,2.50  5,000  4,250  5.000  6.750  9,500 

7  Test  curvestt- 5,500  6,500  o,5Q0  6.500  .  .    ,  5,500  6.500  9.000  12,.500 

8  Formula 3,171«  4,3.50tt  5,700«  7,.380«        3,747tt  4,9201}  6,255«  7,890n  4,388  6,300  8,550  11.115 

9  Proposed  working 

values 4.800  5.250  6,150  7,050  .    .  .  4,350  6,300  8,550  11,115 

»  Bearing  pressure  1,200  lb.  per  sq.in.,  stress  in  bolts  22,500  lb.  per  sq.in.  t  Bearing  pressure  650  lb.  per  sq.ia.,  stress  in  bolts  25,000  lb.  per  sq.in.  {  Bearing 
essure  1.350  lb.  per  sq.in..  stress  in  bolts  22,500  lb.  per  sq.in.  §  Bearing  pressure  1,250  lb  per  sq.in.,  stress  in  bolts  16,000  lb.  per  sq.in.  |T  Bearing  pressure 
(SO  lb.  per  sq.in.,  stress  in  bolts  22,500  lb.  per  sq  in.  **  Values  =  i  loads  when  A  =  0.0625  in.  It  Values  =  loads  when  A  =  0.025  in.  tt  Values  tor  M 
RPl,  where  R  varies  from  J  to  .--.■ 

Values  of  t,  for  S  =  16,000  1b.  per  sq.in,,  B  =  1,3001b.  per  sq.in..  by  formula  t  =  d  ("^jjg-)^  are:d  =  |in.,t  =  3.G  in.,  joint  strength  =  4,388  lb.;  d  =  i  in., 
.  4.3  in.,  joint  strength  =  6,289  lb.;  d  =  J  in.,  t  =  5.0  in.,  joint  strength  =  8,531  lb.;  d  =  1  in.,  t  =  5.7  in.,  joint  strength    =  11,115  lb. 


the  head  of  the  testing  machine,  and  its  curve  includes 
ly  crushing  of  the  timber.  All  the  timbers  were  cut  off 
'  a  circular  saw  and  the  ends  left  unfinished,  so  that 
1  initial  deflection  resulted  from  crushing  of  tlio  softer 
lers. 

The  ends  of  all  joints  were  not  exactly  s(iiiare.  If 
dly  out,  they  were  shimmed  with  cards  or  thin  metal 
ates.  In  all  cases  they  came  to  full  bearing  upon  the 
■plication  of  a  few  thousand  pounds  of  load. 
The  instructions  issued  to  the  carpenters  framing  the 
ints  were  to  make  a  good  workmanlike  job,  all  cuts  to  be 
lie  and  square  and  all  bolts  to  be  a  driving  fit.  In  the 
its  of  joints  21  and  2.5  the  deflections  indicated  the  bolts 
■re  not  a  driving  fit.  Consequently,  two  additional 
ints  were  made  and  tested.  Since  the  large  initial 
flection  noted  in  the  previous  joints  did  not  materialize, 
is  result  justified  the  conclusion  of  loose  bolts  in  the 
ginal  joints. 

Discussion  of  Tests 

Table  2  gives  a  summary  of  the  principal  figures  ob- 
ned  in  the  tests.  The  curves  of  the  test  results  show  a 
ire  or  less  definite  break  at  a  load  approximately  one- 
ird  the  ultimate  strength.  Specimen  curves  are  given 
Fig.  3.  Not  all  of  the  joints  were  tested  to  failure,  the 
!a  being  to  carry  the  test  well  past  the  break  in  the 
rve.  By  the  aid  of  the  autograph  this  point  could  be 
termined  as  the  test  proceeded.     In  some  of  the  joints 

BLE  2.     SUMMARY   OF   TE.ST.     RE.SULTS   ON    BOLTED   JOINTS, 
1915  TESTS 


Number 

and 

Thick  1 

Size  of 

Side 

Bolts 

Pes.. 

No.      In. 

In. 

Load  at 

Load  at 

.\pparent 
Vieid  Pt.« 

Slip  of 

Final 

Final 

A  In., 

Load' 

Slip, 

Lb. 

Lb. 

Lb. 

In. 

Remarks 

1 

■ 

42.000 

2  00 

No  slips 

16,000 

6,500 

41,000 

1.85 

Measured 

12..500 

7,000 

45,000 

1  95 

11.000 

8,000 

45,000 

1   15 

13.000 

5,000 

43, .500 

1,68 

10.000 

6,500 

36,250 

0  M 

15.000 

6,000 

55,000 

1   39 

11.000 

7,.5(X) 

35,000 

0  73 

Ultimate 

14,000 

10..500 

23,000 

0  53 

15.000 

10,500 

29,000 

0  .52 

Ultimate 

13,000 

7.000 

27.000 

0  72 

13,000 

6,.50O 

20,000 

0  47 

15,000 

4,000 

2S.00O 

0  .58 

13,000 

7,000 

60,000 

1   64 

14,000 

7,.50O 

.30,000 

0  S3 

15,000 

9,.500 

46.000 

1   64 

18,000 

3,.50O 

63.000 

1   78 

26,000 

20,000 

70.000 

1   .53 

27,000 

lfi..500 

75.000 

1   78 

16,(X)0 

10..-)00 

45.000 

1   28 

23,(X)0 

2.000 

«).()00 

1   46 

15,000 

8.0(«) 

31,000 

0  63 

Ultimate 

22.0(KI 

12..500 

60,(KK) 

1   .54 

21,000 

13,500 

60,000 

1   26 

»        3  I         5J 

No  n\ip6  except  the  final  made  on  Joint  No.  1. 

In  Joint«  1  to  16  direct  readings  were  made  on  one  side  of  joint  only,  and 
I  tiably  direct-reading  rurvr^s  do  not  indicate  true  slips  of  joints.  In  these  joints 
t  "c  i«  a  large  difTerence  between  direct-reading  curves  and  autographic  curves. 

The  final  loads  are  not  necessarily  ultimate  loads. 

Bolts  iM-aring  across  the  fibers  of  the  center  timber. 

Large  initial  deflection,  probably  due  to  loose  fit  of  the  bolts  in  the  timber. 

The  average  slip  of  the  joints  at  the  loads  under  the  heading  "Load  at 
'i)arent  Yield  Point"  wasO  12  in.  Using  the  formula  developed  in  the  text,  the 
1    Heiural  stress  in  the  bolts  for  this  load  is  approximately  35,000  lb.  per  sq.in. 


this  break  is  very  marked,  and  the  portion  of  the  curve 
below  is  practically  a  straight  line. 

The  load  at  this  break  was,  for  most  joints,  taken  as 
the  "apparent  yield  point"  of  Table  2.  Where  a  curve 
had  no  well-defined  break,  the  J.  B.  Johnson  method  of 
finding  a  point  having  .50%  greater  value  of  deformation 
than  the  initial  was  employed  to  find  the  apparent  elastic 
limit. 

That  practical  use  may  l)e  made  of  the  results  of  the 
tests,  it  at  once  becomes  imperative  to  determine  what 
point  on  the  curves  shall  be  considered  the  critical  point 
■ — that  is,  the  critical  load  on  which  to  base  the  factor  of 
safety  and  the  working  load.  In  this  respect  the  ultimate 
load  the  joint  will  carry  is  of  small  moment,  since  the 
slip  is  so  great.  Tiie  loads  at  first  appreciable  slij) 
might  be  taken  as  the  ci-iiic  al  point  and  the  working  load 
based  on  this  value.  This  would  be  on  the  safe  side,  but 
it  seems  extravagant  to  use  a  working  load  of  only  one- 
tenth  the  ultimate  strength. 

In  the  case  of  nailed  joints  it  has  been  found  that  the 
elastic  limit  of  the  joint  corresponds  to  a  slip  of  about 
-;V  in.  or  ''/,;,  in.,  and  the  working  loads  are  taken  at  one- 
third  to  three-fifths  of  the  loads  corresponding  to  this 
slip.'    Would  it  not  be  reasonable  then  to  establish  in  the 

'Three  sets  of  tests  on  the  strength  of  nailed  joints  when 
subjected  to  lateral  forces  are  on  record.  The  first  set  wa« 
made  by  Walker  and  Cross  in  1897  at  the  University  of  Minne- 
sota. The  results  are  published  in  the  "Journal"  of  the  Asso- 
ciation of  Eugineering  Societies.  Vol.  19.  December.  1S97.  by 
A.  W.  Muenster.  The  second  set  was  made  by  Llarrow  and 
Buchanan  at  Purdue  University  in  IS9X-99  and  presented  to  the 
Indiana  Engineerinpr  Society  by  Prof.  W.  K.  Hatt,  beins  pub- 
lished in  the  1900  "Proceedings"  of  that  society.  An  .abstract 
and  review  of  both  these  sets  of  tests  are  given  in  Jacoby's 
".Structural  Details."  The  third  series  of  sets  was  made  in 
1907  by  Morgan  .and  Marish  at  the  Iowa  State  College,  and 
the  results  were  recorded  by  M.  I.  Evinger  in  Bulletin  2. 
Vol.  IV,  of  the  engineering  experiment  station  of  the  Iowa 
State  College,  under  the  title  of  "Holding  Power  of  Nails  in 
Single   Shear." 

From  these  tests  it  was  found  that  the  elastic  limit  of  the 
joints  corresponded  to  a  slip  of  about  ,'„  in.  The  first  and 
second  series  of  te.sts  showed  this  elastic  limit  to  be  at  a  load 
approximately  16  times  the  penny  designation  of  the  nail,  or 
E.L,.  =  16  L>.  The  load  at  the  elastic  limit  of  the  joints  in 
the  tests  of  Darrow  and  Buchanan  was  found  to  be  approxi- 
mately 29  D,  or  almost  twice  that  of  the  other  two  testa. 

Professor  Hatt  recommends  a  working  load  of  about  it 
the  ultimate,  or  h  the  elastic  limit.  W.L.  =  9.5  D,  while  Mr. 
Muenster  advocates  a  working  value  of  60%  of  the  elastic 
limit. 

The  foregoing  tests  comprise  joints  of  white  pine,  spruce, 
yellow  pine  and  oak.  It  was  found  that  while  the  different 
timbers  give  varying  results.  In  accordance  with  their  different 
strengths  to  resist  compression  against  the  ends  of  the  fibers, 
the  variation  is  not  in  direct  proportion  to  these  values.  It 
was  also  found  that  changing  the  direction  of  the  cleats  in  the 
joints  so  that  the  bearing  of  the  nails  was  across  the  fibers 
apparently    made    no   difference    In    the    strength    of    the    joint. 

The  author  has  studied  the  discussions  and  records  of  the 
tests  on  nailed  joints  as  given  in  detail  in  the  original  papers, 
and  is  convinced  of  the  truth  of  the  following  conjectures: 

1.  The  erratic  load-defiectlon  curves  are  largely  the  result 
of  the  rough  methods  used  in  determining  the  slips,  the  true 
average   slip   of   the   joint   apparently   not    having    been    found. 

2.  The  lack  of  agreement  between  the  ratio  of  the 
strengths  of  two  similar  joints  of  different  timbers  and  the 
ratio  of  the  unit  compression  strengths  of  the  respective  tim- 
bers was  to  have  been  expected,  since  the  resistance  of  tim- 
ber to  the  pressure  of  a  metal  cylinder  In  a  tight-flttlng  hole 
is  not  the  same  as  where  such  pressure  Is  applied  on  a  Hat 
surface. 
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case  of  the  bolted  joints  a  working  load  of  50%  of  the 
load  corresponding  to  a  slip  of  yV  iu-,  or  possibly  a  work- 
ing load  corresponding  to  a  slip  of  0.03  in.  ? 

In  order  to  study  the  tests  more  fully  several  of  the 
joints  were  cut  open   (Fig.  1   reproduces  four  of  them). 


P-  Tafa/loadon 
Joint  ^Pg-P, 


FIG.    4.    DIAGRAM    OF    BOLT    PRESSURES    AND    MOMENTS 

These  joints  exhibit  some  exceedingly  interesting  fea- 
tures. It  is  evident  that  the  bolts  acted  as  restrained 
beams  with  reflex  bending,  the  two  points  of  contraflexure 
being  on  the  contact  surfaces  of  the  main  timber  and  side 
pieces.  This  condition  of  restraint  was  furnished  in  two 
ways — first,  by  the  distribution  of  loading  and,  second,  by 
the  action  of  the  washers. 

From  a  study  of  the  condition  of  the  bolts  after  bend- 
ing, the  following  theory  of  the  distribution  of  load  on 
the  bolts  is  proposed : 
Let 

iS'  =  Maximum  allowable  flexural  stress  in  the  bolt; 
B  =  Maximum  allowable  bearing  stress  against  the 

ends  of  fibers  of  timber ; 
rf=  Width  of  timljer  and  splice  pads; 
It  =  Thickness  of  main  timber: 
a,  b,  B',  P^,  P^  as  shown. 
It  will  be  assumed  that  the  distribution  of  load  on  the 
bolt,  as  shown  in  Fig.  4,  is  triangular,  concentrated  near 
the   contact   surfaces    and    of    such    arrangement    as    to 
produce  the  condition  of  a  restrained  beam  with  point  of 
contraflexure  at  each  contact  surface.     In  order  to  con- 
form to  these  conditions,  h  must  equal  2a;  then  B'  =  y^  B. 
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The  distribution  of  bending  moment  will  be  as  shown, 
there  being  two  equal  maximum  moments,  of  amount 
M  =  -/.,.  Pi.  where  t  =  a  -\-  b,  and  of  course  t  must  be 
not  greater  than  /. 

Under  the  assumption  that  beyond  a  certain  minimum 
value  of  t.  or  thickness  of  side  piece,  the  strength  of  thv 
joint  is  independent  of  the  length  of  bolt  required,  it  is 
possible  to  find  the  length  t  such  that  the  moment  result- 
ing from  the  load  on  this  length  of  bolt  will  just  equal 
the  flexural  strength  of  the  bolt. 

With  the  safe  stresses  for  flexure  of  bolts  and  bearing 
for  the  timber,  the  strength  of  the  bolts  is  easily  deter- 
mined ;  and  for  all  thicknesses  of  side  pieces  in  excess  of 
the  limiting  value  t  the  strength  will  be  constant.  For 
thicknesses  of  side  pieces  under  t  the  safe  strength  of  the 
bolts  will  be  a  question  of  bearing  against  the  timber 
(assuming  the  pressure  distribution  to  remain  constant) 
with  a  resultant  decrease  in  the  strength  of  the  joint.  The 
results  of  the  tests  do  not  bear  out  this  assumption.  It 
is  believed  that  in  joints  where  the  thickness  of  side  tim- 
bers is  less  than  the  limiting  value  /,  the  pressure-distri- 
bution diagram,  while  holding  to  the  general  triangular 
shape,  changes  in  its  relative  dimensions  a  and  b,  within 
the  limits  where  a  =  0  and  a  =  %.  I\irther,  it  is  held 
that  the  ratio  of  a  to  /  is  always  such  that  the  resulting 
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FROPOSEU   AVERAGE   LOAD-SLIP   CURVES    FUR 
FOUR  SIZES  OF  BOLT 
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FIG.    6.    DETAILS    OF   BOLT-BEARING    TEST    PIECES 

bending  moment  on  the  bolt  bears  the  same  relation  to  the 
capacity  of  the  bolt  in  bending  as  tlie  maximum  intensity 
of  pressure  on  the  timber  bears  to  the  resistance  of  the 
timber  in  bearing. 

Following  out  these  assumptions,  the  strengths  of  the 
test  joints  with  2-in.,  3yg-in.  and  6-in.  side  timbers  have 
been  calculated,  using  16,000  lb.  per  sq.in.  as  the  flexural 
stress  in  the  bolts  and  1,300  lb.  per  sq.in.  as  the  Hunting' 
pressure  on  the  timber.  The  results  are  enteretl  in  itoni  ^ 
of  Table  1,  and  are  seen  to  coincide  approximately  with 
the  values  taken  from  the  test  curves  as  shown  in  item  fi. 

A  careful  study  of  the  diflierent  curves  has  led  to  the 
conclusion  that  for  all  the  test  joints  having  the  •^iime 
diameter  of  bolts — except  joints  11,  12,  13  and  2G,  in 
which  the  bolts  bear  across  the  fibers  of  the  center  timber 
— the  load-slip  curve  is  practically  a  constant.  Expressed 
in  another  way :  For  the  limits  of  the  tests  the  strength  of 
the  joints  with  %-in.  and  %-in.  bolts  is  nearly  indepcud- 
ent  of  the  thickness  of  timber. 

Fig.  5  shows  curves  representing  the  relation  between 
deformation  and  stress  for  each  size  of  bolt. 

SinK-BEARiNG  Joints  as  Strong  .-vs  ENn-HicAHiNO 

For  those  joints  where  the  bolts  have  bearing  across 
the  grain  of  the  center  timber  (joints  11,  12,  13  and  26) 
the  stress-deformation  curves  appear  to  coincide  with 
those  for  end-bearing  joints  up  to  loads  of  about  30,000 
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or  5,000  lb.  per  bolt.  For  working  loads,  therefore,  the 
sistance  of  these  joints  i.-^  apparently  as  great  as  those 
,ving  all  end  bearing. 

The  author  has  been  unable  to  find  any  treatment  of 
e  subject  of  the  pressure  of  a  bolt  against  the  fibers  and 
ross  the  fibers  of  timl)er  which  would  explain  the  rela- 
:ely  large  strength  of  the  test  joints  having  cross-bear- 
g  on  tiie  timber. 

Where  a  cylindrical  pin  bears  across  the  fibers  of  timber 
a  closely  fitting  hole,  as  occurs  in  the  case  of  a  bolt  with 
driving  fit,  it  is  unquestionably  true  that  the  various 
fferential  surfaces  of  the  timber  along  the  perimeter  of 
8  hole  exert  pressures  against  the  pin  and  that  these 
assures  bear  some  relation  to  the  safe  compressive  resist- 
ce  of  timber  surfaces  inclined  to  the  direction  of  the 
ers.  Consequently,  the  total  pressure  exerted  by  the 
nber  on  the  pin  may  be  taken  at  a  value  greater  than 
;it  obtained  by  multiplying  the  diametral  section  of  the 
1  by  the  safe  compressive  strength  of  the  timber  in 
)S8-bearing. 

A  tentative  theoretical  consideration  of  this  problem 
ids  the  author  to  believe  that  the  unit  stress  for  the 
3rage  pressure  on  the  diametral  section  of  the  pin,  in 
ie  bearing,  may  be  taken  as  high  as  800  lb.  per  sq.in. 
milarly,  for  bearing  against  the  ends  of  the  fibers  of 
!  timber  a  diametral  pressure  of  1,300  lb.  is  allowable, 
the  ordinary  end-bearing  and  side-bearing  strengths 
timber  (on  plane  surfaces)  are  1,800  and  300  lb.  re- 
ictively.  The  formula  derived  is  p  ^  %  <S"  +  Mj  *5", 
ere  S'  and  S"  are  the  ordinary  bearing  strengths  and 
s  the  allowable  pressure  of  a  pin  in  the  direction  of  S'. 

Tests  of  Bolts  in  Bearing  on  Wood 
[n  an  effort  to  determine  the  relative  resistance  of  bolts 
iring  against  and  across  the  fibers  of  timber  a  number 
small  blocks  was  made  with  half-holes  and  was  tested 
■h  with  a  short  piece  of  bolt  having  a  tight  fit  in  the 
e,  as  per  detail  Fig.  6.  The  results  were  somewhat 
appointing.  While  the  stress-deformation  curves  for 
•  two  sizes  of  bolts  bearing  across  the  fibers  are  praeti- 
ly  constant,  there  is  a  wide  variation  in  the  curves  for 
1  bearing,  although  the  ultimate  strengths  are  practi- 
ly  tlie  .same.  It  should  be  stated  that  the  blocks  with 
;  li/4-in.  bolts  were  much  better  specimens,  both  in 
pect  to  quality  of  timber  and  grade  of  workmanship, 
in  those  with  the  -^-in.  holes,  the  latter  having  untrue 
1  cuts.  However,  all  uneven  Idocks  were  shimmed  up, 
1  it  is  not  likely  that  the  difference  in  strength  shown 
3  due  altogether  either  to  quality  of  timber  or  to  work- 
nship  (Fig.  7.) 

3n  the  basis  of  a  limiting  joint-deformation  of  0.03  in. 
:  safe  bearing  pressures  are  seen  to  be,  in  the  case  of 
I  i-in.  bolts,  2,000  lb.  per  sq.in.  along  the  grain  and 
'  5  lb.  per  sq.in.  across  the  grain.  For  the  %-in.  bolts 
;!  corresponding  values  are  1,500  lb.  and  900  lb.  per 
in. 

Conclusions 

rhe  author  believes  that  the  following  conclusions  and 
'  ommendations  for  working  data,  made  from  a  careful 
•  dy  of  the  tests,  are  justifiable  and  rcasonaljly  conserva- 
te. 

1.  For  bolts  with  driving  fit  in  the  timbers  the  strength 
:  the  joint  is  practically  independent  of  the  thickness  of 
t !  side  pieces,  when  this  thickness  exceeds  the  limiting 
ilue  "L" 


2.  While  the  ultimate  strength  of  the  joints  whose 
bolts  have  cross-bearing  in  the  main  timber  is  far  below 
that  of  the  all-end-bearing  joints,  the  stiffne.ss  of  such 
joints  up  to  the  break  in  the  curve  is  practically  the  same. 

3.  The  safe  loads  for  bolts  in  joints  like  those  described, 
having  all  end  bearing,  may  be  taken  as  per  Table  3. 
These  values  correspond  fairly  well  to  one-half  the  loads 
for  iV-in.  slip.  These  working  loads  are  consistent  witii 
the  results  of  tests  on  nailed  joints. 

4.  For  the  allowable  pin  pressure  it  is  proposed  that 
for  Douglas  fir  and  similiar  timbers  800  lb.  per  sq.in. 
be  used  for  cross-bearing  and  1,300  lb.  per  sq.in.  for  end 
bearing. 

5.  For  connections  in  which  the  bolts  are  in  single  shear 
only,  as  iu  the  case  of  two  timbers  bolted  together,  it  is 
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FIG.    7.    LOAD-DEFORMATION   CURVES   FOR   BEARING 
TESTS 

recommended  that  the  value  of  the  bolts  be  taken  at  one 
half  the  values  given  in  Talile  3. 

6.  For  connections  in  which  the  bolts  bear  across  the 
fibers  of  the  timber,  it  is  recommended  that  the  values  of 

TABLE  3.     WORKING  STRENGTH  OF  'INE  BOLT  IN  TIMBER  JOINT 

(BOLT  IN  DOUBLE  SHE.\R) 
For  Joints  Similar  to  Test  Joint-s,  with  Bolts  Bearing  Against  End  of  Grain 

Thickness  of  Side  Pieces  and 
One-Half  Thickness  of  Center  Timber 
Size  of  Bolt,  In.  2  In.  3  In.  4  In.  6  In. 

I  I,0.')7  1,275  1,460  1,460 

\  1,450  I.6B.')  1,980  2,100 

I  1.900  2,130  2,450  2,850 

1  2,400  2,664  2,960  3.705 

These  values  are  for  double  shear.  For  single  shear  take  one-half  the  tabular 
values. 

tlie  bolts  be  taken  at  six-tenths  the  values  given  for  all 
end  bearing. 

7.  The  working  values  recommended  are  for  Douglas 
fir.  For  other  timbers  these  values  are  to  be  multiplicil 
by  the  factors  following: 

Long-leaf     yellow     pine 1-05 

White  pine    •!' 

Norway   pine    -JS 

White  oak '» 

8.  All  working  values  herein  given  are  for  timber  in 
a  dry  condition,  as  for  use  in  the  interior  of  buildings. 

Pnrohode  of  the  GnrliOKe-Heiliiofioii  \VorkM  of  the  Gcncseo 
Reduction  Co.  \a  proposed  by  the  City  of  Rochester.  N.  Y.,  the 
plant  to  be  taken  over  on  Jan.  1,  1917.  The  price  would  be 
fixed  by  a  commission  of  three,  chosen  In  the  usual  manner. 
Herbert  W.  Pierce  Is  commissioner  of  public  works  and  Edwin 
A.  Fisher  is  consulting  city  engineer. 
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E.l©^e!a  Woff-ftlhy  VoS^ffimes 

The  International  Engineering  Congress  held  last  Sep- 
tember at  San  Francisco  was  made  possible  through  a 
guarantee  fund  provided  by  five  great  national  engineer- 
ing societies.  Although  the  international  feature  was 
unfortunately  curtailed,  the  congress  was  a  success,  as  is 
attested  by  the  high  character  of  the  eleven  volumes  of 
"Transactions"  now  published.  These  volumes  are  being 
distributed  to  advance  subscribers,  and  only  a  few  copies 
may  be  had  by  anyone  else.  In  fact,  Vol.  Ill,  "Municipal 
Engineering,"  and  Vol.  V,  on  "The  ilaterials  of  Engi- 
neering Construction,"  are  already  out  of  print,  while 
of  Vol.  IV,  "Railways  and  Railway  Engineering,"  and 
Vol.  VIII,  "Mining  Engineering,"  only  ten  copies  each 
remain.  Of  Vol.  II,  "Waterways  and  Irrigation,"  how- 
ever, which  was  without  doubt  one  of  the  most  valuable 
and  important  sections  of  the  congress,  about  90  copies 
are  still  available.  (Address  International  Engineering 
Congress,  Foxcroft  Building,  Sau  Francisco,  Cal. ;  $5 
per  volume  in  paper,  or  $5.50  in  cloth.) 

It  is  only  giving  credit  where  credit  is  due  to  say 
that  the  success  of  the  Engineering  Congress  and  the 
value  of  its  "Transactions"  as  a  contribution  to  technical 
literature  are  the  result,  fir.st  of  all,  of  the  untiring  en- 
ergy of  San  Francisco  engineers,  who  bore  the  prime 
responsibility.  To  Prof.  W.  F.  Durand,  Chairman  of  the 
congress,  and  W.  A.  Cattell,  Secretary  and  Treasurer, 
the  thanks  of  the  profession  are  certainly  due  for  the 
efficient  manner  in  which  they  have  carried  out  their 
tasks. 

I        REVIEWS  AMD  HOTES         I 
^(S'w  Sdleas  ana  T®sicIhiflE5\g  T©s£(l  <Qm 

Rf.VIEWED    by    RoBEItT    E.    HOKTON* 

HYDRAULICS — By  U.  L.  Daugherty.  Assistant  Professor  of 
HydrauHcs,  Sibley  CoUfge.  Cornell  University.  New 
York:  McGraw-Hill  Book  Co.  Cloth;  6,\9  in.;  pp.  xiv  + 
267;   243   illustrations.      $2.50  net. 

This  work  is  intended  primarily  as  a  textbook  for  use 
in  engineering  schools,  where  the  time  that  may  be  de- 
voted to  hydraulics  proper,  aside  from  its  applications,  is 
rather  limited.  The  subject  matter  has  accordingly  been 
thoroughly  generalized.  Few  working  data  are  given. 
Those  which  do  appear  in  the  book  include  coefficients  for 
orifices  of  certain  forms,  coefficients  of  rougliness  and 
values  of  C  in  Kutter's  formula.  These  are  evidently  in- 
tended as  a  basis  for  the  solution  of  illustrative  examples. 
The  book  wisely  was  not  intended  to  be  a  working  treatise 
for  engineers,  for  in  fact  it  is  becoming  increasingly 
difficult  to  incorporate  in  one  l)ook  both  a  good  practical 
treatise  and  a  satisfactory  teaching  te.xt.  However,  the 
simplicity  and  clearness  of  the  author's  statements  of  es- 
sential facts  and  principles  of  hydraulics  arc  such  that 


•Consulting    Hydraulic     Engineer, 
Albany,  N.  Y. 


r>7     North     rinc     Ave., 


the  book  might  well  be  read  by  many  practicing  engineer- 
who  ha\e  more  or  less  hydraulic  work  to  do,  but  havi- 
not  specialized  in  tliis  subject. 

Many  short  demonstrations  involving  simple  method- 
in  integral  calculus  are  given,  but  aside  from  these  the  ■ 
text  could  all  be  readily  understood  by  a  student  of  high-  I 
school  grade.  It  is  not  to  be  expected  that  such  a  course 
would  prepare  the  student  for  active  practical  work 
rather  it  should  serve  to  pave  the  way  for  more  advanced 
courses  in  special  subjects.  At  the  same  time  the  author 
seems  happily  to  have  included  a  number  of  matters  that 
the  beginner  in  hydraulics  needs  to  know  early  in  hi- 
studies,  but  which  are  seldom  explained  even  in  nion 
complete  treatises.  ■ 

Piezometers  and  differential  gages  are  clearly  and  sim-  f 
ply  described.     Pressure  on  curved   surfaces — a  subject 
often  slighted  in  textbooks  because  it  does  not  lend  itself 
readily  to  elegance  of  mathematical  treatment — is  simply 
and  quite  fully  treated. 

The  utility  and  limitations  of  the  Kutter  formula  ari 
well  covered  in  a  manner  that  rings  true  to  the  workim 
engineer.  There  are  many  such  practical  subjects  ii 
hydraulics  which  for  one  reason  or  another  get  scant 
treatment  in  most  engineering  courses.  When  the  grad- 
uate snubs  up  against  one  of  these  subjects  in  practice, 
he  is  likely  to  feel  that  there  has  been  a  serious  gap  some- 
where in  his  training.  This  little  book  seems  to  go  a- 
far  toward  bridging  these  chasms  as  an  elementary  te.xi 
can. 

The  author  starts  out  with  the  dictum  that  students 
should  get  a  better  grasp  on  hydraulic  phenomena  a- 
])hysical  processes  than  they  ordinarily  obtain.  In  tlii- 
the  reviewer  fully  concurs.  Unfortunately  the  physics  of 
hydraulic  plienomena,  in  the  broader  sense,  seem  to  be- 
long to  the  more  advanced  rather  than  to  the  elementary 
asjHK't  of  the  subject.  The  beginner  cannot  be  expected 
to  grasp  the  physical  intricacies  of  fluid  friction,  fnr 
example,  as  set  forth  by  De  Villamil.  The  book  begin- 
with  a  table  of  notation,  which  will  add  greatly  to  it- 
value  to  the  student  after  his  course  is  finished,  since  In 
may  pick  up  the  text  at  almost  any  point  and  read  it 
intelligently  without  searching  for  the  meaning  of  sym- 
bols. 

There  are  many  halftone  illustrations  of  hydraulii' 
works,  proliably  intended  to  convey  to  the  student  an 
impression  of  the  practical  and  jihysical  meaning  of  tli' 
sul)jects  treated.  This  object  would  probalily  i)C  liettir 
attained  by  the  use  of  lantern  slides  in  the  lecture  room. 
To  the  reviewer  the  pictures  seem  rather  out  of  place. 
First,  they  alford  an  e.xcuse — too  often  sought — for 
dilettante  discussion  among  students  in  lieu  of  hard 
study ;  second,  students  should  not  need  pleasing  pictorial 
bait  to  induce  them  to  study. 

The  descriptive  chapters  in  relation  to  turbines  and 
centrifugal  pumps  are  popular  in  form  and  ex])ression. 
capable  of  being  readily  understood  by  anyone.  Some  of 
the  statements  are,  however,  somewhat  incomplete  and  a 
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ittle  unsatisfactory.  For  example,  tlie  reasons  for  the 
ise  of  the  simple  inward-How  Francis-type  turbine  in 
ome  cases  and  inward-,  downward-  and  outward-How  run- 
lers  in  other  cases  are  not  adequately  set  forth.  The 
luthor  yirtually  repeats  a  statement  from  his  earlier 
•Hydraulic  Turbines/'  that  "modern  inward-flow  turbines 
ire  commonly  known  as  Francis  turbines  in  honor  of 
lames  B.  Francis,  who  built  the  first  successful  one  in 
849." 
Inasnmch  as  there  has  been  considerable  dispute  re- 
rarding  the  relative  merits  and  efficiencies  of  turbines  of 
'European  and  American  designs,  it  would  appear  desira- 
ile  that  the  facts  regarding  the  development  of  the  so- 
alled  Francis-type  turbine  should  have  been  set  forth 
omewhat  more  fully.  In  the  first  place,  the  inward-flow 
urbiiie  in  a  connnereially  successful  and  fairly  eificient 
orm  was  inyented  and  patented  by  Samuel  B.  Ilowd,  of 
;eneya,  N.  Y.  James  B.  Francis,  as  clearly  set  forth 
11  his  book,  "Lowell  Hydraulic  Experiments,"  pages 
1-62,  credits  Howd  yvith  the  invention  of  the  "center 
enf '  waterwheel  and  adds : 

In  the  design  of  the  Eoott  wheel,  the  author  has  so  modified 
he  form  and  arrangement  ot  the  whole  as  to  produce  a 
.■heel  essentially  different  from  the  Howd  wheel  as  above 
escribed,  although  it  may  possibly  be  technically  covered  by 
he  patent   tor  that   wheel. 

So  far  as  the  re\iewer  knows,  the  term  ''Francis  tur- 
ine"  was  first  applied  to  what  are  more  properly  kno\vn 
II  Europe  as  "mixed-flow  turbines."  Such  wheels  had 
een  imported  to  France  and  Germany  from  America; 
nd  the  Germans  had  learned  the  trick  of  modifying  by 
alculatiou  the  design  of  the  wheels  so  as  to  produce 
ariation  in  speed  and  power,  results  which  had  in  gen- 
ral  only  been  obtained  in  this  country  by  practical  ex- 
eriments.  The  wheel,  which  came  to  be  known  abroad 
s  the  Francis  turbine,  bore  much,  less  resemblance  to 
he  wheel  made  by  Francis  than  did  the  Howd  turbine. 
t  was  a  pretty  close  copy  of  a  design  made  by  John  B. 
IcCormick. 

Later,  when  the  demand  arose  for  specially  designed 
urbines  for  use  in  America,  European  designers  were 
enerally  called  upon,  there  being  no  turbine  designers 
hen  in  this  country.  Their  early  designs  for  mixed-flow 
urbines  consisted  here,  as  abroad,  in  modification  of 
lethods  of  calculation  of  a  fundamental  form  of  runner, 
.hich  was  deyclo))ed  not  by  calculation  at  all,  but  purely 
y  experiment;  and  since  the  turbine  runners  in  this  way 
ad  been  misnamed  Francis  runners  abroad,  the  mis- 
lomer  wa.s  brought  back  to  America. 

Of  course  it  is  not  to  be  expected  in  so  brief  a  text  that 
II  .such  matters  of  detail  will  be  fully  entered  into.  ITow- 
vcr,  the  object  of  a  textbook,  it  seems  to  be  the  reviewer, 
s  that  the  student  .shall  have  a  means  of  acquiring  the 
pirit  as  well  as  the  letter  of  the  science,  and  this  often 
nvolves  somewhat  more  careful  phraseology  than  seems 
0  have  been  iitiii/.ed  in  some  of  the  more  descriptive 
lortions  of  tUi"!  book.  The  author'.s  plan  is  good,  and  it 
s  to  lie  hoped  the.se  few  defects  of  execution  will  in 
mother  edition  lie  carefully  removed  to  perfect  the  work. 

Wsi<lsoBT\''s  CoBaca^efte  ©radicles 

iENIOUAI,  .SI'KCIl'ICATIO.VS  FOU  CO.MCRETIO  F.IMI  Ji  ;i:S — 
liy  Wllhur  .1.  W-.iltiUii.  M.  .\rii.  Sou.  C.  K.  Third  Edition. 
New  York:  McCJraw-Hill  Book  Co.  Paper;  Sxll  In.;  pp.  70; 
IMustraled.     $1   net. 

The  third  edition  of  Wilbur  J.  Watson's  "General 
Specifications   for   Concrete    Bridges"   brings   that   work 


up  Lo  January,  1!)1(;.  It  concludes  some  radical  changes 
in  the  requirements,  particularly  as  regards  the  quality 
of  materials.  Sections  on  surface  finish  and  waterproof- 
ing have  been  completely  rewritten. 

PRI.VCIP'.ES  OF  DEPRECIATION— By  Earl  A.  Sailers,  Ph.  D.. 
Instructor  in  Accuuuting  and  Investments,  Yale  Univer- 
sity. New  York:  Ronald  Press  Co.  Cloth;  0x9  in.;  pp.  200; 
illustrated.      $2.50   postpaid. 

The  many  engineers  in  this  country  who  have  valua- 
tion work  on  their  hands  will  find  much  to  interest  and 
enlighten  them  in  Dr.  Saliers'  little  treatise.  Its  value 
to  them,  first,  will  be  its  insistence  on  a  sharp  distinc- 
tion between  capital  and  revenue — matters  of  economics 
and  accounting  in  which  the  engineei-'s  training  is  lim- 
ited. Its  second  value  will  be  the  closer  acquaintance 
it  will  give  with  some  of  the  existing  methods  of  finding 
depreciation,  besides  the  familiar  straight-line  and  sink- 
ing-fund schemes. 

TJie  work  starts  out  with  a  description  of  the  use  of 
capital  in  industrial  plants  and  of  the  sacrifice  of  invest- 
ment by  wear  and  obsolescence.  The  general  discussion  is 
visualized  by  application  to  a  hydro-electric  plant.  Then 
follows  a  d  >seription  of  the  "plant  ledgei-" — a  double- 
entry  account-book  showing  additions  to  physical  plant, 
retirals  and  wastage  from  depreciation.  After  this  is  a 
further  accounting  phase  of  the  general  subject — a  dis- 
cussion of  "funds"  and  "reserves,"  the  distinction  between 
which  too  few  engineers  seem  to  carry.  A  short  chapter 
treats  "de])reciation  and  efficiency"  relations,  liut  mean- 
ing "effectiveness"  rather  than  the  engineer's  ''efficiency." 
This  ends  Part  I,  on  theory. 

The  rest  of  the  book  is  called  "Part  II — Practical 
Applications,"  though  to  the  engineer  it  is  all  theory,  the 
difference  being  in  regard  to  extent  of  detail.  Tliis  ])art 
opens  up  with  a  very  good  story  of  the  growth  of  de- 
preciation accounting  in  iitility  and  general  industrial 
accounting — in  the  one  ca.se  as  stimulated  by  commis- 
sion regulation  and  in  the  other  by  the  Federal  income- 
tax  act.  Finally,  there  are  chapters  showing  various 
schemes  for  computing  depreciation — straight-line,  re- 
ducing-balance,  sinking-fund,  annuity,  equal-annual-|)ay- 
ment,  unit  cost,  inspection.  The  mathematical  fonnulas 
going  with  certain  of  these  are  worked  out  in  consider- 
able detail. 

The  book  has  obvious  merit  to  a  high  degree,  and 
it  is  no  detraction  to  state,  as  shoidd  be  said,  that  the 
text  docs  not  go  deep  enough  for  immediate  practical 
engineering  utilization.  Perhaps  that  is  inherently  iin- 
possiifle,  but  only  a  few  steps  more  would  have  accom- 
plished it.  For  examples  of  shortcomings:  There  is 
not  a  satisfactory  discussion  for  the  engineer  of  the  ulti- 
mate nature  of  the  elements  of  depreciation — wear-  or 
weather-deterioration,  service-antiquation,  efficiency-  or 
output-ob.solescence,  etc.  Yet  these  are  matters  which  at 
times  become  very  important  in  the  scrutiny  of  depre- 
ciation, value  and  rates.  Further,  there  is  no  develop- 
ment of  nomenclature  to  differentiate  between  deprecia- 
tion, the  wasting  of  assets;  "dc])reciation,"  the  wastage 
indemnity;  and  the  .several  other  special  meanings  that 
have  become  hitched  to  the  term  to  make  confusion  con- 
founded. The  educated  searcher  can  find  an  indication 
that  the  author  realizes  the  difference  between  sinking- 
fund  handling  of  depreciation  conii)ensation  and  the  idea 
of   imiiicdiale   direct   rc])ayinent  of  lost   as.^ets;   lint  tiic 
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uninstrueted  engineer  will  not  be  properly  illuminated 
on  this  matter,  wliich  is  assuming  greater  importance  all 
the  while. 

One  of  the  most  interesting  parts  of  the  work  lies  in 
the  presentation  of  the  "unit-cost"  plan  of  computing  de- 
preciation. This  scheme  attempts  to  take  into  account 
the  effect  of  decreased  efficiency  and  output  in  such  a 
way  that  the  unit  cost  of  product  is  the  same  for  the 
old  as  for  the  new  machine.  This  scheme,  however, 
neglects  the  factor  of  interest  and  thereby  under-rates 
the  value  of  the  old  machine.  The  author  would  have 
made  a  useful  contribution  had  he  extended  (as  since 
has  been  done)  the  equal-annual-payment  plan  to  cover 
this  most  general  case. 

Ur^eBatl   Hirrfgsitlaosa    Firolbllesias 

IRRIGATION  IN  THE  UNITED  STATES:  A  Discussion  of  Its 
Legal,  Economic  and  Financial  Aspects — By  Ray  Palmer 
Teele,  Irrigation  Economist,  Oflice  of  Public  Roads  and 
Rural  Engineering,  United  States  Department  of  Agricul- 
ture. New  York:  D.  Appleton  &  Co.  Cloth;  5x8  in.;  pp. 
ix  +  253.     $1.50  net. 

IRRIGATION  MANAGEMENT:  The  Operation,  Maintenance 
and  Betterment  of  Works  for  Bringing  Water  to  Agricul- 
tural Lands — By  Frederick  Haynes  Newell.  Professor  of 
Civil  Engineering,  University  of  Illinois;  former  Director, 
United  States  Reclamation  Service.  New  York:  D.  Apple- 
ton  &  Co.     Clothe  5xS  in.:  pp.  xi   +    30B;  illustrated.     $2  net. 

Of  the  two  books  named  above,  the  first  reviews  the 
history  and  status  of  irrigation  in  the  United  States  and 
suggests  possible  means  of  putting  irrigation  on  a  sound 
economic  basis,  and  the  second  book  is  primarily  con- 
cerned with  the  management  of  going  projects. 

At  least  half  of  ilr.  Teele's  volume  deals  with  irriga- 
tion investments  and  other  financial  questions.  Ho  con- 
clude.s,  broadly,  that  irrigation  in  the  United  States  has 
thus  far  been  an  economic  failure,  whether  under  strictly 
private  enterprise,  local  irrigation  districts,  the  Carey  Act 
or  the  United  States  Ecclamation  Service  Act.  Not- 
withstanding lack  of  returns  on  the  heavy  investments 
already  made,  a  large  increase  of  capital  is  needed.  In 
short,  the  author  says,  the  Federal  Government,  the  states 
and  districts,  perhaps  acting  together,  may  ha\e  to  finance 
the  irrigation  farmer  for  years  before  he  can  pay  for  land 
and  water  and  put  his  land  on  a  paying  basis.  Mr.  Teele 
even  goes  so  far  as  to  suggest  that  the  irrigator  be  "car- 
ried" by  the  equivalent  of  some  form  of  general  taxation 
for  the  sake  of  the  good  that  will  result  to  him,  his 
locality,  his  state  and  the  United  States.  Less  radical 
measures  are  suggested,  however,  as  capable  of  bringing 
some  advance. 


Mr.  Newell's  "Irrigation  Management"  is  the  first  com- 
prehensive attempt  to  compass  that  subject  as  it  exists 
today.  Although  based  largely  on  the  author's  extensive 
and  intensive  experience  as  Director  of  the  United  States 
Reclamation  Service,  the  volume  is  sufficiently  compre- 
hensive to  serve  as  a  guide  to  the  management,  of  works 
small  or  large,  under  private,  district,  state  or  Federal 
ownership.  Many  of  the  historical,  legal  and  economic 
phases  of  irrigation  covered  in  Mr.  Teele's  book  are  con- 
sidered by  Mr.  Newell  al.so,  but  naturally  from  a  different 
viewpoint.  Other  aspects  of  Mr.  Newell's  many-sided 
subject  are  physical  conditions,  the  human  element, 
methods  of  applying  water  and  of  operation  generally, 
schedules  and  records,  finances,  crops,  cattle,  markets 
and  rural  credit. 

The  author  makes  clear  that  on  the  projects  the  irri- 
<ration  manager  has  as  large  and  varied  a  task  as  the 


manager  of  good-sized  lighting  or  railway  properties. 
The  importance  of  the  engineer  and  engineering  services 
are  recognized  without  being  idolized.  Business  ability, 
knowledge  of  men,  tact — in  short,  all  that  goes  to  make 
up  the  capable  administrator — are  given  due  weight. 

The  volume  cannot  fail  to  make  its  impress  on  the 
future  of  irrigation  management  in  America — and  for 
that  matter  on  good  management  generally.  It  is  fortu- 
nate indeed  that  ilr.  Newell  gave  the  public  the  benefit 
of  his  wide  experience  while  it  was  fresh  in  his  mind  just 
after  leaving  the  Reclamation  Service. 

m 

RAILRO.^D  VALUATION  AND  RATES— By  Mark  Wvmond 
Chicago  (Rand-McNally  Building):  Wymond  &' Clark' 
Cloth;   5x8    in.;   pp.    339;   illustrated.      $1.50. 

Mr.  Wymond  has  combined  in  this  volume  virtually 
three  books  on  railroad  subjects  none  too  intimately  re- 
lated— except  that  the  per.sons  interested  in  railway  val- 
uation are  pretty  generally  concerned  in  railway  rates. 
The  volume  well  demonstrates  the  gulf  between  valuation 
and  rates  in  railroad  praLiice,  cost  of  service  entering  into 
rates  only  in  a  minor  way  compared  with  the  use  of  this: 
principle  in  other  utility  fields. 

The  author  evidently  is  largely  in  sympathy  with 
railroad  men  in  his  views  of  finance,  valuation  and  rate 
making.  Therefore,  this  book  may  be  taken  as  a  state- 
ment of  the  railway  position  in  these  matters.  Indeed 
it  has  been  unofficially  reported  that  the  book  is  indorsed 
by  the  Railway  Presidents  Conference — the  organization 
that  is  representing  the  railroads  of  the  country  in  mat- 
ters relating  to  the  Interstate  Commerce  Commission's 
valuation  program. 

While  the  book  exhibits  some  of  the  idiosyncTasies  that 
railroad  men  as  a  group  possess  in  regard  to  matters  of 
valuation  and  rates  compared  with  other  utility  men,  the 
volume  will  be  welcomed  for  its  candid  and  quiet  state- 
ments. Evidently  the  author  has  endeavored  to  preserve 
a  judicial  and  thoughtful  presentation  of  his  subject. 
The  general  discussions  are  enriched  and  exemjilified  by 
data  apparently  derived  from  the  author's  many  year.*  of 
experience  in  railroad  circles. 

He  starts  off  with  the  history  of  steam  railroading  in 
this  country  and  describes  the  early  rates  and  financinfr. 
The  next  section  is  devoted  to  "Promotion."  In  this 
appear  such  topics  as  the  cost  of  delays  before  a  railroad 
begins  to  pay,  the  cost  of  the  early  work,  real  estate, 
options,  franchises,  damages,  etc.  A  third  section  is  on 
"Construction-Reconstruction,"  showing  the  cost  of  work 
on  some  of  the  earlier  lines,  the  continual  additions  to 
first  cost,  the  meager  early  eaniings,  and  the  necessity  of 
eventual  reconstruction  of  the  roads  to  reduce  operating 
expenses.  Under  "Capitalization"  such  matters  arc  dis- 
cussed as  stocks,  bonds,  state  aid,  railroad  combinations, 
inter-company  securities,  holding  companies,  bond  read- 
justments, reorganizations,  commissions  and  discountj!. 
etc. 

After  these  matters  are  dismissed,  valuation  proper  i.s 
taken  up,  first  by  discussing  the  purpose  of  valuations  in 
general  and  of  the  Interstate  Commerce  Commission's  val- 
uation in  particular.  Various  suggestions  arc  offered  as 
to  what  the  Interstate  Commerce  Commission  should  con- 
sider in  .such  matters  as  original  cost,  cost  of  reproduction, 
overhead  charges,  engineering,  contingencies,  interest  dur- 
ing construction,  reproduction  less  depreciation,  appreci- 
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ion,  depreciation,  obsolescence,  inadequacy,  unit  prices, 
nd  values,  excess  cost  of  acquiring  laud,  intangible 
lues,  good-will,  early  deficit,  development  cost,  etc. 
Under  "Rates"  the  author  presents  a  "cost-of-service" 
■inciple  but  apparently  means  thereby  only  that  the 
tal  revenues  should  more  than  meet  the  total  expenses. 
ime  actual  figures  are  introduced  to  show  American 
ist  experience.  The  effect  of  traffic  and  topogra])hy  on 
tes  is  described  in  connection  with  cost  of  service.  Tcr- 
inal  expense  is  discussed  and  the  apportionment  of 
irious  expenses  between  the  several  classes  of  traffic. 
When  it  comes  to  the  actual  detail  scrutiny  of  rates  to 
;  found  on  American  roads,  the  author  shows  the  neces- 
ty  of  working  more  on  the  principle  of  value  of  service 
lan  cost,  on  account  of  the  utter  complexity  of  railway 
te  schedules  and  the  infinite  number  of  services  insep- 
•ably  intermingled.  The  practice  of  the  Interstate  Com- 
erce  Commission  is  shown  typically  by  reference  to  par- 
.-ular  districts  and  by  the  discussion  of  such  effects  as 
iter  transportation,  preservation  of  natural  advantages, 
•mpetition  of  lines,  long-and-short-haul  provisions,  etc. 
There  are  some  arguments  that  all  readers  may  not 
cept.  Among  them  are  such  debatable  points  as  good- 
ill  (p.  199)  ;  it  is  held  that  even  a  shipper  having  no 
loice  of  roads  has  the  option  of  going  into  his  business 
•  staying  out  of  it,  his  decision  being  based  on  railway 
tes  and  services,  so  that  there  is  an  element  of  good-will 
such  traffic. 

Again,  on  pp.  309  and  211,  the  author  upholds  the 
•ntention  of  railroad  men  that  all  the  component  parts 
a  railroad  may  and  do  depreciate,  but  that  the  railroad 
nnot  .^uller  depreciation.  On  p.  2()G  and  following,  the 
anparisons  made  with  rates  for  electric  current  are 
jakeued  by  attempting  to  show  that  the  lower  cost  of 
1-day  power  over  short-hour  current  is  due  to  the  value 
the  .service.  Value  of  service  enters  some  electricity 
tes  for  commercial  establishments,  where  competition 
ith  steam  power  has  to  l)e  met,  but  in  the  majority  of 
ses  the  cost  of  24-hr.  service  is  so  much  lower  than  the 
lort-hour  service  that  cost  may  be  said  to  determine  the 
:te.  Again,  on  p.  269,  in  discussing  value  of  service  by 
18  analogy  of  taxation,  the  author  states  that  the  owner 
"  a  $20,000  building  on  a  50-ft.  front  gets  no  more 
■rvice  for  his  ta.xes  than  the  owner  of  a  $.'5,000  building 
1  the  same  frontage — obviously  neglecting  suf-h  fuiida- 
ental  functions  of  tax-supported  government  as  police 
id  fire  protection  which  arc  properly  measured  by  the 
due  of  the  investment  protected. 

In  making  the  unqualified  statement  (p.  260)  that 
)st  of  service  is  a  limiting  factor  in  all  rates  below  which 
D  rate  can  go  if  it  does  not  cover  the  actual  out-of-jjocket 
v'pense,  the  author  seems  to  neglect  branch  lines  that 
re  operated  at  an  appreciable  loss  in  order  that  the 
refits  may  be  secured  on  the  main  line.  These  last  few 
aragraphs  di-sclose  the  comparative  triviality  of  the 
riticisms  that  can  be»made — except  as  to^the  treatment  of 
epreciation  already  noted. 

LEVATORS:  A  I'r;ictio.il  Tre.Tti.se  on  tin;  Development  and 
DeslKn  of  Hanil.  Belt,  Steam,  Hydraulic  and  ICIectrlc  Ele- 
vators— }',y  John  II.  Jalllii>?s,  Mechanual  Kiinlncer  and 
Elevator  ICxpert  with  Karstner  &  Hcclit  Co..  Chicago. 
ChlcaKo;  American  Technical  Society.  Cloth;  6x9  In.;  pp. 
217;   172  Illustrations.     $1.50. 

In  writing  this  book  the  author  has  taken  pains  to 
resent  in  considerable  detail   the  history  of   American 


elevators  and  he  shows  some  interesting  types — like  the 
steam  lifts — now  practically  unused.  The  first  part  of 
the  book  confines  itself  to  hand  elevators.  Then  come 
belt-power  machines  and  a  chapter  on  worm  gearing, 
which  has  been  important  in  the  development  of  power 
lifts.  A  few  pages  are  given  up  to  steam  types  and  the 
several  hydraulic  elevators.  A  final  section  presents  the 
subject  of  electric  hoisting  and  control  equipment. 

§tieel=Fraina©dl  MilE  B^flldlasags 

Reviewed  ky  C'lvpe  T.  Mokkis* 

the  practical  design  op  steel-framed  sheds— by 

Albert  S.  Spencer.     New  York:  D.  Van  Nostrand  Co.    Cloth; 
6x10  in.;  pp.  xv  +  163;  13  folding  plates.     $3.50  net. 

The  preface  states: 

Tile  object  of  this  book  is  that  of  providing;  for  the  student 
and  tlie  designer  a  guide  to  the  practical  design  of  shed 
framework  and  foundations.  .  .  .  The  author  has  pre- 
sumed of  the  reader  an  intimate  knowledge  of  the  theory  of 
structures  and   of  practical   designing. 

The  theoretical  treatment,  as  indicated  in  the  preface, 
is  very  limited.  There  is  a  short  discussion  of  wind 
pressures  to  be  u.sed  in  designing  and  of  the  various  as- 
sumpticms  made  as  to  the  degree  of  fixity  existing  at  the 
tops  and  bases  of  the  "side  stanchions,"  or  columns,  as 
they  are  knowni  in  America. 

Four  types  of  "sheds"  (mill  buildings)  are  consid- 
ered, divided  according  to  the  degree  of  fixity  of  the 
ends  of  the  columns  and  the  presence  or  absence  of 
"side  stays"  (knee  braces).  Standard  tables  of  stresses 
and  sizes  are  given  for  various  spans  and  heights  for 
three  of  these  types,  both  for  roofs  covered  with  corru- 
gated sheets  and  for  slate  roofs.  The  pitch  of  the  sheeted 
roofs  is  211/^°  and  of  the  slate  roofs  30°.  All  of  the 
trusses  are  of  the  Fink  or  the  modified  Fink  type.  At 
the  end  of  the  book  a  number  of  plates  are  given  showing 
typical  stress  diagrams  and  standard  methods  of  framing. 

Chapter  VII,  on  "External  Coverings,"  and  Chapter 
VIII.  on  "Gutters,  Pipes,  Ventilation,  Doors,  Windows 
and  Skylights,"  give  standard  British  practice  in  these 
matters. 

The  book  might  be  of  value  as  a.handbook  in  the  draft- 
ing rooms  of  structural  companies  in  England,  but  will 
probably  find  a  very  limited  u.se  in  this  country,  as  the 
.standards  used  do  not  fit  American  practice. 

A  B®®B&  ©Ha  Scsi^oUdlaEa^ 

SAFETY  ENGINEERING  API'LIED  TO  SCAFFOLDS— The 
Travelers  Insurance  Co..  HartfonI,  Conn.  Cloth;  6x9  in.; 
pp.   vi     I     354;   127   illustrations.      $3. 

The  first  chapter  of  this  book  on  a  rarely  discussed 
subject  seeks  to  establish  the  reality  of  the  scaffold 
hazard.  Those  who  follow  building  construction  will 
need  only  to  read  this  chapter  heading  and  turn  to  the 
next.  Here  scaffolds  are  considered  generally — pole, 
outrigger,  ladder,  su.speuded,  chimney  stagings,  and  even 
falsework.  Following  this  are  a  number  of  sections 
dealing  exiiau.stively  with  the  cliaracteristics,  special 
hazards  and  the  good  features  of  various  designs  of 
scaffolding. 

The  masons'  hor.sc  is  widely  u.sed  in  the  construction 
of  buildings,  both  on  the  inside  and  the  outside  of  the 
wall,  and  it  is  a  prolific  .source  of  accident.  A  sratt'old 
consisting  of  horses  and  planks  is  a  loose  device  that 
when  built  for  high  work  is  none  too  stable.    Section  9 
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treats  of  this  arrangement,  giving  a  sketch  of  a  well- 
designed  horse.  When  horses  are  set  tier  upon  tier  it 
is  advisable  to  brace  the  temporary  structure.  When 
this  type  of  scaffolding  reaches  6  or  8  tiers — a  dangerous 
and  ill-advised  practice,  by  the  way — it  is  recommended 
that  every  horse  be  nailed  to  the  planks  it  supports  and 
to  those  upon  which  it  rests. 

"Structures  Similar  to  Scaffolds"  is  the  title  of  Section 
12.  It  touches  upon  such  subjects  as  sidewalk  protec- 
tion, material  hoists,  arch  centers  and  other  falsework. 

The  section  following  carries  the  sober  heading  General 
Counsel,  and  men  in  the  building  trades  who  are  re- 
sponsible for  the  safety  of  others  would  do  well  to  at 
least  endeavor  to  assimilate  some  of  the  wise  advice 
offered  here.  Unquestionably  every  building  superin- 
tendent should  possess  a  copy  of  this  eminently  practical 
book,  and  in  not  a  few  cases  it  would  be  a  downright 
economy  for  his  company  to  purchase  it  and  present  it 
to  him. 

•^: 

Val^aSaoira  for  IR.Si(l©<=Ma!,S^n!m^ 
Reviewed  by  Leonakd  Metcalf* 

VALUE  FOR  RATE-MAKING — By  Henry  Floy.  Fel.  Am.  Inst 
E.  E.,  M.  Am.  Soc.  C.  E.,  Consulting  E^ngineer.  New  Yoi-k; 
McGraw-Hill  Book  Co.  Cloth:  6x9  in.;  pp.  viii  +  322; 
illustrated.     $4  net. 

Only  those  familiar  with  tlie  subject  can  have  a  just 
appreciation  of  the  tremendous  amount  of  labor  which 
has  entered  into  the  writing  of  this  book.  It  is  clearly 
a  composite  work  embodying,  as  the  author  frankly 
states  in  his  preface,  much  matter  originally  prepared  by 
him  in  discussing  technical  papers  upon  "Valuation" 
and  "Rating"  and  in  assisting  in  the  writing  of  legal 
briefs  in  public-utility  cases  covering  a  wide  field.  It 
is  the  work  of  an  alert  and  studious  mind  which  has 
had  the  benefit  of  broad  practical  experience  and  contact 
with  some  of  the  ablest  lawyers  and  jurists  in  this 
country.  The  arrangement  of  the  matter  is  logical,  the 
discussion  lucid,  and  the  legal  citations  are  apt  and 
up  to  date. 

The  author  opens  with  an  introduction  covering  a  dis- 
cussion of  the  basis  for  rates,  right  or  regulation,  develop- 
ment of  law  and  a  quotation  of  the  Federal  Valuation 
Act.    Chapter  II  is  given  over  to  definitions. 

In  Chapter  III  the  fundamentals  of  valuation  arc 
admirably  presented,  particular  attention  being  called  to 
the  unfairness  and  illegality  of  attempting  to  apply  ex 
post  facto  rulings  to  utility  regulation  ;  and  to  the  general 
tendency  to  ignore  the  fact  that  newly  organized  utilities 
originated  under  present-day  regulation  cannot  be  treated 
the  same  as  long-established  utilities  which  have  been 
created  and  operated  without  much  restriction  as  to  their 
profits  and  rate  of  return.  The  author  recognizes  the 
trend  of  public  service  commission  rulings  toward  invest- 
ment cost  as  a  fair  measure  of  value  and  control,  giving 
an  assured  return  commensurate  with  the  nature  of  the 
guarantee,  though  "such  basis  is  not  sanctioned  by  the 
United  States  Courts,"  which  have  in  a  long  line  of 
decisions  adhered  to  present  value  and  a  variable  rate  of 
return  commensurate  with  the  risks  of  the  business.  The 
discussion  of  the  difference  between  the  competitive  and 
noncompetitive  utility  is  well  presented,  and  the  popular 
agency  theory  is  thoroughly  exploded.    The  necessity  for 

•Consulting  Engineer;  Metcalf  &  Eddy.  11  Beacon  St.  Bos- 
ton, Mass. 


establishing  rates  for  periods  rather  than  annuallv,  on 
account  of  the  impracticability  of  repeatedly  raisino-  and 
lowering  the  rates  to  closely  follow  the  value  of  or  the 
investment  in  the  property,  is  recognized  by  the  author. 

Chapter  IV,  upon  "Fair  Value  for  Rate  Making," 
covers  the  general  principles  involved,  discussion  upon 
the  distinction  between  investment  cost  and  present 
value,  fair  rate  and  an  excellent  presentation  of  the 
necessity  for  recognizing  and  encouraging  in  some  practi- 
cal way  efficiency  in  operation — perhaps  the  most  difficult 
problem  facing  regulating  bodies.  The  valuation  of  the 
service  is  briefly  touched  upon,  but  no  specific  suggestions 
are  made  as  to  methods  for  its  determination.  A  striking 
example  of  the  failure  of  the  regulating  body  to  recognize 
the  value  of  this  most  important  element,  as  well  as  the 
cost  and  effect  of  good  organization,  business  acumen 
and  efllcieiicy  in  rendering  service,  is  cited  in  the  famil- 
iar Wells-Fargo  decision  of  the  California  Railroad  Com- 
mission. 

In  Chapter  V  the  details  of  the  cost  of  reproduction 
are  intelligently  discussed,  though  the  subject  of  used 
and  unused  property  or  property  to  be  included  in  the 
rating  base,  was  overlooked. 

Chapter  VI  covers  Land,  Paving  and  Water  Rights. 
The  discussion  as  to  the  latter  is  particularly  timely. 
Though  brief,  it  is  significant.  The  author  recognizes 
the  growing  importance  of  the  doctrine  of  beneficial  use 
and  that  history,  in  the  proper  treatment  of  water  rights, 
is  in  the  making.  The  pusent  situation  of  the  doctrine 
of  State  vs.  Federal  ownership  and  control  of  waters 
within  its  own  bounds,  now  pending  before  the  United 
States  Supreme  Court,  is  well  outlined. 

Chapter  VII  follows  with  a  good  discussion  upon 
Franchises,  AVorking  Capital  and  Bond  Discounts. 

Chapter  VIII,  upon  "Going  Value,"  is  perhaps  the 
JDest  summing  up  of  the  subject  which  has  yet  appeared. 
The  author's  analysis  of  Justice  Day's  (United  States 
Supreme  Court)  dicta  upon  "Going  Value"  in  the 
Des  Moines  Gas  Co.  case  is  as  convincing  as  it  is  fearless 
but  courteous,  and  his  analysis  of  the  historic  attempt 
of  the  New  York  Public  Service  Commission,  First 
District,  to  practically  exclude  going  value  from  the 
rating  base  is  clear,  cogent  and  significant. 

Chapter  IX  is  devoted  to  the  subject  of  "Deprecia- 
tion" and  contains  a  forceful  argument  for  a  considera- 
tion of  the  property  as  an  operating  entity  and  not  as  an 
aggregation  of  detached  and  perishable  structures.  The 
essential  difference  between  the  problem  of  dealing  with 
the  property  having  structures,  for  the  most  part  of  very 
long  life,  as  the  gravity  water-works,  and  those  of  com- 
paratively short  life,  as  the  railroad,  might  have  been 
somewhat  more  clearly  drawn,  and  the  reader's  mind 
might  have  been  better  prepared  for  the  subject  had  his 
attention  been  called  at  the  outset  to  the  basic  difference 
in  principle  involved  in  the  two  theories  of  depreciation 
accounting — the  first,  on  the  "service  basis,"  in  which 
depreciation  is  in  general  not  taken  care  of  until  it  haa 
actually  accrued ;  the  second,  the  "condition  theory,"  in 
which  the  ultimate  effect  of  depreciation  is  anticipated, 
consideration  being  given  not  only  to  the  effect  of  wear 
and  tear,  but  to  the  often  greater  effect  of  mere  lapse 
of  time,  with  resulting  shortening  of  useful-life  period 
of  the  iiroperty. 

The  book  is  a  most  important  and  timely  contribution 
to  the  subject  of  "Valuation  for  Rate-Making"  and  will 
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I  found  of  marked  service  to  engineers  and  lawyers,  and 

I  lers  having  to  do  with  such  problems. 
The  untimely  death  of  the  author,  recently  noted  in 
igineering  News,  is  a  distinct  loss  to  the  profession. 

Occ^s'ireEic©   siuadl  Use  of  Coal 

.  .AL:  ITS  ECONOMICAL  AND  SMOKELESS  COMBUSTION'— 
By  James  F.  Cosgro\*e.  Philadelphia.  Penn.  (357  West 
Duval  St..  Germantown) :  Technical-Boolv  Publishing  Co. 
Cloth;  6x9  in.;  pp.  273;  33  illustrations.     $3. 

Mr.  Cosgrove  has  prepared  a  descriptive  discussion  of 
e  geology  and  chemistry  of  coal,  and  of  the  physics  and 
>  gineering  of  fuel  combustion,  in  a  plain  and  readable 
^hion  that  ought  to  make  the  fundamental  information 
idily  available  for  businessmen,  factory  managers,  civil 
dneer.--,  contractors,  and  all  others  not  specially  trained 
power  generation  processes.  How  comparatively  small 
.olunie  is  really  essential  to  treat  adequately  many  im- 
rtant  engineering  topics  is  thus  again  exemplified. 
The  author  first  discusses  the  classification  of  coal  ac- 
I'ding  to  its  carbon  and  hydrogen  contents.  Then  he 
res  a  classification  with  descriptive  comment  according 
the  more  familiar  grouping  as  bituminous,  anthracite, 
iiianthracite,  semibituminous,  coking,  and  noncoking, 
nite,  peat,  etc.  After  this  there  is  a  further  classifica- 
m  of  coals  for  their  use — domestic  service,  stationary 
ating  and  power  plants,  locomotive  boilers,  steamship 
"vice,  smithing,  coke  making,  gas  making,  cement 
rning  and  metallurgical  processes.  After  this  is  a 
apter  on  composition,  and  then  one  on  the  effects  of 
e,  weathering,  spontaneous  combustion,  etc. 
The  clinkering  of  coal  ash  in  its  relations  to  the  coal 
be  selected  for  various  services  forms  one  of  the  import- 
t  sections  of  the  book.  After  this,  and  before  the 
rther  discussion  of  combustion,  etc.,  is  taken  up,  there 
a  section  of  some  fifty  pages  on  the  geology  of  American 
al  fields.  Noteworthy  among  the  discussions  in  the  re- 
aining  part  of  the  book  are  those  on  the  purchase  of 
al  taking  into  account  heat  value  and  impurities,  and 
prevention  of  smoke ;  a  useful  appendix  gives  the 
lalyses  of  319  American  coals  from  scattered  localities. 
■^. 

Tlheory  ©If  Costl  ©f  Seir^^i'ic® 


ULWAY  MONOPOLY  AND  RATE  REGULATION— By  Rob- 
ert James  McEall,  Sometime  Fellow  in  Economics  in 
Columbia  University  and  Instructor  in  Economics  in  the 
University  of  Minnesota.  ["Studie.s  in  History,  Economics 
and  Public  Law,"  edited  by  the  Faculty  of  Political  Sci- 
ence of  Columbia  University.  Whole  No.  164.]  New  York: 
Columbia  University;  Longmans,  Green  &  Co.  Paper;  6x10 
In.;  pp,  223. 

Professor  McFall  has  given  here  a  careful  exposition 
the  economic  basis  for  the  present-day  principle  of 
Tvice  eo.st  ajjplied  to  adjustment  of  railway  rates.  His 
mdamental  thesis  is  not,  as  many  would  suppose,  that 
•tailed  tariffs  should  follow  clo.sely  the  costs  of  partic- 
lar  service,  but  that  the  rate  system  as  a  whole  must  be 
|ual  to  the  cost  of  senice — including  therein  the  "fair 
•turn  on  fair  value."  He  would  ad,iust  particular 
iriffs  more  or  less  in  accordance  with  the  ability  of  a 
iven  traffic  to  develop  under  certain  rates,  the  .starting 
Ltint  being  the  aggregate  of  closely  assignable  items. 
In  the  course  of  his  argument  the  author  shows  that 
lilway  monopoly — the  combination  of  control  and 
nance — is  a  social  advantage  compared  with  unre- 
ricted  competition.  The  evils  pointed  out  are  unneces- 
iry  maintenance  of  price  and  restriction  of  service.    It 


is  urged  that  railroad  regulation  be  aimed  at  securing 
the  maximum  service  rather  than  letting  companies 
secure  maximum  possible  profit,  and  at  keeping  rates 
down  as  far  as  the  desired  service  permits.  Such  an 
end  the  author  believes  is  as  much  as  could  be  looked  for 
with  either  government  ownership  or  unrestricted  compe- 
tition. 

Fjpaimclplles  of  Costl  Acco^ioi^airag 

PiEVlEWED   BY    R.    R.    PoTTEIi* 

PRINCIPLES  AND  PRACTICE  OF  COST  ACCOUNTING,  For 
Accountants,  Manufacturers,  Mechanical  Engineers, 
Teachers  and  Students— By  Frederick  H.  Baugh.  Balti- 
more (P.  O.  Box  6S2),  Md.:  The  Author.  Cloth;  6x9  in.; 
pp.  XI    -t-    194.     $3. 

While  the  title  page  of  this  book  describes  it  as  being 
for  accountants,  engineers,  teachers  and  students,  it 
appears  to  be  written  quite  decidedly  from  the  stand- 
point of  the  accountant.  Engineers  will  find  it  rather 
a  dry  volume,  unless  indeed  they  should  find  themselves 
in  a  situation  where  some  definite  knowledge  of  cost 
accounting  was  required.  In  such  a  case,  since  the  book 
is  very  compact,  it  should  prove  useful  to  engineers  as  a 
reference  work. 

The  author  describes  a  system  of  cost  accounting  which, 
he  states,  calls  for  little  if  any  addition  to  the  books 
which  a  corporation  should  ordinarily  possess.  He  shows 
a  dozen  or  so  forms  for  the  analysis  of  costs,  indicating 
the  way  in  which  the  information  can  be  usefully  sum- 
marized. These  forms  are  given  chiefly  in  the  last  two 
chapters,  which  illustrate  briefly  the  system  explained  by 
the  author  in  its  application  to  departmental  cost  keep- 
ing and  process  cost  keeping  respectively. 

Forms  such  as  would  be  used  for  payroll  analysis, 
production  orders,  requisitions,  material  transfers,  etc., 
are  purposely  omitted.  The  author  states  that  such  forms 
are  rarely  of  any  practical  value  except  to  the  business 
for  which  they  were  especially  planned  and  that  when 
one  knows  what  data  are  needed  the  required  forms  are 
easily  prepared.  This  policy  certainly  lias  the  desirable 
result  of  making  the  book  exceptionally  concise.  The 
same  general  idea  is  followed  in  the  text,  where  a  little 
too  great  care  is  taken  not  to  describe  the  accounting 
system  for,  or  even  to  mention,  any  particular  line  of 
manufacture.  This  certainly  does  not  make  the  book 
any  more  interesting  reading;  and  while  it  may  for 
some  reasons  be  an  excellent  plan,  it  introduces  an 
element  of  vagueness  and  necessitates  more  than  ordinary 
effort  at  ((Hicpiitration  on  the  part  of  the  reader. 

HallFs  F^lbllac  MeaS^tlh  IRewasedl 

THE  NEW  PUBLIC  HEALTH— By  Hibbert  Win.«low  Hill.  Di- 
rector, Institute  of  Public  Health,  and  Medical  Officer  of 
Health  of  London,  Canada;  Professor  .of  Public  Health, 
Western  University.  New  York:  The  MacmlUan  Co.  Cloth; 
Sx8  in.;  pp,  206.     $1.25. 

Dr.  Hill  has  revised  and  extended  the  valuable  series 
of  syndicated  articles  that  he  wrote  some  five  years  ago 
and  that  were  subsequently  published  in  book  form.  (No- 
ticed in  Enc/ineeriny  News,  Mar.  19,  1914.)  The  new 
publishers  have  greatly  improved  the  tj-pography  and 
general  makeu])  of  the  book. 

It  seems  hardly  necessary  to  .state  in  these  columns 
that  the  new  public  health  deals  primarily  with  the  in- 
fected and  infective  person  and  the  earliest  possible  con- 

•Asslstant    Manager,    Blood    Bros.    Machine    Co.,    Allegan, 
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trol  of  discharges  from  liim  and  leaves  garbarge,  a.«lies, 
plumljing  and  the  like  to  others,  all  of  which  is  clearly 
and  forcibly  explained  by  the  author.  The  book  con- 
tains many  practical  suggestions  for  health-protective 
work. 

lElecfta'ac  F®S©  gisadl  To'^y^eff'  ILiiaes 

POLE  AND  TOWER  LINE.S.  for  Electric  Power  Transmis- 
sion— Bv  R.  D.  Coombs.  M.  Am.  Soc.  C.  E.  New  York: 
McGraw-Hill  Book  Co.  Cloth;  6x9  in.;  pp.  viii  +  272;  162 
illustrations.     $2.50  net. 

Mr.  Coombs  is  kno\\ai  as  an  earnest  advocate  of  depart- 
mentizing  the  work  of  a  power  company's  engineering 
staff  to  the  extent  that  the  electrical  engineers  should 
not  design  the  transmission  lines  as  structures,  and  he 
cannot  be  charged  with  trying  to  educate  electrical  men 
into  that  field  of  applied  mechanics.  But  nevertheless 
his  book  will  be  particularly  useful  to  the  many  electrical 
engineers  who  cannot  have  civil-engineering  associates  to 
work  out  these  problems  for  them.  Jloreover,  with  the 
good  fundamental  education  which  every  successful  elec- 
trical man  must  have  had,  there  is  no  reason  why  a  close 
approach  to  safe  and  economical  transmission  lines  should 
not  be  promoted.  But  it  will  be  necessary  for  such  a 
man  to  have  other  books  on  structural  design,  for  the 
author  does  not  give  an  exposition  of  the  general  theory 
and  practice  of  that  subject. 

The  book  opens  up  with  introductory  notes,  dra^vTl 
from  e.xperience,  on  economic  grade  of  construction,  life 
of  materials,  necessary  clearances,  factors  of  safety,  fields 
for  various  types  of  supports,  etc.  The  details  of  design 
begin  with  a  discussion  of  loading.  The  author  would 
neglect  accidental  loads — like  falling  oijjects — and  he 
would  advocate  a  single  ice  and  wind  load  as  applicable 
generally  the  country  over,  modified  up  or  down,  no 
doubt,  as  judgment  dictates  for  a  few  localities.  A  rea- 
sonable sleet  load  is  taken  as  i/^  in.  of  ice  all  around  a 
wire ;  the  suggested  wind  load  is  13  lb.  per  sq.ft.  of 
projected  area  for  flat  surfaces  and  8  lb.  for  the  projected 
area  of  wire  and  ice  coat. 

In  designing  the  wire  and  cable  spans  the  parabolic 
formula  is  substituted  for  the  true  catenary,  it  being 
argued  that  the  computed  results  are  closer  to  actual 
than  the  actual  stringing  is  to  the  designed.  At  this 
point  in  the  book,  tables  and  curves  of  wire  and  span 
data  are  inserted. 

There  are  very  interesting  and  suggestive  chapters  on 
the  design  of  wood-pole,  steel-])ole,  steel-tower  and  rein- 
forced-eoncrete-pole  lines.  There  is  not  presented  in 
these  sections,  as  already  intimated,  a  complete  procedure 
for  design,  but  rather  a  chain  of  discourses  on  departures 
from  ordinary  structural  designing — covering  such  top- 
ics as  maximum  stress  and  weakest  sections  in  wood  poles, 
flat  and  angle  lacing  for  poles  and  towers,  connections, 
wide-base  structures,  flexible  frames,  etc.  A  notable  ad- 
dition is  the  tal)ulated  data  on  about  fifty  wood-  and 
ninety  steel-supported  lines. 

Summed  up,  the  author's  recommendation  .'leems  to 
be  to  use  combined  ice  and  wind  loads  with  very  moderate 
broken-wire  conditions,  to  avoid  excessive  1/r  values 
and  thin  sections,  and  to  use  rather  low  factors  of  safety. 
In  fact,  he  specifically  argues  against  high  factors  of 
safety  designed  to  protect  against  the  ignorance  of  the 
designer. 

There  is  a  good  chapter  on  foundations,  although  it 
might  have  been  apprecial)ly  enriched  by  reprinting  con- 


structions shown  a  year  ago  in  an  extended  topical  discus- 
sion before  the  American  Institute  of  Electrical  Engineers. 
Toward  the  end  of  the  book  are  assembled  a  miscellaneou.s 
selection  of  practical  matters  all  of  great  importance  and 
well  presented — protective  coatings,  tie  wires,  proper  in- 
sulator and  pin  types,  arm  braces,  guys,  anchors,  erection 
practices  and  costs,  accident  prevention,  etc.  A  valuable 
feature  is  the  large  nmnber  of  specifications  inserted  at 
various  parts  of  the  text. 


ELECTRIC  RAILWAY  ENGINEERINC3 — Bv  C.  Francis  Hard- 
ing. Pel.  Am.  Inst.  E.  E.,  Professor  of  Electrical  Engineer- 
ing, Director  of  Electrical  Laboratories,  and  Dressel  D 
Ewing,  M.  Am.  Inst.  E.  E.,  Assistant  Professor  of  Elec- 
trical Engineering,  Purdue  University.  Second  edition 
fully  revised,  enlarged  and  reset.  New  York;  McGraw-Hill 
Book  Co.  Cloth;  6x9  in.;  pp.  xv  -f  416;  190  illustrations 
$3  net. 

The  appearance  of  the  second  editicm  of  Professor 
Harding's  work  on  electric-railway  engineering  for  ad- 
vanced students  reminds  teachers  of  the  discussions  on 
the  appearance  of  the  first  edition  as  to  whether  the 
strictly  theoretical  and  somewhat  academic  procedures 
should  be  exclusively  presented  to  budding  minds,  or 
whether  it  might  not  be  assumed  that  the  students  had 
been  earlier  acquainted  with  such  procedures  and  could 
be  introduced  to  various  practical  short  cuts  that  were  in 
common  use,  especially  in  preliminary  work.  The  author 
employed  the   second  plan. 

Comparison  of  the  first  and  •second  editions  shows 
the  addition  of  one  new  chapter — on  locomotive  train 
haulage — and  the  general  insertion  all  through  of  such 
new  matter  as  brings  the  text  up  to  date.  The  book 
is  of  service  not  only  to  teachers  and  students,  but  to 
utility  executives  and  ca.^ual  readers  who  desire  to  inform 
themselves  on  the  engineering  steps  in  establishing  an 
electric  railway  in  operating  shape. 


[So  far  as  possible  the  name  of  each  publisher  of  books  or 
pamphlets  listed  in  these  columns  is  given   in  each  entry.     K 
the   book    or   p.amphlet  is   for  sale   and   the   price   is   known  by 
the  editor,  the  price  is  stated   in  each  entry.     Where  no  price 
is  given  it  does  not  necessarily  follow   that   the  book  or  pam- 
phlet can  be  obtained  without  cost.     Many,  but  not  all,  of  the 
pamphlets,  however,   can  be  secured  without  cost,   at  least  by 
inclosing  post.age.     Persons  who  are  in  doubt  as  to  the  means 
to    be    pursued    to    obtain    copies   of   the    publications   listed  in 
these  columns  should  apply  for  information  to  the  stated  pub- 
lisher,  or   in    case   of   books   or   papers   iii'ivately    printed,   then 
to   the  author  or  other  person   indicated   in   the   notice.] 
ADVI.SORY  PAMPHLET  ON  CAMP  SANITATION  AND  HOUS- 
ING— By   J.    J.    Rosenthal.       San     Francisco,     Calif.     (526 
Market  St.):    Commission  of  Immigration  and  Housing  of 
Californi.a.      Fourth    revised   edition.      Paper;    6x9    in.;   PP 
56;   illustrated. 
ANNUAL    REPORT    ON    THE    MINERAL    PRODUCTION    OF 
CANADA,    1:114 — Ottawa.   Ont.:    Mines   Branch,   Department 
of  Mines  of  Canada.      I'apor;  7x10  in.;  pp.  ^(\2. 
BRIDGE    ENGINEERING— Hy    J.    A.    L.    Waddell,   M.    Am.   Soc. 
C.  E.,  Senior  Partner  of  Waddell  &  Son,  Consulting  Engi- 
neers,   Kansas   City,    Mo.      In   Two   Volumes.      New    York: 
.lohn  Wilcv  &  Sons.     Cloth;  6x9  in.;  pp.  Ixxv    +    2,177;  pro- 
fusely  illustrated.      $10. 
COAL    MINERS'     POCKKTBOOK:     Formerly     the     "Coal    and 
Metal    Miner.s'    Pocketbook" — Principles,    Rules.    Formulas 
and   Tallies.      Eleventh    eilition,   revised,   enlarged    and   en- 
tirely reset.      New  York:   McGraw-Hill    Hook   Co.      Flexible 
leather;    1x7  in.;   pp.    xxv     >     1.173:    illustrated.      $4   net. 
COMMISSION  ON  BUILDING  DISTRICTS  AND   RESTRICTIONS 
(OF  NKW   YORK  CITY):   Final  Report,  .June  2,  1916— New 
York    (Municipal   Building):   Committee   on    the  City  Plan, 
Board    of    Estimate   and    Apportionment.      Paper;   7x10  In.; 
pp.   100;   illustrated. 
Acting    under    a    1914    amendment    to    the    charter    of   New 
York   City,   the  Board  of   Estimate  appointed   the  Commission 
named  above,  which  had  been  preceded  by  a  Heights  of  Hulld- 
ings  Commission.     After  two  years'  work  the  new  Commission 
submitted  a  tentative  report,  accompanied  by  a  series  of  maps. 
These   maps    showed    numerous    geographical    divisions   of  the 
city  divided  into  "use"  districts,  the  latter  including  residence, 
business,     unrestricted    .and     undetermined     sections     for    each 
division.     After  public  hearings  on   the  tentative  scheme,  the 


July  20,  1916 


ENGINEERING     NEWS 


123 


resent  report  was  formulated.     It  includes  a  resolution,  with 
xplanatory   diagrams,   establishing   "use    districts"    and   regu- 
iting   the   height   of   buildings. 
COMPREHENSIVE    PLAN    OF    INSURANCE    AND    ANNUI- 
TIES FOR  COLLEGE  TEACHERS — By  Henry  S.  Pritchett. 
President    of    the    Carnegie    Foundation.      New    York    (576 
Fifth   Ave.):    The    Carnegie   Foundation    for   the    Advance- 
ment of  Science.     Bulletin   No.   9.      Paper:   7x10  in.:   pp.   67. 
OMPREHENSIVE     PLAN     OF     NEWARK — Newark,     N.     J.: 
Office  of  the  City  Plan  Commission;  Harland  Bartholomew, 
Secretary.     Paper;   6x9   in.;   pp.   180;   illustrated. 
One    of    the    best-considered    and    most    business-like    city- 
Ian  reports  so   far  published.      It   is   the  result  of   more   than 
iree  years'  study,   under  the   immediate  direction   of  Harland 
artholomew.  Engineer  and  Secretary  to  the  Commission,  with 
eorge  B.   Ford  and    E.   P.   Goodrich   as   expert   advisers.      The 
^ur  main  topics  are:   Streets  and   Transportation;   Recreation 
nd    Civic    Beauty;    Housing    and    Public    Control    of    Private 
'evelopment:   Planning   the   Greater   City   and   a   Program    for 
uture  Work. 

ONNECTICUT  STATE  PUBLIC  UTILITIES  COMMISSION: 
Fourth  Annual  Report,  including  the  Financial  Reports  of 
All  Public  Service  Companies  for  the  Year  Ending  June 
30,  1915,  with  Statistical  Tables  Relating  Thereto.  Hart- 
ford. Conn.:  Henry  F.  Billings,  Secretary.  Cloth;  6x9  in.; 
pp.  6SS. 
OFFER  SULPHATE  TREATMENT  OF  ST.  PAUL,  MINNE- 
SOTA, WATER-SUPPLY — By  Prof.  N.  L.  Huff,  Department 
of  Botany,  University  of  Minnesota,  with  Introduction  by 
Garrett  O.  House.  General  Superintendent.  Bureau  of 
Water,  St.  Paul,  Minn.  [Reprinted  from  the  "Journal"  of 
the  American  "U'ater-Works  Association,  Vol.  3,  No.  2, 
June.  1916.]  Paper:  6x9  in  ;  pp.  581-621;  illustrated. 
EPARTMENT  OF  PUBLIC  WORKS,  NEW  SOUTH  WALES: 
Report  for  the  Year  Ended  June  30  1915 — Sydney,  N.  S.  W., 
Australia.  Paper;  8x13  in.;  pp.  145:  illustrated.  7/6. 
ISCUSSION  OF  POWER  ESTIMATES  FROM  STREAM  FLOW 
AND  RAINFALL  DATA — By  Clemens  Herschel.  [Re- 
printed from  the  "Journal"  of  the  Boston  Society  of  Civil 
Engineers,  Vol.  3,  No.  6,  June.  1916.]  Paper;  6x9  in.;  pp. 
303-313;  illustrated. 
OREIGN  COMMERCE  AND  NAVIGATION  OF  THE  UNITED 
STATES:  Report  for  Year  Ending  June  30,  1915 — Wash- 
ington, D.  C:  Bureau  of  Foreign  and  Domestic  Commerce. 
Cloth;  9x12  in.:  pp.  928.  -H  a  copy;  from  Superintendent 
of  Documents,  Washington,  D.  C. 
EOLOGIC  ATLAS,  UNITED  STATES  GEOLOGICAL  SURVEY 
— Washington,    D.    C.      Paper;    18x20    in.;    illustrated. 

Folio  No.   199,  Silver  City,  N.  M. — By  Sidney   Paige.     Pp. 
19.      Folio    No.    201,    Minneapolis-St.    Paul,    Minn. — By 
Frederick  W.  Sardeson.      Pp.  14. 
>IDUSTRIAL  ACCIDENT  PREVENTION— Albany.    N.  Y.:  New 
York  State  Department  of  Labor.  Bureau  of  Statistics  and 
Information.     Special  Bulletin  No.  77.     Paper;  6x9  in.;  pp. 
54;  illustrated. 
S'DUSTRIAL   PREPAREDNESS — By   C.    E.    Knoeppel,    Author 
of  "Maximum   Production   in   Shop  and   Foundry"  and  "In- 
stalling Efficiency  Methods."     New  York:  The  Engineering 
Magazine   Co.      [Industrial    Management    Library.]      Cloth; 
5x8  in.:  pp.  viii    +    145.     $1. 
HE  INFLAMMABILITY   OF   ILLINOIS   COAL   DUSTS— By   J. 
K.  Clement  and  L.  A.  SchoU,  Jr.     Washington,  D.  C. :  United 
States  Bureau  of  Mines.     Bulletin  102.     Paper;  6x9  in.;  pp. 
74;   illustrated. 
>;TERIM  REPORT:   STATISTICAL  EXAMINATION  OF  CER- 
TAIN   GENERAL     CONDITIONS     OF     TRANSr>ORT.A.TION 
BEARING  ON  THE  ECONOMIC  PROBLEM  OF  THE  PRO- 
POSED GEORGIAN  P.AY   CANAL — By  W.    Sanford    Evans. 
Chairman,  Georgian  Bay  Canal  Commission,  Ottawa,  Can- 
ada.    Paper;  7x10   in.;  pp.   1.^0:   illustrated. 
N'TERNATIONAL  RAILROAD  MASTER  BLACKSMITHS'  AS- 
SOCIATION: Proceedings  of  Convention  Held  at  Philadel- 
phia,   Aug.    17-19,    1915.      Lima.    Ohio;    A.    L.    Woodworth, 
Secretary   and   Treasurer.     Cloth;    6x9   in.;   pp.   226;   illus- 
trated. 
lANUAL    OF    AMERICAN    STEEL    AND    WIRE    COMPANY'S 
PROCESS  OF  WATER  PURIFICATION  WITH   SULPHATE 
OF    IRON — 208    South    La    Salle    St.,    Chicago,    111.      Paper; 
6x9   in.;   pp.   152;    illustrated. 
Although    designed    primarily    to    promote    the    use    of    sul- 
hate   of   iron    in    water    treatment,    this    pamphlet    contains   a 
onsiderable    amount    of    information    on    water    treatment    in 
eneral,  many  pages  of  tables  and   numerous  illustrations  of 
Itratlon   plants. 

lASSACHUSETTS  STATE  BOARD  OF  HEALTH:  Annual  Re- 
port for  the  Fiscal  Year  Ended  Nov.  30,  1914 — Boston, 
Mass.  Cloth;  6x9  in.;  pp.  781. 
lECHANICAL  ENGINEERS'  HANDBOOK:  Based  on  the 
Huette  and  Prepared  by  a  Staff  of  Specialists — Lionel  S. 
Marks,  Editor-in-Chief,  Professor  of  Mechanical  Engi- 
neering, Harvard  University  and  Massachusetts  Institute 
of  Technology.  New  York:  McGraw-Hill  Book  Co.  Flex- 
ible leather;  4x7  In.;  pp.  xxiil    +    1.779;  illustrated.     $5  net. 
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By  James  F. 


FOUIIY* 


Pulling  wagons  to  the  street  level,  by  means  of  a  line 
to  a  snatchblock  and  thence  to  an  engine  usually  saves 
horses  and  time.  This  was  the  method  employed  by  the 
Degnon  Contracting  Co.  and  the  United  States  Eealty 
and  Improvement  Co.  in  excavating  Routes  4  and  38  of 
the  Seventh  Ave.  Subway,  New  York  City.  The  view 
is  of  the  operation  at  Charles  St.,  and  shows  the  timber 
incline  up  which  the  d\imp  wagons  were  hauled.  The 
electric  hoist  is  shown  on  the  side  of  the  cut.  Mucking 
is  done  by  a  steam  shovel,  working  on  the  farther  side 
of  the  temporary  wooden  crossing. 

The  snatch  line  is  attached  to  the  hound  on  the  wagon 
and  runs  to  a  block  anchored  to  a  deadman  located  a  lew 


This  method  allows  the  wagon  to  take  any  position 
trans'V'ersely  on  the  runway,  a  great  advantage  in  shovel 
work.  Another  advantage  not  possessed  by  the  barney 
method  (described  in  Engineering  News  of  Nov.  4,  1915) 
consists  in  the  assistance  given  to  a  wagon  on  its  down 
trip,  at  which  time  the  cable  is  attached  to  the  rear  end. 
Prior  to  using  this  method  an  extra  team — and  some- 
times two  extras — were  used  to  snatch  wagons  to  the 
street  level. 


lr&.©epaimg 

a.  Tuauainiei  Repair 

Reinforcing  the  Eadebaugh  tunnel  on  the  Pennsylvania 
R.R.  at  Greensburg,  Penn.,  was  such  an  extensive  per- 
formance that  special  effort  was  required  to  keep  a  full 


I 


SNATCHING  A  WAGON  OUT  OF  A  NEW  YORK  SUBWAY   EXCAVATION 
SrtiaU  insert  shows  that  rope  was  attached  to  hound  of  wagon 


feet  beyond  the  top  of  the  incline.  The  height  above 
ground  at  which  the  snatchblock  was  attached  was  found 
to  he  of  considerable  importance,  especially  on  15  to 
20%  grades.  With  the  block  two  or  three  feet  above  the 
surface  the  forward  end  of  the  pole  and  the  harness  rose, 
making  it  very  difficult  to  manage  the  horses.  A  block 
lying  on  the  ground  gave  the  best  results.  At  first  the 
cable  was  hitched  to  the  front  end  of  the  pole,  but  after 
several  poles  had  been  pulled  out  and  some  had  been 
broken    the   change   was   made. 

Commission,     First 


record  of  the  progress  made.  At  first  this  was  not 
attempted,  but  in  view  of  the  various  requests  for  reports 
received  by  the  construction  office,  the  desirability  of  a 
comprehensive  system  of  daily  record  was  apparent. 
The  form  devised  for  this  work  is  illustrated  herewith. 
To  understand  the  progress  sheet,  a  brief  description 
of  the  methods  used  to  reinforce  this  tunnel  is  necessary. 
For  some  years  there  had  been  occasional  falls  of  por- 
tions of  the  brick  lining  of  the  tunnel.  These  accidents 
resulted  from  the  fact  tlint  part  of  the  tunnel  had  been 
built  on  a  coal  vein,  the  result  being  a  settlement  of 
the  structure.    To  correct  this,  last  ScDteniber  two  work- 
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i'  headings  were  driven  parallel  to  the  tunnel  and  along        Salva^HI 

le  of  the  springline.     From  these  headings  the  excava- 

jn   over   the   arch   was    accomplished.      The    headings 

rminated   at  an   old   shaft   850    ft.    from   the   portal. 

jncrete  was  blown   in   over  the   arch  and   finally   the 

irkino-  drifts  were  filled  with  concrete,  by  the  pneumatic 

ethod. 

Each  morning  entries  are  made  on  the  progress  sheet 

vering  the  work  of  the  preceding  24  hr.     The  figures 

PROGRESS  SHEET  OF  RADEBAUGH  TUNNEI^REPAIR  JOB 


a  s  loodlec 

iwa  Galii 

By  Koy  a.  Silext* 


'tifiBirapiirag 


Southern  California  was  visited  by  severe  rainstorms 
in  January,  lOK!.  On  the  San  Luis  Eey  River  in  San 
Diego  County  the  flood  damage  was  exceptionally  severe, 
practically  all  the  bridges  being  washed  away.  The 
pumping  plant  of  the  Oceanside  Mutual  "Water  Co.  was 
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r  the  first  three  columns  represent  the  work  accom- 
ished  on  the  day  just  passed  and  are  obtained  by  meas- 
•ement  every  morning.  Column  5  headed  ''Open 
'ccavation"  represents  that  part  of  the  tunnel  that  has 
en  uncovered,  which  part  is  usually  timbered  and  ready 
r  the  concrete  relining.  To  obtain  this  figure  add  the 
iround  Uncovered  This  Day"  (Col.  2)  to  the  open 
ravation  of  the  "Previous  Report'"  (Col.  5),  subtract- 


200  yd.  south  of  the  river  and  about  3  mi.  above  the 
mouth.  The  soil  was  typical  "sandy  bottom"  land  over- 
grown with  willows.  The  machinery  was  housed  in  a 
reiuforced-concrete  building  70x40  ft.  in  plan.  The  main 
pumping  unit  consisted  of  an  Allis-Chalmers  horizontal 
Corliss  cross-compound  high-duty  pumping  engine  of 
2.600,000  gal.  per  24  hr.  Tliis  engine  obtained  water 
from   a   sump   and   delivered   it    tiiruugh   a    l(j-iu.   force 


I'l'i.S.   1    T(i  4.     VIEWS  OF  .SALVAfiINC  OHEKATIOX.S  AT  0( 'KA-NSl  1  »i;  .MTTLAL   W  All,];  >  m..   1  m  jI.1  ,.  j  \V  1  .\(  I 
JANUARY   FLOOD  IN  CALIFORNIA 
Ig.  1— General  view  before  salvaging  began.     Fig.  2— Sheeted  excavations  around  boilers.     Fig.  3— Excavation  around  No.  1 
boiler.     Fig.   4 — Moving  low-pressure  cylinder  to  higher  ground;  weight,  6,500  lb. 

main  against  a  total  head  of  215  ft.  Tlie  weight  of  the 
unit,  with  foundation,  was  in  excess  of  ;?.S5,000  lb. 
Water  was  extracted  from  the  wells  and  delivered  to  the 
sump  bv  means  of  an  8-in.  centrifugal  pump  belled  to  a 
.35-hp.  Ames  high-speed  engine  weighing  5,(150  11).  Steam 
was  furnished  by  two  10;5-hp.  Sterling  hollers.  The  slack 
^Ith  J.  K.  Llpplncott,  1134  Central  Building.  Los  Angeles- 


,'  from  this  sum  the  part  cf)ncretc(l  "This  Day"   (Col. 

The  cohimn,  "Timliered"  to  date,  is  obtained  by  adding 
'1.  3  to  Col.  6.  The  figure  representing  that  part  of 
3  tunnel  concreted  to  date  is  obtained  in  a  similar 
inner.  The  data  for  the  remaining  columns  are  deter- 
iied  in  like  fashion. 
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was  made  of  riveted  steel  and  rose  50  ft.  above  the 
engine-room  floor. 

It  was  impossible  to  iind  firm  bearing  when  the  plant 
was  erected,  as  the  well  logs  showed  that  the  underlying 
quicksand  e.xtended  down  100  ft.  Accordingly,  the 
foundations  were  mushroomed  out  and  were  extended 
below  the  level  of  the  groundwater,  which  stood  about 
6  ft.  under  the  engine-room  floor. 

At  the  time  of  the  heavy  storm  of  Jan.  IT  the  plant 
was  not  damaged,  but  the  river  changed  its  course  suffi- 
ciently to  reduce  the  distance  between  the  living  stream 
and  the  pumphouse  one-half.  On  the  night  of  Jan  27, 
in  spite  of  all  efforts  to  save  it,  the  building  was  com- 
pletely demolished  by  the  river,  which  further  changed 
its  course  so  that  the  main  channel  was  flowing  directly 
over  the  former  site  of  the  plant,  leaving  a  cut  bank 
■i  ft.  high,  200  ft.  to  the  south.  When  the  river  had 
subsided  to  some  extent,  it  was  diverted  by  an  earth  and 
brush  levee  to  a  point  150  ft.  north  of  the  building. 

Salvaging  work  was  undertaken  on  ^lar.  1  by  the  Bent 
Construction  Co.,  the  work  being  directed  .by  the  engi- 
neering offices  of  J.  B.  Lippincott,  both  firms  havmg 
their  home  offices  in  Los  Angeles.  (See  Fig.  1  for  the 
general  condition  of  the  plant  at  the  time  of  the  arrival 
of  the  salvaging  equipment.)  The  water  plane  stood  at 
the  ground  surface,  and  the  quicksand  was  so  treacherous 
that  it  was  necessary  to  construct  a  roadway  of  crossties 
from  the  top  of  the  bank  to  the  plant  in  order  to  place 
the  pumps  and  boiler  properly.  It  was  also  necessary 
to  construct  150  ft.  of  levee  in  order  to  protect  the  equip- 
ment, as  the  surface  of  the  sand  was  but  2  in.  above 
the  level  of  the  river.  As  further  protection,  an  earth 
levee  3  ft.  high  was  thrown  up  entirely  around  the  work- 
ings. 

The  method  of  unwatering  was  devised  by  the  con- 
tractor, who  does  not  care  to  have  the  details  of  the 
operation  made  public.  A  row  of  sheetpiling  was  in- 
stalled around  the  excavation  on  the  exposed  sides.  It 
was  made  up  of  2x6-in.  t.-and-g.  Oregon-pine  planks 
10  ft.  long,  surfaced  on  one  side.  These  were  sharpened 
and  jetted  their  full  length  into  the  sand.  Progress  was 
much  hampered  by  underlying  brush  and  debris.  In 
some  places  it  was  impossible  to  get  the  piling  down  at 
all.  The  cost  of  this  work  was  $0,625  per  lin.ft.  for 
the  driving  alone,  with  labor  at  $2.25  for  a  9-hr.  day. 

Condition  of  the  Flooded  "Machinery 

The.  main  engine  was  found  to  be  practically  intact 
and  the  damage  purely  nominal.  The  entire  mass  had 
sunk  about  7  ft.  below  its  former  level  and  was  tilted 
at  an  angle  of  40°  with  the  horizontal.  It  was  necessary 
to  lower  the  water  plane  approximately  12  ft.  in  order 
to  remove  the  condenser  and  air  pump,  which  formed 
the  lowest  elements  of  the  main  engine.  The  machine 
was  dismantled  piece  by  piece,  tlie  heaviest  being  the 
low-pressure  cylinder,  which  weighed  over  6,000  lb.  The 
separate  pieces  were  lifted  witli  chain-blocks  suspended 
from  a  heavy  horse  supported  by  tie  cribbing.  In  some 
cases  it  was  necessary  to  lift  with  jacks.  When  the 
various  portions  were  raised  clear  of  tlie  foundations,  a 
runway  of  cribbing  was  constructed  and  they  were  moved 
from  the  excavation  on  rollers.  The  accompanying  views 
show  this  work  in  progress. 

Moving  to  solid  ground  was  accomplished  by  means  of 
a  sled  or  stoneboat.     The  heavier  pieces  were  moved  ou 


rollers.  These  were  supported  by  a  movable  track  laic 
and  taken  up  behind  as  the  moving  progressed.  Pulling 
was  done  by  a  team  of  horses  working  with  double  l)loek>; 
attached  to  successive  snubbing  posts.  In  this  manner 
pieces  weighing  5,000  and  6,000  lb.  were  moved  300  ft. 
up   a   G%    grade  in   20  min. 

The  progress  of  the  excavation  was  greatly  impeded 
bv  the  presence  of  brush  and  of  structural  steel  formerlv 
composing  the  roof  trusses.  In  some  instances  trees  8 
and  10  in.  in  diameter  were  encountered.  An  attempt 
was  made  to  locate  by  jet  the  Ames  engine  and  centrif- 
ugal pump;  but  the  method  was  not  satisfactory,  as 
portions  of  the  concrete  building  and  structural  steel 
^ere  encoimtered,  making  recognition  of  the  machines 
impossible.  Accordingly,  the  entire  area  of  their  sup- 
posed position  was  excavated  to  a  depth  of  8  ft.,  but 
nothing  of  interest  was  uncovered.  This  area  was  ex- 
plored with  a  li-ft.  jet.  Hard  material  was  encountered 
22  ft.  below  the  normal  water  surface ;  hut  whether  this 
vv-as  structural  steel  or  the  machines  sought  could  not 
be  determined. 

The  former  location  of  the  boilers  was  excavated  to 
a  depth  of  8  ft.  and  upon  investigation  with  the  jet 
showed  no  results  at  22  ft.  An  area  200  ft.  square  was 
then  marked  off  in  o-ft.  squares  below  the  former  site 
of  the  boilers,  and  systematic  soundings  with  the  jet  were 
made  at  the  corner  of  each.  One  of  the  drums  wa? 
located  55  ft.  out  of  position  and  8  ft.  below  the-  surface 
of  the  sand. 

A  crib  was  constructed  of  sheetpiling  inclosing  the 
boiler,  which  proved  to  be  lying  on  its  side,  having 
toppled  into  the  ri^•er.  The  violence  of  the  flood  was 
shown  by  the  fact  that  the  brickwork  was  entirely  washed 
away.  The  east-iron  front  was  located  7  ft.  from  the 
main  portion  of  the  boiler,  and  the  whole  area  was  inter- 
laced with  the  structural  steel  used  to  support  the  stack 
and  upper  drums.  It  was  necessarv'  to  cut  several  of 
these  steel  beams  in  order  to  sink  the  crib.  As  fast  as 
the  tubes  were  uncovered,  they  were  cut  loose  and  re- 
moved, a  Lagonda  cutter  being  used.  The  bottom  of 
the  lowest  drum  of  the  first  boiler  was  found  to  hv 
16  ft.  below  the  water  surface  and  20  ft.  below  the 
former  floor  level  of  the  plant. 

On  the  removal  of  Xo.  1  boiler,  boiler  Xo.  2  was  founJ 
lying  partly  beneath  it.  A  second  crib  was  then  con- 
fitructed  to  inclose  it.  In  this  case  the  boiler  was  or 
its  side  as  before,  but  with  the  manholes  do\m,  whidi 
necessitated  the  cutting  of  the  tubes  from  the  outside. 
This  was  done  with  ripping  chisels,  the  work  being 
accomplished  under  extreme  difficulties,  as  much  of  the 
cutting  had  to  be  done  imder  sand  and  water.  Difficulty 
was  experienced  with  the  water,  as  the  brush  and  other 
small  debris  clogged  the  pumps,  making  it  necessary  tc 
stop  and  clean  them  several  times  a  day.  At  these  tinic- 
the  water  would  rise  at  the  rate  of  6  to  8  ft.  per  hr. 
To  excavate  the  Xo.  2  boiler,  it  was 'necessary  to  lower 
the  water  plane  26  ft.  below  the  surface  of  the  river, 
or  30  ft.  below  the  former  elevation  of  the  engine-room 
floor. 

At  the  bottom  of  the  excavation  trees  were  encountered, 
which  sliowed  that  the  scour  must  have  extended  to  » 
depth  of  at  least  35  ft.  below  the  former  surface  of 
the  ground ;  which  fact  partly  explains  the  failure  of 
many  of  the  bridges  and  other  structures  supported  on 
piling  in  southern  California.     A  penetration  of  35  ft 
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as  hitherto   been    coiisidei-ecl    adequate    in   many   cases. 

As  fast  as  the  various  pieces  of  machinery  were  re- 
loved,  they  vrere  taken  in  hand  immediately  and  cleaned, 
rst  with  scrubbing  brushes  and  water  under  pressure 
nd  then  with  distillate,  emery  cloth  and  rotten  stone, 
t  was  found  that  an  exposure  to  the  air  of  even  a  half- 
our  allowed  rust  and  corrosion  to  set  in  to  such  an 
xtent  that  heroic  measures  were  necessary  to  prevent 
■rious  damage.  All  of  the  boiler  parts  and  much  of  the 
ist  iron  were  painted,  as  soon  as  cleaned  and  dried, 
ith  linseed  oil  and  graphite.  The  bright  parts  were 
lickly  coated  with  heavy  grease. 

The  salvaged  machinery  has  been  removed  to  a  new 
ication,  where  it  is  proposed  to  reerect  the  plant  as  soon 
s  conditions  warrant  it.  The  salvaging  operation  was 
n  economic  success,  the  cost  of  the  salvaging  being 
npro-ximately  25%  of  the  value  of  the  salvaged  materials. 


The  views  shown  herewitii  illustrate  what  is  prob- 
bly  one  of  the  largest  metal  flumes  yet  constructed.  The 
ianieter  of  each  flume  is  13  ft.  6I/2  in.,  and  the  two 
)gether  carry  the  main  canal  of  the  Grand  Valley  Proj- 
•t  of  the  United  States  Reclamation  Service.  Three 
vin  flumes  of  this  size  are  used  on  this  project.  The 
etails  are  shown  by  Fig.  1. 

Tlie  trestle  is  constructed  of  separate  bents  and  string- 
rs  for  each  flume.  The  posts  are  10x12  in.  and  the 
ringers  10x14  in.,  33  ft.  long,  trussed  in  the  center 
r  shown.     The  entrance  to  the  two  flumes  is  a  specially 
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■IG.  1.    DET.MLR  OF  12   FT.  614      IN.  TWI.V  HESS  FI.UMES; 
ORA.M)    V.M.LKY    RECLAMATION    PROJECT 


FIG.   2.     FLUMES  13  FT.  eV;    IN.   IN  DIAMETER;  MAIN 
CA.\AL,    GRAND    VALLEY    PROJECT 

designed  concrete  structure  for  reducing  the  loss  of  head 
to  a  minimum.  The  three  flumes  are  141,  IGO  and 
144  ft.  (single)  in  length,  and  eost  $7,.507,  $8,809  and 
$11,883  respectively,  including  excavation,  approaclies, 
trestle,  concrete,  paving,  etc,  J.  H.  ^liner  is  Project 
Manager.  The  flumes  are  of  the  Iless  tyi)e,  made  liy 
the  R.  riardesty  ^lanufacturing  Co.,  Denver,  Colo. 

Specifications  for  highway  construction  just  issued  by 
the  Illinois  State  Highway  Department  are  based  upon 
the  opinions  and  expericneo  of  engineers  outside  of  the 
department  as  well  as  upon  these  of  the  state  engineers. 
Drafts  of  the  specifications  as  originally  prepared  by  the 
engineers  in  the  department  were  submitted  to  a  number 
of  engineers,  contractors  and  material  supply  men,  who 
were  requested  to  examine  them  critically.  The  speci- 
fications were  then  revised  and  improved  in  accordance 
with  many  of  the  criticisms  and  suggestions  offered. 

The  specifications  include  the  following  types  of  con- 
struction: ]Monolithie  brick  road;  brick  with  sand-cement 
bed;  concrete  road:  bituminous  concrete;  bituminous 
macadam ;  waterbound  macadam ;  gravel  roads  and  earth 
roads.  There  are  also  included  specifications  for  the 
oiling  of  earth  roads  and  the  oils  to  be  used  for  such  work. 
The  specifitatioiis  were  ])repared  and  revi.<ed  under  the 
direction  of  William  W,  ^Vlarr,  Chief  State  Highway 
p]ngincer. 

:*: 

Uurax  fJrnnlte-lllock  Movement  is  bdni?  laid  on  the  south- 
trly  half  of  the  Brooklyn- Brighton  viaduc-t  at  Cleveland.  Ohio. 
The  bloclc.s  arc  4-lii.  cubes  laid  in  sand-cement  1  :  3.  As  much 
as  is  laid  durinK  the  day  is  flooded  in  the  eveninR.  The  next 
day  that  which  has  been  flooded  the  night  before  Is  grouted 
1  :  1.  The  contract  price  is  $2.50  per  sq.yd..  which  Includes 
all  labor  and  material.  The  blocks  cost  $0.50  a  ton  at  the 
quarries  of  the  Harris  Granite  Quarries  at  Salisbury,  N.  C. 
Freight  brings  the  cost  f.o.b.  Cleveland  to  $!i.lii  per  ton,  which 
will  lay  not  less  than  « '^   sq.yd. 
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Efficiency  in  designing  may  be  appreciably  promoted 
by  the  furnitxxre  and  layout  of  the  drafting  room,  accord- 
ing to  the  experience  of  W.  W.  Horner,  Engineer  in 
charge  of  design  of  sewers  and  pavements,  St.  Louis, 
JIo.  The  accompanying  view,  Fig.  1,  shows  how  the 
designers'  and  draftsmen's  tables  are  arranged  parallel 
and  opposite  the  desks  where  the  computers  and  estimate 
makers  work.  The  aim  is'  to  cooperate  with  the  least 
possible  lost  motion  and  confusion.  Fig.  2  shows  one 
of  the  comiJutcr's  desks,  which  have  served  their  purpuse 


oline  stern-wheel  tiiwboats  for  distributing-  coal  and  supplies. 
One  of  these  boats  which  are  built  on  the  worii  by  the  dif- 
ferent contractors,  is  described  by  P.  J.  O'Connell,  General 
Superintendent  of  the  Canal  Construction  Co.,  Memphis,  Tenn. 
The  hull  is  an  open  flat-bottom  scow  36x8  V4  ft.  on  top.  3  ft. 
2  in.  deep.  The  frames  have  6x6-in.  posts  and  sills,  spaced 
25  in.  c.  to  c.  upon  which  is  spiked  the  planking.  The  wheel- 
shaft  is  carried  by  the  projecting  ends  of  long-  timbers,  o- 
wheel-arms.  bolted  to  the  tops  of  the  frames.  There  ar 
from  6  to  12  blades,  according  to  the  size  of  the  boat.  Lighl 
posts  support  a  roof  and  hinged  side  panels,  while  at  the  i 
forward  end  are  a  pilot  house  and  an  engine  room.  Some 
of  the  boats,  however,  have  simply  an  awning  roof  of  plank 
or  corrugated  iron,  with  the  engine  placed  at  any  convenient 
point  on  the  floor.  The  steering  wheel  and  engine-control 
levers  can  be  either  at  the  bow  or  at  the  stern.  Mr.  O'Con- 
nell's  boat  has  an  S-hp.  gasoline  engine  of  the  ordinary  single- 
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admirably.  It  is  a  standard  bookkeepers'  oak  desk,  sut'h 
as  may  be  purchased  of  any  commercial  furniture  dealer, 
but  with  the  legs  shortened  to  accommodate  a  person 
seated.  The  ample  drawer  room  will  be  appreciated  by 
all  designers.  The  views  are  taken  in  the  St.  Louis  City 
Hall,  Department  of  Pul)lic  AV..rks. 


cylinder    hoiizontal    type,    with    chain    drive,  to   a   countershaft 
from  which  there  is  a  chain  drive  to  a  sprocket  wheel  on  tli 
wheelshaft.     It  can  make  a  speed  of  3  mi.  per  hr.  when  towiii 
a   barge   loaded    with   50   tons  of   coal. 

Sewer  TrenohiiiB-  wUh  a  small  revolving  steam  shovel, 
working  from  a  platform  of  12xl2's  over  the  trench,  was 
done  with  apparent  efliciencj*  and  economy  on  a  recent  job  in 
St.  Paul,  Minn.  The  outfit  is  shown  In  the  accompanying 
view.      Only    six    men    composed    the   construction   crew.     The 


HOTJSS 


Mixiiitv  ('cmviit  with  Skiiu  .Milk — An  item  has  l)een  given 
wide  publicity,  to  the  effect  that  the  inflammability  of  shingle 
roofs-  will  be  greatl.v  retarded  if  they  are  given  a  coating  of 
paste  made  by  mixing  skim  milk  and  portland  cement.  It  is 
doubtful  whether  any  coating  of  this  sort  spread  upon  a 
shingle  roof  in  suflicient  thickness  to  materially  affect  its 
reaist.ance  to  Are  would  not  soon  crack  off  by  the  gradual 
exposure  and  weathering  of  the  shingles.  It  is  a  fact,  however, 
that  a  very  cheap  cold-water  paint  for  farm  buildings-  and 
similar  purposes  can  he  made  by  mixing  lime  and  portland 
cement  with  skim  milk  instead  of  water.  The  basis  of  the 
commercial  cold-w-ater  paints  is  casein,  which  is  substan- 
tially skim  milk  with  the  water  removed.  The  main  advant- 
age of  the  casein  appears  to  be  that  it  holds  the  moisture  until 
the  cement  has  time  to  set,  "whereas  a  mixture  of  cement  and 
lime  with  water,  spread  out  in  a  thin  coat  with  a  brush,  will 
dry  before  the  cement  has  time  to  set.  Ernest  McCuIlough  of 
Chicago  informs  us  that  concern.^  in  Iowa  have  been  putting 
cement  paints  on  the  market  for  a  number  of  years,  made 
up  with  skim  milk  acoording  to  a  formula  given  by  Mr. 
McCuIlough  in  an  address  in  Minneapolis  some  ten  years  ago 
and  the  addition  of  some  dyes  or  ))i«:inents  to  give  a  desired 
color. 

Contractors'  Storn-AVIiPcl  (InKolliii-  lliirKc — With  2G  dipper 
dredges  excavating  625  mi.  of  ditch  in  the  Little  Itivor  Drain- 
age   District,    Missouri,    ext«nslve   use    is   made    of   small   gas- 


SM.M.L     REVfJLVI.VO     SHOVEL     SEWER     TUENCHI.N'l!. 
ST.    PAUL 

12xl2'.s  were  laid  on  planks  on  either  side  of  the  trench.  All 
the  excavation  was  done  with  the  aid  of  the  steam  shovel 
For  finishing  the  grade  and  bailing  out  water  a  cylindrii  ' 
bucket  was  attached  to  the  dipper  arm.  This  was  filled  wi' 
a  shovel  by  a  man  in  the  trench,  who  also  did  the  pipe  layii" 
The  trench  contractors  were  Siems-Carey  Co.  it  lloliners.  Si 
Paul 
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Laiftes  Tlhsit  ffil©!^  Cattle® 


The  authorities  of  the  State  of  New  Jersey  have 
"ought  before  the  Interstate  Commerce  Commission  a 
lit  that  raises  questions  of  greater  social  and  economic 
iiportance  than  any  railway-rate  case  before  that  body 

I  many  years.  The  suit  is  brought  to  compel  the  rail- 
ays  reaching  New  York  from  the  West  to  charge  a 
•wer  rate  on  freight  to  or  from  the  cities  on  the  New 
ersey  side  of  the  Hudson  Eiver  than  the  charge  to  or 
■om  New  York  itself. 

The  issue  is  this:  The  present  system  of  railway  rates 
based  primarily  upon  distance.  It  harks  back  to  the 
me  when  the  railway  was  the  competitor  of  the  stage- 
lach.  The  cost  of  hauling  over  the  road  was  then  the 
lain  expense  in  transportation,  and  the  cost  of  hand- 
ng  at  terminals  was  trifling.  Tlie  last  half-century  has 
■volutionized  these  conditions.  The  cost  of  hauling 
•affic  over  the  road  has  been  reduced  to  a  mere  trifle, 
liile  the  cost  of  handling  in  the  terminals  of  great  cities 
IS  been  multiplied  many  fold. 

Everyone  recognizes  that  transportation  rates  .should  be 
ised  on  the  co.st  of  service  plus  a  fair  profit  to  the  trans- 
jrtatiou  company ;  but  the  present  railway  rates  entirely 
more  the  high  cost  of  terminal  handling  in  large  cities, 
reight  rates  on  a  carload  of  goods  hauled  between  Chi- 
igo  and  a  factory  located  in  Newark,  Paterson,  Jersey 
ity  or  Hoboken  are  the  same  as  if  the  freight  had  to  be 
ghtered  across  the  Hudson  River  to  or  from  a  factory 

II  Manhattan  Island  or  in  Brooklyn.  Since  railway 
ites  must  on  the  whole  be  sufficient  to  pay  all  the  oper- 
ting  expenses,  fixed  charges  and  profits  of  the  railways, 

follows  that  the  merchants  and  manufacturers  of  Jer- 
'}'  City,  Hoboken  and  Newark  are  actually  paying  in 
leir  freight  rates  part  of  the  cost  of  carrying  goods  for 
iieir  competitors  located  on  the  eastern  side  of  the 
[udson  River. 

The  average  cost  of  transferring  freight  by  lighters 
cross  the  North  River  to  New  York  City  was  estimated 
y  an  able  expert  six  years  ago  at  80c.  per  ton.  It  is 
oubtless  much  higher  now — because  of  the  increase  in 
ibor  and  material  prices  in  that  time.  There  must  be 
dded  to  this  expense  the  cost  of  the  switching  move- 
iients  on  the  New  Jersey  side  of  the  river  to  sort  the 
ar.s  for  placing  on  the  car  floats.  It  is  probably  safe 
0  say  that  it  costs  the  railways  that  cross  New  Jersey 
roni  .$1  to  .$1.20  per  ton  more  to  handle  freight  to  and 
rem  New  York  or  Brooklyn  than  it  does  to  handle  the 
anie  freight  to  or  from  a  private  siding  of  a  manu- 
acturing  pbmt  located  in  Newark  or  Paterson.  Yet  on 
oods  shi])])cd  a  hundred  miles  or  more  westward  the 
Newark  shipper  must  pay  the  same  rate  as  the  New 
I'ork  shipper. 

It  has  long  Ix'cn  recognized  that  for  the  economical 
landling  of  Western  freight  at  the  port  of  New  York 
he  transfer  sho\ild  be  made  directly  l)etwcen  cars  and 
'(•can   steamers   on    tlie    New   Jersey   side   of   the    North 


River.  Tile  cosl  in  rehandling,  trucking,  switching,  etc., 
where  steamships  land  at  the  crowded  wharves  of  Man- 
hattan and  Long  Island,  before  a  consignment  of  goods 
is  started  on  its  railway  journey  westward  constitutes  a 
tax  on  business  that  is  felt  by  industries  scattered  all 
over  the  United  States.  But  so  long  as  the  present 
artificial  railway  rates  prevail,  shippers  would  have  no 
object  in  directing  their  traffic  through  a  New  Jersey 
terminal  if  one  were  built. 

In  other  words,  the  present  rate  structure  perpetuates 
an  expensive  method  of  doing  business  involving  an  ex- 
penditure of  many  million  dollars  annually,  which  is 
added  to  the  price  of  a  thousand  commodities  distributed 
to  many  millions  of  consumers. 

There  has  already  been  from  other  causes  a  great  de- 
velopment of  manufacturing  industry  in  that  part  of 
New  Jersey  within  a  radius  of  twenty  miles  from  New 
York.  The  high  cost  of  land  in  Jlanhattan  and  Brook- 
lyn, the  congestion  of  street  traffic,  with  the  heavy  cost 
of  cartage,  have  already  driven  most  of  the  heavy  manu- 
facturing industries  out  of  New  York  City  to  locations 
in  New  Jersey.  There  is  no  reason  whatever  wlw  these 
hundreds  of  manufacturing  concerns  and  the  hundreds 
of  others  which  are  certain  to  locate  there  during  the 
next  dozen  or  twenty  years  should  not  be  granted  railway 
rates  corresponding  to  their  advantageous  location  in- 
stead of  being  burdened  as  they  now  are  with  a  rate 
based  on  the  cost  of  transferring  all  freight  across  the 
Hudson  River. 

It  need  hardly  be  said  that  this  suit  will  be  bitterly 
oontested.  New  York  City  interests  will  fight  any  propo- 
sition that  might  encourage  the  transfer  of  commerce 
and  industry  to  the  New  Jersey  side  of  the  river.  The 
owmers  of  real  estate  in  every  city  constitute  the  most 
influential  interest ;  and  there  is  no  city  where  population 
is  so  congested  and  land  values  so  higii  that  the  real- 
estate  interests  will  not  exert  all  their  influence  to  favor 
anything  that  promises  to  force  land  prices  still  higher. 

New  York  at  present  stands  committed  to  a  gigantic 
real-estate  speculation  in  building  up  a  great  ocean- 
freight  terminal  at  Jamaica  Bay,  in  the  eastern  part  of 
Brooklyn.  Tlie  cost  of  transferring  freight  between  this 
Jamaica  Bay  terminal  and  the  railvv^ay  lines  west  of  the 
Hudson  would  be  as  great  as  the  cost  of  hauling  it 
hundreds  of  miles  on  its  journey  westward. 

Doubtless  the  New  York  situation  is  the  most  flagrant 
case  of  discrimination  to  be  found  anywhere  due  to  the 
ignoring  of  terminal  costs  in  fixing  railway  ratee;  but 
the  principle  involved  is  of  great  importance  to  the 
country  as  a  whole.  Tiiere  is  no  doubt  whatever  that  tiic 
present  system  of  railway  freight  rates,  which  takes  no 
se])arate  account  of  terminal  costs,  is  a  powerful  economic 
force  in  stimulating  tlic  congestion  of  manufacturing, 
commerce  and  population  in  great  cities  and  handicap- 
ping the  business  of  the  country  towns  and  the  smaMer 
cities. 

It  is  doubtless  little  nnilized,  even  ijy  engineers,  hnw 
great  tlie  disjiarity  lias  become  between  tlie  cost  of  haul- 
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ing  freight  over  a  railway  when  once  started  on  its  journey 
and  the  cost  of  handling  it  in  crowded  city  terminals. 
In  Engineering  News  of  Mar.  3,  1910,  there  were  pre- 
sented a  detailed  analysis  and  figures  comparing  the 
average  cost  of  road  haulage  with  the  cost  of  handling 
freight  at  the  terminals  of  New  York  City  and  Phila- 
delphia. It  may  be  of  interest  to  repeat  here  some  of 
the  figures  given  in  that  article. 

An  estimate  was  made  of  the  average  cost  of  handling 
a  ton  of  merchandise  freight  between  a  warehouse  in 
Pliiladelphia  and  a  store  in  New  York  City.  The  total 
terminal  expenses  at  the  two  ends  of  the  route  were 
found  to  be  $3.65.  whereas  the  total  cost  of  hauling  the 
ton  of  freight  over  the  ninety  miles  of  railway  between 
the  two  cities  after  it  was  once  started  on  its  journey 
was  only  27c.  In  other  words,  on  that  class  of  freight, 
handled  between  these  crowded  city  terminals,  the  cost 
of  havling  over-  the  road  was  onhj  one-fourteenth  as  much 
as  the  terminal  cost. 

A  second  comparison  was  made  of  the  average  cost  of 
handling  through  merchandise  freight  between  Chicago 
and  New  York  City.  It  was  there  shown  that,  according 
to  the  best  figures  obtainable,  it  costs  the  railways  about 
as  much  to  handle  this  freight  in  the  terminals  at  each 
end  as  it  does  to  haul  it  the  entire  thousand  miles  be- 
tween the  two  cities. 

It  is  especially  important  to  remember  that  while  the 
tendency  of  modern  transportation  methods  is  toward  a 
steady  reduction  in  the  cost  of  haulage  over  the  road, 
the  terminal  expenses,  on  the  other  hand,  are  all  the 
time  increasing,  and  increasing  especially  fast  in  the 
larger  cities.  The  land  in  large  cities  used  for  switch- 
ing yards,  team  tracks  and  freighthouses  is  steadily  rising 
in  value.  The  bigger  a  freightyard  grows,  the  longer  is 
the  distance  cars  have  to  be  moved  in  it  in  sorting  and 
making  up  trains.  The  bigger  a  freight  warehouse  be- 
comes, the  longer  the  distance  the  trucks  have  to  travel 
in  handling  incoming  and   outgoing   freight. 

It  is  probably  not  often  realized  that  in  the  develop- 
ment of  our  present-day  railway  transportation  system 
the  engineer  is  dealing  with  problems  wholly  without 
precedent.  The  world  has  never  before  seen  cities  of 
such  vast  size;  never  before  has  the  problem  arisen  of 
furnishing  economic  transportation  to  such  huge  aggre- 
gations of  people. 

How  much  farther  can  we  proceed  in  our  conri>ntr;itii)u 
of  population?  The  railways  have  spent  many  hundreds 
of  millions  to  create  their  ])resent  city-terminal  facilities. 
How  vast  must  be  their  expenditure  if  switching  yards 
and  freighthouses  must  again  be  radically  enlarged  on 
land  purchased  in  congested  districts?  There  is  little 
doubt  that  one  of  the  greatest  factors  in  the  high  cost 
of  living  is  that  so  large  a  proportion  of  the  population 
is  crowded  on  liigh-jn-iced  lands. 

The  freight  congestion  of  the  past  six  montlis  has  been 
a  great  object  lesson,  showing  how  small  is  the  safety 
factor  of  capacity  in  our  great  city  railway  terminals. 
It  is  there  that  the  congestion  has  been  concentrated. 
There  has  been  no  difficulty  in  moving  trains  over  the 
road,  even  on  the  lines  wiiere  freight  embargoes  have 
been  most  frequent.  The  difficulty  has  been  in  sorting 
the  cars  in  the  crowded  yards  when  Ihcy  arrived  at  their 
destination. 

The  expen.se  that  railways  and  sliipixTs  have  incurred 
during  the  past  nine  nidnlbs  because  of  tiie  cdngestion  of 


railway  traffic  must  amount  to  numy  million  dollars.  That 
a  vast  investment  must  be  made  by  the  railways  in  en- 
larging eity-terminal  facilities  is  beyond  question.  It 
is  time  to  take  a  long  look  ahead  and  see  what  can  b( 
done  now  to  reduce  the  need  of  this  in  the  fitture. 

It  would  be  of  enormous  advantage  to  the  railways  tn 
stimulate  tlie  growth  of  industry  and  traffic  at  the  smaller 
cities,  where  their  terminal  expenses  are  small  and  their 
profits  are  correspondingly  large.  The  railways  could  do 
this  in  no  other  way  so  certainly  as  by  radically  revisini; 
their  rates  so  that  the  shipper  in  the  great  cities  will 
have  to  pay  the  cost  of  the  service  rendered  him. 

It  would  be  of  vast  advantage  to  the  country,  also,  to 
have  some  check  applied  to  the  congestion  of  population, 
with  all  the  social  and  economic  problems  connected 
therewith.  The  figures  previously  given  as  to  the  rela- 
tive cost  of  road  haulage  and  city-terminal  costs  give 
some  idea  of  how  radical  the  change  would  be  if  rail- 
way rates  were  revised  to  correspond  to  the  cost  of 
service. 

It  is,  however,  beyond  expectation  that  any  such  revn 
lutionary  change  will  be  made  save  by  slow  degrees.  Tin 
advocates  of  such  a  change  would  be  opposed  by  the  citj' 
real-estate  interests  the  country  over.  A  great  majority 
of  present  shippers  now  located  in  the  cities  would  of 
course  join  in  opposition.  The  railways  also,  from  pure 
conservatism,  would  doubtless  oppose  so  sweeping  a 
reform,  although  nothing  can  be  clearer  to  traffic  ex- 
perts than  that  the  present  plan  of  practically  ignoring 
cost  of  service  in  fixing  rates  is  pernicious  in  principle 
and  distributes  the  transportation  tax  most  unfairly. 

Manifestly,  a  long  process  of  public  education  must 
precede  the  needed  reform,  and  it  is  to  be  hoped  that 
the  suit  brought  by  New  Jersey  may  be  a  first  step  in 
this  process. 


ilucli  lias  been  written  alwut  the  vicissitudes  city  pave- 
ments undergo  because  of  constant  openings  to  get  at 
subsurface  pipes,  conduits,  etc.  Paving  engineers  lament 
the  necessity  of  these  openings,  and  many  cities  have 
passed  stringent  ordinances  setting  a  definite  time  of 
from  one  to  five  years  during  which  a  new  pavement  must 
not  lie  disturbed  except  for  emergency  work.  But  Chi- 
cago ajipears  to  be  one  of  the  first,  if  not  the  first,  city 
to  meet  the  problem  in  a  rational  way. 

Tn  Chicago  there  is  an  organization  known  as  the 
Board  of  Underground  Work  of  Public  Utilities,  the 
purpose  and  labors  of  which  are  apparently  little  known 
to  municipal  and  public  utility  officers  generally.  It  i- 
not  a  new  thing,  for  it  has  had  five  or  six  years'  sin 
cessful  operation  to  prove  its  worth. 

This  board  of  Underground  Work  of  Public  Utilitii 
is  an  association  of  the  Board  of  Local  Imiirovcments,  tlie 
Chicago  Postal  Pneumatic  Tube  Co.,  the  Chicago  Tele- 
phone Co.,  the  City  Electrical  Department,  the  City  Pre^- 
Association,  the  City  Water  Department,  the  Chicago  Siii 
face  Lines,  the  Commonwealth  Edison  Co.,  the  Peoples 
Gas  Light  and  Coke  Co..  the  Postal  Tclegrai.h  Cable  Co.. 
the  Sanitary  District  of  Chicago  and  the  Western  Union 
Telcgra]ih  Co.  Tn  short,  the  association  comprises  all 
the  public  utility  interests  of  the  city  sharing  in  tk 
use  of  the  streets.     These  interests  are   rejjresented  i" 
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e  Board  by  their  chief  engineers  or  other  officials.  The 
lard  has  a  salaried  secretary  whose  office  is  in  the 
ity  Hall  adjacent  to  the  offices  of  the  Board  of  Local 
iiprovements. 

The  object  and  work  of  this  Board  is  to  save  the  city 
ivements  from  avoidable  openings.  The  secretary  of 
L'  board  is  constantly  on  the  jol)  to  find  out  when  and 
liere  new  pavements  are  to  l)e  laid.  He  then  brings  to 
e  attention  of  the  interested  public  utilities  any  changes 

their  subsurface  structures  which  are  necessary  or  de- 
rable  before  the  new  pavement  is  laid.  He  keeps  posted 
1  whether  or  not  these  changes  have  been  made  before 
iving  operations  begin.  In  short,  he  is  the  go-between 
■  which  results  are  accomplished  without  the  usual  gov- 
nniental  and  bureaucratic  red  tape  and  misunderstand- 
irs.  The  secretary  has  no  authority  to  order  work  done, 
ir  does  he  devise  ways  and  means  to  do  it.  That  is  the 
jrk  of  the  responsible  bureau  or  corporation  officials. 

Aside  from  eliminating  red  tape  by  means  of  the 
(•rctary,  the  regular  meetings  of  the  Board  and  the 
tiniate  association  and  acquaintance  of  the  public  utility 
•ads  with  one  another  has  worked  wonders  in  bringing 
lOut  a  be'tter  understanding  of  the  objects  to  be  attained 
id  in  bringing  about  a  really  hearty  cooperation  between 
:iat  were,  and  in  many  cities  still  are,  warring  interests. 

'fcye  Olldl  Bsitttlle  BettweeEa  Sfeosae 

Engineers  whose  memory  extends  back  over  a  period  of 
•enty  years  or  more  will  readily  recall  the  strong 
ejudice  that  for  many  years  retarded  the  use  of  con- 
pte  in  the  United  States.  French  engineers  built  not- 
:le  structures  of  heton,  as  they  called  it,  in  the  early 
O's,  but  all  through  the  '90's  American  engineers,  par- 
■ularly  those  of  the  older  generation,  were  doubtful  of 
e  reliability  of  concrete  and  hesitated  to  risk  their 
putations  by  building  concrete  structures. 
One  of  the  most  prominent  among  the  opponents  of 
ncrete  was  the  late  William  H.  Brown,  for  many  years 
e  Chief  Engineer  of  the  Pennsylvania  R.R. ;  and  one 

his  remarks  with  reference  to  concrete  gained  wide 
ibiicity.  He  declared  that  for  his  part  he  could  not 
e  the  advantage  of  breaking  stone  up  into  little  pieces 
r  the  sake  of  sticking  it  together  again  with  cement, 
s  long  as  he  remained  at  the  head  of  the  Pennsylvania's 
igineering  department,  that  company  consistently 
oided  the  use  of  concrete  e.xcept  for  footing  courses. 
Under  Mr.  Brown  the  policy  was  inaugurated  of  build- 
g  stone  arches  in  place  of  metal  or  wooden  structures 

moderate  span  all  along  the  main  line  of  the  Pennsyl- 
nia  K.R.,  as  well  as  on  other  divisions  of  heavy  traffic, 
robably  few  will   be  found   to   question   the   soundness 

this  policy,  and  it  is  altogether  likely  tliat  most  of 
icse  bridges  will  l)e  in  souiul  condition  and  am])ly  strong 
•r  the  loads  imposed  upon  them  a  century  after  their 
mipletion. 

There  are,  however,  exceptions,  and  it  is  of  interest  to 
cord  tiiat  extensive  repairs  l)ecame  necessary  last 
•ring  to  one  of  those  stone-arch  bridges  built  no  longer 
,'0  than  1899.  The  bridge  in  question  is  a  five-span 
one  arch,  crossing  the  Little  Juniat:i  River  in  the 
pruce  Creek  Narrows  east  of  Tyrone   I'cnn      The  arch 

on  a  very  sharp  skew  and  is  of  the  rilibcd  ty|i('.  Longi- 
iiHnal  cracks  dcvclnpcil  on  the  under  -ide  nf  tliese  ribbed 


arches,  indicating  tliat  the  outer  riugs  had  separated 
from  the  body  of  the  arch,  and  it  was  deemed  necessary  to 
adopt  means  for  bonding  the  arch  longitudinally  and  pre- 
venting further  separation. 

In  order  to  do  this  without  interrupting  traffic,  long 
yellow-pine  timbers  were  placed  under  the  ties,  enabling 
pits  to  be  excavated  in  the  filling  on  top  of  the  arches 
without  interfering  with  the  stability  of  the  track.  In 
this  way  the  arches  were  exposed,  and  holes  were  drilled 
in  the  backs  of  the  arch  stones.  Iron  rods  were  inserted 
in  these  holes  in  such  a  manner  as  thoroughly  to  bond 
the  arch  together  and  draw  the  separated  rings  back 
into  place.  After  these  bonding  rods  were  placed,  they 
were  embedded  in  concrete,  which  at  the  same  time  of 
course  further  secured  the  arch  rings.  According  to  a 
detailed  report  of  the  work  in  a  local  paper,  about  four 
months'  time  was  consumed  in  making  these  repairs,  anil 
there  were  used  in  the  work  56  timber  stringers,  12x18 
in.  by  46  ft.;  1,685  cu.yd.  of  filling  on  top  of  the  arch 
was  excavated;  2,110  bonding  holes  were  drilled  in  the 
arches,  each  1%  in.  in  diameter  and  8  in.  deep.  It  will 
be  evident  from  the  foregoing  that  the  structitre  as  now 
repaired  has  a  very  substantial  reinforced-concrete  mat 
on  top  of  the  stones  arches,  and  is  without  question  a 
much  stronger  and  more  secure  structure  than  when 
originally  built. 

It  might  be  a  reasonable  conclusion  to  draw  from  this 
experience  that  for  arches  built  on  a  very  sharp  skew 
a  good  concrete  structure  is  more  reliable  than  cut  stone. 
It  would  not  be  safe,  however,  to  draw  any  such  conclu- 
sion as  regards  the  relative  merits  of  concrete  and  .stone 
masonry  as  applied  to  structures  generally.  No  engineer 
doubts  nowadays,  of  course,  that  a  concrete-arch  struc- 
ture properly  designed  and  properly  built  is  safe,  reliable 
and  permanent.  There  is  some  danger,  however,  that 
with  the  great  popularity  ami  extensive  use  of  concrete  the 
merits  of  cut-stone  masonry  and  its  advantages  in  cer- 
tain locations  are  in  danger  of  being  overlooked.  There 
are  certain  economic  advantages  in  breaking  stone  into 
little  pieces  and  sticking  them  together  again  with  cement 
wliich  were  not  appreciated  by  Mr.  Brown  and  others  who 
held  similar  views  twenty-five  years  ago.  On  the  other 
hand,  in  localities  whore  good  dimension  stone,  readily 
cut,  is  easily  obtainable,  the  masonry  arch  should  find  a 
place,  and  its  design  and  construction  ought  not  to  become 
a  lost  art. 

as 

Aini®lllhe2'   Fuabllc  HesiSttlh  ScThool 

The  recent  announcement  of  the  establishment  of  a 
School  of  Hygiene  and  Public  Health  at  Johns  Hopkins 
University,  Baltimore,  by  the  Rockefeller  Foundation,  is 
an  act  as"  well  designed  as  anything  can  be  "to  promote 
the  well-being  of  mankind  throughoat  the  world" — the 
motto  and  the  grand  object  of  the  Foundation. 

Strange  to  say,  none  of  the  justly  commendatory  press 
comments  on  tiie  establishment  of  this  school  mention 
the  fact  that  a  number  of  schools  of  public  health  are  al- 
rcadv  in  existence  and  doing  good  work  in  the  United 
States.  Stranger  still,  the  press  announcement  given  (Uit 
by  the  Rockefeller  Foundation  was  silent  on  this  i)oint, 
although  it  distinctly  said  : 

There  are  many  medical  coUeKes  In  the  United  States  which 
train  men  for  a  career  In  curative  medicine,  but  the  facilities 
for  those  desiring  to  devote  themselves  to  preventive  medi- 
cines and  the  promotion  of  public  health  are  yet  Inadequate. 
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It  would  have  been  only  fair  to  recognize  the  existence 
of  a  number  of  schools  of  public  health  and  to  have  stated 
that  there  seemed  to  be  plenty  of  room  for  another.  Fail- 
ure to  do  this  may  be  passed  over  as  an  indication  that 
neither  the  jJublicity  bureau  of  the  Rockefeller  Institute 
nor  the  daily  press  wished  to  detract  from  the  news  inter- 
est of  its  story  by  acknowledging  that  it  was  not  announc- 
ing something  unique  in  the  annals  of  the  United  States. 

Turning  now  to  another  phase  of  the  announcement,  or 
rather  to  the  foreshadowed  character  of  the  school  itself, 
it  is  a  pleasure  to  recognize  that  instruction  in  sanitary 
engineering  is  prominently  featured  and  that  attention  is 
to  be  given  to  social  science  and  its  relation  to  public 
health.  It  is  notable  that  the  announcement  states  that  on 
its  teaching  side  the  school  "will  be  designed  primarily 
to  benefit  those  who  plan  to  give  their  lives  to  the  admin- 
istration of  scientific  sanitation."  Stress  is  rightly  put 
upon  instruction  in  sanitation  rather  than  in  medicine. 

Certainly  from  the  administrative  25oint  of  view,  pub- 
lic-health work  is  sanitary  rather  than  medical  in  char- 
acter. But  is  not  too  much  emphasis  being  laid  upon 
instruction  in  both  medicine  and  engineering  liy  most  of 
the  schools  of  public  health  today  ? 

Under  the  present  precarious  tenure  of  municipal  office 
it  may  be  necessary  for  the  health  officer  to  be  able  to  turn 
either  to  medical  or  engineering  jjractice  for  a  living  at 
any  time.  This  necessity  ought  not  to  continue  long. 
When  it  ceases  and  when  the  hundreds  of  municipalities 
of  the  countr}'  realize  the  value  of  the  services  of  trained 
health  officers  and  are  willing  to  emplo}  them  and 
keep  them  during  good  behavior  and  efficient  service,  then 
certainly  there  should  be  a  new  sort  of  public-health  school 
which  would  cut  out  a  considerable  part  of  the  instruction 
in  both  medicine  and  engineering  that  now  seems  to  be 
deemed  necessary.  Health  officers  may  then  best  be 
trained  broadly  in  the  fundamentals  of  public  health  and 
sanitation,  sociology,  law,  vital  statistics  and  especially  in 
administration.  They  can  and  will  then  call  to  their  aid. 
as  needed,  specialists  in  medicine,  in  sanitary  engineering, 
bacteriology,  chemistry  and  other  sciences,  instead  of 
taking  a  specialist  in  one  of  these  fields  for  a  health  officer 
or  for  material  to  be  put  through  a  school  of  pulilic 
health. 


The  low  bids  received  by  the  New  York  Public  Service 
Commission  last  week  for  two  subway  tunnels  to  be  driven 
under  the  East  River,  from  60th  St.  in  the  Borough  of 
^Manhattan,  to  the  Queensboro  Bridge  Plaza  in  Long 
Island  City,  about  3V-;  "i'-.  are  especially  noteworthy  in 
view  of  the  troubles  which  have  been  met  iu  previous  East 
River  tunnel  driving.  Most  engineers  around  New  York 
are  familiar  with  the  accidents  and  delays  that  have  been 
met  with  in  the  construction  of  the  ten  tunnels  which 
have  already  been  driven  under  that  river.  It  is  safe  to 
say  that  nowhere  else  in  the  world  is  there  another  body 
of  water  under  which  tunnels  have  been  driven  with 
such  extraordinary  difficulty  and  danger.  The  most 
recent  and  most  spectacular  difficult  tunnel  driving 
under  the  East  River  was  tbe  new  gas  tunnel  at  132nd 
St.  which  was  fully  described  in  Ein/inpering  News  last 
fall.  This  is  a  deep  tunnel  in  roi-k,  250  ft.  below  the 
surface  of  the  water. 


Tbe  tunnels  to  be  driven  at  60th  St.  will  be  as  near 
tbe  river  liottom  as  practicable  to  reduce  the  total  rise 
and  fall.  A  mile  farther  south  are  the  two  old  Stein- 
way  tunnels,  which  were  taken  over  and  put  in  opera- 
tion by  the  city  as  part  of  the  underground  rapid-transit 
system  a  year  ago.  It  is  of  interest  to  note  that  the 
corporations  which  built  the  Steinway  tunnel  claimed 
to  have  expended  about  ten  million  dollars  on  their  con- 
struction, whereas  they  were  turned  over  to  the  city  at 
about  three  million  dollars. 

A  short  distance  farther  south  are  the  four  tunneb 
which  carrv'  the  lines  of  the  Long  Island  R.R.  under 
the  river  to  the  Pennsylvania  station  at  Seventh  Ave. 
These  tunnels  were  built  under  the  direction  of  the  late 
Alfred  Noble,  as  engineer,  with  the  Pearson  Co.  as  con- 
tractor. JIany  will  recall  the  huge  fountains  of  es- 
caping compressed  air  that  arose  from  the  surface  of 
the  river  over  the  tunnel  headings  for  months  while 
this  work  was  going  on.  Similar,  if  not  worse,  difficulties 
were  experienced  in  driving  the  pair  of  tunnels  across 
■  the  river  from  the  Battery  which  are  used  by  the  present 
subway  trains.  Indeed  .some  of  the  ground  through 
which  these  tunnels  pass  is  so  soft  that  for  years  after 
the  tunnels  were  opened,  there  was  agitation  from  time 
to  time  over  reports  that  the  tunnel  structure  was  be- 
coming displaced  in  the  silt. 

For  the  four  tubes  a  short  distance  above  the  Batten- 
tunnels  which  will  form  the  downtown  crossover  con- 
nections of  the  new  subway  system  and  which  are  now 
under  construction,  the  bid  price  was  in  the  neighborhood 
of  $13,000,000,  a  very  much  greater  price  per  track,  it 
will  be  seen,  than  the  low  bids  now  made  for  the  60tli 
St.  tunnels.  Various  difficulties  have  been  experienced 
on  these  downtown  tunnels  since  work  was  started  then'. 
l)ut  i^robably  no  more  than  was  expected  by  the  con- 
tractors when  they  prepared  their  bids. 

Possibly  one  explanation  of  the  low  bids  on  the  GOth 
St.  tunnels  is  the  expectation  that  tunneling  conditions 
there  will  be  more  favorable  than  at  other  points  on  tin' 
river.  .\s  the  tunnel  crosses  directly  under  BlackwellV 
Island,  it  will  be  in  solid  rock,  presumably,  for  a  con- 
siderable i)art  of  its  length.  It  is  fair  to  assume,  also, 
that  the  channels  on  either  side  of  the  island,  which  arc 
subject  to  per])etual  tidal  scour,  will  contain  less  of  soft 
silt  than  the  wider  stretches  on  the  river  below. 

There  will  be.  however,  on  each  of  the  GOth  St.  tunnels. 
]>resumably,  at  least  four  points  where  a  (diange  from 
earth  to  rock  will  have  to  be  made,  with  all  the  diffi- 
culties that  involves.  Furthermore,  as  the  East  River 
gas  tunnel  experience  shows,  the  rock  in  that  vicinity 
is  very  far  from  reliable  for  tunneling  work.  The  higli 
prices  of  labor  and  materials  now  current  make  the  low 
bids  for  the  East  River  tunnel  the  more  remarkable. 

Finally  it  must  be  noted  that  not  one  contractor  but-- 
several  were  of  the  opinion  that  the  60th  St.  tunnels 
could  be  built  at  a  low  price  and  backed  their  opinion 
with  their  bids.  When  the  petition  was  ])resentcd  a  year 
ago  to  have  the  uptown  subway  connection  made  acro.<s 
the  river  by  a  tunnel  instead  of  by  strengthening  the 
Queensboro  cantilever  bridge  to  carry  additicuial  loads, 
the  Degnon-McTjcan  Co.  offered  to  build  the  tunnel  for 
not  to  exceed  .$-1,500,000,  if  given  a  chance  to  bid.  When 
it  came  to  actual  bidding,  however,  this  company  bid 
more  than  a  quarter  of  a  million  dollars  below  iti* 
guarantee,  and  one  other  bidder  went  lower  still. 
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Sir — 111    comnieatiii,ir    upon    your    discussion    of    the 
L-ently   published   test   of    a    De    Laval    steam-turbine- 
iven  centrifugal  pump  at  the  Montreal  Pumping  Sta- 
in, F.  W.  Dean,  in  your  issue  of  June  8,  makes  several 
estionable  assertions.     He  says :     "I  think  that  every 
ort  should  be  made  in  such  matters  to  see  that  pump- 
s' engine  guarantees  are  based  upon  the  performance  of 
e  main  engine,  unmixed,  so  to  speak,  with  auxiliaries." 
What    the    purchaser    generally    desires    is    the    most 
oiiomical    plant,    which    should    govern    the    kind    of 
larantees  to  be  drawn.     Other  things  being  equal,  in  a 
,  3ani-driven  plant,  is  not  that  prime  mover,  or  combiiia- 
'  in  of  prime  mover  and  auxiliaries,  the  best  that  will 
•educe  the  highest  overall  duty;  that  is,  the  most  foot- 
lunds  of  work  from  a  given  amount  of  heat?     If  the 
t'le  of  operations  can   be   improved  by   designing  the 
iparatus  to  work  in  conjunction  with  auxiliaries,  why 
ould  it  not  be  done  and  why  should  not  the  auxiliaries 
■  included  in  the  guarantees  and  in  the  acceptance  test  ? 
Mr.  Dean  further  says:    "It  has  been  my  custom,  and 
should  always  be  the  custom,  to  base  the  performance 
ion  the  steam  used  by  the  engine  itself,  as  a  measure  of 
e  merits  of  the  engine  and  means  of  comparison  with 
lier  engines."     The   test   conducted   by'  the    ]Montrea] 
ater-Works   engineers,   however,   was   not   intended    to 
easure  the  efficiency  of  an  engine.     Its  purpose  was 
ither  to  determine  the   duty  of   a   complete   outfit,   as 
easured  by  its  ability  to  utilize  heat  in  raising  water. 
was  agreed  with  the  builder  therefore  that  the  net 
iiount  of  heat  received  from  the  boilers  would  be  used 
1  calculating  the   duty  as   explained  in   the   report   of 
16  acceptance  test  that  was  supplied  to  the  Engineerituj 
'ems. 

The  fact  that  the  quantity  of  heat  was  defined 
1  terms  of  l,Oo(i  lb.  of  steam  at  a  stated  temperature 
nd  pressure,  produced  from  cold  feed  water  of  a  certain 
niperature,  rather  than  in  millions  of  B.t.\i.,  does  not 
Iter  the  situation. 

The  weight  of  steam  entering  a  turbine  is  not  of 
tself  a  suitable  measure  of  duty  in  a  pumping  plant 
s  ordinarily  designed.  For  example,  a  perfect  engine, 
xpanding  adiabatically  from  150  lb.  gage  to  28  in. 
acuum,  would  develop  .224  million  foot-pounds  per 
lillion  B.t.u.  received  from  the  boiler,  or  253  million 
DOt-pounds  per  1,000  lb.  of  steam.  On  the  other  hand, 
n  engine  working  on  an  isodiabatic  cycle  in  which 
artly  expanded  steam  is  employed  to  heat  the  feed  water 
[!  to  boiler  temperature,  to  wiiich  the  use  of  an  exhaust 
team  feed-water  heater  is  an  approximation,  would  have 
duty  of  250  million  foot-pounds  per  million  B.t.u., 
lit  of  only  314  million  foot-pounds  per  1,000  lb.  of  .steam 
ntering  the  engine.  The  reheating  engine  draws  more 
team  from  the  lioiler,  but  some  of  its  heat  i.s  put  back, 
I)  tiiat  actually  less  heat  is  required  from  the  fire,  and 
iss  fuel  is  burned.  Georoe  H.  Gibson. 

Tribune  Building,  New  York  City,  June  15,  1916. 


Sir — I  have  been  greatly  interested  in  the  article  and 
the  subsequent  discussions  concerning  the  ilontreal 
centrifugal  pump.  I  believe,  however,  that  the  published 
letters  create  an  erroneous  impression,  when  they  appear, 
as  they  do,  by  themselves  and  are  read  by  engineers  who 
have  not  seen  the  original  article  that  appeared  in  Enj/i- 
n.eering  News  of  April  2T. 

The  article  that  has  received  so  much  adverse  comment 
does  not  appear  to  be  misleading  in  the  slightest  degree, 
for  it  distinctly  warns  the  reader  that  heat  returned  by 
the  feed-water  heaters  is  credited  in  the  duty  figures, 
and  this  is  certainly  as  it  should  be,  for  the  ultimate 
economy  of  any  heat  unit  is  measured  by  the  conservation 
of  the  heat  supplied  it :  and  conversely,  the  extravagance 
of  any  unit  is  measured  liy  the  total  heat  actually  ex- 
tracted from  the  system.  The  time  is  passing  when 
engineers  are  content  in  getting  only  the  highest  mechan- 
ical results  from  steam,  then  letting  all  the  heat  that 
cannot  be  converted  into  mechanical  energy  go  to  waste 
in  the  condenser.  If  the  American  Society  of  Mechanical 
Engineers'  Test  Code  discourages  anything  that  conserves 
the  heat  of  a  system,  it  would  seem  that  it  should  be 
revised.  Further,  engineers  are  more  interested  in  the 
ultimate  steam  consumption  of  a  system  than  they  are 
in  the  consumption  of  a  particular  part  that  obtains 
its  greater  economy  partly  at  the  e.xpenso  of  some  other 
unit  of  the  system,  such  as  the  boilers. 

If  the  steam  turbine  lends  itself  to  the  further  use  of 
partly  expanded  steam  in  feed-water  heaters  better  than 
does  the  reciprocating  engine,  it  certainly  should  not  be 
barred  from  enjoying  this  inherent  advantage  by  an 
arbitrary    test    code. 

With  reference  to  the  editorial  in  Eiigiiiccniu/  Xcirs 
of  May  18,  entitled  ""Triijle  Exjiansion  Still  Ahead," 
I  think  that  the  editor  has  presented  the  case  in  an 
improper  light.  The  duty  claimed  for  the  Montreal  unit 
is  168.3  million  foot-])ounds  per  thousand  pounds  of 
steam  at  140  lb.  pressure  and  100°  F.  superheat.  This 
certainly  is  not,  by  any  manner  of  figuring,  equivalent 
to  168  million  foot-pounds  per  million  B.t.u.  as  stated 
in  the  editorial  and  no  such  figure  was  claimed  nor 
could  any  one  infer  from  the  original  report  that  such 
was  the  ca^e.  The  figure  of  134  million  foot-pounds  ])er 
million  B.t.u.  actually  extracted  from  the  system  gives 
the  correct  measure  of  the  economy  of  the  ^lontreal  in- 
stallation, and  represents  what  any  other  unit  would  have 
to  meet  in  order  to  equal  this  ultimate  economy.  If,  in 
a  comparison  between  steam  turbine  and  reciprocating 
units,  credit  for  heat  returned  to  the  system  is  not 
allowed  the  turbine  unit,  it  is  manifestly  unfair  to  the 
turbine,  not  to  charge  against  the  reciprocating  unit  the 
additional  work  put  on  the  boilers,  by  evaporating  from 
a  colder  feed  temperature. 

As  stated  in  the  foregoing,  the  published  letters, 
appearing  by  tliemselves.  prejudice  the  reader.  For  in- 
stance, F.  W.  Dean's  letter  of  June  8,  relates  a  case  of 
a  reci[inicatiiig   unit   where   credit   was   wanted   for  the 


134 


E  N  G  I  N  E  E  R  I  K  G     N  E  W  S 


Vol.   76,  No.  3 


steam  used  in  the  cylinder  jackets.  This  illustration  is 
particularly  unfortunate  and  far  from  comparable  with 
the  case  under  dir-.cussion.  Here,  we  are  asked  to  credit 
a  machine  with  heat  actually  extracted  from  the  system 
in  obtaining  its  economy  and  the  casual  reader  at  once 
infers  that  some  similarly  unwarranted  credits  are 
claimed  by  the  Jlontreal  unit,  whereas,  in  the  case  under 
discussion,  the  turbine  is  charged  with  absolutely  all  the 
heat  that  it  removed  from  the  system. 

The  steam  turbine  has  brought  with  it  new  ways  of 
arriving  at  better  efficiency  and  these  better  efficiencies 
cannot  always  be  determined  in  the  old  ways,  and  the 
old  ways  of  expressing  economies  are  often  extremely 
misleading.  There  are  many  cases  where  a  straight  high- 
pressure  condensing  machine  is  absolutely  extravagant 
when  compared  with  the  bleeder  turbine,  although  the 
steam  consumption  of  a  bleeder  turliine  in  pounds  per 
kilowatt-hour  is  ridiculously  high  when  compared  with 
the  condensing  machine.  How,  then,  are  we  to  express 
the  economies  in  such  instances?  Not  by  steam  rates, 
for  they  are  misleading.  The  logical  way,  to  my  mind, 
is  to  base  all  duty  statements  on  the  actual  heat  removed 
from  the  system,  for  manifestly  any  heat  that  remains 
in  the  system  is  not  consumed.  This  will  eliminate,  to 
a  degree,  such  variables  as  steam  pressures  and  superheat 
that  make  the  usual  duty  records  hard  to  compare  xinless 
all  the  data  are  available. 

In  the  case  of  the  Montreal  unit,  the  above  method 
was  used  to  a  certain  degree  and  adds  another  precedent 
for  the  newer  and  more  exact  method  of  determining 
dut}';  and  instead  of  causing  so  much  adverse  criticism 
it  should  be  considered  as  the  forerunner  of  more  modem 
methods  that  are  bound  to  supersede  the  antiquated 
methods  now  in  vogue.  E.  A.  Bukfoed,  Je. 

131  State  St.,  Boston,  ilass.,  July  1,  1916. 

[What  we  have  criticized  is  not  any  improvement  in 
pumping  equipment  or  test  methods,  nor  any  contract  basis 
found  desirable  by  builder  or  purchaser.  Wimt  we  did 
mildly  censure  was  the  statement  that  the  duty  of  the 
Jlontreal  pump  was  168.3  million  foot-pounds  per  1,000 
lb.  of  steam,  when  that  rating  did  not  correspond  to 
the  widely  accepted  meaning  given  by  the  test-report 
code  of  the  American  Society  of  Mechanical  Engineers — 
even  though  to  that  figure  was  appended  an  explanation 
(sure  to  be  omitted  sooner  or  later  by  some  one)  of  the 
difference  in  meaning.  The  advances  in  overall  effi- 
ciency of  large  turbine-driven  centrifugal  water-works 
pumps  are  each  and  all  matters  of  unusual  interest  and 
importance;  the  greater  this  interest  the  greater  is  the 
need  for  announcing  the  accomplishment  in  unmistakable 
terms.  No  matter  what  tests  are  agreed  upon  between 
builder  and  purchaser,  in  an  important  ca.se  data  should 
also  be  sought  that  will  permit  full  comparison  with 
earlier  machines. — Editor.] 


Sir — I  have  just  read  with  nnu'h  interest  the  editorial 
on  the  creeping  and  heaving  of  concrete  road  slabs  in  the 
i^sue  of  June  22,  p.  1192,  in  wliich  sugge.stions  are 
requested  from  engineers  wlm  li;ivc  worked  in  the  field 
of  concrete-road  constrviction. 

The  four  cardinal  fa\dts  of  concrete  roads  have  been 
in  nearly  all  cases  traced  to   (1)   poor  drainage  of  sub- 


grade,  (2)  porosity  of  the  concrete,  (3)  non-uniform 
abrasive  value  in  the  wearing  surface,  (4)  improper 
curing. 

Overcoming  the  first  fault  is  elementary.  If  the  sub- 
grade  is  ])ermitted  to  become  saturated  with  water,  it 
will  heave  and  swell  in  both  northern  and  southern 
climates,  this  being  especially  true  if  the  subgrade  was 
over-rolled  or  over-compressed  when  dry.  A  subgrade- 
can  be  over-rolled  as  easily  as  under-rolled,  and  to  pre- 
\'ent  over-rolling  I  recommend  a  6-  or  7-ton  roller. 

The  porosity  of  the  concrete  is  one  big  obstacle  U 
overcome  in  a  concrete  pavement.  Get  the  concrete  a- 
dense  as  possible,  for  the  absorption  of  moisture  swells 
the  concrete  and  sets  up  internal  stresses  that  are  verv 
damaging,  causing  it  to  crack  and  disintegrate.  The  con- 
crete should  be  laid  too  dry  rather  than  too  wet.  It  shoiil 
come  from  the  mixer  in  a  quaking  homogeneous  mas- 
If  the  mix  is  too  wet,  the  water  will  soon  drain  dowi 
into  the  subgrade  and  take  a  large  portion  of  the  cemeni 
with  it. 

In  almost  ever_y  case,  the  parting  of  the  two  slal- 
of  concrete  is  not  due  to  subgrade  faults,  but  to  tl 
absorption  of  moisture  in  the  slab,  which  causes  tl 
concrete  to  swell.  Should  this  state  be  followed  by 
few  hot  days,  the  slabs  would  dry  out  and  contra^ 
leaving  a  slight  open  joint  between  slabs.  This  era 
or  joint  will  at  once  be  filled  with  dust,  sweepings  ■ 
other  incompressible  material.  This  intermittent  swrl 
ing  and  contracting,  followed  each  time  by  the  entraii' 
of  foreign  matter,  will  gradually  increase  the  width  • 
the  joint  or  crack  and  force  the  slabs  out  of  place.  1 
this  is  not  meant  that  no  pavement  creeps  on  siibgrai' 
but  that  in  most  instances  the  separation  of  the  coucn  : 
slabs  is  due  to  expansion  and  contraction  and  not  : 
creeping. 

Regarding  tlie  non-uniformity  oi  the  wearing  surfai 
it  is  certainly  the  better  part  of  wisdom  to  get  as  den- 
and  rich  a  mixture  of  stone  and  mortar  as  possible 
the  top  surface,  which  will  not  only  improve  the  weariii_ 
quality  of  the  pavement,  but  to  a  large  extent  form  a 
water-tight  covering.  This  can  be  done  by  a  more 
thorough  floating  and  tamping,  and  it  is  a  point  of 
such  tremendous  value  that  too  much  stress  cannot  be 
laid  on  it  in  all  concrete-road  speeifieations. 

Feaxk  W.  Sampsox. 

Katonah,  N.  Y.,  Julv   10,   1916. 
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Ac'rInI  Trninn-nys  on  the  Los  Anee'es  Aqueduct — The  use  of 

.Terial  tramways  in  the  construction  of  the  aqui-rtuct  for  Los 
Angeles,  Calif.,  was  described  in  "Engineering  News"  of  June 
29.  It  should  have  been  stated  that  two  of  the  three  tram- 
ways were  built  by  the  American  Steel  and  Wire  Co..  of  New 
York,  N.  Y.,  and  the  third  by  the  A.  Leschen  &  Sons  Rope  Co, 
of  St.  Louis,  Mo. 

The  Article  on  Steel  nnil  AVood  Water  >}ninii  nt  Butl' 
Mont.,  published  on  p.  IIOS  of  our  issi^e  of  June  S,  siated  th;H 
the  first  wood  stave  pipe  line  laid  in  Butte  which  was  of  red- 
wood pipe,  was  put  down  in  1S92  and  was  still  in  good  con- 
dition, and  that  over  40  mi.  of  continuous  stave  wood  plp« 
had  been  laid  since  that  time.  It  mieht  have  been  inferreil 
from  the  wording-  of  the  article  that  all  this  wood  pipe  was  of 
redwood.  We  are  informed,  however,  that  two  of  these  wood 
conduits  are  of  fir  staves,  one  of  them  laid  many  years  ago 
and  the  other  about   three  years  ago. 
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^etHhods  of  Test 


Some  of  the  papers  and  discussions  relating  to  yvo}^- 
■ties  and  tests  of  materials  read  at  the  Annual  fleeting 
■  the  American  Society  for  Testing  ilaterials  were  pre- 
■nted  in  these  columns  last  week.  Below  are  given 
hers  of  practical  interest. 


Two  'Ws^ym  of  Tesftaiag  CIl®^Ih 

The  existence  of  two  c|uite  different  methods  of  testing 
oth  in  tension  was  emphasized  hy  the  Textile  Fabrics 
ommittee  in  recommending  one  method  for  belting  tab- 
es and  another  for  tire  fabrics.  Fig.  1,  from  a  short 
iper  by  W.  S.  Lewis,  gives  the  .essentials  of  the  respec- 
ve  test  pieces. 

For  the  "strip"  test  the  cloth  is  raveled  to  1-iu.  width 
id  the  test  thus  made  on  a  definite  thread-width.  For 
le  "grab"  test  a  wider  strip  is  used,  but  the  Jaws  that 
■ip  it  are  only  1  in.  wide.     Mr.  Lewis  gave  a  long  table 


FIG.    1.    SPECIMENS   FOR   TESTING   CLOTH 
Left — Strip  test        Right — Grab  te.st 

test  results  on  wool  and  cotton  fabric,  showing  that  the 
■ab  method  indicated  up  to  12T%  greater  strength  than 
e  strip  method. 

E.  D.  Walen  discussed  the  actions  of  the  two  test  pieces 
iring  test.  Fig.  2  represents  the  behavior  of  the  threads 
■ar  failure.  In  the  strip  test  some  of  the  outer  threads 
ill  awav  and  do  not  get  tension  enough  to  Ijreak.     In 


FIG.  2.     RESULTS  OF  CLOTH  TESTING 

Left — .Strip  test  specimen  before  breaking.  Middle — Grab 
8t  specimen  before  testing.  Right — Grab  test  specimen  just 
?rore  breaking 

le  prab  test  a  larger  width  of  cloih  than  the  jaw  widtli 
irticipates  in  the  resistance. 

If  eitlK-r  test  is  a  true  measure  of  strength  of  the  ma- 
rial,  it  should  for  varying  widtli  show  proportionally 
tried  strength.  Tests  bearing  on  this  point  yielded  tlie 
irves  reproduced  in  Fig.  2.     These  show  that  the  strip 


test  follows  a  straighr-lini'  law.  while  the  grab  test  fol- 
lows a  curve. 

Variations  from  the  linear  law,  occurring  in  duck  fal)- 
rics.  were  discussed  by  John  Lind  and  E.  D.  Walen.  Cor- 
rections must  be  introduced  to  allow  for  the  number  of 
unbroken  threads  in  wide  test  pieces — the  number  being 
constant  after  a  certain  minimum  width — and  for  the 
greater  cooperation  of  the  M'hole  test  piece  in  very  narrow 
widtlis,  when  tlie  pull  is  able  to  straighten  out  the  thread. 


C.  E.  A'esbit  and  M.  L.  Bell  submitted  practical  methods 
for  testing  refractory  firebrick.  They  consider  that,  to  be 
of  greatest  l:ienefit,  the  tests  should  be  such  that  they  may 
be  readily  made  on  the  finished  brick,  and  their  investiga- 
tion, which  is  reported  in  the  paper,  was  to  develop  tests 
that  would  imitate  service  conditions  and  give  informa- 
tion from  which  the  quality  of  the  brick  could  be  deter- 
mined. The  method  for  making  the  tests,  written  in  the 
form  of  a  specification,  is  appended  to  the  paper.  It  is 
stated  that  the  methods  described  are  primarily  intended 
for  testing  brick  about  an  iron  and  steel  plant,  but  it  is 
lii'licved  that  they  can  be  easily  modified  to  fit  the  require- 
ments of  l)rick  in  other  industries. 


Weaif  Testts  oia  Comics'©^© 

Acting  on  the  premise  that  wearing  resistance  is  a  func- 
tion of  hardness,  toughness,  brittleness,  etc.,  Prof.  I).  A. 
Abrams,  of  Lewis  Institute,  Chicago,  has  been  experiment- 
ing on  the  wear  of  concrete  blocks  placed  around  the 
]jerimeter  of  the  Talbot-Jones  rattler,  in  which  fixed 
brick  are  subjected  to  i>attering  action.  Test  blocks  8  in. 
square  and  5  in.  in  thickness  are  arranged  around  the 
drum  of  the  rattler  and  sul)jected  to  the  abrasive  action 
of  a  chai'ge  of  200  lb.  of  cast-iron  spheres.  About  200 
blocks  have  been  tested  with  helpful  results.  Professor 
Aljrams  considers  that  all  things  are  favorai^le  to  this 
method  ol'  test  and  thinks  that  it  may  prove  of  consider- 
alilc  value  in  studying  the  relative  merits  of  different  ag- 
gregates, mixes,  consistencies,  time  of  mixing,  surface 
treatment,  etc.,  on  the  wearing  resistance  of  concrete,  par- 
ticularly in  relation  to  the  construction  of  floors. 

Ill  discussion  George  P.  Ilemstreet  (Hastings  Paving 
Co.)  said  that  a  device  similar  to  that  described  had  been 
in  use  for  ten  years  in  the  as])halt  block  industry  and  had 
yielded  most  excellent  results. 


Stlreuiigtllh  of  CSainmp   Spllaces 
ana  ]R.eaijafoB'(C©inmeriii<L 

The  strength  of  reinforcement-bar  splices  made  with 
U-clamps  was  reported  by  E.  L.  Easier.  Mr.  Easier  made 
a  number  of  tests  of  three  types  of  reinforcement  splices — 
namely.  lap  splices  not  embedded  in  concrete,  butt  splices 
not  embedded  in  concrete,  and  lap  splices  cmliedded  in  con- 
crete, 1-in.  square  cold-twisted  reinforcing  rods  lieiiig 
used.  The  lap  splices  consisted  of  two  bars  overlapping 
each  other  17  in.  and  21  in.,  with  the  ends  clamped  with 
IJ-clamps.     The  butt  splices  consisted  of  two  rods  butt- 
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ended  and  overlapped  with  another  bar  extending  IT  in. 
in  one  ca.se  and  21  in.  in  the  other  on  both  rods,  clamped 
thereto  with  the  regular  U-clamp.  It  was  found  that  the 
-J-in.  difference  in  length  of  lap  tested  had  apparently  no 
effect  on  the  strength  of  the  splice,  that  the  clamp  lap 
splices  when  they  were  not  embedded  in  the  concrete  sus- 
tained a  slightly  greater  load  before  the  first  slip  and  a 
larger  ma.vimum  load  than  the  clamp  butt  splices;  that  the 
splices  consisting  of  two  bars  of  opposite  twist  probably 
sustain  a  greater  load  before  first  slip  and  a  larger  maxi- 
mum load  than  do  splices  in  which  the  bars  have  a  like 
twist ;  that  lap  splices  are  stronger  than  butt  splices ;  that 
the  clamp  lap  splices  embedded  in  concrete  undoubtedly 
can  safely  withstand  a  unit  load  equal  to  the  unit  stress 
in  steel  reinforcement. 


^■Effitlfllsai!llCSi.(lB 


©Ea  VsiEtsa©  ©f 

P.  H.  Conradson  described  a  simple  test  method  for 
comparing  oils  as  to  their  power  to  separate  out  from  a 
water  emulsion,  or  demulsify.  A  250-c.c.  graduated  glass 
cylinder,  about  l-jV  in.  in  diameter,  is  charged  with  20  c.c. 
of  distilled  water  and  100  c.c.  of  oil.  Then  steam  is  passed 
through  to  churn  it,  for  10  min.,  and  the  cylinder  is  kept 
1  hr.  in  a  water  bath  at  130°  E.  At  the  end  of  this  time 
the  graduations  j^ermit  reading  off  the  volume  of  separ- 
ated \A'ater,  the  volume  of  emulsion  and  the  volume  of 
separated  oil  (on  top).  The  amount  of  water  in  the  sep- 
arated oil  is  also  determined. 

W.  H.  Herschel  proposed  a  somewhat  different  method. 
He  takes  20  c.c.  of  oil  and  -10  c.c.  of  water  and.  after  heat- 
ing them  to  130°  F.,  stirs  them  with  a  Syo^Va^ih-^^^- 
metal  paddle  at  1,500  r.p.m.  for  5  min.  The  mixture  then 
stands  at  130°  F.,  and  the  rate  of  settling  in  cubic  centi- 
meters per  hour  is  measured.  The  best  transformer,  dy- 
namo and  turbine  oils  settle  out  in  a  minute  or  less.  The 
General  Supply  Committee  of  the  Government  specifies 
for  turbine  and  spindle  oils  a  demulsilnlity  of  at  least  300 
by  Herschel's  test,  meaning  that  the  entire  20  c.c.  must 
se))arate  out  within  -t  min. 


Agg5r©gaxtle 


Kealizing  that  the  current  specifications  for  concrete 
aggregate  are  anything  but  satisfactory,  Cloyd  M.  Ghap- 
nian,  of  Westinghouse  Church  Kerr  &  Co.,  proposes  a  new 
form  of  specification  w-hich  ho  thinks  may  satisfy  the  first 
requirement  of  an  acceptable  specification — namely,  that 
it  should  insure  the  production  of  suitable  concrete  if  the 
aggregates  are  properly  used.  But  it  does  not,  he  tliinks, 
satisfy  the  second  requirement,  which  is  that  the  specifi- 
cations should  permit  the  u.se  of  materials  found  in  the 
vicinity  of  the  work,  if  such  materials  are  capable  of 
producing  concrete  of  the  re(iuired  quality.  lie  suggests 
that  instead  of  specifying  t-hat  a  concrete  aggregate,  par 
ticularly  sand,  be  of  a  certain  fixed  minimum  standard  of 
ijuality,  which  may  not  be  obtained  in  certain  localities, 
the  specification  should  be  made  to  read  in  effect  as  fol- 
l.nvs : 

The  material  used  shall  be  of  siich  quality  and  .shall  be 
used  in  such  proportion  as  to  produce  a  concrete  which  shall 
show  a  compressing  strength  of  2,500  lb.  per  sq.in.  (or  2,000 
or  1,500.  as  the  writer  requires)  at  the  age  of  28  days  when 
tested  in   accordance   with   the   standard   methods  of  testing. 


Mr.  Cliapman  shows  how  his  firm  has  utilized  this 
method  of  specification  and  has  succeeded  in  getting  a  very 
good  aggregate.  The  suggestion  is  in  effect  the  same  as 
has  been  made  in  a  number  of  cases  recently — that  con- 
crete materials  should  be  tested  on  the  results  in  tlie  con- 
crete mixture  and  not  on  their  composition  or  behavior  a- 
separate  ])arts  of  the  mixture. 


isadlBimg  Speci^c  (GrSfa^ntty 
of  A^^res 


Prevost  Hubbard  and  F.  H.  .Jackson,  Jr..  presented  n 
paper  entitled  "The  Specific  Gravity  of  Fine  Homogeiio- 
ous  Aggregates,"  which  outlined  an  investigation  to  study 
methods  in  common  use  Or  those  which  gave  promise  of 
being  most  satisfactory  for  the  determination  of  apparent 
and  true  specific  gravity  of  mineral  aggregates  such  as  are 
used  in  roadwork,  concrete  work,  etc.  Seven  different 
methods  were  described  and  descriptions  of  the  tests  given 
in  detail.     Tlie  authors  make  the  following  conclusioii> : 

In  the  case  of  rock  and  slag  an  appreciable  variation  ma.v 
exist  between  apparent  specific  gravity  and  true  specific 
gravity,  depending  upon  the  absorption  of  the  material.  It 
is  impracticable  by  any  of  the  methods  studied  to  determine 
the  apparent  specific  gravity  of  samples  composed  of  frag- 
ments smaller  than  Vi  in.  in  diameter.  Methods  employing 
single  test  specimens  are  not  safe  to  use  for  determining  tlie 
specific  gravity  of  nonhomogeneous  aggregates,  even  when 
the  average  results  of  three  apparently  representative  sam- 
ples are  taken;  fragments  not  less  than  '4  in.  in  diameter  for 
methods  employing  1.000-gram  samples  are  satisfactory.  With 
extremely  nonhomogeneous  aggregates  it  is  recommended 
that  the  average  cif  not  less  than  three  tests  be  taken. 


lesas 

il(i<n-c  and  Seely  have  compiled  a  new  table  of  valiii - 
(if  constant  B  for  the  exponential  hypothesis  of  fatigiii. 
expressed  by  the  formula 

Stress  =  ^ ^-^ 

max.  J 

where  .V  is  number  of  repetitions  of  stress  producinj: 
failure,  and  B  is  a  constant.  This  table  is  based  on  tost 
results  covering  only  moderate  numbers  of  repetition- 
The  whole  hypothesis,  however,  is  intended  to  replace  lli' 
]ireviously  accepted  view  that  there  is  a  lower  limit  oi 
stress  at  which  infinite  repetition  will  not  produce  faihiri' 
The  present  table  of  values,  therefore,  does  not  add  wciglii 
to  the  hypothesis,  but  it  is  reproduced  below, 

'I'he  authors  also  gave  two  charts  for  solving  the  for- 
mula, but  the  formula  is  very  simple  to  handle  by  logar- 
ithms. In  cases  where  failure  does  not  mean  serious  dam- 
age, the  authors  multiply  the  second  term  by  the  factor 
(1   +  0.01 5.VJ),  in  which  case 

LoffS^hff  B-  log  {\  -'^^  --^H^ 

+  lo(j  (1  +  0.01.5.VJ) 

Tli.NTATIVK  TABI.K   FOR   K.   BY   MOORE   ANM)   SEELY 

Material  K  Log  B 

Structural  steel  and  soft  machinery  steel...      250,000  5.39794 

Wrought  iron 250,000  5.39794 

Steel,    0.45%    carbon 350,000  5.64J07 

Cold-rolled  steel   shafting 400,000  5.60306 

r  400,000  5.60J06 

Tomi)ered   spring  steel \       to 

{  800,000  5.9030:' 

Hard  steel  wire 600,000  5.77«1 

Gray  cast  iron 100.000  S.OOOH' 

Cast  aluminum   80.000  4.903" ' 

Hard-drawn    copper    140,000  5.1461 
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THE  SITE  OF  THE  HETrH  HETCHY  DAM  AND   RESERVOIR.  SAN   FRANCISCO   WATER-SUPPLY 

Line   indicates  crest   of  dam 


The  acconipanyinjj  view  is  one  of  the  hest  that  it  has 
l)een  possihle  to  make  of  the  site  of  the  new  Hetch-Hetchy 
clam  on  the  projected  water-supply  for  the  City  of  San 
Francisco,  Calif.  The  dam  will  be  about  300  ft.  high, 
the  crest  coming  about  where  the  line  is  drawn  across 
the  gorge  in  the  view.  Work  is  now  going  on  upon  the 
railroad  to  the  site,  the  diversion  tunnel  around  the  dam 
is  about  completed  and  the  diversion  dam  will  be  finished 
this  year  so  that  construction  of  the  main  dam  should 
be  started  next  season. 


"New 


nnag   i 


Under  a  new  law  a  board  of  review  of  the  building 
operations  in  all  five  boroughs  of  New  York  City  has 
just  been  formed.  This  board,  known  as  the  Board  of 
Standards  and  Appeals,  is  headed  by  Rudolph  P.  Miller, 
who  has  been  connected  with  the  building  department 
of  the  Borough  of  Manhattan  for  many  years.  The  other 
members  are  noted  in  the  "Personals"  column  of  this 
issue.  Mr.  ^filler  has  made  the  following  brief  memor- 
andum of  the  duties  of  the  Board. 

The  new  Board  of  Standards  and  Appeals  is  a  sort  of 
clearing  house  for  the  orders,  decisions  and  interpre- 
tations, sometimes  conflicting,  of  the  different  city  de- 
partments that  have  jurisdiction  over  building  construc- 
tion and  occupancy.  The  jurisdiction  of  the  board 
covers  the  testing  of  materials:  the  approval  of  new 
materials  and  methods  of  construction ;  the  making  of 
rules  and  regulations,  supplementing,  where  necessary, 
tb.r>  existing  provisions  of  law,  not  only  with  respect  to 


building  construction,  Init  also  witli  respect  to  fire  pre- 
vention, means  of  exit,  elevator  installation,  and  plumb- 
ing and  drainage;  the  hearing  of  petitions  for  variations 
of  the  provisions  of  the  labor  law,  and  the  hearing  of 
appeals  from  any  order,  requirement,  decision  or  deter- 
mination made  by  a  superintendent  of  buildings  or  fire 
commissioner  so  far  as  they  relate  to  the  construction, 
alteration,  equipment,  occupancy  or  use  of  any  building. 
An  exception,  however,  is  made  in  the  case  of  tenement 
houses;  no  appeal  can  be  had  from  any  provision  of  the 
tenement  house  law  and  the  tenement  house  commis- 
sioner remains  supreme  in  the  matter  of  interpreting 
lliat  law.  So  far  as  the  labor  law  is  concerned  the  Board's 
jurisdiction  starts  at  once;  in  respect  to  the  other  matters, 
it's  jurisdiction  is  not  effective  until  Oct.  1,  191G,  when 
the  present  Board  of  Examiners  will  go  out  of  existence. 

:*; 

A  Projecteil  Railway  in  Saivador,  which  will  make 
through  rail  travel  possible  from  the  United  States  to  Gran- 
ada, Nicaragua,  is  projected  by  the  International  Railways  of 
Central  America,  of  17  Battery  Place,  New  York  City,  a  cor- 
poration affiliated  with  the  United  Fruit  Co.  As  described  in 
a  paper  by  F.  W.  Blackford  at  the  annual  meeting:  of  the 
Montana  Society  of  Engineers,  the  company  owns  and  oper- 
ates in  Guatemala  and  Salvador  521  mi.  of  slnple-track  nar- 
row-gage railways  and  has  projected  extensions  of  :i23  mi. 
Work  on  these  projected  lines  was  partially  suspended  soon 
after  the  beginning  of  the  war  on  account  of  the  dilliculty  of 
financing.  Only  84  mi.  of  the  railways  now  in  operation  aie 
in  Salvador.  This  country  has  an  area  of  7.325  sq.mi..  with 
a  population  averaging  232  per  sti.mi..  or  as  dense  as  that  of 
the  State  of  Connecticut.  The  country  is  extremely  rugged 
and  much  of  it  is  volcanic,  so  that  the  dilllcultles  of  rail- 
way construction  are  great.  The  maximum  grade  .idopted  on 
the  surve.vs  of  the  new  lines  are  2',i.  with  a  compensation 
of  0.04  per  degree  of  curvature.  The  maximum  curve  was  10°. 
The  country  is  subject  to  torrential  rains.  During  the  locat- 
ing surveys  on  Oct.  26,  1913,  12  In.  of  rain  fell  between  4  a.m.. 
and*4  p.m.  The  rain  was  general  over  .Salvador  and  In  places 
reached   14   In.   In   the   12  hr. 
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ISa^  StOlfSi.^©    IReseiP'^oSiPS    aia  '^"th  a  brief  biograplnc-al  sketch.     A.  E.  Owen's  appoint^ 

HoB^tlh    Csi5P©MimSi  ^^1™*  ^s  '^•^"^f  engineer  of  the  Central  E.E.  of  ^w  Jersey 

was  noted  in  the  personal  columns  of  last  week. 

Contracts  have  just  been  let  i)y  the  Southern  Power  :\Ir.  Owen  was  born  in  Montclair,  N.  J.,  Jan.  19,  1876. 

Co.,  of  Charlotte,  N.  C,  for  three  large  earth  dams  near     He  studied  engineering  at  Rutger's  College,  New  Bruns- 
Bridgewater,  N.  C,  the  cost  aggregating  about  $2,000,- 
000.     The  successful  bidders  were  Einehart  and  Dennis, 
of   Charlottesville,   Va.,  and  the  Hardaway   Contracting 
Co.,  of  Columbus,  Ga.    The  contract  was  awarded  jointly. 

All  three  dams  will  be  of  earth.  The  construction 
plans  involve  dumping  off  trestles  within  the  slope  lines 
and  washing  to  the  center  with  high-pressure  streams  of 
water.  Tlie  slopes  are  to  be  2  on  1  and  the  top  widths 
60  ft.  The  largest  dam  is  to  be  on  the  Catawba  Eiver 
and  is  2,800  ft.  long  by  135  ft.  high.  The  second  one 
will  be  on  Paddy's  Creek  and  is  to  be  1,500  ft.  long  by 
155  ft.  high.  The  third  is  to  be  on  Linville  River  and 
1,1 00  ft.  long  by  150  ft.  high.  There  will  be  concrete 
spillways  and  tunnel  linings.  At  Linville  two  T.OOO-kw. 
generating  units  will  use  water  released  to  reservoirs 
below.  The  work  includes  4,500,000  cu.yd.  of  main  ex- 
cavation, 50,000  cu.yd.  of  concrete,  40,000  yd.  of  tunnel 
e.xcavation  and  100,000  yd.  of  rip-rap.  Ten  steam-shovel 
outfits  will  be  employed  and  a  large  concreting  plant. 

The  portraits  of  the  new  cliief  engineers  of  two  Eastern 

railways  are  shown  herewitli.     The  appointment  of  E.  N. 

Begieii  as  chief  engineer  of  the  Baltimore  &  Ohio  E.E.  Arthur  e.  owen 

was  noteil  in  Engineerinq  News,  Julv  6    p.  42,  together         .,-.-.  ,   ,  ,  .  .         .,  , 

■  ■  wick,  N.  J.,  and  began  his  experience  in  railway  work 

as  a  draftsman  in  the  office  of  the  tax  agent  of  the  Central 

E.E.  of  New  Jersey  at  New  York  City  in  1898.     The 

following  year  he  was  transferred   to   the  office  of  the 

chief  engineer.     Subsequently  he  was  assistant  engineer 

of  the  railway  at  j\Iauch   Chunk,  Penn.,  and  at  Jersey 

City,  N.  J.     In   1907  he  was  promoted  to  be  principal 

assistant  eng-ineer. 


laiminiesota 


Steel  Co2inipa.ia5^*s 


RALPH   .XOHMAN  KKnii;.NJ 


Ever  since  the  development  of  the  enormous  iron-ore 
deposits  lying  to  the  north  of  Dulutli,  Jlinn.,  projects 
liave  been  agitated  to  convert  the  ore  into  finished  iron 
:ui(l  steel  at  this  location,  instead  of  transporting  the 
(ire  nearly  a  thousand  miles  by  water  and  a  hundi-ed 
miles  by  rail  to  the  furnaces  of  the  Pittsburgli  district. 
At  jiresent  most  of  the  big  ore-carrying  vessels  have  to 
make  tlieir  return  trips  empty.  By  establishing  furnace 
|ihints  at  the  head  of  the  Lakes,  it  would  be  possible 
to  bring  the  coal  to  the  ore  as  well  as  the  ore  to  the 
coal,  and  effect  this  transportation  at  comparatively  low 
cost. 

The  United  States  Steel  Corporation,  after  the  com- 
pletion of  its  great  plant  at  (!ary,  Ind.,  some  years  ago, 
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idertook  the  development  of  steel  manufacture  at 
uhith.  A  tract  of  1,500  acres  was  purchased  at  the 
-ad  of  Duluth  liarbor,  about  nine  miles  from  the  center 
■  Dulutli  but  within  its  corporate  limits.  On  this  site 
lere  has  been  completed  within  the  present  year  a  steel- 
anufacturing  plant  involving  the  investment  of  some 
>0,000,000.  There  are  two  500-ton  blast  furnaces  and 
u  open-hearth  steel  furnaces  of  75-tons  capacity  each, 
he  rolling  mills  in  connection  with  the  plant  are 
|uipped  to  turn  out  steel  rails,  structural  shapes,  or 
erchant  bars.  The  ingots  produced  are  23x26x77  in., 
id  are  handled  in  a  40-in.  reversing  blooming  mill, 
,6  exliaust  steam  from  which  is  utilized  by  a  low- 
•essure  steam-turbine  electric-generator  unit.  The  gas 
om  the  furnaces  is  utilized  in  four  t^vin-tandem  gas- 
igine  generator  sets  of  3,000-kw.  capacity  and  five 
agle-tandem  gas-blowing  engines  of  2J:,000-cu.ft.  capac- 
y  each.  The  coal  brought  by  the  Lake  steamers  is 
inverted  into  coke  in  90  Koppers  byproduct  coke 
ens,; so  that  the  plant  has  the  gas  from  these  ovens 
,  ailable  for  use  as  well  as  the  gas  from  the  blast 
'  irnaces.  The  buildings  of  the  plant  are  of  steel  frame 
instruction  with  walls  made  iip  of  two-piece  concrete 
ocks. 

Slag  from  the  blast  furnaces  is  delivered  to  four  slag- 
auulating  pits,  and  is  then  utilized  for  the  manufacture 
Portland  cement  in  a  4,000-bbl.  cement-making  plant 
rned  by  the  Universal  Cement  Co.  Nearly  2,500  em- 
oyees  will  be  required  for  the  complete  operation  of 
e  steel  plant  and  cement  plant,  and  the  steel  plant  can 
■oduee  350,000  tons  of  steel  per  annum. 

The  appended  tabulated  figures  on  students  in  the  en- 
neering  schools  of  the  United   States  were  presented 

the  recent  annual  meeting  of  the  Society  for  the  Pro- 
otion  of  Engineering  Education,  througli  the  cooperation 

the  United  States  Bureau  of  Education  and  the 
■ciety's  Committee  on  Statistics.  A  variety  of  intcrest- 
g  comparisons  are  possible,  such  as  the  great  increase 
.  chemical  engineers,  the  decrease  in  civil  and  mining, 
id  the  slump  and  recovery  in  number  of  mechanical  engi- 
3ers. 

STUDENTS!    IN    THK    UNITKD    STATES 

Engineering  Branch  1906  1911  1915 

eneral     2,501  5,591  fi,059 

nemical    1,234  1,452  2,383 

ivil     7,962  S,934  7,182 

lectrlcal     5,696  6,128  6,637 

echanlcal    7,426  7,052  7.751 

ining    2,826  2,337  1,922 

ther    82  -958 

Total    27,727  31.499  32.843 

StiPiaa^Ihfceiraainig  Rood  M.ivea'  iF<o>2' 

A  contract  for  straightening  Koot  Kiver,  Houston 
'ounty,  Minnesota,  so  as  to  substitute  20.7  mi.  of  river 
hannel  for  31.3  mi.  and  reclaim  11,7G5  acres  of  land 
ibjoct  to  overflow  three  years  out  of  five  on  the  average, 
as  just  been  awarded  on  bids  rccei\ed  June  3,  1910,  to 
!.  II.  &  G.  A.  McWilliam.s,  of  Cliicago,  at  6.G9c.  per 
u.yd.  1)1  excavation.  The  work  includes  1,825,451  cu.yd. 
f  excavation,  clearing  50  acres  of  riglit-of-way,  and  rc- 
loving  and  rephicing  two  highway  bridges,  to  be  done 


by  Dec.  31,  1918.     Contracts  for  a  new  railroad  bridge 
and  a  second  highway  bridge  were  not  let. 

The  new  channel  begins  3  mi.  west  of  Houston  and 
joins  the  old  channel  2  mi.  west  of  the  junction  of  the 
Eoot  with  the  ilississippi,  about  3  mi.  below  La  Crosse. 
The  bottom  of  the  new  channel  will  be  50  ft.  at  its 
upper  end,  increasing  to  72  ft.  at  a  point  Sy^  mi.  above  its 
lower  end.  The  side  slopes  will  be  1  to  1.  The  fall  in 
its  20.7  mi.  of  length  will  be  55  ft.  At  flood  stage  the 
com.puted  velocity  is  6  ft.  per  see.  and  the  discharge  7,000 
sec. -ft.  The  land  reclaimed  has  an  estimated  value  of 
$150  an  acre.  The  court  has  as.sessed  a  benefit  of  $11.50 
an  acre  on  the  land.  The  report  on  tlie  ditch,  known  as 
Judicial  Ditc-h  No.  1,  Houston  County,  was  made  by 
George  A.  Ralph.  Chief  Engineer. 

S^pervlsEEiis 


i<s  s^pes'sedlSQi 

The  House  of  Eepresentatives  has  just  reported  tiie 
Public  Buildings  Bill,  with  a  radical  provision  which 
changes  the  present  system  of  conducting  federal  build- 
ing work  and  abolishes,  as  such,  the  office  of  the  Super- 
vising Architect.  Li  its  stead  the  bill  creates  a  Bureau 
of  Public  Buildings,  headed  by  a  Commissioner  of  Public 
Buildings  to  be  appointed  by  the  President  and  to  hold 
office  for  four  years. 

The  Bureau  of  Public  Buildings  will  have  complete 
jurisdiction  over  and  control  of  the  selection  of  sites, 
drafting  of  plans  and  specifications,  supervision  of  con- 
struction and  care  and  maintenance  of  all  public  build- 
ings. It  is  provided  that  as  far  as  possible  the  officers 
and  employees  of  the  office  of  the  Supervising  Architect 
are  to  be  transferred  to  the  new  Bureau.  The  bill  pro- 
vides for  the  standardization  of  buildings  in  the  smaller 
places  and  makes  such  restrictions  as  to  the  purchase  of 
sites  and  construction  of  buildings  as  will  result  in  sav- 
ing of  25  to  50%  over  previous  authorizations. 


Catls^  Mall 


ClevelevEadl''s  Mew 

The  new  City  liall  of  Cleveland,  Ohio,  was  dedicated 
with  appropriate  ceremonies  on  July  4.  The  site  for  the 
building  was  selected  by  a  '-v.nmission  in  1898,  and  this 
commission  worked  out  at  the  same  time  a  plan  for 
grouping  the  principal  public  buildings  of  the  city.  The 
architect  of  the  City  Hall  was  J.  Milton  Dyer.  The  build- 
ing covers  an  area  230x380  ft.,  is  five  stories  high  with 
a  basement  and  sub-basement,  and  cost  about  $3,000,000. 
The  structure  is  of  steel  framework  and  reinforced  con- 
crcfp.     The  cxtcrioi-  walls  arc  of   X'crmont  gray  granite, 


I^T 


NEW   CITY    HALL   .\T  Cl.m 


140 


E  X  G  I  N  E  E  B  I  N  G     NEWS 


Vol.  76,  No.  3 


and  Italian  marble  is  profusely  used  for  the  interior  fin- 
ish. The  architecture  of  the  building  was  planned  to 
harmonize  with  the  Federal  Building,  which  was  the  first 
ot  the  group  plan  to  be  erected.  The  second  building 
of  the  group  completed  was  the  County  Court  House, 
^^ilich  is  seen  in  the  background  in  the  accompanying 
view  of  the  new  City  Hall.  These  buildings  are  located 
at  the  top  of  a  bluff  overlooking  Lake  Erie. 

The  other  three  buildings  which  will  complete  the  group 
plan  are  a  $2,000,000  public  library  building,  whidi  is 
to  be  built  on  a  site  just  across  the  street  from  the  Fed- 
eral Building,  a  Union  Station  and  a  Convention  Hall. 
An  agreement  between  the  railroad  and  the  city  for  the 
new  Union  Eailway  Station  was  ratified  by  popular  vote 
last  November.  Work  on  the  construction  of  the  building 
awaits  action  by  Congress,  authorizing  the  sale  of  the 
Marine  Hospital  groimds,  which  are  part  of  the  site. 
The  bill  has  passed  the  Senate  and  is  now  before  the 
House.  Bonds  were  voted  for  the  Convention  Hall  last 
April.  Tlio  total  cost  ot  tnese  six  public  buildings  will  be 
ahout  $30,000,000. 

Heavy  floods  in  North  and  South  Carolina,  Virginia, 
Tennessee  and  West  Virginia,  on  July  15  and  16,  caused 
property  damage  of  some  $15,000,000  and  the  loss  of 
upward  of  15  lives.  Railroad  and  telegra])h  communi- 
cation has  been  seriously  interrupted  and  details  of  en- 
gineering work  affected  are  not  obtainable. 

A  small  dam  and  power  station  of  the  Dravo  Power 
Co.  on  the  Broad  River  near  Gaffney,  S.  C,  was  washed 
out.  An  earth  fill  at  the  Lookoiit  dam  near  Statesville, 
N.  C,  broke  and  destroyed  an  old  mill  in  which  cotton 
was  stored.  Dams  of  the  Southern  Power  Co.,  at  Lake 
Toxaway  and  Hendersonville  were  reported  out.  but  this 
has  been  denied  by  the  company.  The  hydro-electric 
power  stations  of  this  company  at  Lookout  Shoals,  Ca- 
tawba, Ninety-Nine  Islands,  and  the  steam  station  at 
Mt.  Holly  were  partly  submerged. 

Jlany  railroad  and  highway  bridges  were  lost,  includ- 
ing one  under  construction  by  the  Southern  Ry.  over  the 
Catawba  River  at  Belmont,  N.  C. ;  there  were  14  men 
at  work  of  whom  four  were  reported  rescued.  The  great- 
est loss  reported  in  any  one  place  was  at  Asheville,  N.  C, 
where  25  cotton  and  lumber  mills,  machine  shops,  coal 
yards,  etc.,  and  60  dwellings  were  washed  away.  About 
1,200  persons  were  thrown  out  of  work  and  400  made 
homeless. 

D®!m  JJ^siEi  "WlhSfttleKimoE'® 

Don  Juan  Whittemore,  oldest  ])ast-])resi(l('nt  of  the 
.'Vnu^rican  Society  of  Civil  Engineers  and  an  honorary 
member  of  the  Society  since  1911,  died  July  16,  at  his 
home  in  Milwaukee,  Wis.  He  was  86  years  old,  but 
he  had  retired  from  active  work,  as  chief  engineer  of 
the  Chicago,  ^lilwaukee  &  St.  Paul  Ry.,  only  six  years 
ago. 

In  years  of  service  in  railway  engineering  bo  had  had 
]>erhaps  no  equal.  He  was  born  at  Milton,  Vt.,  in  1830, 
and  entered  the  engineer  corps  of  the  Vermont  &  Can- 
ada R.R.  when  but  17  years  of  age.  'Within  two  years 
he  was  assistant  to  the  cliief  engineer  of  the  road  and 
ill  charge  of  a  construction  division. 


DON  JUAN  WHITTEMORE 

On  the  completion  of  the  Vermont  &  Canada  R.R. 
young  !Mr.  Wliittemore  was  appointed  Assistant  Enjri- 
neer  in  charge  of  a  division  of  the  Great  Western  Ey. 
of  Canada,  where  he  remained  until  1852.  He  then  served 
as  engineer  for  the  contractor  in  the  building  of  the 
Central  Ohio  R.R.  from  Zanesville  to  Wheeling,  W.  Vi. 
For  the  four  years  following  1853  he  was  assistant  to  tli. 
chief  engineer  of  the  La  Crosse  &  Milwaukee  R.R. :  then 
chief  engineer  of  the  Southern  Minnesota  R.R. 

During  the  winter  of  1860-61  he  was  in  Cuba  as  chief 
assistant  engineer  of  the  Ferrocarril  Del  Oeste.  In  the 
spring  of  1861  he  i-eturned  to  Wisconsin  to  become 
chief  assistant  engineer  of  the  La  Crosse  &  ^lilwaukee 
R.R.,  the  nucleus  of  the  Chicago,  Milwaukee  &  St.  Paul 
Ry.,  of  which  51  r.  Whittemore  was  made  the  first  chief 
engineer  in  1863,  and  of  which  he  remained  chief  en- 
gineer for  47  years.  Upon  his  retirement  as  chief  en- 
gineer in  December,  1910,  the  honorary  position  of  con- 
sulting engineer  of  the  railway  was  created  for  him. 

During  his  long  career  as  a  railway  chief  engineer 
Mr.  Whittemore  received  many  honors.  He  was  elected 
president  of  the  American  Society  of  Civil  Engineers 
in  1884.  The  following  year  he  was  made  a  member 
of  the  Institution  of  Civil  Engineers  of  Great  Britain. 
He  received  the  honorary  degrees  of  Doctor  of  Laws  and 
Doctor  of  Philosophy  from  the  University  of  Wisconsin 
and  the  degree  of  Civil  Engineer  from  the  Universit)" 
of  Vermont.  He  was  also  an  honorary  member  of  the 
Western    Society    of    Engineers. 

PlniiH  for  nil  Activnied-SIudgre  plant  to  treat  the  sewage 
of  Matawan,  N.  J.,  drr.  ivr.  by  Geo.  A.  Johnson.  Consulting  Engi- 
neer. New  York  City,  has  been  approved  by  the  State  Depart 
ment  of  Health. 

A  Collapue  ot  Siib;-.'ay  TImberinfir  occurred  on  Nostran" 
Ave.,  Brooklyn,  on  ..'uly  13.  Following  a  heavy  rain,  a  large 
sewer  broke,  the  water  washins:  out  sufficient  supports  to  cause 
the  collapse  of  200  ft.  of  roadway,  including  the  surface 
tracks  of  the  Brooklyn  Rapid  Transit  Co.  An  approaching 
trolley  car  disregarded  a  warning  and  fell  into  the  hole,  six 
persons   being   injured. 
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Notable  Philippine  Kailway  Completed — The  railway  from 
ranila  to  Hondas^ua.  across  the  Island  of  Luzon  from  west  to 
vst  has  been  completed  and  thrown  open  to  traffic.  This  pro- 
ides  rail  connection  between  Manila,  which  is  on  the  west 
jast.  on  the  China  Sea,  with  the  Pacific  coast  ports  on  Lopez 
,ay,  where  direct  service  may  be  established  with  American 
orts,  shortening-  the  route  to  Manila  by  several  days.  The 
lilway  is  through  primeval  tropical  forests  and  has  been 
)ur   5'ears   building. 

A  Large  Amount  of  Pa\'ins'  In  Cleveland,  Ohio,  is  pro- 
;cted  but  must  await  pt.'pular  authoiization  at  an  electiori 
illed  for  Aug.  S.  The  general  scheme  adopted  by  the  City 
ouncil  calls  for  a  bond  issue  of  $3,500,000  for  the  extension 
f  107  streets.  Other  paving  propositions  in  hand  would 
ring  the  total  bond  issue  up  to  $6,500,000.  Since  for  every 
ollar  provided  by  the  city  nearly  as  much  is  forthcoming 
■cm  property  owners,  about  $11,500,000  will  be  expended  in 
treet  extensions  and  repaying  in  Cleveland,  if  the  two 
;hemes  go  through. 

A  Public  Buildings  Commission  to  investigate  as  to  what 
ublic  buildings  are  needed  in  the  District  of  Columbia  to 
rovide  accommodations  for  all  the  Federal  offices  there,  with 
le  proper  location  of  such  buildings,  and  their  probable  cost, 
;  provided  for  in  the  Sundry  Civil  Appropriation  Bill  approved 
uly  1-  The  Commission  is  to  be  composed  of  members 
sleeted  from  the  committees  on  Appropriations  and  on  Public 
uildings  of  the  House  and  the  Senate,  together  with  the 
uperintendent  of  the  Capitol  Building,  the  officer  in  charge  of 
ublic  buildings  and  grounds  and  the  Supervising  Architect. 
he  report  of  the  Commission  's  to  be  made  not  later  than 
in.  1,  191S. 

OpenlDSS  for  HIehivay  Engineers  are  made  by  the  passage 
f  the  Federal  Aid  Road  Act,  noted  in  last  week's  issue.  The 
ffice  of  Public  Roads  and  Rural  Engineering  under  Logan 
.'aller  Page  is  already  seeking  experienced  highway  engi- 
eers.  An  examination  is  announced,  Aug.  S,  for  Senior  High- 
ay  Engineers,  at  salaries  from  $2,200  to  $4,000  per  annum. 
he  competitors  will  not  be  assembled  for  a  written  exam- 
lation  but  will  be  rated  on  training  and  experience.  Appli- 
mts  must  be  at  least  30  years  old  and  have  had  eight  years 
-esponsible  engineering  experience"  not  less  than  five  of 
hich  must  have  been  in  "responsible  highway  engineering." 
pplications  should  be  addressed  to  the  Civil  Service  Commis- 
on  at  Washington. 

St.  Louis  Garbage  Collectors'  Strike  Ended — There  were  no 
arbage  collections  in  the  city  of  St.  Louis  from  June  30  to 
uly  6.  The  white  teamsters  employed  by  the  street-cleaning 
nd  some  other  city  departments  struck  for  an  increase  in 
ay  of  from  $50  to  $65  per  month.  The  negro  teamsters,  who 
ere  practically  all  on  garbage  collection,  did  not  strike,  but 
ley  were  intimidated  and  refused  to  take  out  the  teams.  The 
:rike  was  finally  settled  by  an  agreement  of  the  Board  of 
Rtimate  (which  is  composed  of  the  Mayor,  President  of  the 
oard  of  Aldermen  and  the  Comptroller)  to  increase  the  sal- 
ries  as  demanded.  The  Comptroller  voted  against  the  in- 
rease  on  the  ground  that  it  is  the  entering  wedge  for  a 
lid  by  union  laborers  on  the  city  treasury. 

Bayonne,  N.  J.,  Five  Days  W'ithout  Water-Supply — Owing 
>  a  break  in  the  "water-supply  main  near  where  it  passed 
nder  the  tracks  of  the  Delaware.  Lackawanna  &  Western 
..R.  in  the  Hackensack  meadows,  the  City  of  Bayonne,  hav- 
ig  a  population  of  about  6.8.000,  was  practically  without 
ater  for  five  days.  The  water-supply  of  the  city  is  fur- 
ished  by  the  New  York  &  New  Jersey  Water  Co.,  which  in 
urn  purchases  the  water  from  the  Passaic  Water  Co.  The 
rcak  is  said  to  have  been  caused  by  the  vibration  of  passing 
ains,  and  owing  to  the  swamp  land  through  which  the  pi;ie 
i  laid,  there  was  much  delay  in  getting  at  the  break.  Severi^I 
umps  of  large  capacity  were  required  to  unwater  the  hole.  A 
artlal  supply  of  water  was  obtained  by  a  connection  with 
ersey   City    mains. 

A  Seetlon  of  the  C-rolned  Arch  concrete  roof  of  the  clear- 
vatcr  basin  of  the  new  West  Side  water  filters  at  Cleveland, 
ihio,  coUapset'.  on  the  night  of  July  9.  No  one  was  hurt.  The 
oof  was  carried  on  20-ln.  square  columns  spaced  on  15  ft. 
In  squares  and  reinforced  with  four  %-ln.  vertical  round 
orts,  bound  with  '4 -in.  wire  every  24  in.  The  groined  arches 
vcre  6  In.  thick  at  crown,  about  12  In.  thick  at  spring  and 
elnforced  with  Vi-ln.  square  rods.  The  columns  averaged 
-  it  I.  Ill,  In  height.  At  the  time  of  the  collapse  none  of  the 
Travel  or  earth  fill  had  been  placed  on  the  roof.  The  failure 
»  complete  over  an  area  about  30  ft.  square  and  Involves  four 
olumns.     An   official   Investigation   Is  now   under  way. 

The  \n1lonnl  Septic  Process  Protective  Leainie*  an  organi- 
■.atlon   of  municipalities  and  others  to  cooperate  In  defending 


suits  for  infringements  of  the  Cameron  septic  tank  patents. 
announces  in  a  circular  dated  July  6  that  over  seventy  munici- 
palities have  already  joined  the  League.  H.  M.  Bracken,  of 
the  Minnesota  State  Board  of  Health,  is  President;  A.  Elliott 
Kimberly,  Consulting  Engineer  of  Columbus,  Ohio,  is  Vice- 
President,  and  Frank  G.  Pierce,  Secretary  of  the  League  of 
Iowa  Municipalities,  Marshalltown,  Iowa,  is  Secretary- 
Treasurer.  The  organization  of  the  League  was  noted  in 
"Engineering  News"  of  Mar.  23,  1916,  p.  578.  The  circular 
states  that  "if  the  present  claims  of  the  Cameron  Septic  Tank 
Co.  are  established  in  court,  every  sewage-disposal  plant 
in  the  country  that  has  not  settled  with  this  company  will  be 
liable  for  a  royalty.  On  the  contrary,  if  the  court  of  last 
resort  once  holds  against  the  company,  every  municipality  is 
thereby  freed  from  payment  of  royalty."  The  League  Invites 
the  cooperation  of  other  engineers  and  municipalities  not 
already    members. 

The  Moffatt  Tunnel,  projected  through  the  transcontinental 
divide,  on  the  line  of  the  Denver  &  Salt  Lake  City  R.K.,  may  be 
financed  by  a  combination  of  Eastern  and  Denver  capital.  Den- 
ver newspapers  state  that  a  syndicate  of  Boston  and  New- 
York  banking  houses  has  agreed  to  subscribe  $3,000,000  pro- 
vided an  additional  $3,000,000  is  raised  in  Denver.  Of  the  latter 
amount.  $1,000,000  has  been  subscribed  by  a  syndicate  of  Den- 
ver capitalists  and  an  association  of  Denver  banks  and  trust 
companies  has  agreed  to  take  a  second  million,  leaving  one 
million  to  be  subscribed  by  small  investors.  The  Denver  & 
Salt  Lake  Ry.,  originally  the  Denver,  Northwestern  &  Pacific 
Ry.,  was  projected  and  built  by  the  late  D.  H.  Moffatt,  and  Is 
planned  eventually  to  reach  Salt  Lake  City.  As  originally 
'  uilt.  the  railway  crosses  the  divide  at  an  elevation  of  about 
■  1,700  ft.,  and  the  steep  grades  and  curvature  on  the  summit 
division  of  the  road  add  greatly  to  its  operating  expenses, 
while  the  winter  operating  conditions  are  very  severe.  By 
driving  a  tunnel  about  SVb  mi.  long  through  the  ridge  the 
■summit  elevation  would  be  lowered  about  1,700  ft.  Numerous 
attempts  have  been  made  in  the  past  ten  years  to  finance  the 
tunnel  project  through  the  aid  of  the  State  of  Colorado  or  the 
City   of   Denver,    but    they    have    all    been    defeated. 

The  Water-Works  of  Chattanooga.  Tenn.,  owned  by  the 
City  Water  Co.,  have  been  valued  by  a  board  of  three  apprais- 
ers appointed  under  an  agreement  between  the  company  and 
the  city.  The  board  consisted  of  J.  N.  Hazlehurst,  of  Atlanta, 
William  Wheeler,  of  Boston,  and  John  W.  Alvord.  of  Chicago. 
The  members  of  the  board  disagreed  as  to  the  method  of  com- 
puting depreciation  on  the  plant.  After  agreeing  substantially 
on  the  cost  of  reproduction,  Messrs.  Wheeler  and  Alvord. 
adopting  the  sinking-fund  method  of  estimating  depreciation, 
arrived  at  a  total  of  $398,675  as  the  amount  to  be  deducted. 
Mr.  Hazlehurst,  in  a  minority  report,  used  the  straight-line 
method  of  depreciation,  and  obtained  a  figure  of  $743,159. 
The  final  estimate  of  Mr.  Hazlehurst  for  the  total  value  of  the 
property  is  $2,000,000.  In  justification  of  the  fairness  of  this 
estimate,  Mr.  Hazlehurst  shows  that  the  city,  in  case  it  decided 
not  to  purchase  the  company's  plant,  could  build  an  entirely 
new  plant  by  the  investment  of  $2,000,000,  which  could  be 
operated  at  an  estimated  cost  of  $77  per  1,000,000  gal.  fur- 
nished, which  compares  with  $10-1  operating  cost  by  the  preseiit 
plant.  Mr.  Hazlehurst  further  shows  that  the  actual  money 
invested  by  the  company  in  the  plant  after  deducting  its 
profits  through  the  sale  of  lands  is  $1.54-1,000.  The  water 
rates  it  has  collected  have  paid  its  operating  charges,  taxes 
and  interest  on  the  investment,  so  that  if  the  city  paid  the 
company  $2,000,000  it  would  be  allowing  a  profit  of  $456,000 
on  the  company's  investment  over  and  above  what  it  has  re- 
ceived in   interest. 

A  Bridge  Across  San  Francisco  Bay  between  Oakland  and 
San  Francisco  is  projected  by  the  "Associated  Bridge  Engi- 
neers." made  up  of  Wilbur  J.  Watson  &  Co..  of  Cleveland; 
William  Russell  Davis,  of  Albany,  N.  Y.;  and  Harlan  D.  Miller, 
of  Albany,  N.  Y..  and  Oakland,  Calif.  The  bridge  would  cross 
the  bay  at  its  narrowest  part  and  its  terminal  in  San  Francisco 
would  be  south  of  nearly  all  of  the  main  docks  for  seagoing 
steamers,  so  that  ocean  traffic  would  not  be  much  interfered 
with.  The  bridge  as  designed  would  carry  four  railway 
tracks,  two  for  through  railway  trains  and  two  for  Interur- 
ban  trains,  and  three  roadways,  one  for  automobile  traffic  and 
two  on  brackets  outside  the  trusses  for  slow-moving  traffic. 
The  total  width  of  the  bay  at  the  crossing  is  about  three 
miles,  and  with  Its  approaches  the  bridge  would  be  about 
five  miles  in  length.  The  designs  are  based  upon  a  structure 
made  up  chiefly  of  250-ft.  steel  truss  spans  supported  on  con- 
crete cylinder  piers  with  pile  foundations.  Over  the  deep- 
water  channel  In  the  bay  there  would  be  a  600-fl.  span  lOO 
ft.  above  the  water,  and  In  addition  a  lift  span  which  could 
be  raised  to  give  210  ft.  vertical  clearance  to  high-masted 
vessels.  Similar  spans  would  be  located  where  the  bridge 
crosses  the  Oakland  estuary,  the  channel  by  which  vessels 
reach   the   |>ler8  at   Oakland.      A   public   hearing   on   the   plans 
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for  the  bridge  is  to  be  held  in  San  Francisco  Aug.  15  and  at 
Oakland  on  Aug.  7,  before  a  Board  of  United  States  Army 
Engineers,  consisting  of  Col.  Thomas  H.  Rees,  Col.  Charles 
L.  Potter  and  Maj.  George  B.   Pillsbur.v. 

The  Sundry  Civil  Appropriation  Bill  which  became  law  on 
July  1  provides  $7,267,000  for  the  continuation  of  work  on 
public  buildings  previously  authorized.  The  only  large  items 
in  this  are  for  the  Post  Office  and  Court  House  at  Portland, 
Ore.,  $425,000,  and  for  the  new  Interior  Department  Building 
in  Washington.  $756,000.  The  Public  Health  Service  receives 
$2,058,000,  and  in  addition  special  appropriations  of  $400,000 
for  the  prevention  of  epidemics,  $250,000  "for  field  investiga- 
tions of  the  diseases  of  man  and  conditions  influencing  the 
spread  thereof,  including  the  sanitation  and  sewage  and  pol- 
lution of  navigable  streams  and  lakes  of  the  United  States"; 
and  $25,000  for  special  studies  of  rural  sanitation.  The  Inter- 
state Commerce  Commission,  in  addition  to  its  regular  appro- 
propriation,  receives  $225,000  to  enable  it  to  keep  informed 
regarding  safety  conditions  on  railways  and  to  investigate 
and  test  block  signals,  train  control  and  other  safety  ap- 
pliances. To  carry  on  the  work  of  railway  valuation,  $3,500,- 
000  was  appropriated.  The  War  Department  receives  $4,683,- 
000  for  improvements  and  other  work  at  arsenals  and  mun- 
ition factories.  In  this  is  included  $500,000  for  a  new  Gov- 
ernment powder  plant,  $500,000  for  increasing  the  capacity 
of  the  Rock  Island  arsenal,  and  $800,000  for  the  Watervliet 
arsenal.  The  Engineer  Department  receives  $700,000  for 
continuing  the  work  on  the  Lincoln  Memorial  and  the  re- 
building of  the  Aqueduct  Bridge  across  the  Potomac  River  in 
Washington  is  authorized,  the  contract  price  not  to  exceed 
$900,000.  For  the  Interior  Department,  $700,000  is  appropriated 
for  public  land  surveys,  with  the  compensation  of  surveyors 
limited  to  $200  per  month,  except  in  Alaska,  where  the  limit 
is  $10  per  day  and  not  to  exceed  $3  per  day  for  subsistence. 
The  U.  S.  Geological  Survey  receives  $1,255,000,  the  Bureau  of 
Mines  $955,000,  and  the  Reclamation  Service  $8,884,000.  The 
Alaska  Engineering  Commission,  for  its  work  in  building  the 
Government  railway  in  Alaska,  receives  $6,250,000.  The  Coast 
and  Geodetic  Survey  receives  $425,000  for  field  expenses,  $330.- 
000  for  its  marine  equipment,  $275,000  for  office  expenses.  For 
the  operation  and  maintenance  of  the  Panama  Canal,  $15,800,- 
000  is  appropriated:  and  in  addition,  $4,535,000  for  fortifica- 
tions,   barracks,    etc. 


FEI^SOMAi^S 


p.  H.  Chamberlain  has  resigned  as  General  Manager  of  the 
Alabama  Power  Co.,  Birmingham,  Ala. 

S.  A.  Arnold  and  B.  A.  Tripp  have  opened  offices  in  Cleveland, 
Ohio,  under  the  firm  name  of  Arnold  &  Tripp,  for  the  practice 
of  landscape   architecture. 

Henry  L.  Bon-lby,  former  State  Highway  Engineer  of 
Oregon,  is  now  Executive  Officer  of  the  Pacific  Highway  Asso- 
ciation with  headquarters  at  Portland,   Ore. 

F.  A.  Burr  has  resigned  as  General  Sales  Manager  of  the 
Tennessee  Coal,  Iron  and  Railroad  Co.  to  accept  a  similar  po- 
sition with  the  Etna  Explosives  Co..  New  York  City. 

Allen  Loomis.  of  the  engineering  staff  of  the  Packard  Motor 
Car  Co.,  Detroit,  Mich.,  has  resigned  to  engage  in  private 
practice  as  a  consulting  engineer,  with  offices  in  Cleveland, 
Ohio. 

H.  B.  McMaster,  General  Manager  of  Branches  of  the  Berger 
Manufacturing  Co.,  Canton,  Ohio,  has  resigned  to  become  Vice- 
President  and  Geniral  Manager  of  the  Gordon  Tire  and  Rubber 
Co.,  Canton, 

E,  J.  Burdiek  has  been  appointed  Assistant  General  i\Tan- 
ager  of  the  Detroit  United  Ry.  He  has  been  with  the  Detroit 
street  railway  since  1S95,  and  is  a  past-president  of  the  Detroit 
Engineering  Society. 

A.  N.  Talbot,  M.  Am.  Soc.  C.  E.,  Professor  of  Municipal  and 
Sanitary  Engineering  at  the  University  of  Illinois,  has  been 
awarded  an  honorary  degree  of  Doctor  of  Engineering  by  the 
University  of  Michigan. 

Ednnrd  I.  Clnwlter,  Assoc.  M.  Am.  Soc.  C.  E.,  has  resigned 
as  Engineer  in  charge  of  the  southern  division  of  Miller  & 
Lux,  Inc.,  to  become  Engineer  of  the  San  Francisco  Bridge 
Co.,    San    Fr.ancisco,    Calif. 

^Vlllix  AVhlt€-d.  M.  Am.  Soc.  C.  E.,  Bridge  Engineer  of  the 
Pennsylvania  State  Highway  Department,  received  the  honor- 
ary degree  of  Doctor  of  Engineering  at  Iowa  State  College 
at  the  recent  commencement. 

Rodman  IVIley,  Assoc.  M.  Am.  Soc.  C.  E.,  Bridge  Engineer 
of    the   Kentucky    State    Highway    Department,    has    been    ap- 


pointed Road  Commissioner  to  succeed  Robert  C.  Terrell.    The 
salary  of  the  office  is  $3,000  per  annum. 

R.  Ij.  Heeren,  formerly  a  civil  engineer,  Bridge  and  Con- 
struction Department  of  the  Pennsylvania  Steel  Co.,  Steelton, 
Penn.,  has  joined  the  engineering  and  sales  department  of  the 
Bethlehem  Steel  Co.,  South  Bethlehem,  Penn. 

J.  F.  Putnam,  Assoc.  Am.  Inst.  E.  E.,  has  been  appointed 
Assistant  Professor  of  Electrical  Engineering  at  Sibley  Col- 
lege, Cornell  University.  He  was  formerly  Professor  of 
Physics  at  St.  Johns  College,   Shanghai,   China. 

Richard  M.  Kreutz,  formerly  a  civil  engineer.  Bridge  and 
Construction  Department  of  the  Pennsylvania  Steel  Co.,  Steel- 
ton,  Penn.,  is  now  with  the  sales  and  engineering  department, 
Bethlehem    Steel    Co.,    South    Bethlehem,    Penn. 

Robert  Farnliani,  M.  Am.  Soc.  C.  E.,  recently  Assistant  to 
the  Engineer  of  Bridges  and  Buildings  of  the  Pennsylvania 
R.R.,  has  been  appointed  Assistant  Engineer  of  Bridges  and 
Buildings,  and  his  former  position  has  been  abolished. 

W.  J.  Collier,  of  Harrisburg,  Penn.,  has  been  appointed 
Plant  Engineer  of  the  Steelton  plant  of  the  Bethlehem  Steel 
Co.,  formerly  the  Pennsylvania  Steel  Co.  He  is  a  graduate  in 
civil    engineering    of   Lehigh    University,    class    of    1S95. 

AVilliam  G.  .*rn,  Assoc.  M.  Am.  Soc.  C.  E.,  recently  Road- 
master  of  the  Illinois  Central  R.R.  at  Mattoon,  111.,  has  been 
promoted  to  be  Assistant  Engineer  of  Maintenance-of-Way 
with  office  at  Chicago,  111.,  succeeding  Milton  B.  Morgan, 
transferred. 

A.  W.  Thompson,  M.  Am.  Soc.  C.  E.,  has  been  appointed 
Vice-President  in  charge  of  traffic  and  commercial  develop- 
ment of  the  Baltimore  &  Ohio  R.R.  system.  He  is  a  former 
Chief  Engineer  of  the  railway,  and  since  1912  has  been  Vice- 
President    in    charge    of    operation. 

C.  F.  Hinehnian,  .Assistant  Engineer  of  Maintenance-of- 
Way  of  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  R.R.  at 
Mount  Carmel,  111.,  has  been  promoted  to  be  Engineer  ot 
Maintenance-of-"W^ay,  Indianapolis  terminal  division,  Indian- 
apolis,  Ind. 

J.  G.  Bloom,  M.  Am.  Soc.  C.  E.,  recently  Division  Engineer 
of  the  Chicago,  Rock  Island  &  Pacific  Ry.  at  Little  Rock,  Ark,, 
formerly  with  the  valuation  department  of  the  railway  at 
Chicago,  has  been  promoted  to  be  Division  Superintendent  of 
the    Amarillo    division,    with    headquarters    at    Amarillo,    Tex. 

W.  Kemp  'Wnlker,  Assoc.  M.  Am.  Soc.  C.  E..  has  resigned  his 
position  ot  .\s,sistant  Field  Engineer,  Roadway  Department, 
Division  of  Valuation,  Interstate  Commerce  Commission,  with 
headquarters  at  Kansas  City,  Mo.,  to  become  Engineer  in 
charge  of  special  track  work  of  the  Wabash  R,R.,  with  offices 
at  Peru,  Ind. 

J.  H.  Myers,  Assoc.  M.  Am.  Soc.  C.  E.,  recently  with  the 
Bridge  and  Construction  Department  of  the  Pennsylvani.i 
Steel  Co.,  Steelton.  Penn,,  has  been  promoted  to  be  Assistant 
Superintendent  of  the  plant,  which  is  now  a  part  of  the  Beth- 
lehem Steel  Co.  Mr.  Myers  is  a  graduate  of  Lehigh  University 
in   civil  engineering,   class  of  1S96. 

Henry  G.  Stott,  M.  Am.  Soc.  M.  E.,  Superintendent  of  Motiv. 
Power  of  the  Interborough  Rapid  Transit  Co.,  of  New  York 
City,  was  obliged  to  undergo  a  very  serious  oper.ation  on 
Friday,  July  7,  in  connection  with  a  trouble  of  long  standing 
Mr.  Stott  has  improved  since  the  operation,  and  his  present 
conditit)n   promises  a  speedy   recovery. 

A.  D.  Ludlow,  a  sewer  contractor  of  Kansas  City,  Mo.,  ha^ 
been  appointed  Engineer  of  Sewers,  Department  of  Engineer- 
ing of  Kansas  City.  He  is  a  former  Assistant  Engineer  oi 
the  city  engineering  department  and  was  Assistant  Engl 
neer  of  the  Kansas  City  Terminal  Ry.  during  the  construe 
tion    of   the   Kansas   City   Union   Station. 

.lohn   J.   Brrnet.   Vice-President    of   the    New    York    Central 
Lines,  Chicago,  111.,  has  been  elected  President  of  the  reorgan 
ized  New  York,  Chicago  &  St.  Louis  R.R.   (Nickel  Plate),  wlii  ' 
was   recently   sold   by   the   New    York   Central   Lines    to   Cle\ 
land,  Ohio,  capitalists.     Mr.  Bernet  is  4S  years  old:  he  enter 
the    railway   service   in    1SS9   as   a   telegraph    operator   on  ti 
Lake  Shore  &  Michigan  Southern  Ry. 

R.  L.  DnuKherty,  for  the  past  six  years  Assistant  Profes^' 
of  Hydraulics  at  Sibley  College,  Cornell  University,  has  be. 
appointed  Professor  of  Hydraulic  Engineering  at  Renssohi' 
I'olytechnic  Institute,  Troy,  N.  Y.  He  succeeds  Prof.  Lew 
P.  Moody,  who  has  resigned  to  engage  in  private  practi' 
Professor  Daugherty  graduated  from  Leland  Stanford  Unlvr 
sity  in  1909.  He  is  the  author  of  three  textbooks,  "Hydraul 
Turbines,"    "Centrifugal    Pumps"    and    "Hydr.aulics." 

Frank  <;.  White.  Assoc.  M.  Am.   Soc.   C.   E.,   Chief  Asslstai 
Engineer   of   the   California   State   Board   of   Harbor   Commis- 
sioners,  has   been   appointed   Chief   Engineer   of  the   Board  to 
succeed    Jerome    Newman,    M.    Am.    Soc.    C    E.,     resigned,    a*^ 
noted   in    these  columns   July   6.     Mr.   White   is   a   graduate  of 
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t'.  University  of  Iowa,  and  for  the  past  six  years  has  been 
Cief  Assistant  Engineer  of  the  Harbor  Commission.  Before 
nt  he  was  with  the  City  Engineer's  department  of  San 
Jancisco,  being  employed  on  the  design  of  several  of  the 
J  ge  sewers. 

H.  H.  Roussean,  Assoc,  il.  Am.  Soc.  C.  E.,  Civil  Engineer 
I  S.  N.,  who  has  been  a  member  of  the  Isthmian  Canal  Com- 
r-ision  since  1907,  has  been  ordered  home  and  placed  on  wait- 
j :  orders.  Mr.  Rousseau  was  made  Chief  of  the  Bureau  of 
'rds  and  Docks  in  January,  1907,  and  three  months  later  re- 
!  ned  to  accept  the  Panama  appointment.  Since  that  time  he 
i  5  been  resident  on  the  Isthmus  and  for  the  most  part  in 
1  irge  of  building  and  terminal  construction.  Under  an  Act 
[  Congress,  Mar.  4,  1915,  he  was  advanced  to  the  grade  of 
I  -il  Engineer  in  the  Navy,  with  the  rank  of  Rear-Admiral 
[  the  lower  nine. 

Robert  C.  Terrell  ha.-^  been  removed  as  State  Road  Commis- 
!  ner  of  Kentucky.  The  following  extract  from  an  editorial 
i  the  Paducah  "Evening  Sun  "  of  June  30  is  of  interest  as  a 
1  al  view  of  the  situation: 

In  view  of  the  fact  that  Terrell  has  al'ways  rendered  satis- 
I  tion  it  will  doubtless  strike  the  people  of  the  state  as 
I  'uliar  that  he  was  not  retained  in  his  position.  The  only 
I  ;s!ble  anwer  is  that  the  governor  does  not  see  in  Terrell 
I    combination  of  a  good  servant  and  an  able  politician.     The 

road  commissioner  has  never  been  much  of  a  factor  in 
I  itics.     He  has  committed  the  unpardonable  sin  of  attending 

the  business  of  his  department,  and  unwisely  refrained  from 

ting  out  and  participating  in  the  election  of  state  officials, 

ich  is  almost  as  bad  in  Frankfort's  official  eye  as  working 
'    the  other  side. 

Rudolph  P.  Miller,  M.  Am.  Soc.  C.  E..  former  Superintend- 
of  the  Bureau  of  Buildings,  Borough  of  Manhattan,  New 
"k  City,  has  been  appointed  Chairman  of  the  newly  created 
■,rd  of  Standards  and  Appeals,  which  will  have  jurisdiction 
T  all  building  operations  in  all  the  five  boroughs  of  the 
.',  instead  of  the  control  being  separate  for  each  borough. 
!  new  Board  has  but  two  salaried  members,  the  Chairman 
1  Daniel  Sullivan,  Secretary.  Mr.  Miller's  salary  is  $7,500 
annum  and  the  Secretary's  $3,600.  Other  members  of  the 
ird  are  L.  C.  Holden,  Architect;  William  Crawford,  Build- 
Contractor;  Howard  C.  Baird,  M.  Am.  Soc.  C.  E..  of  the  firm 
Boiler.  Hodge  &  Baird,  Consulting  Engineers;  A.  R.  Kirkus, 
eal  estate  expert,  and  A.  J.  Boulton,  a  Brooklyn  labor  rep- 
entative,  who  receive  $10  a  day  whenever  the  Board  con- 
.es. 

William  ■Wallace  Ewing,  M.  Am.  Soc.  C.  E.,  has  been  ap- 
nted  Special  Agent  of  the  Bureau  of  Foreign  and  Domestic 
nmerce  of  the  United  States  Department  of  Commerce.  His 
rk  will  be  to  investigate  construction  materials  and  ma- 
nery  in  South  America.  Civil-service  examinations  for  the 
ition  were  hold  in  25  cities  and  19  men  took  the  examina- 
1.  About  two-thirds  of  these  passed  tlie  examination  and 
turn  were  requested  to  present  themselves  in  Washington 
an  oral  examination  before  the  appointment  committee. 
Ewing  was  successful  in  both  examinations  and  will 
rtly  commence  his  duties  at  the  Bureau  in  Washington. 
er  an  extended  trip  in  the  United  States  in  conference  with 
exporters,  receiving  their  specifications  and  other  infor- 
tion  for  presentation  in  the  foreign  field,  a  tour  of  South 
erica  will  be  made  visiting  all  of  the  principal  centers, 
ere  engineering  and  construction  materials  and  equipment 
used.  Progress  reports  will  be  made  during  this  period, 
return  to  the  United  States  it  is  planned  to  revisit  the 
'Orters,  advising  and  conferring  with  them  regarding  the 
t  methods  to  be  used  in  developing  the  sale  of  their 
eral  manufactures. 


©BHTUAiaY 


Richard  H.  McCary,  President  of  the  R.  H.  McCary  Co.,  gen- 
1   contractors,  Los  Angeles,  Calif.,   died   June   26. 

JameK  L.  nranH,  Assistant  General  Manager  of  the  Union 
•Iftc  R.R.  system  died  June  30,  at  Seattle.  Wash.  His 
ly  experience  was  with  the  auditing  department  of  the 
intenance-of-way  division  of  the  Oregon-Washington  Rail- 
d  and  Navigation  Co. 

Daniel  Edmund  GnrrlMon,  a  retired  steel  manufacturer  of 
Louis,  Mo.,  died  July  4.  As  President  and  General  Man- 
■!•  of  the  Vulcan  Steel  Co.,  he  is  said  to  have  rolled  the 
•t  Bteel  rails  in  the  country  west  of  the  Mississippi  River, 
was  77  years  old  and  retired  from  active  business  in   1890. 

Jamen  Frank  MorriHon,  a  pioneer  electrical  engineer,  first 
psldent  of  the  National  Electric  Light  Association,  died  July 
at  his  home   in   Baltimore.   Md.     He   was   born   at   St.   John, 

B.,  in   ly.Ji.     H<-   was  a  telegraph  operator  with   the  Balti- 


more &  Ohio  R.R.  during  the  Civil  War  period.  Subsequently 
he  was  with  the  Western  Union  Telegraph  Co.  at  Baltimore. 
In  1S70  he  was  made  Superintendent  of  the  fire-alarm  and 
police  telegraph  systems  of  Baltimore,  completely  reorgan- 
izing them.  In  1878  he  constructed  for  the  Chesapeake  &  Ohio 
Canal  Co.,  what  is  claimed  to  be  the  first  long-distance  tele- 
phone line — 210  mi.  from  Georgetown,  V.  C,  to  Cumberland, 
Md.      He  was  also  a  pioneer   in  the   electric-lighting   industry. 


INTERNATION.-VL  ASSOCIATION  OP   FIRE   ENGINEERS. 
Aug.    29-Sept.    I.      Convention    in    Providence,    R.    I.      Secy., 
James  McFall,  Roanoke,  Va. 
ASSOCIATION  OP  EDISON  ILLUMINATING  COMPANIES. 
Sept.  4-7.     Convention  in  Hot  Springs.  Va.     Asst.  Secy.,  E.  A. 
Baily,   360   Pearl   St.,  Brooklyn.   N.   Y. 
THE  TRAVELING   ENGINEERS'   ASSOCIATION. 

Sept.    5-8.      Annual    meeting    in    Chicago,    111.      Secv.,    W.    O. 
Thompson,   care   General   Offices,  N.   Y.   C.    R.R.,   Cleveland, 
Ohio. 
AMERICAN   FOUNDRYMEN'S   ASSOCIATION. 

Week    of    Sept.     11.       Annual     meeting    in    Cleveland,    Ohio. 
Secy.,  A.  O.  Backert,  12th  and  Chestnut  St.,  Cleveland,  Ohio. 
THE  AMERICAN  INSTITUTE  OF   METALS. 

Week  of  Sept.  11.     Meeting  in  Cleveland.  Ohio.     Secy.,  W.  M. 
Corse,    106    Morris    Ave.,    Buffalo,    N.    Y. 
NATIONAL  ASSOCIATION  OF  STATIONARY  ENGINEERS. 
Sept.  11-16.     Convention,  Min.neapolis,  Minn.     Secy.,  Fred  W. 
Raven,  417   S.   Dearborn   St.,  Chicago. 
MASTER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCIATION. 
Sept.    12.      Convention    in   Atlantic   City.      Secy.,    A.    P.    Dane, 
Reading,  Mass. 
RAILWAY  SIGNAL  ASSOCIATION. 

Sept.    12-14.      Convention    in    Mackinac    Island.      Secy.,    C.    C. 
Rosenburg,  Myers  Building,  Bethlehem,  Penn. 
ILLUMINATING    ENGINEERING    SOCIETY. 

Sept.  18-20.     Convention    in   Philadi'lphia.   Penn.      Asst.  Secy., 
C.  D.  Fawcett,  29  West  39th  St.,  New  York.  N.  Y. 
ASSOCIATION    OF   IRON    AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 
Sept.  18-22.     Convention  in  Chicago.     Secy..  W.  O.  Oschmann, 
Oliver  Iron   and   Steel   Co.,   Pittsburgh,    Penn. 
THE   ROADMASTERS  AND  MAINTENANCE   OF  W.\Y  ASSO- 
CIATION OF  AMERICA. 
Sept.  19-22.     Convention  in  New  York  City.     Secy.,  P.  J.  Mc- 
Andre^vs. 
MICHIGAN  GAS  ASSOCIATION. 

Sept.   21-22.     Annual  meeting  in  Detroit,   Mich.     Secy.,  Clark 
R.  Graves.  Lansing,  iVIich. 
AMERICAN    PEAT    SOCIETY. 

Sept.    21-23.      Annual    meeting    in   Washington,    D.    C.      Secy., 
Julius  Bordollo,    Kingsbridge,   N.   Y. 
RAILWAY    FIRE    PROTECTION    ASSOCIATIO.V. 

Oct.    3-5.      Convention    in    New   York    City.      Secv..    C.    B.    Ed- 
wards,   Mobile   &    Ohio    R.R.,    Mobile,    Ala. 
AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS. 

Oct.    9-13.      Convention    in   Newark,    N.    J.      Secy.,    Charles   C. 
Brown,  Indianapolis,  Ind. 
AMERICAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.    9-13.      Convention    at   Atlantic   City,    N.    J.      Secy.,    E.    B. 
Burritt,   8   West   40th   St.,   New   York  City. 
AMERICAN   RAILWAY   BRIDGE   AND    BUILDING    ASSOCIA- 
TION. 
Oct.  17-19.     Convention  in  New  Orleans.  Secy.,  C.  A.  Lichty. 
C.  &  N.  W.  Ry..  Chicago. 
AMERICAN  GAS  INSTITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  G.  G.  Rams- 
dell,  New  York,  N.  Y. 
AMERICAN  PUBLIC  HEALTH  ASSOCIATION. 

Oct.    24-27.      Convention    in    Cincinnati,    Ohio.      Secy.,    Prof. 
Selskar  M.  Gunn,  Boston,  Mass. 

The  American  AMNociaiion  of  EneineerH  has  sent  out  the 
first  annual  report  of  the  national  treasurer.  The  total  en- 
rollment is  791.  The  receipts  to  May  1  were  $4,522.34,  the 
disbursements  being  $4,044.16.  The  oHice  of  the  secretary  is 
at  29  So.  La  Salle  St.,  Chicago.  A  branch  of  the  association 
has   been   formed   in   Peoria,   111. 

The  ANHocintlon  of  Rntlnay  Teleirraph  Superintendentn  has 
elected  the  following  officers  for  1916-1917:  President.  M.  H. 
Clapp,  St.  Paul.  Minn.;  vice-presidents.  J.  F.  Caskey  and  F.  T. 
Wilbur;  secretary  and   treasurer,   W.  L.  Connelly,  Gibson,   Ind. 

The  State  Annocialion  of  Plannlnic  ConinilMHionH  of  Penn- 
.sylvania,  a  permanent  organization  of  Pennsylvania  city- 
planning  commissioners,  was  formed  at  a  meeting  at  the 
Capitol.  Harrisburg.  on  July  11.  The  following  officers  were 
elected:  President,  A.  B.  Farquhar,  York;  vice-president,  E.  S. 
Herman,  Harrisburg;  secretary,  J.  Herman  Knisely,  chief  of 
the  division  of  Municipal  Statistics,  Department  of  Labor  and 
Industry,  the  Capitol,  Harrisburg,  and  treasurer,  John  K. 
Stauffer,  Reading.  An  executive  committee,  consisting. of  one 
member  from  the  planning  commission  of  each  of  the  third- 
class  cities  will  be  appointed  by  the  planning  commissions  of 
the  various  cities.  Plans  for  beautifying  cities  and  problems 
confronting  planning  commissions  were  dlscussid  at  the  meet- 
ing and  will  be  further  taken  up  by  the  new  organization. 
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>«■«    Lorknut  for  Bolts 

A  new  locknut  has  been  devised  by  the  Boss  Nut  Co.,  of 
Chicago.  The  device  is  shown  in  the  accompanying  slvetches. 
The  faces  of  the  nut  are  concave.  In  applying,  the  locltnut 
run  up  to  the  holding  nut  with  the  fingers;  then  a  wrench 
used  until  the  curved  surface  next  to  the  holding  nut  is 
Irawn  downward  and  flattened  out.  Usually  a  half-turn  is 
sufficient   for   this.      In   this   position   the   threads   of  a   locknut 


Senajge  Filter  of  Vitrified  Pipe 

A  filter  for  use  with  the  septic  tanks  of  vitrified,  pipe 
described  in  "Engineering  News"  March  2  and  April  27,  con- 
sists of  a  24x30-in.  pipe  set  vertically  and  fitted  with  top  and 
bottoln.  This  is  partly  filled  with  sand  and  gravel  (or  char- 
coal). The  effluent  pipe  from  tlie  septic  tank  is  turned  down 
and  buried  in  this,  so  that  the  liquid  rises  through  the  filter- 
ing medium  to  reach  the  outlet  on  the  opposite  side  of  tlie 
filter.  The  filter  is  not  applied  when  the  tank  effluent  is  dis- 
charged into  sub-irrigation  or  drainage  tile  systems.  Both 
the  tank  and  the  filter  are  made  by  the  W.  S.  Dickey  Clay 
Mfg.    Co.,    of   Kansas    City,    Mo. 

Power-Driven  Diiiplira^ii  Pwnip 

A  recent  design  of  portable  power-operated  diaphragm 
pump,  built  by  the  Barnes  Manufacturing  Co.,  of  Mansfield, 
Ohio,  is  shown  herewith.  The  pump,  gears  and  gasoline  en- 
gine are  mounted  on  a  steel  frame,  and  U-bolts  on  the  sills 
provide  for  pipe  handles  by  which  the  outfit  can  be  moved 
The  engihe  shaft  is  connected  through  gears  to  a  spur  wheel 
carrying  a  vertical  rod  attached  to  a  crossbar  on  the  pump 
beam.     A  similar  rod  at  the  other  end  of  this  bar  is  connected 


"BOSS"   LOCK  NUT 

are  caused  to  register  deeply  and  firmly  into  the  valley  of  the 
bolt  thread,  and  the  impinging  edges  seize  the  primary  nut 
so  tightly  as  to  prevent  all  three  members  from  rotating  in 
relation  to  each  other.  The  locknut  can  be  removed  only 
with  a  wrench. 

Gravel  Heater   and   Dryer 

A  portable  device  for  heating  and  drying  gravel,  or  .grits, 
particularly  for  bituminous  fillers  in  block  paving  work,  has 
been  put  on  the  market  by  Liltleford  Bros.,  453  East  Pearl 
.St.,  Cincinnati,  Ohio.  The  device  is  the  invention  of  a  New 
York  City  paving  contractor  named  Mullen,  and  is  known  as 
the   Mullen    gravel   dryer. 

The  furnace  is  made  of  an  A-shaped  sheet  of  perforated 
steel  with  plain  sheet-steel  ends,  one  of  which  is  provided 
with  a  fire-door  and  the  other  with  a  smokestack.  Outside 
of  the  perforated  furnace  plates  are  similarly  perforated  plates 
or  flights,  as  shown  in  the  accompanying  view.  These  are 
3  in.  distant  from  the  furnace  plates  at  the  bottom  and  5 
in.  at  the  top. 

On  top  of  the  A-shaped  furnace  is  a  V-shaped  hopper  with 
openings  into  the  spaces  between  the  furnace  plate  and  the 
outside  flights,  so  that  the  gravel  flows  down  over  the  furnace 
plates  in  a  steady  stream,  so  long  as  the  hopper  is  kept  filled. 


DI.A.PHR.\GM    PUMP   WITH   GASOLINE    ENGINE 

to  a  crank  arm  on  the  spur-wheel  shaft.  The  pump  has  a 
3 -in.  suction  hose  and  can  handle  sand,  gravel  and  mud.  !t 
makes  65  strokes  per  minute  and  has  a  capacity  of  4,000  gal. 
per  hr.  The  engine  is  of  1V4  hp.  The  complete  outfit  weighs 
500   lb. 

Bar-Bendins:  Machine 

The  machine  shown  herewith  is  for  bending  the  steel  rods 
and  bars  used  as  concrete  reinforcement.  It  is  used  also  fbr 
tlat  bars,  etc.,  and  in  shop  work  where  it  is  not  desirable  to 
use  a  press  or  bulldozer.  Besides  making  ordinary  bends  It 
is  fitted  with  special  dies  for  angle,  loop,  hook  and  U-bendi 
and  for  edgewise  bending  of  flat  bars  over  2  in-  wide.  The 
smallest  size,  handling  cold  bars  not  larger  than   '2   in.,  has  a 
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Ml'LLK.N'   (JH.VVl'JL    Hl'J.VTlCK    AND    DRYER 

One  man  operates  the  machine,  which  it  is  claimed  has 
a  capacity  of  4  tons  of  gravel  per  hour  or  40  tons  per  S-hour 
day.  The  temperature  of  the  heating  can  be  regulated_  by  the 
time  the  gravel  is  permitted  to  remain  against  tlie  furnace 
plates.  The  gravel  is  removed  from  the  bottom  of  the  machine 
by   shoveling. 


HIXMAN  BAP.-BENDING  MACHINE 

round,  deep  base  that  can  be  set  in  a  socket  in  top  of  a  post 
In  tlie  larger  sizes  a  broad,  flat  base  with  anchor  bolts  is  used 
as  shown.  The  largest  size  will  bend  hot  and  cold  flats  IxG  In 
and  ',2X4  in.;  and  hot  and  cold  bars  2  in.  and  1 '4  >>'•  respct 
tively.  Thfse  machines  are  built  by  D.  A.  Hinman  &  Co.,  »' 
Landwii-h,    III. 


JULY- 27.    1916 


y.-iij--..»'' 


NUMBER  4 


s^imdl  Factories  Movedl 
»einiecs\  Falls 


A  complete  rearrangement  of  the  hydraulic  power 
lants  and  various  manufacturing  establishments  in 
leneca  Falls,  N.  Y.,  has  been  completed.  This  has  occa- 
ioned  what  is  probably  the  most  complete  revision  of 
vdraulic  and  industrial  conditions  seen  in  any  town  in 
lie  eastern  part  of  the  United  States,  and  it  brought  with 
:  a  variety  of  engineering  and  legal  problems. 
<  In  the  construction  of  the  New  York  State  Barge  Canal 
irough  the  manufacturing  village  of  Seneca  Falls, 
^placing  the  old   Cayuga  and   Seneca   Canal,  the  state 


started  is  sliuwu  by  the  accompanying  perspective  sketch 
(Fig.  2).  All  the  buildings  along  the  course  of  the 
stream  have  been  removed,  with  the  exception  of  the  busi- 
ness blocks  along  Fall  St.,  from  the  bend  west,  on  the 
north  bank  of  the  river.  The  buildings  in  the  vicinity  of 
the  Lehigh  Valley  station  remain,  but  it  has  been  neces- 
sar}^  to  raise  the  level  of  the  railroad  yards  about  4  ft. 
The  basements  of  buildings  along  the  south  side  of  Fall 
St.,  on  the  north  bank  of  the  river,  have  been  flooded  out, 
so  that  it  has  been  necessary  to  fill  them  up.    Many  brick 


FIG.   1.     DAM   2.   CAYUGA   AND   SKNKCA   BHANCH    OP   NEW  YORK  BARGK  CANAI- 
Concrete  steps  in  the  foreground  show  the  site  of  the  station  of  the  Seneca  Power  Corporation 


iieers  decided  that  the  best  canal  arrangemout  would 
It  from  the  construction  of  a  single  dam  and  a  flight 
'o  locks  at  the  eastern  limits  of  the  village,  although 
would  flood  all  the  water  powers  and  destroy  water 
'■i  at  the  three  dams  upstream  through  the  town  and 
-sitate  moving  a  large  number  of  factories  and  dwell- 
;,'  houses  out  of  the  valley. 

|The  condition  of  the  valley  of  the  Seneca  River  through 
1  ■   village   before    the    Barge    Canal    construction    was 


buildings  have  had  to  be  rebuilt  with  reinforced  concrete 
from  foundations  to  above  water  level. 

In  the  case  of  the  Episcopal  church  the  damages 
secured  made  it  po.ssible  to  build  a  pari.sh  house  taking 
the  place  of  the  basement  facilities  formerly  used. 

The  village  trunk  .sewer  (a  24-in.  vitrified  pipe)  lay  in 
the  valley  to  be  submerged,  and  it  was  changed  to  a  20-in. 
cast-iron  pipe  with  lead-calked  joints,  from  the  down- 
stream side  of  the  dnm  up  for  about  -Yi   mi.     A  20-in. 
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cast-iron  pipe  also  was  laid  on  a  timber  crib  to  carry  tlie 
sewage  from  the  north  side  of  the  river. 

Figs.  3,  4  and  5  show  close  views  of  the  valley  at  the 
site  of  the  Cast  Thread  Fitting  and  Finishing  Co.  below 
the  Clary  dam,  looking  east.  A  good  idea  is  given  of  the 
changed  conditions  throughout  the  whole  stretch  ot 
redevelopecT  territory. 

The  dam  shown  in  Fig.  1  has  eliminated  live  locks  in 
the  district  shown  by  Fig.  2  and  backed  the  water  up  in  a 
single  level  stretching  upstream  about  2  mi.  to  the  village 
of  Waterloo,  where  a  single  lock  replacing  two  low-level 
locks  permits  the  passage  of  boats  from  the  canal  to 
Seneca  Lake.  By  lowering  the  pool  level  below  the  dam  a 
sixth  lock,  5  mi.  east,  was  eliminated. 

Co>fSOLIDATION   OF   WaTER   RiGHTS 

At  the  various  works  scattered  up  the  river  through  the 
village  there  were  altogether  something  over  25  points  of 
diversion  for  water  from  the  river  or  supply  races. 

To  carry  out  jilans  in  building  the  Barge  Canal  here, 
the  state  was  faced  with  damage  claims  for  water  rights 
alone  of  upward  of  $2,000,000.  It  was  seen  that  if  the 
state  acquired  these  rights  it  would  have  no  use  for  the 


known  that  many  of  their  rights  were  conveyed  in  old 
and  obsolete  terms  and,  in  fad,  some  in  such  terms  as 
seemed  impossible  of  interpretation  in  anything  like  an 
exact  manner.  The  owners  conld  not  settle  these  matters 
among  themselves,  and  they  realized  that  to  go  into  the 
courts  would  entail  untold  expense,  ruin  many  of  the 
owners,  and  some  of  them  would  not  live  long  enough  to 
see  the  end.  They  therefore  submitted  the  whole  question 
of  their  water  rights  to  arbitration  and  appointed  Mor- 
timer G.  Barnes,  a  consulting  engineer  of  Albany,  N.  Y., 
as  arbitrator  working  under  the  code  to  determine  their 
rights  and  apportion  the  stock  in  the  new  company  among 
them,  his  findings  to  ho  final  and  binding  on  all  parties. 
Ernest  G.  (iould,  of  Seneca  Falls,  was  appointed  genera! 
counsel  to  the  arbitrator.  Hearings  were  held  at  which 
sworn  testimony  was  taken  to  give  further  light  on  the 
transfers,  maps  and  other  legal  documents  offered  in  evi- 
dence. Aside  from  this  the  arbitrator  made  surveys  and 
investigations  of  races,  turbine  capacities,  etc. 

The  powers  in  the  village  of  Seneca  Falls  were  located 
along  five  levels  which  the  arbitrator  designated  as  upper, 
middle  and  lower  levels.  In  order  to  determine  the  pro- 
]ior1i()natc  amount  of  power  each  owner  .should  have  of 
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PIG.    2.    VALLEY   OF  SENECA    RIVER    IN    SENECA    FALLS  liEFOKE  C.A.N.'VL  RECONSTRUCTION 

From  a  drawing  made  by  H.  W.  Benedict  under  the  direction  of  R.  E.  PhiUips.  Supervising  Engineer 

Figures  indicate  the  following  works  affected:  1 — Rumsey  &  Co.;  2 — M,  Fritz  and  H.  W.  Douglas;  3 — C.  A.  Rraman; 
4 — American-La  France  Co.;  5 — Goulds  Manufacturing  Co.;  6 — Roberts  Milling  Co.;  7 — Ivory  Button  Manufacturing  Co.; 
8 — Lehigh  Valley  R.R.;  9 — Cast  Thread  Pitting  and  Finishing  Co.;  10 — Clary  Electric  Light  Plant;  11 — National  Advertising 
Co.;  12 — Seneca  Falls  Woolen  Mills;  13 — P.  Maier  &  Sons;  14 — Seneca  Palls  Manufacturing  Co.;   15 — Seneca   Falls   I'aper  Co. 

the  whole,  it  was  of  first  importance  to  determine  the 
head  under  which  the  different  powers  acted  or  were 
entitled  to.  This  problem  was  complicated  in  the 
extreme.  Supreme  Court  decisions  fixed  the  elevation  of 
the  dams  in  some  instances,  and  partition  suits  fi.xed  the 
elevatidu  of  the  same  dams  at  dilferent  heights.  The 
actual  elevation  was  still  different  from  either.  An 
engineering  interpretation  of  former  conditions  and  deed? 
called  for  still  a  fourth  height.  The  belief  and  desires  of 
some  of  the  owners  were  for  yet  another  height.  Prohahl.V 
no  one  of  the  different  theories  was  right;  surely  the 
]iowers  were  not  developed  under  any  fixed  and  definite 
lilan.  To  make  the  matter  still  more  complicated  the 
stale  had  constructed  a  canal  in  the  midst  of  it  all  and 
n])set  many  of  the  calculations.  Out  of  all  this  jumble  of 
conditions,  elevations  were  established  that  satisfied  nil 
owners,  as  f(dlows : 

I'ovvers  on  Pt.  Head 

rpjipr  dam    ^"'^ 

Mid.Ue  dam,   south   side ISS" 

Middle  dam,   north   side lli.OO 

Lower  ,l:un,    north    side 10.80 

Lower  ilam.  south   side "■o" 


power  created  at  the  new  dam  except  for  a  comijaratively 
small  amount  needed  for  the  operation  of  the  locks.  It 
was  also  known  that  the  state  could  not  lease  or  sell  this 
power  at  a  figure  to  jiay  the  interest  on  the  cost  of  the 
rights.  The  state,  therefore,  entered  into  negotiations 
with  the  owners  of  the  water  rights  for  the  appropriation 
of  their  physical  property  only,  leaving  the  owners  in 
possession  of  their  several  water  rights,  which  it  was 
proposed  to  transfer  to  the  site  of  the  new  dam.  To 
accomplish  tliis  change,  it  was  necessary  for  the  owners 
of  power  rights  to  pool  their  issues  and  organize  into  a 
single  corporation  for  the  development  of  power  at  the 
new  dam.  The  one  great  obstacle  standing  in  the  way  of 
the  organization  of  such  a  comi)any  at  the  outset  was  the 
determination  of  the  ])roper  proportion  of  the  stock  in  the 
new  corporation  which  each  power  owner  should  have. 

The  canal  construction  destroyed  15  owners'  power 
rights  appurtenant  to  tliree  dams.  As  is  usual  in  such 
cases,  the  owners  along  the  di(f(M-ent  races  could  not  agree 
as  to  the  division  of  the  water  nor  to  the  heads  at  the 
various  dams.    To  make  matters  more  complicated,  it  was 
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FIGS.   3  TO  5.    TYPICAL  CI.OSK  VIEW  OF  CHANGED  CONDITIONS  IN  SKNIOCA  FALLS 


Fig.  3 — Feb.  IS,  1913,  original  condition. 
-July,  1916,  work  complete 


Fig.  4— Oct.  23,  191a 


n  tlic  inattcT  of  title  the  pn)l)lL'm  vva.s  still  more  coiii- 
p  ated  than  as  to  head.  The  powers  on  the  upper  level 
»  e  originally  owned  on  both  sides  of  the  river.  The 
n  th-side  rifjhts  were  sold  and  apportioned  to  abutting 
OMers  in  proportion  to  their  waterfront.  This  was  later 
O'lplicated  by  subdividing  and  reselling  the  water  rights. 
I.  some  ca.ses  the  land  was  sold  and  the  water  rights 
Wtined.    In  other  cases  the  water  was  sold  anil  the  land 


retained;  and  in  selling  the  measurements  did  not  agree 
with  the  total,  so  that  controversies  thereby  arose. 

Portions  of  the  power  rights  on  the  south-side  upper 
level  were  sold  to  different  parties  on  the  north  side,  they 
in  turn  selling  in  part  to  other  parties.  The  south-side 
rights  originally  covered  half  of  the  flow.  The  owner 
sold  ten  run  of  stone,  thinking  he  had  sold  half.  He 
retained  seven  first  rights  and  sold  to  the  north  side,  as  a 
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,-econd  preference,  the  next  four  rights;  then  he  sold 
three  run  attached  to  the  south  side.  The  total  Hood 
riglits  went  to  the  north-side  owners,  and  the  question 
arose  as  to  how  great  they  were.  This  brought  in  the 
.|uestio!i  of  heads — particularly  as  at  the  time  the  south- 
side  owners  bouglit  their  rights. 

There  was  not  niucli  controversy  as  to  the  rights  on  tlie 
middle  level,  north  side;  at  least  it  was  not  brought  out 
in  the  hearings.  The  greatest  complications  of  all  were 
found  on  the  south-side  middle  level.  The  conveyances 
were  in  terms  of  run  of  stone,  inches  of  water,  water  to 
run  a  10-ft.  wheel,  billies,  water  to  run  a  cotton  mill  or  a 
sawmill,  etc.  These  riglits  were  complicated  by  subdivi- 
sions, preferences,  obsolete  terms,  lack  of  knowledge  of 
head  at  time  of  conveyance,  no  knowledge  of  size  of  cotton 
mill  or  billies,  reconveyances  and  combination  of  prefer- 
ences and  litigation  and  controversies  as  to  head. 

At  the  lower  level,  north  side,  there  was  no  controversy 
as  to  rights.  The  water  was  divided  into  twentieths  and 
so  sold.  The  only  trouble  was  that  more  than  20  twen- 
tieths were  sold.  The  south-side  lower  level  was  all  owned 
by  one  party  and  no  question  raised  as  to  title. 

In  view  of  this  indefiniteness  other  methods  of  solving 
the  problem  were  sought.    An  examination  of  the  records 


^  Trash  Facks 


Middle  Level.  South  Side 

S.   Cast  Thread  Fitting  and  Pini.shingr  Co 240 

9.    Ivory  Button  Manufacturing  Co 160 

in.    Roberts  Milling   Co S5 

11.  Goulds  Manufacturing   Co f-ii 

Lower  Level,  North  Side 

12.  American   LaFrance  Fire   Engine  Co -Abandoned 

13.  Chester    A.    Braman Abandone.l 

14.  Climax    Specialty    Co Abandoned 

Lower  Level,  South  Side 

15.  Rumsey   &    Co.,   Ltd 110 

All  this  information,  when  carefully  studied,  gave  a 
process  of  eliminating  most  of  the  unknown  terms.  After 
weighting  the  preferences,  a  division  of  the  power  was 
arrived  at  that  satisfied  all  parties.  Another  hearing  was 
then  held  at  which  all  stipulated  that  the  findings  of  the 
arbitrator  were  satisfactory  and  final.  Thus  closed  what 
might  have  been  a  long  and  rich  harvest  for  lawyer.*  and 
expert  witnesses.  A  settlement  with  the  state  was  con- 
summated, and  the  consolidated  power  rights  are  now 
being  develo])ed. 

SeXECA    rOAVER    COIU'ORATION    PlANT 

Before  this  settlement  was  made,  however,  the  state 
had  completed  the  locks  and  dam,  but  had  left  openings 
in  the  dam  for  the  penstocks.  As  the  dam  was  completed, 
the  design  of  the  power  house  brought  some  novel  engi- 
neering   fcatuFGs    and    problems    not    ordinarily    found. 


S-Hy/hafm^ 
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PIG.    6.     HYDRO-ELECTRIC   STATION    OP   SENECA   POWER  CORPORATION   AT   DAM   2,   SENECA    FALLS 


on  another  dam  on  the  same  stream  where  the  conveyances 
were  all  in  one  term  established  what  the  people  at  that 
date  believed  the  capacity  of  the  stream  to  ho.  in  the  units 
used.  This  information  was  used  to  check  the  number  of 
units  and  assumed- values  at  the  dams  in  question.  Next, 
the  capacities  of  the  openings  to  the  wheels  were  com- 
puted and  the  powers  tabulated.  The  next  step  was  to 
measure  and  compute  the  capacity  of  the  wheels  inst<vlled. 
Happily  it  was  found  that  all  these  methods  checked 
within  reasonable  limits. 

The  important  riglits  on  the  river,  reading  downstream, 
are  as  follows : 

Upper  Level.  North  Side 

Power  of 
Wheels,  Hp. 

1.  Seneca  Palls  Paper  Co 200 

2.  Sarah  F.  Allen Not  developed 

3.  Seneca   Falls   Manufacturing   Co 2S5 

4.  Fred  Maicr  &  Sons l-tS 

5.  National    Advertising    Co 218 

Upper  Level,  South  Side 

6.  Seneca   Woolen    Co 3"" 

Middle   Level,   North  Side 

7.  Clary  Bros 224 


The  construction  of  the  dam  prior  to  the  construction 
of  the  power  house  recjuircd  that  the  power  house  must 
be  designed  as  a  dam  and  stable  against  pressure  in  thi' 
penstock  in  all  directions;  this  had  to  be  overcome  withiii 
the  power  house  itself.  As  a  consequence  excess  weight 
had  to  be  jn'ovided  in  the  building,  and  all  had  to  hi' 
thoroughly  tied  together  by  steel.  There  was  no  oppor- 
tunity to  tie  this  back  into  the  dam.  To  (ivcrcoiue  any 
hydrostatic  jiressure  that  might  be  i'ound  in  the  joint 
between  the  dam  and  the  ])ower  house,  a  complete  system 
of  drains  was  providei! ;  and  the  specifications  require  that 
all  old  concrete  must  be  thoroughly  washed  with  acid 
before  depositing  new  concrete,  in  order  to  secure  so  far 
as  possible  a  partial  bond. 

The  lower  guide  wall  lo  the  north  end  of  the  dam 
extends  50  ft.  downstream  from  the  face  of  the  dam.  It 
is  founded  on  a  yielding  I'oundatiou  !(!  ft.  above  the 
necessary  excavation  for  the  powci-  house.  The  wall  is  ■'' 
ft.  high,  of  gravity  .section,  and  sustains  an  almost  lii|iii'' 
mass  of  earth.     It  is  necessary  to  underpin  this  wall  and 
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Sec+  I  o  n  a  1      Pl< 


huikl  a  new  wall 
J'roni  its  base  to 
the  bottom  of  the 
excavation  for  the 
power  house.  This 
work  is  under  way. 
The  south  side  of 
the  power  house  is 
the  north  side  of 
the  spillway  sec- 
tion of  the  dam. 
Water  flows  over 
the  dam  4  ft.  deep 
and  is  16  ft.  deep 
on  the  apron, 
along  which  a 
guide  wall  must 
be  built  extend- 
ing under  a  por- 
tion of  the  apron. 
No  choice  could  be 
exercised  in  the 
design  of  the  head- 
works,  such  as 
gates,  trash  racks, 
stop  logs,  etc. ; 
openings  were  left 


for  these 


The  general  design  of  the  Seneca  Corporation's  station 
is  shown  in  Fig.  6.  The  development  calls  for  four  units 
of  3,500  b.hp.  each  at  4S-ft.  head.  The  power  is  to  be 
used  electrically  and  is  leased  to  the  Central  New  York 
Gas  and  Electric  Co.  Day  &  Zinunermau  are  contrac- 
tors f(jr  th<=^  power-house  construction.  S.  Morgan  Smith 
Co.  is  contractor  for  turbines  and  governors,  and  the 
AVestinghouse  Electric  and  Jlanufacturing  Co.  for  the 
electric  equipment.  Mortimer  G.  Barnes,  of  Albany,  is 
engineer  for  the  i)ower  corporation. 

Bargi-:  Caxal  Power  Plant 

In  designing  the  dam  and  locks  of  the  Barge  Canal 
at  the  eastern  linuts  of  the  town  it  was  not  proposed  at 
first  to  generate  power  for  the  service,  and  provision  was 
made  for  only  four  sluice  gates.  Later  on,  the  plans  were 
changed  to  provide  for  two  .50-hp.,  700-r.p.ni.  hydraulic 
turbines  working  under  44-ft.  head.  As  no  turbine  pits 
had  been  provided,  it  was  necessary  to  mount  the  turbine 
casing  on  top  of  the  sluice  gates,  combining  the  sluice 
gate  and  draft  tube,  as  shown  in  Fig.  7.  This  does  not 
give  ideal  hydraulic  conditions,  but  the  arrangement  has 
worked  quite  satisfactorily  nevertheless.  The  turbine 
casing  rises  with  tlie  gate,  the  runner  meantime  being 
fixed  and  hanging  in  the  draft  tube.  The  vertical  shafts 
are  very  long,  hanging  down  from  the  generator  about 
43  ft.  8  in.  in  three  sections,  with  three  intermediate  guide 
bearings.  Where  the  sluice  gates  are  condjined  with  the 
draft  tubes  and  support  the  turbines,  a 
pair  of  lifting  stems  are  provided,  as 
shown  in  Fig.  7.  There  is  also  necessitated 
a  long  shaft  running  from  the  wicket-gate 
perating  ring  to  the  governor,  rising  with 
gate  also.  The  cost  of  state  locks, 
dam,  retaining  walls,  etc.,  was  a  little  over 
.$1,000,000,  the  work  being  done  by  Lar- 
kin  &  Sangster,  of  Buffalo.  The  gates 
turbines  were  made  by  the  Hydraulic 
Turbine  Corporation,  of  Camden,  N.  Y., 
generators  and  electrical  equipment  by 
ilie  (ieneral  Electric  Co.,  of  Schenectady. 
L.  S.  Hulburd  was  Resident  Engineer  for 
the  State  up  to 
1916 ;  since  tlien 
ir.  C.  Smith  has 
acted  in  that  ca- 
(        I      pacity. 
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On  account  of  the  corrosive  nature  of  the  water  two 
large  and  rather  deep  hored  wells  for  the  water-supply  of 
Tunbridge  Wells,  England,  were  lined  with  east  iron 
instead  of  steel  pipe.  For  a  considerable  portion  of  the 
depth  the  lining  was  double,  filled  between  with  cement 
grout,  and  with  grouting  also  between  the  outer  tube  and 
the  bore  hole.  There  was  a  steel  guide  tube  for  the  first 
30  ft.  of  the  bore,  and  inside  the  lining  there  is  a  steel 
rising  and  suction  pipe,  thus  making  four  concentric 
tubes  and  two  rings  of  grout  for  a  part  of  the  depth  of  the 
wells.  The  object  of  the  grout  between  the  double  cast- 
iron  tubes  was  to  protect  the  outer  tube  in  case  the  inner 
one  was  eaten  away  by  the  water.  The  work  was  de- 
scribed in  detail  by  W.  H.  Maxwell,  Borough  and  Water 
Engineer,  Tunbridge  Wells,  England,  in  The  Engineer 
for  May  5,  1916. 

Two  wells  of  the  same  diameter  and  of  approximately 
the  same  depth  wei'c  sunk,  earli  from  a  boring  pit  about 
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12  ft.  deep,  from  the  bottom  nf  wiin-h  a  steel  guide  tube 
slightly  larger  than  the  outer  diameter  of  the  outer  cast- 
iron  tube  was  sunk  to  a  depth  of  30  ft. 

The  total  depth  of  each  well  is  about  335  ft.  from  the 
original  ground  surface.  The  first  188  ft.  of  this  depth  is 
through  clay  and  the  remaining  depth  through  water- 
bearing sandstone,  the  latter  being  separated  by  strata  of 
pale,  yellow  clay.  T!ie  water  derived  from  the  sandstone 
contains  "salts  which,  although  themselves  neutral,  may 
act  as  electrolytes,  causing  galvanic  activity  between 
dissimilar  metals  or  between  dissimilar  parts  of  the  same 
metal."  Experience  with  other  well  linings  in  this  local- 
ity and  also  laboratory  experiments  showed  that  steel 
lining  would  be  unsafe  but  cast-iron  lining  safe.  The 
dimensions  of  the  various  linings  and  other  details  are 
shown  by  the  accompanying  drawings. 

The  pipe  used  for  the  lining  was  cast  in  acicordance 
with  carefully  drawn  sjiecifications  as  to  both  material 
and  methods,  and  every  length  of  it  was  subjected  to  test, 
both  as  to  quality  of  metal  and  by  a  hydraulic  pressure  of 
200  lb.  per  sq.in.  Deflection  tests  of  strips  cut  from  the 
tubes  were  also  made.  Each  length  of  pipe  was  cleaned 
directly  after  casting,  immersed  in  boiling  water  for 
further  cleaning,   and  to  raise  tlie  temperature  of  the 


metal,  and  then  dipped  twice  in  Angus  Smith  coatin 
maintained  at  a  temperature  of  300  to  350°  F.  Befor 
shipment,  each  length  of  pipe  was  "packed  with  sof 
material  to  avoid  damage  to  the  coating  in  transit." 

The  tubes  were  cast  vertically  in  12-ft.  lengths.  Eao! 
of  the  larger  or  Z%y^-\n.  tubes  weighed  about  21/4  Ion; 
tons. 

The  clay  through  which  the  wells  passed  was  hard  an 
impervious  at  first,  but  after  being  wet  it  softened  to  '' 
soapy  consistency  of  very  treacherous  character."  Settk 
ments  and  side  slips  in  the  clay  "were  considerable,  an 
at  times  caused  some  anxiety,  especially  in  view  of  th 
close  proximity  of  heavy  engine  foundations  and  thrc- 
large  pumping  mains,  carrying  about  200  lb.  pressure  pe 
sq.in.,  which  had  to  be  maintained  in  perfect  order." 

Slips  also  occurred  in  the  sides  of  the  boring  pits.  T 
avoid  trouble  of  various  sorts,  interlocking  steel  pilin 
was  driven  around  the  boring  pits,  but  sufficiently  fa 
away  from  them  to  give  room  for  sinking  12xl2-in.  pitch 
pine  piles.  Girders  were  placed  upon  these  piles  i 
distrilmte  the  weight  of  the  boring  machinery.  On  tli 
completion  of  the  work,  both  the  steel  and  wood  pilii: 
were  left  in  place,  the  tops  of  the  steel  piling  being  cii 
ofl'  to  proper  levels  by  means  of  the  oxy-hydrogen  flani' 

A  few  weeks  after  the  wells  were  sunk  and  lined,  i 
was  found  that  the  20-in.  tubes  in  the  sandstone  wcr 
sinking,  so  that  there  was  danger  of  losing  the  lap  betwee 
these  and  the  upper  double  tubes.  Cement  grout  wa 
therefore  placed  in  the  bottom  of  the  space  between  tli 
20-in.  tubes  and  the  bore  hole  in  the  sandstone,  to  . 
depth  of  7  ft.     This  stopped  the  settlement. 

The  method  of  placing  the  grouting  between  the  tw< 
upper  concentric  tubes  that  formed  the  lining  of  th' 
jiortion  of  the  wells  through  the  clay  is  thus  describe' 
by  Mr.  Maxwell  in  his  article: 

The  portland-cement  grout  used  in  the  annular  space  bf 
tween  the  inner  and  outer  linings  and  at  the  back  of  tlv 
outer  lining  was  mixed  to  a  thick  creamy  consistency,  am 
all  passed  through  a  fine  wire  netting  sieve  of  about  %-ir 
mesh  in  order  to  remove  all  lumpy  or  unmixed  particles.  Ii 
one  boring  the  grout  was  simply  poured  into  the  tops  of  th 
annular  spaces  to  be  filled,  thereby  forcing  out  the  wali- 
The  grouting  thus  continued  until  all  spaces  were  full  and  tt 
thick    grout   appeared   at   the   tops   of   the   tubes. 

In  the  second  boring,  which  was  of  exactly  the  sam 
size,  the  grout  was  inserted  by  a  different  method  in  order  t 
check  the  quantity  of  cement  used  and  to  confirm  the  .if 
sumption  that  the  spaces  had  been  solidly  filled.  In  th 
case  a  1-in.  diameter  pipe  was  passed  down  the  annular  sp.T 
for  the  purpose  of  conveying  the  grout  down  to  the  bottom  o 
the  cavity  to  be  filled.  The  1-in.  pipe  was  fed  with  grcu 
from  a  Greathead  grouting  cylinder  and  forced  forward  !■ 
compressed  air.  After  discharging  the  contents  of  the  grout 
ing  cylinder  the  1-in.  pipe  was  raised  in  the  .Tnnular  sp.T' 
by  a  previously  calculated  amount,  so  as  just  to  reach  I' 
surface  of  the  last  deposit  of  grout.  This  process  was  con 
tinned  until  the  space  was  quite  fuU.  On  comparing  tli 
weight  of  cement  used  in  this  case  with  that  used  in  Ilr 
boring  first  grouted  up  it  was  found  to  be  identical  within 
very  trifling  amount.  All  grouting  operations  once  starli 
were  continued  day  and  night,  if  necessary,  without  intc: 
mission. 

The  contractor  for  sinking  and   lining  the  wells  «:i' 
Isler  &  Co.,  Southwark,  England.     The  cost  of  the  tv 
wells   complete   was   "just   under   .£6,000,"   or   in   rou: 
numbers,  .$25,000.     This  price  did  not  include  the  20-ii 
rising  and  suction  mains  inserted  in  the  wells.    Mr.  Ma\ 
well  states  that  a  week's  test  of  the  yield  of  the  wells  1') 
means  of  compressed  air  showed  a  discharge  at  the  rat* 
of  30,000  Imp.  gal.  per  hr.,  or  al>out  1,700,000  IT.  S,  gn' 
per  24  hr.    Mr.  Maxwell  adds  that  had  he  had  the  nect  ■ 
sary  plant  a  larger  yield  could  have  been  secured. 
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SYNOPSIS — The  lomjest  simple  truss  span  ever 
built  and  the  extensive  iise  of  silicun  steel  in  the 
trusses  are  striking  features  of  this  bridge. 

Work  on  the  great  railway  bridge  over  the  Ohio  Kiver 
:  Metropolis,  111.,  was  resumed  early  iu  the  spring  and 
i  being  prosecuted  actively.  The  bridge  is  specially 
1  table  for  having  a  double-track  channel  span  720  ft. 
]ig  between  end  pins  (the  largest  simple  truss  span  ever 
I  ilt),  for  the  extensive  use  of  silicon  steel  in  the  main 
1  rubers  of  the  trusses  and  for  the  exceptionally  high 
)  e-load  assumed  in  the  design.  A  description  of  the 
!  dge  was  given  in  Engineering  News,  July  29,  191.5, 
;  1  tests  of  the  steel  were  given  June  8,  191G. 

The  first  truss  at  the  north  end  is  300  ft.  long  c.  to  c. 
>•  end  pins  and  is  followed  by  four  spans  of  552  ft.,  then 
I  •  720-ft.  channel  span  and  a  2-l:6-ft.  deck  truss  span. 
'  ere  are  steel  viaduct  approaches  at  each  end,  and  these 
( -ry  a  concrete  slab  deck  for  balla,sted  tracks.  The 
1  dge  will  contain  nearly  17,000  tons  of  metal,  the  esti- 
1  ted  weights  being  as  follows:  3,896  tons  of  structural 
» el  and  144:  tons  of  castings  for  the  720-ft.  span ;  8,603 
i  ,s  of  steel  for  four  552-ft.  spans ;  846  tons  for  300-f t. 
f  .n;  560  tons  for  246-ft.  span;  520  tons  of  casting  for 
i  truss  spans;  1,539  tons  of  steel  and  73  tons  of  casting 
f  the  north  (Illinois)  approach;  673  tons  of  steel  and 
;  tons  of  castings  for  the  south  (Kentucky)  approach; 
t  .d,  16,886  tons. 

The  substructure  consists  of  eight  main  piers,  built  of 
t  icrete.  Seven  of  these  will  have  deep  foundations, 
(  ik  by  the  pneumatic  process  in  the  sand  and  gravel  of 
I    river  bed. 

Progress  of  Construction 

iVork  on  the  foundations  was  commenced  in  June, 
1 15,  having  been  delayed  for  a  time  on  account  of  con- 
(  ions  incident  to  the  war  in  Europe.  It  has  been  in- 
i  rupted  to  some  extent  by  high  water  in  the  river. 
'  e  status  of  this  part  of  the  work  may  be  summarized 
t  follows:  Of  the  eight  piers  for  the  seven  truss  spans, 
1  s.  1,  6  and  7  (counting  from  the  north  end)  have 
\  n  landed  at  the  final  depth,  and  Nos.  2,  3  and  8  are 
>  flnr  construction,  with  Nos.  4  and  5  not  yet  begun, 
li  and  7  are  those  for  the  channel  span.  The  low- 
i-levation  is  281.2  ft.  above  sea  level,  and  Ihe  cais- 
•  1^  lor  the  present  six  piers  have  reached  the  following 
<  )ths : 

Depth      Below 
Low  Water.  Ft. 

I  landed,   pier  completed    4  9.05 

i  Vot    laiKled     IS. 91 

£Vot    liiiideil     4S.90 

f  Landed,  pier  nearly  completed   74.76 

I  Landed,    pier    nearly    completed 63.93 

t  Not  landed*  no  pneumatic  caisson 4.70 

For  the  truss  span,  material  is  being  delivered,  but  no 
1  .rework   for   the   erection   has  yet   been   placed.      The 

'OO-ft.  viaduct  ap|)roach  at  the  north  end  has  been  com- 
J'ted,  e.\ce])t  for  the  two  !JO-ft.  girder  spans  adjacent  to 
^!  river  spans.  The  steelwork  is  erected  and  tlic  con- 
'  ■•'>  deck  slabs  are  placed,  ready  for  ballast  and  track. 


The  north  approach  fill,  6,000  ft.  long,  is  well  advanced, 
(il),000  cu.yd.  having  been  placed  out  of  an  estimated 
total  of  1.34,000  cu.yd.  In  the  570-ft.  viaduct  approadi 
at  the  south  end  the  concrete  pedestals  are  completed  and 
the  castings  placed  ready  for  the  column  of  the  towers. 

Design  of  Trusses 

Tlie  assumed  live-load  provides  for  engines  of  the 
2:8:0  class,  of  Cooper's  E-90  loading,  and  a  train  load 
of  7,500  lb.  per  ft.  of  track.  The  structural  desiga  of 
the  trusses  is  very  heavy,  as  will  be  seen  by  the  accom- 
panying drawings  of  the  720-ft.  span.  The  top  chord, 
end  posts  and  main  verticals  are  of  Il-section,  with 
channel-shaped  built-up  webs  and  a  continuous  transverse 
horizontal  diaphragm. 

Some  of  the  connection  plates  are  134  in.  thick  and  are 
of  enormous  size,  and  the  main  chord  angles  are  8x8  in., 
with  metal  1%  in.  thick.  This  chord  and  the  main  posts 
and  diagonals  are  all  riveted  up,  except  that  eye-bar 
diagonals  are  used  in  two  panels  at  each  end.  The  end 
pins  for  the  shoes  are  15  in.  in  diameter.  The  end 
panels  of  the  bottom  chord  have  four  built-up  channel- 
shaped  webs  391,4  ill.  deep,  connected  by  diaphragms.  The 
Ijottom  chord  is  of  eye-bars,  except  in  the  end  pa,nels,  as 
noted.  The  largest  eye-bars  are  16xl|§  in.,  with  14-in. 
]iins. 

The  floor-beams  are  7Gi/4-in.  plate  girders  framed  be- 
tween tJic  posts,  with  bottom  corners  cut  away  to  clear 
the  cliord  jjins  and  the  ends  leini'orccd  by  diagonal  chan- 
nels, as  shown.  Between  these  are  four  lines  of  62%-in. 
plate-girder  stringers. 

The  trus.ses  are  spaced  37  ft.  c.  to  c,  as  shown  iu  the 
cross-section.  It  will  be  observed  that  this  drawing 
shows  only  a  single  track,  with  ties  carried  by  the  two 
inside  stringers.  This  arrangement  is  to  be  used  until 
the  traffic  requires  a  double  track,  when  the  ties  will  be 
laid  upon  the  two  sots  of  stringers.  The  ties  are  12  in. 
c.  to  c.  and  have  steel  tie-])lates  for  the  'JO-lb.  track  rails. 
There  will  be  outside  guard  timbers  18  in.  from  the  gage 
side  of  the  rail  head.  The  inside  guard  rails  are  heavy 
angles,  laid  with  the  flange  inward  (to  form  a  path  for 
derailed  wheels)  and  backed  by  a  timber  laid  flat  upon 
the  ties.  A  temporary  plank  walk  with  hand-rail  will  be 
laid  along  the  west  side  of  the  single  track. 

A  special  feature  of  the  bridge,  as  previously  mentioned, 
is  the  extensive  use  of  silicon  steel.  Records  of  chemical 
iiiid  physical  tests  of  the  material  were  given  iu  Engineer- 
ing News,  June  8,  1916.  With  steel  of  0.30  to  0.35% 
carbon,  the  silicon  averages  0.30  to  0.40%.  This  metiil 
is  used  for  the  to])  chords,  main  posts,  main  diagonals 
and  the  end  panels  of  the  bottom  chords.  All  other  rolled 
stractural  material  is  of  medium  steel.  The  eye-bars  and 
j)ins  are  of  nickel  steel. 

ENoiNEiais  AND  Contractors 

This  great  bridge  is  lor  the  joint  use  of  the  Chicago, 
Burlington  &  Quincy  K.U.  and  the  Nashville,  Chattanooga 
&  St.  L(juis  H.U.,  forming  the  main  part  of  a  link  to 
complete  a  new  route  from  the  Northern  States  to  the 
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Gulf  and  Southeastern  States.  Its  construction  is  en- 
tirely in  the  hands  of  the  former  road,  and  for  conveni- 
ence of  organization  a  separate  company  was  formed  to 
construct  the  connecting  link  between  Metropolis,  111., 
and  Paducah,  Ky.,  a  distance  of  15  mi. 

This  line  is  known  as  the  Paducah  &  Illinois  R.R..  the 
Chief  Engineer  of  which  was  the  late  C.  H.  Cartlidge, 
Bridge  Engineer  of  the  Chicago,  Burlington  &  Quincy 
E.R.  The  land  portion  of  this  line  is  now  completed, 
communication  across  the  river  being  maintained  by  a 
car  ferry,  with  landing  cradles,  as  described  in  Eiuji- 
neering  News,  Sept.  23,  1915. 

The  bridge  was  designed  by  Mr.  Cartlidge,  and  all  de- 
tail drawings  were  made  under  his  direction  in  the  rail- 
way company's  office.  All  plans  were  submitted  for  ap- 
proval to  Ralph  Modjeski,  Consulting  Engineer  for  the 
bridge.  The  Union  Bridge  and  Construction  Co.,  of 
Kansas  City,  ilo.,  has  the  contract  for  the  substructure, 
and  the  American  Bridge  Co.  has  the  contract  for  the 
fabrication  and  erection  of  the  steel  superstructure.  The 
steelwork  is  being  made  at  tlie  latter  company's  shops  at 
Gary,  Ind.  The  inspection  is  in  charge  of  ^Modjeski  & 
Angier,  of  Chicago. 


A  recent  example  of  the  extensive  use  of  rcinforced- 
concrete  tile  for  roofing  is  the  new  Chicago  jilant  of  the 
Crane  Co.  The  buildings  are  of  steel-frame  construction, 
with  reinforeed-concrete  floors  and  curtain  walls.  The 
architects  were  Graham  &  Burnham.  The  contractors 
were  Lanquist  &  Illsle}^  and  the  Blome-Sinek  Co.  The 
roofing  tiles  were  furnished  by  the  Federal  Cement  Tile 
Co.,  of  Chicago. 
■  The  roofs  aggregate  about  1,000,000  sq.ft.,  and  differ- 
ent kinds  of  tile  are  used  to  meet  varying  requirements 
of  the  different  buildings.  These  are  shown  in  Fig.  1. 
The  machine  shop,  generator  room  of  power  house,  and 
buildings  in  which  the  finer  class  of  work  is  done,  have 
flat  roofs  of  hollow  tile  in  slabs  2x5  ft.  These  are  3  in. 
thick,  with  a  1-in.  air  space  between  the  inner  and  outer 
1-in.  surfaces.  The  garage  has  a  flat  roof  of  single-thick- 
ness tiles  2x5  ft.;  these  are  1%  in.  thick,  reduced  to  IVi 
in.  at  the  ends  where  they  rest  on  Ihc  purlins. 

The  flat  tile  roofs  are  covered  with  composition  roofing. 
They  weigh  (for  the  tile  alone)  about  18  lb.  and  25  lb. 
per  sq.ft.  for  the  single-thickness  and  hollow  tilo  respec- 
tively. With  T-beam  purlins,  these  tiles  rest  directly  on 
the  steel,  but  with  channel  purlins  channel-shaped  shoe 
tiles  are  placed  on  the  top  flange  to  give  the  necessary 
width  of  bearing. 

The  foundry,  storehouse,  boiler  house,  etc.,  have  single- 
thickness  pitched  tiles.  These  tiles  are  4x2  ft.,  1  in.  thick, 
with  a  lug  at  the  upper  end  to  hook  over  the  purlins.  The 
outer  surface  has  a  rib  on  each  side,  and  when  the  tiles 
are  butted  together  an  inverted  trough-.shaped,  or  roll, 
tile  is  placed  over  the  joint,  as  shown.  This  is  sealed  with 
elastic  cement,  making  the  joint  air-tight.  A  rib  or  roll 
in  the  middle  of  the  outer  surface  gives  additional  stiff- 
ness. These  tiles  weigh  about  IG  lb.  per  sq.ft.  For  the 
power  house,  hollow  pitched  tiles  are  used,  of  the  same 
size  but  similar  to  the  hollow  flat  tiles.  These  weigh  25 
lb.  per  sq.ft. 
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Fir;.    1.     TYPES  OF   CEMENT   TILE   FOR   ROOFING 


Where  roof  lighting  is  required,  as  in  the  storeroom? 
etc.,  gl.-.ss-insert  tiles  are  used.  These  are  2x4  ft.,  1  iii 
Ihick,  with  a  large  pane  of  14-in.  wire  glass.  The  glass  1 
set  in  the  concrete  during  the  process  of  manufaetun 
with  a  cushion  strip  around  it  to  provide  for  cxpansioi 
and  contraction.  These  tiles  weigh  about  16  lb.  ])er  sq.fi 
Fig.  2  shows  a  roof  of  this  glass-insert  tile  constructiui 
at  the  plant  of  the  Packard  Motor  Truck  Co.,  and  givi' 
an  idea  of  the  amount  of  light  thus  supplied.     Anotli'' 


FIG.    2.    SHOP   ROOF   OF    I'EMENT    TlLl.;    WITH    tiLASS 
INSERTS  (USED  IN  PLACE  OF  SKYLIGHTS) 
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•ial  form  of  fiat  roof  is  made  with  book  tile,  in  hollow 
is  1x10  ft.,  having  tongue-and-groove.  joints  and  a  1-in. 
space  between  the  two  .surfaces.  Fig.  H  shows  the 
no-  of  a  book-tile  roof,  to  be  covered  later  with  com- 
tion. 

"he  tiles  are  made  of  sharp  torpedo  sand  and  Portland 
ent  proportioned  2% :  1,  and  colored  red.  The  mixture 
lade  moderately  wet,  and  is  tamped  by  hand  in  metal 
ds.  A  special  finish  is  given  to  the  inner  side  of  the 
tiles  to  produce  a  dense  and  polished  surface.  The 
forcement  consists  of  a  sheet  of  galvanized  wire  net- 
•,  except  that  light  rods  are  used  in  the  book  tiles. 
tiles  are  seasoned  under  cover  for  about  four  weeks. 
he  tiles  for  the  Crane  Co.  plant  were  made  at  the 
■  ufacturer's  factory  at  Hammond,  Ind.,  and  stored 
e  until  the  steel  roof  framing  was  ready.  By  this 
ngement  they  were  taken  directly  from  the  cars  to  the 
,  thus  avoiding  storage  and  rehandling  at  the  site  and 
ring  prompt  delivery.  From  50  to  100  squares  (of 
sq.ft.)  were  laid  daily. 

hese  tiles  form  a  permanent  roof,  with  little  or  no-  cost 
!  maintenance  and  repair.     Their  use  eliminates  the 


PI    3.    LAYING  ROOF  OF  CEJIEXT-TILE  HOLLOW   SLABS 

lie  isity  for  interior  wood  sheathing,  painting  or  plaster- 
in  and  exterior  covering  is  required  only  on  flat  roofs. 
Tl  tiles  interlock  and  are  self-fastening,  and  adjust 
th  iselves  to  slight  variations  in  the  steel  framing.  They 
ar  lot  affected  by  gases  or  acid  fumes.  The  glass-insert 
til  provide  for  ample  roof  light  without  the  iise  of 
IT  lary  skylights  and  metal  framing.  The  tiles  have 
i-ed  extensively  on  factory  and  mill  buildings,  car 
warehouses  and  other  structures. 


1  ve   GrovecffixsmeEiiti  MaHs'Sit®  IJ 

irre.ss  has  authorized  the  President  to  proceed  with 

Mstruction    of    a    Government    nitrate    plant    and 

-I'liated    $20,000,000    for    the    work.      The    act    of 

1    rization  gives  the  President  a  free  hand  in  arrang- 

'■  the  design  and  con.struetion,  except  that  the  plant 

'■  built  and  ojierated  solely  by  the  Government  and 

I Diijunction  with  any  other  industry  or  enterprise 

!  on  l)y  private  capital. 

lit  events  are  likely  to  cause  work  upon  this  enter- 
:  '  be  undertaken  with  all  possible  speed.  The  two 
to  be  done  first  will  be  the  selection  of  a  suitable 
power  at  wliieh  to  erect  a  plant  and  of  tlie  process 
used  in  nitrate  manufacture.  It  is  likely  that  a 
I  some  river  in  the  South  will  be  chosen. 
'i  reference  to  the  various  proces.ses  for  the  fixation 
'iL'cn,  while  a  great  deal  has  been  published  recently 
ping  the  commercial  development  of  nitrate  pro- 
'  I  ill  Xorway  and  in  Germany.  .Vinerican  engineers 


should  remember  that  the  first  commercial  production  of 
nitrate  from  atmospheric  air  by  electric  current  was  made 
at  Niagara  Falls  in  1901  liy  the  process  invented  by 
Charles  H.  Bradley. 

It  had  been  known  from  the  very  early  days  of  -chem- 
istry that  under  the  intense  heat  of  an  electric  arc  it  was 
possible  to  cause  a  combination  of  the  nitrogen  and 
oxygen  in  the  air.  Bradley  was  the  first,  however,  to  work 
out  a  commercial  process  of  accomplishing  this  in  such  a 
manner  that  the  product  could  be  utilized. 

The  work  at  Niagara  Falls  carried  on  by  Bradley  and 
Lovejoy,  while  a  success  technically,  was  a  failure  finan- 
cially. Under  ordinary  conditions,  nitrate  products  made 
by  the  electrical  process  must  compete  in  the  market  with 
those  made  from  the  imported  Chilean  nitrate.  Numer- 
ous s3-ndicates  which  have  carefully  investigated  nitrate 
production  in  this  country  during  the  past  decade  have 
been  unable  to  figure  out  a  sufficient  profit  in  the  artificial 
nitrate  industry  to  make  the  establishment  of  a  plant  a 
particularly  attractive  financial  proposition.  In  Europe, 
on  the  other  hand,  with  cheaper  labor,  cheap  power  at  the 
great  waterfalls  in  Norway,  and  an  enormous  market  for 
nitrate  both  for  use  in  fertilizers  and  for  the  manufacture 
of  chemicals  and  explosives,  the  nitrate  industry  has  had 
a  rapid  develoinnent. 

According  to  a  review  of  the  various  nitrate  processes 
now  in  use,  published  in  the  Engineering  and  Mining 
■Journnl  of  June  17,  the  Pauling  process,  which  operates 
on  a  somewhat  similar  principle  to  the  Bradley  and  Love- 
joy  })ro(-ess,  is  utilizing  more  than  200,000  electrical 
horse])ower  in  Norway  at  the  present  time,  while  further 
additions  in  hand  and  c-ontemplated  will  bring  the  total 
power  consumption  to  about  500.000  hp.  Another  process, 
of  which  more  has  been  heard  in  this  eountry,  is  the  treat- 
ment of  calcium  carbide  with  atmospheric  nitrogen  when 
calcium  cyanamid  is  produced.  This  product  may  be 
used  directly  as  a  fertilizer  or  as  a  basie  material  for  the 
manufacture  of  ammonia  or  cyanide.  It  has  been  authen- 
tically reported  that  there  are  1(5  cyanamid  plants  in 
operation  in  the  world,  of  which  four  are  in  Germany, 
three  in  Italy,  two  in  Switzerland,  one  each  in  Norway, 
J^weden,  France,  Japan  and  other  countries.  One  of  these 
is  a  i)lant  in  Canada — that  of  the  American  Cyanamid 
Co.,  described  in  Engineering  News,  Jan.  7,  1915. 

Another  ]n-ocess,  the  Serpek,  works  through  the  com- 
bination of  (-ertain  metals  and  metalloids  with  nitrogen. 
It  is  clainied  that  a  German  inventor  has  succeeded  in 
making  aluminum  nitride  with  an  amount  of  electric 
energv  only  one-eighth  of  that  required  for  the  electric- 
arc  process  and  one-half  that  for  the  cyanamid  process. 
The  process  may  also  be  u.sed  to  produce  pure  alumina 
for  the  manufacture  of  aluminum.  Another  German 
process  is  the  Ilaber  process,  in  which  ammonia  is  pro- 
duced bv  the  union  of  hydrogen  and  nitrogen  direct. 
This  is  said  to  be  such  a  commercial  success  that  German 
capital  has  been  withdrawn  from  the  Norwegian  plants 
for  investment  in  the  Haber  process,  which  does  not 
requift3  cheaj)  power.  The  Engineering  and  Mining 
Journal  states  that  the  Southern  Aluminium  Co.,  which 
is  building  a  very  large  water-power  plant  at  Whitney, 
N.  C,  for  tiie  manufacture  oF  aluminum,  plans  to  start 
the  manufacture  of  alumina  by  a  thoroughly  commercial 
process  and  then  to  change  over  unit  by  unit  to  the  Ser- 
pek process,  in  which  aluminum  nitride  is  formed  from 
bauxite  and  decomposed  to  form  ammonia  and  alumina. 
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tlhie  Uimittedl  SHatles  Amim^ 


By  Percy  E.  Barbouk'' 


SYNOPSIS — Outline  of  the  standard  equipment 
prescribed  hi/  United  States  Army  regulations  and 
now  carried  by  the  regiilar  army , and  by  the  militia 
units. 

When  a  river  is  more  than  -i  ft.  deep  or  when  its 
bottom  is  of  mud  or  quicksand,  it  is  considered  unford- 
able  and  recourse  must  be  liad  to  ferrvin?  or  to  military 


type,  carried  on  wagons  known  as  the  reserve  train,  en 
ables  bridges  to  be  built  sufficient  for  all  requirement- 
of  an  army  on  the  march.  The  reserve  train  is  mol)ili 
enough  to  move  at  the  ordinary  rate  of  marching  and 
accompanies  the  main  body  of  troops.  In  the  ligln 
equijjage,  capacity  is  sacrificed  somewhat  for  the  saki 
of  further  mobility  to  enable  a  bridge  to  be  carried  willi 
a  ra]>idly  moving  column  of  light  troops,  such  as  ad- 
vance guards,  cavalry  expeditions,  etc. 
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Sec+vonal         Elevo+ion 
STANDARD   WOODEN   PONTON. 
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bridges;  a  ponton'  bridge  may  be  placed  when  a  stream 
is  more  than  3  ft.  deep. 

The    standard   bridge    equipage    used    by    the    United 
States  Army  is  of  two  types,  heavy  and  light.    The  heavy 


United 


it,    22ncl    New    York    Engineers 
on   duty  at   McAUen.  Tex. 
^Althougrh  pontoon  is  a  common  spelUng  of  this  word,  the 
French   spelling,   ponton,    is    used    in   all    United   States   Army 
publications  and  most  scientific  works. 
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Pon+on     Frame 
STANDARD    CANVAS    I'ONTON,    UNITED    STATES  ARMY 


The  princi])al  parts  of  a  military  bridge  are  the  pon- 
tons, or  Ijoats;  the  longitudinal  bars,  or  stringers,  juiniii^ 
tlieiii,  railed  balks;  the  crossplanks,  called  chess;  and  tli: 
beams  that  hold  the  chess  in  position,  called  side  rails. 

The  pontons  carried  by  the  reserve  train  are  coinplett' 
wooden  boats,  Fig.  1,  and  are  transported  ou  wagon-. 
Each  boat  weighs  1,600  lb.,  has  a  displacement  of  !)!•■: 
tons  and  will  carry  40  men  armed  and  fully  cquijiped— 
a  total  weight  of  about  9,:i00  Ik 
When  assembled  as  part  o.f  a  i)ridi;i\ 
the  .supporting  power  is  rated  cnn- 
siderably  lower;  and  witli  a  factor  ot 
safety  of  4  and  a  distance  between  sup- 
ports of  14  ft.  4  in.,  the  uniform 
safe  load  is  9,.500  11).,  or  660  lb.  per 
lin.l't.  The  corresponding  concon- 
trated  load  in  the  center  is  -1,750  lb.. 
which  is  about  the  weight  from  one 
axle  of  a     .'i-ton  wagon  and  load. 

The  pontons  for  the  light  equijinuMii 
carried  by  the  advance-guard  train 
are  I'anvas  boat.s  and  are  constnutol 
at  the  point  where  needed,  the  niateriiil 
being  carried  by  the  train.  Tlu' 
tanvas  ponton  weighs  .'510  lb.,  ha- 
<i  tons'  displacement  and  will  carry  2i' 
men  fully  equipped  and  its  crew. 
The  floor  .system  u.scd  with  this  lijilii 
ponton  has  nine-sixteenths  the  strengtli 
of  the  heavy  floor  for  concent ratcil 
loads,  but  an  equal  capacity  fcr 
uniform  loads  because  the  span  be- 
tween the  pontons  is  .shorter. 

The  canvas  for  the  ponton  is  ciir 
I'icd  ill  a  wooden  box  and  is  shown  lai'l 
out  Hat  on  the  ground  in  Fig.  2.  H 
is   made  of   0000  cotton   diirk.  dcubl'^ 
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STANDARD  APPROACH   TRESTLE 


proacli  to  thu  l)ricl<:;e,  at  riglit .  angles  to  its  axis, 
and   is  secured  by  four  pickets  or  stakes. 

Balks  are  laid  from  this  abutment  sill  to  the 
trestle  cap,  the  first  ponton  is  brought  into  posi- 
tion beyond  the  trestle,  and  balks  are  laid  from 
the  trestle  to  the  ironton.  Successive  pontons  are 
brought  up  and  balks  are  laid  between  them,  the 
chess,  or  crossplanks,  are  placed,  and  the  side  rails 
are  laid  on  them. 

Fig.  4  shows  the  wagon  and  method  of  trans- 
porting the  wooden  and  canvas  pontons.  The  load 
of  the  ponton  wagon  for  the  heavy  train  is  2.!100 
lb.  and  the  weight  of  the  wagon  2,200  lb.,  making 
the  total  load  .5,100  lb.  A  team  of  si.x  to  eight 
animals  is  used.  The  load  of  the  canvas-ponton 
wagon  is  1,98.5  lb.;  tlie  wagon  weighs  1.750  Jb'., 
making  a  total  load  of  3,T;J5  lb.  ,  Pour  to  six  ani- 
mals are  used.  The  other  wagons  in  the  train 
have  lighter  loads  respectively,  e.xcept  the  trestle 
wagon  of  the  liuht  train,  which  has  a  total  weiyht 
of  .■5,810  lb. 
Both  the  heavy  and  the  light  trains  are  composed  of 
four  divisions  each.  In  the  heavy  train  each  division 
carries  material  sufficient  to  construct  a  bridge  225  ft. 
long,   having   11   bays.     Tlie  complete  equipage   of  this 


•  imed,  with   the  border  doubled  for  114  in.   in  width. 

'  le  clew-line  eyelets  are  of  metal.     The  clew-lines  are 
■in.  diameter  manila  rope  5  ft.  long. 
In  assembling  the  canvas  ponton  the  canvas  cover  is 
d  on  the  ground,  and  one  of  the  side  frames  is  laid      train  weighs,  wagons  included,  315  lb.  per  ft. "of  bridge; 

i  it.  In  this  side  frame  are  mortises,  into  which  are  not  including  wagons,  109  lb.  per  ft.  A  division  of 
;erted  the  tenons  on  the  transoms,  or  crosspicccs,  of  light  equipage  will  constnict  186  ft.  of  bridge.  The 
ich  there  are  14.  The  second  side  frame  is  next  entire  equipage,  including  wagons,  weighs  2T5  lb.  per 
iced,  a  rope  is  passed  through  the  rings  of  the  side      ft.  of  bridge;  without  wagon.s,  128  lb.  per  ft. 

\  mes,  made  fast  and  twisted  with  a  rack  stick  to  hold  Ponton    bridges    have    been    successfully    constructed 

I '  ponton  frames  together.  The  frame  is  turned  over  across  streams  2,000  ft.  wide  and  so  deep  and  rapid  thn: 
the  canvas,  and  the  cover  is  lashed  first  on  both  sides  the  pontons  could  not  be  held  by  tJieir  own  anchors,- ro 
1  then  on  both  ends.     The  ponton  is  now  ready  to      that  it  was  found  necessary  to  attach  cables  to  schooners 

I  launched.    As  it  is  very  light,  it  need  not  be  built  at     anchored  aliove  and  below  the  bridge  to  hold  the  pontons 

I :  water's  edge,  but  can  be  easily  carried  a  considerable      in  position. 
tance  by  six  or  eight  men.     The  ponton  is  provided 

i  :h  a  To-lb.  kedge  anchor,  30  fathoms  of  1-in.  manila 

1  >e,  boat  hooks,  paddles,  etc. 


Trestle  Approaches  to  Poxtox  Bkiixies 

\s  the  canvas  ponton,  after  liaving  been  launched, 
luld  never  be  allowed  to  toudi  the  bottom,  it  will  be 
.-essary  to  use  a  trestle  approach  at  the  ends   if  the 


AVhen   such    a   bridge   has   to    be    constructed   over   a 
navigation  channel,  it  is  comparatively  easy  to  construct 
a  drawspan  that  can  be  opened  and  closed  by  slacking  olf 
the  ujistream  cable  and  allowing  the  drawspan  to  lUift 
down  with  the  current  and  be  swung  around  out  of  the 
channel.     Where  wide  draws  are  required,  the  drawspan 
may  lie  in  two  jiarts,  one  swinging  on  eac'h  end  of  the 
bridge,     ^lilitary  trestle  bridges  are  applicable  only  to 
shallow  rivers  with  firm  bottom  and  no 
likelihood  of  sudden  change  in  water 
level.    On  a  rocky  bottom  they  are  dif- 
ficult to  construct,  on   a  .soft  bottom 
they  sink,  and  on  a  sandy  bottom  they 
undermine,  so  that  for  a  quickly  built 
structure  for  the  use  of  troops  ponton 
bridges  are  far  ])referable. 

The  American  ponton-bridge  equip- 
age was  designed,  in  practically  its 
present  shape,  by  a  hoard  of  engineers 
'  ter  near  the  bank  is  shoal.  The  structure  used  is  sitting  just  before  the  Civil  War.  They  incorporated 
'  at  is  known  as  the  Birago  trestle,  shown  in  Fig.  3.  various  features  of  military-bridges  found  abroad  and 
lis  trestle  consists  of  two  legs,  a  trestle  cap,  two  pieces  adapted  the  ponton.s  to  mule-wagon  transportation.  Their 
'  %-in.  chain,  shoes,  pin.s  and  sundries.  The  trestle  great  success  was  immediately  demonstrated  in  18(n-(j5. 
I  assembled  on  the  ground  after  tlie  determination  of  The  mules  tiiem.selves  are  an  imjiortant  factor  in  ]ionton- 
•  i  proper  depth  of  water  to  enaiile  the  )lacing  of  the  bridge  work  and  have  to  lie  trained  for  tiic  service.  The 
i  stle  cap  at  the  proper  height,  where  it  is  held  by  the  quartermaster's  department  is  not  relied  on  for  trnns- 
'  lins  and  the  small  false  legs  used  as  keys.  The  trestle  portation.  Jlotor  trucks  may  be  utilized  at  times  but  they 
I'set  up  in  a  vertical  position  and  held  by  guys.  An  usually  cannot  ajJiiroach  the  banks  of  the  stream  to  lie 
ijutment   sill    is   embedded    in    the    ground    at   the   aji-      crossed  so  that  the  mules  are  generally  required. 


FIG.   4.     .STANDARD  WAGQ.M  FOR   RESERVE  TRAIN 
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SYNOPSIS — Details  of  special  construction  on  a 
'inodern,  large  size  drainage  project. 

The  reclamation  of  the  low-lying  and  wet  lands  within 
the  St.  John  Levee  and  Drainage  District,  in  the  southeast 
section  of  Missouri,  will  be  effected  by  means  of  levees  to 
exclude  flood  water  and  ditches  to  carry  off  the  surface 
water.  This  project,  which  must  provide  for  an  area  of 
about  425,000  acres,  was  reviewed  in  Engineering  News, 
Sept.  IT,  1914.    Work  is  now  in  active  progress. 

A  levee  along  the  entire  river  front  of  the  district,  from 
above  Bird's  Point  to  the  City  of  New  Madrid,  Mo.  (about 
90  mi.),  is  being  built  by  the  United  States  Government. 
Very  large  drag-scraper  excavators  are  being  used  for  this 
work,  as  described  in  Engineering  News,  May  25,  1916. 
It  will  be  some  years  before  this  is  completed,  however, 
and  in  order  to  secure  early  protection  for  New  Madrid 
and  the  comparatively  high  ground  to  the  north  of  the 
city,  the  District  is  now  building  a  levee  extending  along 


FtG.     1.    PLAN     OF     THE     HYDRAULIC-FILL     LEVEE     AND 
CONSTRUCTION  PLANT  AT   NEW  MADRID.   MO. 

the  river  front  of  the  city  for  about  a  mile,  and  then  north 
about  10  mi.  to  Farrenburg.  It  is  building  also  a  ditch 
extending  east  and  west  to  connect  the  Black,  James  and 
St.  John  bayous,  and  so  carry  off  flood  waters.  There 
will  be  also  an  extensive  series  of  drainage  ditchjes 
throughout  tlie  district,  aggregating  200  mi. 

The   completion   of   the   Government   levee   along   the 
river  front  (a  few  years  hence)  will  close  the  St.  John's 


ovitlet  south  into  the  Mississippi,  just  east  of  New  Madrid. 
Plans  to  provide  for  this  have  been  considered.  Flood 
gates  may  be  placed  to  pass  the  drainage  water  or  a  pump- 
ing station  may  be  built,  but  the  latter  would  be  expensive 
in  construction  and  maintenance.  Another  plan,  is  to 
close  the  river  outlet  altogether  and  to  extend  the  main 
ditch  westward  behind  the  city  and  through  the  slight  rise 
known  as  the  Sikeston  ridge  to  connect  with  the  ditch  sy.s- 
tem  of  the  adjacent  Little  River  drainage  district. 

Tlie  chief  engineer  for  the  district  is  Charles  H. 
Miller,  of  Little  Rock,  Ark.;  C.  Y.  Hansen,  of  New 
Mailrid.  Mo.,  is  Assistant  Engineer  in  direct  charge  of  all 
the  work.  The  work  now  under  construction  includes  the 
following :  Hydraulic-lill  levee,  1  mi.  long,  250,000  cu.yd. 
at  20c.  per  yd. ;  the  Hillsboro  Dredging  Co.,  Tampa,  Pla. 
Earth  levee  (teams  and  .scraper),  10  mi.  long,  500,000 
cu.yd.,  at  131/2C.;  A.  B.  Hunter,  New  Madrid,  Mo.  Main 
ditch,  23  mi.  long,  floating  dipper  dredge  work,  1,800,000 
cu.yd.  at  5.38c.;  A.  Y.  Wills  &  Sons,  St.  Louis,  Mo. 
Most  of  this  work  is  to  be  completed  during  1916.  Major 
Markham,  V.  S.  Corps  of  Engineers,  at  Memphis,  Tenn.. 
is  in  charge  of  the  river-front  levee  for  the  district. 

Hydraulic-Fill  Levee 

The  levee  which  extends  along  the  river  front  for  about 
a  mile  at  New  Madrid,  Mo.,  is  being  built  of  sand  pumped 
into  place.  This  levee  will  be  on  top  of  the  present  rivet 
liank,  the  site  being  cleared,  all  stumps  blown  out  with 
dynamite,  and  some  buildings  razed. 

The  present  bank  has  a  stone  revetment,  placed  by  the 
V.  S.  Government,  The  United  States  Engineers  in 
charge  of  this  district  would  not  permit  sand  to  be  pumped 
from  the  river  below  the  downstream  end  of  the  revetment, 
and  required  the  borrow  pit  toT)e  at  least  100  ft.  from  the 
river.  At  the  upstream  end,  however,  the  dredge  boat 
will  be  in  the  river,  and  will  take  sand  from  a  partlv 
submerged  bar,  with  a  discharged  line  on  pontoons  to 
the    shore    delivery    pipe.      (For    locations    see    Fig.   1.) 


h-ics    L'AMi    :      INI     MM     ''■     i  r>  i 'i:  \  uMi  ■- I'li.i.   m:\' i:i:  AT  m:\\    m  \  i  > 

-Double  discharge   pipes  on  end   ol   delivery  pipe,  showing    reKUlatiMB    valve    on    each    pipe, 
with  bottom  openings  fitted  with  slides 


Fig.    3 — Discharge   piP« 
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For  the  present  work  at  the  horrow  pit  (south  of  the 
i)  the  dredge  boat  cut  its  own  ehannel  from  the  river 
the  site  of  the  pit,  and  is  now  working  in  a  pit  which 
3'  be  excavated  to  a  depth  of  30  to  40  ft.  It  is  on- 
jed  simply  by  nnderniining  the  sides  with  the  sand 
tion  pipe  and  allowing  the  material  to  cave  in.  This  pit 
1  remain  permanently,  to  servo  as  a  storage  pond  for 
s  for  a  sawmill  company.  On  this  condition  the  com- 
IV  donated  the  right-of-way  for  this  part  of  the  levee. 
the  levee  will  occupy  the  jDresent  location  of  a  public 
d,  a  new  road  has  been  built  along  the  land  side. 
.^he  dredge  boat  is  a  timber  barge,  about  80x2G  ft.,  5  ft. 
p,  equipped  with  a  Fairbanks  gasoline  engine  of  SO 
and  a  10-in.  centrifugal  pump.  The  hinged  sand 
tion  pipe  is  of  Z-shape  and  is  raised  out  of  the  water 
•n  the  pump  is  required  to  deliver  clear  water  as  for 
ning  out  the  pipe.  The  discharge  pipe  is  carried  by 
toons  in  the  borrow  pit  and  connects  to  the  shore  dis- 
rge  pipe.  It  was  considered  that  this  pump  shoyld  lie 
,'  to  deposit  1,000  cu.yd.  of  sand  in  13  hr.,  and  this 
ird  has  been  reached.  The  material  is  mainly  river 
],  with  some  pebbles,  and  occasionally  some  mud  or 
h.  The  discharge  contains  about  10%  solid  matter. 
•k  is  carried  on  continuously  day  and  night,  except  on 
'days. 

'he  shore  discharge  pi]>e  is  10-iii.  spiral  riveted  pipe 
engths  of  about  18  ft.   with  telescoped  joints.     Its 


FIG.    4.    DELIVERY   END   OF   DREDGE    WITH   PIPE   ON 
PONTOONS 

in  the  till,  and  the  discharge  flows  througli  a  steep  trough 
or  chute  to  the  surface  of  the  fill.  On  either  side  is  a  line 
of  boards  (about  12  ft.  apart)  to  limit  the  flow  to  the  cen- 
tral part  of  the  fill,  and  along  these  are  wings  or  baffle 
boards,  which  are  shifted  inwa;:!  as  the  fill  rises.  Views  of 
the  work  are  shown  in  Figs.  2  to  5. 

The  wet  sand  packs  so  solid  that  no  allowance  is  made 
for  shrinkage.  The  best  results  arc  obtained  by  building 
up  the  central  part  of  the  fill  to  grade,  and  then  letting 
it  spread  on  either  side.     If  it  is  attempted  to  fill  to  the 


FIG.  5.    SUCTION  END  OF  GASOLINE-HYDRAULIC  DREDGE.  AND  BAI   1  l.i:  I.'  i AIM) 


^II)i:s  OF  FILL 


ra  iniuni  length  for  direct  discharge  from  the  jnmip  is 
al  it  1,500  ft.  For  the  greater  distance  required  when 
pi  iping  from  the  sand  bar,  a  booster  pump  will  be  placed 
at  ,500  ft.  and  then  the  materia!  can  be  delivered  :!,0()0 
ft  arther,  or  4,500  ft.  from  the  dredge  Iwat.  The  \n\m\) 
C8  keep  the  10-in.  pipe  full. 

his  shore  pipe  sometimes  gets  choked  with  sanil.  and 
bl  then  to  be  cleaned  out  by  pumping  clear  water  thiough 
it  This  necessitates  signaling  between  the  point  of  dis- 
ci 'ge  and  the  dredge  boat.    The  sand  suction  pipe  is  con- 
tr  ed  by  a  man  in  a  cabin  on  the  boat,  and  at  a  point 
T  •  the  discharge  on  the  fill  is  erected  a  signal  witliin  his 
This  is  a  post  with  a  long  arm  pivoted  near  the  top 
'ig  in  a  vertical  plane;  one  end  carrying  a  red  flag 
1  iMip.  th(!  other  a  white. 

li''  discharge  pipe  ends  in  a  Y-branch  witli  two  jjarallcl 

'  11  ii  fitted  with  a  gate  valve.    One  pipe  is  in  service 

'III'  otlicr  is  closed  for  shifting  and  extending.    The 

.11  tion   on    each   liranch    is   a    pi[)c    with    numerous 

'H|oni  openings  fitted  with  slides.     The  end  of  tiie  pipe 

")  ipported  on  a  crosspiece  nailed  to  two  stakes  embedded 


ciitii'c  liottom  width  first,  a  large  amount  of  material  is 
wasted,  as  the  flow  is  not  so  easily  controlled.  The  water 
escaping  from  the  fill  is  led  to  a  ditch  on  the  land  side 
of  the  levoH',  and  flows  to  one  of  the  drain  culverts,  beyond 
which  it  finds  its  way  back  toi  the  ))orrow  jiit.  This  ditch 
becomes  lined  with  the  finer  material  and  will  be  c'leaned 
out  before  being  covered  by  'the  fill.  The  conipleti'd  fill 
will  be  sown  with  bernuida  grass.  .^ 

■\t  the  lower  end  of  the  levee  five  residence  buildings 
have  to  be  rai.sed  about  10  ft.  to  the  new  elevation,'  and 
will  be  placed  on  concrete  foundations.  The  10-ft.  crown 
of  the  levee  will  be  on  the  river  side  of  the  buildings,  form- 
ing a  public  path. 

At  intervals  there  are  reinforced-concretp  culvei-ts  to 
carry  off  drainage  water  from  tiie  land  side  of  the  levee. 
These  are  rectangular  box  culverts  3x3  ft.  with  flap  valves 
to  close  against  flood  water.  Tiie  valves  are  operated  by 
chains  in  s(|iiare  concrete  manholes  which  extend  to  the 
top  of  the  levee.  There  will  be  also  four  sewer  outlets, 
of  -I-  to  10-in.  pipe.  V.-.uh  of  these  will  he  embedded  in 
concrete,  forming  a  rectangular  box  C  in.  thick.    Vertical 
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slide  gates  will  close  these  against  flood  water,  the  gates 
being  operated  through  manholes. 

The  levee  now  being  built  north  of  the  city  will  be  about 
10  mi.  long,  extending  from  the  river  to  Farrenburg.  It 
is  being  built  by  wheeled  scrapers,  the  material  being 
mainly  a  heavy  red  earth,  containing  very  little  sand. 
This  is  taken  from  borrow  pits  on  the  outer  or  water 
side.  These  are  kept  not  less  than  30  ft.  from  the  toe 
of  the  slope,  and'  rarely  exceed  3  ft.  in  depth. 

The  levee  has  a  crown  width  of  8  ft.  with  1  on  3  slopes. 
An  allowance  of  15%  is  made  for  shrinkage,  the  top  be- 
ing filled  15%  higher  than  grade  line.  The  maximum 
height  is  about  18  ft.  Where  the  levee  makes  a  right-angle 
turn  in  leaving  the  river  to  run  north,  a  spur  is  run  out 
from  the  corner,  to  prevent  water  from  running  against 
it  and  causing  erosion.  The  site  of  the  base  of  the  levee  is 
cleared  and  plowed,  to  insure  a  bond,  and  all  stumps  are 
blown  out  with  dynamite.  No  muck  ditch  under  the  levee  is 
considered  necessary,  though  this  was  proposed  originally. 
On  the  land  side  is  a  berm  of  20  ft.,  except  that  where  a 
road  is  built  along  the  levee  berm  this  width  is  made  35  ft. 

Along  the  edge  of  this  inside  berm  is  a  ditch  to  inter- 
cept drainage  water.  At  intervals  of  about  a  mile  are 
reinforced-concrete  box  culverts  to  carr\'  this  water 
through  the  levee.  The  culverts  are  from  18x18  in.  to  36x 
36  in.,  with  an  apron  and  wing  walls  at  each  end,  and  a 
cutoff  wall  or  collar  near  the  middle  to  prevent  water 
from  working  through  the  fill  along  the  concrete  face. 

In  each  culvert  is  a  Coffin  flood  gate  of  the  hinged  flap- 
valve  tyfie,  closing  automatically  against  flood  water  but 
normally  held  open  by  a  chain  passing  up  a  manhole.  For 
culverts  18x18  in.  the  manholes  are  of  12-in.  sewer  pipe; 
those  on  larger  culvert  are  of  brick.  The  flood  gates  are 
circular,  as  no  square  gates  were  in  stock,  and  would  have 
been  expensive  if  made  specially.  The  concrete  at  the  gate 
chamber  is  rounded  to  fit  the  circular  opening  of  the  gate. 
The  culverts  have  a  grade  of  3%,  so  that  the  rush  of  water 
will  make  them  practically  self-cleaning.  At  the  inlet  end 
is  a  simple  grating. 

The  contractors  for  this  levee  are  working  from  19  to  28 
wheeled-scrapers  of  V2".^''^^-  capacity,  with  two-mule  teams. 
For  each  three  scrapers  there  is  a  three-mule  snap-team 
to  help  the  scraper  teams  while  loading.  Two  plows  with 
two-mule  teams  break  up  the  ground  to  make  the  loading 
easier. 

Besides  the  team  drivers  there  are  a  straw  boss  and 

dump  man  at  the  dump,  a  loader  for  eacli  three  scrapers  at 

the  borrow  pit,  and  a  man  to  handle  each  plow.    This  crew 

works  about  12  hr.  per  day.     With  this  outfit  there  is 

placed  30,000  to  40.tioii  cu.yd.  jicr  month. 

* 

^Iaix  DiiAiXAci-,  Dri'cii 

'J'lie  main  ditch,  which  will  carry  (ill'  Hood  waters,  will 
be  about  25  mi.  long,  from  Black  and  James  bayous  to 
St.  John  Bayou,  entering  the  Mississi])pi  just  east  of  New 
Madrid.  This  ditch  and  all  the  drainage  ditches  will  be 
excavated  by  floating  dipper  dredges  having  21/2-  to  5-yd. 
dippers.  The  excavation  will  l)e  mainly  in  heavy  black 
gunibo  or  buckshot,  which  is  expected  to  stand  well  in 
the  slopes.  The  main  ditch  will  have  a  bottom  width  of 
30  to  70  ft.,  a  water  depth  of  8  ft.,  and  side  slopes  of 
1 :  1,  with  a  15-ft.  berm  and  a  spoil  bank  on  each  side. 
For  this  ditch  a  right-of-way  250  to  350  ft.  wide  is  cleared. 
The  trees  are  cut  at  a  height  of  about  3  ft.,  except  that 
on  the  berm  thev  are  cut  at  about  IS  in. 


By  J.  H.  Weatiiki!F01!U* 

The  year  1916  will  see  the  completion  of  the  new 
$5,000,000  railroad  and  free  highway  bridge  now  beiiio 
built  over  the  Mississippi  River  at  Memphis,  Tenn.,  by  the 
Arkansas  &  Memphis  Railway  Bridge  and  Terminal  Co. 
This  bridge  in  addition  to  carrying  a  double-track  rail- 
way between  the  trusses,  has  a  double  roadway  f  .ir  vehicles 
carried  on  cantilever  brackets  outside  the  trtisses  on  each 
side.  The  bridge  parallels  the  present  single-track  bridge 
of  the  St.  Louis  &  San  Francisco  Railroad  Co.  and  is  onlv 
200  ft.  upstream  therefrom.  This  bridge  will  not  onh' 
provide  more  adequate  railroad  facilities,  but  it  will  be 
the  only  highway  bridge  across  the  Mississippi  River j 
south  of  St.  Louis. 

Extensive  railroad  yards  and  track  approaches  on  the  I 
eastern  side  of  the  river  made  necessary  a  number  of 
grade  separations  of  both  the   old  and  the  new  bri( 
tracks  from  the  city  streets.    As  originally  planned,  these  I 
grade  separations  would  have  required  extensive  lowering] 
of  streets  to  permit  the  separation  of  the  grade  of  Penn- 


FIG.    1.    INDIANA   ST.   SUBWAY.    SHOWING    CONSTRUCTION' 
OF  I-BEAM  FLOOR 

sylvania  St.  from  the  St.  Louis  &  San  Francisco  R.R- 
In  an  endeavor  to  avoid  the  expense  and  damage  result- 
ing,, the  track-diversion  plan  shown  in  Fig.  3  was  sug- 
gested by  the  writer  and  worked  out  by  the  engineers  of 
the  St.  Louis  &  San  Francisco  R.R. 

This  new  plan  involves  the  abandoning  o^'  appro.xi- 
matcly  3  mi.  nf  track  and  the  substitution  therefor  of 
about  2  mi.  on  a  new  location,  with  the  net  elimination 
not  only  of  a  mile  of  track  but  also  of  nearly  fifty  crossings. 
In  carrying  out  the  work  the  tracks  are  to  be  raised  a 
mii\im\im  of  about  10  ft.,  and  this  work  is  now  well  under 
way. 

Fig.  3  also  shows  joint  subways  being  built  by  the 
bridge  company  and  the  Rock  Lsland  Railroad  Co.  at 
Indiana  St.  and  at  Pennsylvania  St.  and  a  separate  ."uh- 
way  being  built  by  the  Frisco  R.R.  at  Pennsvlvaiiia  St. 

Three  other  subways  under  contract  between  the  rail- 
roads and  the  city,  one  at  Florida  St.  and  Railroad  Ave. 
and  a  double  subway  where  Carolina  Ave.  crosses  the 
Frisco  and  Iron  Mountain  tracks  are  also  afFecte:!  l)y  the 
changes  in  alignment  and  grade.  The  double  subway  at 
Carolina  Ave.  is  shortened  to  about  lialf  its  original 
b'ngth  and  the  street  depression  is  greatly  reduced. 

•City  EiiKineer,  Memphis,  Tenn. 
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F;.   2.    TYPICAL    END    ELEVATION    AND    CROSS-SECTION 
OF  CAROLINA  AVE.  AND  FLORIDA  ST.  SUBWAYS 

Tracks  spaced  12  V.  ft.  c.  to  c.  Four  floor  slabs  per  track, 
e  h  6  ft.  2'i  in.  by  23  ft.  2  >,2  in.  Designed  for  Cooper's  Eo5 
I.  ling.     Impact.   509r   of  live-load. 

Quantities  per  lin.ft.  of  subway: 

S  t   floor   system 4.74  cu.yd. 

A  itments    4.87  cu.yd. 

C  ter  supports   0.9S  cu.yd. 

Total     10-59  cu.yd. 

Wing  walls   (right  angle  20  ft.  long),   each   26. Si   cu.yd. 

E  nforcement  of  slabs 173  lb.  per  yd. 

E  nforcement  of  substructure 140  lb.  per  yd. 

M\  concrete  1:2:4. 

•Hg.  2  show.s  a  typical  end  elevation  and  section  of  the 
8  ways  at  Florida  St.  and  at  Carolina  Ave.  except  that 
ti  total  width  between  abutments  on  Carolina  Ave.  will 
b  35  ft.  The  design  is  especially  noteworthy  on  account 
0  he  extensive  use  of  reinforced  concrete  and  cf  the  bo.x; 
t"  3  of  abutments,  a  feature  designed  by  W.  F.  Schultz, 
C  ef  Engineer  on  these  subways.  Street  grades  on  tJic 
SI  way  approaches  vdW  be  approximately  4%  and  tlie 
p  Lng  will  be  of  vitrified  brick  on  a  concrete  foundation. 
Tiese  two  subways,  exclusive  of  paving,  but  including 
p  5erty  damages  will  cost  approximately  S175.000  of 
W  ch  the  city's  expense  will  be  approximately  $25,000 
p  ;  the  cost  of  panng. 

■  'he  Pennsylvania  St.  subway  will  be  80  ft.  wide  be- 
ta 2n  abutments,  with  50-ft.  wide  roadway.  The  col- 
li IS  are  located  on  the  curb  line  and  in  the  center  of  the 
s<  et  and  the  subway  will  be  356  ft.  long  from  portal  to 
I*  :al.  The  abutments  are  of  gravity  type  wnth  rein- 
f(  ed  sidewalk  slabs  and  I-beams  encased  in  con- 
C)  e  for  the  roadway  slabs,  following  the  usual  design. 


The  Frisco  subway  crosses  Virginia  Ave.  and  Pennsyl- 
vania St.  inter.section  and  will  be  a  double-track  througli 
girder  structure  with  columns  on  the  curb  line  and  short 
sidewalk  spans.  The  main  span  will  be  79  ft.  6  in.  with 
two  end  spans  of  21  ft.  each  and  gravity-type  abutments. 
The  girders  are  to  be  encased  in  concrete  and  the  floor 
will  1)6  a  concrete  slab. 

The  Indiana  St.  subway  will  have  gravity  type  abut- 
ments and  a  single  24-ft.  span  of  I-beam  construction 
encased  in  concrete.  Fig.  1  shows  the  I-beam  floor  of  this 
subway  being  placed  and  Fig.  4  shows  a  longitudinal 
section  and  elevation.  The  north  2-1  ft.  of  Virginia  Ave. 
will  be  depressed  as  shown  in  Fig.  4,  the  remainder  of  the 
rtreet  being  separated  from  the  depressed  portion  by  a 
gravity-type  retaining  wall.  The  subway  is  designed  to 
carry  one-way  traflfic  only  and  will  be  exclusively  used  for 
west-bound  traffic  over  the  Arkansas  and  Memphis  bridge. 

One  of  the  features  in  connection  with  the  work  will  be 
the  moving  of  a  two-story  and  basement  brick  building,  one 
of  the  city  jniblic  schools,  al)out  200  ft.  away  to  a  new 
location. 

The  expense  of  the  subways  and  l:)ridge  approaches,  now 
being  constructed,  will  be  approximately  $700,000  includ- 
ing property  damages  and  paving,  all  of  which,  except  a 

\<l9'-0'>^  Ifigh-fnf  , 

■Natural  r< 98-6^'    ^      J^'?f!*    , '*'«J' i'"^   /-5: 

FIG.  4.    LONGITUDINAL  SECTION  OF  INDIANA  ST.  SUBWAY 

minor  ])ortion  of  the  paving  will  be  borne  by  the  railroad 
companies.  In  addition  approximately  $550,000  will  be 
expended  by  the  Rock  Island  Railroad  Co.  in  building  new 
yards. 

The  work  is  in  charge  locally  of  K.  G.  AViiliams,  Resi- 
dent Engineer  representing  F.  G.  Jonah,  Chief  Engineer, 
St.  Louis  &  San  Francisco  (Frisco)  R.R.,  C.  A.  Morse, 
Chief  Engineer,  Chicago  &  Rock  Island  R.R.  and  C.  D. 
Purdon,  Chief  Engineer,.  Cotton  Belt  R.R.  The  interests 
of  the  City  of  ^Memphis  are  in  the  hands  of  the  writer. 
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Ifi2 


ENGINEERING     N  E  ^Y  S 


Vol.  Tfi.  No.  4 


Joisntls  iim 


Hv  II.  D.  Dewell* 


SYNOPSIS — Ii'esidtfi  of  tests  made  in  conned  ion 
with,  the  Panama-Pacific  exposition  wooden  frame 
buildings. 

'  Among  the  new  te.'^ts  of  timber  juints  made  by  the 
writer  on  the  Panama-Pacific  exposition  last  year  were 
14  joints  fastened  by  lagscrews.  The  tests  on  holted 
joints  and  the  conclusions  as  to  safe  practice  in  design 
were  reported  in  Engineering  News  of  July  20.  lOlG.  The 
present  article  covers  the  lagscrew  tests. 

Of  the  14  tests,  4  were  on  joints  in  which  a  i^-in. 
steel  plate  was  fastened  to  a  timber  block,  and  10  were 
on  joints  in  which  wooden  plates,  ly^  in.  to  2  in.  in 
thickness,  were  lagged  to  an  8x8-iu.  block.     The  detail 


will  be  noticed  that  the  two  curves — the  direct  reading; 
and  the  autogra]jliic — follow  closely  together,  but  that 
the  autographic  curves  always  indicate  a  greater  slip  than 
the  direct  readings;  this  difference  is  undoubtedly  du. 
to  end  crushing. 

In  Kidder's  "Architects  and  Builders  Pocket-Book' 
there  is  published  a  table  giving  the  resistance  of  lair 
screws  wlien  used  to  fasten  a  metal  plate  to  timber,  tlii 
accompanying  illustration  showing  the  lags  bearini; 
against  the  ends  of  the  timber  fibers  and  subjected  td 
shear.  The  method  of  arriving  at  the  values  given  i- 
not  explained.  A  %x4l/^-in.  lagscrew  with  a  plate  of  /j- 
in.  minimum  thickness  is  stated  to  be  worth  2,100  11) 
when  employed  with  Oregon  pine  (Douglas  fir)  ;  simi- 
hirly   the  working  resistance   of  a   %x5-in.   lagscrew  i? 
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JOINTS.  TYPE  S-T 


JOINTS.  TYPE  A-T-E-B 


Joint 

Size  ot 

Joint 

Size  of 

Number 

Lagscrew 

a 

b 

c 

Number 

Lagscrew 

t 

a 

7 

%x4VS!  in. 

6  in. 

4  in. 

10  in. 

A 

TixSiA  in. 

2      in. 

S  in. 

12 

8 

%x4Vi  in. 

6  in. 

4  in. 

10  in. 

C 

%  x4 14  in. 

ly*  in. 

Sin. 

lU 

9 

%.x5      in. 

Tin. 

Sin. 

12  in. 

D 

%x5%  in. 

2       in. 

Sin. 

12 

17 

%x5      in. 

7  in. 

5  in. 

12  in. 

F 

%x4^4  in. 

1%  in. 

Sin. 

11 

G 

%x5V4in. 

2       in. 

Sin. 

32 

H 

3ix4Vi  in. 

l%in. 

S  in. 

10 

JOINTS,  TY] 
Joint  Size  of 
Number  Lagscrew 
B  %x5V2  in. 
E  %x5i4in. 
1  %x4V4in. 
J        ?ix4V^in. 


1%  in. 
l%in. 


,  LAGSCREW 
T-C-B 


8  in.  12      in. 

8  in.  12      in. 

S  in.  10%  in. 

Sin.  10%  in. 


FIG.  1.    DETAILS  OP  TEST  JOINTS  MADE  UP  "WITH   LAGSCREWS 


makeup  of  these  joints  is  shown  in  Fig.  1.  Some  of  the 
stress-deformation  curves  secured  in  the  tests  arc  shown 
in  Fig.  4. 

An  autographic  testing-machine  record  was  taken  in 
all  the  tests  in  addition  to  the  direct  readings  of  slip; 
with  joint  7  the  autograjihie  record  oidy  was  made.  In 
joint  9  the  load  was  removed  at  6,000  lb.,  when  a  slip  of 
0.05  in.  had  taken  place.  Here,  as  in  the  case  of  the 
bolted  joints,  there  was  some  permanent  set,  although 
on  again  applying  6,000  lb.  the  deflection  registered  the 
same  as  before,  or  0.05  in. 

In  testing  the  all-timber  lagged  joints  the  thread- 
and-card  method  was  u.sed  throughout,  so  that  the  direct- 
reading  curves  represent  the  true  slip  of  the  joints.     It 
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given  as  2,800  lb.  Prof.  H.  R.  Thayer  states  that  lag- 
sci'cws  may  be  treated  as  bolts  and  their  resistances  for 
equal  diametei-s  assumed  the  same. 

In  the  "Proceedings"  of  the  American  Railway  and 
ilaintenance-of-Way  Association,  Vol.  10,  Part  II,  then' 
is  published  a  method  for  determining  the  safe  rcsi.stan«' 
of  a  track  spike  to  lateral  displacement.  This  method 
is  also  given  in  Jacoby's  "Structural  Details."  Referrin;.' 
to  Fig.  3,  the  load  P  in  terms  of  the  niaximum  bearinjr 
stress  A-  is 

P  =  sdr~/(il  +  Ge) 
.V]i]ilying  this  formula  to 
joints  7,  8,  9  and  17,  assum- 
ing the  diameter  of  the  lag- 
screw  to  be  constant  and  equal 
to  the  nominal  diameter  of 
the  lag  and  using  the  limiting 
bearing  stress  of  1,300  lb.  per 
sq.in.,  there  is  found  for  the 
ca.^e  of  the  %x4iA-in.  lagscrew  and  i/^-in.  plate  a  safe 
i-esistance  to  lateral  displacement  of  770  lb.  Similarl.v 
for  a  %.\5-in.  lag.screw  the  safe  resistance  is  1,040  Ih. 
The  maximum  flexural  stress  in  the  lagscrews  is  10,700 
11).  i)er  .sq.in.  for  the  %-in.  lag  and  13,400  lb.  per  sq.in. 
Inr  the  y^-in.  lagscrew. 

For  recommendations  of  Kidder  and  Thayer  and  value* 
a^  derived  from  the  foi-egoing  formula  see  Table  1. 

The  author's  previous  tests  oa  lagscrewed  all-timber 
joints,  in  which  %xll/^-in.  lags  were  u.sed  in  fastening' 
2-iu.  idaiikinjr  to  12-iii.  blocks,  with  the  screws  bearing 
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FIG.  4.     TYPICAL  LOAD-SLIP  CURVES  FOR  LAGSCREWED   JOINTS 


S    ? 


a  inst  the  fibers  of  the  planking  and  across  the  fibers 
0  the  block,  showed  the  average  ultimate  strength  of 
a  igscrew  in  this  joint  to  be  4,187  lb.  No  detail  meas- 
L  ment  of  slip  was  made,  but  it  was  noticed  that  tiie 

TABLE   1.    STRENGTH.   IN   POUNDS,   OP  LAGSCREWS 
FASTENING  STEEL  PLATES  TO  TIMBER 

%x4Vi;-In.  Lag      yax5%-Ii:   L<i^ 


1,  der   

T  yer    

T  oretical   

T  ts*    

T  tst     

'One-half     the     values     for 
•Values  for  deflection  of  j'. 


limiting     deflection 


2.80C 
1.575 
1.040 
900 
1.300 
of     i. 


fi  t  movement  appreciable  to  the  eye  occurred  at  an 
a  rage  load  of  2,123  lb.  and  was  approximately  -^  in. 
t<  i^  in.  in  amount. 

DlSCUSSIOIf  OF  Tksts 

'he  test  results  show  that :  ( 1  )  For  loads  up  to 
2  )0  lb.  per  screw  the  strength  of  a  v's-in.  lag  is  not 
a  reciably  larger  than  that  of  a  %-in.  lag;  and  (2) 
t)  working  values  as  given  by  Kidder  correspond  to 
a  ip  of  0.08  in.  for  the  %-in.  screw  and  0.12  in.  for 
tl  %-in.  lagscrew. 

'ossibly  the  strength  of  the  lagscrews  as  shown  by 
tl  ;e  four  tests  is  low,  since  there  was  some  bending 
0:  the  plates  and  a  consequent  tension  in  the  upper 
«  ws.  However,  this  condition  could  not  have  existed 
ii  :he  earlier  stages  of  the  tests. 

Tsing  the  limiting  deflection  of  ^j-  in.  as  in  the  case 
o:  he  bolted  joint,  with  a  factor  of  two  for  working  loads, 
it  s  seen  that  the  safe  working  resistance  of  a  %"iii- 
U  ;crew  in  such  a  joint  (a  thin  steel  plate  lagged  to 
ti  her)  is  one-half  of  1,800  lb.,  or  !)00  lb.  For  consi.st- 
ei  \'  the  corresponding  resistance  of  a  %-in.  lagscrew 
n:  ■  be  taken  at  TTO  lb.  (proportional  to  the  respective 
d  neters,  since  bearing  and  not  bending  determines  the 
w  king  resistance).  Similarly  for  a  limiting  working 
si  of  ^  in.  the  capacity  of  a  %-in.  lagscrew  is  1,300 
Hand  a  %-in.  lag  9?.5  lb.  These  values  are  in  accord- 
V.  5  with  those  found  previously  by  the  theoretical 
D  hod. 

•n  comparing  the  curves  of  the  lagscrewed  all-timber 
j«  its  with  those  of  the  bolted  jcjints  it  is  evident  that, 
w  le  the  ultimate  strength  of  the  former  is  far  liclow 
tl  t  of  the  latter  for  the  same  diameter  of  lag  or  bolt, 
tl  lagscrewed  joints  are  stifEer  for  the  same  load,  uj) 
t«  he  break  in  the  curve. 

in  examination  of  the  joints  cut  open  shows  some 
ilpresting  points.  The  lagscrews  have  evidently  been 
Wjjected  to  much  less  bending  than  the  bolts;  indeed,  in 
w'le  cases  no  bending  is  apparent.    They  liave,  however, 


resisted  tension,  which  the  wood  was  unable  to  withstand, 
as  is  evidenced  by  the  partial  withdrawal  of  the  lag. 
The  reflex  bending  noticed  in  the  bolts  is  almost  entirely 
lacking,  and  the  distribution  of  pressure  exhibited  by 
the  crushing  of  the  timber  fibers  is  different  from  that 
of  the  bolts. 

In  addition  to  the  moments  produced  by  the  pressures 
here  shown  there  exists  a  couple,  formed  by  the  pres- 
sure of  one  side  of  the  washer  against  the  timber  and  a 
corresponding  pull  of  the  threads  of  the  screw  on  the 
main  block.  Whether  this  condition  exists  in  the  early 
stages  of  the  test,  it  is  not  possible  to  state.  A  theor- 
etical consideration  of  the  problem  was  considered,  but 
was  abandoned  on  account  of  impracticability. 

The  superior  stifl'ness  of  these  joints  over  the  bolted 
joints,  for  loads  up  to  3,000  lb.,  may  be  accounted  for 
in  part  by  the  tight  fit  of  the  lagscrews  in  the  timber 
and  by  the  binding  action  of  the  tightly  drawn  washers, 
jiroducing  both  friction  between  the  timbers  and  restraint 
in  the  bending  of  the  lags,  although  it  is  believed  that 
the  friction  of  the  joint  is  a  negligible  quantity. 

As  in  the  case  of  the  bolted  joints,  there  seems  to  be 
practically  no  reduction,  in  stifl^ness  for  the  %-in.  joints, 
in  which  the  lagscrews  bore  across  the  fibers  of  the  tim- 
ber in  the  main  block.  This  statement  holds  true  only 
for  loads  of  approximately  2,000  lb.  per  lagscrew.  In 
ultimate  strength  siuii  joints  are  far  below  those  having 
all  end  bearing;  the  failure  is  sudden  and  due  to  split- 
ting of  the  main  timbers. 

Fig.  5  gives  curves  showing  the  average  strength  of 
the  joints  with  each  size  of  lagscrew  and  also  the  average 
strength  of  the  individual  lagscrews,  with  the  correspond- 
ing deflections.  With  the  criterion  of  a  working  strength 
of  one-half  the  load  corresponding  to  a  slip  of  -^  in., 
the  safe  resistance  of  a  %x4l/^-in.  lagscrew  may  be  taken 
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as  900  11).,  while  that  of  a  '^'^xo-in.  lagscrew  v  ay  he  taken 
at  1,0.!)0  lb.  Similarly  for  a  working  slij^  -l'  gV  in.  the 
respective  resistance.^  are   1,.375  lb.   and  1,500  lb. 

For  joints  in  which  a  metal  plate  is  fastened  to  tim- 
bers by  means  of  lagscrews  it  is  believed  that  the  values 
of  900  lb.  for  a  %x5-in.  lagscrew  and  770  lb.  for  a  %x 
■li/^-in.  lagscrew  are  reasonable  working  values  and  that 
1,300  lb.  and  975  lb.  respectively  should  be  the  maxi- 
mum allowable  capacities  used. 

For  all-timber  lagscrewcd  joints  similar  to  those  tested 
the  values  of  1,050"  lb.  for  a  %-in.  lag  and  900  lb.  for 
a''%-in.  lag  are  recommended  for  design,  with  a  maxi- 
mum of  1,500  lb.  and  1,375  lb.  respectively. 

All  working  values  advocated  are  for  timbei  m  a 
dry  condition  and  for  use  in  interior  building  construc- 
tion. 

The  author  wishes  to  express  his  appreciation  of  the 
kindness  of  Jlr.  Olsen,  of  the  Tinius  Olsen  Co.,  for  the 
use  of  his  testing  mac-bine,  and  of  E.  L.  Peck  for  oper- 
ating the  machine.  Thanks  are  due  C.  E.  Blee  for  assist- 
ance in  making  the  tests  and  to  L.  F.  Fulcher,  under 
whose  supervision  the  joints  were'  framed.  Especial  ac- 
knowledgment is  due  A.  W.  Earl  for  many  valuable  sug- 
gestions in  interpreting  the  results  of  the  tests. 

By    II.    S.    P.\LMER* 

AMiile  investigating  the  ground  waters  of  certain  parts 
of  Connecticut  in  1915,  the  writer's"  attention  was  called 
to  a  unique  hydraidic  ram  owned  by  H.S.  Parmelee, 
of  Granby.  The  ram  was  patented  Dec.  9,  1856,  by 
lirastus  W.  Ellsworth,  of  East'  Windsor  Hill,  Conn, 
(letters  patent,  No.  1G,17G).  The  ram  is  so  designed 
that  it  may  be  put  at  the  crest  of  a  siphon.  '  The  -energy 
necessary  to  raise  the  water  above  the  crest  is  the  kinetic 
energy  of  the  moving  column  of  watfef  in  the  siphon 
tubes.  Mr.  Parmelee's  ram  (see  Fig.  1)  is  at  the  mouth 
of  a  dug  well  7.7  ft.  deep,  containing  1.2  ft.  of  water 
(Oct.  25,  1915).  The  waste  pipe  discharges  at  a  point 
10.5  ft.  below  the  mouth  of  the  well,  so  that  there  is 
an  effective  head  of  4  ft.  The  reservoir  is  on  the  second 
floor  of  the  house,  15  ft.  above  the  mouth  of  the  well. 

Tlie  ram  (see  Fig.  2)  consists  essentially  of  a  rectangu- 
lar chest  with  two  inclined  partitions,  in  which  are 
openings,  I  and  K,  with  flap  valves,  C  and  D.  In  the 
bottom  there  is  a  connection  to  the  supply  pipe  B,  and 
in  the  top  two  openings,  L  and  M,  leading  to  the  waste 
pipe  A,  and  the  delivery  pipe  //,  respectively.  Between 
L  and  A  and  between  M  and  JI  are  two  tubular  air 
chambers.  The  key-shaped  lever  J,  controls  the  rapidity 
of  beat  and  also  starts  and  stops  the  action;  it  is  turned 
by  a  hand  shaft  passing  through  a  stufling-box  in  the 
hack  of  the  chest. 

The  action  of  the  ram  is  as  follows:  A  column  of 
water  flowing  up  the  sujiply  pipe  B  and  down  the  waste 
pipe  A  acquires  .sufficient  velocity  to  throw  the  valve  C, 
whi(-h  is  double-acting,  u])  against  ihc  o})ening  L.  thus 
stopping  the  flow  to  the  waste  pipe.  The  kinetic  energy 
of  the  water  column  in  the  supply  pipe  then  drives  a 
little  water  past  the  valve  D  and  up  the  delivery  pipe  //. 

•Geologic  Aid,  United  States  Geological  Survey,  Washlns- 
ton,  D.  C. 


When  the  motion  is  arrested  and  a  reverse  surge  set  up 
in  the  chest,  the  valve  C  falls  from  its  upper  seat  and 
a  new  cycle  is  initiated  by  a  flow  of  water  through  the 
siphon.  Enough  air  is  brought  in  through  the  supply 
pipe  to  keep  the  air  chambers  full. 

When  the  siphon  is  empty  it  can  be  started,  provided 
there  is  some  water  in  the  reservoir,  by  turning  the  key- 
shaped  lever  J,  counterclockwise  so  that  the  peg  raises 
the  valve  D.  Water  then  flows  from  the  delivery  pipe, 
through  the  chest,  and  down  into  the  waste  pipe.  When 
the  waste  pipe  is  full  of  water  the  valve  D  is  allowed  to 
drop.  The  water  in  the  waste  pipe  produces  a  partial 
vacuum  in  the  chest  that  raises  valve  C  from  its  lower 
seat  and  draws  water  up  the  supply  pi])e.  This  action  fills 
the  waste  pipe  with  air  which  is  expelled  by  again  openinf 
the  valve  D  with  the  key  J,  and  allowing  water  to  run 
down  from  the  reservoir.  Then  with  both  legs  of  the 
siphon  full  of  water  the  cycle  of  operations  will  com- 
mence automatically. 

The  front  of  the  chest  is  a  glass  plate  so  that  the 
oper^ition  of  the  parts  may  be  observed.  The  rapiditv 
01  the  beat  may  be  regidated  to  some  extent  by  meaus  of 
the  key  -/.  When  the  key  is  turned  close  to  the  valve  (' 
the  -uncut  of  water  trying  to  go  down  the  wastepipe  is 
con  L'litratcd    and    enabled    to    throw    the    valve   agaimt 


FIGS.   1   AND  2.     ELLSWORTH  SIFHON  RAM 

its  u])per  seat  more  promptly,  thus  shortening  the  beat. 
This  regulation  is  accomplished  without  actual  contact 
between  valve  and  key.  The  ram  may  be  stopped  by 
turning  the  key  at  the  proper  moment  to  hold  the  valve 
C  against  its  upper  seat  until  the  surge  in  the  che.^t 
has  died  out.  With  the  legs  of  the  siphon  full  of  water 
all  that  is  needed  to  put  the  ram  in  operation  is  to  raise 
the  delivery-pipe  valve  D  a  little  by  means  of  the  key. 

The  siphon  ram  is  essentially  like  the  connnon  ram 
except  that  the  waste  valve  is  inclosed  in  such  a  way 
as  to  prevent  the  loss  of  the  partial  vacuum  at  the  crest 
of  a  siphon.  This  ram  could  also  be  operated  as  an 
ordinary  ram  at  the  foot  of  an  inclined  supply  pipe.  Thf 
second  air  chamber  E  is  needed  to  smooth  off  the  flow. 

At  a  distance  of  25  ft.  it  is  almost  inaudible.  That  it 
is  inexpensive  to  run  is  shown  by  Jlr.  Pannelee's  state- 
ment that  "25c.  a  year  would  cover  the  time  and  labor 
in  cutting  new  washers  for  the  valves" — the  only  repair 
he  has  had  to  make.  It  is  remarkable  that  this  machine 
is  not  on  the  market..  It  is  eminently  suited  to  raising 
small  quantities  of  water  from  a  shallow  well  where  it 
is  ilinii-ult  or  inqiossible  to  dig  a  trench  for  a  pipe  sloping 
to  an  ordinary  hydraulic  ram. 
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SYNOPSIS — Sioux  City,  loiva,  has  some  ^0  mi. 
of  concrete  paved  streets  and  roads  that  have 
shown  remarkable  results  in  freedom  from  crack- 
ing and  resistance  to  wear.  These  concrete  pave- 
ments are  laid  in  a  different  manner  from  that 
followed  elsewhere.  A  member  of  the  editorial 
staff  of  "Engineering  News"  visited  Sioux  City 
recently  to  examine  these  pavements,  and  the 
folloiring  article  sinii iiKirizfs  his  uhscrvations. 

Concrete  pavements  which  have  been  in  use  five  years 
;  1  which  show  block  after  block  without  a  single  crack ; 
(  icrete  pavements  which  have  been  under  traffic  two  or 
1  -ee  years  and  on  which  the  marks  left  in  the  original 
1  iting  are  still  to  be  seen ;  concrete  pavements  which 
! !  costing  practically  nothing  for  maintenance ;  con- 
(  te  pavements  laid  on  grades  of  12%  to  16%  which 
^  e  satisfaction  to  teamsters ;  concrete  pavements  which 
/  .'8  been  a  complete  success  from  the  beginning  and 
i  preferred  by  jjroperty  owniers  to  any  other  type — 
t  se  are  some  of  the  things  which  are  hardly  believable 
\  an  engineer  iinless  he  actually  visits  Sioux  City,  Iowa, 
}  1  sees  them  with  his  own  eyes. 

[n  addition,  it  may  be  remarked  that  some  of  tlie 
I  er  concrete  pavements  in  Sioux  City  are  only  5  in. 
t  ck,  and  all  are  laid  on  crowned  subgrades.  Some 
.0  3ets  have  crowns  as  high  as  11  in.  The  pavement  laid 
i  recent  years,  however,  is  6  in.  thick. 

Success  Not  Due  to  Local  Co>fDiTioxs 
engineers  whose  experience  with  concrete  pavements 
I  been  less  satisfactory  are  apt  to  say  that  the  success 
c  the  Sioux  City  concrete  pavements  must  be  due  to 
[  uliarly  favorable  local  conditions — subsoil,  drainage 
f  some  more  mysterious  cause.  As  a  matter  of  fact, 
a  areful  examination  -of  all  the  pavements  and  of  roads 
a  I  streets  where  pavements  aro  under  construction  leads 
i  vitably  to  the  conclusion  that  the  conditions  of  soil, 
c  inage,  climate,  traffic,  etc.,  are  quite  as  trying  to  con- 
c  te  pavement  as  the  conditions  in  any  Northern  or 
]  <tern  American  city  of  50,000  population. 

The  range  of  temperature  in  Sioux  City  is  from  11.5° 
t  — 35°  F.  Sudden  extreme  variations  of  50°  are 
r  unusual.  Rainstorms  with  a  precipitation  of  11/^  in. 
i  jn  hour  occur.  Jfany  streets  are  poorly  providerl  \vith 
8  rm  sewers.  The  subsoil  in  some  instances  is  heavy, 
t  ck  and  sticky.  Some  of  the  concrete  roads  that  are 
I  V  under  construction  run  through  lowlands  and 
» imps.  Therefore  local  to])ographic,  climatic  and  soil 
C  ditions  cannot  account  for  Sioux  City's  remarkal)le 
8  cess  with  concrete  pavements. 

CoxcRETE  ox  All  Kixns  ok  SntEETs 

The  40-odd  miles  of  concrete  pavement  in  Sioux  City 
i  ludes  streets  of  every  character — downtown  heavy- 
t  ffic  streets,  residence  streets  and  country  roads — 
«1  these  pavements  are  on  grades  varying  from  level  to 
JJo.  With  years  of  actual  ex|ierience  under  all  these 
C  iditions,  City  Engineer  T.  II.  Johnson  not  unnaturally 
I  i  come  to  look  upon  concrete  as  a  universal  paving 
I|terial  and  stands  ready  and  willing  to  pave  any  kind 
f'  street  with  it.     Property  owners  almost  unanimously 


petition  for  concrete  when  new  paving  is  proposed.  To 
the  40-odd  miles  of  concrete  paving  already  laid  in 
Sioux  City  about  20  mi.  more  is  to  be  added  this  year. 
Obviously,  tliese  things  could  not  be  if  extraordinary  suc- 
cess had  not  been  attained  with  the  use  of  concrete  as  a 
paving  material. 

About  15  mi.  of  the  concrete-paved  streets  has  street- 
car tracks.  Concrete  paving  has  proved  so  satisfactory 
that  it  has  not  only  been  adopted  as  standard  by  the 
city,  but  the  street-railway  company  of  its  own  accord 
has  used  concrete  paving  on  several  miles  of  repair  work 
on  pavements  of  other  types.  Figs.  3,  4  and  5  illustrate 
the  details  and  appearance  of  some  of  these  street-car 
track  pavements. 

Reasons  for  the  Success 

The  prime  factor  in  the  success  with  concrete  pave- 
tuents  at  Sioux  City  is  good  workmanship.  The  second 
and  hardly  less  imijortant  is  good  materials.  Specifi- 
cations   help,    but    of    themselves    could    never    bring 


PIG.   1.    ROLLED  SUBGRADE  ON  A  SIOUX  CITY  "STREET," 
SHOWING    COUNTRY-ROAD    CONDITIONS 

about  either  of  tlicsc  I'actors.  for  good  workmanship 
and  uniformly  good  materials  are  the  products  of 
eternal  vigilance  only.  The  Sioux  City  ])avemcnts  are 
built  under  the  constant  personal  supervision  of  a  man 
who  is  heart  and  soul  absorbed  in  this  work.  These  are 
the  real  local  conditions  that  inlluence  results. 

Thorough  rolling  of  the  subgrade  is  practiced  even 
on  steep  grades.  Only  one  instance  could  be  found 
where  the  pavement  slabs  had  moved  or  crept,  and  this 
one  case  was  not  serious,  as  only  one  corner  of  a  slab 
had  been  raised.  The  specifications  provide  that  the 
subgrade  shall  be  rolled  with  a  roller  weighing  not  less 
than  six  ton.s,  and  the  entire  surface  shall  be  passed 
over  at  least  twice,  with  the  usual  ])rovisions  for  filling 
holes  and  depressions  and  for  wetting  the  subgrade  before 
placing  the  concrete. 

The  cement  must  meet  the  rccjuirenients  of  tiie  slanil- 
ard  specifications  of  the  American  Society  for  Testing 
j\Iaterials.  The  sand  used  is  an  excellent  quality  of 
bank  sand,  testing  100%  or  better  by  the  Ottawa 
standard.  The  coarse  aggregate  in  most  ca.ses  is  Sioux 
Falls  (S.  D.)  granite — a  hard,  reddish  granite  that  makes 
first-class  concrete  material.     Some  pavements,  however, 
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have  been  made  of  concrete  in  which  a  washed  gravel 
was  used,' and  these  to  all  present  appearances  are  hardly 
less  satisfactory  than  the  pavements  built  with  granite 
aggregate.  The  proportions  (used  at  present)  are  1  part 
cement  to  6I/2  part«  of  sand  and  coarse  aggregate  (leaner 
mixtures  have  been  ^ised).  The  usual  mix  is  1:21A:4, 
which  is  considerably  leaner  than  that  recommended  by 
the  leading  authorities  on  concrete-road  construction. 
The  following  clauses  from  the  specifications  govern  the 
character  of  the  aggregate : 

The  fine  aggregate  shall  consist  of  bank  sand  or  screen- 
ings from  gravel,  graded  from  fine  to  coarse,  passing  when 
dry  a  screen  having  four  meshes  per  linear  inch;  shall  pref- 
erably be  of  siliceous  materials,  clean,  coarse,  free  from  loam, 
vegetable  or  other  deleterious  matter;  not  more  than  25% 
shall  pass  a  screen  having  50  meshes  per  linear  inch,  and  not 
more  than  3';'c  shall  pass  a  sieve  having  100  meshes  per  lienar 
inch. 

The  coarse  aggregate  shall  consist  of  crushed  granite  or 
quartzite,  passing  a  1^4 -in.  screen  and  held  on  a  U-in.  screen, 
and  containing  no  sandstone  or  soft,  flat  or  elongated  parti- 
cles, and  free  from  dirt,  loam,  vegetable  and  other  dele- 
terious  matter. 

Mixing  axd  Placing  the  Concrete 
Great  care  is  given  to  mixing  the  concrete.  Only  a 
batch  mixer  of  approved  type  may  be  used,  and  it  must 
be  equipped  with  a  batch  meter  or  some  other  automatic 
device  for  properly  timing  the  mix.  The  mixing  must 
continue  for  a  full  minute  after  all  the  materials  are  in 
the  drum  of  the  mixer,  and  the  drum  must  be  rotated 
at  a  speed  of  at  least  12  r.p.m.  The  drum  must  be 
completely  emptied  before  another  batch  is  introduced. 
The  mix,  while  not  sloppy,  is  moderately  wet. 

The  time  of  mixing  concrete  is  an  element  in  which 
nearly  every  contractor  is  tempted  to  economize.  It  is 
therefore  necessary  to  see  that  a  mixer  of  sufficient  capac- 
ity is  provided  and  that  it  is  not  overloaded.  Experience 
in  Sioux  City  up  to  the  present  year  has  been  with 
one-bag  batches;  but  one  contractor  is  hastening 
progress  by  loading  a  16-cu.ft.  mixer  with  two-bag 
batches,  which  is  within  the  rated  capacity  of  the 
machine.  The  actual  result,  however,  is  a  concrete  no 
better  mixed  than  a  one-bag  batch  rotated  i/^  min.  To 
prevent  these  conditions  and  insure  a  good  mix,  the 
specifications  are  to  be  revised  to  include  a  limit  to  the 
size  of  the  batch  to  be  mixed  in  machines  of  certain 
rated  capacities.  Thus  a  15-  or  16-cu.ft.  mixer  would 
not  be  used  for  greater  than  one-bag  batches  nor  a  21- 


or  22-cu.ft.  mixer  for  greater  than  two-bag  batches,  an. 
so  on. 

Precaution  is  exercised  in  handling  the  wet  concret 
from  mixer  to  pavement.  Turnover  carts  for  conveyin] 
the  concrete  are  prohibited;  bottom-dumping  devict' 
must  be  used.  The  reason  is  that  if  wet  concrete  : 
conveyed  any  distance  the  coarse  aggregates  settle  1 
the  bottom  and  when  the  load  is  dumped  they  are  a 
on  top,  which  defeats  the  great  object  aimed  at — tli 
clensest  concrete  obtainable. 

Rakes  and  hoes  in  spreading  and  leveling  are  m 
permitted.     The  spreading  is  done  with   shovels.     T\\ 


PIG.  4.    STREET  WITH  TWO  CAR  TRACKS  PAVED  WITH 
CONCRETE 

or  more  workmen,  usually  four,  stand  in  and  on  the  CfJi. 
Crete,  and  they  are  continuously  employed  in  going  ovc 
and  over  the  surface  with  long-handled  oak-plank  floai- 
14x16  in.  by  2  in.  thick. 

Adding  Dry  Material 

It  is  at  this  point  that  there  is  introduced  the  chie 
feature  in  which  Sioux  City  concrete  paving  practice  n 
developed  by  ilr.  Johnson  differs  from  the  practice  i 
substantially  all  other  engineers.  As  soon  as  the  concrot 
is  smoothed  off  by  the  floats  to  approximately  the  fori 
of  the  finished  roadway,  there  is  spread  over  it  a  d: 
mixture  of  equal  parts  of  cement  and  sand  sufficiei- 
to  absorb  all  surplus  water.  Every  engineer  knows  hi» 
promptly  concrete  will  stiffen  when  such  a  dry  mix  ■ 
added.     The  workmen  can  walk  on  it  immediatelv,  ar 


i 


FIG.  2.    JACKSO.M  ST.,  SIOUX  CITY,  AN  KXAMI'I. 
CONCRETE    P.AVEMENT 


FIG.  3.     DETAIL  OF  PAVING  AROUND 
CAR   RAIL 
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FIG.  S.    SPREADING  MIXTURE  OF  DRY  SAND  AND  CEMENT 


FIG.  7.   FINAL  FLOATING  PROCESS 


I  'y  continue  working  it  with  the  heavy  plank  floats 
'  til  all  the  surplus  water  is  brought  to  the  surface  and 
8  orbed  by  the  dry  mix. 

This  process  was  fully  described  by  ilr.  Johnson  in 
t  -ontribution  to  Engineering  News  of  June  10,  1915, 

I I  also  at  the  annual  Conference  on  Concrete  Roads, 
1  d  in  Chicago  Feb.  15  to  18,  1916.  The  specification 
(  cring  this  part  of  the  work  is  as  follows : 

After  the  concrete  is  deposited  and  brouglit  to  a  proper 
c  wn,  it  shall  be  immediately  gone  over  at  least  twice  with 
I  :oat  about  12x14  in.  in  size,  made  ot  2-in.  oak  plank  and 
c  rying  an  8-ft.  gas-pipe  handle.  Immediately  following 
t  i.  a  dry  mixture — one  part  cement  and  one  part  sand — that 
1  passed  a  No.  S  screen  shall  be  evenly  applied  over  the 
C  ire  surface  in  sufficient  quantity  to  absorb  all  water. 
;  er  this  the  floating  shall  continue  until  the  dry  mixture  Is 
t  roughly  incorporated  with  the  mortar  previously  flushed 
t  he  surface.  Subsequent  floatings  shall  follow  at  intervals 
c  5  min.  until  the  entire  surface  has  been  floated  not  less 
t  n  five  times  after  applying  the  dry  mixture.  At  the  last 
f  ting  the  mortar  shall  have  reached  a  stage  where  it  is 
[  ty  and  adhesive  and  is  slightly  drawn  along  with  the  float. 

Manner  of  Finishing  Is  Impoetant 

t  is  chiefly  on  this  feature  of  finishing  that  other 
e  ineers  difl"er  with  ilr.  .Johnson,  and  to  this  feature 
!  .  Johnson  attributes  a  large  share  in  the  successful 

0  come  of  the  work.  Whatever  other  virtues  the  float- 
ii  process  and  the  addition  of  dry  mortar  may  have, 
t  re  is  no  question  that  they  help  materially  to  obtain 
a  len.se  concrete.  Much  water  is  squeezed  or  sucked 
a  ,  which  flushes  to  the  top  and  is  absorbed  by  the  dry 
fl  <ture  of  .sand  and  cement.  This  water  would  other- 
»  e  remain  in  the  green  concrete  until  evaporated  or 
<h  drawn  downward  into  a  base  not  sufficiently  wetted. 

1  is  generally  accepted  that  when  water  leaves  concrete 
a  A-ater,  it  carries  along  with  it  some  cement.  If  allowed 
t  be   absorbed   l)y   the   base,   cement   is   carried   down- 

'  where  it  is  not  needed.     By  forcing  the  water  out 
iL,di  the  surface,  the  cement  is  carried  toward  the 
t    of  slab  when!  it  is  needed. 

The  floating  or  jmddling  of  the  wet  concrete  un- 
iibtedly  helps  to  prevent  the  formation  of  interior  air 
ib  ibles,  wliicli  cause  a  porous  concrete,  even  when  ex- 
t  mcly  minute.  This  floating  is  kept  up  until  the 
a  face  begins  to  stick  to  the  float,  or  in  other  words 
W-il  the  initial  set  has  begun.  The  siirfncc  iiii.vture 
Cjn  has  almost  the  consistency  of  rctempcred  mortar. 
"e   last   floating   leaves   a   scored,    roughened    surface, 


yet  with  all  pores  sealed,  and  the  grains  of  fine  aggregate 
coated  with  cement,  rather  tlian  sharp  and  angular  as 
when  roughened  with  a  broom,  as  is  shown  in  Fig.  9. 
Chips  of  concrete  jjroken  from  old  pavements  show  a 
remarkably  tough,  tine-grained,  flinty,  dense  concrete, 
the  plane  of  cleavage  being  often  smooth  and  more  re- 
sembling an  igneous  than  a  sedimentary  rock. 

Noteworthy  things  in  connection  with  the  finishing 
and  floating  are  these :  No  strikeboard,  templet  or  other 
similar  device  is  used  to  form  the  surface  of  the  pave- 
ment. Once  the  concrete  is  properly  distributed  with 
shovels,  it  is  not  again  disturbed.  The  crowning  and 
all  finishing  are  done  by  eye  with  the  use  of  the  floats. 


^'&/rs\ 


6fee/77e. 
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Section        C-D 
FIG.  5.    DETAILS  OF  STREET-CAR  TRACK  CONSTRUCTION 

It  seems  remarkable  that  a  smooth,  even  surface  and 
grade  can  be  so  obtained,  but  with  a  properly  prepared 
subgrade  and  skillful  workers  it  not  only  can  be,  but 
is  regularly  done  in  Siou,\  City  practice.  This  simply 
means  that  the  siiovelers  must  have  the  necessary  intelli- 
gence and  skill  to  ))lace  the  concrete  ]>roperly  at  the 
start.  Complicated  crowns  and  valleys  for  drainage  at 
street  intersections  are  Inade  in  tlie  sanu;  manner.  Mr. 
Johnson  in  his  discussion  at  the  Second  National  Con- 
crete   Road    Conference    last    February    advocated  this 
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method  of  finishing  concrete  pavement  in  the  following 
words : 

We  are  told  that  it  takes  about  4  cu.ft.  of  water  to  mix  an 
ordinarily  wet  yard  of  concrete,  only  about  one-halt  of  which 
Is  used  in  hydrating  the  cement,  the  other  half  remaining  in 
the  concrete  as  free  water.  In  other  words,  7^4%  of  the  total 
■volume  is  free  water,  and  if  left  there  to  evaporate  would 
result  in  voids  equal  to  TVsOi   of  the  mass. 

Our  first  floatings  remove  a  portion  of  this  free  water 
iand  so  close  up  the  structure  of  the  concrete  that  subsequent 


FIG.  S.    CONX'RETE  PAVING  OX  A  16^',   GRADE 

evaporation  is  materially  reduced.  The  dry  mixture  com- 
pletes the  removal  of  this  free  water,  as  is  shown  by  the 
immediate  stiffening  of  the  concrete  so  that  the  balance  of 
the  finishing  is  done  directly  from  its  surface,  without  dis- 
turbing it  a  particle.  This  also  furnishes  enough  mortar  for 
properly  finishing  the  surface.  Being  a  rich  mixture,  it  coun- 
teracts the  effects  of  dust,  dirt  and  other  impurities  brought 
to  the  surface  by  the  water  and  effectually  seals  all  the  pores 
in  the  pavement,  preventing  evaporation  and  affording  a  hard, 
tough,  dense,  impervious  skin  coat  for  the  surface  of  the 
pavement.  This  dry  mix  being  half  sand  prevents  the  surface 
from  crasin",  as  would  be  the  case  if  neat  cement  were  used. 

The  proper  curing  and  protection  of  the  pavement  are 
not  slighted.  It  is  customary  with  a  new  pavement  to 
require  one  man  to  be  regularly  employed  throughout 
the  day  for  a  period  of  at  least  seven  days  in  sprinkling 
the  surface  with  a  stream  of  water  from  near-by  hydrants. 
When  the  temperature  is  below  50°  F.,  the  sprinkling 
is  sometimes  omitted,  as  of  course  it  is  in  rainy  weather. 
No  trafP-C  is  allowed  for  14  days. 

Joints  14  in.  wide  are  made  transversely  every  35  ft 
and  longitudinally  between  the  new  pavement  and  the 
curbs  or  gutters  on  each  side.  They  are  formed  by  in- 
serting during  construction  and  leaving  in  place  a  joint 
filler  consisting  of  strips  Yo  in.  thick,  which  have  a 
width  1  in.  greater  than  the  thickness  of  the  pavement. 
The  material  composing  these  strips  is  14  i^i-  o^  asphalt 
between  two  layers  of  the  best  grade  of  wool  felt, 
thoroughly  saturated,  coated  and  bonded  with  a  pure 
asphalt.  (The  now  widely  used  Carey  sandwich  joint 
was  originally  devised  to  meet  this  specification.) 

Concrete  Paving  and  Concrete  Girder  Support 
KOR  Car  Tracks 

The  longitudinal  joint  between  the  paving  alongside 
the  street  rail  laid  by  the  railway  company  and  laid  by 
the  city  consists  of  a  single  thickness  of  the  best  grade 
of  saturated  wool  felt.  In  making  transver,«e  joints  the 
concrete  is  deposited  and  tamped  or  spaded  on  both 
sides  of  the  joint,  floated  vnth  a  standard  "split"  float 
and  the  edges  of  the  concrete  rounded  with  an  approved 
'"edger."  The  concrete  for  paving  in  the  track  area  is  mixed 
rather  wet,  1 :  21/^ :  4,  and  it  is  well  puddled  under  the 
ties  and  rails.     The  form   of  construction  is  shown   in 


detail  in   Fig.   5.  •  The  base  and  pavement  proper  "a:f 
laid  in  one  operation. 

Longitudinal  joints  are  placed  between  the  paving  doiii 
bv  the  street-railway  company  (1  ft.  on  each  side  of  tli 
rail)  and  the  remainder  of  the  street  pavement.  Jf(, 
transverse  joints  are  made,  and  a  fine  crack  opens  over 
each  tie.  The  street  cars  that  use  these  tracks  are 
20-ton  8-wheel  cars  with  21-ft.  wheel  base. 

It   will    be    noticed    that   here    is    a    case    where  the 
concrete-girder  construction  for  street-car  tracks,  which 
was  extensively  used  a   dozen  years   ago   and  generally  ■■ 
abandoned,  is  now  giving  excellent  satisfaction.    FVirther.  H 
and  still  more  important,  here  is  a  rail  embedded  directly  ™ 
in  concrete,  with  no  provision  for  elastic  support,  such 
as  has  so  often  been  declared  to  be  necessan-,  and  both 
the  concrete  and  the  rail  are  standing  up.     Of  course, 
the  street-car  traffic  and  the  vehicle  traffic  of  Sioux  City, 
are  nothing  like  as  heavy  as  those  of  Chicago  or  New 
York ;  but  there  are  thousands  of  miles  of  street-raihvav 
track  subjected  to  no  heavier  service  than  that  at  Sioux 
City,  and  what  will  succeed  there  should  succeed  in  a 
hundred  other  cities. 

The  street  paving  and  track  foundation  cost  about 
•$2.75  per  sq.yd.,  with  rock  at  $2.25  per  cu.yd. ;  sand. 
$1  per  cu.yd.;  cement,  $1.40  per  bbl. ;  common  labor  at 
$2.50,  finishers  at  $5  and  teams  at  $5  for  a  9-hr.  day. 

CoNCLrsioxs 

Certain  mooted  points  in  ilr.  Johnson's  specification? 
have  been  looked  on  more  or  less  as  fads  or  hobbie,«. 
They  are  not.  They  are  the  products  of  continuous  trial 
and  experience.  There  is  no  detail  in  the  method  of 
construction  outlined  that  has  not  sprung  from  some 
previously  unsatisfactory  experience  or  which  has  not 
been  proved  essential  for  a  desired  result. 

Again,  in  attaining  the  results  that  make  Sioux  City 
pavements  truly  remarkable  no  small  amount  of  credit  i.- 


FIG.  9.    Ari'EARAXCE  OF  COMPLETED  SURFACE  OP  A 
P.AVEMENT  IN  USE  FOR  SEVERAL  D.\YS 

due  to  the  contractors  with  whom  .Mr.  Johnson  Iw- 
worked.  They  have  .shown  a  willingness  to  cooperate 
and  to  follow  as  well  as  to  make  suggestions.  Havini: 
established  a  reputation  for  their  work,  it  is  natural  for 
them  to  wish  to  maintain  it. 

In  conclusion  it  must  not  be  inferred  that  the  object 
of  this  article  is  to  make  out  that  Sioux  City  pavements 
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t;  perfect  or  that  they  contain  no  cracks  or  other  im- 
rrfections  whatsoever.  It  was  impossible  in  a  two  days' 
\  it  to  obtain  by  personal  inspection  an  exact  knowl- 
fe  as  to  what  percentage  of  the  pavement  slabs  have 
c.cked.  Last  fall,  however,  Mr.  Johnson  made  such  an 
iipection  of  between  five  and  six  miles  of  pavements 
i  a  tj'pical  district,  pavements  two  to  five  years  old, 
ai  he  found  about  1%  of  the  slabs  showing  cracks,  which 
vuld  seem  a  fair  index  of  the  condition  of  the  whole 
j'dage.  The  widths  of  the  pavements  varied  irom  30 
t  40  ft.  and  the  lengths  of  the  slabs  from  35  to  35  ft., 
2  ft.  being  the  distance  between  expansion  joints  in  the 
e  lier  pavements.  It  is  also  true  that  there  are  three- 
8 1  four-year  old  pavements  one-half  and  even  a  mile 
1  g  which  show  absolutely  no  cracks  throughout  their 
£  ire  lengths. 

The  onlj-  concrete  pavement  in  Sioux  City  that  shows 
s  ns  of  serious  deterioration  is  one  over  which  materials 
?  -e  hauled  in  building  a  new  pavement.  Motor  trucks 
c  rying  15  to  20  tons  were  driven  over  this  stretch  of 
\  'ement  at  high  rates  of  speed,  and  the  effects  of  this 
t  tering  are  plainly  evident  in  the  many  cracks.  The 
j;  -ement  was  only  5  in.  thick. 

There  remain  unanswered  queries  that  are  sure  to  be 
r  5ed.  Are  concrete  pavements  satisfactory  to  traffic  on 
]  7o  grades?  Apparently  Sioux  City  concrete  pavements 
a  .  Tests  and  demonstrations  have  been  made  on  the 
s  ;et  shown  in  Fig.  8,  which  horses  have  no  difficulty  in 
e  abing  with  heavily  loaded  wagons.     The  pavement  is 

I  er  really  slippery  even  when  wet.  The  character  of 
t  surface  when  new  is  shown  in  Fig.  9.  This  rough- 
E  3  apparently  lasts  several  years,  and  the  concrete  itself 
ii  f  gritty,  granite-like  texture. 

s  it  possible  to  make  satisfactory  repairs  in  concrete 
p  ements  after  openings  have  been  made  for  sewers, 
\"  er  pipe,  etc.  ?  In  Sioux  City  it  is  done.  There  is  no 
d  ying  that  these  concrete  pavements  are  difficult  to 
b  ak  into.  Openings  have  to  be  chipped  away  with  drills 
a  .  sledges.  Breaking  up  the  slabs  with  crowbars  is  not 
p  sible.     Eepairs  over  backfills  are  made  in  the  same 

II  aner  as  the  original  pavement,  care  being  taken  -to 
C  in  and  wet  the  edges  of  the  pavement  so  ^s  to  obtain  as 
g  d  a  bond  as  possible.  Some  of  these  Tepairs  are  hardly 
n  iceable. 

VTiat  has  been  the  maintenance  cost  of  Sioux  City's 

'■le  pavements?     Practically   nothing.     Except   on 

'rcet   referred   to  above,   where   the  pavement   was 

r  :icd  by  motor  trucks,  most  of  the  cracks  which  have 

awn  up  are  too  minute  to  require  filling  with  tar.    '\ 

"    '1  amount  of  tar  patcliing  has  been  done,  but  the  cost 

_'nificant  when  distributed  over  the  1,000,000  sq.vd. 

mrete  pavement  in  the  city. 

I'lW  much  more  than  ordinary  concrete  pavements  do 
:  c  Sioux  Citly  pavements  cost?  Approximately  lOe. 
p  sq.yd.,  and  all  this  goes  into  labor  or  workmanship. 
i  already  stated,  the  mix  is  leaner  than  current  practice, 
n  reinforcement  is  used,  and  armored  joints  have  never 
bn  considered  cs.sential.  In  other  cities  with  iiiexpe- 
r  iced  contractors  the  cost  of  the  better 'workmanship 
t  jht  be  more. 

t  is  unfortunate  that  physical  tests  have  not  yet 
on  made  tc-  demonstrate  the  dilTcrence  between  Sioux 
Cy  paving  concrete  and  other  concrete.  For  instance, 
W-n  for  abrasion,  porosity  and  specific  gravity  might 
' 'bat  just  as  much  difference  exists  between  a  block 


of  concrete  made  by  the  methods  described  and  a  block 
in  ordinary  concrete-paving  practice  as  exists  between 
hard-burned  No.  1  paving  brick  and  an  underburned  No. 
3  brick.  To  make  such  tests  would  require  that  the 
blocks  be  sawed  out  of  typical  paving  slabs,  with  such  care 
as  not  to  destroy  any  of  the  original  bond  between  the 
particles  within  the  test  piece.  Few  city  engineering  de- 
partments are  equipped  to  obtain  such  test  pieces,  and 
Sioux  City  is  not  one  of  them. 

Hew  Metllhods  of  Maiadliiag 
Cosill  aEadl  Ob's 

Recent  developments  in  coal-  and  ore-handling  appa- 
ratus were  discussed  in  a  brief  talk  by  C.  D.  Gilpin  at  a 
meeting  of  the  Association  of  Iron  and  Steel  Electrical 
Engineers,  in  Pittsburgh.  He  described  a  new  style  of 
coaling  dock  recently  installed  in  a  Southern  port.  The 
purpose  of  the  design  is  to  obtain  the  flexibility  of  the  bin 
system  without  the  high  initial  cost  of  the  latter.  Part  of 
Mr.  Gilpin's  description  follows: 

The  dock  carries  a  runway  next  to  the  water  edge  and  not 
very  much  above  water  level;  on  this  runway  travels  a  load- 
ing tower.  Behind  this  is  another  runway,  elevated  above  the 
first  by  means  of  a  trestle  and  carrying  on  its  rails  a  turnover 
car  dumper  of  the  movable  type.  Beyond  the  car-dumper  run- 
way is  a  return  track  for  empty  cars.  The  loaded  cars  are 
pushed  onto  the  dumper  by  means  of  a  locomotive,  and  the 
coal  is  dumped  into  a  100-ton  hopper  on  the  rear  of  the  load- 
ing tower,  the  dumper  having  been  brought  into  line  with 
the  latter.  The  tower  hopper  is  provided  with  a  gate,  through 
which  the  coal  is  fed  into  a  scraper  conveyor.  The  latter  car- 
ries the  coal  up  a  pivoted  inclined  boom  which  extends  out 
over  the  boat  when  loading  and  carries  a  telescopic  chute  at 
its  outer  end  so  that  the  coal  may  be  directed  where  desired. 
The  conveyor  on  the  boom  is  the  largest  ever  built  of  this 
type,  having  a  capacity  of  3,000  tons  per  hr.  when  the  boom 
is  approximately   level. 

Another  loading  tower  will  be  added  to  this  equipment 
as  soon  as  business  warrants  it,  so  that  one  tower  may  be 
kept  busy  loading  into  empty  hatches  while  the  other 
takes  an  occasional  carload  from  the  dumper  for  trim- 
ming hatches  already  partly  filled.  Such  a  system  as  this 
may  be  operated  by  one  300-kw.  rotary  converter,  and  the 
peak  loads  are  not  sufficient  to  cause  any  noticeable  varia- 
tion at  the  end  of  a  6,600-volt  nne  4  or  5  mi.  long. 

At  the  Chuquicamata  plant  of  the  Chile  Exploration 
Co.  two  gantry  cranes  are  used  to  handle  copper  ore  in  and 
out  of  six  concrete  tanks  150x100  ft.  by  IG  ft.  deep.  The 
tanks  are  filled  with  ore  by  means  of  a  gantry  crane  carry- 
ing a  36-iii.  belt  conveyor,  .\fter  a  tank  has  been  filled 
with  ore,  sulphuric  acid  is  turned  into  it  and  the  copper 
leached  out.  The  residue  is  then  excavated  by  another 
gantry,  the  trolley  of  which  is  almost  identical  with  that 
used  on  stifF-leg  unloaders  along  the  Great  Lakes.  The 
operator  is  located  directly  over  the  bucket  of  the  gantry 
and  can  therefore  work  very  close  to  the  sides  and  the 
bottom  of  the  tank  without  injuring  the  sheet-lead  lining. 
A  simple  mechanical  distance  limit  is  used  to  prevent 
over-travel  when  lowering  the  bucket.  The  tailings  are 
dumped  into  a  chute  that  projects  over  the  tank,  while  the 
refuse  is  discharged  into  cars. 

The  Conl  Production  of  the  United  States  in  1915  as  an- 
nounced by  the  U.  .S.  Geological  .Survey  was  442,600,000  tons 
of  bituminous  coal  and  89,000,000  tons  of  Pennsylvania  «n- 
thracitp.  The  three  leading  states  in  soft  coal  production 
were  Pennsylvania,  with  LIS, 000,000  tons.  West  Virginia  with 
77,000,000  tons,  and  Illinois  with  .'i»,000.000  tons.  The  other 
states  In  which  more  than  10,000,000  tons  were  mined,  arc  in 
the  order  of  their  production:  Ohio,  Kentucky,  Indiana  and 
Alabama. 
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anil  when  dredging  at  anchor,  with  a  different  suetion 
mouth,  can  reach  to  a  depth  of  25  ft.  The  normal  service 
.speed  is  approximately  8  knots. 

The  hull  is  of  Siemens-^Martin  steel  and  was  built  in 
accordance  with  Bureau  Veritas  rules  and  imder  special 
survey.  The  hull  is  divided  into  seven  water-tight  com- 
partments. There  are  two  compound  double-crank  en- 
gines, with  surface  condensers,  for  propulsion,  each  de- 
veloping 250  hp.  at  normal  speed.  One  of  these  is 
arranged  to  be  uncoupled  from  the  propeller  shaft  and 
coupled  to  a  22-in.  piimp  when  the  dredger  works  as  a 
pumping  station.     One  compound   double-crank  engine. 


By  F.  C.  Coleman* 

The  accompanying  views  show  an  interesting  type  of 
dredge  that  has  recently  been  developed  by  A.  F. 
Smulders,  of  Schiedam,  near  Eotterdam,  for  the  Hai-IIo 
Conservancy  Board,  Tientsin,  China.  This  dredge  is 
of  the  barge-emptying  and  suction-loading  type,  and  is 
capable  of  discharging  the  spoil  into  barges  alongside,  or 
through  a  floating  pipe  line  1,000  ft.  in  length,  or  through 
a   shore  delivery  pil>e   line  over  a   distance  of  9,800  ft. 


FIG.    1.    SEAGOING   BARGE-EMPTYING    DREDGE    "CHUNG- HUA"  FOR  HAI-HO  CONSERVANCY  BOARD 


The  length  between  perpendiculars  is  124  ft.  8  in.;  the 
breadth  is  32  ft.  10  in.,  and  the  depth  10  ft.  8  in. 
.  The  ves.sel  is  used  as  a  suction  dredge,  either  working 
at  side  anchors  or  in  motion,  and  as  a  stationary  pump- 
ing station  for  the  discharge  ashore  of  spoil  out  of  barges. 
For  pumping  while  in  motion,  the  dredge  is  arranged 
to  discharge  over  either  side  into  barges  towed  alongside 
or  through  an  opening  in  the  bow,  at  which  a  floating 
pipe  line  is  connected  when  dredging  at  side  anchors. 
For  balancing  the  vessel  the  shore-delivery  pi])e  line  is 
fitted  on  the  port  side,  while  the  barge  suction  is  usually 
swung  over  the  starboard  side.  The  suction  ])ipe  for 
direct  dredging  at  anchor  is  provided  with  a  suction 
mouth,  armed  with  a  sleeve,  so  fitted  as  to  avoid  clog- 
ging when  dredging  a  furrow  8  ft.  deep  in  easily  col- 
lapsible earth.  When  the  dredge  is  in  motion,  the 
suction  pipe  is  capable  of  reaching  to  a  depth  of  20  ft. 

•Central    Station    Hotel.   Newcastlo-on-Tyno.    England. 


with  surface  conden.scr,  developing  500  hp.  at  normal 
speed,  is  placed  in  the  middle  of  the  vessel  for  driving 
two  sand  pumps.  The  exhaust  steam  of  the  auxiliary 
engines  is  discharged  in  the  condenser  of  the  sand-pump 
engine.  The  stern  sand  pump  draws  from  the  24-in. 
suction  pipe  for  direct  dredging  or  from  the  20-in.  suc- 
tion pipe  for  barge  emptying.  A  stone-catching  box  is 
]ilaced  between  the  sand  pump  and  the  .suction  ])ipes; 
the  mixture  is  delivered  overboard  into  barges  on  eitlier 
side  or  through  the  floating  pipe  line.  An  elbow  is  fitted 
instead  of  a  pipe  if  the  mixture  has  to  go  to  the  second 
iand  ])ump  as  when  both  are  working  in  compound  for 
shore  delivery.  One  compound  double-crank  high-speed 
engine  drives  directly  a  three-.stagc  centrifugal  piiiii])  for 
delivering  water  at  the  suction  month  at  a  pressure  i)f 
100  ft.  water  column. 

The  two  main  boilers  are  of  marine  ty]ie  and  have  a 
heating  surface  of  1,500  sq.ft.  each;  the  working  pres- 
sure is  120  lb.     A  donkey  boiler  also  works  at  a  pressure 
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FIG.  2.     DREDGE  "TIEXTSTX  ■   ijF  TIENTSIN',   CHINA 

pf  129  lb.  Oil  deck  are  the  suction-pipe  hoisting  gear. 
he  maneuvering  winches,  anchor  davits,  etc.  An  engine 
lid  100-volt  generator  supplies  current  for  six  arc  lamps 
f  3  amp.  each,  and  the  necessary  16-c.p.  incandescent 
■imps  in  crew  space,  cabins,  engine  and  boiler  com- 
lartments.  Search-light  apparatus  is  provided  to  be  oc- 
asionally  used  instead  of  some  of  the  arc  lamps.  On 
!eck,  in  front  of  the  funnel,  there  is  arranged  the  wheel- 
iouse,  which  is  at  the  same  time  the  chart  room.  In 
t  are  placed  steam  and  hand  steering  gear  for  'working 
he  rudders,  a  compass  and  a  twin-  and  two  single-reply 
ilegraphs.  The  dredge  has  cabin  accommodation  for 
he  officers,  and  crew  space.  The  cabins  are  steam 
leated. 

When  working  as  a  pumping  station  and  discharging 
I'oil  over  a  distance  of  9,800  ft.  through  a  24%-in.  pipe 
me,  the  dredge  delivers  by  means  of  the  sand  pumps  35 
u.m.  of  water  per  minute;  the  water-pump  output  is 
■F)  cu.m.  of  water  per  minute.  "When  dredging  at  an- 
hor  and  discharging  through  1,000  ft.  of  20-in.  floating 
lipe,  using  one  sand  pump,  the  duty  is  35  cu.m.  per 
iiinute;  while  dredging  in  motion  and  delivering  into 
larges  alongside  tlio  output  for  the  sand  pump  is  70 
ii.m.  of  water  per  minute. 

This  dredge  is  the  ninth  vessel  that  the  Siiiulders  com- 
■any  has  supplied  to  the  Hai-Ho  Conservancy  Board, 
t  would  appear  at  first  sight  that  in  China  manual  labor 
i)T  dredging  work  would  be  much  cheaper  than  niechan- 
<al  power;  but,  despite  the  fact  that  Chinese  labor 
liarges  are  five  times  lower  than  in  Europe,  mechanical 
jiplianccs  have  proved  to  be  much  below  the  cost  of  nuui- 
lal  labor.  This  difference  is  brought  about  not  only  by 
reason  of  the  high  power  developed  in  a  dredging  ])lant, 
jiut  also,  by  reason  of  the  fact  that  coal  is  50%  clicapcr  in 
.Ihina  than  in  Europe;  and  the  weather  does  not  affect 
he  general  expense  with  rlrcdiririL''  iiiacliincry  so  much 
»8  with  human  labor. 


By  CuAJiLEs  C.  Phelps* 

A  submerged  ledge  of  rock  recently  had  to  be  removed 
at  the  drydock  of  the  Grand  Trunk  Ey.,  Prince  Eupert, 
B.  C.  Although  the  water  is  calm  at  this  place,  the  rise 
and  fall  of  the  tide  averages  20  ft.  The  shallowness  of 
the  water  over  the  rock  to  be  excavated  and  the  large 
tidal  variations  rendered  impractical  the  usual  methods 
of  subaqueous  excavation  by  means  of  drill  boats  or 
adjustable  drilling  platforms  (as  described  by  the  writer 
in  Engineering  News,  Nov.  18  and  25,  and  Dec.  2,  1915). 
Instead,  a  temporary  platform  was  erected  over  the  entire 
work  at  the  same  level  as  the  main  dock,  as  shown  in 
the  accompanying  sketch.  There  was  sufficient  mud  over- 
lying the  rock  to  assist  in  holding  the  piles  in  place. 

A  drill  with  9-in.  stroke  and  Gl/o-in.  bore  (Ingersoll- 
Eand,  K  G4)  was  used.  It  was  mounted  in  a  heavy  cast- 
iron  saddle  which  was  substituted  for  the  usual  weight 
on  an  ordinary  pile-driving  outfit.  A  20-hp.  oil-fired 
boiler  supplied  the  steam  to  operate  the  drill.  The  ways 
were  greased  and  the  improvised  drilling  rig  was  slid 
around  on  the  platform  wherever  it  was  desired  to  put 
do^vn  a  hole. 

The  rock  was  a  very  hard  schist  weighing  1G8  lb.  per 
cu.ft.  The  holes  were  3  in.  in  diameter  spaced  on  5-ft. 
centers.  Sixty  per  cent,  powder  was  employed,  made 
up  in  special  sticks  15  in.  long  and  2  in.  in  diameter. 


P/afform       "'"'^  Max.  High  Tide.;^-  -JOj--^ 


E.1  ev  a  +  io  n 

SKETCH  OF  PLATFORM  USED  IN  ROCK  EXCAVATION 
AT  PRINCE  RUPERT 

The  ground  was  broken  by  this  so  that  it  could  easily  be 
handled  with  an  orange-peel  bucket. 

The  drilling  was  started  on  Feb.  7,  1916,  and  fini.shcd 
on  Apr.  13.  Drilling  was  carried  on  six  days  per  week, 
20  hr.  per  day.  In  addition,  the  men  worked  on  one 
Sunday,  but  were  idle  for  five  days,  making  a  total  of 
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54  davs  in  operation.  The  average  progress  on  an 
average  day  ranged  between  5  and  G  ft.  per  hr.,  which 
covered  the  effect  of  delays  and  dead  time.  The  average 
speed  per  hour  while  actually  drilling  was  about  8  ft. 
The  greatest  progress  attained  in  a  day  of  20  hr.  was 
120  ft.  Tiie  poorest  footage  record  was  9  ft.  in  20  hr. 
The  total  footage  drilled  during  this  period  was  4,2G9 
ft.  with  a  loss  of  299  ft.,  leaving  a  net  result  of  3,970  ft. 
of  holes.  A  total  of  335  holes  were  shot  and  72  holes 
were  abandoned. 

This  contract  was  taken  by  James  R.  Stirrat;  M.  J. 
Hobiu,   of   Prince   Rupert,   was   the   superintendent. 

The  digging  equipment,  the  "liusiness  end,"  of  a  power 
shovel  comprises  the  .swinging  circle,  boom,  dipper  sticks 
and  dipper,  the  swinging  and  crowding  engines  (which 
are  practically  always  duplicate),  the  hoisting  engine 
and  the  rigging.  There  is  a  great  similarity  among  the 
engines  used  b)'  the  several  shovel  manufacturers.  They 
are  practically  always  of  the  double-cylinder,  horizontal 
reversing  type.  In  most  cases,  the  boiler  is  purchased 
from  a  boiler  manufacturer,  and  in  probably  all  but  one 
instance  is  designed  for  a  working  pressure  of  125  lb. 

The  design  of  shovel  booms  varies  in  the  case  of  the 
different  manufacturers,  but  the  two  general  types  are 
;the  two-piece  white-oak  boom — armored  inside  and  out- 
side with  steel  plates,  with  the  clearance  space  from  the 
center  of  the  boom  to  the  base  filled  with  white  oak — and 
ihe  all-steel  boom.  Believers  in  the  armored  boom  claim 
lb;,  it  can  withstand  stresses  which  would  throw  an  all- 
'teei  boom  permanently  out  of  true.  They  claim  further 
i.hat  the  rivets  in  an  all-steel  boom  are  bound  to  wt)rk 
loose — an  inconvenient  condition  when  in  the  iield. 
_ilakers  of  steel  booms,  while  admitting  that  there  have 
been  cases  where  rivets  have  worked  loose  in  the  field, 
retort  that  the  working  loose  of  the  bolts  which  clamp 
the  armor  plates  around  the  oak  booms  is  not  less  annoy- 
ing. The  Marion,  Erie,  Bucyrus  and  Osgood  shovels 
can  be  equipped  with  either  typo. 

Large  steam  shovels,  i.e.,  the  6-  to  8-yd.  machines  used 
for  stripping  coal  usually  have  all-steel  booms  well 
trussed  and  braced.  In  one  instance  the  boom  is  pin 
connected  to  step  castings  resting  on  the  two  inner  sills 
of  the  rotating  frame  immediately  over  the  roller  path, 
and  is  stayed  by  rods  running  from  the  truck  frame  to 
the  middle  of  the  boom. 

The  boom  and  dijiper  handle  built  by  the  American 
Steel  Dredge  Co.  for  their  single-line  shovel  is  of  unusu- 
ally neat  and  compact  construction.  Instead  of  employ- 
ing bolts  and  rivets,  the  boom  is  built  up  of  two  channels 
welded  together,  flange  to  flange.  This  makes  a  smooth- 
surface  box  section. 

The  Thew  idea  in  booms  is  tliat  an  all-steel  heavy  chan- 
nel construction  is  the  best.  The  Thew  shovel  is  distinctive 
on  account  of  its  two  independent  crowding  devices,  both 
operated  from  the  same  hoisting  engine.  Wlien  the  con- 
tractor wants  to  do  road  grading,  he  removes  the  long 
dipper  stick  and  uses  the  short  dipper  arm.  When  he 
wishes  to  dig  a  trench  he  uses  the  shipper-shaft  crowd, 
and  cliviiis  the  short  dipper  to  the  boom  structure  after 
removing  the  dipper.  The  trussed-boom  structure  con- 
sists of  steel  shapes  and  plates  jilaced  vertically,  hori- 
zontally and  diagonally,  resulting  in  two  Dooms  in  one. 


riresBSia© 


The  substructure  of  the  Lifton  pumping  station  at  the 
Bear  Lake  river-storage  development,  Utali,  was  built  by 
sinking  by  inside  excavation  an  open  timber  caisson, 
about  62x140  ft.  in  plan,  a  depth  of  45  ft.,  driving  piles 
in  the  bottom  and  filling  the  caisson  with  concrete,  first 
depositing  a  seal  layer  8  ft.  deep  in  the  bottom.  The  seal 
was  placed  in  the  design  in  the  expectation  of  heavy  water 
pressure,  but  the  excavation  proved  drier  than  expected, 
so  that  the  seal  virtually  is  a  pile  cap.  The  concrete  above 
the  seal  elevation  is  full  of  openings  for  pump  inlets,  etc., 
which  require  a  great  amount  of  forniwork  inside  the 
caisson  proper.  The  caisson  furthermore  was  thoroughly 
cross-braced,  so  that  altogether  there  was  a  great  deal  of 
timber  work  which  would  interfere  with  the  deposition 
of  the  concrete  inside  the  caisson.  On  this  account  and 
further  to  remove  the  possibility  of  poor  concrete  due  to 
I 


Plan 

LAYOUT  OF  CONCRETE  DISTRIBUTOR  ON  LIFTON' 
STATION   FOUNDATION 
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.00  long  a  drop,  a  tremie  system  of  concrete  deposition 
A-ajJ  installed.  Contrary  to  usual  tremie  practice  there 
,vas  no  water  through  which  the  concrete  had  to  fall.  ■ 
The  accompanying  drawing  shows  the  details  of  the 
remie  lavoiit.  It  consisted  primarily  of  a  central  fixed 
ower  resting  on  the  top  cross-bracing  of  the  caisson,  with 
!  distributing  hopper  which  took  the  concrete  from  the 
luite  leading  from  the  main  concreting  tower  and  dis- 
ributed  it  through  secondary  chutes  to  the  tremie.  The 
eeondarv  chutes  rested  on  intermediate  A-frames  whicii 
vere  moved  around  the  top  cross-bracing  of  the  caisson 
IS  different  parts  were  concreted.  From  the  A-frame 
arthest  from  the  center  tower  a  short  chute  led  to  the 
remie,  which  was  hung  by  means  of  an  I-beam  yoke  from 
he  boom  of  a  derrick,  the  mast  of  which  was  outside  of 
lie  caisson  area.  The  smaller  A-frame  was  removed  as 
lie  concreting  approached  the  center  of  the  caisson  area. 
The  tremie  proper  consisted  of  a  12-in.  spiral  riveted 
lipe  with  a  funnel  top  dependent  from  the  yoke.  The 
iperation  was  conducted  in  the  same  manner  as  the  usual 
remie  work  in  water  is  carried  on ;  that  is,  the  bottom  of 
,  he  tremie  pipe  was  kept  buried  in  the  concrete  and  raised 
'  lowly,  so  that  the  concrete  ran  out  only  at  the  rate  at 
vhich  it  was  fed. 

This  work  was  carried  out  by  the  Jarrett-C'hambers 
'c.  Inc.,  30  West  4:2d  St.,  Xew  York  City. 
'^■ 

©na  ir&p  (a>i  Oldl  Oira© 

By   C.  E.  Has8e* 

In  the  course  of  recent  improvements  on  Colorado  Ave. 
n  Santa  Monica,  Calif.,  the  problem  of  increasing  the 
leight  of  an  old  retaining  wall  was  solved  in  an  unusual 
iianner.     The  street  grade  along  the  south  property  line 
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las  raised  an  average  of  4  ft.  The  original  fill  was 
iiade  some  twelve  years  before  and  was  well  compacted. 
The  old  concrete  wall  was  anchored  to  concrete  blocks 
inder  the  street  fill,  and  the  foundation  extended  a  con- 
•iderable  depth   below  the   original   ground   surface. 

After   a    careful    study    of    these    conditions    and    the 
'•■(•tiliar  design  of  the  old  wall,  it  was  decided  to  con- 

•'■Ity   Engineer's   offlce,   Santa   Monica,  Calif. 


sider  the  old  wall  as  a  strip  of  solid  rock  foundation  to 
carry  the  toe  of  a  reinforced-concrete  wall  of  cantilever 
type.  Enough  of  the  top  of  the  old  wall  was  broken 
off  to  expose  about  18  in.  of  the  vertical  rods  for  tying 
together  the  old  and  the  new  work.  The  railing  and  the 
i-cijiing  were  made  to  conform  in  appearance  with  the 
old  work  that  did  not  come  within  the  scope  of  the  re- 
construction. The  joint  of  the  battered  face  of  the  old 
wall  with  the  vertical  face  of  the  new  wall  was  covered 
by  a  mask  giving  the  effect  of  a  pilaster. 

In  the  drawing  the  section  at  the  left  shows  a  typical 
cross-section  of  the  new  wall  built  upon  the  old.  At  the 
right  is  a  cross-section  of  the  new  wall,  which  extended 
80  ft.  beyond  the  old  wall.  The  complete  removal  of 
the  old  wall  and  the  construction  of  a  new  one  to  the 
full  height  would  have  more  than  doubled  the  cost  of 
the  construction. 

The  design  was  worked  out  and  the  jilans  were  drawn 
"by  the  writer  under  John  A.  Morton,  City  Engineer. 

]R©pEss.CflEa^  a  ]R©s®2"^OflS'  Scousip 
V^I-iy©  Ag®.ainisft  Piresstuis^© 

A  scour-valve  spindle  was  found  stuck,  at  the  Katoom- 
ba  storage  reservoir  in  New  South  Wales.  The  occasion 
for  attempting  to  operate  it  came  when  it  was  decided 
to  increase  the  height  of  the  dam.  It  was  necessary 
to  maintain  the  water  near  the  old  level  during  this 
work,   since   the   water   could    not   be   wasted   nor   could 


Reservoir  Wall 

HOW     A     NEW     SCOUR     VALVE     WAS     PLACED     AGAINST 
PRESSURE  AT  THE  KATOOMBA  STORAGE  RESERVOIR 

it  be  allowed  to  rise  against  the  green  concrete  as  the 
dam  was  built  higher.  Another  spindle  was  obtained 
and  inserted  through  the  nut.  This  time,  when  the  key 
was  applied,  the  spindle  was  turned  a  few  threads  when 
the  cast-iron  lug  holding  the  nut  snapped  and  the  whole. 
\alve  became  unworkable.  This  accident  was  not  due 
to  any  unusual  stress,  but  merely  to  the  cementing  of 
ilie  valve  faces  again.st  the  guides  owing  to  long  disuse. 
In  the  recent  report  for  1915  of  the  department  of  public 
works,  F.  C.  Kendall  of  the  Water-Supply  and  Sewerage 
liranch  explains  the  measures  taken  to  replace  the  valve. 
.\  new  valve  (Iwth  old  and  new  were  12-in.  stop  valves) 
was  at  once  oijtained  having  a  Hanged  connection  bored 
to  suit  the  flanged  end  of  the  scour  pipe.  Over  the  site 
(jf  the  valve  a  shear-leg  tackle  was  erected  and  the  new 
casting  was  hung  directly  over  its  intended  permanent 
position,  as  shown  in  the  sketch.  Before  taking  off  the 
old  valve,  a  vertical  timber  frame  was  erected  at  a 
distance  from  the  scour-])i])e  flange  about  2  in.  in  excess 
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of  the  length  of  the  valve  casting.  The  frame  consisted 
of  two  fixfi-in.  iiprights  bottomed  and  fixed  securely 
against  a  sill  piece,  and  tied  at  the  top  by  the  lieavy  cross- 
piece  and  braced  by  diagonal  struts  on  the  downstream 
side  as  shown. 

The  bolts  in  the  flange  of  the  old  valve  were  unscrewed 
and  dra\^"n  back  flush  ^ith  the  scour-pipe  flange,  all 
ready  to  insert  in  the  new  valve.  A  gang  quickly  pulled 
away  the  old  valve,  and  the  water  began  rushing  out 
through  the  pipe  under  26-ft.  head. 

The  new  valve  was  lowered  through  the  water  by 
tackle.  It  was  directed  against  the  framework  so  that 
in  descending  it  was  guided  by  the  uprights.  When  the 
flanges  of  valve  and  pipe  were  opposite  each  other,  the 
pressure  was  almost  entirely  relieved  and  the  new  valve 
was  bolted  to  the  pipe  flange  with  little  difficulty. 


A  new  idea  in  the  placing  of  concrete  is  shown  in  the 
accompanying  view.  This  represents  the  work  on  the 
foundation  for  an  office  building  at  the  coke  works  of  the 
Youngstown  Sheet  and  Tube  Co.,  Youngstown,  Ohio, 
which  is  being  built  by  the  Stone  &  Webster  Co. 

Instead  of  a  vertical  tower  with  elevator  bucket  to  the 
head  of  the  distributing  spout  tliere  is;  a  steel  incline  on 
which  a  car  is  operated  by  a  cable  hoist.  The  car  receives 
the  batch  from  the  mixer  and  dumps  it  automatically  into 
the  hopper-head  sj)out  at  tlie  end  of  the  incline.  At  tlie 
right  the  concrete  material  is  being  dumped  into  the 
charging  hopper  of  a  Jaeger  vertical-drum  concrete  mLser 
of  10  cu.ft.  capacity.  At  the  side  of  the  drum  is  the 
gasoline  engine  which  operates  the  mixer  and  the  hoisting 
cables  for  both  the  charging  hopper  and  the  10-ft.  concrete 
car.  One  man  controls  all  movements  of  charging,  mixing 
and  dumping. 

The  incline  is  50  ft.  long,  and  is  built  of  4-in.  channels 
in  10-ft.  lengths,  supported  by  adjustable  legs  or  bents  of 
steel  angles.  The  car  is  of  the  same  capacity  as  the  mixer 
and  is  dumped  automatically  at  the  head  of  the  incline. 
The  spouts  ai'e  in  13-ft.  lengths,  mounted  on  pivots,  so 


that  they  can  be  swung  to  any  desired  position  and  thus 
cover  a  coneiderable  area. 

•This  method  of  handling  concrete  is  considered  of 
special  advantage  for  work  which  is  not  large  enough  to 
warrant  a  high  elevator  tower  and  long  spouting  system. 
It  eliminates  the  labor  cest  of  wheeling,  as  well  as  the 
difficulties  of  handling  carts  or  wheelbarrows  in  restricted 
space.  Steady  and  rapid  progress  can  be  made,  as  one 
batch  is  being  mixed  while  the  ca-r  is  making  its  trip 
with  the  previous  batch,  so  that  the  car  is  in  almost  con- 
tmual  operation. 

The  mixer,  engine,  hoist,  water  tank  and  charging 
hopper,  together  with  the  gallows  frame  for  the  hopper 
cables,  are  all  mounted  on  a  steel-frame  truck,  making  a 
complete  and  portable  unit.  The  entire  outfit,  including 
incline,  can  be  erected  in  about  fi/^  hr.  and  dismantled 
in  about  %  hr.  This  concrete  distributing  system  was 
devised  by  the  Jaeger  Machine  Co.,  of  Columbus,  Ohio, 
which  builds  the  outfits  complete. 


T-wo  IRecostitl  Specafficatiomis  f©3P 


Where  reinforced-concrete  pipe  for  ctilverts  is  made  by 
company  forces,  the  amount  made  at  one  time  may  be 
too  small  to  warrant  the  use  of  a  mixer.  Two  railwavs 
M'hich  make  their  own  culvert  pipe  specify  quite  different 
methods  of  mixing  the  concrete  by  hand:  one  mixing 
the  cement,  sand  and  stone  before  adding  water,  while 
the  other  adds  water  before  the  coarse  aggregate. 

On  the  Great  Xorthern  Ey.  the  concrete  mixture  is 
1:114:4,  itsing  either  gravel  which  will  pass  a  1-in. 
screen,  or  crushed  stone  that  will  pass  a  1-in.  and  be 
held  by  a  i/4-in.  screen.  For  hand-mixing  the  specifica- 
tion makes   the  following  recjuirements: 

The  stone  (or  gravel)  and  sand  shall  be  spread  on  a  water- 
tight platform  to  a  depth  of  6  in.;  on  this  the  cement  shall  be 
evenly  spread  and  the  mass  turned  till  of  a  uniform  color. 
Water  shall  then  be  added  sufficient  to  make  a  plastic  mass, 
and  the  whole  turned  over  and  over  until  thoroughly  mixed. 

On  the  Michigan  Central  E.R.  the  concrete  mixture  is 
1:2:4,  using  stone  or  gravel  that  will  pass  a  1-iu.  and 
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he  held  on  a  y^^-in.  screen.     For  liand-niixiiii;  the  speci- 
fication is  as  follows: 

The  sand  shall  be  spread  on  a  water-tight  platform.  The 
cement  shall  then  be  evenly  spread  over  the  sand  and  the  mass 
spaded  until  thoroughly  mixed.  The  dry  mixture  shall  then 
be  raked  to  the  sides  to  form  a  hollow,  into  which  the  neces- 
sary amount  of  water  shall  be  poured,  and  the  mass  shall  then 
be  spaded  until  the  mortar  is  thoroughly  mixed  to  a  uniform 
consistency  and  color.  The  mortar  shall  then  be  spread  out  to 
a  thickness  of  about  6  in.  and  the  stone  be  deposited  in  the 
same.  The  whole  mass  shall  then  be  turned,  shoveling  it 
toward  the  center  in  a  heap  and  then  raked  out  again.  This 
process  shall  be  repeated  not  less  than  six  times  or  until  all 
the  stone  is  fully  covaied. 


Sftireett   W®??! 


)<Dirae  'Uiadlos'  T©ia(^ 


In  spite  of  severe  rain.*,  an  nro'ent  piece  of  storm- 
drain  repair  under  a  street  in  Charlotte,  N.  C,  was  re- 
cently completed  by  City  Engineer  S.  H.  Lea,  after  a 
tent  had  been  pitched  over  the  excavation. 

Dnrinff  a  record-breaking  storm  (1.5  in.  of  rainfall 
in  a  half  hour)  a  low-lying  section  of  the  city  was  flooded, 
and  after  the  water  had  subsided  a  sink  hole,  about  -1x6 
ft.,  was  found  over  an  old  drain.  A  force  was  set  to 
work  to  excavate  down  to  the  drain,  which  was  about 
1-t  ft.  below  ground.  Eain  continued  to  fall,  and  the 
sides  of  the  pit  caved  at  frequent  intervals — although 
they  were  well  braced. 

To  protect  the  concrete  work  and  to  allow  the  men  to 
proceed  without  interruption,  a  10xl2-ft.  tent  was  erected 
over  the  pit.  The  drain,  a  24-in.  terra-eotta  sewer  pipe, 
was  found  to  be  in  bad  condition.  It  was  20  years  old 
and  had  crumpled  in  places ;  at  the  main  Jjreak  it  had 
co]lrt]>sed  at  the  bottom  from  the  load  of  earth  above  it. 

Co!ni'^®B=(t©dl  <^uati(S)aia<n)IbnIle  Us©dl  si§ 

A  light  motor  dump-wagon  adapted  for  use  on  small 
jobs  is  shov.-n  in  the  accompanying  view.  It  was  built 
l)y  the  Smith  Form-a-Truck  Co.,  of  Chicago,  for  a  con- 
tractor at  Detroit,  llich.  The  truck  is  made  from  a 
Ford  automobile.  The  rear  axle  is  removed  and  the 
Smith  extension  frame  attached  in  its  place,  the  engine 
l>eing  connected  to  a  countershaft  carrying  the  sprockets 


-o-.y'to'^Uffii    J^     f 


for  driving  chains  to  the  rear  wheels.  On  this  frame  is 
mounted  a  ll/2-yd.  Lee  dumping  body.  The  machine  is 
rated  at  1  ton  capacity,  with  allowance  for  50%  overload. 
Nearly  90%  of  the  load  is  carried  by  the  rear  axb-. 


Backniling  Mncliine  I'lill.s  Sheet|>iliiiK — In  the  construction 
of  the  Como-Snelling  sewer  system,  St.  Paul,  Minn.,  described 
in  "Engineering  News,"  June  S,  1016,  the  contractor  had  oc- 
casion to  remove  a  large  quantity  of  wood  sheetpiling  driven 
in  the  lower  half  of  a  trench  25  to  30  ft.  deep.  For  doin,? 
this  he  utilized  an  Oshkosh  backfilling  machine.  The  hauling 
line  was  passed  down  to  a  sheave  under  the  truck  of  the  ma- 


MOTOK    TRUCK   OF    1-TON    CAPACITY,    MADK    FROM 
A  FORD  AUTOMOBILli 


PtT^LINi:;   .SHKKTI'II.TXO   WITH  PACKFTT.T.TXr;   M.Vrin.VE 

chine  and  thence  over  another  through  a  snatch-block  to  a 
three-part  tackle  hung  from  a  beam  on  the  Carson  trenching- 
niachine  framework  and  taking  hold  of  the  sheetpile  by  a  Jaw. 
■|'he  hoisting  tackle  could  be  readily  moved  the  full  span  of 
iliis  beam  without  moving  the  backfiller.  The  contractors, 
iho  Thornton  P.rothcrs  Co.,  St.  Paul,  stated  that  the  device 
liad  saved  much  time  and  money. 

.V  New  Steel  C'nr  for  the  Bureau  of  Fisheries,  especially  de- 

.vigned  for  carrying  live  fish  long  distances,  has  just  been 
Iiut  into  service.  Insulated  tanks  on  each  side  of  the  car  con- 
tain 130  ten-gallon  cans  in  which  the  fish  are  carried.  The 
water  in  the  cans  is  aiwated  by  air  pumps  driven  by  steam 
from  a  G-hp.  boiler.  Tanks  for  a  reserve  water  supply  are 
located  beneath  the  car.  An  Icebox  of  one-ton  capacity  en- 
ables the  transportation  of  species  which  require  the  water  to 
be  kept  cool.  The  car  also  contains  living  accommodations 
for  the  crew  of  five  men  that  travel  with  It.  The  total 
weight  of  the  car  and  equipment  is  150,000  lb.,  and  It  Is  de- 
signed for  a  load  of  3.''.,000  lb.  The  car  is  60  ft.  long  and  la 
.carried   on   two   six-wheel    trucks. 
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The  Cost  of  Operali-^s  n  Foril  Motor  far  for  three  years, 
during  which  time  it  ran  14.225  mi.,  is  given  in  the  following 
summary,  from  the  records  of  the  Grand  Valley  project  of 
the  United  States  Reclamation  Service.  The  car  is  a  liil2 
model  20-hp.  4-cylinder  5-passenger  Ford.  It  was  the  only 
motor  car  owned  by  this  project  up  to  the  first  of  this  year. 
The  following  is  an  itemized  cost  record: 

, Tear  1915 ,  3  Tr.  to  End  of  1915 

Classification                      Unit  Cost  Amount  Unit  Cost  Amount 

lasoline               $0.0105  $60.31  $0.0121  $172.04 

ilSb?  cants                      0.0035  19.81  0.0025  35.70 

Tires    (including   repairs)      0.0145  S2.S9  0.0163  231. S5 

Other    repairs       .....        0.0535  306.22  0.0475  676.01 

Supplies     ...    .....: 0.0010  5.95  0.0007  9.26 

S0.0S30       $475.18  $0.0791      $1,124.86 

Other   incidentalr:                                       „.  „„  „  ^^.-^  ,,-on 

Garage    expense    0.0061           35.00  0.00^6  lii,.90 

Towil-  ^^P'^'^"''         0.0016              9.00  0.0007  10  00 

Chaufflur 00009  12.65 

Depreciation    0.0408         233.39  0.0310  443.82 

Totals    $0.1315       $752.57         $0.1193      $1,699.2: 

The  number  of  miles  run  in  1915  was  5.721,  and  the  average 
number  of  miles  per  gallon  of  gasoline  was  17.  The  total 
number  of  miles  run  per  gallon  of  lubricant  was  231. 

Putlogs,  Rutlocks,  Puds  and  Crossbars  are  synonymous, 
being  the  several  names  given  by  masons  and  builders  to 
horizontal  sticks  that  jut  out  from  a  wall  and  afford  direct 
support  to  the  planking  of  a  temporary  platform.  They  are 
discussed  in  a  new  book,  "Scaffolds."  The  best  putlog  ma- 
terial is  chestnut,  spruce  being  a  good  substitute.  Split  or 
hewn  material  is  preferable,  but  the  chief  requisite  is  the 
soundness  of  the  material.  Putlogs  should  be  at  least  4x4s 
when  used  in  the  ordinary  bricklayers'  scaffold,  and  should 
project  over  the  ledgers  at  least  1  ft.  They  should  be  placed 
Lis  shown  in  the  left-hand  sketch,  and  at  least  three  should  be 
provided  under  every  plank  of  the  platform.     Brick  walls  are 
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THE    RIGHT    AND    THE    WRONG    WAY    OF    PLACING    PUT- 
LOGS. AND  A  PUTLOG  FOR  WIDE  BRICK  SPACING 

frequently  laid  up  with  wide  intervals  between  the  rows  of 
brick,  a  space  of  %  in.  being  more  or  less  common.  This  has 
led  to  the  devising  of  forms  of  putlogs  that  enable  the 
builder  to  erect  a  scaffold  without  leaving  out  bricks  here  and 
there  for  the  support  of  the  platform.  One  of  these  special 
designs  is  shown  at  the  right  in  the  sketch.  Instead  of  being 
notched  at  the  end  the  putlog  is  fitted  with  a  shoe  consist- 
ing of  two  pieces  of  sheet  steel  each  about  \i  in.  thick,  one 
piece  lying  straight  along  the  bottom,  the  other  being  bent 
at  right  angles  twice.  Three  strips  are  folded  together  as 
shown  and  their  free  ends  joined  by  countersunk  rivets.  The 
tongue  is  narrow  enough  to  allow  being  placed  between  two 
successive  rows  of  bricks. 

Xo  Grade  CrossiuKS  need  be  encountered  in  entering 
Huntington  Beach,  Calif.  The  sketch  shows  the  worst  grade 
crossing  eliminated.  Two  bad  features  obtained  here  for- 
merly:  The   right-of-way  of  the   Southern    Pacific  tracks  was 


MOTOR 


obscured  by  trees  and  a  cut.  and  the  highway  crossed  the 
track  with  a  reverse  curve.  The  road  lias  been  straightened 
to  some  extent,  as  shown.  Tlie  railway  crosses  the  road  on 
a  50-ft.  span.  This  is  unfortunate,  as  the  boulevard  is  else- 
where 75  ft.  wide.  A  center  curb  of  concrete  6  in.  high  runs 
along  the  road  for  150  ft.  on  each  side  of  the  crossing.  At 
the  ends  of  tlie  curb  large  electric  signs  warn  vehicles  tc 
"Keep   to    the    Right." 

A  Manhole  Fnuip.  home-made  and  motor  driven,  as  built  by 
the  Rochester  (N.  T.)  Gas  and  Electric  Co.,  is  shown  in  the 
accompanying  sketch.  Construction  and  use  are  thus  de- 
scribed in  the  company's  employees'  magazine:  A  14-lip.  1,400- 
r.p.m.  vertical  motor  and  a  small  centrifugal  pump  were  con- 
nected by  a  3-in.  spiral-riveted 
pipe  7  ft.  long.  The  pipe  acts  as 
a  support  for  the  motor,  is  long 
enough  so  that  the  pump  can 
be  lowered  into  the  water  with- 
out submerging  the  motor  and  at 
the  same  time  conducts  the  wa- 
ter from  the  pump  to  the  street 
level.  The  shaft  of  the  motor 
and  the  impeller  of  the  pump  are 
connected  by  a  %-in.  brass  rod 
running  through  the  3-in.  pipe. 
The  complete  apparatus  weighs 
about  170  lb.  and  is  supported  by 
a  small  crane  attached  to  one  of 
the  company's  trucks.  The  crane 
is  a  small  pipe  with  a  long- 
radius  bend  and  hook  at  one 
end.  so  that  the  pump  can  be 
swung  over  the  edge  of  the  truck 
and  lowered  into  the  manhole 
by  means  of  a  blocji  and  tackle. 
The  pump  requires  only  a  small 
amount  of  power,  and  the  motor 
is  operated  by  the  battery  that 
operates  the  truck.  In  the  spring 
of  the  year  and  after  heavy  rains 
the  manholes  that  have  no  drains 
are  flooded  with  water  above  the 
cables.  The  cable  ducts  connecting  the  manlioles  allow  the 
water  to  fiow  from  manhole  to  manhole  until  a  number  have 
become  filled,  making  it  necessary  to  pump  the  water  out 
before  any  work  can  be  done  on  the  cables.  In  the  past 
a  hand  pump  was  used.  Tliis  motor-driven  pump  will  empty 
a  manliole  in  15  min..  whereas  it  would  take  two  men  almost 
an   hour  to  do  the  same  work  with  a  hand  pump. 

.V  AVell-DesiKned  Horse  of  the  mason  variety  is  shown  in 
the  sketch.  This  structure — it  is  sufficiently  important  in  the 
building  trade  to  be  thus  dignified — is  often  used  as  a  sup- 
port for  planking,  thus  forming  a  scaffold.  Sometimes  this 
temporary  construction  reaches  six  or  eight  tiers  in  height. 
Such  scaffolding  is  unstable  at  best  and  not  infrequently  is  a 
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A    MASONS    HORSE    UUILT    BOTH    FOR    STRENGTH 
AND   CHEAPNESS 

criminal  menace  reflecting  upon  the  building  superintendent 
or  his  superiors.  There  are  various  arrangements  of  timbers 
all  answering  to  the  name  of  horse,  but  the  design  presented 
herewith  and  recommended  by  the  Travelers  Insurance  Co., 
of  Hartford,  Conn.,  is  about  as  cheap  and  as  simple  as  one 
could  ask. 
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nm  IR^ssaa 

The  recent  remarkable  military  successes  of  Eussia  and 
the  placing  of  a  $50,000,000  Kussian  loan  in  the  United 
States  make  opportune  the  announcement  by  the  Amer- 
ican-Russian Chamber  of  Conunerce^  of  New  York  City 
that  great  opportunities  for  American  capital  and  Amer- 
ican engineering  talent  will  be  open  in  Russia  after  the 
close  of  the  war.  The  organization  referred  to  includes  a 
number  of  the  leading  bankers  and  business  men  of 
New  York,  Boston  and  other  cities. 

ilore  than  any  other  European  country,  Eussia  is 
rich  in  undeveloped  natural  resources.  Tlie  prompt  ex- 
ploitation of  these  resources  will  be  essential  for  Russia 
in  order  to  meet  the  enormous  war  debt  that  it  has  in- 
curred. It  is  noteworthy,  however,  that  this  delit  has 
been  largely  subscribed  by  its  own  people,  a  thing  that 
lias  only  been  made  possible  by  the  great  economic  ad- 
vance that  Russia  has  made  since  the  close  of  the  Russo- 
Japanese  war. 

In  order  to  develop  its  vast  natural  resources  in  min- 
eral wealth,  agriculture  and  lumber,  a  large  amount  of 
railway  construction  is  the  first  essential.  During  tlie 
war,  as  is  well  known,  Eussia  is  building  a  large  mileage 
of  military  railways  made  necessary  by  military  condi- 
tions. This  will  be  followed  at  the  close  of  the  war  by 
commercial  railway  lines,  leading  Eussian  economists  es- 
timating that  at  least  10,000  km.  per  annum  must  be 
built.  The  United  States,  notwithstanding  the  sparsely 
settled  portions  of  its  area  west  of  tlie  100th  meridian, 
has  1.9  mi.  of  railway  to  each  100  sq.mi.  of  area.  Russia 
has  only  %  mi.  of  railway  to  each  100  sq.mi.  of  area. 
The  United  States,  again,  has  29  mi.  of  railway  for  every 
10,000  of  jx)pulation.  Eussia  has  only  3.2  mi.  of  railway. 
In  order  to  build  these  railways  Russia  must  import  at 
least  half  of  the  steel  rails  and  rolling  stock  that  will  be 
required. 


Repe(tfl(tn(D^s  IR.®§idl   IDisctuissflOinis 

One  who  attends  many  road  congresses — and  there  is 
one  being  held  somewhere  every  week — or  reads  the 
voluminous  proceedings  of  these  meetings,  must  be  struck 
witii  the  monotonous  sameness  of  practically  all  the  papers 
presented.  Almost  invariably  they  deal  with  elementary 
principles,  and  then  launch  out  into  the  author's  tlieories 
and  recommendations — which  are  likely  to  be  common 
knowledge.  An  engineer  who  has  not  had  re<ent  ex- 
perience in  roadbuilding,  and  who  is  suddenly  called  upon 
to  assume  responsibility  for  selecting  a  type  of  pavement 

.  '^^?  American -Russian  Chamber  of  Commerce  ha.s  ofllces 
at  6«  Broadway,  New  York  City.  Charles  H.  Boynton  is  its 
1  resilient,  and  among  its  directors  are  Samuel  McRoherts, 
\  ice-I>resident  of  the  -Vational  Citv  Bank:  Charles  H.  .Sahln. 
Iresulent  of  the  Guaranty  Trust  Co.:  Charles  Havden.  of 
Havd.n.  .Stone  &  Co.;  William  J.  Chalmers,  of  Chicago:  and 
n  illiani  Bullerworth,  I'reaident  of  Deere  &  Co.,  of  Moline,  HI. 


to  meet  conditions  which  are  reasonably  ascert^unable, 
finds  mighty  little  to  help  him  in  such  discussions. 

It  may  be  argued  that  the  inexperienced  engineer 
should  have  recourse  to  some  paving  expert  for  advice. 
But  who  are  the  highway  experts  but  the  identical  authors 
of  these  voluminous  proceedings?  And  in  reading  their 
papers  and  discussions,  our  seeker-after-information 
speedily  finds  out  that  these  experts  seldom  clearly  pre- 
sent any  deciding  factors  in  pavement  design. 

What  the  seeker-after-information  wants  is  not  repe- 
titions of  elementary  matter  which  may  be  found  in  any 
standard  textbook,  but  frank  and  honest  expressions  of 
experience  with  this  or  that  type  of  pavement.  Was  it 
a  success,  or  was  it  not  a  success  ?  If  it  failed,  how,  why 
and  under  what  conditions ;  if  .'juccessful,  why  and  against 
what  odds  ?.  From  a  symposium  of  succinctly  stated  frank 
expressions  of  experience,  something  definite  could  be 
concluded. 

There  are  many  reasons  why  such  experiences  are  but 
rarely  given.  Engineers  are  reluctant  to  get  up  before 
their  fellows  and  acknowledge  errors,  mi.^takes,  and  fail- 
ures; they  dislike  to  pass  judgment  on  this  or  that  mate- 
rial, for  politic  or  other  reasons;  and  there  is  the  pro- 
verbial tendency  of  man  to  believe  he  has  cornered  all 
knowledge  on  some  subject  to  which  he  has  given  partic- 
ular attention,  and  to  wi.sh  to  keep  it  cornered. 

If  the  proceedings  of  road  congresses  are  to  be  of  prac- 
tical value  to  engineers,  if  they  are  to  do  something  more 
than  to  boom  good  roads,  those  who  take  part  in  them 
must  "get  down  to  brass  tacks,"  be  frank  with  one  an- 
other, and  tell  what  they  do  not  know  as  well  as  what 
they  do.  Attention  will  then  be  concentrated  on  the  real 
prol)lenis  of  modern  roadbuiiding,  which  are  many  as 
well  as  real. 

.AppMcaftioEiiS  (O)^  Fo"?«rdl©tf®(dl  Coal 

A  (|iiartcr  of  a  century  ago  numerous  inventors  worked 
on  the  problem  of  using  [wwdered  coal  as  fuel  and  some 
of  them  achieved  a  fair  degree  of  success.  The  advent 
of  cheap  fuel  oil  a4)oiit  that  time,  however,  prevented 
the  invention  from  being  successful  commercially  except 
in  the  field  of  cement  burning.  Here  the  use  of 
powdered  fuel  was  a  very  important  factor  in  the  suc- 
cess of  the  rotary  kiln.  It  effected  a  large  reduction 
in  the  cost  of  burning  compared  witii  the  fuel  oil  which 
was  used  at  first.  The  use  of  powdered  fuel  for  other 
pur])o.ses  was  abandoned  until  three  or  four  years  ago, 
when  it  was  successfully  appliod  to  metallurgical  fur- 
naces. Since  then  tlie  use  of  powdered  coal  has  been 
exi)erimented  with  in  various  other  directions,  notably 
as  a  locomotive  fuel. 

Tlio.se  resixmsible  for  the  u.se  of  powdered  coal  in  the 
cement  industry  early  learned,  through  some  very  costly 
and  fatal  accidents,  that  certain  precautions  were  neces- 
sary in  its  use  to  guard  against  disastrous  explosions. 
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Vil It'll  it  is  recalled  how  frequently  bituminous  coal  in  place 
in  the  mine  gives  off  inflammable  gas,  it  can  readily  be 
understood  that  when  bituminous  coal  is  ground  to  an 
impalpable  powder  it  is  much  more  likely  to  give  off 
a  gas,  which  mixed  with  air  in  any  confined  space  only 
needs  a  chance  spark  to  produce  a  heavy  explosion.  Fine 
coal  dust  itself  when  floating  in  the  air  is  also  well  under- 
stood to  be  a  dangerous  explosive.  Further  than  this,  any 
considerable  bulk  of  powdered  coal  held  in  storage  for 
a  few  davs  is  apt  to  develop  spontaneous  combustion. 

At  the  recent  Master  ^lechanics  Convention,  ilr. 
Chambers,  who  has  been  in  charge  of  experiments  with 
powdered  fuel  on  a  locomotive  on  the  Chicago  &  Xorth- 
ern  Ey.  declared  that  it  was  not  safe  to  store  a  quantity 
of  powdered  coal  exceeding  10  to  15  tons  longer  than 
three  or  four  days  at  a  time. 

Anyone  familiar  with  the  chemical  constitution  of 
coal  M-ill  readily  understand  that  its  liability  to  spon- 
taneous combustion  when  powdered  will  vary  greatly  with 
different  coals.  If  a  consignment  of  coal  happened  to 
have  an  especially  large  percentage  of  pyrites  in  it,  some- 
one might  be  disagreeably  surprised  at  the  rapidity  with 
which  it  would  develop  heat  after  being  ground. 

The  question  was  raised  in  the  discussion  as  to  what 
a  railway  would  do  should  it  adopt  powdered  fuel  for 
general  use  on  its  locorootives.  At  large  railway  coaling 
stations  it  is  common  to  deliver  to  locomotives  2,000  tons 
or  more  of  coal  in  24  hr.  The  answer  to  this  question  is 
that  in  handling  powdered  coal  the  thing  to  do  is  to 
avoid  storage  as  much  as  possible.  Coal-pulverizing 
machinery  should  be  of  sufficient  capacity  to  handle  the 
coal  as  fast  as  it  is  used,  with  a  sufficient  margin  for 
extraordinary  demands  and  for  breakdowns.  A  minimum 
storage  and  no  dust  are  the  standing  rules  that  must  be 
observed  to  obtain  safety  in  the  use  of  powdered  coal. 

Many  have  predicted  the  commercial  failure  of 
powdered  coal  l)urning  systems  on  the  ground  that 
present  methods  of  using  coal  are  so  efficient  that  any 
increased  saving  in  fuel  through  pulverizing  Anil  be  more 
than  offset  by  "the  cost.  The  advantages  from  the  use 
of  powdered  coal,  however,  come  from  other  sources  than 
a  mere  increase  of  efficiency  ia  burning  the  fuel.  Those 
who  are  pnomoting  its  use  in  locomotives,  for  example, 
hope  to  make  the  iiowdered  coal  burning  locomotives  so 
free  from  smoke  and  sparks  that  they  can  be  used  inside 
city  limits  for  switching  locomotives  to  offset  the  public 
demand  that  the  railways  shall  expeml  enormous  suras 
for  electrification,  in  order  to  get  rid  of  locomotive  smoke. 
Locomotives  Ijurning  ])owdcred  coal  could  also  be  used 
in  forested  regions  where  the  railways  are  now  in  some 
cases  compelled  by  public  authorities  to  burn  oil  fuel 
to  avoid  the  risk  of  setting  fire  from  scattered  sparks. 

Probably  the  greatest  field  for  the  burning  of  powdered 
fuel,  however,  will  be  in  aiding  the  economical  utilization 
of  fuels  which  are  difficult  to  burn  efficiently  by  ordinary 
methods.  For  examplf,  there  are  in  the  far  West  de- 
posits of  lignite  of  almost  unbelievable  magnitude.  The 
United  States  Geological  Survey  has  just  issued  a 
bulletin  reporting  surveys  of  the  quantity  of  lignite  in 
Perkins  and  Harding  Counties  in  the  northwest  corner 
of  South  Dakota.  The  (icological  Survey  estimat«s  that 
in  these  two  cotinties  alone  there  is  more  than  one 
billion  tons  of  lignite  available  for  mining,  and  this 
estimate  was  made  without  including  any  beds  less  than 
2   ft.   (1   in.   thick.     Tlie  Dakota   lignites   contain   nearly 


50%  of  volatile  matter  and  have  shown  remarkably  good 
results  as  a  fuel  for  gas  piroducers  and  as  a  materia' 
for  briquettes.  The  cheapest  way  to  use  this  fuel, 
however,  is  in  the  form  of  powdered  coal.  The  higb 
content  of  volatile  matter  is  especially  favorable  to 
firing  in  this  way. 

Another  fuel  which  seems  capal)le  of  use  in  powdered 
form  is  peat.  Sweden,  which  has  no  coal  deposits, 
possesses  large  peat  bogs.  A  recent  report  of  the  De- 
jmrtment  of  Commerce  states  that  the  Swedish  state- 
railways  have  been  experimenting  with  powdered  peat 
as  fuel  for  locomotives,  and  the  railway  directors  have 
recommended  an  appropriation  of  $350,000  for  a  factorj' 
to  produce  sufficient  powdered  peat  to  supply  all  the 
locomotives  on  one  of  the  state  railwav  lines. 


The  tremie  has  bei-ome  an  indispensable  tool  in  un- 
derwater concreting  because  it  is  thoroughly  recognized 
that  concrete  freely  dropping  through  water  easily  sep 
arates   into  its  components,  thus  destroying  its  purpog- 
and  value.    That  a  similar  though  less  pronounced  actio^ 
takes   place   when   air  instead   of  water  is   the   mediuia 
is  sometimes  admitted  but  as  a  rule  the  drop  has  to  te 
Aery .  great   before    any    precautions   against   segregation, 
are  thought  worth  while.     One  case  where  this  uncoii? 
mon  admission  is  tacitly  made  is  noted  on  another  pag. 
of  this  issue,  where  the  tise  of  a  tremie  in  depositia 
concrete  in  the  dry  coft'er-dam  at  the  Bear  Lake  pumpinf 
station  is  described. 

The  practice  there  used  is  worth  copying  m  man^ 
pieces  of  concrete  work.  Too  often  concrete  is  labor- 
iously conveyed  o\er  a  considerable  distance  with  every 
care  to  prevent  segregation  only  to  be  dropped  to  its 
final  position  in  a  free  fall  that  tends,  at  least,  to  nullify 
all  of  the  other  precautions.  The  tremie  is  designed  to 
cure  just  such  an  evil,  to  preserve,  at  some  loss  of  speed, 
the  integrity  of  the  mass.  In  heavy  work,  where  en- 
trance to  the  opening  to  be  filled  is  uncongested,  chutes 
and  buckets  can  readily  be  brought  close  to  the  place  of 
deposition,  but  in  thin  walls  or  columns,  not  too  dut- 
tere^l  up  with  interfering  rods,  or  in  ferge  mass  work 
■where  forms  and  braces  prevent  entrance,  it  -would  seem 
that  the  additional  aggregation  of  the  concrete  gained  by 
tremie  placing  would  weigh  heavily  against  the  undoubted 
added  expense  and  trouble  of  such  an  innovation. 


Why  is  it  liiat  when  a  great  educational  institution 
celebrates  some  important  event  and  invites  distinguished 
men  to  deliver  addresses,  no  attention  whatever  is  given 
to  producing  acoustic  conditions  that  will  enable  the 
audience  to  hear?  A  notable  instance  occurred  at  the 
recent  dedication  ceremonies  at  the  Massachusetts  Insti- 
tute of  Technology. 

The  dedication  of  the  new  buildings  was  the  crowning 
event  of  Technology's  celebration  week.  Xo  pains  and 
expense  were  spai'ed  to  make  the  affair  a  success.  In  order 
that  the  great  central  court  might  be  ready  for  tlie  dedi- 
cation ceremonies,  a  large  force  of  workmen  labored  all 


July 


i;)iii 


ENGINEERING     NEWS 


r 


night  long,  removing  the  grand  stand,  which  on  tlie 
evening  previous  had  accommodated  7,000  spectators  of 
the  pageant.  The  speakers'  platform  was  placed  in  front 
of  the  central  portico,  and  in  front  of  it  were  ranged 
thousands  of  chairs  for  the  alumni  and  the  invited  guests. 

The  eminent  men  who  addressed  the  audience  were  ex- 
perienced public  speakers,  familiar  with  all  tlie  arts  that 
assist  in  making  the  spoken  word  audible  to  an  arrdience ; 
vet  to  probably  two-thirds  of  those  present  the  speakers 
might  as  well  have  been  the  actors  in  a  moving-picture 
scene,  for  all  that  could  be  heard. 

It  needs  only  the  most  elementary  knowledge  of  acous- 
tics to  understand  why  the  speakers'  voices  were  ineffec- 
tive. Back  of  the  platform  on  whish  they  stood  was  the 
double  row  of  huge  columns  wliich  extends  along  the 
main  entrance  to  the  building.  Tlie  voices  of  the  speak- 
ers, reflected  from  the  curved  surfaces  of  these  columns, 
were  broken  into  a  confused  mass  of  echoes. 

Conditions  almost  exactly  similar  occurred  at  another 
famous  educational  institution  a  year  ago,  when  President 
•  Frank  J.  Goodnow  was  installed  at  Johns  Hojjkins  Uni- 
versity. Here  also,  an  audience  numbering  several 
thousand  was  gathered  in  front  of  the  main  building  of 
ihe  university;  the  speakers  stood  on  the  portico  of 
this  building,  and  behind  them  was  the  series  of  columns 
which  forms  the  chief  architectural  decoration  of  the  en- 
trance. To  make  the  acoustic  conditions  even  more  diffi- 
cult, the  audience  was  separated  from  tlie  speakers  by  a 
liroad  terrace,  a  flight  of  steps  and  a  driveway  some  20  ft. 
in  width.  The  inevitable  result  was  that  three-quarters  of 
those  who  came  to  hear  the  distinguished  men  saw  their 
gestures,  but  had  not  the  faintest  idea  what  the  speakers 
said. 

Still  another  case  is  worthy  of  record  here.  In  a  certain 
large  Eastern  city  a  few  months  ago,  the  local  engineers" 
ilub  invited  all  the  engineering  and  scientific  organiza- 
tions of  the  city  to  join  in  a  "get-together"'  dinner.  Tlie 
dinner  was  held  in  the  roof  garden  of  one  of  the  princi- 
pal hotels,  an  area  decorated  with  pergolas  and  with  part 
of  it  roofed  over  and  a  part  open  to  the  sky  above.  The 
.-peakers'  table  was  placed  directly  under  one  of  these  ojien 
spaces,  with  the  result  that  the  after-dinner  speeches 
floated  harmlessly  up  to  the  blue  vault  of  heaven  and  were 
inaudible  to  those  seated  25  or  30  ft.  away. 

Now,  it  will  surely  not  be  disputed  that  if  it  is  worth 
while  for  a  distinguished  man  to  go  to  the  trouble  of  pre- 
paring an  addre.«s  and  making  a  journey  to  address  an 
audience  and  worth  while  for  the  audience  to  take  the 
trouble  of  going  to  hear  him,  then  it  is  certainly  worth 
while  to  surround  the  speaker  with  whatever  reasonable 
accessories  will  enable  his  voice  to  be  heard. 

Anyone  familiar  with  the  lav.-s  of  sound  set  forth  in  any 
I'lementary  treatise  on  physics  can  easily  undei'stand  why 
the  speakers'  voices  at  the  'J'echnology  celeliration  and  at 
the  other  places  mentioned  reached  only  a  small  part  of 
the  audience;  and  with  the  same  elementary  knowledge  it 
ia  easy  to  understand  why  simple  accessories,  wliich  have 
lieen  used  for  centuries,  are  an  effectual  aid  to  a  speaker 
addressing  an  audience  out  of  doors. 

One  can  see  in  catiiedrals  built  in  the  Middle  Ages  re- 
flecting sounding  boards,  often  of  great  architectural 
beauty  in  their  design,  placed  over  the  pulpit  in  such  a 
manner  as  to  reflect  the  sjieaker's  voice  toward  the 
i  audience  and  prevent  it  from  lieing  dissipated  in  the  upper 
"art  of  the  edifice.     Devices  of  a  similar  order,  although 


of  the  crudest  construction,  hiue  been  used  for  genet  ;- 
lions  on  the  speakers'  stands  at  coantry  camp  meetings. 
Tlie  care  with  which  Billy  Sunday  designs  the  pulpits  in 
the  tabernacles  which  he  builds  so  as  to  make  what  is  said 
on  the  platform  audible  all  through  the  edifice  has  been 
widely  published  by  the  newspapers.  In  Germany  one 
sees  the  same  principles  carried  out  with  scientific  thor- 
oughness in  the  band  stands  erected  in  some  of  the  muni- 
cipal parks.  Here  the  roof  that  shields  the  stand  from 
the  weather  is  carried  down  to  close  it  entirely  on  one  side, 
and  on  the  other  it  is  entirely  open.  The  smootli  interior 
of  this  inclosing  structure  is  of  such  a  form  as  to  reflect 
the  sound  outward  over  the  garden  where  the  audience 
is  seated. 

Many  other  instances  could  be  cited  to  show  the  great 
advantage  it  would  have  been  to  the  speakers  and  to  the 
audience  at  Cambridge  and  at  Baltimore  if  some  simple 
sound-reflecting  structure  had  been  provided  over  the 
speakers'  stand. 

That  it  is  jiossible  to  produce  acoustic  conditions  that 
will  enable  an  audience  out  of  doors  to  hear  a  speaker 
as  perfectly  a*;  indoors  is  admirably  illustrated  by  the 
Greek  Theater  at  the  University  of  California.  Of  course, 
all  the  conditions  there  are  not  reproducible  in  an  audi' 
torium  for  temporary  use ;  but  well-arranged  sound-reflect 
ing  surfaces  around  the  speaker  will  accomplish  a  great 
deal. 

The  most  jnizzling  problem  in  connection  with  the  whole 
matter  is  the  principle  involved.  Why  did  these  two  great 
scientific  institutions,  justly  eminent  for  their  achieve' 
nients  in  original  research,  fail  to  apply  the  elementary 
jirineiples  of  science  in  the  conduct  of  a  great  celebration? 
Still  another  instance  of  a  similar  sort  is  the  auditorium 
built  by  the  University  of  Illinois  a  few  years  ago,  which 
has  become  famous  because  of  its  phenomenally  bad  acous- 
tic properties. 

It  is  altogether  probable  that  the  men  responsible  in 
each  of  the  cases  discussed  had  at  least  an  elementary 
knowledge  of  the  science  of  physics.  The  failure  lay  in 
not  applying  this  knowledge  in  a  practical  way.  It  is  a 
(piestion  worth  serious  consideration  whether  the  situation 
of  which  the  foregoing  cases  are  ty[)ical  does  not  f*iiow  a 
defect  in  our  modern  educational  systems.  It  is  not  the 
knowledge  which  a  man  possesses  in  an  abstract  way  that 
enables  him  to  do  his  part  in  the  world"s  work,  but  the 
knowledge  of  which  he  is  able  to  make  practical  applica- 
tion. In  the  competition  to  lead  in  original  research,  has 
the  fact  been  lost  sight  of  that  the  business  of  the  school 
laboratory  is  first  of  all  to  enable  the  student  to  become 
practically  familiar  with  elementary  principles  of  science ':* 

There  is  now  pending  in  Congress  a  bill  to  grant  a        , 
Federal  appropriation  of  $15,000  a  year  to  each  state  to 
aid  original  research  in  mechanical  science  carried  on  at 
some  educational  institution.    That  such  an  apjiropriation 
Blight  produce  some  miwsure  of  benefit  will  not  be  denied  ; 
but  is  original  research  at  scattereil  school*  and  colleges 
after  all  the  great  need  of  technical  education?     Is  there 
not  vastly  greater  need  at  the  present  day  of  a  better  ap- 
plication of  e.xisting  knowledge  and  often  of  elementary 
knowledge?     In  other  words,  are  not  the  mistakes  and 
blunders  and  inefficiencies  in  all  departments  of  life,  in 
both  juililic  and  private  business,  due  to  ignorance  of  and 
failure    to   apply   the   well-known    i)rinciples   of   science,      ■ 
rather  than  to  a  lack  of  the  facts  wliich  original  research      \ 
might  reveal  ? 
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[     Pnasmip  Teste  ■^^a^^Ihx  Pntot  T^Ib® 

Sir — The  writer  has  read  with  great  interest  the  arti- 
cle in  Engineering  News,  July  6.  1916,  entitled  "Difficult 
Pump  Test  Made  with  Pilot  Tube."  The  uio.st  start- 
ling part  of  the  paper  is  the  author's  statement  that 
"the  piossibility  of  using  a  Pilot  tube  was  affected  Ijy  the 
common  assumption  that  this  instrument  cannot  l)e  used 
except  where  the  water  is  under  pressure." 

It  would  be  of  interest  to  know  where  this  "common 
assumption"  originated  and  the  reason  for  it.  If  Mr. 
Grunsky  knows  of  any  laws  of  mechanics  or  hydraulics 
that  prevent  the  use  of  a  tube  under  negative  pressures 
or  that  detract  from  the  accuracy  of  the  results  when  so 
used  he  ought  to  give  the  information  to  his  brother 
■engineers. 

During  the  last  twenty  years  the  writer  has  conducted 
tests  of  about  two  hundred  pumping  jjlants  and  in  a 
anajority  of  cases  has  used  the  Pilot  tube  to  measure 
the  quantity  of  water.  In  scores  of  cases  the  tube  has 
been  used  in  the  suction  pipe  because  the  velocities  in 
the  suction  pipes  are  usually  less  turbulent  than  in  the 
discharge  pipe.  Often  when  the  tube  has  been  used  in 
the  discharge  pipe  it  has  been  under  a  vacuum,  for  in 
this  section  the  discharge  pipes  are  made  to  discharge 
ander  water  in  drainage  plants. 

Given  good  instruments  and  careful  work,  the  writer 
lias  never  been  able  to  discover  any  difference  in  the 
accuracy  of  the  Pilot  tube  whether  under  ]iressure  or 
vacuum.  Primarily  it  depends  on  the  difference  of  head 
at  static  and  impact  openings  and  it  is  difficult  to  imag- 
ine any  fundamental  difficulty  whetlier  the  static  head 
is  positive  or  negative. 

Another  interesting  point  is  Mr.  Grunsky's  elaborate 
manometer  for  reading  the  difference  of  head  on  the 
Pilot  tube.  The  results  obtained,  as  shown  by  the  sam- 
ple curves,  were  uniform  and  satisfactory.  It  seems  to 
the  writer,  however,  that  it  would  have  been  much  simpler 
and  easier  had  a  water  column  been  used  (instead  of  tetra- 
chloride of  carbon)  in  a  plain  inverted  U-tube  the  two 
legs  coming  straight  up  from  the  top  of  the  tube. 

The  velocity  of  10  ft.  per  sec.  does  not  seem  excessive 
as  it  is  an  easy  matter  to  measure  velocities  tliat  are 
much  greater  by  means  of  a  mercury  column  in  a  U-tube. 
The  writer  has  measured  velocities  as  great  as  26  ft.  per 
sec.  in  this  way.  If  the  head  on  the  Pilot  tulje  had 
been  read  directly  in  feet  of  water,  as  suggested  above, 
■when  the  velocity  was  10  ft.  per  sec.  the  difference  of 
head  would  have  been  1.55  ft.  Heads  of  3  ft.  or  more 
are  often  read  in  tlie  way  suggested.  The  advantage  of 
the  inverted  U-tube  manometer  with  water  as  the  fluid 
is  that  there  is  no  correction  to  be  made  for  the  specific 
o-ravity  of  the  liquid  and  that  air  bubbles  rise  to  the 
top  revealing  leaks  and  thus  make  it  possible  to  be  ab- 
solutely sure  that  the  condition  of  tlic  tube  is  satisfactory 
before  observalions  are  Ijegun. 

In  regard  to  measuring  the  head  on  tlio  ]nu\\]) — the 
method  used  seems  to  be  correct  provided  the  true  aver- 


age pressure  in  the  suction  pipe  may  be  observed  at  / 
(Fig.  2,  p.  9,  July  6,  1916)  and  the  true  average  pres- 
sure in  the  discharge  pipe  is  at  K.  The  correctness  of 
this  assumption  can  only  be  proved  in  a  given  case  by 
experiment.  Other  openings  in  the  same  cross-section 
need  to  be  made  and  observations  taken.  It  is  supposed, 
of  course,  that  observed  head  read  from  manometer  was 
corrected  for  difference  of  velocity  head  in  suetion  and 
discliarge  pipe  in  case  such  a  differenc-e  existed. 

W.  B,  Gkegoky. 
Tulane  Uuiversit}',  Xew  Orleans,  July  18,  1916. 
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Sir — Several  letters  appearing  in  your  colttmns.  and 
your  recent  editorial,  relative  to  "free  gO'Vernment  engi- 
neering services,"'  have  been  noted  with  much  interest; 
and  inasmuch  as  there  has  been  direct  reference  made  to 
the  Ijexington,  Ky.,  sewage  treatment  case,  with  which  I 
am  entirely  familiar,  I  believe  a  few  statements  regarding 
it  will  be  of  interest  to  your  readers. 

Preliminan-  plans  and  recommendations  for  a  method 
of  sewage  treatment  for  Lexington  were  prepared  by  the 
writer's  finn,  under  a  contract  entered  into  with  the  city 
officials.  Bonds  were  voted  for  the  installation  of  sanitary 
improvonients  and  at  the  same  time  a  new  set  of  Cit\' 
Commissioners  was  elected.  To  these  latter  was  submitted 
the  jilan  ])roposed  by  my  fimi,  and  certain  suggestions  and 
recommendations  by  promoters  who  claimed  that  they 
could  by  an  improved  method  of  treatment  of  the  citA'"s 
sewage  save  Lexington  thousands  of  dollars.  Obviously 
there  arose  in  the  minds  of  the  new  Commissioners  a 
question  as  to  which  of  the  proposed  methods  would  be 
the  best  for  the  municipality. 

The  United  States  Public  Health  Senice,  a  nonparti- 
san, nonpolitical  department  of  the  Govermnent,  liaving 
in  its  employ  officials  of  broad  experience,  wide  reputation 
and  sterling  integrity  was  appealed  to.  This  department 
sent  two  of  its  most  coiii[)etent  and  experienced  represen- 
tatives to  advise  with  the  city.  Doctor  Frost,  Passeil 
Assistant  Surgeon,  who  is  iu  charge  of  the  Government 
sanitation  and  drainage  investigation  work  at  Cincin- 
nati, advised  the  Lexington  autliorities  that  it  was  "not 
the  jirovince  of  the  Government  engineers  to  make  surveys 
and  detail  reports,  looking  to  the  preparation  of  the  work- 
ing plans  and  spec  ifications,  as  those  things  belonged  to  tlie 
duties  of  the  consulting  engineer  engaged  by  the  local 
authorities." 

The  foregoing  statement  is  of  record,  and  can  be  veri- 
fied. These  specialists  investigated  the  d liferent  ]ilans  and 
processes  recommended  and  suggested,  'i'hcir  re])ort  anal- 
yzed the  accumukited  data  and  iu  conclusion  advised  the 
"city  as  to  the  method  that  was  best  adai)ted  to  local  re- 
(|uirements,  and  spetifically  recommended  that  the  city  re- 
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•fain  a  consulting  engineer  to  render  the  neees.sarv  detail 
engineering  service. 

Having  come  in  direct  contact  with  the  methods  of  this 
department  and  realizing  that  the  United  States  Pulilic 
Health  Service  is  not  only  rendering  the  cities  and  states 
invaluable  sei'vice  but  is  also  endeavoring  to  cooperate 
with  the  engineering  profession,  it  gives  me  much  pleasure 
to  indorse  the  work  they  perform  and  to  suggest  a  closer 
alfiliation  between  engineers  and  this  branch  of  the  Gov- 
ernment service.  P.  H.  Xorcross. 

Atlanta,  Ga..  Julv  11.  191(i. 


Sir — In  Engineering  News,  of  July  6,  p.  IT.  is  an 
article  entitled  "Eegular  Inspection  of  Sewers  Part  of 
Maintenance." 

In  the  beginning  of  the  article  you  state,  "As  in  all 
the  older  Eastern  cities,  the  sewers  of  Philadelphia  are 
wearing  out." 

I  cannot  let  this  statement  pass  without  calling  atten- 
tion to  the  fact  that  20%  of  the  main  and  branch  sew^ers 
have  been  built  since  1904,  50%.  since  1891:  and  80% 
since  1884,  so  that  three-fourths  of  the  present  mileage 
is  of  modern  design  and  construction  and  is  calculated 
to  stand  from  one  to  300  years.  Therefore,  I  think  your 
irtatement  is  not  justifiable. 

Geokge  E.  Datesman, 
Director,  Department  of  Public  ^Y■orks. 

Philadelphia,  Penn.,  July  14,   19 IG. 

[The  editor  admits  that  the  general  statement,  so  far 
as  it  concerns  Philadelphia,  does  not  apply.  Apparently 
most  of  the  old  sewers  of  Philadelphia  have  already  worn 
out  and  have  been  replaced  by  a  second  generation  of 
sewers. — Editor.] 


®ira]iS.es^ff©ip  IHI§>'dliP£i.tuiMc  T^irlbaBiies 

Sir — The  matter  of  providing  brakes  for  hydi-aulir  tui-- 
i)ines  cqui])])ed  with  pivoted  or  Fink  gates  seems  to  have 
received  little  attention.  Several  instances  have  occurred 
recently  where  such  turbines  not  equipped  with  brakes 
could  not  be  stopped  by  closing  tiie  gates.  At  least  one 
firm  of  turbine  builders  is  strongly  of  the  opinion  that  a 
brake  should  be  provided  as  a  regular  equipment  on  every 
turbine  of  this  type.     However,  they  find  that  engineers 

•Idom  specify  that  such   brakes  be    included    except    in 
-|iecial  cases  where  the  head  is  relatively  high. 

The  pivoted  gates  of  a  hydraulic  turbine  conimoiily 
-erve  two  functions:  (1)  To  regulate  the  quantity  of 
water  supplied  to  the  turl)ine  as  the  load  varies;  (2)  to 
shut  off  the  flow  through  the  turljines  when  the  turbine 
unit  is  shut  down. 

The  Fink  jiivoted  type  of  gate  is  admirably  adajited  to 
tiie  first  of  these  uses.  It  is  by  no  means  as  well  ada])ted 
for  tile  purpose  of  shutting  out  the  flow  through  the  tur- 
bine. In  some  cases  it  appears  j)robal)!e  that  the  design 
might  be  approved  and  the  efficiency  increa.sed  if  the  gales 
:;re  so  constructed  as  to  serve  the  first  purpo.se  only,  and 

'parate  means  are  used  to  shut  off  the  flow  through  the 
■uri)iiie.     For  large  turbines  under  relatively  high  heads 

t  is  practically  impossible  to  make  tiie  ])oiiits  of  the  vanes 

wiflg  against  the  sides  of  the  adjncout  vane.s  with  a  .sufK- 
liently  accurate   fit   in   all   cases   to   prevciut   some   water 


spurting  or  leaking  through  into  the  runner  of  the  wheel. 
As  a  rule,  some  of  th«  vanes  will  be  much  tighter  than 
ethers.  Furthermore,  if  an  obstruction,  however  slight, 
is  Iddgi'd  between  two  of  the  vanes,  near  their  points,  it 
will  prevent  a  tight  closing  of  the  turbine  gates.  With  a 
modern  liydraulic  turbine  of  eflieiency  90%  or  over,  with 
roller  beai-ings,  a  snrjirisingly  small  Jet  of  water  is  suffi- 
cient to  keep  the  turbine  in  motion  when  it  is  once  started, 
especially  when  it  operates  under  relatively  high  heads. 

In  view  of  these  conditions  and  to  facilitate  stopping  of 
the  turbines  to  remove  obstructions  from  the  gates,  it 
seems  desirable  that  brakes  should  be  provided,  and  I  am 
writing  this  letter  to  call  the  attention  of  engineers  to  the 
matter  with  the  hope  of  obtaining  their  opinions  in  rela- 
tion thereto.  Eobekt  E.  Hohtox. 

57  Xo.  Pine  Ave.,  Albany,  X.  Y.,  July  20,  1916. 


Sir — At  the  time  that  the  editorial  under  the  above 
heading  {Engineering  Xeirx.  June  29,  1916,  p.  12i;i) 
was  being  written,  the  writer  was  standing  on  an 
eminence  in  Wylandville,  \\'ashington  County,  Penn., 
gazing  on  what  might  be  called  a  "graveyard  of  railways." 

The  editorial  .says:  "There  are  many  miles  of  alian- 
doned  railway  roadbed,  or  the  site  of  former  roadbed, 
along  the  present  track  of  our  more  prosperous  rail- 
ways." 

At  the  village  mentioned  can  be  seen  the  partly  com- 
pleted immense  cuts  and  fills  of  the  famous  old  Hemjilield 
railroad  which  was  under  construction  in  1857  between 
Wheeling  (then  in  Virginia)  and  Greensburg,  Penn., 
leaving  the  City  of  Pittsburgh  to  the  north.  This 
partly  finished  railway,  now  utterly  forgotten,  was  a 
cross-country  line  and  for  its  utter  disregard  of  the 
obstacles  of  topograjihy  and  its  directness  of  alignment, 
rivaled  the  famous  line  between  Petrograd  and  Moscow. 

The  unfinished  cuts  and  fills  and  other  works  stand 
as  mute  examples  of  the  temerity  of  former  civil  engi- 
neers, and  to  paraphrase  the  editor:  "The  future 
student  of  railway-local  ion  economics  could  learn  much 
from  an  inspection  of  this  line,  from  which  to  deduce 
sound  ])rinciples  of  location  or  relocation.'" 

In  1878  the  writer,  when  locating  the  Pittsburgh 
Southern  P.P.,  utilized  some  portions  of  the  abandoned 
roadbed.  Later  on  the  Baltimore  &  Ohio  U.K.  ab.sorbed 
the  Pittsburgh  Southern  for  its  Pittsburgh-Chicago  line, 
and  later  still  in  revising  the  line  between  Wylandville 
and  Clokeyville  took  up  the  track  wliich  had  l)een  laid 
on  the  old  Heinpfield  grade,  and  wdiicli  now  is  grown 
up  with  trees  and  undergrowth,  and  used  the  grade  as 
a  right-of-way  for  telegra])h  and  telephone  lines.  A 
few  years  ago  another  railway  line  was  ])artially  built 
through  the  village,  the  Chartiers  Southern  1M\.,  owned 
jointly  by  the  Pennsylvania.  Yaiiderbilt  and  I'altimore 
&  Ohio  interest-;.  Much  of  the  grading  an<l  masonry 
was  done  but  no  track  was  laid. 

The  writer  knows  no  place  in  the  United  Slates  where 
■'The  rise  and  fall  of  railroads"  is  illustrated  to  better 
advantage.  Leading  out  of  Wylandville  the  old  roadiied 
of  the  Pittsl)urgh  Soulliern  is  now  occupied  for  a 
distance  of  several  miles  by  one  of  the  ])riiicipal  Wash- 
ington  Countv   highwavs.  Emilh  Low. 

P.ufTalo,  ii'.'Y.,'julv'o,  191G. 


18-^ 


E  X  (I  I  X  E  E  E  I  X  G     N  E  AV  S 


Veil.  :(!,  Xo. 


By  E.  E.  It.  TuATiiAX* 

Don  J.  Wliitteniore's  life  wofIc  was  in  the  development 
of  tlie  Chicago,  Milwaukee  &  St.  Paul  Ey. — its  develop- 
ment from  a  .small  local  line  into  one  of  the  greatest  rail- 
way systems  of  the  AVest,  aggregating  over  10,000  mi.  in 
length  and  extending  from  the  Great  Lakes  to  the  Pacific 
Coast.  His  connection  with  this  work  may  be  said  to  have 
begun  in  1860,  when  lie  became  Chief  Assistant  Engineer 
of  the  La  Crosse  &  Milwaukee  E.E.  The  western  division 
of  the  road  (Kilbourn  to  La  Crosse)  was  sold  at  fore- 
closure in  1S63  and  its  purchasers  organized  the  Milwau- 
kee &  St.  Paul  E.E.,  whicli  also  acquired  cantrol  of  the 
whole  line.  ilr.  AVhittemore  was  made  Chief  Engineer 
of  the  company,  which  had  then  275  mi.  of  line. 

The  Milwaukee-St.  Paul  line  was  completed  a  few  years 
later,  and  the  Chicago-Milwaukee  line  in  1872,  to  give 
adequate  connections  with  the  East  and  South.  Ln  1874 
the  company  changed  its  name  to  the  Chicago,  Milwaukee 
&  St.  Paul  Ey.,  and  at  that  time  it  had  built  and  acquired 
a  total  of  about  1,400  mi.  of  line.  It  reached  Omaha  in 
1882  and  Kansas  City  in  1887.  The  annual  mileage  of 
ne\v  construction  for  several  years  ranged  from  "iti  to 
500  mi.,  and  the  total  mileage  increased  to  5, Go 7  mi.  in 
1890  and  7,511  mi.  in  1912. 

The  company  was  one  of  the  most  active  in  the  develop- 
ment of  the  central  Xorthwest,  building  and  acquiring 
lines  to  fomi  a  network  of  main  and  local  lines,  so  that  its 
chief  engineer  had  extensive  and  varied  duties  and  re- 
sponsibilities, to  say  nothing  of  difficulties.  All  of  the 
many  notable  features  were  constructed  uirder  Mr.  "Whit- 
temore's  supervision,  and  these  included  many  large 
bridges,  particularly  those  over  the  Mississippi  and  Mis- 
souri Elvers. 

About  1905,  the  company  decided  to  build  an  extension 
from  the  Missouri  Eiver  to  the  Pacific  Coast.  Separate 
companies  were  organized  in  each  state,  but  in  1908  these 
were  all  combined  under  the  name  of  the  Chicago,  Mil- 
waukee &  Puget  Sound  Ey.  This  was  opened  in  1909,  and 
in  1913  the  line  (2,081  mi.)  was  absorbed  into  the  Chi- 
cago, Milwaukee  &  St.  Paul  Ey.  system.  Mr.  Whittemore 
remained  as  Chief  Engineer  until  his  resignation  in 
December,  1910,  at  which  time  he  was  made  Consulting 
Engineer  of  the  company  in  recognation  of  his  long  and 
distinguished  career  in  its  service. 

The  preparation  of  an  adequate  or  detailed  biography  of 
Mr.  Whittemore  is  rendered  diificult  from  the  fact  that  he 
outlived  his  contemporaries.  It  may  he  said  that  since  he 
began  his  engineering  career,  in  18  17,  two  genoi-ations 
of  engineers  liave  passed  away.  Such  men  as  Shaler 
Smith,  Chailes  Paine,  Willard  S.  I'o])e  and  otliors  could 
have  testified  to  his  qualifications  and  would  liave  de- 
lighted in  paying  tribute  to  his  talents.  The  jjresent 
source  of  in  format  ion  is  in  the  roungcr  engineers  who 
were  associated  with  him  during  his  later  years,  but  they 
could  not  enjoy  the  intimacy  and  consequent  knowledge 
of  him  38  a  man  that  liehjnged  to  his  friends  who  were 
more  nearly  equal  to  him  in  age.  In  fact  he  was  numbered 
among  the  fathers  of  the  profession  when  men  now  elderly 
were  among  the  youths  looking  up  to  him  for  counsel  and 
help.    It  is  to  be  noted  that  it  is  44  years  since  he  Ijocamc 

•Resident  Editor  of  "Engineering  News"  at  Cliicago. 


a  member  of  the  American  Society  of  Civil  Engineers,  anj 
32  years  since  he  was  I'resident  of  the  Society. 

The  foregoing  relates  to  the  professional  career  of  M 
Whittemore  as  a  factor  in  the  development  and  growth 
of  the  country,  but  this  biography  would  be  incomplete 
without  appreciative  reference  to  the  human  or  personal 
side  of  his  nature.  He  was  a  man  of  strong  character, 
self-reliant,  confident  and  able  to  cope  with  difficulties. 
Such  elements  as  these  were  necessary  in  the  early  davs 
of  pioneer  railroading,  and  were  no  less  useful  during  the 
years  that  he  was  chief  engineer  of  a  strong  railway  sys- 
tem. But  with  his  strength  of  character  he  combinecl  a 
quietness  and  reserve  of  manner  which  led  him  to  retire- 
ment rather  tlian  to  activity  outside  of  his  regular  work. 

He  was  devoted  to  his  profession  and  his  friends,  and 
loyalty  was  one  of  the  marked  elements  of  his  character. 
His  advice,  whicli  was  always  sound  and  to  the  point,  was 
given  to  younger  men  more  for  their  own  general  good 
and  future  development  than  for  the  immediate  results 
to  be  shown  in  their  work.  He  had  an  unusual  faculty 
of  giving  advice  in  short  pithy  terms,  and  in  such  a  wav 
that  the  hearer  would  remeiuber  and  practice  it.  Undoubt- 
edly all  of  the  numerous  members  of  his  staff  during  his 
long  career  must  have  Ijenefited  through  this  kind  of  ad 
vice,  perhaps  without  realizing  the  extent  of  his  influence. 

He  was  always  a  student.  He  was  fond  of  mathematics, 
and  on  an  inspection  trip  it  was  eommon  for  him  to  pro- 
pose some  sort  of  a  puzzle  composed  of  figures.  He  was 
naturally  inclined  to  be  an  investigator,  and  was  greatly 
interested  in  discovering  some  cheap  process  for  the  manu 
facture  of  aluminum  at  a  time  when  it  was  a  very  expen 
sive  metal  to  produce.  In  the  same  way  he  took  great  in 
terest  in  the  manufacture  in  this  country  of  portland 
cement,  and  with  both  of  these  materials  he  contributed 
b}'  experimental  work  to  an  extent  that  would  have  Ijeen 
recognized  had  not  the  development  in  manufacturing 
these  products  been  so  rapid  as  to  throw  into  the  shade 
the  early  experimentation.  Being  somewhat  reserved  in 
temperament,  he  conducted  his  investigations  privately, 
and  said  little  as  to  his  own  work  and  accomplishments. 
^Mr.  Whittemore  was  one  of  the  fiirst  to  see  and  develop 
the  jxissibilities  of  the  cement  rock  found  near  Mil- 
waukee, Wis.  He  was  prominent  in  the  establishment 
of  the  ^Milwaukee  Cement  Co.,  which  flourished  for  sev- 
eral years  and  furnished  the  cement  for  many  large 
structures.  In  railway  work,  one  of  his  striking  ideas 
was  that  of  using  flat-topped  rails  and  flat-tired  cylin- 
drical wheels,  in  place  of  the  round-top  rail  and  coned 
wheel.  This  he  advocated  in  a  paper  before  the  American 
Society  of  Civil  Engineers  in  1889. 

He  was  a  great  reader  as  well  as  a  thinker,  and  it  lias 
seemed  to  many  of  his  intimate  friends  that  but  for  his 
characteristic  reticence  and  reserve  he  might  have  done 
more  than  he  did  fon  the  pi-omulgation  of  engineering 
knowledge.  His  experience  and  his  retentive  nieinory 
qualified  him  to  have  made  contributions  to  engineering 
literature  which  would  be  extremely  valuable  to  the  pro- 
fession. It  is  to  be  regretted  also  that  he  did  not  write 
more  in  the  way  of  experiences  and  reminiscences,  for  he 
could  have  written  in  a  way  that  would  have  been  profit- 
able and  would  have  encouraged  tlie  younger  men  in 
their  professional  work.  This  is  a  jioint  of  view  wliich 
might  well  be  given  consideration  by  engineers  of  long 
experience.  Although  reserved,  and  in  rcent  years  living 
a  retired  life,  he  was  a  genial  companion. 
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SYNOPSIS — Weatlier  Bureau  records  of  hear// 
Jul;/  rain-storms  and  views  of  destroyed  bridges  in 
soutli eastern    United  States. 

Eains  of  extraordiuarj^  intensitj-  as  well  as  extraordin- 
ary duration  in  the  southeastern  section  of  the  United 
States  occurred  throughout  the  fii-st  three  weeks  of  July 
and  culminated  in  the  third  week  in  downpours  of  un- 
precedented extent.  As  a  result  practically  every  river 
tvas  in  flood  and  the  consequent  damage  very  great.  Had 
the  territory  been  as  thickly  settled  as  that  in  Ohio,  the 
3ood  losses  of  1913  in  that  locality  would  have  been 
luplicated.  As  it  is,  the  slowly  accumulating  reports 
how  loss  of  property  of  about  '.$12,000,000  and  of  80 
■  ives.  Meteorological  data  of  approximate  accuracy  have 
leen  collected  by  the  United  States  AVeather  Bureau  and 
ome  reliable  statements  are  available  as  to  structural 
iamage.  These  together  with  some  photographs  of  de- 
troyed  bridges  are  presented  here'ivith. 

A  tropical  storm  moved  inland  over  extreme  western 
•"lorida  and  southern  Alabama  on  the  night  of  July  6-7. 
t  continued  to  move  very  slowly  northward  and  passed 
•eyond  the  confines  of  the  state  on  the  10th.  Mean- 
hile  large  amounts  of  moiisture  were  precipitated  over 
he  state  and  in  the  regions  to  the  eastward.  By  the 
loming  of  the  11th  rain  over  Alabama  had  practically 
eased,  but  it  continued  intermittently  over  the  neigh- 
oring  state  of  Georgia,  eastern  TenHessee,  western  North 
'arolina  and  South  Carolina,  during  the  12th  and  18th. 
ly  the  morning  of  the  14th  a  fresh  disturbance  from  the 
.tlantic  passed  inland  over  South  Carolina,  and  gave 
)rrential  rains  over  the  watersheds  of  the  Atlantic  drain- 
se,  especially  in  the  Carolinas  on  the  14th,  15th  and 
6th.  The  great  loss  of  life  and  destruction  of  projwrty 
1  the  south,  especially  in  the  Carolinas,  was  due  to  the 
■cond  disturbance,  which  as  aljove  stated,  was  separate 
nd  distinct  from  the  Gulf  storm  of  July  6-10. 

Although  this  second  storm  could  not  be  charted  after 
uly  17,  rains  have  continued  in  the  South,  especially  in 
le  Carolinas.  The  continued  heavy  precipitation  over 
us  area  is  well  shown  in  the  accompanying  table  of 
.'eather  Bureau  stations  and  by  the  map  in  Fig.  1,  which 
ives  rainfall  contours  for  the  two  weeks  ending  July  18. 
fi  addition  to  the  distributed  rainfall  noted  in  these 
immarics,  on  July  1.5  the  24-hr.  records  for  some 
lountain   stations   in   South    Carolina  were  as   follows: 


EfBngham,  13.24  in.;  Cheraw,  9.38  in.;  Kingstree,  12.60 
in.  Complete  accounts  of  the  rainfall  and  river  stages 
cannot  be  compiled  until  the  mailed  reports  are  all  re- 
ceived at  Washington. 

These  rains  caused  the  most  destructive  floods  in  the 
Catawba,  Broad  and  Yadkin  Rivers  in  the  mountains  of 


FIG.     1.     RAINFALL    CONTOURS    IN    SOUTHEASTERN 
STATES.  JULY   5-lS,   1915 

North  Carolina  and  the  Santec  River,  Mow  Columbia, 
8.  C.  The  worst  destruction  was  along  the  Catawba 
River,  all  bridges  on  that  stream  being  destroyed.  Tlie 
tributary  mountain  streams  became  raging  torrents; 
valleys  of  creeks  and  rivers  from  Clarion  to  Rutherfordton, 
Blacksburg  and  Gastonia  are  scenes  of  ruin  and  devasta- 
tion. 

The  floods  on  tlie  Catawba  and  connecting  streams 
reached  a  cre.st  height  that  exceeded  all  previous  records 
by  several  feet.  Exact  figures  are  difficult  to  obtain  at 
this  early  date  and  it  is  impossible  to  state  comparative 
elevations  in  all  cases.  The  oldest  inhabitants,  however, 
cannot  recall  anything  comparable  in  the  flood  line  and 
history  must  Ije  called  upon  to  tell  of  former  inundations. 
It  is  recorded  that  a  flood  occurred  early  in  1701  that 
raised  the  Santee  River  to  a  height  of  36  ft.  above  nor- 
mal. A  simihir  flood  is  described  as  occurring  on  tlie 
Broad  and  Catawba  Rivers  in  January,  1796. 

River  heights  are  still  hard  to  get.  At  Granite  Falls, 
N.  C,  the  Catawba  River  was  from  10  to  12  ft.  hiirhur 
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TABLE  SHOWING  DAILY  PRECIPITATION  IN  INCHES  FOR  JULY  0-24,  1916 
(United  States  Weather  Bureau) 
-Day  of  Month- 
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1.3 


4.58 
5  08 

0  70 

1  06 

0  90 

1  60 
0  22 
1.24 

0 
0 


4  82 
1  38 

0  64 

1  96 

5  00 
0  10 
3  84 
1.82 


0  34 
2.91 
0  26 


.08  I  00  0  02 

0  0.48  0  10 

.02  0  92  0  OS 

.14  0.52  0  08 


1  10 
0  24 

0  80 

1  02 
0.46 
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0  14 
0.32 
0  10 


0  02  0 
0  00  0  80 
0  20  0  28 


16 


1  48 
OlS 
0  30 
0  06 


0  70 
0  04 
0  12 


20 
0  04 
0  68 
0  94 
0  70 
0  12 
0 


0  40 
0  08 
0  (M 
2  0.1 


0  0  08 
1  08  0  54 
3  .56  2  56 


0.10 

1  .10 

2  28 

3  62 
0  58 
0  80 
0  01 

0 


0  58  0  .32  0.16 


0  08 

0  92 

1  28 
0  14 
0  38 

0 
0  02 
0  02 
0  26 
0  20 


1.16 
0  28 
0  02 


1  .50 
1.72 
0  01 


0  01 
0  52 
0  01 
0  01 


0  36 

0  01 

1  02 
0  08 


0 

0 

0  38 

0  06 

0  44 

0  08 

1  36 
1  02 


0  06 
0  60 
0  6-1 
0  0-1 


0  90 
0  28 
0  84 
0  96 
0  36 
O  60 
0  26 
0  04 


0  40 

2  20 

3  40 
3  (» 


Total 

18  78 
13  23 

10  77 
13  72 

19  30 
4.80 
9  70 

11  32 

11  46 
4  12 
«  32 
9  30 

13  .53 
7  98 
4  49 
0  II 
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FIGS.  2  AND  3.     THREE  WRECKED  CATAWBA  RIVER  BRIDGES  AT 
Left-Hand    View — Mt.    Holly    side;    P.    &    N.    bridge  at    left,    county   bridge    approach   with    automobiles   at   right 


aAL^_ 


PIGS.   4  AND   5.     UPPER  VIEW— PIEDMONT  &   NORTHEItX  RY.   KRIDc;!:.      LdWEK  VIEW— COUNTY  BRIDGE, 

BOTH   TAKEN   ON    BANK   OPPOSITE    JIT.    HOLLY 

Lower  view  shows  Seaboard  arch  abutment  on  far  bank  near  right 


July  27,  1  DIG 
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MT.  HOLLY,  N.  C;   PIEDJIOXT  &  NORTHERN,   SEABOARD.  AND  COUNTY 

Rig-ht-Hand  View — Bank  opposite  Mt.  Holly;  county  bridge  at  left,  Seaboard   in  center,  P.  &  N.  at  riglit 
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AT  SLOAN.S  FERRY.  N.  C. 

Lower  view   lool^ing  toward  Gaston   County  bank 
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than  the  flood  of  1901.  At  Fort  Mill,  S.  C,  the  records 
show  that  the  flood  was  42  ft.  above  low  water  and  15 
ft.  higher  than  that  of  1912.  The  Broad  River  at 
Camden.  S.  C,  reached  a  crest  of  45.3  ft.  above  low 
water.  The  Congaree  at  Columbia,  S.  C.  wa.<  31.5  ft. 
above  and  the  Catawba  at  ilount  Holly,  X.  C,  was  47 
ft.  above  low  water. 

No  large  cities  were  in  the  way  of  the  floods  so  the 
damage  was  confined  to  the  smaller  settlements,  to  wash- 
outs of  mills  in  the  riparian  districts,  and  to  destruction 
of  bridges  and  railway  embankments.  Failures  of  dams 
of  any  size  have  not  been  reported  nor  have  any  hydro- 
electric projects  been  more  than  temporarily  deranged. 
It  is  impossible  at  the  present  time  to  make  a  close  esti- 
mate of  the  aggregate  flood  damage.  The  more  spectac- 
ular instances,  as  for  example  the  Armon  Cotton  Mills  at 
^Fountain  Island  and  the  Southern  Ry.  bridge  at  Bel- 
mont, will  run  into  big  figures;  other  individual  cases 
are  quite  large. 

The  following  figures  were  compiled  by  the  Charlotte 
Observer;  they  are  con.servative  and  as  nearly  accurate  as 
possible  at  the  present  time. 

Damage  to  power  stations  and  other  vested  interests  of  Southern 

Power  Co.  along  Catawba  and  Broad  Rivers $1,000,000 

Dravo  power  plant  and  other  power  stations  along  Bioad  River  and 

tributaries 500.000 

Yadkin  River  hydro-electric  damage  at  Clemons,  Whitney  and  other 

places 250.000 

Textile  interests  along  Catawba,  South  Fork,  Broad,  Yadkin  and 

French  Broad  Rivers 750,000 

Railway  bridges  across  Catawba  River  of  Southern,  Seaboard,  Pied- 
mont &  Northern  and  C.  &  N.  W.  lailwavs 500,000 

Railway  bridges  across  Broad,  Upper  Yadkin,  French  Broad  and 

tributaries 500,000 

State  and  County  highway  bridges 1.000,000 

Track  and  property  damage  to  railroads  exclusive  of  bridges  and 

approaches " 2,000,000 

Damages  sustained  b>-SSouthern  Bell,  Western  Union  and  Postal 

Telegraph  companies 200,000 

Damage  to   growingjtcrops,   hvestock,  farm   buildings   and   other 

agricultural  operations 5,000.000 

Total Sll,700,000 

The  accompanying  views  show  bridge  washouts  at  Mt. 
Holly,  X.  C,  and  at  Sloans  Ferry,  X.  C,  both  on  the 
Catawba  River.  At  Mt.  Holly  there  were  three  bridges, 
two  railway  and  one  highway,  and  they  are  all  gone. 
At  Sloans  Ferry  there  was  a  long  reinforced-concrete 
arch  bridge  which  as  the  views  show,  has  been  completely 
destroyed.  Here  the  river  was  56  ft.  above  low  water  and 
4  ft.  over  the  bridge  balustrade.  The  Southern  Ry.  bridge 
over  the  Catawba  at  Belmont,  N.  C,  a  1,400-ft.  steel -truss 
structure,  is  completely  out. 


Clc^eEsiinidl  FnEt©!?  Roof  CoEIlaipjs© 

The  collapse  of  four  bays  of  the  groined  arch  roof  of 
the  clear  water  basin  at  the  new  West  Side  filters, 
Cleveland,  Ohio,  on  July  16,  as  briefly  noted  in  last 
week's  issue,  is  still  under  investigation  and  no  official 
report  is  as  yet  available.  The  general  nature  of  the 
design  and  of  the  collapse,  however,  are  presented  here- 
with. 

The  clear  water  basin  of  the  filtration  system  is  located 
northwest  of  the  main  plant  which  was  completed  about 
a  year  and  a  half  ago.  This  basin,  a  covered  reservoir 
938  ft.  long  and  195  ft.  6  in.  wide,  is  of  the  customary 
reinforced-concrete  groined  arch  roof  and  base  design,  as 
shown  in  the  accompanying  details.  The  roof  is  sup- 
ported on  reinforced-concrete  columns  spaced  15  ft.  9  in. 
each  way,  about  22  ft.  fi  in.  high,  20  in.  square  and  rein- 
forced with  four  %-in.  rods  tied  togetiier  every  24  in. 


with  y.i-in.  wire.  These  columns  rest  on  a  6-in.  floor 
wfth  a  groined  arch  distribution  G  in.  thick  at  the  crowu. 
The  roof  units  are  also  groined  arches  with  elliptical 
intrados  and  parabolic  extrados.  This  arch  is  6  in.  thick 
at  crown  and  about  12  in.  at  spring.  The  roof  will 
c\entually  carry  a  24-in.  clay  fill  over  the  columns  plus 
a  24-in.  earth  fill  over  all,  but  no  fill  has  as  yet  been 
placed. 

Reinforcement  of  the  roof  consists  in  the  rod  grouping 
shown  in  detail  in  the  drawing.  This  system,  it  will  be 
seen,  separates  the  roof  into  panels  over  four  columns 
with  expansion  joints  at  the  crowns  of  the  border  arches. 

The  collapsed  section  was  one  of  these  panel  groups 
located  (as  shown  hatched  in  the  accompanying  drawing) 
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at  the  cross  wall  which  separates  the  reservoir  into  two 
basins.  The  collapse  is  complete  over  these  four  columns. 
Xo  one  was  around  the  work  at  the  time.  The  concreting 
had  been  completed  some  time  and  the  centering  was 
all  out. 

There  is  criticism  both  of  the  concrete  and  the  founda- 
tions and  investigators  for  both  city  and  contractor 
(Walsh  Construction  Co.)  are  at  work.  It  seems  evident, 
however,  that  the  primary  failure  was  in  the  columns, 
hut  whether  it  was  due  to  collapse  from  pure  weakness, 
from  movement  due  to  side  pressure  or  from  foundation 
sinking  is  not  now  certain. 

liiilN  on  Ohio  state  RonC  Work,  to  the  amount  of  $1,240,495. 
were  opened  on  two  days,  July  20  and  21.  About  108  ml. 
of  roads  are  to  be  improved  under  these  contracts.  On  four 
contracts  opened  July  20  no  bids  were  received — an  unusual 
occurrence  in  these  days  of  roadbuilding.  Most  of  the  bids 
were  below  engineers'  estimates. 
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Inflammable  gas  iu  pouket?  and  veins  of  the  clay  soil 
tlirough  which  the  new  water  intake  tnnnel  of  Cleveland, 
0.,  under  Lake  Erie  is  being  driven  exploded  on  ilonday, 
July  24,  1916,  and  killed  10  men  working  in  the  tunnel. 
Two  rescue  parties  were  overcome,  and  10  of  their  imia- 
hev  died.  The  accident  occurred  in  the  lake  heading, 
now  1,400  ft.  long,  which  is  being  driven  landward  from 
the  future  intake  crib,  located  5  mi.  from  shore.  Both 
this  and  the  land  heading  are  driven  by  shield  under  com- 
])ressed  air  at  20  lb.  per  sq.in.  The  airlocks  are  near 
the  entrance  shafts,  and  in  both  headings  practically  the 
whole  length  of  tunnel  is  under  air  pressure  in  a  single 
unbroken  length— lengths  1,400  and  1:^.000  ft.  for  the 
lake  heading  and  land  heading  respectively. 

The  tunnel,  10  ft.  in  inside  diameter  and  120  ft.  below 
lake  surface,  is  to  have  a  completed  length  of  16,000  ft, 
starting  at  Crib  3,  an  old  crib  iu  the  lake,  8,000  ft. 
from  shore  off  the  foot  of  West  50th  St.  Most  of  the 
work  has  been  handled  from  a  short  shaft  through  an  old 
7-ft.  tunnel  extending  out  to  Crib  3,  but  there  is  also  a 
hoist  shaft  at  the  latter  crib.  The  new  intake  crib,  sunk 
in  1914,  was  subsequently  also  used  for  starting  a  head- 
ing, a  shaft  being  sunk  through  its  cetiter  to  tunnel  level. 
This  lake  heading  has  advanced  .slowly,  while  the  shore 
lioading  drove  forward  at  consistent  speed  of  15  to  22 
ft.  per  day. 

The  soil  is  clay,  hard  enough  to  support  itself  without 
serious  deformation  for  some  hours,  though  squeezing 
perceptibly  in  the  course  of  a  day  or  more.  Throughout 
the  work,  small  pockets  of  inflammable  gas  have  been 
struck,  as  has  been  the  case  in  nearly  all  prior  Cleveland 
tunneling  in  the  clay.  Generally  the  gas  in  the  tunnel 
air  if  present  at  all  was  in  very  small  amounts  and  could 
not  be  detected  by  the  senses.  Most  rigid  rules  against 
use  of  matches  or  open  lights  and  against  handling  elec- 
tric circuits  in  a  way  to  produce  sparks  were  in  force. 

The  gas-earrj'ing  pockets  were  small,  and  often  were 
mere  porous  spots  or  sand  streaks.  The  gas  in  them 
was  under  pressure,  and  was  usually  noticed  l)y  the 
hiss  of  its  blowing  out.  In  other  respects  the  soil  was 
iiljsolutcly  tight,  and  there  was  no  escape  of  air  or  inflow 
of  water,  except  the  slight  drip  from  the  moisture  of  the 
soil.  There  was  no  ventilation  system,  but  a  4-in.  blow- 
pipe was  available  for  blowing  off  either  water  or  air. 

A  distinguishing  feature  of  the  tunnel  is  the  character 
of  the  lining.  This  is  of  concrete  blocks,  in  rings  18  in. 
wide  by  10  to  11  in.  thick,  six  segment  blocks  to  the 
ling,  each  block  weighing  1,200  lb.  The  tongue-and- 
groove  joints  of  the  blocks  are  laid  up  in  cement  mortar, 
and  are  pointed  up  some  hundred  feet  or  more  back  of 
the  face.  In  spite  of  the  pointing,  the  lining  as  a  whole 
probably  remained  permeable  to  gas. 

The  tunnel  is  lieing  Ijuilt  by  city  day  labor,  under  the 
management  of  tlie  city's  water  department. 


ana  M@^^  J©3'S©5^ 

Xew  .Jersey  diviilcs  with  ilassachusetts  the  honor  of 
being  the  ttrst  state  in  the  Union  to  undertake  ini])roved 
road  construction  on  a  large  scale.  For  fully  twenty 
years,  from  1S90  to  1910,  New  Jersey's  macadam  roads 
were  held  iip  as  a  model  of  good  practice  and  were  vis- 
ited by  highway  engineers  from  all  over  the  country. 

The  enormous  development  of  automobile  traffic  that 
has  taken  place  during  the  past  half-dozen  years  has 
revolutionized  road  traffic  conditions  everywhere,  but  no- 
where more  so  than  in  New  Jersey.  New  Jersey  roads 
are  used  not  only  by  the  state's  own  dense  population, 
Init  l)y  residents  of  tlve  great  cities  of  New  York  and 
Philadelphia,  which  lie  adjacent  on  either  side.  Under 
the  stress  of  this  heavy  automobile  traffic  the  wear  and 
tear  on  New  Jersey  improved  roads  has  far  outrun  the 
jDrovision  for  maintenance,  and  it  is  necessary  for  the 
state  to  take  radical  measures  for  the  improvement  of 
its  entire  system  of  liighways.  The  recent  legislature 
provided  for  a  state  bond  issue  of  $7,000,000  for  road- 
work,  subject  to  approval  by  popular  vote  at  the  November 
election. 

Further,  and  not  less  important,  the  legislature  created 
a  State  Commission  on  Road  Legislation  to  investigate 
the  whole  matter  of  im]iroved  highways  and  formulate 
a  policy  for  the  state.  The  members  of  this  commission 
are  John  W.  Herbert,  chairman;  Joseph  11.  Wood,  Iior- 
ace  A.  Bom  ell  and  Edwin  A.  Stevens,  State  Highway 
Commissioner.  The  commission  issued  on  July  14  a 
circular  letter  addressed  to  a  number  of  prominent  citi- 
zens of  New  Jersey,  containing  various  suggestive  ques- 
tions regarding  road  conditions  and  road  reforms.  The 
questions,  which  are  of  interest  in  other  states  besides 
New  Jersey,  are  given  herewith: 

The  main  trunk  highways  of  New  Jersey  are  breaking 
down  under  the  terrific  strain  to  which  they  are  subjected  by 
modern  traffic.  Many  of  the  feeder  roads  to  these  trunk  high- 
ways are  in  bad  shape.  The  roads  running  through  the  out- 
lying districts  of  the  state  and  connecting  with  these  "feeders" 
have  never  been  in  satisfactory  condition.  The  construction 
of  much-needed  new  roads  is  coming  to  a  standstlU,  the  main- 
tenance of  old  roads  even  at  enormous  expense  is  not  keeping 
pace  with  the  daily  wear  and  tear  of  travel.  Transportation, 
which  is  the  life  blood  of  civilization  and  prosperity.  Is  there- 
by hampered,  and  the  development  and  improvement  of  New 
Jersey  are   being  retarded. 

What  Is  the  trouble?  Docs  the  fault  lie  with  a  tangled 
mass  of  unintelligible  road  laws?  Are  we  struggling  hope- 
lessly to  administer  the  road  laws  In  township,  county  and 
state  by  numerous  undefined  and  varied  types  of  road  organ- 
izations? Are  many  of  the  employees  of  these  road  organiza- 
tions Indifferent,  untrained  or  Inefficient?  Do  these  employees, 
elected  by  the  people  or  appointed  for  political  reasons,  hold 
office  for  such  short  period.s  of  time  and  under  such  conditions 
that  they  cannot  become  effective  in  their  work? 

Are  wc  building  and  maintaining  our  roads  by  unsound  or 
unbusinesslike  measures  of  finance?  How  much  Interest  are 
we  paying  on  bonds  Issued  to  build  poor  roads  which  have 
gone  to  pieces  or  will  go  to  pieces  before  the  bonds  mature? 
How  much  money  have  we  saved  In  our  funds  to  pay  off  these 
bonds  at  maturity?  Does  our  money  go  Into  roads  or  into  un- 
necessary and  wasteful  charges? 
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Do  we  foolishly  try  to  save  money  by  building  cheap  roads 
that  will  last  months  when  we  ousrht  to  practice  true  economy 
by  laying-  down  roads  that  will  last  years? 

Are  we  grettingr  full  and  honest  returns  on  every  road  con- 
tract into  which  we  enter?  Are  we  selecting  the  right  ma- 
terials and  the  proper  sort  of  road  construction  and  mainte- 
nance for  the  several  diversified  localities  of  the  state? 
Should  we  limit  the  traffic  on  highways  as  to  the  weight  of 
vehicles  and  load,  and  if  so,  "what  should  be  the  limit,  and 
should  -we  make  regulations  as  to  the  width  of  tires? 

In  a  word,  do  we  have  a  scientific,  efficient  and  far-sighted 
road  policy,  capable  of  automatic  expansion  and  application 
to  meet  increased  growth  and  change  of  traffic  conditions,  or 
So  we  act  only  under  the  stress  of  necessity,  striving  to  get 
good  roads  by  passing  an  annual  installment  of  road  legisla- 
tion? 

Please  bear  in  mind  that  the  commission  is  interested  in 
every  phase  of  the  road  situation  and  is  not  committed  to  any 
preconceived  ideas  of  road  construction,  road  maintenance, 
road  administration  or  road  finance.  It  is  believed,  however, 
that  there  are  certain  fundamental  principles  of  law,  finance, 
administration  and  operation  underlying  this  whole  subject 
of  good  roads. 


BEa  FlhiSadlellplhiia 

A  new  mimicipal  auclitoriuin  or  convention  hall  of  e.x- 
traordinarv  size  is  about  to  be  started  by  the  City  of  Phila- 
delphia. A  fund  of  $1,500,000  was  provided  for  by  city 
vote  some  years  ago,  but  construction  has  been  held  up  by 
some  technicalities  which  have  recently  been  overcome  so 
that  the  project  can  now  be  carried  to  a  successful  con- 
clusion. The  auditorium,  an  architect's  perspective  of 
wliich  is  shown  herewith,  is  to  Ije  located  on  the  new  Park- 
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The  -$3,000,000  is,<ue  of  bonds  for  improving  the  roads 
of  St.  Louis  County,  Missouri,  has  been  declared  valid 
by  the  supreme  court  of  the  state.  The  entire  amount 
need  not  be  issued  at  once,  but  may  be  issued  in  in- 
stallments. One-half  the  issue  must  be  in  denominations 
of  $100  and  the  bonds  are  redeemable  at  any  time  within 
20  years.  The  ruling  of  the  court  applies  to  the  pro- 
po.sed  issue  of  $500,000  in  exactly  the  same  manner,  and 
the  decision  means  that  county  road  work  in  Missouri 
will  soon  begin  in  earnest. 

One  result  of  the  court's  interpretation  of  the  bond- 
issue  statute  is  to  cause  James  C.  Travilla,  former 
Street  Commissioner  of  St.  Louis,  to  lose  his  position 
as  Assistant  to  the  County  Highway  Engineer,  to  which 
he  was  appointed  last  April  at  a  salary  of  $4,800  per 
annum.  The  section  of  the  statute  under  which  he  was 
aii]-ioint(>d  is  dedarcd  invalid.  It  is  reported,  however, 
that  a  way  will  be  found  to  retain  his  services. 

Clfiy  IReplairaiffiiEag  nim  Stl 

The  City  of  St.  Louis  is  in  the  shape  of  a  fan,  the 
business  district  being  in  the  center  and  the  portion  which 
would  be  the  sticks  of  a  fan  representing  the  blighted 
or  depreciated  district. 

On  account  of  inadequate  traffic  arteries  toward  the 
iHU'th  and  south,  most  of  the  traffic  passes  directly  west 
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way,  the  wide  boulevard  extending  from  the  City  Hall 
northwesterly  to  the  entrance  of  Fairmount  Park.  Tlu! 
building  will  be  between  21st,  22nd,  Hamilton  and  Cal- 
lowhill  St..  in  the  immediate  vicinity  of  the  proposed 
library  and  art  museum. 

The  building  fronts  on  the  Parkway  248  ft.  and  is  3(i2 
ft.  deep.  It  will  liavc  an  auditorium  225  ft.  square  pro- 
vided with  two  galleries,  so  that  the  total  seating  capacity 
will  be  about  15,000  people.  When  used  for  exhibition 
purposes  only,  there  will  be  a  capacity  of  9L000  sq.ft. 
In  addition  there  is  a  stage  50  ft.  deep  with  a  proscenium 
opening  of  100  ft.  with  a  .seating  capacity  of  1,000  jicople. 
A  special  arrangement  for  exits,  both  in  numlier  and  pro- 
vision for  inclines,  makes  it  possible  to  empty  the  entire 
auditorium  in  about  five  minutes,  'ilie  project  is  under 
the  direction  of  the  Mayor,  and  of  the  Director  of  the 
Department  of  Public  Works,  George  E.  Datesman.  The 
architect  is  John  T.  Windrim. 


across  tbis  (le))rt'ciatcd  district.  This  travel  has  been  con- 
centrated on  Locust  St.  and  has  resulted  in  tlu'  complete 
rebuilding  of  this  street,  largely  by  the  automobile  in- 
dustries. The  property  values  along  Locust  St.  have  again 
reached  a  high  point.  The  congestion  of  traffic  on  this 
street  has  been  so  great  that  in  connection  with  the  resur- 
facing of  the  street,  which  is  required  this  year,  the  curb- 
ing will  lie  set  back  3  ft.  on  each  side. 

Parallel  and  next  adjoining  Locust  St.  is  Olive  St., 
which  carries  a  very  heavy  street-car  traffic  and  is  paved 
with  granite.  .Mthough  only  a  block  from  I^ocust  St.. 
the  projierty  along  Olive  St.  has  failed  to  appreciate  in 
value.  'I'll is  has  been  a  matter  of  serious  concern  to  the 
property  holders,  and  at  a  recent  meeting  of  the  owners 
in  the  oilice  of  the  Director  of  Streets  and  Sewers  a  large 
majority  expressed  themselves  as  favoring  a  repaying  of 
wood  bloc  k  and  the  widening  of  the  roadway  in  the  same 
manner  as  will  be  applied  to  Locust  St.    In  this  way  it  ie 
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hoped  to  attract  some  of  the  present  congested  traffic  on 
Locust  St.  to  Olive  St.  and  thereby  secure  a  revi\al  of 
business  along  the  latter  street. 

The  City  Plan  Committee  of  the  Busine.ss  Men's  League 
is  urging  an  appropriation  of  $15,000  for  a  districting 
study  in  St.  Louis.  The  St.  Louis  City  Plan  Commission 
some  time  ago  requested  the  various  civic  organizations 
to  appoint  committees  on  city  planning.  This  has  been 
lone  bv  a  great  number  of  organizations,  among  them  the 
Business  Men's  League,  Civic  League,  Institute  of  Archi- 
tects and  the  Engineers'  Club.  These  committees  have 
■)een  meeting  at  intervals  with  the  City  Plan  Commission, 
md  certain  phases  of  work  have  been  assigned  to  the  or- 
ganization committees  for  study.  The  recommendation 
)y  the  committee  from  the  Business  Men's  League  is  a 
esult  of  its  study  of  the  districting  question. 

Pollution  of  the  Fox  River,  in  Illinois,  by  Elgin,  Aurora 
•  ind  other  municipalities,  has  been  a  source  of  complaint 
or  some  years,  and  in  June,  1914,  the  Illinois  Rivers 
ind  Lakes  Commission  issued  an  order  to  the  cities  to 
•ea.se  this  pollution.  Appeals  against  the  enforcement  of 
he  order  have  been  pending  since  then,  Itut  were  dis- 
nissed  by  the  Sangamon  County  Circuit  Court  on  June 
!6,  191(3.  The  dismissal  is  by  voluntary  agreement  with 
he  cities  of  Elgin  and  Aurora,  and  means  that  primary 
edimentation  tanks  or  sewage-treating  apparatus  must 
.e  in-stalled  bv  Jan.  31,  1917! 


juaEass^JlvsiiniHa 


A  ruling  last  week  of  the  Pennsylvania  Public  Service 
"ommission  is  of  interest  to  water-works  men.  A  con- 
umer  complained  because  he  had  been  required  to  install 

meter  when  some  other  consumers  were  not  required 
0  do  so.  Investigation  showed  only  about  one-third  of 
he  consumers'  services  were  metered,  and  it  was  decided 
hat  the  company  "having  no  pronounced  ]iolicy  in  favor 
f  the  complete  metering  of  its  system"  must  make  the 
iiniplainant  a  flat  rate.  Another  decision  refu.ses  to 
nd  injustice  in  the  action  of  a  water  company  in  shut- 
ing  off  the  water-supply  for  nonpayment  of  water  rents, 
fter  reasonable  notice. 


stiair^e^^  una 


A  slight  advance  in  the  control  of  city  planning  in 
lassachusetts  is  made  po.ssible  .by  an  act  of  the  Massa- 
husetts  legislature,  approved  May  10,  1916  (Chap.  190). 

Several  years  ago  the  legislature  passed  an  act  provid- 
ng  tliat  all  cities  and  every  town  of  10,000  po|)ulation 
nd  upward  must  create  planning  boards.  These  boards 
ad  few  but  advisory  powers  and  powers  of  investigation. 

The  act  of  1916  provides  that  the  mayor  of  any  city, 
ith  the  approval  of  the  city  council  or  board  of  alder- 
len,  may  appoint  a  board  of  survey  of  three  members 
Q  January  of  any  year  and  fix  their  compensation.  The 
j  ity  engineer  is  to  act  as  clerk  of  such  a  board. 
I  Beyond  the  permissive  power  to  create  boards  of  sur- 
|ey,  the  act  contains  one  mandatory  and  one  permissive 
•••itnre.    'I'he  mandatory  provision  is  that  where  a  iioard 


of  survey  has  been  created  no  person,  firm  or  corporation 
shall  open  a  street  without  sul)mitting  to  the  board  of  sur- 
vey "suitable  plans  and  profiles"  showing  "also  the 
method  of  drainage  of  the  adjacent  or  contiguous  terri- 
tory." Provision  is  made  for  public  advertisements  and 
hearings  and  for  the  approval  or  modification  of  the 
plans  by  the  Ixjard  and  their  filing  in  the  office  of  the  city 
engineer.  After  ail  this  has  been  done,  "no  street  or  way 
in  the  territory  to  wliich  the  plans  relate  shall  be  laid  out 
or  constructed  exceptin  accordance  therewith  or  with  such 
further  plans  as  may  subsequently  be  approved  by  the 
board.'' 

The  permissive  power  of  ijoards  of  survey  under  the 
Massachusetts  act  gives  the  board  a  considerable  degree 
of  city-]3lanning  latitude,  when  directed  to  exercise  it  by 
the  local  planning  iioard  and  the  city  council.  The  first 
part  of  the  section  conferring  this  power  is  as  follows: 

Section  3.  The  board  of  survey  may,  and  upon  the  vote  of 
the  local  planning:  board  and  the  city  council  or  board  of 
aldermen  shall,  from  time  to  time  cause  to  be  made  by  the 
city  ensrineer,  under  its  direction,  plans  of  such  territory  or 
sections  of  land  in  the  city  as  the  board  of  survey  or  tlie  said 
planning  bo.nrd  may  deem  necessary,  showing  thereon  the 
location  of  such  streets  or  ways,  whether  already  laid  out  or 
not,  as,  in  the  opinion  of  the  board,  the  interest  of  the  public 
may  or  will  require  in  .such  territory,  showing  clearly  the 
direction,  width  and  grades  of  each  street  or  way,  and  a  plan 
of  drainage,  and  said  board  may  incur  such  expenses  as  it 
may  deem  necessary  therefor,  not  exceeding  the  amount  of 
money  appropriated  for  the  purpose. 

Provision  is  made  for  public  advertisement,  hearing  and 
aj)proval,  as  already  outlined,  for  private  street  openings. 


The  new  Mississippi  River  bridge  at  Memphis,  the 
Harahan  Bridge,  was  opened  for  traffic  on  July  15,  1916, 
and  a  day  or  two  afterward  the  trains  of  the  three  roads 
which  joined  in  building  the  bridge,  the  Cotton  Belt,  the 
Iron  Mountain,  and  the  Rock  Island  were  diverted  to  the 
new  Ijridgi'.  The  l)ridge  is  double-track,  but  only  one 
track  can  ')c  usetl  over  the  south  approach  which  is  as  5'et 
not  completed.  The  vehicle  roadway  of  the  bridge  is  also 
not  completed,  but  this  is  expected  to  be  ready  for  traffic 
in  the  fall  of  this  year.  Crittenden  County,  Ark.,  will 
build  a  twn-mile  viaduct  to  connect  with  the  highway 
l)ridge.  The  bridge  was  Ijuilt  by  the  Pennsylvania  Steel 
Co.  on  sub.-tructuie  built  by  the  Union  Bridge  and  Con- 
struction Co.  The  total  cost  was  about  $5,000,000,  ex- 
clusive of  appi'oaches.  Ralph  Modjeski  was  consulting 
engineer  for  the  su])erstructure.  M.  B.  Case  was  resident 
enginoci-. 

CflarafyflJEa^  Sasa  Dne^o  "Wsxtiea» 

.\i]  iiici-casc  in  the  period  of  coagulation  before  me- 
chanical filtration  was  necessary  to  free  the  water  supply 
(>f  San  Diego,  Calif.,  from  a  load  of  very  finely  divided 
clayey  matter  resulting  from  the  floods  of  last  winter 
and  decreased  stora.^e  and  settling  capacity  due  to  the 
destruction  of  the  Lower  Otay  dam.  The  story  is  con- 
cisely told  in  the  May  report  of  F.  M.  Lockwood,  Mana- 
ger Operating  Department  of  San  Diego,  as  follows: 

Much  attention  has  been  given  to  the  question  of  clarifying 
San  Dieso's  water-supply.  During  the  floods,  the  runoff  Into 
the  Upper  Otay  reservoir,  which  .supplies  the  greater  portion 
of  the  water  now  being  used  In  San  Diego,  contained  an  un- 
usual amount  of  clayey  silt,  which,  contrary  to  all  precedent. 
Htm   remainM  .suspended,   practically   no  settlement  having  oc- 
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curred,  even  to  this  date.  A  coagulating  plant  near  the  filter 
at  Lower  Otay  remedied  this  to  a  great  extent,  but  a  slight 
discoloration  still  e.Kisted.  even  after  passing  through  the  fil- 
ters. This,  however,  has  now  been  corrected  by  installing  a 
coagulating  plant  about  half-way  between  the  Upper  and 
Lower  Otays.  some  two  miles  above  the  filter.  This  plant  con- 
sists of  two  2,000-gal.  redwood  tanks,  with  their  accompany- 
ing regulating  tanks;  a  3-hp.  gas  engine  and  a  2-in.  centrifu- 
gal pump,  and,  being  placed  at  this  point,  gives  the  coagulant 
from  1  to  IV2  hr.  to  act  on  the  water  before  it  enters  the  filter 
instead  of  from  IVz  to  2  min.,  as  was  the  case  with  the  old 
coagulating  plant.  The  water  now  flowing  from  the  filters  is 
absolutely  clear,  and,  being  treated  with  chlorine  at  the  Uni- 
versity Heights  reservoir,  into  which  all  water  empties  before 
being  turned  into  the  mains,  is,  according  to  bacteriological 
tests,  of  a  safe,   healthful   ciuality. 


In  connection  with  the  merger  of  the  Pennsylvania 
Steel  Co.  and  the  Maryland  Steel  Co.  luider  the  general 
direction  of  the  Bethlehem  Steel  Co.,  it  is  annonnced 
that  the  bridge  and  .structural  work  of  the  combination 
will  hereafter  be  handled  by  a  new  company,  to  be  known 
as  the  Bethlehem  Steel  Bridge  Co.  of  Delaware.  G.  H. 
Blakely,  who  has  been  in  charge  of  the  structural  de- 
partment of  the  Bethlehem  Steel  Co.  becomes  president 
of  the  new  company  and  Thomas  Earl,  formerly  super- 
intendent of  the  bridge  and  construction  department  of 
the  Pennsylvania  Steel  Co.,  will  be  made  vice-president. 

This  company  will  operate  hereafter  on  bridge  work 
and  there  will  be  no  competition  in  steel  structural  work 
between  the  bridge  company  and  the  various  fabricat- 
ing interests  to  whicli  the  Bethlehem  company  has  long 
supplied  material.  The  new  company  will  handle  all 
estimating  work,  secure  contracts  and  direct  erection 
work.  The  headquarters  will  be  at  South  Bethlehem, 
Penn. 


be  subject  to  adjustment  at  the  end  of  twenty  years  and  every 
ten  years  thereafter  by  the  then  Secretary  of  War.  The 
House  also  inserted  a  clause  providing  that  if  the  government 
take  over  the  property  at  the  expiration  of  the  lease,  it  need 
take  only  the  generating  plant  and  the  transmission  line  and 
is  not  obliged  to  take  any  distribution  system  therewith  con- 
nected. Both  bills  have  been  referred  to  a  Conference  Com- 
mittee, and  the  House  Conferees  are  Messrs.  Adamson,  Simms. 
and    Esch. 

The  Military  Kni^ineerin^  Committee  of  New  York  City 
has  prepared  a  circular  directing  the  attention  of  4.000  engi- 
neers, who  enrolled  last  winter  for  the  military  engineering 
lectures,  to  the  22nd  Engineers  of  New  York,  as  a  means  of 
gaining  some  military  knowledge.  This  circular  is  being  sent 
out  this  week.  The  two  battalions  of  the  New  York  Engineers 
have  been  mustered  into  Federal  service  and  a  depot  battalion 
is  being  organized,  under  Sec.  120  of  the  Military  Law  of  New 
i'ork,  which  states  in  part  that  such  depot  units  shall  not  be 
called  on  for  duty  outside  the  state,  except  in  case  of  emer- 
gency to  be  determined  by  the  Governor,  but  the  members 
thereof  may  be  transferred  by  him  to  fill  temporary  or  per- 
marvent  vacancies  or  make  up  a  deficiency  of  strength  in  the 
organization  for  which  the  depot  unit  is  formed.  The  enlisted 
personnel  of  depot  units  is  divided  into  classes  designated 
respectively  as  Class  A  and  Class  B.  The  former  consists  of 
men  available  to  fill  vacancies  in  the  organization  of  the 
National  Guard  in  the  service  of  the  United  States.  Class  B 
consists  of  all  other  enlisted  men  of  such  organizations,  and 
they  will  take  an  oath  to  serve  the  state  only.  Engineers 
enlisting  in  the  depot  battalion  will  be  given  a  course  of  in- 
struction covered  by  a  drill  one  night  per  week  from  S:  15 
to  10:  30,  and  lectures,  quizzes,  and  practical  work  on  the 
drill  floor  in  the  various  branches  of  military  and  engineering 
work.  Enlistment  in  Class  A  for  active  service  is  in  the 
National  Guard  of  the  United  States  and  of  the  State  of  New 
York  for  a  period  of  three  years  in  service  and  three  years  in 
reserve:  W'hile  the  enlistment  in  Class  B  is  in  the  National 
Guard  of  New  York  only,  for  a  period  of  three  years  unless 
sooner  discharged  by  proper  authority.  Class  B  men  will  be 
discharged  upon  the  return  of  the  active  battalions.  Enlist- 
ment in  Class  B  will  not  interfere  with  attendance  at  the 
training  camp  at  Plattsburg.  It  will  not  preclude  one  from 
joining  the  Volunteers  or  transferring  to  another  military 
organization,  nor  will  it  prejudice  one's  standing  in  the  Re- 
serve Corps  of  Engineer  Officers.  To  enlist  in  either  class. 
report  at  S:  20  p.m.  to  Major  John  F.  Fairchild,  at  the  Armory, 
168th    St.    near    Broadway. 


The  Piihlic  BuildinKS  Approiiriation  Hill  has  been  aban- 
doned for  the  present  session  of  Congress  and  with  it  goes  the 
proposed  Bureau  of  Public  Buildings,  which  was  to  supersed. 
the  office  of  Supervising  Architect   of  the  Treasury. 

Investigation.s  for  the  Government  Nitrate  Plant  provided 
for  by  the  Army  Appropriation  Bill  are  being  made  by  Colonel 
Newcomer  and  Major  Kelly,  of  the  Corps  of  Engineers,  so  far 
as  all  questions  regarding  the  proposed  site  of  the  plant  and 
its  construction  are  concerned.  A  committee  representing  the 
Nashville  Section  of  the  Engineering  Association  of  the  South 
is  to  urge  the  selection  of  the  Muscle  Shoals  site  on  the 
Tennessee  River.  John  Howe  Peyton,  President  of  the  Nash- 
ville, Chattanooga  &  St.  Louis  R.R.,  is  chairman  of  the  Com- 
mittee and  Prof.  W.  G.  Waldo,  of  Vanderbilt  University,  is  the 
Secretary.  Investigations  with  respect  to  the  process  to  be 
used  in  the  manufacture  of  nitrate  are  being  made  by  Colonel 
Hoffer  of  the  Bureau  of  Ordnance. 

A  Brick  Chimney  Settled  8  Ft.  killing  two  men  and  injur- 
ing three  others  at  Corning,  N.  Y.,  on  July  14,  at  the  Corning 
glass  works.  The  men,  employed  by  the  H.  L.  Dixon  Co.,  of 
Pittsburgh,  were  engaged  in  repairing  a  furnace  when  the 
collapse  occurred.  The  chimney  was  supported  on  brick 
arches,  which  were  built  over  the  openings  in  the  base  of  the 
furnace,  which  give  access  to  the  glass  pots.  It  is  supposed, 
locally,  that  the  foundation  or  arches  had  been  weakened 
during  repairs  and  had  not  been  properly  shored.  As  the 
chimney  sank  it  also  tilted,  so  that  its  top  was  4  ft.  out  of 
plumb.  Two  cracks  appeared  in  the  side.  The  chimney  is 
too  badly  damaged  to  be  repaired,  but  its  removal  was  diffi- 
cult owing  to  the  danger  of  damaging  two  new  tank  furnaces 
nearby,    valued    at    $100,000    each. 

Whether  'Water-Fower  LeKiHlation  by  the  present  Congress 
will  be  effective  in  reviving  activity  in  water-power  develop- 
ment is  still  in  doubt.  The  bill  relative  to  water-power  sites 
on  the  public  lands  appears  to  have  been  abandoned  for  the 
session.  The  Adamson  bill,  relating  to  the  construction  of 
dams  across  navigable  rivers,  which  passed  the  Senate  some 
months  ago.  has  been  radically  amended  by  the  House  to 
permit  the  Secretary  of  War  to  assess  an  annual  charge  as  a 
rental    for   the   use   of   water-power   privileges,    this    rental   to 


Frank  3Ilnkler  has  resigned  as  Street  Commissioner  of 
Carthage,  Mo.,  to  accept  a  position  with  Carthage  special  road 
district. 

F.  A.  TorkeLson  has  been  appointed  City  Engineer  of  Green 
Bay.  Wis.,  to  succeed  August  Brauns.  He  is  a  graduate  of 
the  University  of  Wisconsin. 

I.  H.  Piotrowsky.  formerly  with  the  Akron  (Ohio)  city 
water-works,  has  been  appointed  Superintendent  of  the  Bar- 
berton    (Ohio)    city  water-works. 

F.  E.  HotvellH,  M.  Am.  Soc.  M.  E.,  Superintendent  of  Shops 
of  the  Steelton  plant  of  the  Bethlehem  Steel  Co.,  has  been 
promoted  to  be  Assistant  Mechanical   Engineer. 

Lcnnder  Dorsey,  Assoc.  M.  Am.  Soc.  C.  E.,  has  resigned 
as  Superintendent  of  the  Whiting-Turner  Construction  Co.. 
Baltimore,  Md.,  to  become  Manager  of  the  contracting  depart- 
ment of  the  Cram  Engineering  Co.,  also  of  Baltimore. 

E.  E.  Entwisle.  Superintendent  of  the  Maintenance  Depart- 
ment of  the  Steelton  plant  of  the  Bethlehem  Steel  Co.,  has 
been  made  Mechanical  Engineer  in  charge  of  construction 
work,  as  Assistant  to  the  Chief  Engineer,  C.  P.  Turner. 

G.  F.  Nicholson,  District  Engineer  of  Terminals  on  tlio 
East  Waterway,  Seattle,  Wash.,  has  been  appointed  Acting 
Chief  Engineer  of  the  Port  of  Seattle,  to  succeed  J.  R.  West, 
whose  resignation  was  noted  in  these  columns  July  13, 

GeorKC  KuhrtH,  Chief  Engineer  of  the  Los  Angeles  Railway 
Corporation,  Los  Angeles,  Calif.,  has  been  appointed  Assistant 
General  Manager  of  the  company.  He  is  succeeded  as  Chief 
Engineer  by  Thomas  Bulpin,  former  Assistant  Chief  Engineer. 

D.  W.  Thrower,  District  Engineer  of  the  Yazoo  &  Miss- 
issippi Valley  R.R.,  at  Memphis,  Tenn..  has  been  appointed 
.■\ssistant  Valuation  Engineer  of  the  Illinois  Central  RR-  a"^ 
the  Yazoo  &  Mississippi  Valley  R.R.,  with  headquarters  at 
Chicago,   111. 
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Milton  B.  Morjtan,  former  Assistant  Engineer  of  Mainte- 
nance-of-Way  of  the  Illinois  Central  R.R.  and  the  Yazoo  & 
Mississippi  Valley  R.R.,  is  now  District  Engineer  of  Tazoo  & 
Mississippi  Valley  R.R.,  with  headquarters  at  Memphis,  Tenn.. 
succeeding  D.  W.  Thrower,  transferred  as  noted  elsewhere. 

D.  G.  Cunningham  has  been  appointed  Superintendent  of 
Motive  Power  of  the  Denver  &  Salt  Lake  R.R.,  with  office 
at  Denver,  Colo.  He  is  a  graduate  of  the  Virginia  Polytechnic 
Institute,  class  of  1S9S.  and  has  been  with  the  motive-power 
departments  of  the  Norfolk  &  Western  R.R.  and  the  Atchison, 
Topeka  &  Santa  Fe  Ry. 

C.  O.  Donghaday  has  resigned  as  Division  Superintendent 
uf  the  Pittsburgh,  Penn.,  Bureau  of  Water  to  accept  a  position 
with  the  British-American  Chemical  Co.,  New  York  City.  The 
mechanical  division  of  the  Bureau  of  Water,  of  which  Mr. 
Doughaday  had  charge,  is  now  in  temporary  charge  of  P.  W. 
Lyon,  Assoc.  M.  Am.  Soc.  C.  E. 

A.  W.  Johnston,  M.  Am.  Soc.  C.  E.,  General  Manager  of  the 
.\ew  York.  Chicago  &  St.  Louis  R.R.,  has  been  appointed  As- 
sistant to  the  President.  The  office  of  General  Manager  will 
not  be  filled  immediately,  and  the  duties  of  the  office  will  con- 
tinue to  be  performed  by  Mr.  Johnston.  He  is  a  graduate  of 
the  Massachusetts  Institute  of  Technology  and  entered  the 
railroad  service  in  1S7.5. 

.*.  C.  GarriMou,  only  son  of  the  late  D.  E.  Garrison,  whose 
ieath  was  noted  in  the  obituary  columns  of  last  week,  has 
been  elected  President  of  the  Corrugated  Bar  Co..  Buffalo. 
V.  Y.,  to  succeed  his  father.  A.  I..  Johnson,  M.  Am.  Soc.  C.  E., 
!  :ias  been  elected  Vice-President  and  General  Manager  and 
W.  H.  Kennedy  has  been  elected  Vice-President  and  Treasurer. 
«'.  -M.  Armstrong,  formerly  Vice-President  and  Sales  Manager, 
las  resigned. 


Charles  ^Villlnni  Hcnrj-  Kirchhoft",  twice  President  of  the 
American  Institute  of  ilining  Engineers,  for  many  years 
Cditor-in-Chief  of  the  "Iron  Age,"  died  July  23  at  his  "sum- 
rier  home  at  Asbury   Park,   N.   J.      He   was   born   in   San   Fran- 


cisco, Calif.,  Mar.  2S,  1853.  He  was  graduated  from  the 
Royal  School  of  Mines,  Clausthal,  Germany,  in  1874.  He  re- 
turned to  this  country  as  Chemist  of  the  Delaware  Lead  Re- 
finery, Philadelphia.  His  editorial  work  began  in  1S77  as 
Assistant  Editor  of  the  •'Metallurgical  Review."  The  follow- 
ing year  he  joined  the  staff  of  the  "Iron  .A.ge."  From  ISSl 
to  1SS4  he  was  Managing  Editor  of  the  "Engineering  and 
Mining  Journal."  after  which  he  returned  to  the  "Iron  Age" 
and  in  1SS9  became  its  Editor-in-Chief,  retiring  in  1910.  He 
was  also  Vice-President  and  General  Manager  of  the  David 
Williams  Co.,  publishers  of  the  "Iron  Age."  Mr.  Kirchhoff  was 
President  of  the  American  Institute  of  Mining  Engineers  in 
1S9S-99  and  again  in  1911-12.  He  was  a  member  of  the 
-■Vmerican  Society  of  Mechanical  Engineers,  the  American  Iron 
and  Steel  Institute,  the  Iron  and  Steel  Institute  of  Great 
Britain  and  of  other  learned  societies. 


H.    KIRCHHOFF 


INTERNATIONAL  ASSOCI.AlTION  OP  FIRE   ENGINEERS. 
Aug.    29-Sept.    1.      Convention    in    Providence,    R.    I.      Secv., 
James  McFall,  Roanoke,  Va. 
ASSOCIATION  OF  EDISON  ILLUMINATING  COMP.4.NIES. 
Sept.  4-7.     Convention  in  Hot  Springs.  Va.     Asst.  Secy.,  E.  .\. 
Baily,   360   Pearl   St.,   Brooklyn.    N.    Y. 
THE   TRAVELING   ENGINEERS'    ASSOCIATION. 

Sept.  5-8.  Annual  meeting  in  Chicago,  111.  Secv.,  W  O. 
Thompson,  care  General  Offices,  N.  Y.  C.  R.R.,  Cleveland 
Ohio. 

.\MERICAN   FOUNDRYMEN'S  ASSOCIATION. 

Week    of    Sept.     11.       Annual     meeting    in    Cleveland,     C)hio 
Secy.,  A.  O.  Backert.  12th  and  Chestnut  St.,  Cleveland.  Ohio. 
THE  AMERICAN  INSTITUTE   OF   METALS. 

Week  of  Sept.  11.     Meeting  in  Cleveland,  Ohio.     Secy.,  W.  M. 
Corse,    106    Morris   Ave.,    Buffalo.    N.    Y. 
N.-VTION.VL  ASSOCIATION  OF  STATION.A.RY  ENGINEERS. 
Sept.  11-16.     Convention,  Minneapolis.  Minn.     Secy.,  Fred  AV 
Raven,  417   S.   Dearborn   St.,  Chicago. 
.M.^STER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCL\TION 
Sept.    12.      Convention    in   Atlantic   City.      Secy.,    A.    P.    Dane, 
Heading.  Mass. 
RAILWAY  SIGNAL  ASSOCIATION. 

Sept.    12-14.      Convention    in    Mackinac    Island.      Secy.,    C     C 
Rosenburg,  Myers  Building.  Bethlehem,   Penn. 
NEAA^  ENGLAND  WATER-WORKS  ASSOCIATION. 

Sept.    13-15.      Convention    in    Portland,    Me.      Secy.,    Willard 
Kent,  Narragansett   Pier,    R.    I. 
ILLUMIN.\TING   ENGINEERING    SOCIETY. 

Sept.  lS-20.  Convention  in  I'hiladelphia,  Penn.  Asst.  Secy., 
C.  D.  Fawcett,  29  West  39th  St.,  New  York.  N.   Y. 

.a.ssociation  op  iron  and  steel  electrical  engi- 
ne;ers. 

Sept.  18-22.     Convention  in  Chicago.     Secy..  W.  O.  Oschmann. 
Oliver   Iron  and    Steel   Co..    Pittsburgh,    Penn. 
ROADJIASTERS    AND    M.\INTENAXCE    OP    WAY    ASSOCl.-V- 
TICiN   OF   AMERICA. 
Sept.  19-22.     Convention  in  New  York  City.     Secy.,  P.  J.   Mc- 
Andrews. 
-MICHIGAN  GAS  ASSOCIATION. 

Sept.   21-22.     Annual  meeting  in  Detroit.   Mich.      Secy.,  Clark 
R.  Graves,  Lansing,  Mich. 
.AMERICAN   PEAT   SOCIETY. 

Sept.    21-23.      Annual    meeting   in    W.ashington.    D.    C.      Secy.,. 
.Tulius  Bordollo,   Kingsbridge,   N.   Y. 
K.MLW.AY    FIRE    PROTECTION    -ASSOCIATION. 

Oct.    3-:'.      Convention    in    New    A'lirk    Citv.      Secy.,    C.    B.    Ed- 
wards.   Mobile    Ai    Ohio    R.R.,    -Aloliile,    .Ala. 
.AMERICAN  SOCIETA'  OF  MUNICIPAL  IMPROA^EMENTS. 

Oct.    9-13.      Convention    in    Newark,    N.    J.      Secy.,    Charles    C. 
Brown,  Indianapolis,  Ind. 
-AMERICAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.   9-13.     Convention   at   Atlantic   City,   N.   J.     Secy..   E.   B. 
Burritt,   S   West   40th   St..   New.  York   City. 
.VJIERTCAN    RAILWAY   BRIDGE    AND    BUILDING   ASSOCIA- 
TIO.N. 
Oct.  17-19.     Convention   in  New  Orleans.  Secy.,  C.  A.  Lichtv, 
C.  &  N.  W.  Ry..  Chicago. 
.AMERICAN  GAS   INSTITI'TE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  G.  G.   R.ams- 
dell.  New  York,  N.  Y. 
-AMERICAN  PUBLIC  HEALTH  ASSOCIATION. 

Oct.  24-27.  Convention  in  Cincinnati,  Ohio.  Secy.,  Prof. 
Selsk.ar  M.  Gunn,  Bo.ston,  Mass. 

The  American  -\ssoclatlon  of  Engineers,  through  its  na- 
tional board  of  directors,  has  "resolved  that  all  application.'^ 
for  membership  received  prior  to  Sept.  1,  1916,  be  accepted 
(provided  the  applicant  has  the  required  tiualiflcations)  at  the 
present  rate  of  no  initiation  fee  and  $10  per  annum  member- 
ship dues."  According  to  an  amendment  to  the  constitution 
.adopted  at  the  May  convention,  an  initiation  fee  of  $2  will  be 
charged  after  1,000  applications  have  been  received.  It  i.s  esti- 
mated that  this  figure  will  be  reached  before  Sept.  1.  The 
initiation  fee  will  be  Increased  $2  for  each  500  members 
secured  above  1,000.  The  association  has  grown  from  30 
members  to  891  in  fourteen  months,  and  it  Is  now  proposed 
that  future  members  shall  be  required  to  possess  higher 
qualifications. 
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Portable   Electric    Inspection    Lamp 

A  portable  electric  lamp  outfit  especially  for  inspection 
work  in  manholes,  sewers,  tunnels,  car-  and  barge-loading 
stations,  distilleries,  etc.,  has  been  developed  by  the  Hirsch 
Electric  Mine  Lamp  Co.,  314  N.  12th  St..  Philadelphia.  It  con- 
sists of  a  dry  storage  battery  in  case,  a  red  warning-signal 
lamp  on  the  case  for  use  outside  manholes,  and  a  socket 
into  which  an  incandescent  lamp  and  reflector  unit  or  a  flex- 
ible-cable plug  can  be  screwed. 

Portable  .\ir-C'«>mpressius  Outflt 

A  portable  air-compressor  plant  for  use  in  construction 
work,  bridge  and  structural-steel  erection,  and  similar  service, 
is  shown  in  the  accompanying  illustration.  It  consists  of  a 
gasoline  or  kerosene  engine  (or  electric  motor),  belted  air- 
compressor,  receiver  and  cooling  apparatus,  all  mounted  upon 
a  steel  frame  carried  by  four  wheels.  When  a  gasoline  engine- 
is  used  it  is  of  the  four-cylinder  automobile  type  but  built  spe- 
cially for  this  work,  with  ample  lubricating  and  cylinder 
cooling  equipment.  It  can  be  disconnected  from  the  com- 
pressor and  used  to  operate  other  machinery.  The  compressor 
is  of  the  Gardner-Rix  high-speed  vertical  type,  and  is  equipp-  '' 
with  a  water-cooling  device  independent  of  that  for  the  engiii' 
The  outfit  is  built  in  various  sizes,  with  capacity  ranging  from 
21  to  4ri0  cu.ft.  of  air  per  minute.  The  smallest  size  has  a  TVs- 
hp.  engine,  a  single-acting  compressor  with  4%xiV2-in.  cylin- 
der, and  an  lSx4S-in.  receiver.  The  largest  size  has  a  120-hp. 
engine,  double-acting  compressor  with  14xl2-in.  cylinder  and 
two  receivers   2%xfi   ft.      The   former   has   a    platform    2Hx6   ft. 


one  of  its  trailers  in  dumped  position,  making  a  fill  on  the 
Cleveland  Electric  Ry.  The  cars  are  35%  ft.  long,  the  capacity 
IS  cu.yd.     The  motor  car  weighs  23  tons,  the  trailer  15  tons. 

The  tilting  body  is  divided  into  three  compartments,  each 
with  its  own  side  doors.  Thus  the  contents  of  the  compart- 
ments may  be  discharged  at  different  points,  or  the  entire  load 
discharged  at  once.  The  car  is  mounted  on  trucks  with  26-in. 
wheels. 

The  low  position  of  the  body  is  convenient  for  loading  by 
hand  or  by  steam  shovel.     The  total  height  is  5  ft.  4%  in.,  but 
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PORTABLE    AIR-COMPRE.SSOR    OUTFIT 

and  weighs  about  one  ton.  The  latter  has  a  platform  u^.xlSii 
ft.,  and  weighs  6'/^  tons.  The  plant  is  shown  uncovered,  but 
may  be  fitted  with  a  canopy  roof  or  enclosed  entirely  by  a 
steel  housing  with  removable  panels  in  the  sides  and  ends. 
The  smaller  sizes  may  be  mounted  on  skids  instead  of  wheels. 
The  Chicago  Department  of  Public  Works  has  used  one  of 
these  outfits,  of  80  cu.ft.  capacity,  for  calking  water  mains, 
and  another  of  140  cu.ft.  capacity  on  bridge  repair  work. 
These  plants  are  built  by  the  Zin-Ho  Mfg.  Co.,  of  Chicago. 

Electric   Ounip-Cnr 

A  new  design  of  tilting  dump-car  having  a  low  body  but 
discharging  its  contents  clear  of  the  track  is  built  by  tb.- 
Differential  Car  Co.,  of  Nashville.  Tenn.  This  combination  of 
low  center  of  gravity  and  clear  dumping  is  effected  by  giving 
the  body  a  lateral  or  traversing  movement  on  th>  under- 
frame.  The  inventor  and  designer  is  H.  Fort  Flowers,  of  New 
York. 

The  car  Is  intended  specially  for  street  and  electric-railway 
work,  and  its  mechanism  is  electrically  operated.  It  is  so 
designed  that  when  dumped  from  track  below  street  paving 
(in  the  trench  opened  for  track  reconstruction)  the  pile  of 
material  will  stand  clear  of  the  trench.  With  the  track  in 
normal  position  at  the  street  level,  the  edge  of  the  pile  of 
material  is  about  12  in.  from  the  rail. 

When  delivering  material  for  ballasting  or  concrete  the 
car  usually  moves  forward  while  being  dumped,  in  order  to 
dl3'  ribute  the  material  in  required  proportion.    Tlie  view  shows 


75%  of  the  loading  may  be  done  with  the  side  doors  raised, 
and  the  material  shoveled  directly  onto  the  floor,  which  is 
only  3  ft.  6  in.  above  the  rail.  With  the  doors  closed,  the  body 
may  be  partly  tilted  to  make  the  loading  more  convenient. 
In  full  tilted  position,  at  an  angle  of  45°,  the  top  of  the  side 
is  only  2  ft.  6  in.  above  the  rail. 

The  shifting  and  dumping  ot  the  body  can  be  done  in  17 
sec.  The  traversing  mechanism  includes  a  motor-driven  worm 
shaft,  a  worm  wheel  and  chain  drum  and  chains  going  over 
sheaves  on  each  side  of  the  body  and  joining  at  a  center  an- 
chor pin. 

Po«er-<>perated  Diaphrag-ni  Pump 

The  contractors'  portable  pumping  outflt  shown  in  the 
accompanying  view  has  a  diaphragm  pump  and  gasoline  en- 
gine mounted  on  a  truck  and  weighs  complete  about  725  lb. 
The  pump  has  a  3-in.  diaphragm  and  guides  on  the  piston  rod 
insure  vertical  motion,  thus  eliminating  side  strains  on  the 
diaphragm.  The  horizontal  engine,  with  cylinder  3?;ix5  in.,  is 
rated  at  l\t,  hp.  It  runs  normally  at  500  r.p.m.  and  is  double- 
geared  to  the  shaft  from  w'.-.ich  the  pump  rod  is  operated, 
the  gearing  being  such  as  to  give   60  strokes   per  minute  on 


PORTABLE    DIAPHRAGM-PUMP    OUTFIT 

the  pump.  The  engine  speed  can  be  reduced  by  means  of  a 
speed-changing  device.  An  oscillating  magneto  is  used,  no 
batteries  being  required.  The  outflt  is  said  to  be  capable  of 
handling  3,000  to  4.500  gal.  per  hr.  (depending  on  conditions 
of  working)  at  a  cost  of  3c.  per  hr.  Its  overall  size  Is  63x24 
in.,  with  a  height  of  38 li  In.  The  builders  are  D.  A.  Hinman 
&  Co.,  of  Sandwich,  111. 
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Luton,  with  'a  population  of  60,000,  is  an  industrial 
town  situated  some  30  mi.  due  north  of  London.  The 
-taple  industry  is  the  manufacture  of  straw  and  felt  hats. 
There  are  also  a  number  of  industrial  engineerinj;;  works. 

Some  six  or  seven  years  ago  it  became  evident  to  the 
duthorities  of  Luton  that  the  existing  means  of  dealing 
,  with  sewage  of  the  borough  were  inadequate  and  un- 
satisfactory, and  steps  were  taken  to  put  this  municipal 
service  upon  a  better  footing.  After  an  investigation 
2>:tending  over  a  period  of  two  years  it  was  decided  to 
idopt  a  scheme,  prepared  by  the  Borough  Engineer,  tliat 


Luton,  a  large  quantity  of  Water  is  taken  for  the  supjiiy 
of  drinking  water  to  the  northern  parts  of  London. 

Ho  far  as  the  filter  beds  are  concerned,  there  is  but 
little  to  distinguish  the  works  at  Luton  from  a  large 
number  of  others;  the  shallow  lagoons  for  the  exposure 
of  the  effluent  immediately  before  discharge  into  the 
river  are,  perhaps,  an  unusual  feature  and  have  Justified 
themselves  in  quite  a  marked  degree  in  working,  but 
the  settling  tanks  adopted  arc  of  unusual  design. 

At  the  ])n's('nt  time  li\c  of  these  tanks  have  been  con- 
siructi'd — three  lor  the  primarv  settlement  of  the  sewage 
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included  tank  settlement  and  double  bacterial  filtration 
followed  by  exposure  in  large  shallow  lagoons  before  dis- 
i-harge  to  the  river. 

The  consideration  given  to  the  question  was  particular- 
ly thorough  and  careful  in  view  of  the  fact  that  the 
only  possible  discbarge  for  the  final  effluent  was  into 
the  River  Lea,  from  which   river,   some   30   mi.   below 

•Borough  Engineer  and  Surveyor,  Luton,  England. 


as  it  is  delivered  l)y  the  pum]is  after  no  further  treat- 
ment than  passing  through  a  i^-in.  screen,  and  two  for 
the  settlement  of  llu-  effluent  from  the  primary  set  of 
filter  beds  so  as  to  eliminate  all  solid  matters  before  it 
j)asses  onto  the  .secondary  .set  of  filter  beds. 

The  tanks  for  tlie  two  varieties  of  duty  are  not 
identical  in  design,  the  secondary  tanks  being  smaller 
and  simpler  in  type,  but  the  main  features  are  similar 
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i!Dd  it  will  be  sufReient  if  one  of  the  larger  tanks  is 
described  in  detail. 

The  governing  object  of  de^iign  was  to  sei^arate  as 
quickly  as  possible  the  sludge  deposited  by  the  sewage 
from  the  main  flow  of  the  liquid  so  as  to  carry  out  the 
settlement  continuously  without  septic  action  being  set 
up. 

The  tank  (Figs.  1  and  2)  has  an  outside  diameter 
of  65  ft.  and  a  maximum  depth  of  27  ft.  5  in.  At  the 
center  is  a  sludge  well,  9  ft.  in  diameter,  which  contains 
no  sewage   during  working,   extending  below  the  other 
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compartments  of  the  tank,  into  whicli,  by  means  of  valves, 
it  is  possible  to  discbarge  sludge  from  any  chamber. 
Around  this  central  sludge  well  is  a  series  of  nine 
chambers  arranged  in  three  annular  rings  and  divided 
from  one  another  by  radial  and  annular  walls.  The 
chamber  adjoining  the  sludge  wall  is  only  5  ft.  in  radial 
width,  and  extends  for  the  full  circle  around  the  sludge 
well.  The  two  rings  of  chambers  outside  this  are 
separated  by  a  cinndar  wall  that  is  vertical  for  a  distance 
of  9  ft.  dowTi  from  the  top  and  then  inclines  outward 
at  an  angle  of  45°.  At  the  point  where  this  wall  reaches 
the  outride  wall  of  the  tank  there  are  a  .«eries  of  open- 
ings through  which  the  .sewage  can  iwss  from  the  outer 
chamber  to  the  inner  one.  These  cluunbers  are  of  un- 
equal size,  measured  circumferentially.  the  one  into  which 
the  sewage  first  enters  being  .smallest  and  the  size  iiicivas- 
ing  so  that  the  last  chamber  is  more  than  twice  the  size 
of  the  first  one.     The  radial  division  walls  are  for  the 


most  part  hollow  and  form  channels  or  trunks  through 
which  the  sewage  flows  from  the  surface  of  one  chamber 
to  a  point  near  the  bottom  of  the  next. 

The  sewage  enters  the  smallest  of  the  outer  chambers 
of  the  tank  some  10  ft.  below  water  level.  From  this 
chamber  a  proportion  of  the  flow  passes  over  a  weir, 
down  a  trunk  in  the  adjoining  radial  wall,  and  is  de- 
livered well  under  water  level  into  the  next  outer 
chamber.  The  remainder  of  the  flow  passes  through  the 
openings  at  the  bottom  of  the  circular  division  wall  into 
the  inner  chamber  and  subsequently  overflowing  a  weir 
on  the  wall  of  that  chamber  it  passes 
down  a  trunk  in  the  radial  wall, 
unites  with  the  overflow  from  the  outer 
chamber  and  is  discharged  into  the 
second  outer  chamber.  In  this  second 
chamber  the  flow  is  similarly  divided, 
part  passing  directly  forward  and  part 
passing,  as  before,  imder  the  divid- 
ing wall  into  the  inner  chamber.  Also, 
as  before,  the  overflows  from  both 
inner  and  outer  chambers  pass  along 
trunks  in  the  next  radial  wall,  unit- 
ing once  more  and  being  delivered 
into  the  next  oviter  chamber.  The 
same  thing  happens  in  the  tbird.chani- 
ber,  while  in  the  fourth  and  last 
of  the  series,  part  of  the  flow  passes 
directly  from  the  outer  chamber  to 
the  effluent  carrier,  while  the  portion 
from  the  inner  chamber  passes  into 
and  around  the  central  annular  cham- 
ber, joining  the  sludge  well  before 
it  leaves  the  tank.  The  result  of 
this  repeated  division  of  flow  is  that 
all  solids  deposited  in  the  outer  cham- 
bers are  carried  promptly  forward 
by  the  flow  into  the  inner  chambers, 
which  are  deeper,  and  in  the  floors  of 
which  are  situated,  at  convenient  dis- 
tances, sumps  for  receiving-  the  sludge. 
The  proportion  of  flow  passing  from 
the  outer  to  the  inner  chambers  is 
regulated  by  the  comparative  lengths 
of  the  weirs  forming  the  outlet  from 
the  two  chambers  and  is  varied  to  suit 
the  probable  quantity  of  sludge  that 
will  be  deposited.  Thus  in  the  first  chamber  one-third 
of  the  flow  passes  to  the  inner  chamber;  in  the  second 
chamber  30% ;  in  the  third  25%,  and  in  the  fourth  20%. 
The  floor  of  the  tank  is  arranged  on  a  ridge-and- 
furrow  principle  carried  out  so  completely  that  tiiere  is 
no  portion  of  it  that  does  not  incline  at  an  angle  of 
45°  at  least  with  the  horizontal.  In  consequence  of  this 
method  of  flooring,  the  sludge  deposit  quickly  finds  its 
way  into  the  several  sludge  sumps  in  the  floor  of  the 
inner  chambers. 

These  sludge  sumps  are  connected  by!9-  or  6-in.  pipes 
with  the  sludge  well  into  which  the  sludge  is  forcibly 
discharged  when  one  of  the  valves  in  the  sludge  well  is 
opened. 

To  aid  the  collection  and  settlement  of  flocculent 
matter,  vertical  wooden  grids  or  coUoidors  (see  Figs.  1, 
2  and  :i )  arc  li.xcd  in  the  .second,  third  and  fourth 
outer  chambers  and  in  the  cluunber  next  the  sludge  well. 
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These  orids  are  formed  of  2xli/2-in.  slats  suspended  from 
a  joist  crossing  the  chamber  in  a  radial  direction.  The 
suspended  matter  strikes  these  rods  and  forms  a  slimy 
deposit  on  them  that  in  a  short  time  slips  off  in  pieces 
laro-e  enough  to  settle  readily.  The  grids  are  wholly 
under  water.  They  are  fixed  in  groups  of  five,  13  in. 
c.  to  c,  and  the  groups  are  spaced  about  3  ft.  apart. 

In  each  compartment  a  wooden  scum  board  is  fixed 
ill  front  of  the  overflow  weir. 

The  sludge  that  is  drawn  oft'  into  the  sludge  well  from 
the  sludge  sumps  in  the  difterent  chambers  of  the  tank 
pa.sses  from  thence  by  gravitation  along  a  9-in.  outlet 
pipe  to  a  100-gal.  (Imp.)  automatic  ejector,  operated  Ity 
compressed  air,  by  means  of  which  it  is  raised  onto  the 
surface  of  the  land  at  some  distance  from  the  tanks, 
where  it  is  dealt  with.  The  air  compressor  is  motor 
driven. 

There  is  thus  no  need  to  empty  tiie  tank  after  it 
commences  work  and  its  operation  is  continuous.  As  a 
matter  of  fact,  three  of  the  tanks  at  Luton  have  been 
in  operation  for  five  years,  during  which  time  they  have 
never  been  emptied  and  they  work  quite  as  efficiently 
now  as  ever. 

Each  of  the  primary  tanks  at  Luton  has  a  capacity 
of  260,000  gal.  (Imp.),  and  two  sucli  tanks  deal  quite 
efficiently  with  a  daily  flow  of  1,500,000  gal.   (Imp.). 

The  tanks  are  constructed  of  reinforced  concrete 
throughout.  The  outer  wall  is  7  in.  in  thickne.-^s,  the 
wall  round  the  central  sludge  well  6  in.  tliick  and  the 
other  walls  mainly  5  in.     The  reinforcement  is  square 


indcnte<l  steel  bars,  the  sizes  used  being  14,  I/2,  %  and 
%  in.  The  vertical  reinforcement  is  of  %-in.  bars 
throughout,  about  18  in.  c.  to  c.  The  horizontal  rein- 
forcement, 6  to  !•  in.  c.  to  c,  varies  in  size  from  Vj  to 
%  in.  according  tu  deptli.  size  of  circle  and  weight  to 
be  carried.  The  cducrete  used  was  mixed  in  the  propor- 
tion of  (I  to  1.  the  cement  being  of  British  standard 
quality  and  tlie  aggregate  consisting  of  50%  %-in. 
Leicestershire  granite  chips,  25%  l^-in.  chips  of  the 
same  material   and   25^^    of  coarse  local  sand. 

The  eartli  was  excavated  to  the  configuration  of  the 
lloor  of  tlic  Uiwk  and  the  (i-in.  concrete  floor  laid.  The 
outside  and  two  iniierniost  circular  walls  were  then  con- 
.-tructed,  the  same  forms  being  used  several  times  over; 
the  radial  walls  were  next  formed  and  finally  the  shaped 
circular  wall  dividing  the  outer  and  inner  chambers. 
When  the  boarding  was  removed  any  projecting  ridges 
on  the  concrete  were  dressed  off,  the  surface  brushed  over 
with  a  wash  of  neat  cement  and  then  plastered. 

The  workmen  employed  were  not  skilled.  None  of 
them  had  had  any  previous  experience  with  reinforced- 
concrete  work  and  yet  ikj  trouble  was  experienced  in 
oljtaining  a  thoroughly  sound  job,  quite  water-tight  at 
the  somewhat  considerable  pressure  that  occurs. 

The  eflicienty  of  the  design  may  be  gathered  from 
the  following  analysis  of  representative  sewage  and  tank 
effluent,  the  sam]jles  being  obtained  by  adding  together 
equal  quantities  taken  each  hour  for  24  consecutive  hours. 

, Parts  per   100,000 , 

, .Solids ,  , — Nitrogen — ^      Oxygen 

In  Sus-    In  So-  Chlor-      Am-         Al-      Absorbed 

pension   lution       ine      nioniac  bumin      in  4  Hr. 

7  117. t        14.6  5.75  0.95  8.1 

3  111  13.5  5.S  0.2S  4.9 


c/- 


iii    the    suspeiRJed 
nitrogen — a   very 
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This  shows  a  reduction  of  ill 
solids  and  of  "tO'/',  in  (be  albumin 
good  result. 

The  crude  s<'wage  is  generally  colored  by  dye  waste, 
often  to  a  vi\id  degree,  and  the  tank  effluent  in  con- 
sequence is  usually  of  a  somewhat  yellowish  tint. 

The  cost  of  operating  the  tanks  is  very  small,  being 
confined  to  the  cost  of  the  daily  removal  of  the  sludge. 
With  electrical  current  available  at  Id.  per  unit  the  run- 
ning costs,  including  man's  time,  are  about  8  shillings 
($2)  per  week  ])er  tank. 

The  original  cost  of  the  tanks  is  very  small  compared 

with    the    flow   of   sewage   they   will    treat.      Tims    two 

M-imary  tanks  actually  cost  £3,105  or  $16,550  (including 

;itentee's  fees)  and  deal  with  a  flow  of  1,500,000  Imp. 

;d.  or  1,800,000   IT.   S.  gal.,  which  is  equal  to  a  cost 

f  £2,270  per  1,000.000  Imp.  gal.,  or  about  $9,200  per 

!  .000,000  gal.  per  21  hr. 

The  sludge-lifting  plant,  comprising  electrically  driven 

ir  compressor,  pipe  lines,  two  automatic  ejectors,  chani- 

rs,  engine  house,  etc.,  cost  £1,409,  or  $6,850,  and  this 

ilant  is  capable  of  dealing  with  double  the  present  num- 

licr  of  tanks. 

The  design  of  the  tank  has.  been  ])atented  and  the 
hoklor  of  the  patent  is  the  Hydrolytic  Tank  Conslruction 
Co.,  16  Victoria.  St.,  London,  S.  W.,  England. 

;« 

An  IrrlmiUoii  Syxlem  for  the  Reeves  County  Irrigation 
Iiistrict  No.  1,  Halniorhea,  Tex..  Is  to  be  built.  Bids  will  be 
r.celvcd  June  24  for  a  diversion  dnm,  two  earth  storage  dams, 
,Md  canals.  There  will  be  about  180,000  cu.yd.  of  excavation. 
1S5,000  cu.yd.  of  embankment,  22,000  sq.yd.  of  dry  paving  and 
4,000  cu.yd.  of  concrete.  V.  L.  Sullivan  In  engineer  and  W. 
"VV.  Stewart  is  Secretary  of  the  district. 
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SYNOPSIS — Methods  of  roiitrolUiKj  imicr  in- 
flow while  placing  ronrrete  linimj  and  of  (/routing 
to  stop  subseqtient  leaks  are  described.  Sequence 
of  placing  concrete  lining  is  given;  also  method 
of  controlling  water  by  pans  and  piping  and  at 
worst  place  by  steel  lining  to  convey  water  to  a 
drainage  sump.     Cost   fignrrs  are  presented. 

The  concrete  lining  of  that  portion  of  the  city  tnnnol 
between  shafts  23  and  2  i-,  a  part  of  the  Catskill  Aqueduct 
located  in  Brooklyn,  is  of  interest  because  of  the  amount 
of  water  inflow  through  the  rock.     It  is  believed  that  the 
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FIG.   1.     SKETCH  .SHOWING  CO.NSTRUCTION  JCHNTS   IN 
COXCHETE    LINING    OF    TUNNEL 

methods  used  and  the  results  olitaini'd  in  handling  the 
water  while  the  concrete  was  being  placed  and  in  closing 
off  this  water  by  grouting  are  worthy  of  notice. 

The  portion  of  tunnel  considered  here  is  3,600  ft. 
long  and  11  ft.  fini.^hed  diameter.  The  rock  encoun- 
tered in  sinking  the  shafts  and  in  driving  the  tunnels 
is  known  as  granodiorite,  being  a  .somewhat  similar  for- 
mation to  the  gneiss.  Tn  shaft  23  and  for  the  first  600 
ft.  of  tunnel  leading  therefrom  the  rock  was  sound  and 
dry,  but  in  shaft  24  and  the  remainder  of  the  tunnel  fre- 
quent seams  and  crushed  areas  were  encountered.  From 
these  seams  and  crushed  areas  water  flowed,  the  leaks 
being  numerous  and  varying  from  very  slight  seepage  to 
a  maximum  of  240  g.p.m.  (gallons  per  minute)  from 
a  seam  in  shaft  24  and  a  maximum  of  600  g.p.m.  from 
one  in  the  tunnel  near  shaft  23. 

The  elevation  of  the  finished  invert  of  the  tunnel  is 
— 269,  the  .surface  of  the  overlying  rock  varying  from 
— 73  to  — 105  and  the  ground  water  level  — 5.  The 
water  flowing  into  the  tunnel  was  therefore  under  a  head 
of  264  ft.,  or  about  114  lb.  pressure  per  square  inch. 

•Assistant    Engineer.    Board    of    Water-Supply,    New    York 


The  maximum  leakage  recorded  for  the  tunnels  durinp; 
the  driving  was  600  g.p.m.,  this  coming  from  one  seam. 
The  leakage  from  the  entire  tunnel,  upon  completion  of 
driving,  amounted  to  only  475  g.p.m.,  although  num- 
erous large  and  small  leaks  were  encountered,  the  reduc- 
tion being  due  to  silting;  the  600-g.p.m.  flow  having 
reduced  to  about  300  g.p.m.  is  an  example.  This  leak- 
age was  further  reduced  to  440  g.p.m.  when  the  concrete 
lining  had  been  completed. 

The  tunnels  are  lined  with  1:11^:3  concrete,  which 
has  a  minimum  thickness  of  15  in.  with  an  average  thick- 
ness of  2  ft.  The  lining  was  placed  in  four  steps  (Fig. 
1 ) ,  as  follows :  The  invert,  4  ft.  wide,  was  laid  in 
stretches  of  about  200  ft. ;  the  sidewalls  were  placed  in 
60-ft.  stretches;  the  arch  was  placed  in  60-ft.  stretches: 
and  the  key,  at  the  back  end  of  the  form,  was  a  con- 
tinuation of  placing  the  arch  concrete.  This  key  wa,< 
generally  completed  6  hr.  after  finishing  of  the  thin! 
step. 

In  the  longitudinal  joints  no  means  were  taken  to  in- 
sure tightness  other  than  removing  the  laitance  and  fin- 
ishing the  surface,  when  forms  were  not  used,  with  a 
wooden  float  or  cement  bag.  In  the  transverse  joints  a 
key  lilock  made  of  short  pieces  of  4x4-in.  timbers,  bev- 
eled, \\'as  placed  8  in.  or  more  from  the  face.  It  is 
doubtful  if  the  key  formed  by  these  blocks  has  proved 
to  be  of  any  benefit.- 

Upon  the  removal  of  the  forms  transverse  contraction 
cracks  develoj-ied,  there  being  one  or  two  in  each  (iO-ft. 
section.  These  cracks  generally  encircled  the  tunnel,  in- 
cluding the  invert. 

The  lining,  so  far  as  the  body  of  the  concrete  was  con- 
cerned, was  tight;  but  there  were  numerous  small  leaks 
and  seepage  from  the  key  joints,  the  transverse  joints 
and  particularly  from  the  contraction  cracks. 

The  handling  of  the  water  in  shaft  24  was  done  in  a 
somewhat  different  way  and  at  a  different  time  from  that 
in  the  tunnel,  so  will  be  considered  separately.  Little 
trouble  was  encountered  in  handling  the  water  in  the 
shaft,  except  in  one  stretch  of  40  ft.,  where  one  leak 
gave  a  flow  of  240  g.p.m. 

The  shaft,  which  is  circular  and  varies  from  16  to 
18  ft.  finished  diameter,  was  sunk,  lined  and  grouted  in 
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Throughout  this  stretch  the  leakage  was  chiefly  below  the  springing  line  mere  arch  was  dr:j  no  plates  were  used  and 
concrete  was  placed  out  to  the  rock  In  a  few  cases  a  iey  plate  was  placed  but  usually  the  key  was  concreted 
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1-  Position  of  pump  when  invert  was  placed.  Suction  through  7 

wrought  iron  pipe;  discharge  info  drain  alongside  the  invert. 
Z-Pump  in  position  to  allow  forms  to  pass.  Steel  riveted  pipe 

connected  to  suction  and  carried  ISO' down  the  tunnel 

Discharge  as  in  no.  1 . 
Z-8-oteel  riveted  pipe  concreted  into  side  wall.  Pump  picxced 

on  platform  above  sump  Suction  from  7'  pipe  in  invert. 

Discharge  as  shown. 


FI';.  3.    CORRUGATRD  STKEI.  LININi;  AND  AltUANGF.MKNT  OI- 

stretches  not  cxct'cdiiifr  100  It.  Duiinj:  tlic  siiikiiif,' 
numerous  small  scams  were  eiifoiiiilercd  which  Howcd 
water,  hut  hecame  dry  as  seams  helow  were  reached  by 
the  excavation,  until  at  El.  — 221  a  seam  which  evi- 
dently fed  those  ahove  was  encountered.  Tlie  water  from 
Ihis  seam  flooded  the  shaft,  requiring  the  installation  of 
ja  large  pumping  plant  to  reclaim  it.  This  water  had 
lieen  reached  hy  a  drill  hole  passing  through  about  5 
'ft.  of  sound  rock.  AAlien  the  shaft  had  been  emptied, 
'this  hole   was   fitted    with    a    pipe    and    valve,   and    a 
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series  of  iioies  encircling  the  shaft  was  drilled  through 
to  the  water.  Through  i)ii)cs  titted  in  these  holes  5.") 
cu.yd.  of  liquid  grout  was  forced.  The  grouting  of  this 
seam  caused  the  water  to  rise  in  the  rock  and  How  from 
snuillcr  seams  above,  so  while  waiting  for  this  grout  to 
harden  an  effort  was  made  to  close  the  scams  above.  This 
was  done  by  drilling  holes  in  the  seams,  into  which  grout 
under  low  pressure  was  forced,  wedges  of  soft  wood  being 
driven  into  the  seams  where  necessary  to  prevent  the 
grout  from  escaping  into  the  shaft.     Two  cubic  yards  of 
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grout  •was  used,  reducing  the  leakage  from  50  to  15 
g.p.m. 

Upon  resuming  excavation  it  was  found  that  the  seam 
which  gave  the  large  flow  had  been  successfully  grouted 
and  gave  no  trouble;  but  after  the  seams  above  were 
closed,  the  rock  scaled  so  badly  that  it  was  necessary  to 
suspend  sinking  and  place  the  lining.  The  water  re- 
maining was  handled  through  the  concrete  and  later 
grouted  by  the  same  methods  as  described  for  the  tunnel. 

In  handling  the  water  in  the  tunnel,  wherever  possible 
any  flow  of  2  or  3  g.p.m.  or  more  was  collected  into  a 
deep-seated  pipe  and  led  through  an  opening  in  the 
form.  Where  smaller  flows  or  general  seepage  was  en- 
countered and  in  connection  with  the  deep-seated  pipes, 
drip  pans  were  used  to  collect  the  water,  which  was  led 
from  the  pans  through  the  forms  by  pipes  (Fig.  2). 

The  pans  consisted  of  sheets  of  Xo.  24-gage  black 
iron  cut  to  the  desired  size.  The  area  to  l)e  panned  was 
outlined,  and  1-in.  holes  were  drilled  about  15  in.  apart 
into  the  rock,  the  holes  being  2  in.  deep.     Wooden  plugs 


each  end  of  the  60-ft.  section,  the  location  selected  bein" 
alternate  places  of  low  and  high  breakage.  An  unusual 
roof  breakage  was  taken  care  of  with  a  separate  pipe. 

All  pipes  were  2  in.  in  diameter  and,  when  possible, 
straight,  this  being  desirable  as  it  is  frequently  necessary 
to  clean  out  a  pipe  while  grouting.  In  the  3,600  ft.  of 
tunnel  there  were  placed  215  pans  and  781  pipes. 

One  section  of  the  tunnel  near  shaft  23  (Sta.  5,761  -f- 
00  to  Sta.  5,761  +  89)  flowed  a  large  amount  of  water, 
600  g.p.m.,  when  first  encountered.  It  was  therefore  de- 
cided to  use  a  special  construction  rather  than  take  the 
risk  of  damaging  the  green  concrete,  should  drip  pans 
be  relied  upon.     This  construction  is  shown  by  Fig.  3. 

In  this  case  the  steel  lining  may  be  considered  as  a 
large  drip  pan  attached  to  the  metal  ribs  instead  of  to 
the  rock,  tlie  water  being  led  down  to  the  drain  and  the 
sump  instead  of  being  carried  through  the  forms  and 
the  i^lates,  and  dry  packing  being  jilaced  only  where 
there  was  leakage  to  be  handled,  over  about  60%  of  the 
area.     The  steel  shell  lining  was  extremely  light,  being 
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Fig:.  4 — Looking  north.  Near  view  of  carriage  and  water  flowing  from  deep-seated  grout  pipes.  Low-pressure  grouting 
completed.  Note  water  discharging  from  pipes.  Fig.  5 — Looking  south.  Front  of  car  in  distance  and  connection  to 
invert  pipe  in   foreground,  showing  method   of   cleaning   liigh-pressure   connections.      High-pressure   grouting   completed 


were  driven  into  these  flush  with  the  rock  face.  The 
sheet  iron  was  nailed  to  the  plugs,  the  edges  calked  with 
oakum  and  plastered  with  cement  or  plaster  of  paris. 
The  precautions  of  calking  and  plastering  were  taken 
to  prevent  the  mortar  from  the  concrete  from  getting 
behind  the  pan.  The  pans  varied  in  size  from  one  of 
■1  or  5  sq.ft.  to  a  maximum  of  150  sq.ft.  A^liere  possible, 
several  small  pans  rather  than  one  large  one  were  used, 
thereby  lessening  the  liability  of  damaging  the  concrete 
when  placing  the  high-pressure  grout.  The  pans  were 
generally  fitted  with  two  pipes — one  at  the  bottom  to 
handle  the  water  and  later  to  take  the  grout,  the  other 
near  the  top  as  a  vent  to  aid  the  circulation  of  the  grout 
in  the  pan.  A  few  small  pans  were  connected  to  only 
one  pipe,  and  in  one  instance  a  long  narrow  pan,  follow- 
ing a  seam,  had  10  pipes.  The  pans  were  generally  made 
to  conform  with  the  rock  surface ;  but  in  some  instances, 
in  order  to  protect  the  metal  from  sharp  edges  of  rock, 
or  when  a  large  amount  of  water  was  to  be  handled, 
they  were  partly  filled  with  crushed  stone.  Much  atten- 
tion was  given  to  the  pans,  and  this  care  was  justified 
when  it  is  considered  tliat  the  plugging  of  a  pipe  may 
mean  the  escape  of  the  water  into  the  green  concrete  and 
the  possible  removal  and  replacing  of  several  cubic  yards 
of  porous  concrete. 

In  the  roof,  to  take  care  of  the  shrinkage  of  the  con- 
crete, key  pipes  were  placed,  generally  about  10  ft.  from 


designed  neither  to  carry  any  strains  nor  to  act  as  rein- 
forcement. 

The  plant  used  in  grouting  consisted  of  two  CannitF 
machines  connected  in  series  and  two  air  compressors 
capable  of  raising  the  pressure  from  100  to  350  lb.  per 
square  inch,  placed  on  a  small  flat-car  with  a  trailer, 
upon  which  the  material  was  stored  and  the  machine.* 
charged.  Air  was  furnished  through  a  4-in.  pipe  line 
at  90-lb.  pressure.  A  2-in.  line  connected  to  the  dis- 
charge pipe  of  the  tunnel  pumps  furnished  the  water. 
Fig.  4  shows  the  grouting  carriage  near-by,  and  Fig.  5 
farther  removed,  at  two  different  stages  of  the  work. 

Beginning  in  the  tunnel  at  the  foot  of  shaft  24,  grout 
consisting  of  one  bag  of  cement  and  an  equal  volume  of 
beach  sand  with  8  gal.  of  water  (this  being  equal  to  2^ 
cu.ft.  of  liquid  grout  or  1.66  cu.ft.  of  solid)  was  forced 
into  the  key  pipes  under  pressure  not  exceeding  90  lb. 
until  the  pipe  refused  to  take  more  or  until  the  grout 
had  moved  along  the  tunnel  for  250  or  300  ft.,  all  of 
the  valves  on  the  key  pipes  and  a  number  of  the  pan 
pipes  above  the  springing  line  having  beeen  closed  as 
grout  began  to  flow  from  them. 

This  step,  called  the  low-pressure  grouting,  was  in- 
tended to  fill  the  void  between  the  concrete  and  the  rock 
surface  of  the  roof  caused  by  the  shrinkage  and  settle- 
ment of  the  concrete,  as  well  as  to  confine  the  grout 
placed  later  under  high  pressure.     As  the  tendency  of  the 
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-rout  i^  to  settle  in  the  low  places,  leaviiiij  voids  where 
tlie  roof  is  high,  the  Ions;  pipes  were  ek'aned  out,  after 
the  grout  had  hegun  to  stiffen  and  before  it  had  set, 
for  future  connections. 

Sixteen  hours  after  the  lo'\\-pre.?sure  grout  had  been 
placed,  all  valves  were  opened  and  any  pipes  showing 
leakage  or  any  deep-seated  pipes  not  previously  opened 
were  drilled  out  for  high-pressure  connection.  The  low- 
pressure  grouting  was  a  continuous  operation,  a  three- 
shift  organization  being  used,  and  was  completed  before 
any  high-pressure  work  was  started.  The  grout  circulated 
along  the  roof  so  freely  that  connections  to  the  key  pipes, 
lor  the  low-pressun;  work,  were  necessary  only  at  inter- 
vals of  from  150  to  200  ft.  There  were  placed  in  this 
step  4,878  batches,  which  represents  2.193  cu.ft.  of  solid 
grout  per  linear  foot  of  tunnel. 

In  the  high-pressure  work  a  neat  cement  grout  con- 
sisting of  one  bag  of  cement  to  6  gal.  of  water,  making 
1.4  cu.ft.  of  liquid  grout,  was  used  and  was  forced  in 
under  a  pressure  of  300  lb.  per  square  inch,  the  pres- 
sure being  maintained  for  about  6  min.  after  the  grout 
,  had  ceased  to  flow,  this  being  the  time  found  necessary 
11  plug  or  dry  out  the  grout  in  the  pi])e.  By  using  a 
blowoii  near  the  valve  the  liability  of  plugging  the  hose 
was  removed.  Connections  were  made  to  the  lower  ]jan 
pipes,  all  upper  pipes  being  closed  upon  their  venting 
grout.  Later,  before  the  grout  in  the  upper  pipes  had 
set,  connections  were  made  to  them,  as  it  was  found  in 
Most  instances  that  those  pipes  would  not  be  entirely 
filled,  due  to  the  presence  of  the  water  contained  in 
the  grout,  the  air  being  unable  to  drive  it  away. 

The  deep-seated  pipes  (in  the  seams  which  had  been 
making  water  during  the  low-pressure  work)  were  con- 
nected to  and  were  grouted  after  the  local  pan  pipes 
iiad  been  plugged.  Generally  only  enough  grout  to  fill 
the  void  fonned  by  the  pan  could  be  forced  into  the 
tiipes,  except  the  deep-seated  pipes  and  some  of  those 
lear  the  roof  where  the  grout  had  chance  to  escape  to 
the  roof. 

In  a  few  instances,  due  to  the  tightness  of  the  rock 
ind  consequent  retention  of  air  and  water  in  the  pipes 
or  to  small  leaks  in  the  valves  the  pipes  were  not  suc- 
"epsfully  closed,  but  upon  being  cleaned  out  and  a  con- 
nection maintained  from  10  to  15  min.  they  would  be 
found  to  be  closed  upon  the  removal  of  the  valves. 

The  greatest  difficulty  encountered  was  in  closing  oil 
he  water  coming  through  the  contraction  cracks  above 
:he  springing  line.  These  cracks  generally  flowed  grout 
frpely  during  the  low-pressure  grouting,  but  would  close, 
'.T."tly  opening  again,  after  the  grout  hardened.  As  these 
'-■racks  were  not  necessarily  convenient  to  the  pipe  placed 
for  other  conditions,  there  were  a  few  cases  where  the 
high-pressure  grouting  could  not  reach  them  and  they 
i-'ontinued  to  leak:  but  when  near  a  key  or  pan  pipe,  the 
leakage  was  cut  off  without  trouble.  A  few  of  the  worst 
iif  these  leaks  were  selected  for  cx])eriment.  The  cracks 
were  drilled  into,  pipes  placcil  and  grouted,  the  result 
in  each  instance  being  satisfactory.  The  remaining  leaks 
were  so  .small  that  the  conditions  would  not  justify  the 
time  or  expense  to  close  thcni.  Tlie  leakage  from  these 
'^eams  is  decreasing  through  siltage,  it  is  supposed. 

The  grouting  in  the  stretch  in  which  the  special  con- 
[struction  was  used  was  not  begun  until  all  other  grout- 
ing had  been  comfiieted.  After  a  careful  study  of  tiic 
ispecial  conditions  existing,  the  following  operations  were 


carried  out:  Threi'  key  jiijies  at  each  end  lieyond  tlv 
stretch  were  left  open  as  vent  pijjcs  during  ihe  last  step 
of  the  low-i)ressure  gnmting;  all  jiipes  below  the  s])rinu- 
ing  line  except  the  deep-seated  ])iiies  were  closed;  the 
pipes  at  and  above  the  springing  line  were  left  open; 
the  first  connection  was  made  to  the  pi))e  at  the  u|)|)er 
end  of  the  drain,  and  when  this  refused  grout  under  150- 
Ib.  pressiire  the  next  pijie  in  the  drain  was  grouted  and 
so  on  until  all  drain  pipes  were  filled :  then  returned 
to  the  upper  end  of  the  drain,  connecting  to  the  pipes 
leading  to  the  dry  packing  in  the  bottom ;  again  return- 
ing, connecting  to  the  springing-line  pipes;  the  last  step 
was  to  connect  the  key  and  deep-seated  pipes,  working 
in  the  opposite  direction,  using  high  pressure. 

In  order  to  keep  down  the  pressure  from  the  outside, 
all  pipes  except  the  invert  pipes  were  left  open  or  opened 
after  the  grout  had  settled.  In  tliis  way  most  of  the 
grout  was  placed  against  a  pressure  of  50  lb.  or  less, 
the  final  reading  of  the  gage  being  90  lb.  when  the  grout- 
ing plugged  the  gage. 

The  method  outlined  gave  results  far  better  than  had 
been  hoped  for.  The  grout  forced  into  the  drain  pipe 
rose  above  the  springing-line  pipes  without  traveling  any 
great  distance  ahead,  a  similar  action  being  noticed  from 
tlie  other  pipes,  the  retained  water  probably  acting  as  a 
cushion,  making  it  as  easy  for  the  grout  to  rise  through 
the  clean  dry  packing  as  to  flow  along  the  bottom  through 
the  packing  filled  with  the  solid  grout. 

The  deep-seated  pipes  and  the  roof  pipes  flowed  grout 
and  had  to  be  closed  when  grouting  was  being  done  in 
a  near-by  pipe,  but  could  be  opened  later.  This  was  a 
great  aid,  as  it  permitted  most  of  the  grovit  to  be  placed 
under  low  pressures,  thus  saving  time  and  insuring  a 
better  circulation  of  the  grout. 

Assuming  that  the  dry  packing  contained  45%  voids, 
it  was  estimated  that  1,350  batclies  would  be  placed  under 
low  pressure.  There  were  actually  placed  1,420.  As 
expected,  the  low-pressure  grouting  did  not  to  any  extent 
reduce  the  flow  of  water,  but  filled  the  voids,  forcing  the 
water  to  the  deep-.seated  pipes. 

It  was  found  upon  opening  the  valves  that  but  few  of 
the  pipes  below  the  key  had  been  plugged  by  the  low- 
pressure  work:  consequently  all  pipes  were  opened  and 
connected  to  under  high  pressure,  several  of  the  invert 
pipes  i-ecpiiiing  a  second  connection.  Altogether,  21" 
batches  were  use<l  in  the  high-pressure  work  on  this 
section. 

This  section  is  now  very  dry,  and  that  it  was  ever  other- 
wise would  not  be  noticed  except  for  the  number  and  the 
I'cgularity  in  the  placing  of  the  pipes.  The  leakage  for 
the  3,(!06  ft  of  tunnel  has  been  reduced  to  (i  g.p.m.  and 
jirobably  could  be  reduced  still  furUier,  should  it  be 
considered  necessary  to  resort  to  calking;  but  as  it  is  ex- 
pected that  silting  will  reduce  this  leakage,  no  attempt 
will   be  made   at  present  to   reduce   it   by   calking. 

To  comjilete  all  of  the  grouting,  9{;  shifts  of  8  hr. 
were  requii-c(l.  The  gangs  were  green  to  this  class  of 
work  and  had  to  be  trained.  Each  gang  consisted  of  one 
foreman  and  seven  men. 

A  total  of  7(5  jow-jiressure  and  521  liigh-pressure  con- 
nections was  made,  taking  578  cu.yd.  of  low-pressure  and 
121  cu.yd.  of  high-pressure  grout.  The  record  for  8  lir. 
was  432  batches  under  low  ])rcssure. 

The  cost  of  the  work  is  de1aile<l  in  the  acconipanyiiig 
table,  shown  on  the  next  page. 
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$1.00  $86.00 

2.50  95.00 


GROUTING    COSTS    IN   TUNNELS    23-N   AND    24-N    FROM 

CONTRACT  67   ESTIMATES 

1,611-Ft.  Tunnel   23-N   Excepting  Wet   Stretch 

Unit  Co.st 

Description  Quantity    Cost    Amount        Total      per  Ft. 

Drilling      lli   -  in. 

holes   or   smaller         .^6  ft. 
Drilling      1%    -   in. 

holes    or    larger.         3S  ft. 
Steel       pipe       for 

grouting    2.1S6  ft.  ..iO      1,093.00  

Connecting       m  a  - 

chines    to    grout 

pipes     468  con.  1.50         702.00  

Sand    for    grout...       119  tons         2.00         239.00  

Mixing    and     plac- 
ing grout    309cu.yd.       6.00      1,854.00  

Portland    cement..       976  bbl.  1.50      1.464.00  

$5,532.00      $3.43 

89-Ft.  Tunnel  23-N — Wet  Stretch  (Sta.  5,761  -1-  00  to  5,761  +  89) 
Drilling      1%    -   in. 

holes   or   smaller         1.00        

Drilling      1%    -   in. 

holes    or   larger.  6  ft.  2.50  15.00  

Steel       pipe       for 

grouting    1S3  ft.  .50  91.50  

Connecting       m  a  - 

chines    to    grout 

pipes    71  con.  1.50         106.50  

Sand  for  grout 80  tons         2.00         160.00  

Mixing     and     plac- 
ing grout    142  cu.yd.      6.00         852.00  

Portland   cement..       407  bbl.  1.50         610.50 


1,835.50     20.62 


1,700-Ft.   Tunnel   24-N 

Drilling      Wi    -   in. 

holes   or   smaller         22  ft.  1.00  22.00 

Drilling      1%    -   in. 

holes    or   larger.  9  ft.  2.50  22.50 

Steel       pipe       for 

grouting   1,445  ft.  .50         722.50 

Connecting  m  a  - 
chines  to  grout 
pipes    327  con.  1.50         490.50 

Sand  for  grout 103  ton.s         2.00         206.00 

Mixing  and  plac- 
ing grout    246  cu.vd.      6.00      1,476.00 

Portland    cement..       767  bbl.  1.50      1,150.50 


4.090.00        2.41 


Total   for  3,400   ft $11,457.50      $3.37 

The  work  described  is  being  carried  out  by  the  Board 
of  AYater-Snpply  of  New  York  City,  of  wliich  J.  Waldo 
Smith  is  chief  engineer.  W.  E.  Spear  is  department  en- 
gineer. City  Aqueduct  Tunnel,  and  James  P.  Sanborn 
was  division  engineer  at  the  close  of  the  work. 

toy  W®^ftIhieB°  B-Qflff"©^^ 
By  Benjamin  C.  Kadel  and  Cleveland  Abbe,  Jk.* 
Discussions  of  a  paper  recently  published  in  an  engi- 
neering journal  show  that  there  is  need  of  a  statement 
by  the  Weather  Bureau  as  to  its  present  position  relative 
to  the  evaporation  work  heretofore  carried  out  under 
the  supervision  of  the  bureau  and  also  as  to  the  bureau's 
present  plans  for  the  conduct  of  work  of  this  character. 
The  results  of  the  extensive  campaign,  popularly 
known  as  the  Salton  Sea  campaign,  carried  on  by  tlic 
Weather  Bureau  from  1907  to  1911,  were  presented  in 
a  preliminary  way  in  various  numbers  of  the  Monlhli/ 
Weather  Bevieiv  of  the  same  ]ieriod ;  but  as  some  ques- 
tions arose  thereafter  as  to  the  basis  of  discussions  used 
at  that  time,  the  publication  of  the  full  re])ort  was 
deferred  until  it  might  be  possible  to  revi,>;e  all  the  work 
thoroughly.  The  original  records  are  intact  and  with- 
out doubt  contain  many  data  of  value.  In  order  that 
this  fund  of  information  might  be  made  available  tlie 
Chief  of  the  Weather  Bureau,  in  February,  1915,  ap- 
pointed Benjamin  C.  Kadel  and  Dr.  Cleveland  Ablie,  Jr., 
a  committee  to  select  the  most  valuable  of  these  data 
and  transcribe  them  for  publication.  This  work  has  gone 
forward  as  rapidly  as  possible,  and  the  data,  in  the  form 
of  a  transcript  of  the  original  observations,  will  be  pub- 
lished in  the  near  future,   probably   in   the   form   oi'  a 

•United  States  Weather  Bureau,  Washington,  D.  C. 


North  Side  of  Stafion 
IZ'-o'-- 


Instrument  Shetter   .^,0  "^  1 
6-9"t1igh-.  '^^  I 


IT 
-'^  8" Rain  '' 

Evaporation  Pan  with 
3  Wooden  Support 

Anemo- 
meter ■■ 
5filt-Well-\ 


Cedar  Posts' 
j  S  long 


6-0- 


Short  Post: 


Wire  Fence, 5' high  -^ 

FIG.  1.     plan  of  STAND- 
ARD evaporation 

STATION 


supplement  to  the  Monthly 
WeatJier  Review.  In  addi- 
tion to  this  preparation  for 
presenting  to  the  public  the 
information  already  in  the 
possession  of  the  Bureau  a 
new  series  of  evaporation 
stations  is  now  being  in- 
stalled at  various  points 
throughout  the  United  States. 
These  stations^  consist  of  an 
outfit  selected  with  the  object 
of  so  standardizing  exposures 
and  instruments  that  a  com- 
parison of  values  of  evap- 
oration in  various  portions 
of  the  country  may  be  pos- 
sible. It  should  be  recog- 
nized that  the  demand  for 
information  concerning  evap- 
oration proceeds  from  widely 
different  interests.  The  engineer  wishes  to  determine 
evaporation  losses  from  lakes,  reservoirs  and  artificial 
supplies  of  water.  The  climatologist  is  interested  in 
the  relative  evaporation  in  different  regions.  The 
botanist,  the  forester,  the  plant  physiologist  and  the 
agriculturist  each  have  still  a  different  interest  in  the 
evaporation — as  for  example,  from  soil  of  whatever 
character  and  condition  of  cultivation,  from  transpira- 
tion, from  vegetation  in  whatever  form  and  stage  of 
growth,  etc.  Thus  far  no  standardized  method  has  been 
evolved  that  permits  determining  exactly  the  data  desired 
for  any  one  of  these  requirements,  much  less  a  scheme 
for  collecting  data  generally  applicable  to  all.  The  plan 
contemplated  by  the  Weather  Bureau  aims  only  to  secure 
data  of  evaporation  under  conditions  that  are  so  nearly 
similar  in  different  localities  as  to  yield  results  havin;; 
a  comparable  value.  As  the  work  progresses  and  as  the 
data   are   examined   and   discusi^ed   in   conjunction  with 


FIG.   2.    evaporation  STATION  AT  ROOSEVELT  l>AM 

observations  with  which  the  measurements  of  evaporation 
will  be  correlated,  it  is  hoped  to  evolve  relations  that  will 
be  of  value  to  the  engineer,  the  forester,  the  plant 
physiologist,  the  botani.'^t  and  the  like. 

Ordinarily  the  observations  will  be  limited  to  measure- 
ments of  evaporation,  supplemented  by  such  meteoro- 
logical observations  as  will  serve  to  identify  the  climate 

'Described  and  illustrated  by  one  of  us  in  "Instructions  for 
the  Installation  and  Operation  of  Class  A  Evaporation  Sta- 
tion.s,"  Circular  L.  Instrument  Division  (Aienjamin  C.  Kaoei. 
Chief),    United    States    Weather    Bureau,     Washington,    D.    »-• 
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f  the  region — that  is,  tlie  climatic  records  will  be  made 
)  harmonize  with  those  made  by  the  cooperative  ob- 
?rvers  of  the  Weatlier  Bureau.  An  anemometer  will  be 
flded  to  the  outfit,,  because  of  the  importance  of  the  wind 
>  a  factor  in  evaporation  measurements. 

Pig.  1  is  a  standard  plan  of  a  complete  observation 
nation.  Class  A,  and  Fig.  2  is  a  view  of  a  station.-  Tlie 
andard  pan  is  a  cylindrical  galvanized-iron  vessel  4 
in  diameter  and  10  in.  deep,  mounted  on  a  skeleton 
amework  just  above  the  surface  of  the  ground.  This 
)Tm  of  evaporating  vessel  is  imdoubtedly  subject  to 
)me  criticism  because  it  is  exposed  to  radiation  from 
m  and  sky,  but  it  appears  to  be  the  most  suitable  form 
hen  due  consideration  is  given  to  the  ease  with  which. 

may  be  cleaned  and  cared  for,  its  security  against 
awarranted  change  in  water  level  due  to  deformation 
id  its  safety  from  insidious  leaks.     The  pan  is  as  large 

can  be  safely  handled  by  one  man. 

A  decided  improvement  in  the  methods  of  measuring 
ater  heights  consists  of  a  heavy-based  still  well  whose 


PIG     3.    EVAPORATING-PAN    STILL.    WELL    WITH 
HOOK  GAGE 

The  hook  gage  is  slightly  below  the  top  of  the  still   well 
and   is  adjustable  by   a   micrometer  screw 

p  forms  a  fixed  point  from  which  measurements  arc 
ade  with  a  hook  gage  adjustable  by  means  of  a 
icronieter  screw  (Pig.  3).  Successive  readings  made  by 
fferent  observers  agree  wthin  two  or  three  tliousandtlis 
an  inch,  even  though  observers  have  never  used  tlie 
igc  before.  This  device,  combining  simplicity  with 
■ecision,  makes  possible  sati.sfactory  measurements  by 
|itrained  men. 

Tfor  an  unidentified  view  supplied  by  the  authors  there  has 
*n  tubstituterl  a  view  from  a  photograph  of  the  station  at 
•  Rooaevelt  dam,  Arizona,  taken  recently  by  a  member  of 
e  editorial   staff   of   "lOngineering   News." — Editor. 


This  simple  fundamental,  known  as  Class  A  station, 
will  be  established  side  by  side  with  floating  pans  or  with 
the  8-ft.  pan  buried  in  the  ground,  vyhicli  is  the  standard 
of  the  Bureau  of  Plant  Industry,  where  opportunities 
occur.  Some  25  stations  are  expected  to  begin  records 
this   year.     These   are   located   throughout   the   country. 


fc^tifla 
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In  the  letting  of  county  briilge  contracts  in  Kansas  it 
has  Ijeen  common  for  the  County  Commissioners  to  adopt 
general  plans  giving  merely  the  span  and  width  with 
general  specifications  for  the  quality  of  materials,  etc., 
and  invite  the  Ijidders  tliemselves  to  submit  detail  plans 
and  specifications  for  the  bridge  which  they  propose  to 
furnish. 

T'ndcr  this  method  of  letting  contracts  the  vendor  of 
patent  bridges  who  could  make  broad  claims  for  the  super- 
iority of  his  designs  has  had  evei'y  advantage.  Pew 
counties  employ  engineers  competent  to  give  advice  on 
the  comparative  merits  of  different  designs  or  even  on  the 
safety  of  a  design.  As  a  result  of  these  conditions  the 
chances  of  real  competition  in  the  lettings  have  been  small. 

The  Supreme  Court  of  Kansas  by  a  recent  decision  has 
swept  aside  this  corrupt  system  of  bridge  lettings  and 
has  ruled  that  the  statute  requiring  all  contracts  to  be 
awarded  on  a  public  letting  to  the  lowest  responsible 
bidder  makes  it  necessary  that  the  plans  and  specifications 
adopted  and  placed  on  file  for  the  inspection  of  bidders 
must,  so  far  as  the  nature  and  character  of  the  proposed 
work  will  admit,  l)e  sufficiently  definite  and  explicit  to 
enable  bidders  to  pi-opare  their  bids  intelligently  on  a 
common  basis.  Purther,  tlie  plans  and  specifications  must 
he  such  that  the  amounts  of  material  required  to  be  used 
may  be  determined  with  reasonable  accuracy  by  all  the 
bidders,  and  this  could  not  be  the  case  if  bids  were  accepted 
on  designs  prepared  by  one  of  the  bidders. 

In  the  case  before  the  court  which  gave  rise  to  this 
decision,  the  ])lans  and  specifications  adopted  by  the  Com- 
mission and  on  which  it  received  bids  did  not  give  the 
thickness  of  the  aivh  I'ing,  the  thickness  of  the  piers,  the 
dimensions  of  the  abutments,  or  the  thickness  of  the  wing 
walls.  The  op|)osite  side  of  the  case  was  conducted  by  a 
company,  which  had  submitted  a  bid  for  a  patent  bridge, 
and  it  contended  tiiat  the.se  dimensions  were  dependent 
on  the  method  of  reinforcing  which  the  successful  bidder 
might  sul)iiiit  with  his  plan. 

In  passing  ujion  this  question  the  Court  citod  a  large 
numi)cr  of  decisions  and  said : 

Authorities  are  practically  unanimous  in  holding  that 
there  can  be  no  active,  intelligent  competition  among  bidders 
unless  plans  and  specifications  are  open  to  inspection  which 
are  sufficiently  explicit  as  to  afford  to  all  bidders  an  equal 
opportunity  to  bid  upon  the  same  project  or  proposition. 

'I'he  Court  riirtliei-  ruled  that  after  a  contract  for  a 
bridge  has  iieen  awai'dcd,  it  cannot  lawfully  be  dianged 
bv  additional  .'^pecilications  furnished  by  the  contractor 
in  whicli  siiiistantial  changes  are  made  from  the  reqiiire- 
iiuMils  on  wliicli  the  otiier  bidders  made  their  estimates. 

'i'he  case  in  (piestion  was  regarded  as  a  test  case  and  was 
brought  by  the  Topeka  Bridge  and  Iron  Co.  against  the 
Hoard  of  County  Commissioners  of  Labette  County,  Kan. 
'J'he  case  for  the  county  was  conducted  by  the  attorney 
gcnei-al  of  the  state  and  tlie  principal  witness  was  Prof. 
W.  S.  Gcai-liarl.  State  Engiiieoi-. 
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SYNOFSL'^ — Ati  analyxiK  of  unpublished  Census 
inaierial  to  show  the  average  rate  at  which  irri- 
gation works  hare  hern  put  in  use.  The  slowness 
witli  which  the  land  in  the  projects  comes  into 
vse  indicates  tliat  sumetliing  must  he  done  to 
liasten  settlement  and  to  aid  settlers  in  getting 
their   lands    under  (  ull irafian. 

It  is  well  known  that  irrigation  enterprises  of  any 
considerable  size  have  been  financial  failures,  almost 
without  exception.  A  comparison  of  the  values  of  un- 
improved arid  land  and  the  values  of  highly  improved 
irrigated  land  shows  a  very  wide  margin  which  has  ap- 
peared to  be  within  the  reach  of  builders  of  irrigation 
works,  but  which  has  so  far  always  eluded  their  grasp. 

iluch  thought  has  been  given  to  the  search  for  the 
icason  for  the  failure  of  promoters  and  builders  of  irri- 
gation works  to  realize  their  dreams.  The  writer,  witli 
many  others,  has  come  to  the  conclusion  that  the  im- 
mediate cause  is  the  slowness  with  which  the  works  built 
are  utilized.  This,  of  course,  is  not  the  fundamental 
cause,  for  there  must  be  sonie  underlying  reason  for  the 
almost  universal  slowness  in  use.  In  this  article  the 
writer  makes  no  attempt  to  get  at  the  fundamental  cause 
Init  he  attempts  to  determine  the  average  rate  at  which 
such  projects  have  been  utilized,  in  the  hope  that  a 
knowledge  of  what  luay  be  expected  in  this  regard  may 
])rove  helpful  in  devising  plans  to  overcome  this  weak- 
ness in  our  plans  for  reclainung  waste  lands. 

With  the  exception  of  tlie  Government  projects  and 
perhaps  a  few  others  built  witliin  the  last  few  years, 
no  reliable  records  of  the  rate  of  extension  of  tim  acreage 
irrigated  under  individual  projects  are  available.  Very 
few  of  the  projects  for  which  records  may  be  had  ha\e 
passed  the  construction  stage  and  consecjuenlly  their 
records  are  of  little  value  for  the  purpose  in  hand.  The 
unpublished  records  of  the  Tliirtccnth  Census  ilo.  Imw- 
cver,  supply  some  information  on  this  siilijcct,  and  thi~ 
article  is  based   on  an  analysis   of   this   Census   niatci'ial. 

What  tiik  Cnxsrs  Kicuuks  Siiow 
The  schedules  used  in  the  special  census  of  irrigation 
called,  among  other  things,  for  the  year  in  which  each 
])roject  was  begim,  the  acreage  included  in  each  project, 
arul  the  acreage  which  was  irrigated  in  190!)  on  each  proj- 
ect. It  is  apparent  that  this  will  show  for  each  project  its 
age  and  the  extent  to  which  the  acreage  under  it  had  been 
placed  under  irrigation  in  190!).  Not  all  of  the  schedules 
were  completely  filled  out,  imt  in  the  preparation  of 
Ibis  paper  all  projects  for  which  the  necessary  informa- 
tion was  given  have  been  tabulated  in  such  a  way  as 
to  show  age  and  percentage  of  acreage  in  projects  which 
were  irrigated  in  1909.  All  projects  have  then  been  seg- 
regated into  age  groups  and  the  ])ercentage  of  the  total 
acreage  in  each  age  grouj)  which  was  irrigated  in  1909 

•Clu'vy  Cha.se.  Mil.:  foirru'ilv  Special  AKftit  in  Charge  of 
Inination,    Uureau  of   the   I'tiisus.    Washingiton,    1).   C. 


has  l)een  computed.  The  tabulations  included  all  ])roj- 
ects  which  contained  .5,000  acres  or  more,  and  these  iia\i' 
been  divided  into  size  groups.  The  results  have  lieeii 
plotted  with  the  age  in  3'ears  on  the  horizontal  scale  and 
the  percentage  irrigated  on  the  vertical  scale,  and  curves 
have  been  drawn  to  represent  the  rate  at  which  the  land 
in  irrigation  projects  has  been,  and  presumably  will  be. 
irrigated. 

It  is  realizc<l  that  the  data  upon  which  the  curvo 
are  based  arc  not  above  criticism,  as  in  many  cases  tli> 
acreage  included  in  projects  undoubtedly  represents  the 
desires  of  promoters  rather  than  careful  surveys,  an.i 
the  acreage  reported  as  irrigated  represents  a  guess.  How 
ever,  it  is  believed  that  the  acreages  given  as  in  proj- 
ects are  as  accurate  as  the  average  estimates  made  b- 
engineers  in  planning  new  projects  today.  One  othe 
more  or  less  serious  objection  presents  itself.  The  method 
followed  assumes  that  each  project  had,  in  the  censu-^ 
yiar.  ju>t  ari'ivod  at  the  stage  in  which  it  is  reported. 
while,  as  a  matter  of  fact,  it  may  have  been  as  fuilv 
ulilizcd  fur  some  vears,  or,  in  fact,  mav  have  gone  back. 
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OF   PROJECTS 

For  the  rea.soiis  given  no  attempt  at  mathematical  re- 
finement in  locating  the  curves  has  been  made.  The 
[loints  used  for  this  purpose  are  basr^d  on  percentages 
computed  from  the  total  acreages  in  projects  and  tlii' 
total  acreages  irrigated  for  five-year  groups  running  1 
to  5,  G  to  10,  etc.  In  general  the  points  representing 
the  group  11  to  15  years  old  (189-1  to  1898)  have  not 
been  given  as  great  weight  in  locating  the  curves  as 
the  other  points,  since  few  fn-ojectjs  were  begun  durinit 
these  years  and  consequently  these  points  represent  much 
smaller  acreages  than  the  other  points.  In  fact,  in  some 
size  gron])s  there  are  no  jn-ojects  in  this  age  group. 

The  total  acreage  in  the  projects  begun  each  year 
sin(>e  1858  and  the  acreage  irrigated  in  1909  under  thest' 
lirojects  are  given  in   Table   1    on   the  next  page. 


Au'nist  :?,,   ]01G 


E  N  (i  I  X  E  E  n  I  X  (!     N  E  \V  S 


303 


TABLE    1.      UTILIZATION'    OP   IRniGATION   WORKS 

Age  in  Acreag:**  in  Acreage  Irri- 

Year  Begun              Years  Projects  gated  in  1909 

308      1  572,410  61,192 

307      2  910,895  100,271 

306"           3  575,518  53,190 

ms'. 4  527,754  80,450 

304 5  974,400  119,740 

)03 6  960,23fi  206,380 

i02      7  197.000  78,250 

lOl    8  257,479  134,785 

.00 9  241,087  74,058 

i99 10  64.607  23,400 

i98 11  29.525  16.550 

(97 12  13  169  7,200 

i96  13  SS.200  53.660 

i95 14  151.963  62.710 

(94 15  209.356  102.942 

19S 16  77.700  54.915 

;92 17  183.607  98.350 

.91 18  449.799  152.751 

.90 19  496,513  206933 

;S9 20  310,816  178,157 

:gg 21  368,362  176,458 

:87 22  279.920  125,004 

:86 23  242.718  184.513 

85 24  306.492  148,999 

84 25  152.899  100.515 

83 26  180  243  126,912 

82 27  139.180  93  851 

81 2S  414.078  188.422 

,80 29  142.229  89.521 

;  79 30  102.505  42.770 

78 31  131.880  88.746 

77 32  245,290  112,239 

7G 33  25,350  IS. 500 

?5 34  199.280  100.621 

74 35  86.200  63.000 

73 36  186.815  128,130 

72 37  157,948  59,953 

71 38  221,142  102.632 

70 39  357.549  301.528 

69 40  100  296  70.981', 

68 41  6.400  2  560 

67 42  8.000  3.500 

66 43  25.730  19.520 

65 44  34.223  28.552 

64 45  68.270  63.270 

63 46  28.000  14.997 

62 47  21.055  19.055 

61 48  19  570  12,530 

60 49  67,854  59,860 

59 50  10.000  10.000 

Total 21.621.512         4.423,028 

It  will  he  noted  that  these  projects  iiidu(l(>  n  fotal 
reage  of  21,621,512  acres,  or  about  two-thirds  of  the 
tal  acreage  included  in  all  projects  reported  hy  the 
•nsus.  The  acreao-e  irrigated  in  1909  under  these 
oject.'!,  however,  was  hut  4,423,028  acres,  or  ahoiit  one- 
ird  of  the  total  acreage  irrigated  in  tliat  year,  accord- 
S  to  the  Census.  This  wide  difiFerence  in  proportion 
e.xplained  hy  the  fact  that  the  largest  acreage  is  repre- 
nted  by  projects  from  one  to  six  years  old,  which  show 
A'  percentages  irrigated. 
Incidentally,   Table   1   shows  much   of   the   hi.<tory  <>(' 

igation  development  in  the  United  States.  While  the 
'iires  in  the  table  represent  only  a  part  of  the  projects 

is  probable  that  they   indicate   correctly   the   jieriods 

activity  in  large-scale  irrigation  development  and  the 
riod.s  of  depression.  It  will  be  noted  that  the  first 
','  year  was  1870,  the  year  when  .several  of  the  enter- 
ises  in  northern  Colorado  were  begun.  This  activity 
ntinued  for  a  few  years,  to  be  followed  i)y  a  period  of 
prw8ion  after  the  panic  of  1873.  Development 
iin  revived,  however,  and  there*  was  activity  until  the 

nic  of  1893,  when  there  was  a  serious  setback  which 
owed  its  <'rcatpst  effect  in  the  years  189()  to  1899, 
I'  year  189~  .showing  a  smaller  acreage  in  projects  un- 
■rtaken  than  any  year  since  1808,  almost  thirty  years 
jfore.  A  revival  began  in  1900,  which  was  greatly  ae- 
lerated  by  the  passage  of  the  Reclamation  Act  in  1902, 
\c  years  1903  and  1904  showng  the  largest  areas  in 
'■  ••ntire   period.     This    activitv    coiitiinicd    nn    to    the 


census  year  (1909)  but  began  slowing  down  at  just  about 
that  time.  j\s  is  well  known,  there  has  been  an  almost 
complete  cessation  in  the  beginning  of  new  projects  since 
that  time. 

The  accompanying  curves  show  the  rate  of  utilization 
of  all  projects  embracing  (1)  5,000  acres  or  more,  (2) 
from  5,000  to  15,000  acres,  (3)  15,000  to  50,000  acres 
and  (4)   50,000  acres  or  more. 

As  is  to  be  expected,  the  smaller  projects  show  the  most 
rapid  rate  of  utilization  and  the  larger  projects  the 
least  rapid  rate  with  the  intermediate  group  and  the 
average  for  all  projects  lying  about  midway  between  the 
two.  Table  2  shows  in  percentages,  on  the  basis  of  the 
charts,  the  extent  to  wliich  the  projects  of  the  different 
size  groups  may  be  expected  to  be  utilized  at  the  five- 
year  intervals  al'ti-r  their  beginning. 

TABLE     2.       PERCENTAGE     OF     .VCRE.^GE     IN     PROJECTS 

IRRIGATED    AT    FIVE-YEAR    IXTERV.ALS    FROM 

DATE  OP  BECJINXIXG 

Years    after   beginninp:     5      10      15      20      25     30     35      40      45      50 

Percentage  Irrigated 


All    projects 20      33      43      51      58      63 

5.000    to   15.000   acres..  31 

15.000    to   50,000   acres.  29 

50.000  acres  or  more..  18 


72  76   SO 


46  56  64  70  74  76  78  79  8ll 
40  47  54  59  63  67  71  75  78 
27   34   39   43   46   49   51   ..   .. 


In  the  light  of  these  figures  it  is  not  at  all  diflicult 
to  see  why  irrigation  ])i-ojects  have  been  financial  fail- 
ures. It  is  customary  to  make  rather  liberal  estimates 
of  the  acreage  which  can  be  irrigated  by  a  proposed 
l^roject  and  rather  close  estimates  of  the  cost,  then 
spread  the  cost  over  the  entire  acreage,  and  ba.se  the 
selling  price  of  rights  per  acre  on  the  ratio  between  this 
underestimated  cost  and  the  overestimated  acrenge,  with, 
of  course,  a  suitable  margin  for  profit.  The  curves  in- 
dicate that  e\en  50  years  after  the  beginning  of  the 
average  project  only  80%  of  the  land  is  irrigated  and 
contributing  to  repaying  the  cost,  while  the  percentage 
for  the  larger  projects  is  much  lower.  At  the  end  of 
20  years  only  50%  of  the  land  in  the  average  project 
and  10%'  for  the  large  project  is  producing.  In  the 
mean  time  interest  and  operation  and  maintenance 
charges  for  the  balance  of  the  land  must  be  carried  by 
the  constructing  agency  or  liy  the  land  which  is  ])ro- 
ducing.  In  the  one  case  it  will  break  the  company,  and 
in  the  other  it  will  lircak  the  farmers — and  that  will 
break  the  com])any. 

Obviously,  it  will  be  necessary  to  increase  greatly  the 
selling  ])rice  of  water  rights  or  take  steps  to  accelerate 
the  rate  of  utilization;  and  if  .settlement  is  slow  with  a 
low  i)rice  for  water  it  will  presumably  be  slower  with  a 
higher  price.  It  seems  apparent,  therefore,  that  the 
mad  to  successful  irrigation  development  lies  along  the 
line  iif  giving  greater  attention  to  the  settlement  of 
the  lands  included  in  irrigation  projects  and  to  aiding 
settlers  in  l)riiiging  their  lands  into  cultivation.  It  is 
not  tlic  intention  to  discuss  the.se  subjects  in  this  article. 
'^. 

Wntor  4'niiHiini|i(l»n  IlnH  nerii  Rednceil  at  Northampton, 
Mass.,  by  the  combined  use  of  the  pitometer  and  service  in- 
spection.s.  according  to  the  1915  report  of  the  Water  Com- 
mlssloner.s  (Luther  C.  Wright,  Supt.).  The  use  of  the  pit- 
ometer in  November.  1914.  showed  an  average  dally  consump- 
tion of  2.851.000  gal.  and  a  minimum  night  rate  of  1,889,000 
gal.,  or  a  night  rate  M<7,  of  the  day  rate.  A  house-to-house 
Inspection  to  detect  leaking  fixtures  was  made.  In  April, 
1915.  after  only  some  50%  of  the  services  had  been  inspected, 
the  dally  consumption  was  2,603.000  gal.,  the  minimum  night 
rate  1,560.000  gal.,  thus  giving  a  night  rate  which  was  58"f 
of  the  day  rate  and  an  actual  reduction  in  night  consumption 
of  329.000  gal. 
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:G,  No.  5 


By  E.  V.  MooNE* 

Finding  it  difficult  to  get  satisfactory  dirt-road  main- 
tenance done  by  farmers  living  along  the  roads,  Sedgwick 
Toimty,  Kansas,  has  l)een  trying  out  a  new  plan  of  road 
maintenance  on  the  four  main  roads  out  of  Wichita.  Each 
one  of  these  radiating  roads  has  been  placed  under  the 
charge  of  a  competent  man,  who,  under  contract,  devotes 
his  entire  time  to  maintenance  and  patrol,  hires  addi- 
tional help  when  needed,  and  who  holds  liis  job  only  so 
long  as  results  obtained  justify  the  money  expended— 
in  the  judgment  of  the  county  commissioners  and  the 
county  engineer. 

These  men  are  under  contract  to  keep  the  road  in  repair 
in  every  way,  dragging,  grading,  resurfacing,  filling 
around  bridges  and  culverts,  cutting  weeds  and  trimming 
hedges,  etc.  While  the  amount  of  money  expended  is 
larger  than  the  usual  Kansas  county  dragging  allowance, 
the  results  have  been  enough  better  to  seem  to  warrant  the 
additional  expenditure.  The  better  maintenance  has  con- 
centrated so  much  travel  on  these  main  roads  that  the 
additional  expense  seems  fully  warranted.  Travel  on 
these  roads  frequently  averages  a  motor  car  a  minute 
during  the  day  and  early  evening. 

On  the  road  east  of  Wichita,  a  farmer  who  has  several 
boys  and  plenty  of  teams,  as  well  as  an  automobile,  is  the 
contractor.  This  road  leads  to  the  newly  opened  Augusta 
oil  fields  and  recently  has  been  much  traveled.  Although 
of  heavy  soil,  with  no  surfacing,  this  road  has  been  in 
excellent  condition  almost  every  day,  despite  heavy  raiii- 
aiid  resulting  floods. 

The  road  north  of  Wichita  has  13  mi.  covered  with 
Little  Arkansas  Eiver  gravel,  and  the  cost  of  maintenance 
here  has  been  kept  down  materially.  The  contractor  on 
this  section  finds  time  to  use  some  of  his  four  teams  on 
farm  work  and  occasional  hauling.  South  of  the  city  is 
9  mi.  of  sand-clay  road  and  about  -1  mi.  with  gravel  sur- 
facing. Two  men  and  four  teams  work  overtime  on  this 
road  as  it  requires  much  hauling  of  clay  for  patching,  as 
well  as  a  great  deal  of  "dressing  up"  with  a  grader. 

West  of  Wichita  one  man  is  trying  to- maintain  St  mi. 
of  road  with  a  Nielson  tractor.  Although  he  can  ])ull  two 
drags  and  frequently  makes  the  48-mi. 'round  trip  in  a 
day,  he  has  not  had  entire  success  with  the  work.  The 
difficulty  of  getting  teams  to  do  the  necessary  work  thnt 
cannot  be  done  with  a  tractor  has  been  one  of  the  mam 
objections,  and  the  county  autliorities  are  seriously  con- 
sidering dividing  the  road  into' two  sections  under  two 
patrolmen. 

The  contractors  are  furnished  with  steel  road  drag:-, 
small  graders,  slip  scrapers,  shovels,  axes  and  other  neces- 
sary small  tools.  They  contract  to  work  under  the  direc- 
tion of  the  county  engineer,  and  to  devote  all  the  time 
necessary  for  proper  road  patrol  and  maintenance,  aiul  tc 
keep  themselves  informed  by  actual  inspection  of  the  road 
as  to  its  condition  at  all  times.  They  are  paid  a  stipulated 
flat  rate  per  hour,  which  is  a  little  less  than  average  wages 
for  men  and  teams  and  for  single  hands  in  this  locality. 
Patrolmen  sign  receij)ts  for  county  machinery  in  their 
charge  and  report  all  work  done  to  the  county  engineer  on 
post  cards  within  24  hr.  of  the  time  it  is  finished. 

^^unty    Engineer,    SedKWick    County,    Wichita.    Kan. 


This  system  of  maintenance  gives  the  county  authoritie^ 
a  chance  to  hold  some  one  man  responsible  for  the  roa'.i 
condition  on  the  section  imder  his  charge  and  eliminate> 
the  endless  struggle  to  get  the  farmers  to  neglect  their 
own  work  for  the  sake  of  the  road,  when  both  farm  and 
road  demand  attention  simultaneously.  Results  are  geii- 
erallv  a]iproved  by  the  peo])le  of  the  county,  and  no  objec- 
tions have  been  raised  on  account  of  the  additional 
exjiense. 


The  entire  water  supply  (T. 500.000  gal.  per  day)  of 
El  Paso,  Tex.,  a  city  of  100,000  population,  is  raised 
fiom  32  deep  wells  by  an  air-lift  system,  making  this 
probably  the  largest  and  most  notable  installation  of  its 
kind  in  the  country.  The  water-works  were  taken  over  by 
the  city  from  the  International  Water  Co.  in  1910  and 
since  then  improvements  have  been  made  under  the  super- 
vision of  Frank  H.  Todd,  Consulting  Engineer  foi'  tht  ' 
city. 

The  wells  are  S  to  14  in.  in  diameter  and  500  to  600 
ft.  deep.  They  are  sunk  in  a  high  mesa  north  of  the 
citv,  near  Fort  Bliss.  The  mesa  is  a  part  of  the  noted 
Tularosa  ^'alley  (the  underground 
water-su]ii)ly  of  which  is  the  subject 
of  a  recent  United  States  Geological 
Survey  paper).  These  wells  pass 
through  irregular  beds  of  clean  but 
wry  fine  sand  with  intejbedded  kvers 
of  clay.  The  latest  wells  have  been 
driven  by  the  clay-puddling  method, 
in  which  no  drill  casing  is  used.  Tlic 
well  casing  is  standard  wrought-iron 
or  steel  pipe,  with  vertical  rectangular 
slots  %xlO  in.,  cut  out  of  the  section? 
of  pipe  that  pass  through  the  water- 
bearing strata.  These  cuts  are  niado 
bv  the  water-works  employees  on  tlu- 
jol).  The  method  of  placing  the  air 
line,  shown  in  the  accompanying 
sketch,  is  new  and  was  devised  by  Mr. 
Todd.  The  air  line  is  2  in.  and  the 
-.vatcr  line  G  in.  in  the  new  12-in.  wells.  The  air  inlets 
nre  about  214  ft.  below  the  ground  surface.  The  level 
ciF  the  water  in  the  wells  has  gone  down  froni  about  177  ft. 
ill  li)05,  wlien  the  first  wells  were  sunk,  to  alxuit  200  ft. 
at  the  present  time.  Each  (12-in.)  well  yields  about  450 
gal.  per  min. 

The  air-compressor  plant  consists  of  two  old  steam- 
driven  compressors,  one  a  :50-cu.ft.  Ingersoil-Rand  and  a 
2,600-cu.ft.  Ingersoll-Sergcant.  The  new  equipment 
added  since  the  city  took  over  the  works  includes  a  3,000- 
cu.ft.  Allis-Chalmers  steam-driven  unit  and  two  2.000- 
cu.ft.  Diesel-engine  Nordbcrg  compressor  units.  The  Diesel 
engines  are  each  500-hp.,  Fulton  Toisi  engines,  btiiit  by 
the  Fulton  Iron  Works,  St.  Louis,  Mo.  Each  is  direct- 
connected  to  a  2,000,000-gal.  triplex  pump  on  one  side 
and  a  2.000-cu.ft.  air  compressor  on  the  other.  The  com- 
pressors are  driven  at  155  r.p.m. 

Water  iit'tcd  by  the  air  is  delivered  by  conci-cte  condmts 
to  a  centrally  located  basin  where  it  flows  to  tlie  pmup  '"" 
takes  over  a  measuring  weir.  The  water  supply  is  tlien 
deliveivd    into    the   city    ni.-iiiis   liy   higji-iiivssiirc   |>iimpf 
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By  Fr.wiis  ]'.  •SiiiTH'^ 


.iYNOPSIS — What  tests  for  bituminous  male- 
rials  should  be  included  in  slieei-asphalt  specifica- 
tions? A  discussion  of  points  raised  in  an  allerjed 
attack  on  the  specifications  adopted  in  1!)15  by  the 
Ameriran  Society  of  Municipal  Improvements. 

A  lecture  was  delivered  before  the  graduate  students  in 
lighway  engineering  at  Columbia  University,  on  Jan.  13, 
!916,  by  Charles  N.  Forrest,  Chief  Chemist  of  the  Bar- 
jer  Asphalt  Paving  Co.  This  lecture  has  been  printed 
n  full  or  in  abstract  in  various  places  since  that  date, 
t  describes  and  compares  most  of  the  tests  tliat  are 
pplied  at  the  present  day  for  tlie  exanunation  ami  iden- 
'.  ification  of  bituminous  materials. 

In  so  far  as  the  paper  relates  to  methods  and  results, 
t  contains  much  of  value.  It  also  contains  what  the 
.  riter  considers  an  unwarranted  attack  upon  the  spe- 
ifieations  adopted  by  the  American  Society  of  Municipal 
mprovenients  in  1915.  As  the  writer  has  been  chairman 
f  the  Committee  on  Sheet-Asphalt  Specilications  of 
hat  society  for  a  number  of  years,  he  feels  called  upon 
)  reply  thereto.  The  following  are  quotations  from 
Ir.  Forrest's  paper: 

The  variety  of  bituminous  materials  availaV^le  for  road- 
uildin^  purposes  is  now  very  much  greater  than  it  was  a 
ecade  ago.  The  manner  of  their  application  has  also  en- 
'.rged  and  the  suggestion  of  new  methods  for  testing-  them 
as  added  a  number  of  additional  features  to  the  earlier 
;hemes,  but  even  so,  there  are  few  tests  employed  in  the 
eneral  examination  of  bitumens  which  can  be  .said  to  di- 
•etly  indicate  quality  for  any  specific  purpose.  Some  of  them 
-e  very  properly  referred  to  as  indirect  indications  of  (jual- 
y,  but  after  all,  as  the  subject  now  stands,  the  only  real  test 
'  quality  still  remains  a  service  test  over  a  period   of  years. 

Following  the  introduction  of  the  man.v  new  products  or 
'-called  i>aving  bitumens,  during  the  past  ten  years,  each 
le  of  which  has  generally  appeared  with  many  claims  of 
iperiority,  there  has  been  a  marked  tendency  to  contract 
le  general  scheme  of  testing  which  was  in  vogue  prior  to 
leir  introduction,  in  order  that  tho.se  characteristics  which 
ich  schemes  indicated  were  essential,  but  did  not  happen  to 
'.  some  specific  new  product,  could  be  ruled  out. 

The  deliberations  of  associations  of  learned  societies 
hich  have  had  such  matters  as  the  drawing  of  specifications 
id  schemes  for  testing  materials  under  consideration,  and 
e  necessarily  obliged  to  assume  a  neutral  position,  have 
■suited  In,  first,  the  elimination  of  all  features  which  are 
)t  common  to  all  substances  of  a  certain  class  which  have 
jt  been  an  absolute  failure  in  service  and,  second,  the  ex- 
nalon  of  the  limits  of  specifications  to  include  everything 
hlch  has  any  sort  of  a  favorable  indorsement. 

The  recommendations  of  such  bodies  are  always  a  com- 
»mlse  and  generally  reflect  average,  rather  than  the  most 
Ivanced   thought   or   practice. 

As  an  Illustration  of  the  considerable  abbreviation  of  pres- 
It-day  specifications,   the   recommendations  of  the  American 
>clety   of  Municipal   Improvements   for   suitable   .isphalt   for 
leet-asphalt  pavements  may  be  quoted.     It  Is  as  follows: 
-•ECIFICATIONS  OF  AMERICAN  SOCIETY  OF  MUNICIPAL 

I.MPROVEME.VTS,  1915 
Refined  Asphalt  Asphaltic  Cement  Flux 


repared  from  nat- 
ural mineral  bi- 
tumen 

enetratlon.  77°  F. 
oiablilty  CCI4 


Refined  asphalt  and    Residue  of 
flux  petroleum 


Penetration,  77° 
Flash 

Volatilization 
Hardness   after 
volatilization 
Ductility 


T*enetration.  77* 
Specific  gravity 
Volatilization 
Flash 
Solubility  CCl, 


•Of  Dow  &  Smith,    131   East  23d   St.,  New   York   City. 


This  is  a  typical  example  of  a  compromise  specification  and 
one  which  is  popularly  described  us  open,  because  a  great  va- 
riety of  substances  fall  within  the  scope  of  its  limitations, 
both  in  regard  to  common  characteristics  and  the  wide  lati- 
tude of  the  few  of  them  which  have  been  mentioned. 

A  more  elaborate  specification  or  scheme  of  examination 
is  illustrated  in  the  form  of  report  of  the  Oflice  of  Public 
Roads   for  bituminous   materials   for   different   purposes. 

This  quotation  is  preceded  by  a  scheme  of  tests  which 
were  stated  to  have  been  adopted  by  Mr.  Richardson  for 
the  identification  of  asphalts.  In  order  to  avoid  repro- 
ducing all  three  of  the.se  schemes,  herewith  is  given  an 
enumeration  of  all  the  tests  in  Mr.  Ilichard.son's  schedule 
and  also  in  the  two  schemes  of  the  Office  of  Public  Roads : 

Physical  Properties — (1)  Specific  gravity,  (a)  original  sub- 
stance dry,  (b)  pure  bitumen;  (2)  color  of  powder  or  streak; 
(3)  luster;  (4)  structure;  (5)  fracture;  (6)  hardness  o.-iginal 
substance;  (7)  odor;  (S)  softening  point;  (9)  flows;  (10)  pene- 
tration at  7S°  F.;  (11)  general  character;  (12)  melting  point; 
(13)  flash  point;  (14)  burning  point;  (15)  viscosity;  (IB) 
float    test;    (17)    ductility. 

Chemical  Characteristics — (18)  Loss  on  heating,  (a)  origi- 
nal substance,  (b)  dry  substance;  (19)  character  of  residue; 
(20)  penetration  of  residue;  (21)  bitumen  soluble  in  carbon 
disulphide:  (22)  organic  matter  insoluble;  (23)  mineral  mat- 
ter; (24)  bitumen  soluble  in  62°  B^.  naphtha;  (25)  bitumen 
soluble  in  8S°  Be.  naphtha;  (26)  per  cent,  of  bitumen  removed 
by  HjSO,:  (27)  bitumen  soluble  in  carbon  tetrachloride;  (2.S) 
fixed  carbon;  (29)  sulphur;  (30)  distillation  test;  (31)  ulti- 
mate  composition. 

-Additional  tests  which  have  been  used  to  some  extent  and 
which,  though  mentioned  in  the  article,  are  not  included  in  the 
schemes  referred  to  are  as  follows:  (32)  Paraffine;  (33)  brit- 
tleness. 

It  is  evident  that  these  schemes  of  analysis  are  meant 
to  be  broad  enough  to  embrace  the  examination  of  all 
classes  of  bituminous  materials,  both  in  their  raw  state 
and  in  their  manufactured  state.  It  therefore  follows  that 
many  of  these  tests  do  not  apply  to  the  examination  of 
refined  asphalts  or  asi)lialt  cements  for  tise  in  .<lieet-asphal; 
pavements  and  should  not  be  included  in  sheet-asphalt 
specifications.  Among  the  tests  enumerated  there  would 
appear  to  be  no  question  that  the  following  are  for  iden- 
tification purposes  only: 

(l-b)  Specific  gravity,  pure  bitumen;  (2)  color  of  powder  or 
streak;  (3)  luster;  (4)  structure;  (5)  fiacture;  (G)  hardnes.s 
original  substance;  (7)  odor;  (11)  general  character;  (IS-a) 
loss  on  heating,  original  substance  (as  differentiated  from 
dry  substance);  (22)  organic  matter  insoluble;  (23)  mineral 
matter;  (26)  per  cent,  of  naphtha-soluble  bitumen  removed 
by    HoSO.. 

Certain  other  of  the.se  tests  have  never  been  seriously 
advocated  for  u.<e  in  sheet-asphalt  specifications,  as  fol- 
lows : 

(S)  Softening  point;  (9)  flows;  (14)  burning  point;  (15) 
viscosity;  (30)  distillation  test;  (31)  ultimate  composition. 

Softening  jioint  and  flow  point,  if  of  any  value  from 
the  sheet-asphalt  paving  standpoint,  are  covered  by  melt- 
ing j)oint,  which  latter  test  is  hereinafter  discussed. 
Burning  point  is  obviously  valueless.  Viscosity  is  of 
certain  value  in  connection  with  road  oils,  but  is  de- 
pendent upon  so  many  conditions  as  to  be  chiefly  of 
use  as  an  identification  test. 

x\s  far  as  tiie  writer's  view  of  the  distillation  test  is 
concerned,  it  entirely  coincides  with  the  following  sen- 
tences contained  in  Mr.  Forrest's  ]>aper: 

As  a  research  matter,  distillation  In  the  laboratory  of  all 
k.nds  of  bituminous  materials  has  been  a  source  of  con- 
siderable Infiirmalion,  but  as  a  routine  test  Is  Impractical  In 
the  examination  of  road-bullding  materials  except  under 
certain   tar  and   cut-back   oil   products. 

The  same  Is  true  with  regard  to  ultimate  composition. 

The  ultimate  analysis  of  bitumens  and  other  road-bulld- 
Ing  materials  has  never  been  of  interest  to  practical  road 
builders. 
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Included  among  the  remaining  tests  are  certain  others 
that  may  be  regarded  as  controversial.  These  are  as 
follows  r 

(l-a)  Specific  gravity,  original  substance  dry;  (12)  melt- 
ing point;  (16)  float  test;  (24)  bitumen  soluble  in  62°  Be. 
naphtha;  (25)  bitumen  soluble  in  S8°  B6.  naphtha;  (2S)  fixed 
carbon;    (29)    sulphur;    (32)    paraffin;    (33)    brittleness. 

With  regard  to  the  specific-gravity  test,  "Sir.  Forrest 
appears  to  agree  with  Professor  Blanchard  that  it  is  of 
\alue  mainly  as  a  means  of  identification. 

While  in  a  few  instances  melting-point  and  viscosity 
requirements  have  been  incorporated  in  sheet-asphalt 
specifications,  the  nse  of  these  tests  and  the  advocacy  of 
them  have  been  so  ^'inited  that  the  writer  believes  lie 
is  justified  in  dismissing  them  from  further  consid- 
eration. 

The  float  test  is  in  a  sense  a  measure  of  consistency, 
giving  information  which  occasionally  is  useful  in  con- 
nection with  viscosity,  melting-point  and  penetration 
tests.  It  can  hardly  be  deemed  essential  in  sheet-asphalt 
specifications,  however,  and  its  inclusion  in  them  has 
never  been  seriously  advocated. 

\Mu\e  certain  authorities  have  urged  the  use  of  the 
naphtha-solubility  test  as  indicating  the  amount  of  body- 
forming  hydrocarbons,  its  inclusion  in  specifications  has 
been  largely  for  purposes  of  identification.  The  test  itself 
appears  to  have  been  originated  in  the  early  days  of 
the  industry,  chiefly  as  a  means  for  distinguishing  be- 
tween so-cailed  Trinidad  Lake  and  Land  asphalts.  The 
limits  of  solubility  in  naphtha  between  which  asphalts 
could  be  considered  as  suitable  for  paving  purposes  and 
outside  of  which  they  should  be  condemned  for  paving 
purposes  have  never  been  established. 

The  writer  believes  that  the  test  for  fixed  carbon  is 
valueless  as  indicating  the  suitability  of  an  asphalt  for 
paving  purposes.^ 

Sulphur  has  been  recognized  as  playing  a  very  im- 
portant part  in  the  formation  of  bitumens  in  nature. - 
In  the  early  days  of  the  industry  no  specifications  made 
any  reference  whatever  to  sulphur  contents.  Trinidad 
and  Bermudez  asphalts  contain  approximately  5.5%  and 
4%  of  sulphur  respectively.  About  the  time  that  Cali- 
fornia asphalt  was  put  upon  the  market  and  became  a 
serious  factor  in  the  paving  industry  certain  specifications 
were  promulgated  containing  clauses  to  the  effect  that 
the  asphalt  must  contain  at  least  2%  of  sulphur  not 
artificially  incorporated.  As  California  asphalt  contained 
only  traces  of  sulphur,  this  was  evidently  an  attempt  to 
bar  out  California  asphalt. 

The  history  of  the  paraffin  test  is  somewhat  similar. 
Many  of  the  Mexican  asphalts  are  higher  in  paraffin 
than  those  obtained  from  California,  Trinidad  or  Vene- 
zuela ;  and  regardless  of  the  fact  that  asphalt  cements  for 
many  years  had  contained  large  proportions  of  paraffin 
flux,  an  attempt  was  made  to  bar  out  Mexican  asphalts 
by  inserting  a  clause  in  the  specifications  to  the  eflfect 
that  the  asphalt  should  contain  not  more  than  1%  of 
paraffin.  This  clause,  if  adopted,  would  permit  the  use 
of  California,  Trinidad  and  Bermudez  asphalts,  but  would 
bar  out  many  Mexican  asphalts.  The  subject  of  the 
paraffin  contents  of  an  asphalt  was  treated  exhaustively 


'Those  interested  in  an  exhaustive  discussion  of  this  test 
should  refer  to  "Municipal  Kngineerlng,"  September.  1913.  and 
"Canadian  Kngineering."  Nov.  13  and  20.  Dec.  4  and  18,  1913; 
Jan.  1  and  15  and  Feb.  5.  1914. 

-Those  who  are  interested  in  this  matter  may  refer  to  Mr. 
Richardson's  article  on  the  subject  appearing  in  the  "Journal" 
of  the  Society  of  Chemical  Industry,  January,  1898. 


by  A.  W.  Dow  and  the  writer  in  an  article  that  appeared 
in  Engineering  News  of  June  8,  1911,  pages  680  to  683. 
As  far  as  the  brittleness  test  is  concerned,  Mr.  Forrest 
states  in  the  article  under  discussion,  as  follows: 

A  test  for  brittleness  is  not  usually  mentioned  in  con- 
nection with  bituminous  road-building  materials,  but  is  in 
use   by   some    investigators   for   special   purposes. 

It  would  appear  from  this  that  Mr.  Forrest  did  not 
have  any  intention  of  urging  the  inclusion  of  this  test  in 
sheet-asphalt  specifications. 

Based  on  the  foregoing,  it  is  the  writer's  opinion  that 
the  tests  just  discussed  as  identification  tests,  as  tests 
not  suitable  for  the  examination  of  asphalt  cements  for 
paving  purposes  and  as  controversial  should  not  be  in- 
cluded in  sheet-asphalt  specifications.  This  leaves  the 
following  tests  available  for  the  examination  of  paving 
asphalts,  all  of  which  are  included  in  (he  American 
Socielij  of  Municipal  Improvements  specifications: 

(10)  Penetration;  (13)  flash  point;  (17)  ductility;  (18) 
loss  on  healing;  (19)  character  of  residue;  (20)  penetration  of 
residue;  f21)  bitumen  soluble  in  carbon  disulphide;  (27)  bitu- 
men soluble  in  carbon  tetrachloride. 

The  writer  believes  that  he  is  entirely  justified  in 
stating  that  the  only  inference  possible  for  the  unin- 
formed hearer  or  reader  to  draw  from  ^Ir.  Forrest'.* 
paper  is  that  the  American  Society  of  ^Municipal  Im- 
provements specifications  have  had  so  many  important 
tests  omitted  from  them  that  they  are  valueless  and  that 
!Mr.  Forrest  has  attempted  to  support  this  view  by  mar- 
shaling an  imposing  array  of  tests,  regardless  of  whether 
or  not  all  of  them  are  really  applicable  to  refined  as- 
]ihalts  or  asphalt  cements  for  use  in  sheet-asphalt  pave- 
ments. In  his  attempt  to  belittle  the  American  Society 
of  ilunicipal  Improvements  specifications  he  has  mis- 
quoted them  and  omitted  tests  that  they  contain,  as  is 
shov^ni  by  the  following  quotation. 

Under  the  head  of  "Eefined  Asphalt"  the  A.  S.  M.  I. 
specifications  contain : 

a.  Clauses  Roverning  the  methods  of  refining  and  pro- 
viding for  supervision  of  them  and  Inspection  at  the  re- 
finery. 

b.  Every  refinea  asphalt  admitted  under  these  specifica- 
tions, if  required  by  the  engineer,  shall  be  equal  in  quailt.v 
to  the  recognized  standard  for  its  particular  kind  or  type  of 
asphalt. 

c.  Asphalts  obtained  by  the  refining  of  natural  liquid  bi- 
tumens shall  not  be  reduced  in  the  refining  process  to  a 
penetration  at  77°   F.   of  less   than   30. 

d.  All  shipments  of  refined  asphalt  of  any  one  kind  shall 
have  the  batch  number  plainly  marked  on  each  package  or 
container  and  shall  be  uniform  in  consistency  and  composi- 
tion and  shall  not  vary  from  maximum  to  minimum  more  than 
15  points  in  penetration  at  77°  F. 

e.  A  clause  for  solubility  in  carbon  disulphide  and  carbon 
tetrachloride  (and  not  only  carbon  tetrachloride,  as  stated). 

The  requirements  for  asphalt  cement  are  correctly 
stated,  although  no  mention  is  made  of  the  clauses  safe- 
guarding its  preparation  and  handling.  The  clause  lim- 
iting the  materials  from  which  fluxes  may  be  made  is 
omitted,  as  well  as  the  following  clause: 

They  shall  be  of  such  character  that  they  will  combine 
with  the  asphalt  to  be  used  to  form  an  acceptable  and  ap- 
proved asphalt  cement  complying  with  the  requirements  of 
these   specifications. 

As  further  justification  for  the  writer's  criticism  of 
Mr.  Forrest's  paper  the  following  is  a  complete  list  of 
the  tests  contained  in  sheet-as]ihalt  specifications  drawn 
up,  distributed  and  advocated  by  the  company  of  which 
Mr.  Forrest  is  chief  chemist.  For  convenience  of  com- 
pari.son  a  parallel  column  shows  the  list  included  in  the 
A.  S.  M.  T.  sheet-asi)halt  siiecificatioiis: 
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American  Society  of  Municipal 

Barber  Aspiialt   Paving-  Co.  Improvements 

Flux:  Flux: 

Vater  

;pecific  gravity  Specific  gravity 

'enetration  Penetration 

■olubility  in  carbon  disulphide  Solubility  in  CCU 

"lash  test  Flash  test 

Loss  on   heating 

; Character  of  residue 

Refined  Asphalt:  Refined    Asphalt: 

Vater  

Boetration  Penetration 

olubility  in  CS;;  Solubility  in  carbon  disulphide 

'ixed  carbon  

araffin  scale  

ulphur  

Solubility    in    carbon    tetra- 
chloride 

Uniformity  of  penetration  and 

composition  of  different  ship- 
ments 

Asphalt  Cement:  Asphalt  Cement: 

oecific  gravity  

enetration  Penetration 

OSS   on    heating    (penetration  Loss   on    heating    (penetration 
and  ductility  of  residue)  of  residue) 

jlubility  in   CCU  Solubility    in    carbon    tetra- 
chloride 

rganic   insoluble    (nonbitum-  

incus  material) 

lash  test         .  Flash  test 

loat  test  

iraffin  scale  

.  uctility  Ductility 

ixed  carbon  

nitotrniity  of  penetration  and  Uniformity  of  penetration  and 
ductility    of    different    ship-        composition  of  ditterent  ship- 
ments ments 
Solubility  in  carbon  disulphide 

From  the  foregoing  we  see  that  the  A.  S.  If.  I.  specifi- 
tions  are  more  exacting  on  the  s^ulijeet  of  flux  than  are 
c  B.  A.  P.  Co.  specifications.  While  tlie  water  test  is 
it  specifically  mentioned  in  the  A.  S.  ^I.  I.  specifica- 
iiis,  as  it  has  but  little  bearing  on  the  quality  of  the 
aterial,  it  is  implied  oaring  to  the  fact  that  a  flux 
ntaining  any  considerable  proportion  of  water  covild 
t  be  iised  in  the  kettles  without  causing  foaming. 
Taking  np  the  subject  of  refined  asphalt,  the  same 
marks  apply  to  the  water  test  mentioned  thereunder, 
le  A.  S.  if.  I.  specifications  include  a  test  for  solu- 
ity  in  carbon  tetrachloride  and  a  provision  for  iii- 
ring  the  uniformity  in  penetration  and  composition 
different  shipments.  These  tests  are  not  included 
the  B.  A.  P.  Co.  specifications.  The  tests  for  fixed 
rbon,  paraffin  scale  and  sulphur  included  in  the  B.  A.  P. 
■.  specifications  and  not  in  the  A.  S.  yi.  I.  specifications 
;  either  controversial  or  purely  identification  tests  and 
ve  been  dealt  with  at  length  in  a  previous  jxirtioii  of 
is  communication. 

As  far  as  the  tests  required  for  asphalt  cement  are 

icerned,  we  find  that  the  B.  A.  P.  Co.  specifications 

itain  the  following  tests  which  are  not  present  in  the 

S.   M.   I.   specifications:     Specific   gravity,   nonbitu- 

iious  matter,  float  test,  paraffin  scale,  fixed  carbon. 

These  again  are  chiefly  identification  tests.     As  pre- 

'usly  explained,  they  are  in  no  .sense  indicative  of  the 

ving  value  of  tlie  asphalt.     As  a  matter  of  fact,  the 

onbituminous-niatter"  test  is  so  drawn  as  to  exclude 

ything   but    Trinidad    and    Bermudez    asphalts.     The 

rafiBn-scale  test  is  so  drawn  as  to  exclude  a  large  pro- 

rtion  of  the  ilexican  asphalts.     The  fixed-carbon  test 

<o  drawn  as  to  exclude  practically  all  of  the  California, 

'  .xas  and  ^lexican  asphalts.     There  can  be  no  question, 

•refore,  that  these  tests  are  inserted  purely  for  pur- 

l-es  of  identification  and  limitation.     Tliis  is  also  true 

'j  the  fixed-carbon,  paraffin-scale  and  sulphur  tests  under 

lined   aspiralt.     The    value    of    the    float    test    is    very 

)  iblematical. 

In  considering  the  foregoing  it  must  be  borne  in  mind 
I  >t  the  Barber  Asphalt  Paving  Co.  was  under  no  obli- 


gations to  assume  a  neutral  position,  and  the  fact  that 
it  deliberately  included  tests  which  barred  out  asphalts 
other  than  Trinidad  Lake  and  Bermudez  asphalts  clearly 
showed  that  it  was  not  its  intention  to  assume  a  neutral 
position.  It  therefore  was  free  from  any  of  the  limi- 
tations which  ilr.  Forrest  insists  necessarily  attend  the 
deliberations  ctf  learned  societies.  In  spite  of  this  fact 
the  only  tests  present  in  its  specifications  which  are  not 
included  in  the  A.  S.  ^1.  I.  specifications  are  such  tests 
as  would  identify  certain  asphalts  and  admit  them  to  the 
exclusion  of  others.  Further  comment  along  these  lines 
would  appear  to  be  unnecessary. 

After  discussing  the  various  tests  in  detail,  Jlr.  For- 
rest further  states : 

Prof.  A.  H.  Blanchard  in  his  very  excellent  book,  "Ele- 
ments of  Highway  Engineering,"  has  quoted  Mr.  Prevost  Hub- 
bard upon  the  subject,  "Interpretation  of  Results  of  Tests," 
and  the  following  remark.s  from  that  source  upon  the  signi- 
ficance of  a  number  of  tests  which  are  now  under  discussion 
are  of  interest: 

Specific  gravity  is  of  value  mainly  as  a  means  of  identifica- 
tion.    .     . 

Flash  point  is  of  little  value,  other  than  a  quicl<  means 
of  differentiating  between  heavy  crude  oils  and  cut-back 
products  and    fluid   residuums     .... 

Melting  point  of  solid  bitumen  is  mainlv  of  value  as  a 
means  of  identification,  and  for  control  work  on  the  part  of 
manufacturers. 

Maximum  and  minimum  limits  covering  consistency  are 
essential.  (Consistency  as  here  referred  to  embraces  pene- 
tration or   viscosity.) 

The  distillation  test  as  applied  to  tars  is  a  very  valuable 
one  both  for  the  purpose  of  ascertaining  their  road-building 
properties  and  method  of  preparation  if  they  are  refined  pro- 
ducts. 

Solubility  Carbon  Disulphide — The  solubility  of  bitumen 
itself  is  entirely  independent  of  its  character  and  consist- 
ency. 

Solubility  88°  Be.  Naphtha — As  applied  to  oils  and  oil  pro- 
ducts, this  determination  is  of  value  as  indicating  the  amount 
of  body-forming  hydrocarbons  which  give  mechanical  stability 
to  the  material. 

Evaporation  test  is  a  purely  arbitrary  one,  but  when  ap- 
plied   to   road    oils   will   often    prove   of   considerable   value. 

Fixed  carbon  shows  much  the  same  thing  as  naphtha- 
insoluble  bitumen  .... 

Supplementing  the  above  estimate  of  the  value  of  certain 
tests  by  Mr.  Hubbard,  a  quotation  from  Messrs.  Dow  and 
Smith'  upon  the  subject  of  paraffin  is  given  by  Professor 
Blanchard  as  follows: 

Paraffin — We  are  decidedly  of  the  opinion  that  the  scale 
paraflin  test  per  se  should  not  be  regarded  as  a  measure  of 
value  of  bituminous  compounds  for  road-making  or  paving 
purposes. 

Upon  inspection  of  the  specifications  of  the  .American  So- 
ciety of  Municipal  Improvements  for  asphalt  cement  for  sheet- 
asphalt  pavements  it  will  be  observed  that  but  few  of  the 
tests  which  have  Just  been  discussed  are  mentioned.  Those 
which  are  .mentioned,  or  which  affect  the  asphalt  cement 
through  being  mentioned  under  the  requirements  for  refined 
asphalt  or  flux,  which  combine  to  produce  the  asphalt  cement, 
are  penetration,  evaporation  .and  ductility.  These  are  char- 
acteristics which  are  common  to  all  bituminous  materials  and, 
in  the  light  of  the  available  information  upon  this  general 
subject,  cannot  be  regarded  as  furnishing  conclusive  evidence 
of  suitable  quality  of  any  or  all  materials  for  such  a  purpose. 

It  is  entirely  true  that  the  characteristics  shown  by 
the  penetration,  evaporation  and  ductility  te.sts  are  com- 
mon to  all  bituminous  materials ;  but  if  they  were  not 
common  to  such  liituniinous  materials  as  are  used  in  the 
paving  industry,  it  would  of  course  be  obvious  that  they 
could  not  be  included  in  the  specifications.  The  fact 
that  they  are  common  to  bituminous  materials  which 
are  not  u.sed  in  the  paving  industry  lias  no  bearing  what- 
ever upon  the  subject,  provided  the  limits  prescribed  in 
the  specifications  liar  out  such  materials  as  are  not  suit- 
able for  ,'<beet-aspha]t  paving,  and  this  the  writer  con- 
tends is  the  case. 

Mr.  Forrest  also  sfates: 

The  drift  of  this  subject  during-  the  past  few  years,  during 
which  time  one  after  another  of  the  tests  which  did  not  hap- 
pen to  suit  some  new  material,  as  It  had  theretofore  been  In- 
terpreted, has  been  thrown  Into  the  discard,   rather  brings  us 

'By  Prevost  Hubbard — "Proceedings,"  American  Road 
Builders  Association,  pp.  213  to  21fi;  see  also  "Engineer- 
ing New.s,"  June  8,  1911,  pp.  080  to  683, 
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abreast  w-ith  the  fact  that  a  great  deal  of  attention  is  being 
paid  to  the  testing  of  an  element  which  forms  but  a  small  part 
of  an  article  of  manufacture — namely,  the  pavement  in  place 
and  ready  for  work — which  might  perhaps  be  devoted  with 
the  hope,  at  least,  of  more  positive  results  upon  the  finished 
article  as  a  whole. 

Tlie  writer  contends  that  a  review  of  the  history  of  the 
asphalt-paving  industry  and  the  specifications  which  have 
been  adopted  from  time  to  time  shows  that  the  first 
portion  of  Mr.  Forrest's  statement  as  just  quoted  is  not 
in  accord  with  the  facts  and  that,  if  anything,  the  re- 
verse is  true.  Practically  the  earliest  specifications  that 
were  adopted  called  for  Trinidad  asphalt  or  its  equal. 
A  little  later  on,  a  competing  asphalt  entered  the  market 
obtained  from  the  Island  of  Trinidad,  but  not  from  the 
so-called  Pitch  Lake.  The  specifications  then  under- 
went an  amendment  to  the  effect  that  the  asphalt  must  be 
equal  in  quality  to  that  obtained  from  the  Pitch  Lake 
in  Trinidad,  and  the  naphtha-solubility  test  was  advo- 
cated as  practically  the  only  means  of  differentiating 
between  the.se  two  kinds  of  Trinidad  asphalt.  A  little 
later,  Bermudez  asphalt  appeared  upon  tlie  market,  and 
an  active  campaign  was  started  to  show  that  it  was  dis- 
tinctly inferior  to  Trinidad  Lake  asphalt.  In  fact,  Jlr. 
Richardson  in  a  lawsuit  in  Lincoln,  Neb.,  went  so  far 
as  to  declare  on  tlie  witness  stand  under  oath  that  Ber- 
mudez asphalt  was  a  most  inferior  paving  asphalt. 

Wlien  the  Bermudez  and  Trinidad  Lake  asphalts  were 
gathered  linder  one  control,  the  merged  interests  waged  a 
joint  warfare  against  the  California  asphalt  and  clauses 
were  introduced  in  specifications  to  the  effect  that  all  as- 
|)halts  must  be  made  from  hard  natural  asphalts  such  as 
were  found  in  the  Trinidad  and  Bermudez  deposits.  Al- 
though the  test  had  never  been  used  in  asphalt  specifica- 
tions it  was  then  discovered  that  the  fixed  carbon  in 
Trinidad  and  Bermudez  asphalts  ran  below  \5%,  while 
lliat  in  the  California  asphalts  ran  above  15%;  ir)% 
was  therefore  advocated  as  the  limit  of  demarcation  lie- 
tween  good  and  bad  asphalts.  The  sulphur  test  previously 
alluded  to  was  also  introduced.  Later  on,  when  the  ilexi- 
can  asphalt  appeared  in  the  market,  (.he  parafBn  test  was 
advocated  as  a  very  valuable  one,  as  the  writer  has  already 
described,  although  it,  too,  had  previously  never  appeared 
in  any  asphalt  specifications. 

It  is  quite  true  that  a  great  deal  of  attention  is  being 
]iaid  to  the  testing  of  the  asjihalt  itself  and  that  the  as- 
])halt  constitutes  only  approximately  10%  of  the  finished 
pavement.  So  far  as  the  A.  S.  M.  I.  specifications  are 
concerned,  however,  an  examination  of  them  reveals  that 
a  great  deal  of  attention  is  also  paid  to  the  testing  and 
selection  of  the  materials  forming  the  balance  of  the 
pavement.  It  is  therefore  not  correct  to  draw  the  con- 
clusion that  in  the  A.  S.  M.  I.  specifications  only  the 
asphalt  is  tested  and  that  the  tests  prescribed  are  so 
limited  in  number  and  so  inconclusive  in  character  that 
both  good  and  bad  asphalts  are  admitted  indiscriminately 
under  them.  Broadly  speaking,  asphalt  for  paving  ]ni im- 
poses must  meet  three  essential  requirements: 

1.  It  must  be  of  the  proper  consistency  for  use. 

2.  It  must  be  sufiiciontly  cementitious  to  firmly  l)iiid 
the  particles  of  mineral  aggregate  together. 

3.  It  must  be  sufficiently  permanent  in  character  to 
withstand  the  test  of  time,  traffic  and  climatic  conditions. 

The  writer  contends  tliat  the  fact  that  an  asphalt  is 
found  in  a  so-called  lake  has  nothing  wiiatever  to  do 
with   these  qualities.     Many  asphalts  arc   found    in   de- 


posits of  this  character  which  are  totally  unfitted  for 
paving  purpo.ses,  and  much  of  the  asphalt  found  in  thr 
Bermudez  Lake  is  unfit  for  paving  purposes. 

So  far  as  consistency  is  concerned,  that  is  ordinarily 
determined  with  sufficient  accuracy  by  the  penetration 
test.  So  far  as  cementitiousness  is  concerned,  the  duc- 
tility test  up  to  the  present  has  given  us  more  information 
in  this  respect  than  any  other  test  that  has  been  devised 
and  Mr.  Forrest  is  on  record  as  stating  that  "the  ductilitv 
test  as  performed  according  to  the  general  way  of  doin" 
it,  as  we  know  it,  is  a  measure  of  the  cementitious  value."' 

As  an  accelerated  exposure  test,  we  undoubtedly  gain 
very  valuable  information  by  subjecting  the  asphalt  to 
heating  for  a  stated  peri6d  of  time  under  .stated  oon- 
ditions  and  noting  the  hardening  due  to  this  heating  and 
the  character  of  the  residue  left  after  heating. 

In  other  words,  these  three  tests  form  the  skeleton  on 
whicli  we  rely  to  determine  the  suitability  of  an  asphalt 
for  paving  purposes.  Supplementary  tests  are  of  vahit- 
in  helping  us  form  an  opinion ;  but  where  the  limits 
given  for  these  supplementary  tests  are  such  as  to  bar 
out  certain  brands  of  asphalt  regardless  of  their  worth 
as  established  by  service  tests  and  experience  through- 
out the  country,  their  introduction  into  a  specification 
is  indefensible  from  the  public  standpoint. 

From  this  brief  review  of  the  subject  we  see  that  in 
direct  opposition  to  Mr.  Forrest's  statement  there  has 
been  a  constant  tendency  in  the  asphalt-paving  business 
whenever  a  new  asphalt  came  up  to  decry  its  value  and 
to  attempt  to  devise  tests  that  would  show  a  difference 
between  the  new  asphalt  and  those  previously  used  anil 
then  advocate  this  test  as  a  very  valuable  one  and  set 
such  permissible  limits  under  it  as  would  bar  out  tlu- 
new  asphalt. 

Quoting  again   from   Mr.    Forrest's  lecture: 

Bituminous  pavements  which  are  prepared  locally  and  put 
down  in  sheet  form — that  is,  as  a  unit — do  not  lend  them- 
selves readily  to  testing  as  a  whole  or  as  a  complete  mix- 
ture; but  it  is  obvious  that  a  series  of  tests  which  can  be  ap- 
plied to  the  finished  ai'ticle  of  manufacture — namely,  tht* 
whole  mixture  or  the  pavement  in  place — would  be  much 
more  conclusive  and  satisfying  from  the  point  of  view  of  the 
engineer  vt^ho  is  responsible  for  the  worli  than  the  type  of 
tests  now  in  vogue,  confined  as  they  are  to  the  raw  materials 
as  separate  units,  and  give  no  direct  information  as  to  how 
congenial  such  raw  materials  will  be  after  they  are  com- 
bined. 

There  is  no  doubt  that  a  series  of  tests  on  the  asphalt 
pavement  itself  would  be  valuable,  if  they  could  be  de- 
vised and  standardized.  Although  many  efforts  havo 
been  made  in  this  direction,  up  to  the  present  they  have 
not  met  with  success,  which  accounts  for  their  not  bein>; 
incorporated  in  specifications.  The  specifications,  how- 
ever, do  recognize  the  variations  rendered  neces.sary  bv 
differences  in  the  character  of  the  raw  materials  used 
and  such  modifications  are  placed  under  the  control  of 
the  engineer. 

Tlie  National  Road  Board  of  Great  Britain  lias  de- 
vised a  very  elaborate  machine  for  testing  asphalt  pave- 
ments, but  the  results  obtained  have  not  yet  been  re- 
duced to  a  practical  basis  and  sucli  a  machine  would  be 
too  expensive  to  install  in  a  city  or  private  testin,!.' 
laboratory. 

Finally,  it  may  be  said  that,  recognizing  the  difiScultj' 
of  obtaining  concordant  results  in  different  laboratories 
and  the  necessity  for  employing  uniform  methods  for 
conducting  the  various  tests,  the  A.  S.  :\I.  I.  specifica- 
tions  describe  each   test  in   detail,   state   the   limit  of 


Au.'u.<t  :3,  I'JIU 


E  N  a  I  X  E  E  K  I  N  U     N  ]•:  W  S 


209 


accuracy  of  the  test  itself  and  what  conclusions  may  be 
drawn  in  each  case  from  the  results  olitained.  They  also 
specify  the  size  of  the  samples  to  be  examined  and  the 
methods  to  be  employed  in  obtaining  them. 

[Proof  of  the  foregoing  article  was  submitted  to  C. 
X.  Forrest,  Chief  Chemist  of  The  Barber  Asphalt  Pav- 
ing Co.  Mr.  Forrest's  comments  on  Mr.  Smith's  state- 
ments follow. — Editor.] 

Sir — I  have  read  Mr.  Smith's  discussion  of  my  recent 
iddress  to  the  graduate  students  in'highway  engineering 
it  Columbia  University.  I  fail  to  find,  however,  any 
nisstatements  on  my  part  in  my  references  to  the  spe- 
•ifications  of  the'  A.S.]\I.I.  It  appears  that  the  tests 
'ontained  in  these  specifications  that  I  am  said  to  have 
-.rnitted  are  really  not  tests  at  all,  but  certain  clauses 
hat  simply  refer  to  the  tests  that  I  did  mention.  Mr. 
■imith  states  in  his  "e"  that  "under  the  head  of  Eefined 
Vsphalt  the  A. S.M.I,  specifications  contain  a  clause  for 
olubility  in  carbon  disulphide  and  carbon  tetrachloride" 
and  not  only  carbon  tetrachloride,  as  stated). 
Again  consulting  my  copy  of  the  proceedings  of  the 
\.S.5I.I.,  1914,  p.  588,  par.  4,  and  succeeding  clauses 
n  Refined  Asphalt,  I  fail  to  find  any  reference  to  solu- 
ility  in  carbon  disulphide,  or  any  mention  of  specific 
!  sts  that  I  did  not  quote.  I  have  no  criticism  to  make 
f  this  omission  in  the  specifications,  but  merely  make 
statement  of  fact. 

It  may  be  of  interest  to  mention  in  connection  witli 
lis  subject  that  despite  the  .specifications  which  ]Mr. 
mith  supports  so  feelingly,  a  committee  on  Standard 
'ests  for  Bituminous  ]\Iaterials  was  appointed  at  the 
;st  convention  of  the  A. S.M.I,  under  the  chairman- 
lip  of  Professor  Blanchard  "to  invite  and  direct  the 
loperation  of  all  chemists  dealing  with  bituminous  ma- 
•rials  for  the  purpose  of  further  standardizing  present 
lethods  of  testing  and  for  the  purpo.se  of  encouraging 
id  developing  additional  methods  and  appliances  for 
duating  paving  liitumens."  C.  N.  Forrest. 

Maurer,  N.  J.,  June  28,  191G. 


CatclhlbisiSHiniS 


The  extensive  sy.stem  of  bond-issue  roads  now  under 
instruction  in  Vermilion  County,  Illinois,  includes  a 
eat  number  and  variety  of  minor  structures  in  tlie  way 
'  culverts,  farm-drain  entrances  and  catchbasins.  This 
i>rk  is  under  the  direction  of  P.  C.  McArdle,  Chief 
iiginecr  for  tiie  Vermilion  County  Koads. 
The  standard  catchbasin.  Fig.  1,  consists  of  a  24-in. 
trified-tile  pipe  set  on  end,  with  a  circular  slab  of 
mcrete  around  the  bell  and  a  concrete  filling  at  the 
ittom.  A  cast-iron  grating  is  set  in  the  bell.  The  pipe 
IS  an  outlet  of  the  same  diameter  as  the  drain  with 
liich  it  connects.  The  concrete  is  1:3:  5. 
For  farm-drain  entrances  an  8-ft.  length  is  lined  witli 
le,  embedded  in  concrete  and  liaving  a  concrete  cutoff 
id],  as  shown  in  Fig.  2.  The  concrete  is  a  1:3:5  mi.x, 
id  the  quantity  ranges  from  1i/>  cu.yd.  with  10-in.  tile 

31/2  yd.  with   24-in.   tiie. 

The  standard   culverts   are  of   reinforced    concrete  of 
ctangidar  bo.x  section,  with  end  walls  of  plain  concrete, 

-hown  in   Fig.  2.     The  normal  sizes  range  from  1x1 


Cross  -  Sec+ion 

C/STCH   BASIN 

FIG.    1.     CATCHDASIN   A.VD    FARM-DRAIN    ENTRANCE    FOR 
VERMILION    COUNTY    ROADS.    ILLINOIS 

ft.  to  10  ft.  span  and  8  ft.  high.  Special  sections  are 
sometimes  required,  having  great  width  in  proportion  to 
height  in  order  to  give  the  necessary  area  of  waterway 
and  to  keep  within  restrictions  of  headway  and  grade. 
The  concrete  in  top  and  bottom  is  1 :  21/2 :  4,  while  that 
for  the  side  walls  and  head  walls  is  1:3:5.  All  exposed 
edges  are  beveled  by  means  of  %-in.  triangular  molding 
set  in  the  forms.  The  reinforcing  bars,  which  are  in 
The  top  and  bottom  only,  are  of  mild  or  medium  steel 
rolled  from   billets,  no  rerolled  material  or  high-carbon 
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FIG.  ?     TYPE  OF  REINFORCED-CONCRETE  CULVERT  FOR 
VERMILION   COUNTY    ROADS.    ILLINOIS 

.steel  being  permitted.  The  standard  drawings  contain 
lists  of  quantities,  with  lengths  and  sizes  of  bars,  for  the 
various  sections  of  culverts.  Tile  drains  3  in.  in  diameter 
are  placed  in  the  abutment  walls,  12  in.  above  the  ground 
line  at  abutments. 

For  a  culvert  :>x2  ft.  there  are  4.82  yd.  of  reinforced 
concrete,  8.75  y<l.  of  jilain  concrete  and  532  lb.  of  steel ; 
for  a  culvert  0x5  ft.  the  quantities  are  11.9  yd.,  35.9  yd. 
and  1,385  lb.;  for  a  culvert  lOxGi/^  ft.  they  are  17.8  yd., 
57(5  vd.  and  3.1(i0  lb. 
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Italmna  Firea^Ihitl  SHesiffimes' 

A  reniarkablp  fquipiiicnt  for  cargo  handling:  has  been 
intitalled  on  a  large  freight  steamship,  the  "Milazzo," 
recently  put  in  service  by  the  Italian  General  Naviga- 
tion Line,  operating  lietween  New  York  City  and  Italian 
ports.  As  may  be  seen  in  the  accompanying  views  of 
the  vessel,  a  row  of  ten  elevator  shafts  extends  along 
each  side  of  the  hull,  reaching  down  to  the  bottom  of 
the  hold,  while  the  elevator  guides  extend  a  considerable 
distance  above  the  deck.     There  is  a  tunnel  fore  and  aft 


on  each  side  of  the  ship  in  line  with  the  elevator  shafti- 
and  double  tracks  for  narrow-gage  cars  are  laid  in  thesi 
tunnels. 

The  primary  purpose  of  this  equipment  is  for  handlin; 
coal,  grain  or  similar  bulk  cargo.  Through  chutes  ii 
the  roofs  of  the  tunnels,  grain  or  other  bulk  freigli 
may  be  spouted  direct  into  the  cars,  which  are  run  t' 
the  elevators,  hoisted,  and  dumped  into  the  inclinei 
chutes,  shown  in  Fig.  2.  The  elevators  may  also  be  usc^ 
for  handling  freight  in  and  out  of  the  hold  when  tli 
vessel  carries  general  cargo.  It  is  claimed  that  with  thi 
system  of  cargo  handling  it  is  possible  to  load  and  uii 


AN   1T.\I,I.\N   FREIGHT  STEAMER.   THE  "MILAZZO."    FITTED    WITH    CARGO    ELEVATdHS 

l(.ad  the  shi])  in  a  very  much  shorter  time  than  with  th' 
(iiilinary  shi])  hoisting  tackle  and  thus  reduce  the  delay 
in  port. 

The  new  vessel  was  launched  in  Spezzia,  Italy,  ii 
Mav  last  and  is  just  completing  its  first  round  trip  acres 
Uic'  Atlaidic.  The  vessel  is  513  ft.  in  length,  ;!:i.8  ft 
ill  dci>th  and  (15.8  ft.  beam.  She  has  a  displacement  e 
20.010  tons  and  is  driven  by  quadruple-expansion  engine 
of  1,000  hp.,  giving  her  a  speed  of  11  knots.  A  sistc 
ship,  the  "Volturno."  building  in  the  same  yards,  wil 
be  put  in  .-service  in  the  fall. 

LltlKiidon  Over  I'nvinK  Contracts  at  Nashville.  Tenn.,  !'■ 
tweon  the  city  authoritie.s  and  the  Southern  Bitulithic  i '• 
was  tprininatcd  by  a  compromise  agreement  on  July  S,  uml' 
which  the  city  pays  the  company  for  the  work  it  had  oim 
111 -ted  up  to  the  time  construction  was  stopped  by  com 
injunctions  a  year  aRO,  and  the  company  is  to  proceed  wi' 
llio  completion  of  the  contracts  now  in  force.  While  tl> 
terminate.'?  the  litipration  between  the  city  and  the  compnii> 
taxpayers'  suits  against  the  city  to  prevent  it  from  carryli' 
out  the  contracts  for  paving  on  the  ground  of  their  Invalldi' 
.ire  still  pending.  An  unusual  feature  of  this  compllcat- 
litigation  at  Nashville  was  the  issuance  of  a  court  ord' 
placing  the  city's  affairs  in  the  hands  of  a  receiver.  Bef"' 
the  order  was  put  into  effect,  however,  it  was  appealed  to  : 
higher   court,   which    immediately   annulled    the   order. 
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ario^s  SoMs  for  Dralimag 
Fropenlies 


By  Joh\  \\.  IIaswell* 


SVXOI'SlS—llii'  success  of  a  la/nl-ilraiinKjc  en- 
terprise will  be  greatly  influenced  bi/  the  character 
of  the  soil  not  only  a-s  regards  its  fertility,  hut  as 
regards  its  ability  to  yield  up  its  moitture.  The 
characteristics  of  different  soils  which  make  them 
readily  drained,  on  the  one  hand,  and  difficult  of 
draining,  on  the  other,  are  here  explained,  together 
with  experiments  to  determine  the  rr'ation  be- 
tween soil  te.rtvres  and  freedom,  of  drainage. 

There  are  numerous  cases  wl;ere  engineers  in  general 
iraetiee  can  take  up  drainage  work  as  a  side  line.  A 
nowledge  of  soil  conditions  is  absolutely  essential,  how- 
,  ver,  to  successful  designing.  An  examination  of  the  soil 
'  laps  published  by  the  United  States  Department  of 
igriculture  will  be  found  very  helpful  in  this  work. 
oils  are  classified  according  to  the  diameter  of  the  grains 
Dmposing  them.  The  standard  classification  is  as  fol- 
)ws: 

MUlimctr-Ri 

ne  RTflvel   2  to  1 .0 

MneKinci 1  toO.5 

ediumaand...- 05      toO.23 

neaand 0.25    to  0.10 

■ry  fine  sand 0  10    to  0.05 

It 0.05    to  0,005 

ay 0  005  to  0 

Loams  contain  various  proportions  of  the  basic  con- 
ituents  and  have  none  of  the  characteristics  of  any  class. 

should  also  be  understood  that  the  name  silt  merel\ 
•notes  .soil  whose  particles  range  in  size  between  a  sand 
id  clay  and  does  not  allude  to  the  popular  idea  that  it  is 
'lely  water-borne  soil.  It  is  true,  however,  that  alluvial 
■posits  are  usually  made  up  of  a  large  proportion  of  Ibis 
instituent,  becau.se  the  heavier  particles  of  sand  settle  in 
•  near  the  river  channel  and  the  clay  continues  to  muddy 
c  water  after  the  silt  has  been  deposited. 

It  is  impracticable  to  get  an  analysis  of  all  the  soils 
ifountercd,  but  the  texture  can  be  determined  by  ])lacing 
<mal]  piece  of  average  soil  between  the  teeth.  In  some 
ils  this  makes  the  sand  more  perceptible,  while  the  clay 
ntent  is  known  by  the  smooth  feeling  when  the  teeth 
■netrate  it.  After  experience  on  soils  of  known  cla.ssifi- 
tion  it  is  comparatively  an  easy  matter  to  determine  the 
iitus  of  a  new  soil. 

Soils  that  are  formed  in  the  same  general  way  are 
aced  in  a  soil  series.  The  soils  in  a  series  may  exhibit 
1  the  differences  in  texture  from  gravel  to  clay;  and 
hen  such  is  the  case,  the  series  is  said  to  be  complete. 
I  the  United  States  a  series  is  named  from  a  town  or 
lysical  feature  near  where  it  was  first  encountered, 
ike,  for  instance,  two  soils  in  the  same  class — Sassafras 
t  loam  and  Elkton  silt  loam.  The  mechanical  analysis 
r  texture  shows  similar  classification,  but  they  differ 
aterially  in  plant  production.  The  Sassafras  contains 
ganic  matter  and  drains  more  readily  than  the  Elkton 
jit  loam,  which  has  been  developed  under  poor  drainage 
nditions  and  thus  has  a  different  structure  from   the 

i   •DralnaKe    Gnelneer,    Office    of    Public    Roads    and    Rural 
p''**'''''^'   U.   S.   Department    of   Agriculture,    Washington. 


other.  It  is  thcreforo  advisable  to  know  the  series  1o 
which  a  soil  hclongs  as  well  as  the  class  or  type,  and  the 
color  of  the  soil  is  of  groat  assistance  in  this  determina- 
tion. 

Soil  AIch.atiox 

Practically  all  the  benefits  from  land  drainage  are 
dependent  on  air  entering  the  soil  as  the  gravitational 
water  passes  out,  the  capillary  water  being  held  for  the 
use  of  the  plants.  The  gravitational  water  is  the  surplus 
water  that  runs  into  the  drains. 

This  percolation  generally  takes  place  readily  in  a 
sandy  soil,  but  in  the  heavy,  tight  soils  usually  classed  as 
clay  or  as  silt  loams  the  circulation  of  soil  water  and  air 
is  not  between  the  particles,  but  through  the  pore  spaces 
separating  the  granules  of  soil,  the  granules  being  com- 
posed of  a  number  of  .<oil  grains  or  particles  stuck 
together.     The  ideal   condition   of  granulation  is  inter- 
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mediate  between  a  compact  puddled  mass  of  tightly 
I'lawn  soil  grains  and  the  rough  clods  that  the  surface  of 
such  a  .soil  breaks  into  when  plowed.  The  first  will  not 
>  iijiport  plant  growth,  and  the  latter  is  hard  to  cultivate , 
so  besides  constituting  the  ideal  from  a  drainage  stand- 
point, this  granular  or  crumb  structure,  as  it  is  sometimes 
called,  is  the  desire  of  the  farmer.  The  granule  best 
adapted  to  plant  growth  varies  in  size  from  about  0.5  to 
<;.<•!  in.  in  diameter.  Farm  crops  demand  soil  air  for 
their  growth,  and  this  is  present  between  the  granules. 

In  the  experiments  outlined  the  soils  used  were  not 
absolute  se])arates,  but  natural  soil  materials  in  which 
predominated  those  properties  of  a  pure  soil  separate 
whose  name  they  bear.  Table  1  gives  the  general  proi)or- 
tions  of  the  different  ela.sses  composing  the  soils  used. 

TABLE  1.     PERCE.MT.ACiES  OF  .SOU,  SEPARATES  IN  SOILS  TESTED 


Clay 

Cliiy  loam . 
Silt  lonm  . 
Sandy  loani 
Sand 
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Enough  cla_y  to  fill  three  ordinary  pie  tins  was  mixed 
with  water  until  thoroughly  puddled.  One  pan  was  kept 
moist  throughout  the  whole  experiment,  and  the  other 
Iwo  were  allowed  to  dry.  These  two  were  then  thoroughly 
moistened  by  gentle  s])rinkling  and  the  process  repeated 
until  they  had  been  dried  five  times,  the  first  pan  being 
allowed  to  finish  with  the  last  two. 

The  pans  that  had  been  repeatedly  dried  and  wet 
showed  the  smaller  trranules  and  a  more  even  grauulatini!. 
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FIG.    2.    CURVKS    SHOWIXG    RELATICi.V    OK    TEXTURE    TO 
WATER-HOLDING  CAPACITY  IN  VARIOUS  SOILS 

This  is  easily  e\])lained,  sinee  water  tends  to  float  the  soil 
grains  and  thus  delloeeulate  the  mass.  While  in  this  loose, 
muddy  condition,  with  no  particle  of  soil  attached  to 
another  except  by  being  in  the  same  mass,  the  soil  was 
])laced  in  the  ])ans.  During  the  evaporation  of  the  water 
the  moisture  film  around  the  particles  had  to  contract, 
uluch  ])roduced  considerable  pressure  due  to  surface  ten- 
sion. The  particles  were  drawn  together  in  small  masses 
or  crumbs  by  repeated  drying.  Thus  the  large  mass  was 
!)roken  u])  into  crumbs,  when  fissures  or  lines  of  weakness 
developed.  It  should  be  mentioned  that  the  contrary  is 
true  in  a  soil  that  is  too  wet,  for  when  a  granular  soil  is 
kept  saturated  a  long  time  the  granules  break  up  and  the 
soil  "runs  together,"  assuming  the  single-grain  structure, 
where  each  soil  particle  or  grain  is  indei)cndent  of  the 
others  and  not  grouped  in  a  crumb. 

To  demonstrate  the  efPect  of  organic  matter  and  sand  on 
the  granulation  of  clay  an  experiment  similar  to  the  fore- 
going was  conducted  using  straight  clay,  and  clay  mixed 
with  half  its  volume  of  saiid  in  one  pan,  and  muck,  in 
the  same  ])roportion,  in  another.  These  pans  were  wet 
and  dried  five  times,  as  previously  described.  The  tin 
with  muck  and  clay  in  it  showed  the  finest  and  most  com- 
plete granulation,  due  to  the  large  expansion  and  con- 
traction of  the  muck  upon  wetting  and  drying.  The  clay 
sample  ranked  next  in  the  uniformity  and  extent  of 
granulation  and  also  shrinkage  of  the  mass,  while  the 
sand  mixture  showed  the  least  chancre.    The  sand  particle 


is  inert,  and  such  a  soil  readily  assumes  the  single-grain 
structure. 

The  water  in  the  soil  is  contained  in  films  around  tin- 
soil  particles  and  in  the  capillary  spaces  of  contait  be- 
tween the  soil  grains.  The  finer  the  soil  the  greater  will 
be  the  amount  of  water  held,  as  brought  out  in  a  later 
experiment.  In  a  coarse  soil  the  film  around  the  grain  is 
ini]iortant,  but  in  the  finer  soils  the  water  held  by  capil- 
larity between  the  grains  has  by  far  the  larger  vohuiie. 

PuDDLF,  Test 

Batches  of  soil  were  mixed  as  given  in  Table  2,  the 
figures  being  percentage  of  total  weight  of  dry  soil 
mixture.  After  thoroughly  mixing,  the  12  batches  were 
])uddled  into  tin  plates,  as  in  the  first  experiment,  ami 
allowed  to  dry.  Pliotographs  (Fig.  1)  were  taken  to  show 
the  extent  of  the  checking,  and  a  relative  determination 
of  hardness  was  made  by  observing  the  penetration  of  a 
knife-edge. 

As  would  naturally  be  supposed,  there  was  no  checking 
in  the  pure  sand,  sample  Xo.  1  (Fig.  1).  Of  the  others, 
samples  Xos.  7  and  8  showed  the  least  cracking,  white 
No.  3  broke  up  the  most.  The  first  two  were  the  mixtures 
containing  the  least  clay,  while  the  latter  was  pure  clay. 

Arranged  in  order  of  hardness,  the  test  showed  the 
following:   Nos.  4.  9,  6.  T,  5,  11,  3,  10,  12,  8,  2  and  1.    As 


KH;     :;      \-|EW  OF  APPARATUS  USED  IN  TESTS  OK  RATE.< 
OF  PERCOLATION  IN  VARIOUS  SOILS 

shown  by  the  talili',  the  mixtures  containing  the  largest 
percentage  of  sand  were  the  hardest,  while  of  course  tlif 
pure  sand  with  no  cementing  material  to  hold  the  grain.- 
together  was  the  softest.  The  tests  were  not  fine  enoujfli 
to  draw  close  distinctions  between  the  samples  in  the 
middle  of  the  series.  Half  of  the  mixtures  between  the 
two  extremes  were  about  of  the  same  hardness. 

The  puddle  experiment  opens  up  a  wide  field  for 
thought.  The  princiiia!  idea,  from  a  drainage  standpoint, 
is  an  indication  of  how  poi'ous  a  ]iuddled  soil  will  beconic 
after  it  is  drained  and  allowed  to  dry.     In  jiroduciiig  » 
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saii;l-flay  road  a  hard,  nonshrinking  surface  is  desired, 
and  similar  experiments  should  aid  in  determining  proper 
proportions.    Of  course,  the  impact  of  traliic  and  washing 

TABLE  2.     SOIL  MIXTURE  IX  PUDDLE  TESTS 

No.  of  ■ Percentagi^s  of  Soil • 

Sample  Sand  Silt  Clay 


of  rains  would  qualify  the  laboratory  findings.  Better 
results  would  be  obtained  from  a  series  o(  wettings  and 
dryings  such  as  would  occur  in  nature. 

IXFLUEXCE  OF  TeXTURE  UpoX   WATKK-rioi.niN'G 

Capacity 

"The  term  'te.xture'  is  used  to  refer  to  the  size  of  the 
individual  particles  of  which  a  soil  is  composed.  .  .  . 
,  The  relative  proportions  of  these  various-sized  particles 
■  influence  greatly  the  physical  properties  of  the  soil."^ 
The  amount  of  water  which  a  soil  can  absorb  and  retain 
against  the  action  of  gravity  is  dependent  on  its  texture, 
structure  and  the  amount  of  organic  matter  contained  in 
it.  The  first  mentioned  was  the  basis  of  this  experiment. 
Brass  cylinders  1%  in.  in  diameter  and  9^^  in.  long 
iverc  used  in  this  work.  A  perforated  bottom,  covered  by 
I  cloth  dam,  prevented  any  tine  material  from  seeping 
lirough  from  the  tube  after  being  filled  with  soil  and 
-tood  in  water.  A  cylinder  was  used  for  each  of  the  fol- 
owing  soils:  Muck,  clay,  clay  loam,  silt,  sandy  loam  and 
and.  Tlie  filled  tubes  were  compacted  until  there  was  no 
■cttlpment  when  the  cylinder  was  dropped  4  in.,  the  final 
evcl  in  all  being  1  in.  below  the  top. 

The  weights  of  the  cylinders  having  been  read  before 
ind  after  tilling,  the  cylinders  were  stood  in  water  the 
urfaee  of  which  was  kept  at  the  same  elevation  as  the 
oil  in  the  tubes.  The  columns  of  soil  were  so  short  that 
here  was  practically  no  settlement.  The  tiric  r('(|uired 
or  free  moisture  to  ajipear  on  the  surface  of  the  soil  was 
I'corded  as  far  as  possible. 

The  cylinders  and  saturated  soils  were  next  weighed, 
10  water  being  allowed  to  escape  from  the  scale  ))aii. 
riiey  were  f.ien  covered  with  water  glas.ses  and  weighed 
t  the  end  of  one  hour  and  each  day  for  five  days.  The 
lercentages  by  weight  of  water  taken  up.  water  held  and 
I'ater  lost,  at  the  end  of  the  fifth  day,  are  given  in  Table  .'?. 
It  will  be  noticed  that  the  water  appeared  at  the  top  of 
he  tubes  in  the  following  order:  Muck,  sand,  sandy  loam, 
lay  loam,  with  clay  and  silt  over  night  and  therefore 
ndeterniinate. 

TABLE  3.    texture  AND  WATER-IIOI-DING  CAPACITY 

Timn  — %  of  Water  by  Weight . 

lO-qiiin-'d  for 

UatcrTo  Taken  Lost  Firet 

Soil                          .Appear  Up  Lost       Retained        Day 

Hr.       Min.  (At  End  of  Fifth  Day) 

loy OvcrniKht  39.5  .5  7           33.8             3  3 

layloam 7           40  40.7  6  8          33  9            4  1 

i" CvirniKht  37.3  4(1           32.7             2  9 

»ndy  loam 1             30  312  8  0           23  2             .5  8 

jno 0           40  27.0  78           19  2            6.1 

'"« 0            2.5  5.5  9  28  1           26  8           22  9 

The  curves  in  Fig.  2  were  plotted  from  the  daily  record. 
}  number  of  runs  would  have  established  smoother  curves, 
I'ut  the  results  obtained  show  up  natural  soil  conditions 
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very  well.  In  general,  clay  ])arts  with  its  moisture  very 
slowly  and  the  other  soils  in  approximately  the  following 
order:  Clay  loam,  silt,  sandy  loam,  sand  and  muck.  It 
will  be  noticed  that  the  silt  curve  is  the  flattest.  This  soil 
lost  all  the  drainage  water  in  the  first  three  days,  after 
which  it  held  the  remainder  while  the  clay  continued  lo 
los.'. 

AVithout  the  last  colunm  in  Table  3  this  experiment 
would  result  in  confusion.  We  often  hear  that  sand 
"holds  more  water  than  clay"  and  that  the  "ruiiolf  rroni 
sandy  lands  is  greater  than  clays."  The  table  shows  that 
for  the  same  condition  of  dryness  clay  will  take  up  more 
water  than  sand,  but  will  not  part  with  as  much,  and  (hat 
the  rate  of  drainage  from  the  sand  is  almost  two  times  as 
fast  as  from  the  clay  for  the  fir-st  24  hr.  Silt  is  .shown  to 
be  the  slowest  to  drain,  while  the  loams  come  next  to  the 
pure  sand. 

I'l'liCOLATIOX   P]XPEIiIMEXT 

Percolation  Jars  2(1  in.  long  and  41/2  in.  in  diameter 
were  arranged  as  shown  in  Fig.  3.  A  constant  bead  of 
114  iu.  was  maintained  by  means  of  an  inverted  flask 
who.se  neck  just  touched  the  water  surface  in  a  beaker 
used  as  a  distributing  reservoir.  The  beaker  cannot  be 
seen  in  the  figure,  but  the  distributing  siphons  leading 
from  it  are  shown.  The  water  of  percolation  was  received 
in  a  beaker  placed  under  each  jar. 

The  soils  used  were  clay,  silt,  sandy  loam  and  sand, 
which  were  tested  loose,  compacted  and  with  the  addition 
of  1%  of  lime  by  weight  with  the  soil  compacted.  The 
percolation  through  silt  and  clay  was  so  slow  that  long 
runs  had  to  be  made  in  order  to  get  fair  averages,  the 
results  being  reduced  to  grams  of  water  per  hour.  Head- 
ing from  left  to  right  in  Fig.  3,  the  soils  in  the  jars  are 
clay,  silt,  sand  and  sandy  loam  from  a  subsoil. 

Tables  4  and  5  show  that  coarse-textured  soils  ]ierinit 
the  most  rajiid  percolation  both  in  quantity  of  water  pass- 
ing and  in  the  time  required  for  the  water  to  appear. 

TABLE  4.     PERCOLATION  OF  WATER  THROUGH  COLUMNS  OF  SOIL 

. <Jr;ims  of  Water  per  Houi ■ 

. Treatment ■ 

l%I.in]r-, 
Soil  Loose  Compact  Compart 

Cl:iv         !•■?  0  6  1.1 

Silt  5  1.2  2.7 

.Saridv  loam 139  9  0  15  0 

Sand'. 269  58.0  25.0 

TABLE  5.     TIME  REQUIRED  FOR  W.\TER  TO  DRIP 

. Hours  and  Minutes 

. Treatment 

1%  Lime, 
Soil  Loose  Compact  Compact 

Qay Overnight  93  00  26  OO 

Silt Overnight  4100  13  00 

Sandyloam 1.15  5  45  3  30 

Sand 0  30  0.35  1.05 

The  larger  the  total  pore  s])ace  in  the  soil  the  greater 
the  percolation  and  the  less  time  retpiired  for  the  water  {<■ 
])ass.  .\  comparison  of  the  loose  and  compact  columns  in 
the  tal)le  shows  that  soil  cultivaticm  can  lie  made  to  assist 
drainage. 

The  ettect  of  lime  corresponds  with  actual  results  ob- 
tained on  farms.  Lime  will  open  up  a  tight  soil  by  floc- 
culating the  soil  grains  and  will  make  a  sandy  soil  den.-jer 
for  the  same  reason.  The  lower  percolation  in  sand  after 
the  addition  of  lime  shows  this  very  clearly.  The  lime 
shortened  the  time  recpiired  for  the  water  to  appeal  in 
all  the  soils  except  sand,  which  was  made  to  have  less  pore 
space  due  to  the  action  of  the  lime  and  hence  retarded 
the  passage  of  the  water.  This  shows  that  leaching  from 
sandy  soils  can  be  lessened  by  the  use  of  lime. 
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In  considering  the  drainage  possibilities  of  a  tract  the 
following  outline  of  procedure  is  recommended  in  refer- 
ence to  the  soil : 

1.  Obtain  a  soil  map  of  the  area,  if  available,  and 
locate  the  spot. 

2.  Determine  the  uniformity  of  the  soil  and  see  if  there 
are  any  areas  too  small  to  lie  shown  on  the  map. 

3.  Observe  the  series  to  which  the  soil  belongs  and  see 
by  reference  to  the  text  accompanying  the  soil  map  if  the 
members  of  the  series  are  usually  \vell  drained. 

4.  Determine  the  classification  and  examine  the  subsoil 
for  pervious  or  impervious  strata,  Joint  clay  formation, 
etc. 

.5.  Xote  any  color  changes  in  llic  soil. 

6.  Compare,  if  possible,  this  soil  with  some  similar  soil 
which  has  already  been  drained. 

It  must  be  remembered  that  the  change  in  structure 
mentioned  under  "Granulation  Experimenf  and  "Pud- 
dle Test"  would  not  occur  immediately  after  draining,  but 
would  require  several  years  in  a  fine  soil.  This  accounts 
for  the  increasing  yields  for  the  first  three  years,  so  often 
seen  in  drainage  "records.  After  the  soil  becomes  well 
granulated,  the  production  fails  to  increase  further  from 
drainage. 

When  a  drain  is  first  opened,  it  is  interesting  to  watch 
the  water-bearing  strata  discharge  into  the  ditch.  After 
a  short  time,  usually  within  a  week  or  two,  the  flow  falls 
oS  and  sometimes  ceases  until  after  a  rain.  Then  as 
time  goes  on.  the  discharge  from  the  drain  increases  in 
amount  and  duration  after  storms,  showing  the  effect  of 
better  soil  conditions.  This  is  the  explanation  for  the 
statement  that  extensive  tile  drainage  will  reduce  flood 
flows  by  changing  a  saturated,  unabsorbing  soil  ..into  one 
which  will  absorb  rainfall  and  liberate  it  gradually  in- 
stead of  letting  it  run  over  the  ground  surface. 

The  practical  uses  to  be  made  of  the  foregoing  data 
have  been  set  forth  by  the  writer  in  a  published  bulletin.^ 
A  few  extracts  sum  up  the  conditions  governing  depth  and 
spacing  of  underdrains : 

Three  feet  is  the  common  depth  for  tile  in  average  soils 
Krowlng  the  ordinary  crops.  The  depth  should  be  greater  for 
alfalfa  and  less  for  strawberries  because  of  the  difference  m 
the  root  systems.     ...  ,   ^.  «         »  , 

In  a  tight  "post  oak"  (silty)  soil  the  percolation  of  water 
is  very  slow  and  of  small  extent,  so  that  drains  but  2  ft.  deep 
are  possible,  while  in  open  loams  drains  as  deep  as  5  ft.  have 
proved  the  most  satisfactory.  According  to  Fippin,'  up  to  a 
depth  of  4  ft.  an  increase  in  the  depth  of  the  drain  will  permit 
an  increase  in  the  interval  between  drains  of  about  two  rods 
for  each  foot  in  depth.  For  example,  a  drain  4  ft.  deep  will 
drain  a  strip  two  rods  wider  than  will  a  drain  3  ft.  m  depth, 
provided,  however,  that  the  line  be  laid  in  an  open  soil.  The 
only  extra  expense  is  that  of  an  extra  foot  of  digrging.  which 
is  more  than  offset  by  the  smaller  number  of  laterals  required. 
Where  the  -subsoil  is  a  heavy  clay  overlain  by  an  open  topsoil, 
it  is  good  practice  to  lay  the  tile  at  least  as  deep  as  the  line  of 
division  Under  these  conditions  the  soil  water  generany 
spreads  over  the  subsoil  and  can  be  reached  only  by  tile  laid  as 
suggested.  i,         » 

In  the  so-called  uniform  system  of  drainage  the  number  or 
laterals  can  be  greatly  reduced  if  the  depth  is  a  maximum  for 
the  soil  in  question;  for  the  laterals  must  be  so  closely  spaced 
that  no  unaffected  land  will  lie  between  them,  and  the  greater 
the  depth  of  drain  the  wider  the  strip  of  land  affected.  In 
tight,  close  soils  the  drains  may  have  to  be  but  2  ft.  deep  and 
40  ft.'  apart  for  efficient  drainage,  while  a  depth  of  4  ft.  and 
a  spacing  of  200  ft.  may  produce  equally  good  results  in  a 
loose  open  soil.     ... 

The  presence  of  a  "Joint  clay"  formation  in  the  subsoil  is 
a  great  help  to  undcr-drainage,  as  the  water  will  follow  the 


joints.  The  presence  of  this  type  can  be  detected  by  digging 
a  test  pit;  if  the  subsoil  breaks  up  into  small  cubes,  it  is  said 
to  be  of  a  "joint"  formation. 

Some  retentive  subsoils  must  be  broken  by  deep  plowing 
before  they  will  permit  tile  drains  to  operate  freely.  A  sub- 
soil plow  run  in  the  bottom  of  an  ordinary  furrow  will  gen- 
erally give  a  total  depth  of  plowing  of  IS  in.  In  some  sections, 
after  years  of  cultivation  to  the  same  depth,  a  "plow  pan"  or 
"plow  sole"  of  firmly  compacted  earth  has  been  formed  by  the 
tramping  of  the  horses  and  the  downward  pressure  of  the 
common  moldboard  plow.  This  bed  of  tightly  packed  soil 
must  be  broken  before  thorough  drainage  can  be  accomplished; 
and  even  when  underdrains  are  not  installed,  the  good  effect 
of  such  subsoiling  will  often  be  appreciable.  Retentive  soils 
are  frequently  rendered  susceptible  to  drainage  by  heavy 
lining.     .     .     . 
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Sioux  City,  Iowa,  which  has  gained  fame  on  account 
of  the  excellence  of  its  concrete  pavements,  is  extending 
paved  streets  so  far  out  of  the  business  and  residence  sec- 
tion of  the  city  that  in  much  work  now  under  way  the  con- 
ditions are  those  of  typical  country  roads.  These  pave- 
ments are  built  under  the  suiDervision  of  T.  H.  Johnson. 
City  Engineer. 

On  level  stretches  or  moderate  grades  pavements  arc 
of  the  ordinary  crowned  cross-section,  IG  ft.  wide,  6  in. 
thick  at  the  sides  and  8  in.  at  the  center.  But  on  grades 
of  4%  or  more  the  crown  is  replaced  by  a  concave,  or 
dished,    cvoss-section.      The   sui-face    nf    the    pavement   is 


="Land  Drainage  in  Maryland."  Bulletin  186.  Maryland 
Agricultural  Experiment  Station. 

'"Land  Drainage  in  New  York,"  by  E.  O.  Fippin;  Circular  70, 
New  York  Department  of  Agriculture. 
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made  ;5  in.  lower  on  the  center  line  than  at  the  edges,  but 
of  uniform  thickness  (7  in.).  The  8-ft.  earth  shoulders 
are  crowned  so  that  the  drainage  of  half  of  them  goes  te 
the  center  of  the  pavement  and  the  other  half  to  the  usual 
side  ditches. 

The  object  is  twofold.  The  pavement  takes  a  large  part 
of  the  runoff  during  rains  and  saves  washouts  which  al- 
most invariably  occur  on  unpaved  hill  streets  with  every 
severe  shower.  The  character  of  the  soil  in  the  lulls  is 
very  peculiar.  It  will  stand  for  years  in  cuts  with  a 
jierpendicular  face,  but  erodes  under  running  water  with 
astonishing  rapidity.  The  other  object  is  to  preserve  the 
shoulders  of  the  pavement.  The  tendency  with  a  crowned 
concrete  pavement  is  for  the  water  and  traffic  to  form  a 
gullev  along  the  edge  of  the  pavement  slab.  With  the 
dished  cross-section  there  is  no  such  tendency.  The  soil 
on  the  shoulders  tends  to  work  in  and  form  a  cushion  tfl 
protect  the  edge  of  the  slab. 

The  water  that  runs  down  the  center  of  the  pavemen 
is  diverted  at  the  foot  of  the  slope  by  means  of  dished 
concrete  aprons  across  the  shouldei-s  to  the  side  ditches. 
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Bevond  the  aprons  the  crowned  pavement  begins  again, 
the  transition  being  so  gradual  as  to  malce  easy  riding, 
and  tlie  change  is  not  conspicuous.  The  dished  pavement 
of  the  hill,  however,  is  rather  noticeable,  and  the  appear- 
ance is  not  so  pleasing  as  that  of  a  crowned  roadway. 

The  curious  locomotive  shown  in  the  accompanying 
view  is  one  of  280  engines  built  for  the  French  Govern- 
ment by  the  Baldwin  Locomotive  AVorks,  of  Philadelphia, 
and  intended  for  use  on  military  railways  of  24-in.  gage. 
They  are  of  what  is  known  as  the  Peehot  type,  Ijeing 
named  after  their  inventor.  They  are  flexible-wheel  base 
noncompound  engines  of  the  0-1-1-0  class.  Their  gen- 
eral design  is  similar  to  that  of  the  earlier  Fairlie  type, 
having  a  double  tandem  boiler  (with  two  barrels  and 
fireboxes)   and  being  mounted  on  two  steam  trucks,  so 


riveted  to  the  saddles.  The  boiler  simply  rests  on  the 
saddles,  without  being  attached  to  them,  thus  allowing 
for  expansion  and  contraction. 

The  four  cylinders  are  all  7x9.6  in.  The  live-stcani 
pipes  leave  the  boiler  through  openings  in  the  bottom 
and  pass  down  through  the  center  pins  of  the  trucks, 
.<o  that  the  ball  joint  in  each  pipe  can  be  arranged  to 
coincide  with  the  center  on  which  the  truck  swivels.  The 
steam  distribution  is  controlled  by  balanced  slide  valves, 
driven  by  Walschaerts  valve  gear.  Reversing  is  effected 
by  means  of  a  hand  lever.  The  engine  has  26-in.  wheels, 
with  3-ft.  rigid  wheelbase  for  each  truck  and  a  total 
wheelbase  of  12  ft.  6  in.     The  weight  is  about  1-1  tons. 

The  cab  is  located  at  the  center,  the  engineman  being 
on  one  side  and  the  fireman  on  the  opposite  side.  The 
water-supply,  400  gal.,  is  carried  in  four  tanks  placed 
beside  the  boiler  barrels.  The  two  tanks  on  the  fireman's 
side  are  shorter  than  the  others,  so  as  to  provide  space 
(adjacent  to  the  cab)    for  coal   bunkers  of  880  lb.  ca- 
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Baldwin  Locomotive  Works,  builder 


hat  the  engine  is  powerful  for  its  size  and  exceedingly 
lexible.  In  the  Mallet  type  of  engine  there  is  only  one 
learn  truck,  the  second  group  of  driving  wheels  being 
arried  in  fixed  frames. 

In  these  new  Peehot  locomotives  the  boilers  have  25-in. 
teel  barrels  and  a  steel  shell  inclosing  the  inside  fire- 
'oxes,  which  are  of  copper,  161/2x231/^  in.  The  tubes 
re  of  brass,  1%  in.  in  diameter  and  5  ft.  8  in.  long. 
'iach  boiler  barrel  contains  a  separate  set  of  tubes,  and 
here  is  a  sniokeiiox  and  stack  at  each  end  of  the  locomo- 
ive.  The  dome  is  placed  above  the  fireboxes.  It  con- 
ains  two  throttle  valves,  one  serving  each  truck.  Steam 
■!  normally  admitted  to  all  four  cylinders;  but  if  de- 
ired,  the  locomotive  can  be  operated  by  one  steam  truck 
nly.  The  boiler  barrels  are  supported  by  saddles  placed 
irectly  over  the  center  pins  of  the  trucks,  while  the  fire- 
ox  shell   is   supported    by   two   plate    frames    that   arc 


pacity.  Each  fireljox  has  a  side  door  and  is  fired  inde- 
pendently of  the  other.  The  American-made  equi|)inent 
includes  injectors,  whistle,  safety  valves,  lubricator, 
steam  gage,  headlights  and  cab  and  signal  lamps.  The 
locomotives  are  fitted  vrith  hand  screw-brakes  and  with 
drawimrs  of  the  radial  type. 

These  locomotives  were  erected  at  the  Eddystone  jilant 
of  the  builders,  and  were  subjected  to  severe  tests,  each 
being  run  under  steam  for  approximately  half  a  day  on 
a  special  track  built  for  testing  purposes.  Each  locomo- 
tive was  shi])i)ed  complete  in  one  case.  The  smokestacks 
and  a  few  small  fittings  were  removed,  but  were  boxed 
with  the  locomotive,  so  that  very  little  erecting  work  was 
necessary  on  arrival  at  destination.  Considering  the  facts 
that  the  locomotives  were  built  throughout  to  metric  meas- 
urements and  were  of  most  unusual  design,  quick  records 
lor  delivery  have  been  made. 
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The  commercial  interests  in  tlie  cities  of  the  ilississijipi 
Valley  which  have  for  years  been  urging  Government 
appropriations  for  waterway  improvement  have  come  to 
understand  that  e\en  more  important  to  the  revival  of 
waterway  traffic  than  improved  channels  are  improved 
terminal  facilities  at  the  principal  cities.  The  most 
important  port  on  an  inland  river  in  the  United  States 
is  St.  Louis.  The  tonnage  of  water-borne  traffic  at 
Pittsburgh,  it  is  true,  is  much  larger,  but  the  Pittsburgh 
water  traffic  is  almost  wholly  of  coal,  while  tlie  St.  Louis 
water  traffic  is  general  merchaudise  of  much  higher  value 
]icr  tou. 

As  is  well  known,  there  has  been  a  great  falling  otf 
in  the  traffic  on  the  .Mississippi  Bi-ver.  In  1887,  the 
freight  shipments  by  river  to  and  from  St.  Louis 
amounted  to  1,290,000  tons.  In  1011  the  river  traffic 
had  dwindled  to  154,000  tons.  In  contrast  with  this, 
the  total  rail  shipments  at  St.  Louis  in  1914  amounted 
to  over  52,000,000  tons  and  the  freight  taken  by  rail 
lines  approximately  jnirallel  to  the  rivers  was  about  28,- 
000,000  tons.  Notwithstanding  these  impressive  figures, 
there  is  a  large  public  sentiment  in  the  Mississippi  Valley 
which  favors  the  creation  of  facilities  that  will  make  the 
revival  of  river  traffic  possible,  and  this  sentiment  is  as 
strong  in  St.  Louis  as  anywhere. 

A  report  on  a  proposed  terminal  system  for  river 
traffic  in  St.  Louis  was  recently  made  by  S.  W.  Bowen, 
Chief  Engineer  of  the  City  Department  of  Public  Utili- 
ties. The  report  is  a  voluminous  document,  containing 
with  its  appendices  a  great  amount  of  statistical  matter, 
and  extensive  maps  and  drawings  illustrating  the  struc- 
tures it  is  proposed  to  build. 

.Mr.  Bowen  first  investigated  the  question.  What  amount 
of  river  traffic  should  the  propo.sed  terminals  be  planned 
for?  A  canvass  was  made  of  the  princijial  manufacturing 
and  shipping  concerns  of  the  city,  which  resulted  in 
tentative  promises  of  about  250.000  ions  of  freight 
annually  for  .shipment  by  river.  While  this  would  be 
a  material  increase  over  the  present  river  traffic  it  is 
noteworthy  that  out  of  350  letters  sent  out  only  1 1  I 
replies  were  received.  ^Ir.  Bowen  thinks  it  probable  that 
if  the  proper  terminal  facilitieni  were  once  furnished,  a 
considerably  larger  tonnage  of  rivcv  trallii'  than  that 
stated  above  might  be  reached,  prolialily  as  much  as 
500,000  tons.  Even  this  traffic  would  not  be  sufficient 
to  warrant  the  city  in  making  a  very  large  outlay  on 
river  terminals.  ^Ir.  Bowen  believes,  however,  that  there 
is  opportunity  for  considerable  traffic  to  develop  between 
the  Pacific  Coast  ports  and  Mississippi  Valley  ])oints  by 
way  of  the  Panama  Canal  and  New  Orleans.  There  will 
also  be  a  further  increase  in  the  territory  oiiened  to 
river  traffic  from  St.  Louis  if  the  proposed  Intercoastal 
Canal  along  the  Culf  is  completed. 

The  class  of  freight  most  likely  to  be  handled  on  the 
Mississippi  River  in  the  future  appears  to  be  general 
merchandise,  except  that  some  grain  nuiy  possibly  be 
handled  by  river,  if  the  business  were  of  sufficient  volume 
to  justifv  the  building  of  grain  elevators  at  river  terminals 
for  delivering  material  to  boats.  Mr.  Bowen  outlines  the 
requirements  for  an  efficient  terminal  system  for  inland 
river  traffic  as  follows: 

An  efficient  river  terminal  sy.stem  should  consist  of  ;i  scr- 
ies o(  (locks  conveniently   located  with   respecl    to  the   manu- 


facturing and  distributing  centers,  and  a  complete  railway 
system  connecting  the  docks  "with  all  of  the  railways  entering 
the  city.  The  docks  should  be  fully  equipped  with  the  most 
modern  freight-handling  machinery.  There  should  be  ware- 
houses on  the  docks  for  the  protection  of  transient  freight  and 
storehouses  lying  back  of  the  warehouses  for  freight  to  be  held 
some  time.  The  railway  system  should  include  a  belt  line  with 
receiving  and  storing  yards  and  small  sorting  yards  at  each 

(:Ock. 

St.  Louis  is  better  able  than  most  river  cities  to  con- 
struct a  river  terminal  system  since  50%  of  the  total 
river  frontage  is  owned  by  the  city.  The  city  also  owiis 
a  single-track  railway  line  about  7  mi.  long  extending 
along  the  river  front  in  the  northern  part  of  the  city. 
In  addition,  part  of  the  St.  Louis  Transfer  Ry.  system 
came  into  the  city's  possession  on  Dec.  15,  1915.  It  is 
proposed  to  extend  these  railway  lines  so  as  to  form  a 
belt  line  entirely  around  the  city,  with  connections  for 
the  transfer  of  cars  at  each  railway  intersected. 

There  are  a  number  of  suitable  locations  for  municipal 
docks  along  tlie  river  front,  and  local  conditions  will 
determine  which  of  these  sites  are  preferable  for  first 
development.  In  the  design  of  the  docks,  the  Govern- 
ment requirenu'iits  are  that  the  river  bed  in  front  of  the 
docks  shall  be  dredged  to  a  depth  of  at  least  8  ft.  below 
Inw-water  mark  and  shall  be  maintained  at  that  depth. 
{•'ills  must  be  made  above  and  below  the  dock  to  form 
easy  approaches  and  prevent  the  formation  of  eddies. 

The  elevation  of  the  roadway  paving  on  the  dock  site 
is  fixed  at  the  same  elevation  as  the  high-water  mark  of 
the  record-breaking  flood  of  1903.  The  floors  of  wharves 
and  warehouses  would  be  placed  3.7  ft.  above  this  level. 
Mr.  Bowen  thinks  it  likely  that  if  another  flood  equal 
to  that  of  1903  should  come,  after  the  levees  on  the  east 
side  of  the  river  are  built,  the  high-water  mark  at  St. 
Louis  would  be  raised  2  to  3  ft,  above  that  of  1903.  The 
floors  of  w-arehouses  and  wharves  would  still  be  above  a 
flood  of  such  a  height,  and  the  small  depth  of  flood  water 
would  do  no  damage  to  the  paving  for  the  short  time 
it  might  flow  over  it. 

After  an  extensive  study  of  fi'eight-handling  machiuerv 
suitable  for  use  at  docks,  the  decision  was  in  favor  of 
locomotive  cranes  in  connection  with  motor  trucks,  with 
the  possible  later  addition  of  gantry  jib  cranes.  With 
such  equipment,  it  is  estimated  that  miscellaneous  packajre 
freight  can  be  handled  for  about  20c.  per  ton.  The 
present  river  traffic  at  St.  Louis  is  handled  by  four  packet 
lines  and  three  tow-boat  lines.  It  is  estimated  that  to 
provide  for  present  requirements,  with  a  reasonable  pro- 
vision for  future  growth,  four  300-ft.  docks  would  lu' 
required  on  Valentine  St.  and  the  same  number  at  North 
.Market  St. 

The  estimated  cost  of  these  docks  and  warehouse.*, 
with  their  mechanical  equiimunt,  is  $1,230,000.  For 
extensions  of  the  municipal  railway  system,  about  $551,- 
000  would  be  required.  Adding  a  reasonable  peirentafti' 
for  contingencies,  the  total  cstiinate.l  cost  of  the  whole 
municipal  svstem  would  be  $2,000,000  in  round  numbers. 
At  North  Market  St.,  the  dock  construction  on  the  lines 
proposed  would  reclaim  about  17  acres  of  land.  It  is 
estimated  that  this  could  be  sold  for  enough  to  reduce 
the  net  cost  of  the  project  to  $1,500,000. 

In  estimating  the  capacity  of  these  docks  to  handle 
traffic,  Mr.  Bowen  assumes  an  annual  freight  transfer 
amounting  to  550  tons  per  lin.ft.  of  dock,  which  corre- 
sponds with  European  experience  in  mechanical  cargo 
handliu-      At  this  rate,  the  2.400  lin.ft.  of  docks  pro- 
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vided  would  be  capable  of  liandling  1,320,000  tons  of 
river  traffic.  The  annual  expense  to  the  city  of  this 
proposed  dock  and  railway  system,  including  interest  at 
4%,  sinking  fund  at  2.06%,  and  maintenance,  is  esti- 
mated at  about  $208,000.  To  provide  a  revenue  to  meet 
this  expense,  Mr.  Bowen  recommends  that  a  rate  of  10c. 
iier  ton  be  charged  for  freight  handled  over  the  docks, 
and  for  the  use  of  the  municipal  belt  line  that  a  rate 
per  car  ba  fixed  or  else  that  the  line  be  leased  at  an 
annual  rental. 

Causes  ®f  Raal  Coirrtia^SiGiOEa 

The  corrugation  of  rails  on  street  railways,  with  its 
causes  and  the  means  to  prevent  and  remove  it,  has 
i)een  the  subject  of  extended  discussion.  The  following 
■statement  as  to  the  causes,  which  are  listed  in  the 
■rder  of  their  inijMrtance,  has  been  prepared  by  ]\Iason 
I).  Pratt,  Chief  Engineer  of  the  United  Railways  and 
Hlectric  Co.,  of  Baltimore,  Md.  It  is  based  on  twenty- 
iive  years  of  experience  in  the  manufacture  of  rails  and 
■  the  construction  and  maintenance  of  track.  He  states 
hat  this  was  submitted  to  the  chief  engineers  of  all 
he  larger  street-railway  systems  in  the  country,  and  that 
vhile  their  individual  experience  varied  somewhat,  the 
onclusions  were  substantially  agreed  to  by  those  who 
lad  given  the  matter  careful  consideration.  Tlie  causes 
re  as  follows: 

1.  Self-propelled  ears.  Practically  all  corrugation 
'ccurs  on  electric  railways  where  all  or  a  large  majority 
f  the  cars  are  self-propelled. 

2.  Girder  or  other  rails  having  consideral)le  vertical 
tiffness. 

;i.  Soft  steel  for  rails.  The  extent  and  depth  of 
orrugation  is  in  inverse  ratio  to  the  i  intent  of  carbon 
lid  other  hardening  elements. 

4.  Single  type  of  cars  in  operation;  particularly 
iiubU'-truck,  four-motor  equipment.  On  tracks  over 
iiich  there  is  regularly  operated  a  service  of  mixed 
\pes  of  cars,  corrugation  may  appear  from  time  to  time, 
lit  unless  some  other  feature  (as  for  instance  No.  ?>) 
■  the  cause,  the  corrugation  will  \isually  "iron  out." 

•i.  Contour  of  rail  head.  Flat-headed  rails,  or  those 
II  which  the  wheels  have  only  a  narrow  or  partial 
i-aring,  will  develop  corrugations  earlier  than  those  on 
iiicli  the  wheels  have  a  full  bearing  (as  on  convex-head 
lils). 

fi.  Heavy  mill  scale  on  the  rails.  On  rails  (liat  have 
een  rolled  under  conditions  producing  heavy  mill  scale 
lat  is  allowed  to  go  through  the  finishing  pass,  the 
irface  of  the  rails  has  been  so  heavily  marked  as  to  .start 
irrugation  immediately  after  the  rails  have  been  put  in 
■rvice.  .Mr.  Pratt  has  inserted  the  following  clauses 
I  his  specifications  for  rails  for  the  last  two  years,  and 
lis  has  had  a  beneficial  elfect. 

In  the  roUinp:  process  such  precaution  .<*hall  be  taken  as 
ay  be  necessary  to  entirely  remove  mill  scale  just  prior  to 
lilB  entering  last  two  finishing  passes  and  otherwise  to  pro- 
Jce  a  ftnished  bar  having  smooth,  regular  and  true  surface 
^  head   and   in   finishing   contact   areas. 

Any  rails  showing  by  the  closest  possible  Inspection  the 
iKhtest  indication  of  corrugation  will  be  rejected. 

Other  cau.ses  are:  (7)  Eapid  acceleration  and  de- 
l^leration.  (8)  Unequal  diameter  of  wheels  on  same 
fie.  (9)  Long  radius  curves.  (10)  Intensity  of  wheel 
pads.  (11)  Track  foundation.  (12)  Segregation  of 
■«el.     (13)   Track  sanding.     (II)    Grades. 


That  the  novel  and  radical  section  of  the  new  part 
of  the  Austin,  Tex.,  dam  has  less  stability  than  the 
originally  planned  hollow  section,  is  the  statement  of 
Bartlett  &  Ranney,  Consulting  Engineers  of  San  Antonio, 
who  were  recently  emjiloyed  by  the  city  to  report  on  the 
dam.  As  noted  in  the  article  in  Engineering  News, 
.Tune  ;i,  1915,  p.  1089.  the  width  of  the  base  of  the 
hollow  rein  forced-concrete  dam  built  across  the  Colorado 
River  to  fill  in  the  spaces  left  when  the  masonry  dam 
there  was  washed  out  in  1900  was  reduced  materially 
by  carrying  the  downstream  deck  about  20  ft.  upstream 
of  the  top  of  the  upstream  slanting  deck,  in  distinction 
to  the  usual  hollow-dam  section  in  wliicli  the  two  decks 
meet  at  a  peak.  The  original  IkiIIdw  section  designed  for 
the  site  had  a  base  of  12.")  ft.  9  in.  The  modified  section 
has  a  base  of  9;!  ft.  The  change  ^-as  made  by  the  con- 
tractor with  tlie  a|i|iro\al  of  tlie  engineer  under  a  clause 
in  the  specifications  wiiicii  provided  that  the  contractor 
might  make  any  cliange  that,  in  the  opinion  of  the  engi- 
neer in  charge  for  the  promoting  company,  would  be 
desirable,  provided  such  changes  did  not  decrease  the 
amount  of  eqnijiment  in  the  power  house,  the  height  of 
the  dam  or  its  stability,  (he  size  of  the  reservoir,  or  in 
any  way  decrease  Ihe  capacity  or  completeness  of  the 
installation  or  in  any  way  lower  the  standard  of  the 
grade  of  constniction. 

The  consulting  engineers'  report  regarding  this  section 
is  as  follows: 

Considering  the  structure  as  a  whole  in  relation  to  it.i 
stability  on  the  foundation — a  matter  of  fundamental  im- 
portance and  especially  so  in  view  of  the  notoriously  faulty 
character  of  the  found.ition — we  find  that  the  change  in  design 
did  decrease  the  st.ahility.  But  we  find  that  as  respects  the 
rigidity  of  the  structure  itself  and  the  strength  of  the  slabs 
which  support  the  water,  the  adopted  design  is  superior  to 
the  original  design.  The  character  of  the  foundation  at  the 
site  of  this  dam,  the  f.ailure  of  the  old  dam.  the  many  investi- 
gations and  studies  which  have  been  made  in  connection  with 
the  failure  and  proposed  rebuilding,  the  certainty  of  a  consid- 
erable silt  pressure  in  time,  as  well  as  the  unusual  height  of 
the  structure  for  an  overflow  dam,  all  indicate  the  emphatic 
need    for    extreme   conservatism    in    reconstruction. 

The  sliding  tendency  of  0.51  for  the  contract  dam  is  in- 
creased to  O.SS  in  the  dam  as  constructed.  Under  the  condi- 
tions, we  do  not  think  that  any  increase  in  the  sliding  ten- 
dency is  justifiable. 

In  general,  we  are  forced  to  state  that  as  respects  its 
fundamental  stability  on  its  foundation,  the  dam  as  rebuilt  is  a 
radical  design  while  the  darn  as  designed  was  of  conservative 
type. 

The  consulting  engineers  also  reported  that  while  not 
embraced  under  the  scope  of  the  re])ort  as  pertaining  to 
the  changes  in  the  original  contract  and  specification, 
they  considered  that  the  old  masonry  portion  of  the  dam, 
which  is  now  the  middle  stretch  of  the  present  dam,  has 
an  insuflicient  factor  of  safety  against  sliding. 


Worknien'H  C'oiiipeiiNntion  to  be  paid  the  dependents  of 
290  workers  killed  in  industrial  accidents  in  Pennsylvania 
during  the  first  five  months  of  1916  aggregate  $742,962.7.';. 
according  to  a  compilation  made  by  the  State  Bureau  of 
Workmen's  Compensation  for  Labor  Commissioner  ,Tohn  Price 
■Tackson.  During  this  period  862  workers  were  killed:  and 
it  is  estimated  that  when  all  the  compensation  agreements  are 
perfected,  the  total  amount  for  fatalities  will  approximate 
$1,. 500, 000.  The  average  total  payment  In  each  of  the  290  cases 
is  If2,,560.90,  and  the  average  weekly  wage  of  the  S62  killed 
was  $14.86,  or  a  total  annual  payroll  of  $666,084.64.  The 
majority  of  the  fatalities  occurred  In  mines.  The  division  by 
occupations  is:  Miners,  375;  laborers,  187:  iron  and  steel 
workers,  157;  railroad  employees,  119;  clerks,  7;  firemen,  9; 
salesmen,  5:  civil  engineers,  1:  policemen.  1;  motormen,  1; 
♦■eachers,  1:  carpenters,   I 
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Five  distinctive  features  individualize  the  drafting 
room  of  tlie  Wellman-Seaver-^Morgan  Co.,  Cleveland, 
Oliio.  They  prove  that  success  in  the  drafting  depart- 
ment is  by  no  means  incompatible  with  free  departure 
from  conventional  methods  to  fit  special  needs  of  the 
business  or  personalities. 

Leading  features  are:  (1)  Departmentalization  of 
the  drafting  room  to  match  the  departments  of  the 
engineering  organization;  (2)  functionalized  control,  in 
wliich  the  engineering  direction  and  administration  are 
separated;  (3)  cost  recording  applied  to  the  single  draw- 
ing, with  a  card  file  for  all  drawings;  (-t)  a  system  for 
limiting  house-account  jobs;    (5)  use  of  cut  sheets. 

The  company  builds  a  large  range  of  structures  and 
machines,  and  its  engineering  work  covers  at  least  two 
broad  classes  of  structural  steel  and  three  classes  of 
mechanical-engineering  construction.  This  condition  is 
met  by  a  complete  departmentalization  of  the  engineering 
branch,  in  fact  of  the  whole  company  except  the  shop. 
In  many  concerns  where  this  is  the  case,  the  drafting 
room  is  a  single  unit,  technically  and  administratively, 
but  here  the  drafting  room  also  is  departmentalized. 
Long  use  of  this  plan  of  operation  proves  its  success. 

The  six  departments,  each  headed  by  an  engineer,  are : 
Coal  and  Ore  Handling,  Hydraulic  Turbine,  Mine  Hoist, 
Crane  (charging  machines  and  coke-oven  equipment). 
Furnace  and  Estimating.  The  drafting  force  is  divided 
into  corresponding  groups,  and  each  group  is  headed  by 
a  foreman.  •  Including  an  extra  group,  for  billing  and 
orders  (3  stenographers  and  3  clerks),  the  whole  force 
comprises  normally  90  men.     The  44-hr.  week  is  used. 


Administrative  control  of  the  drafting  force  is  in  the 
hands  of  the  Engineer  of  Construction,  who  employs, 
Jisciplines  and  manages.  For  technical  instructions, 
however,  the  group  foremen  are  directly  under  orders 
of  the  department  engineers.  There  is  no  one  corre- 
sponding to  the  Chief  Draftsman  of  the  usual  type  of 
organization.  Finished  drawings  are  checked  by  the 
group  foreman  and  are  countersigned  by  the  department 
engineer. 

This  division  of  functions  is  not  merely  formal  but 
is  applied  consistently.  Thus,  space  limitations  made  it 
necessary  to  locate  two  groups  of  the  drafting  force  away 


FIG.   1.    CORNER   OF   DRAFTI.NG    ROOM 


FIG.    2.     DRAFTTXG    TABLE   OF  OWN   DESIGN 

from  the  main  drafting  room — in  fact  directly  under  the 
eye  of  tlie  respective  department  heads.  These  groups 
nevertheless  are  under  the  same  administrative  control  as 
the  force  in  the  main  room. 

In  this  organization  good  disciplinary  control  is 
secured  without  a  time  clock.  The  group  foremen  are 
resi)onsible  for  their  men  to  the  Engineer  of  Construc- 
tion. They  are  accountable  for  both  regularity  and  order. 
in  addition  to  efficiency. 

Record  Forms  and  File  Cards 
To  obtain  a  permanent  record  of  drawings  and  a 
reliable  basis  for  estimates  of  drafting  costs  an  umisuall.V 
careful  system  of  recording  the  drafting-room  operations 
was  devised.  It  is  based  on  the  draftsman's  time  card 
(Fig.  3),  which  states  not  merely  the  job  number  but 
also  the  operation  (designing,  detailing,  tracing)  and 
the  drawing  number.  The  group  foreman  countersigns 
and  turns  in  the  time  cards  of  all  his  men.  Tlie  original 
goes  to  the  paymaster;  a  duplicate  is  filed  in  the  drafting 
room. 

On  completion  of  a  drawing,  it  is  turned  in  to  the 
Engineer  of  Construction,  accompanied  by  a  report  card 
(Fig.  5)  giving  all  pertinent  data  that  describe  the  sheet. 
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DAILY  TIME  CARD.  DRAFTING  DEPARTMENT. 

THE  WELLMAN-SEAVER-MORGAN  CO, 
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FIG.   3.    TIME   .SLIP   GIVES   OPERATION  AND    SHEET 
NUMBER 

xcept  the  time  spent  on  it.  Tliis  rejxirt  card  is  fileil 
s  a  permanent  record  of  new  drawings  mado  on  a  given 
rder. 

A  cost  card  for  the  drawing  is  made  up  from  the 
,  me  slips,  posted  up  each  day,  and  totaled  when  the 
•port  card  announces  its  completion.  This  card  (Fig.  6) 
ives  the  total  time  and  cost,  and  an  analysis  of  this 
me  by  men  and  by  dates.  An  analysis  by  operations 
in  be  deduced,  "when  needed,  from  the  rates  of  pay 
lown  on  the  card. 

Regular  (contract)  jobs  are  started  by  a  group  fore- 
an  on  receiving  from  the  Engineer  of  Construction  a 
iplicate  of  the  order  made  out  by  the  contracting  agent 
■  engineer.  This  order  is  returned  after  completion 
all  the  drawings  of  the  job. 

House-account  jobs,  or  what  might  be  called  nonpro- 
icing  work   in  the   drafting  room,  are   initiated   by  a 


The  Wellman-Seaver-Morgan  Co. 

CONTRACT  No     PROPOSAL  NO 

SUBJECT 

DRAWN  BY DATE. 

CHECKED     BY 

APPROVED  BY 

TRACED  FROM ^ 

FOR         . 

,,.  ji.  j^^                                                                                      SCALE 

PIG.  5.  REPORT  CARD  FOR  INDIVIDUAL  DRAWING 


l-IO.  4,  SKETCH  OF  UPRIGHT  BOARD  AND  LAMP 

MOUNTI.NG  AS   FOK.MERLY   U.SED 
Now  abundoneil   for  horizontal   tables  and   celling  drops 


FIG.  6.    COST  RECORD  CARD  IS  FILED  FOR   EACH  SHEET 

special  order  made  out  on  a  numbercd-series  card  issued 
by  the  Engineer  of  Construction.  This  card,  besides 
tending  to  limit  the  amount  of  such  work,  helps  to 
ensure  proper  locating  of  the  charge  in  the  accounting 
department.  The  latter  result  is  secured  by  sending  a 
duplicate  of  the  card  to  the  accounting  department  when 
the  job  is  initiated,  and  giving  on  this  card  a  sufBcicnt 
description  of  the  proposed  work  that  the  latter  depart- 
ment is  enabled  to  place  the  charge  against  the  proper 
one  of  several  standing  accounts  authorized  by  the 
management  of  the  company.  Fig.  7  shows  the  card  and 
its  duplicate.  The  back  of  tlie  duplicate  is  ruled  for 
the  daily  time  and  cost  figures  from  the  time  slips,  the 
time-slip  entries  being  identified  by  the  number  taken 
from  the  special-order  card. 

Equipment  of  the  Drafting  Room 
Tlie  arrangement  of  the  room  is  determined  partly 
by  the  space  layout  and  the  window  lighting.  The  room 
is  about  10x100  ft.,  and  15  ft.  high;  about  three-fourths 
of  the  wall  space  has  Aviiidows.  With  narrow  piers,  and 
windows  extending  to  the  ceiling,  the  side  light  easily 
allows  of  placing  two  tables  in  line  from  the  wall.  As 
(he  column  arrangement  makes  an  8-ft.  aisle  down  the 
middle  of  tlie  room,  the  row  of  two  tables  on  either  side 
just  fills  the  available  space.  In  the  other  direction  the 
tables  are  spaced  about  1  ft.  8  in.,  or  three  per  1-t-ft.  bay. 
Pre.scnt  practice  as  to  equipment  is  of  relatively  recent 
date.  Up  to  eight  years  ago  the  room  was  fitted  with 
upright  drawing  boards  mounted  on  easel  brackets  set 
on  top  of  office-type  desks.  Fig.  i  sketclies  roughly  the 
desk  and  board,  and  its  lamp  fitting.  The  brackets 
could  l)e  adjusted  to  different  angles,  the  board  (about 
32.\40  in.)  could  lie  shifted  up  and  down  on  the  brackets 
and  could  even  be  slid  down  to  rest  on  the  draftsman's 
knees,  and  a  parallel-ruler  working  in  slots  of  the  rails 
.'■erved  in  place  of  the  T-square.  The  lower  stile  had  a 
projecting  tray  to  iiold  pencils  and  tools.    A  pipe  support 
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over  the  top   carried    a   baby   Xernst   lamp   \diose   hook 
coiikl  be  slid  along  the  ])ipe  rail  to  any  position. 

The  horizontal-board  ])lan  is  now  used  exclusively. 
JIany  of  the  old  desks  were  adapted  for  this  by  putting 
G-in.  legs  under  them ;  two  desks  with  a  filing  ease  be- 
tween give  enough  talole  length  for  two  draftsmen.  The 
rest  of  the  room  is  equipped  with  large  tables  designed 
and  built  by  the  company.  Fig.  2  shows  one  of  these 
quite  clearlv.  There  are  two  drawers  for  tools  and  books, 
and  two  large  ones  for  drawings.  The  top  is  34x84  in. ; 
it   has   an   oak   border   and   a   soft-]nne   filling.     This   is 
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FIG.  7.     DRAFTING-ROOM  ORDER  CARDS  FOR  HOUSE- 
ACCOUNT  JOBS 

Cards  3x.-i.  Lower,  white,  goes  to  drafting-squad  foreman 
as  his  order.  Upper,  buff,  goes  to  auditor,  and  i.^  ruled  on 
back  for  time  and  amount 

rarely  or  never  used  for  pinning  down  drawings,  but 
a  drawing-board  on  taper  rails  is  placed  on  it. 

Several  large  boards  are  used  in  the  Hydraulic 
Department.  These  range  from  4x6  to  5x10  ft.,  and  have 
a  steel  edge  for  the  T-square.  For  other  departments 
the  regular  table  serves  satisfactorily. 

There  are  a  few  drafting  machines,  but  mo.<t  of  the 
tables  are  equipped  with  T-squares.     Triangles  and  other 


as  well  as  the  tracing  cloth  and  blueprint  paper  is  bought 
in  sheets.  The  tracing  cloth  is  bought  with  border  and 
company   stamp    (lower  right  corner)    printed   on. 

The  reason  for  using  blueprint  sheets  is  that  the  twd 
machines — imported  vertical  niai'liines,  aiming  the  first 
made — take  sheets  only. 

There  are  four  standard  sizes  of  drawing  sheet;  only 
in  turbine  work  and  other  special  cases  is  it  necessary 
to  dejiart  from  these.    They  are: 

Over  All  Inside  Inner  Border  Line 
26     x36  in.  23%x33^4  in. 

lf>      x26  in.  16     x23V>  in. 

13      xl6in.  10%xl4       in. 

!i',ixl2  in.  7%xl0%  in. 

The  sheet  sizes  are  selected  by  the  group  foreman  in 
])lanning  out  the  work  on  a  particular  job.  The  smallest 
size  is  used  for  drawings  that  are  likely  to  be  wanted 
in  letter  size  for  filing  with  correspondence  and  notes. 


For  the  roadway  paving  of  bascule  bridges  at  Chicago, 
the  Pejiartment  of  Public  Works  is  now  using  hexagonal 
v.ood  blocks  31/^  in.  thick,  instead  of  4-in.  rectangular 
lilocks.  One  of  the  main  reasons  for  the  use  of  the 
hexagonal  blocks  is  that  being  all  heartwood  tlie  expan- 
sion is  radial  instead  of  longitudinal,  so  that  there  is 
less  trouble  from  expansion  and  contraction  movements. 

The  fioor  construction  used  with  these  blocks  makes 
a  very  substantial  deck,  and  is  shown  in  the  acconipany- 

She'-'^  1^,  ll\  ij"  wi*''  BocrfSpli-es  6'aparf    ^Hexaqona/  Wood  Blocks 


FIG.  8.    PART  PLAN  SHOWING  TABLE  ARRANGEME.XT 

tools  are  furnished  by  the  men.  Special  tools  such  as 
pantograph,  beam  compasses  and  special  curve  and  radius 
templets  are  furnished  by  the  company. 

The  present  lighting  system  has  one  3()0-watt  drop 
iixture  in  each  bay  (14x10  and  8x14  ft.).  The  fixture 
has  six  fiO-watt  tungsten  lamps  placed  under  a  39-in. 
General  Electric  "diffuser,"  and  inclosed  below  by  a 
pearl-glass  shade,  all  hung  about  (>  ft.  from  the  ceiling 
(9  ft.  from  the  floor).  The  illuminalion  is  said  to  be 
entirely  adequate.  Ceiling  and  walls,  painted  buff  in 
oil,  arc  ini])ortant  factors  in  the  lighting. 

Most  of  the  work  is  done  on  cut  sheets.  Bull'  drawing 
pajier  is  used  for  pencil   layout  and   detailing,  and   tliis 


"WOOD  PAVING   V/ITH   3'^,-IN.   HEXAGONAL  B1.(»"KS   KOU 
BASCULE   BRIDGES  AT   CHICAGO 

ing  drawing  as  api)lied  to  the  new  Belmont  Ave.  bridge. 
TluMT  is  a  course  of  transverse  timbers  fix  13  in.,  laid 
close  togelhcr  (with  \\-\w.  spaces)  upon  the  steel  string- 
ers. On  this  ])laiiking  are  placed  the  Sl/^-in.  hexagonal 
paving  blocks,  which  are  cut  from  6-  or  T-iii.  tamarack 
]wsts.  These  blocks  are  of  what  is  known  as  the  Hc.\ 
ty]ie,  manufactured  by  the  Jennison-AVright  Co..  of 
Toledo,  Ohio.  They  are  treated  with  12  lb.  of  creosot'.' 
oil  per  cubic  foot  of  timber.  For  use  on  bridges  thev 
vary  in  Uiickness  from  ^l/o  in.  to  3l/>  in.  according  to 
the  traffic  conditions. 

On  the  bascule  bridges,  each  third  row  of  blocks  has 
every  block  fastened  by  a  single  (lO-penny  nail  driven 
through  ifs  center  and  into  the  subjilanking.  To  ]irevent 
sli])]ung  of  the  blocks  due  to  the  raising  of  flic  liriil.gc. 
galvani zed-steel  shelf  angles  IVoxll/o  in.  arc  laid  across 
the  planking  at  intervals  of  G  ft.  and  spiked  in  jtlact'. 
The  blocks  of  the  adjacent  row  are  cut  to  an  incline  or 
the  bottom  so  as  to  fit  over  the  leg  of  the  angle. 

The  paving  originally  designed  for  the  Belmont  Ave. 
bridge  consisted  of  transverse  IxG-iu.  jdanks,  fi  in.  apart. 
laid  on  the  stringers  and  covered  with  2x8-in.  loi^i- 
tudinal   planks  laid  close  to'Mher.     On  these  was  to  l"' 
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layer  of  tarrerl  pape»-  iijion  which  4-in.  rectangular 
ilocks  were  to  be  placed.  The  blocks  were  to  be  fastened 
iv  toe-nailing  with  a  lO-jicnny  nail  in  every  block  of 
ach  third  row. 

The  new  floor  construction  is  sliglitly  heavier  and  more 
vpensive.  But  it  will  require  much  less  maintenance 
wing  to  its  greater  rigidity  under  the  heavy  motor-truck 
lading  carried  by  tlic  Chicago  city  bridges,  and  to  the 
limination  of  troubles  from  expansion  and  contraction 
f  the  ]iaving.  This  construction  is  to  he  used  on  all  the 
ew  bridges,  and  is  being  applied  rapidly  to  existing 
ridges  to  replace  the  old  plank  and  Shuman  paving, 
'his  latter  consists  of  built-up  sections  formed  of  planks 
n  edge,  bolted  together. 

The  new  type  of  paving  has  been  designed  under  the 
irection  of  John  Ericson,  City  Engineer,  and  Thomas 
.  Pihlfeldt,  Engineer  of  Bridges. 


(C®iraci?©tl©  Vnadl^Etl 

Soon  after  the  construction  of  the  western  section  of 
le  Colfax-Larimer  viaduct  in  Denver,  Colo.,  described 
1  Engiiiecriiiy  Xeirs,  Jan.  27,  1916,  p.  168,  water  from 


Cl.IPriXi;    AWAY    CORNERS    TO 
BOXDI.VG    RODS 


release; 


leaking  hydrant  sec'pcd  under  the  foundations  of  the 
I'destais  of  one  bent  and  caused  a  settlement  of  ai)out 
in.    No  cracking  of  the  concrete  girders  occurred  and 


while  the  settlement  was  not  serious  it  was  decided  to 
bring  the  bent  back  into  place.  The  accompanying  views 
show  how  this  was  done. 

The  jiosts  were  lifted  off  the  pedestal  blocks  and  a 
layer  of  grout  placed  under  them.  The  ])osts  had  been 
bonded  to  the  pedestals  by  four  twisted  bars,  one  at 
ccu-h  corner,  so  that  it  was  first  necessary  to  cut  away 
the  concrete  and  expose  these  bars,  as  is  being  done  in 
Fig.  ].  (In  the  later  constructed  bents  these  dowels 
were  omitted.)  On  the  concrete  footing  a  grillage  of 
]2xl2-in.  timbers  was  Imilt,  held  together  by  steel  rods 
as  shown  in  the  detail  in  Fig.  :!.  To  avoid  the  possi- 
bility of  splitting  off  the  12-in.  ledge  on  the  concrete 
footing  the  rods  were  taken  up  so  tightly  that  the  fric- 
tion between  the  concrete  posts  and  the  timi)crs  sustained 
a  large  part  of  the  load. 

On  top  of  the  12x1 2's  a  12x16  was  placed,  which 
carries  the  jacks.  The  jacks  bear  against  two  12xl2's 
which  carry  i'our  12x12  posts  held  in  place  by  four  yokes 
of  12xl2's  and  %-m.  rods,  as  shown  in  Fig.  3.  The 
load  is  transferred  to  the  structure  by  two  struts  of 
12x16   hard    wood   resting  against  the   haunches   of   the 


FIG.  2.    SETTLED   RENT.  COLFAX  -  LA  Kl.MER    VLVUUCT. 
DENVER.   COLO. 


DETAII^    OF    GRILLAGE,    I.NCLUDLNCi    TWO    70-TO.; 
AND  FOUR  25-TON  JACKS 

arched-end   girders.      The.se   struts   are    prevented    from 
slijiping  by  four  2'14-in.   rods. 

When  the  accompanying  views  were  taken  only  one 
post  had  been  lifted  from  the  pedestal.  Six  jacks  total- 
ing 240  tons  were  required ;  two  1 0-ton  jacks  in  the 
middle,  as  .shown  in  Fig.  3,  and  four  25-ton  jacks  on 
the  ends.  The  post  finally  sei)arated  from  the  pedestal 
with  a  very  perceptible  snap.  The  work  of  raising  the 
other  posts  was  suspended  until  enough  jacks  could  be 
secured  to  lift  all  four  posts  simultaneously. 
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Mn^Ik  Steel  Fipac®®  lEac^eas®   Us© 
of  C®!mcs'©tl©  lEiradl^es 

The  Minnesota  State  llisjliway  De])artment  has  found 
that  with,  present  high  prices  of  steel  reinforced-concrete 
bridges  can  compete  qnite  siiccessfully  with  steel  bridges, 
especially  where  short  spans  are  required.  In  a  recent 
issue  of  the  Mmnesota  Highway  Journal  the  following 
analysis  of  the  situation  is  given : 

During  the  present  year  two  plans  are  being  furnished 
for  nearly  all  bridges  under  30  ft.  in  length.  In  each 
ease  one  plan  is  for  the  beam  span  on  reinforced-concrete 
substructure,  while  the  other  ])lan  is  for  the  reinforced- 
concrete  bridge  throughout,  the  substructure  in  both 
jilans  being  practically  alike. 

The  results  of  the  bids  so  far  indicate  that  607c  of 
these  bridges  will  be  built  according  to  beam-span  plans, 
while  40%  will  be  reinforced  concrete  throughout.  In 
comparison  with  last  year  the  reinforced-concrete  bridges 
have  made  a  big  gain  over  the  beam  span. 

In  one  ease  early  in  the  year,  when  the  office  was  not 
crowded  with  work,  three  different  plans  were  prepared 
for  a  bridge  250  ft.  long.  The  location  of  the  bridge 
was  such  that  any  one  of  the  three  schemes  submitted 
could  be  built  for  about  the  same  cost.  It  was  thought 
that  by  having  three  different  plans  on  file  more  bidders 
would  be  attracted.  The  plans  prepared  were  as  follows : 
(1)  A  series  of  six  reinforced-concrete  jack-girder  spans 
on  reinforced-concrete  piers.  (2)  Two  75-ft.  truss  spans 
and  two  beam  spans  on  reinforced-concrete  piers.  (3) 
Eight  beam  spans  on  reinforced-concrete  piers. 

On  the  three  schemes  ten  contractors  submitted  10 
bids,  and  the  lowest  responsible  bid  was  on  scheme  1. 
which  was  accepted.  It  was  quite  surprising  to  learn 
that  the  accepted  bid  was  below  the  estimated  cost,  and 
that  the  reinforced-concrete  design  won  out  over  the 
two  steel  designs,  one  of  which  it  was  generally  conceded 
would  be  the  winner. 

M<s^w  S\i^ini<dsi.rdl  l2=s=ng^Sfl®im  "Wear 

Experiments  have  been  conducted  by  the  United  States 
Department  of  Agriculture  in  the  Fort  Collins  hydraulic 
laboratory  (run  in  cooperation  with  the  Colorado  Agri- 
cultural Experiment  Station)  to  develop  a  standard  weir 
that  would  be  self-cleaning,  require  a  minimum  amount 
of  labor  and  material  for  construction,  measure  dis- 
charges with  an  accuracy  commensurate  with  irrigation- 
service  needs,  and  be  easily  opiTatcd  liy  an  ordinary 
person. 

Such  a  weir  has  been  designed  and  is  shown  in  the 
accompanying  sketch.  The  following  specifications  cov- 
ering it  are  reprinted  from  the  Journal  of  AgricuUvral 
Research,  Mar.  13,  19 IG  (an  article  by  V.  M.  Cone, 
Irrigation  Engineer,  Office  of  Pulilic  Roads  and  TJiiral 
Engineering). 

The  weir  notch  is  rectaiiKular  in  form,  witli  Kh^iip  crest 
and  sides.  The  floor  of  the  weir  box  must  be  level  with  the 
crest,  and  it  is  therefore  convenient  to  use  an  angle  iron  for 
the  crest,  embedding  one  face  of  the  angle  until  flush  with 
the  surface  of  the  door,  the  other  face  of  the  angle  extending 
downward.  The  sides  of  the  weir  notch  may  also  be  made  of 
angle  iron  placed  in  a  vertical  position,  with  one  end  extend- 
ing below  the  crest  and  one  face  of  the  angle  against  the 
angle-iron  crest.  The  .ingle  can  then  be  attached  to  the  weir 
bulkhead  through  holes  placed  in  the  other  face.  This 
arrangement  Is  durable  and  inexpensive  and  will  meet  the 
requirement  of  sharp  crest  and  full  lateral  expansion  for  the 
escaping  stream  of  water.     The  grade  of  the  canal  down.«itream 


from  ttie  weir  must  be  low  enough  to  give  free  Tall  and  com- 
plete aeration  to  tlie  nappe. 

The  floor  of  the  weir  box  must  be  level  throughout,  and 
there  must  be  no  sudden  or  decided  differences  in  elevation 
between  the  floor  and  the  grade  of  the  channel  of  approach. 
The  weir  box  must  be  placed  in  the  center  of  the  ditch,  so  the 
axial  line  of  th^  box  corresponds  with  the  axial  line  of  the 
canal,  in  order  that  the  water  may  enter  the  weir  box  in 
straight  lines.  The  width  of  the  weir  box  must  be  twice  the 
length  of  the  weir  crest  (2  L)  at  the  plane  of  the  weir,  and 
two  and  a  half  times  the  length  of  the  weir  crest  (2'^  L)  at 
a  distance  of  20  ft.  upstream  from  the  plane  of  the  weir.  The 
standard  tests  were  made  with  a  weir  box  32.5  ft.  long,  except 
for  the  4-ft.  weir,  and  the  sides  were  extended  at  the  angle 
indicated.  However,  for  the  1-ft.  weir  at  least,  the  discharge 
through  a  box  32.5  ft.  long  w-ith  sides  set  to  the  standard 
dimensions  is  within  17c  of  the  discharge  obtained  by  placing 
90°  wings  at  the  end  of  a  similar  box  20  ft.  long.  The  use  of 
45°  wings  will  cause  an  error  of  about  2^%.  Therefore  the 
u-eir  box  for  the  new  irrigation  weir  should  be  made  with 
sides  spaced  2  L.  at  the  plane  of  the  weir  and  2^  L  at  20  ft. 
upstream  from  the  weir,  with  the  sides  continuing  at  this 
angle  until  they  meet  the  banks  of  the  ditch  or  canal;  or  t'.ie 
box  should  be  only  20  ft.  long  with  wings  to  connect  the  sides 
of  the  box  with  the  canal  banks,  and  these  wings  should  form 
an  angle  of  90°  with  the  axis  of  the  weir  Isox.  The  90°  winss 
give  a  discharge  about  1%  greater  than  with  the  extended 
sides  for  a  head  of  0.2  ft.  and  about  1%   less  for  a  he.ad  of  1  ft. 

Extending  the  sides  of  the  weir  box  until  they  are  the  full 
size  of  the  canal  will  give  more  accurate  results,  but  this 
ac^curacy  may  not  be  required,  and  the  saving  in  cost  of  con- 
struction   due    to    the    shorter    length    of    the    weir    box    with 
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NEW    ST.\NDARD    IRRIGAT1C1X    WEIR 

wings  may  be  more  desirable  than  the  1";;  of  accuracy  In 
measuring  the  water.  Unless  the  canal  bottom  is  easily 
eroded  or  scoured,  it  would  not  be  necessary  to  extend  the 
floor  of  the  weir  box  beyond  20  ft.,  even  if  the  sides  of  the 
box  are  extended. 

The  comparatively  high  velocity  of  the  water  flowing 
liirough  the  weir  box  causes  a  wave  action  and  generally 
disturbed  condition  of  the  water  surface,  which  makes  it  quite 
impossible  to  determine  the  head  h  in  the  open  weir  box.  Any 
stilling  device  placed  in  the  weir  would  interfere  with  the 
action  of  the  weir,  and  it  is  therefore  necessary  that  a  still 
box  be  placed  outside  the  weir  box  and  connected  through  the 
.side  of  the  weir  box  with  one  or  more  1-in.  pipes  located  6  ft. 
from  the  plane  of  the  weir.  The  pipe  should  be  placed  near 
the  floor  of  the  weir  box  to  insure  its  being  submerged  for 
low  heads,  and  care  must  be  used  to  place  the  pipe  normal  to 
the  side  of  the  weir  box,  and  not  normal  to  the  axis  of  the 
box.  If  the  pipe  is  pointed  downstream  the  velocity  of  the 
water  in  the  weir  box  will  cause  a  suction  action  which  will 
make  the  water  surface  in  the  still  box  lower  than  that  In 
the  weir  box.  If  the  pipe  is  pointed  upstream,  there  will  be  a 
velocity  head  added  to  the  actual  water  level  in  the  weir  box, 
and  the  water  in  the  still  box  will  be  higher  than  that  in  the 
weir  box.  Although  no  sand  or  silt  will  accumulate  in  the 
weir  box,  regardless  of  the  amount  carried  by  the  stream, 
silt  may  be  deposited  in  the  still  box  and  clog  the  connection 
pipe  unless  it  is  cleaned  regularly.  By  making  a  deep  still 
box,  space  will  be  provided  for  such  silt  accumulation  and 
therefore  less  frequent  cleaning  will  be  required.  The  still 
box  should  have  inside  dimensions  of  at  least  1x1 '/4  or  2  ft., 
with  such  depth  as  is  necessary.  The  head  In  the  still  bOJt 
may  be  determined  by  means  of  a  scale,  a  hook  gage,  or  an 
automatic  registering  gage. 

The  new  irrigation  weir  may  be  constructed  of  lumber,  but 
the  design  is  such  that  it  may  be  easily  constructed  of  con- 
crete.    There  would  be  no  diffleult  form  work   required  for  the 
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concrete,  and  it  would  make  an  inexpensive,  durable  and 
satisfactory  measuring  device,  especially  if  the  angle-iron 
sides  and  crest  of  notch  were  used  in  connection  with  the 
concrete  box. 

The  formula  for  discharge  past  this  weir  is: 
Q  =  (3.83  —  0.07 L)  Lh 
Discharge  tables  for  weirs  of  1  to  4  ft.  length  and  for 
heads  of  0.2  to  1.25  ft.,  by  %  in.  steps,  have  been  com- 
puted and  published  (in  a  bulletin  reprint  of  the  article 
already  noted).  In  addition  to  the  requisites  already 
mentioned  as  kept  in  mind  during  the  development  of 
this  weir,  the  following  advantages  are  reported: 

No  lowering  of  canal  grade  or  building-up  of  banks 
is  required  in  construction.  The  device  is  not  patented. 
It  cannot  easily  be  tampered  with  ur  injured  so  as  to 
alter  its  discliarge. 


S^uBinmp  F^SIl©5rs  Operattedl  h)W 


The  hand-power  stump  puller  shown  in  Fig.  1  is  of 
the  clutch  type,  and  is  manufactured  by  the  A.  J. 
Kirstin  Co.,  of  Escanaba,  Mich.  The  pulling  cable 
passes  through  a  pair  of  clutch  boxes  operated  by  the 
movement  of  a  long  lever.  As  the  lever  is  swung  to 
and  fro  the  clutches  are  gripped,  moved  and  released 
alternately,  so  that  the  cable  is  held  firmly  by  one  clutch 
while  the  other  is  released  and  moved  back  for  another 
grip  and  pull.  The  operation  of  the  pulling  setup  shown 
is  as  follows: 

The  puller  A  has  one  end  attached  to  the  cable  B  by 
means  of  a  trip  hook  C.  The  cable  is  passed  around 
an  anchor  stump,  then  to  the  block  D  and  returns  to 
pass  through  the  clutches  on  the  puller.     A  second  cable 

E.  has  a  ring  socket  at  one  end  which  is  hooked  to  the 
iilock  I);  it  passes  through  a  second  block  F  and  is 
then  led  to  the  anchor  stump,  to  which  it  is  secured  by 
looping  under  a  hook  G  on  the  end  of  the  cable.  A  tliird 
cable  H  with  a  hook  at  one  end  and  ring  socket  at 
the  other  is  looped  around  the  stump  which  is  to  be 
removed  and  secured  by  its  hook,  in  the  same  way  as 
lit  G.  Its  free  end  is  passed  around  a  take-up  or  cable- 
sliortening  device  J,  which  is  hooked  to  the  second  block 

F.  anil  provides  for  taking  up  all  slack  between  the  block 
and  the  stump. 

For  heavier  ]iulls.  a  third  cable  and  block,  similar  to 
ICF,  may  be  used,  with  the  take-up  hooked  to  this  block, 
as  shown  in  the  top  diagram  of  Fig.  2.  For  comparative- 
ly light  pulls,  only  the  first  block  and  the  two  ca])les  B 
tpiid  //  are  used,  the  latter  being  connected  to  the  block 
/•'  either  directly  or  through  the  take-up. 

Other  hand-operated  stump  pullers  are  of  the  drum 
type.  One  of  these  is  the  "K"  device  manufactured  ])v 
\yalter  J.  Fitzpatrick,  182  Fifth  St.,  San  Francisco, 
Calif.  In  this  the  cable  is  wound  upon  a  small  drum 
mounted  in  a  frame  and  driven  by  pawl  and  ratchet  gear 
liv  means  of  a  long  lever  handle.     From  the  drum  the 
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FIG.   2.     ARRANGEMENT  OP  OUTFITS  AND   RIGGING    FOR 
PULLING    STUMPS 

cable  is  led  througli  a  block  and  then  returns,  passing 
around  the  anchor  stump  and  having  its  end  attached 
to  the  frame  carrying  the  drum.  This  arrangement  is 
shown  in  the  second  tliagram  in  Fig.  2. 

Horse-operated  stump  pullers  are  drum  machines, 
having  the  drum  mounted  upon  skids  or  a  truck  and 
driven  by  means  of  one  or  two  sweeps  to  which  horses 
or  teams  are  hitched.    The  frame  carrying  the  drum  may 


FIG.   1.     HAND  .STUMP   PULLER  OPERATED  BY  CLUTCHES 


be  hitched  to  an  anchor  stump,  or  secured  by  embedding 
its  sills  in  the  ground  and  driving  heavy  stakes  at  the 
cuds.  Fig.  3  shows  an  outfit  by  the  Faultless  Stump 
I'uller  Co.,  of  Crcsco,  Iowa.  Similar  machines  are  made 
by  numerous  makers,  each  having  its  own  special  features. 
The  iirrangcuient  of  the  cable  rigging  is  adapted  to 
the  power  required,  and  some 
typi<'al  arrangements  are  shown 
in  Fig.  2.  Power  is  multiplied 
by  attaching  additional  lines 
and  l)locks  as  indicated.  When 
not  required  for  this  purpose, 
these  extra  parts  may  be  used 
as  snatchblocks  to  guide  the 
main  cal)le  clear  of  obstructions 
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or  to  keep  it  down  near  the  ground  so  that  tlie  horses 
can  step  over  it. 

Various  special  devices  are  used  in  stump-pulling  work. 
When  stumps  are  small  or  too  short  and  rotten  to  hold 
the  cable  loop  or  snare,  a  steel  stump  hook  or  root  plow 
is  used.  This  is  of  V-shape,  with  one  leg  horizontal 
and  hitched  to  the  cable;  the  other  leg  is  inclined  and 
ends  either  in  a  heavy  point  or  in  a  broad-forked  end 
to  engage  the  stump  or  root.  Handles  on  the  back 
enable  a  man  to  guide  the  plow  into  position  as  it 
engages  the  stump.  There  are  also  root  hooks  (like  ice 
tongs)   for  pulling  short  and  rotten  stumps. 

For  clearing  brush,  there  is  a  device  having  three  or 
four  short  ropes  or  chains  attached  to  an  iron  head  which 
is  hooked  to  the  pulling  cable.  These  ropes  are  looped 
around  the  .stumps  or  trunks,  and  enable  a  large  amount 
of  the'  brush  to  be  removed  at  each  pull.  Where  the 
stumps  are  to  be  piled  for  Ininiing,  a  "skidder"  or  light 
portable  derrick  on  skids  is  used. 


TraBic  iSigii.nl  Lamp  I'osts  have  been  made  to  answer  the 
purpose  of  traffic  policemen  in  St.  Louis  and  some  other  cities. 
In  St.  Louis  trafRc  lights  have  been  placed  in  the  middle  of 
several  of  the  busiest  streets  and  boulevards  for  the  purpose 
of  separating-  the  two  streams  of  traffic,  indicating  a  street- 
car crossing  and  providing  an  "island  of  safety"  for  pedes- 
trians. The  light  shown  in  the  accompanying  view  at  12th 
and  Locust  St.  is  typical  of  the  style  of  light  generally  used. 


At  this  particular  intersection  there  are  two  lights,  but  the 
one  shown  is  placed  just  a  short  distance  south  of  Locust  St. 
about  one-third  width  of  the  roadway  from  the  east  curb. 
This  is  for  the  purpose  of  separating  northbound  vehicular  ' 
traffic  into  two  parts,  that  going  to  turn  west  on  Locust  St. 
passing  to  the  west  of  the  light,  and  that  going  to  continue 
north  on  12th  St.  or  turning  east  on  Locust  St.  passing  to  the 
east  of  the  light.  An  explanatory  sign  indicating  this  is 
mounted  on  the  lamp  post.  Just  north  of  Locust  St.  and 
about  one-third  width  of  roadway  from  west  curb  is  located 
the  other  light  to  separate  the  southbound  traffic  in  a  similar 
manner.  Cienerally  the  traffic  red  lights  do  not  require  any 
signs. — William  Holden,  Engineer,  Department  of  Streets  ami 
Sewers,   St.  Louis.  Mo. 

Cleaning;  I  p  a  Wide  Ditch  with  a  trenching  machine  is 
sho^wn  in  the  accompanying  view  of  a  Minneapolis  water- 
works pipe-la.ving  gang.  The  trenching  machine  cuts  the 
initial  trench,  which  is  widened  by  five  men  with  long  bars, 
working  alongside  the   machine.     Three   men   with   shovels  in 


Ti:l-;.\i'H!X' ;    mach  ixi:    i:.\i.^ini 


iV.    MATERIAL 


TYPICAL  TKAKl-nC  SIlJNAL  LAMP   POST,   ST.   LOUIS.   MO. 


the  bottom  of  the  trench  shovel  the  loose  material  into  the 
buckets  and  leave  the  trench  leveled  to  grade  for  pipe  lay- 
ing. The  trenching  machine  is  owned  by  the  municipal  water- 
works department.  The  work  shown  is  in  20th  Ave.,  Minne- 
apolis, in  connection  with  the  installation  of  a  new  46-in 
lock-joint  steel  main. 

Blastius-  in  Clay — Blasting  down  the  face  •  of  clay  pits 
which  have  been  worked  by  pick  and  shovel  is  reported  by 
L.  C.  Longstreet,  a  North  Carolina  operator.  A  line  of  holes. 
3  ft.  deep,  was  put  down  6  ft.  back  from  the  face  and  each 
loaded  with  li,i  sticks  of  40%  dynamite.  In  some  brickyard 
pits  a  large  amount  is  blasted  out  in  the  fall  and  allowed  to 
freeze  and  thaw  through  the  winter. 

Steel  Steps  for  nianlioles  and  Catchbasins  at  Pueblo.  Colo., 
have  been  reduced  in  cost  from  35  to  20c.  by  changing  the 
stock  and  the  method  of  manufacture.  Formerly  the  steps 
were  forged  from  ',4 -in.  rods.  They  are  now  made  from 
%xl-in.  flat  bars,  cut,  bent  and  twisted  cold.  The  steps 
measure  9  in.  wide  by  4  in.  broad,  and  the  ends  for  insertion 
in  the  brick  are  9  in.  long,  not  including  a  turned-up  portion 
1   in.  high.     D.  P.  Gaynion  is  city  engineer  of  Pueblo. 

To  StcrlHie  Camp  or  Ilouseliold  AVater — Following  is  a 
satisfactory  method  of  sterilizing  small  quantities  of  water 
for  use  in  camps  and  summer  cottages,  that  is  recommendid 
by  public-health  authorities:  Take  a  level  teaspoonful  of 
chloride  of  lime  and  rub  it  up  in  a  teacup  with  a  little  water 
to  a  thin  paste  free  from  lumps.  This  should  then  be  made 
up  to  a  cupful  and  diluted  with  three  more  cupfuls  of  water 
and  poured  into  a  bottle  and  tightly  corked.  This  Is  a  stock 
.■solution  and  will  keep  for  a  week  if  tightly  corked.  A  tea- 
spoonful  of  this  stock  solution  should  be  added  to  each  2-Kal. 
'pail  of  drinking  water,  thoroughly  mixed,  and  allowed  t<> 
stand  for  a  few  minutes.  This  will  give  about  one-half  P»rt 
of  free  chlorine  to  a  million  parts  of  water,  which  will  destroy 
all  typhoid-  and  dysentery-producing  germs  in  10  min. 
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aim  (L»au5^  ^OEaainig  JFiP®g5f®ss 

In  breadth  of  scope,  recognition  of  fundamental  prin- 
iplcs,  and  attention  to  detail,  the  zoning  or  districting 
e<ni]ations  governing  the  height  and  nse  of  buildings  and 
he  percentage  of  lot  area  built  -upon,  adopted  on  Julv 
'5  by  New  York,  places  that  city  far  in  the  lead  of  tlie 
ities  of  the  United  States,  if  not  of  the  world.  Boston 
nd  some  other  American  cities,  including  New  Yorl<: 
tself.  have  limited  the  height  of  buihlings  over  either  a 
mall  part  of  their  area  or  as  regards  some  classes  of 
uildings;  various  Americf.n  cities,  again  including  New 
;  .'ork,  have  prohibited  covering  more  than  stipulated  ])er- 
c-ntages  of  lots  with  certain  classes  of  buildings:  Los 
vngeles  divided  its  area  into  residence  and  industrial  dis- 
ricts  in  1909  and  has  been  followed  in  this  by  a  numbei' 
f  other  American  cities;  in  Germany  and  some  other 
".uropean  countries  all  these  matters  ha\-e  been  regidated 
ir  decades  and  some  of  them  for  a  century  or  more ; 
lit  of  American  cities,  New  York  has  now  placed  itself 
ir  in  the  lead  in  all  the  particulars  named. 

'I'lie  adoption  of  the.se  restrictions  by  a  15  to  1  vote  of 
Hoard  of  Estimate  and  Apportionment  on  July  25 

1-  the  culmination  of  two  years'  work  by  a  Commission 
n  Building  Districts  and  Kestrictions,  authorized  by  a 
■gislative  amendment  to  the  city  charter  in  1914,  pre- 
'ded  by  a  year  of  study  by  a  Heights  of  Building  Com- 
littee,  aided  by  the  experts  of  the  City  Plan  Committee 
r  the  Board  of  Estimate.  Before  the  restrictions  were 
lit  in  final  form  a  preliminary  report  was  published 
nd  public  hearings  by  geographical  districts  were  held, 
'raftically  no  opposition  to  the  general  principles  were 
jiced  and  comparatively  few  to  the  details  of  the  ])lan. 

Broadly,  the  scheme  establishes  Use,  Height  and  Area 
i-itriets.  Use  districts  are  divided  into  Residence,  Busi- 
-.  Unrestricted  and  Undetermined  (see  Enr/ineerin;/ 
"v,  April  13,  191G,  p.  700).  Ileir/lit  districts  are  of 
ve  classes,  with  building  heights  limited  to  1,  l^/^,  IVj.  2 
nd  21/^  times  the  width  of  the  streets,  measured  at  the 
iiiUling  line,  but  with  possible  greater  heights  back  of 
lat  line  by  the  xise  of  setbacks  or  by  mansards.  Area 
i.stricts  are  of  four  clas.ses,  permitting  built-over  areas 
t  the  first  story  ranging  from  100%  in  business  to  50% 
1  parts  of  residence  districts  having  detached  or  senii- 

■taclicil  bouses. 

Obviously,  the  area  and  height  limitations  are  in  tiie 
iterest  of  lighj,  air,  and  health.  The  use  limitations 
Tve  the  same  purposes  in  varying  degree.     All  the  re- 

rietions  will  play  a  vital  part  in  the  harmonious  devel- 
[iment  of  the  city  plan  and  will  contribute  to  the  sta- 
ility  of  real  estate  values,  including  the  prevention  of 
lighted  districts  where  property  values  fall  because  of 

nregulatcd    development.     (See    editorial    note,    "Mer- 

1  lants  Turn  City  Planners,"  Ernjiueering  News,  March 

'■    191  (;,  p.  52:3.') 

iiidiciously  administered,  this  districting  plan  substi- 

-  (iiilili''  .i.iiM'.l   ••('  '■•\\-  growth   under  a  svstemati(; 


plan  designed  1o  ])ronu)te  the  interests  of  the  whole  city 
i'lir  liaphazard,  ]iiecemcal  private  control  aimed  solely  to 
l>enefit  individual  ]n'operty  owners,  often  to  the  nltimate 
damage  of  other  owners  of  private  property. 

The  change  is  bound  to  be  salutary.  Under  the  leader- 
ship of  New  ^'ork  and  with  stimulating  examples  in 
other  parts  of  the  United  States,  as  well  as  in  Canada, 
the  zoning  movement  and  nuire  intelligent  city  planning 
generally  is  bound  to  nuike  great  progress  in  America 
within  the  next  decade. 


The  iniermediato  step  between  the  one-story  septic 
tank  as  Cameron  left  it  and  the  two-story  septic  tank  of 
Imhoft  is  little  known  and  soon  forgotten  in  this  country. 
The  interesting  recent  example  of  a  hydrolytic  or  Travis 
two-story  septic  tank  at  Luton,  England,  described  by 
Borough  Surveyor  Tondinsoii  in  the  first  pages  of  this 
issue,  affords  a  fitting  opportunity  to  call  attention  to 
the  notabh'  ]iart  played  by  Dr.  AV.  Owen  Travis  in  the 
evolution  of  the  septic  tank. 

The  main  and  ])robal)ly  the  most  useful  conception  of 
Travis,  or  ratlicr  his  working  out  of  the  principle  first 
tested  under  11.  W.  Clark  at  the  Lawrence  Experiment 
Station  of  the  Massachusetts  State  Board  of  Health,  was 
to  separate  the  settling  and  the  digesting  or  liquefying 
functions  of  the  septic  tank.  Dr.  Travis  carried  on  sedi- 
mentation in  an  upper  and  digestion  in  a  lower  com- 
partment, to  prevent  gas  rising  and  carrying  sludge  up 
into  the  settling  sewage.  His  lower  compartment,  how- 
ever, extended  upward  in  a  central  longitudinal  space 
between  tlu;  two  settling  chambers,  and,  at  the  original 
working  installation  at  Hampton,  1214%  of  the  total  tank 
infiuent  was  carried  through  the  settling  compartment, 
wliich  had  cross  walls  provided  with  ports  to  lessen  the 
carrying  forward  of  gas-buoyed  sludge. 

The  second  and  apparently  more  original  if  less  val- 
uai)le  feature  of  tiie  Travis  taidi  was  embodied  in  his 
colloidors,  or  multiple  surfaces  for  depositing  sludge  and 
adherent  matter  in  addition  to  the  deposits  on  the  sides 
ami  sloping  bottoms  of  his  settling  compartments.  The 
hint   for  this  also  came  from  Lawrence. 

When  Dr.  Imhoff  took  the  Travis  tank  in  hand  for  the 
Emscher  District  in  Germany  he  ado]ited  the  two-story 
idea,  but  made  an  absolute  separation  of  the  .settling  and 
digesting  function  by  carrying  his  influent  through  the 
upper  compartment  only.  Dr.  ImhofT  did  not  adopt  the 
colloidors.  He  made  various  other  changes  in  design  and 
o])eration.  His  tanks  in  the  Emscher  District  impressed 
Rudolph  Hering  and  other  American  engineers  as  supe- 
rior to  tho.sc  of  Dr.  Travis.  Thus  it  was  that  the  ImhofT 
ratlior  than  the  Travis  tank  was  brought  to  America 
and  its  use  has  since  spread  through  the  country,  much 
as  did  the  Cameron  tank  S(mie  years  earlier. 

Notwithslaruling  the  vogue  of  the  Imhofi:'  tank  in  Ger- 
many, the   I'nileil   Si;iir<,  ('.inMihi    ;iii(l  el.sewherc,  it  ap- 
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pears  to  have  got  no  looting  in  England  for  some  years 
and  very  little  at  all.  Nor  has  the  Travis  tank  been  as 
widely  used  in  England  as  would  naturally  be  expected — 
at  least  the  one  built  some  years  ago  at  Norwich  and 
the  initial  working-scale  tank  at  Hamptou-on-Thames 
have  been  the  only  examples  commonly  mentioned  here. 
In  view  of  the  foregoing  facts  and  opinions  it  seems 
probable  that  Mr.  Tomlinson's  article  on  the  Luton  hydro- 
lytic  tank  will  be  welcomed  by  sewage  engineers  gener- 
ally, both  in  and  of  itself  and  because  it  brings  to  the 
front  the  name  of  a  man  who  does  not  always  get  credit 
alongside  of  Cameron  and  Imhoff  for  playing  an  impor- 
tant part  in  the  evolution  of  the  septic  tank. 


A  Sftsifte  Rosic 


"oiiic?^ 


The  State  of  New  Jersey  has  been  building  good  roads 
through  state  aid  longer  than  any  other  state  in  the 
Union.  The  state  and  its  counties,  cities  and  towns 
have  all  been  spending  money  liberally  for  a  quarter 
of  a  century  past  on  good  road  construction  and  main- 
tenance. Yet  the  condition  of  New  Jersey  roads  is  now  so 
l)ad  that  the  recent  legislature  voted  to  borrow  $7,000,000 
on  state  bonds  for  road  reconstruction,  provided  this 
bond  issue  receives  approval  by  popular  vote  at  the 
November  election.  In  addition  to  this,  the  legislature 
created  a  commission  with  broad  powers  to  investigate 
the  entire  road  question  and  fornralate  if  possible  a  better 
policy  for  the  state  to  follow  in  highway  construction 
and  maintenance. 

This  commission  has  begun  its  work  liy  sending  out 
a  circular  letter  of  inquiry,  which  was  reprinted  on 
page  187  of  Engineering  News  of  July  27.  It  outlines 
in  brief  terms  the  difficult  features  of  the  road  problem 
that  faces  not  only  New  Jersey,  but  many  other  states. 

In  all  the  good-roads  literature  that  has  been  poured 
out  in  such  profusion  for  more  than  a  score  of  ^-ears 
the  chief  appeal  has  been  for  more  money  to  build  good 
roads.  Volumes  of  figures  have  been  published  to  prove 
that  the  community  which  spends  money  liberally  to 
build  good  roads  has  done  all  that  is  necessary  to  place 
it  on  the  highway  to  wealth.  New  Jersey  and  its  com- 
munities have  done  all  this.  The  state  expended  last 
year  for  road  construction  and  maintenance  $1,263,000. 

This  money  has  not  been  expended  ignorantly.  New 
Jersey  roadwork  has  had  as  good  engineering  talent 
engaged  on  it,  probably,  as  any  state  in  the  Union.  A 
most  fortunate  feature  of  New  Jersey's  past  road  policy 
is  that  the  state's  expenditure  on  roads  has  been  money 
raised  by  direct  taxation  and  not  money  borrowed  on 
bond  is.sucs.  While  New  Jersey  counties  and  towns  have 
a  considerable  amount  of  road  bonds  outstanding,  the 
state  as  a  whole  is  not  in  the  difficult  position  of  some 
of  its  sister  states  which  have  borrowed  money  on  long- 
term  bond  issues  to  spend  on  roads  that  arc  already 
worn  out. 

On  the  otber  hand  New  Jersey  is  uiifortuiialc  in  this 
respect:  Because  of  her  early  activity  in  road  construction 
slie  has  expended  many  millions  of  dollars  in  the  construc- 
tion of  water-bound  macadam  roads,  a  type  of  construction 
admirably  suited  to  the  horse-drawn  traffic  which  existed 
at  the  time  the  roads  were  built,  but  wholly  unsuited  to  the 
motor  traffic  of  the  present  day.  The  various  makeshifts 
that  have  been  tried  during  the  past  decade  to  enable  a 


water-bound  macadam  road  to  stand  motor  traffic  have 
involved  large  expeu.se  and  have  generally  proved  unsatis- 
factory in  service.  Fortunately,  the  last  few  years  have 
seen  the  development  of  types  of  road  surface  which  can 
withstand  the  stress  of  motor  traffic  and  whose  first  cost 
and  cost  of  maintenance  are  not  prohibitive. 

The  first  item  in  a  road  policy  for  New  Jersey,  there^^ 
fore,  should  be  the  adoption  of  permanent  types  of  roads 
in  place  of  the  types  formerly  used.  In  order  to  do  this, 
however,  and  in  order  to  insure  the  efficient  and  econom- 
ical conduct  of  i-oad  construction  and  repair,  New  Jersey 
needs  to  reform  its  system  for  the  conduct  of  its  high- 
way work.  This  reform  need  not  be  a  very  radical  one, 
for  New  Jersey  has  had  for  years  a  state  highway  de- 
partment. What  is  needed  is  to  increase  the  authority 
and  responsibility  of  this  highway  department  so  that  it 
may  have  power  to  supervise  the  roadwork  carried  on 
by  counties  and  by  towns,  as  well  as  tlie  work  carried 
on  by  the  state.  In  order  to  do  this  the  department  will 
need  to  be  organized  on  a  permanent  basis,  with  a  legal 
tenure  of  office  for  the  engineers  employed  in  the  depart- 
ment and  with  rigid  exclusion  of  politics  from  its 
organization.  This  reform  may  sound  like  a  simple  thing 
to  effect,  but  it  is  far  from  simple  in  the  majority  of 
states,  and  it  remains  to  be  seen  whether  it  will  prove 
simple  in  New  Jersey. 

^: 
nrm  CoEtiCtre^©  IR®Sidl  IBtuinlldliiag 

Vol-  a  number  of  years  engineers  interested  in  road 
construction  made  ])ilgrimages  from  all  parts  of  the 
country  to  Wayne  County,  Michigan,  to  see  the  famous 
concrete  roads  there  and  to  learn  how  it  was  possible  to 
use  ordinary  concrete  as  a  paving  material  for  country 
roads.  An  article  printed  in  the  last  issue  of  Engineering 
Xeirs.  describing  the  remarkable  results  attained  in  build- 
ing concrete  roads  and  streets  at  Sioux  City,  Iowa,  will 
doubtless  be  the  means  of  setting  in  motion  a  steady 
stream  of  engineers  from  all  parts  of  the  country  to  visit 
Sioux  City  and  see  for  themselves  how  these  results  are 
ol)tained. 

It  is  no  exaggeration  to  say  tluit  the  conci'ete  road:' 
and  streets  of  Sioux  City  represent  an  important  advamr 
over  anytliing  heretofore  attained  in  concrete-road  con- 
struction within  our  knowledge.  The  main  reason  for 
this  ini|)i'ovement  in  tlie  character  of  the  concrete  is  founil 
without  doubt  in  tlio  method  adojited  for  finishing  thi- 
roads.  This  method  was  descriix'd  by  the  City  Engineer  of 
Sioux  City,  T,  II.  Johnson,  in  Engineering  A^rirs  a  j'ear 
ago  and  was  nu)rc  fully  explained  in  last  week's  issue. 
Irtricfly  stated,  it  consists  in  applying  to  the  finisiiing  of  a 
concrete  road  the  method  long  in  use  for  giving  a  hard, 
wear-resisting  surface  to  concrete  sidewalks.  A  dry  mi.x  of 
cement  and  snnd  is  ap|)lied  to  the  surface  of  the  concrete 
after  it  is  sjiiiMd  on  llie  subgrade  and  siyoothed  off.  The 
quantity  of  this  dry  mix  is  small,  iust  sufficient  to  absorb 
the  surplus  water;  and  this  mixture  is  thoroughly  ineor- 
])orated  with  the  upper  layers  of  the  concrete  by  rubbiiif,' 
with  heavy  floats. 

Concrete  experts  all  agree  that  to  make  the  strongo.-i 
concrete  it  should  be  mixed  with  the  smallest  amount  of 
water  to  permit  thorough  mixing  and  that  surplus  watei' 
left  at  the  surface  of  the  concrete  when  it  hardens  forms 
laitance  and  leaves  a  weak,   friable  skin  on  the  surfac" 
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vhen    the    concrete   sets.      Under    the    present   standaru 

nethod  of  finishing  concrete  roads,  however,  in  use  every- 

chere,  save  at  Sioux  City,  it  is  impossible  to  have  the 

oncrete  as  dry  as  it  should  be  when  the  final  set  takes 

ilace.     Enough   water   must   be   put   in   the   mixture   to 

lermit  the  materials  to  be  thoroughly  incorporated ;  and 

.'hen  this  mixed  concrete  is  placed  on  the  road,  formed 

iito  shape  by  the  strike  board  and  floated,  more  or  less 

urplus  water  invariably  comes  to  the  surface.     The  con- 

rete  is  so  soft  that  in  order  to  finish  it  the  workmen 

ngaged  in  finishing  have  to  lie  flat  on  a  portable  bridge 

loved  along  over  the  surface  of  the  road.    The  most  they 

m  do  is  to  give  the  surface  a  light  smoothing. 

In  contrast  with  this  is  the  method  used  by  Mr.  John- 

)n  at  Sioux  City,  where  by  applying  the   dry  mix  of 

?ment  and  sand  to  the  surface  just  as  soon  as  the  road  is 

rought  to  shape,   the   surplus   water  is   drawn   out  by 

ipillary  attraction  and  the  concrete  is  at  once  so  stiffened 

lat  the  workmen  engaged  in  floating  can  walk  upon  it 

id   make    hardly    an    impression.      The    concrete    then 

,  reives  a  thorough  compacting  and  kneading  from  the 

;avy  wooden  floats,  such  as  it  is  not  at  all  possible  to  give 

a  roa<l  finished  from  bridges  in  the  usual  manner. 

It  is  not  at  all  strange  that  the  surface  of  a  concrete 

ad  finished  in  this  manner  should  be  far  harder  and 

ore  durable  than  that  of  a  road  finished  in  the  ordinary 

ly.     Further  than  this,  the  remarkable  freedom  from 

acks  of  the  Sioux  City  roads  indicates  that  the  beneficial 

tion  of  the  heavy  float  is  felt  through  the  who'e  tliick- 

ss  of  the  concrete  layer. 

It  is  worth  while  remarking  in  this  connection  that  the 

ality  of  the  sand  used  in  the  concrete  and  in  the  finish- 

,'  may  very  likely  be  another  factor  in  the  romarkalile 

distance  to  wear  of  the  Sioux  City  roads.     The  need  of 

^ater  attention  to  the  sand  for  concrete  ought  to  be 

'tty  well  known  by  now  to  engineers  everywhere ;  but  it 

ms  important  to  emphasize  that  for  concrete-road  con- 

:  uction  and  especially  for  the  wear-resisting  surface  of 

:  oncrete  road  it  is  essential  that  a  silica  sand  be  speci- 

1.    In  certain  sections  of  the  country  the  sand  in  gen- 

I  1  use  for  mortar  and  concrete  is  composed  chiefly  of 

1  "tides  of  limestone  instead  of  silica.     Concrete  made 

'  ;h  such  sand  cannot  be  ex])ected  to  show  a  great  resist- 

I  e  to  abrasion  and  is  srure  to  be  much  more  slippery 

i  n  concrete  made  with  a  sharp  silica  sand. 

Of  course  we  do  not  attempt  to  say  that  the  methods 
i  use  at  Sioux  City  are  above  criticism  or  incapable 
(  further  improvement.  Many  engineers  for  example 
<  1  probably  think  that  the  use  of  the  strike  board  to 
I  e  the  pavement  its  cross-section  is  a  better  plan  than 
I  k'ing  wholly  on  the  skill  of  the  workman.  Many  will 
I  'Stion  also  whether  .so  much  expense  in  floating  the 
i  shed  pavement  is  warranted.  That  the  Sioux  City 
8  tem  of  construction,  as  a  whole,  however,  lias  proved 
i  'If  thoroughly  satisfactory,  is  proved  by  the  fact  that 
'  r  successive  incumbents  of  the  City  Engineer's  olTice 
lontinued  its  use. 
iiially,  it  is  well  worth  pointing  out  that  the  high 
qility  of  concrete  in  the  Sioux  City  pavements  is  being 
oained  at  a  trifling  expense.  In  fact,  the  contract  price 
p  square  yard  prevailing  there  is  little,  if  any,  higher 
t  n  that  in  many  other  cities  where  concrete  roads  are 
l>!  iR  built.  There  are  many  cases  where  improved 
Wj  hods  and  materials  are  advocated  for  engineering 
mk,  and  the  engineer-in-chargc  may  legitimately  rcjfct 


them  on  the  ground  that  the  increased  expense  involved 
is  not  warranted  by  the  improvement  in  results.  To  build 
concrete  roads  by  the  Sioux  City  plan,  however,  costs  so 
little  more  than  it  does  to  build  them  in  the  ordinary  way 
and  the  results  obtained  are  so  vastly  better  that  no  reason 
appears  why  the  Sioux  City  method  should  not  shortly 
become  standard  practice. 

StireeS  Cleamilini^  ana  'Me'w  YorfiS. 

According  to  the  recent  report  of  Richard  T.  Fox 
on  an  examination  of  the  New  York  Department  of 
Street  Cleaning,  the  status  of  the  street  sweeper  has 
much  improved  in  the  last  few  years.  The  laborer  who 
wields  a  broom  in  New  York  City  today  receives  an 
annual  salary  of  $840,  has  two  weeks'  annual  vacation, 
sick  leave  and  a  life  pension  if  he  reaches  a  fixed  age 
limit  after  20  years'  service.  There  are  not  a  few  college 
graduates  who  can  do  no  better. 

Mr.  Fox  truly  says  that  such  favorable  working  con- 
ditions "have  no  parallel  in  the  history  of  the  business 
world  for  laborers  of  this  class."  Yet  instead  of  the 
body  of  alert,  active,  interested  workers  one  would  expect 
to  find,  the  investigator  was  surprised  to  find  a  large 
number  of  old  men,  and  aside  from  these  many  more 
who  were  physically  below  the  standard  such  excellent 
rewards  should  command.  A  general  inefficiency  and 
want  of  discipline  were  evident,  with  a  corresponding 
lack  of  thoroughness  of  the  work. 

For  street-cleaning  service  the  three  more  important 
boroughs  of  New  York  City — Manhattan,  Brooklyn  and 
The  Bronx— pay  the  sum  of  $8,000,000  yearly,  exclusive 
of  snow  removal.  The  number  of  permanent  employees 
is  approximately  7,000.  Snow  removal  costs  add  from 
$2,000,000  to  $:5,000,000  more  a  year.  The  administra- 
tion of  this  work  obviously  requires  an  expert,  and  con- 
sequently Mr.  Fox's  first  recommendation  is  that  the 
offices  of  Commissioner  and  Deputy  Commissioner  be 
freed  from  politics. 

Other  recommendations  for  the  administration  of  the 
department  are  that  the  Commissioner  be  given  greater 
latitude  in  making  expenditures  and  that  there  be  greater 
cooperation  between  (his  and  the  various  other  city  de- 
partments, particularly  on  the  ])ait  of  the  courts  and 
police  department  in  enforcing  the  oixlinances  against 
littering  the  streets  with  paper  and  other  refuse.  The 
equipment  of  the  department  and  the  cost-keejiing  .sys- 
tem are  held  to  be  inadequate  and  not  up  to  date. 

The  foregoing  recommendations  apply  to  the  de])art- 
nient  as  a  whole,  but  .some  of  tho.<e  which  apply  only 
to  the  installation  of  a  model  district  are  of  almost  equal 
interest.  Among  these  are  that  hand  sweeping  only  be 
employed,  supplemented  by  flushing  or  washing  with 
water  under  pressure;  that  the  sweepers  wear  leggings; 
that  they  polish  their  shoes  daily;  that  sweeping  the 
sidewalk  be  included  in  their  work  and  that  pernianont 
stations  or  bo.xes  be  provided  at  convenient  intervals  for 
storing  the  sweepings  between  collections. 

With  polished  shoes,  leggings  and  a  brown  khaki  uni- 
form the  street  .sweeper's  dignity  ought  to  be  raised  at 
least  to  that  of  the  average  citizen;  and  with  the  strong 
arm  of  the  law  to  protect  him  from  the  unnecessary 
labor  entailed  by  careless  people  who  throw  refuse  in  the 
street,  the  work  ought  to  be  attractive;  the  commissioner 
should    be   iriven   sufficient    latitu<lc   to   make   it   efficient. 
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Sir — The  editorial  in  your  issue  of  June  21),  "llie 
Mississippi  Levee  System  Sustained  by  the  Courts" 
sliows  a  clear  conception  of  the  problem  and  a  correct 
understanding  of  public  sentiment  in  this  section.  The 
suit  that  you  refer  to  was  never  taken  very  seriously 
by  the  levee  district  ofBcials.  It  was  brought  by  owners 
of  lands  along  the  narrow  margin  between  the  levees 
and  the  river  banks.  These  lands  have  always  been 
overflowed  at  high  water  (except  small  areas  where  hill- 
side slopes  approach  the  river),  and  were  purchased  by 
their  present  owners  with  a  full  knowledge  of  this  fact. 
It  is  true  that  confinement  of  the  flood  water  between 
levees  causes  deeper  inundation  of  these  lands  than 
formerly;  but  they  arc  worth  more  now  than  they  were 
before  levees  were  built.  This  increased  value  results 
from  their  proximity  to  the  highly  developed  country 
immediately  behind  the  levees,  which  only  recently  was 
largely  a  wilderness:  and  from  the  fact  that  when  these 
places  are  submerged,  their  owners  can  now  drive  their 
livestock  over  the  levee  to  safety,  where  formerly  they 
built  mounds  or  rafts  for  them,  (jr  boated  them  to 
another  state. 

You  rightly  say,  "This  minority  finds  representation 
in  certain  Southern  newspapers.''  It  would  be  well  for 
this  statement  to  be  weighed  in  connection  with  several 
newspaper  quotations  appended  to  one  of  the  Congres- 
sional speeches  referred  to  below. 

Eecently  the  writer  received  a  circular  letter  from 
Congressman  James  A.  Frear,  inclosing  various  extracts 
from  the  Congressional  Record,  and  the  Chicago  Tribune 
article  from  which  you  quote,  all  in  opposition  to  the 
Hitmphreys  flood  control  bill.  The  same  letter  and  in- 
dosures  will  doubtless  reach  many  other  engineers  and 
it  is  gratifying  that  your  timely  editorial  will  give  them 
another  view  of  the  matter.  It  is  evident  that  the  two 
Congressmen  and  the  Chicago  Tribune  have  a  miscon- 
ception of  the  whole  situation  on  the  lower  Mississippi 
River. 

For  the  benefit  of  engineers  who  liave  not  been  in 
touch  with  the  organization  and  work  of  the  Mississippi 
River  Commission,  it  should  be  stated  that  appointments 
to  membership  in  that  body  are  made  by  the  President 
of  the  United  States,  and  membership  continues  until 
death,  resignation  or  removal  for  cause.  No  membership 
has  yet  been  terminated  except  by  the  first  two  methods. 
In  the  personnel  of  this  Commission  are  several  United 
States  Army  engineers,  several  civil  engineers  and  one 
lawyer.  In  the  entire  personnel  of  this  Commission  since 
its  organization  few  of  its  members  have  been  residents 
or  property  owners  on   the  lower   Mississippi. 

The  ilississippi  River  Commission  has  made  surveys, 

soundings,  discharge  observations  and  studies  for  more 

than   thirty   years,    and    has   pronounced    that   the   only 

practicable  way  to  control  the  floods  on  the  lower  Missis- 

,  sippi  is  to  revet  the  caving  banks  and  complete  the  levee 


system.  For  thirty  years  its  members  have  been  as  com- 
petent and  have  had  as  good  opportunities  as  any  one 
possibly  could  have  to  study  and  compare  various  plans 
of  flood  protection  and  control,  and  it  has  been  one  of 
their  duties  to  decide  iipon  the  best  plan  for  the  Missis- 
^i])pi  River. 

The  completion  of  the  levee  system  is  not  a  land  re- 
clamation scheme.  The  reclamation  of  the  lands  on  the 
lower  ^Mississippi  lias  already  been  effected.  These  lands 
are  now  protected,  and  have  been  for  years,  by  almost 
continuous  levee  lines  from  Cairo  to  the  Gulf,  and  behind 
these  levees  are  large  sections  of  highly  developed  country, 
with  frequent  towns  and  busy  railroads.  The  existing 
levees  were  paid  for  in  large  part  by  the  landowners. 
The  United  States  Government  has,  for  about  thirty 
years,  made  some  contribution  toward  this  work ;  but  it 
is  believed  by  the  writer  that,  up  to  this  time,  the  total 
contributions  by  the  Government  do  not  much  exceed 
the  total  cost  of  replacing  levees  that  have  caved  into 
tlie  river  because  the  banks  have  not  been  revetted  to 
prevent  the  channel  from  shifting.  The  lands  protected 
by  these  levees  are  so  far  from  being  unreclaimed,  that 
fully  90%  of  the  area  behind  the  levees  was  free  from 
water  during  the  flood  of  1916,  which  made  record  stages 
on  a  large  part  of  the  river.  Only  a  small  percentage 
(jf  these  lands  is  owned  by  syndicates. 

Occasionally  the  writer  has  thought  proper  to  enter 
discussions  of  the  levee  question  in  civic  clubs,  in  the 
hope  of  preventing  the  adoption  of  resolutions  proposed 
by  the  "vociferous  minority."  It  is  remarkable  that  ;> 
man  in  almost  any  other  walk  of  life  can  expect  a  hearint: 
on  an  engineering  subject  and  be  accredited  with  dis- 
interestedness; but  that  an  engineer's  arguments  meet 
with  the  response,  "of  course  you  favor  levees,  because 
you  are  an  engineer."  The  idea  is  prevalent  in  this 
section  that  in  some  way  all  engineers  will  profit  directlv 
if  Congress  makes  large  levee  .appropriations. 

"With  an  apology  for  mentioning  personal  aft'airs,  but 
realizing  that  upon  every  engineer  favoring  Government 
appropriations  for  levees  rests  the  burden  of  proof  that 
he  is  disinterested,  the  writer  will  state  here  that  he 
owns  no  property  that  would  be  benefited  by  levee  con- 
struction, from  Government  appropriations,  that  he  is  not 
employed  on  levee  work  and  never  expects  to  be  einployod 
on  that  work  again:  that  lie  has  not  been  for  fourteen 
years;  and  that  if  he  were  or  expected  to  become  a  levee 
district  t^igineer.  he  would  be  working  against  his  own 
interest  to  favor  levee  building  by  the  Government,  l)e- 
cause  their  expenditures  are  supervised  by  their  own 
engineers.  (Twenty  years  ago  the  writer  left  the  Govern- 
ment service,  having  then  about  reached  the  limit  of 
salaries  for  civil  engineer  assistants.)  For  the  Govern- 
ment to  finish  the  levee  system  will  put  a  number  of 
levee  district  engineers  "out  of  a  job." 

The  writer  is  convinced  that  no  expenditure  of  likf 
amount  which  this  nation  could  make,  except  for  militan 
and  industrial  preparedness,  will  give  larger  returns  m 
an  increase  of  the  nation's  wealth  and  jirosjicrity.  tlian 
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lat  necessary  to  make  this  valuable  section  of  country 
iisoliitely  secure  against  ilississippi  flood  water.  That 
:»-ees  and  revetment  will  accomplish  this  has  been  eon- 

isively  demonstrated.  A.  L.  Dabn'EY. 

Porter  Building,  ^Memphis,  Tenn.,  July  3,  1916. 

Oypsuasim  ssEadl  Htm  lEUffectl  ©im 
lEinmlbedldledl  Sltc-oIl 

Sir — There  seems  to  be  a  somewhat  pojiular  supposition 
■atgvpsum  in  contact  with  metal  will  cause  progressive 
iTOsion  of  the  latter.  Certain  facts  available  show  the 
atrary  to  be  the  case,  and  in  Justice  to  the  nuiterial  I 
ink  they  should  be  put  on  record. 

The  most  recently  revised  building  codes,  as  well  as  the 
lo  edition  of  the  National  Board  of  Fire  Underwriters 
•ommended  standard  building  regulations,  include  the 
V  of  gypsum  for  the  fire-protection  of  steel  supporting 
■inbers.  The  advisability  of  admitting  gypsum  for  this 
rpose  was  the  outcome  of  investigations  conducted  dur- 
'■ ;  1911  by  the  "Joint  Committee  on  City  Departments" 
■  New  York  itnder  the  direction  of  Chairman  Ira  H. 
lolson.  Consulting  Engineer  for  the  National  Board  of 
re  Underwriters. 

A  subcommittee  conducting  a  sj^ecial  investigation  of 

'  question  of  possible  evil  effect  on  the  embedded  metal 

.  ised  the  uncovering  of  the  reinforcing  steel  used  in  the 

1  istruction  of  the   Metropolitan  floor    (gypsum   floor) 

ich  formed  the  roof  garden  of  Hanimerstein's  Victoria 

'  cater  in  Xew  York  City.     The   |)arl   of  the  ((Uisl  iiic- 


STEEL  WIRE   AND  HOOK.S   NOT   COKRCJDED    AKTKli 
EMBEDMENT   IN   GYPSUM    FOR    15    YR. 

i  a  cut  into  was  under  the  stage  and  near  a  tank  of 
'  ter  whicli  was  used  for  diving  and  other  purposes.  This 
1  iition  it  was  thouglit  would  disclose  tlie  worst  possible 
( iditions,  as  corrosion  of  the  embedded  steel  (if  any) 
■  uld  be  aggravated  by  any  possible  and  continued 
i  isture. 

K.  Webl),  Secretary  of  the  Gypsum  Industries  Asso- 

•II,  was  present  during  this  investigation  and  states 

tit  the  reinforcing  consisted  of  ,S-hooks  secured  to  the 

iieam  flanges,  to  which  were  attached  the  twisted  wires 

iiig  llie  reinforcement.     The  S-liooks  were  not  gal- 

'■'{  or  covered  in  any  manner  with  a  protective  coat- 

■i:  «i  any  kind,  though  the  twisted  wires  were  galvanized. 


The  steel-su]i]jorting  I-beams,  the  S-hooks  and  the  twisted 
wires  were  buried  in  the  gypsum  constrtiction  for  a  period 
of  about  15  years  and  when  taken  out  were  all  in  excellent 
condition.  The  S-hook  and  twisted  wires,  shown  in  the 
accompanying  view,  were  taken  from  the  construction  re- 
ferred to. 

During  August,  1912.  a  fire  test  was  made  upon  a 
Metropolitan  floor  (gypsum)  at  the  testing  station  of 
Columbia  University,  for  the  City  of  Toronto,  Can.  This 
construction  (a  4-iii.  thick  poured  reinforced-gA'psum 
slab)  successfully  passed  the  4-hr.  load  and  fire  test  re- 
quired by  the  Xew  York  Building  Department.  After 
this  test  the  entire  construction  was  torn  ottt,  and  the 
wi-eckage  thrown  into  a  scrap  yard  where  it  remained 
exposed  to  the  elements  of  the  weather  through  the  fol- 
lowing winter,  spring  and  summer. 

An  examination  of  this  scrap  made  by  Mr.  Woolson, 
Prof.  James  McGregor,  of  Columbia  University,  H.  B. 
McMaster,  S.  G.  'Webb  and  representiitives  from  the  Xew 
York  Building  Department,  disclosed  the  fact  that  any 
metal  which  remained  embedded  in  the  gypsum  mixture 
was  not  corroded,  but  all  metal  which  had  been  exposed 
til  the  weather  during  the  months  of  exposure  of  course 
showed  signs  of  active  and  progressive  corrosion. 

The  United  Htates  Bureau  of  Standards  is  conducting 
a  test  to  determine_the  relative  protective  value  of  various 
coatings  upon  metal  lath.  This  test  was  commenced  upon 
full-size  panels  in  1911.  A  progress  report  by  J.  C.  Pear- 
son, of  the  Bureau,  gives  the  following  facts: 

Assuming  tlie  numeral  10  as  indicating  perfect  condi- 
tion— no  rust — the  following  was  found  with  reference  to 
the  gypsum  plasters: 

Lath  Galvanized  Before  Expansion — 9.G  for  gypsum 
plaster,  9.8  average  of  all  plasters. 

Painted  "S])ecial''  Iron  Lath — 9.0  for  gypsum  plaster. 
9.3  average  of  all  plasters. 

Painted  Steel  Lath — 9.0  for  gyi)sum  ])hister.  9.1  average 
of  all  ])lasters. 

Sherardized  Lath — 7. 5  for  gypsum  plaster.  S.3  average 
of  all  ])lasters. 

Lupainted  "Special"  Iron  Lath — :.-ir^  for  gypsum  plas- 
ter. ~,X)  average  of  all  ])lasters. 

Plain  Steel  Lath— 7.5  for  gypsum  jilaster.  T.fi  average 
of  all  ])lasters. 

Commenting  on  the  showing  of  gypsum  pla.sters,  Mr. 
1  \-<i  rson  states : 

Examination  of  the  table  will  show  that  the  condition  of 
the  lath  under  the  three  representative  brands  of  gypsum 
plasters  is  almost  exactly  a  fceneral  average  condition  of  all 
the  interior  panels;  that  is,  the  corrosive  action  of  the  straight 
gypsum  plaster  appears  to  be  less  vigorous  than  was  antici- 
pated. 

These  facts  and  experiences  prove  two  things:  (1)  That 
gypsum  is  a  fixed  salt,  and  neutral  in  action;  in  other 
words,  the  SO:,  i^^  completely  combined  with  CaO  iu  the 
anhydrous  form  of  gypsum  of  CaSO^.  Dr.  W.  F.  Ilille- 
brand.  United  States  Bui-eau  of  Standards,  says:  "It  is 
incorrect  to  speak  of  a  sulphuric  acid  content  of  gypsum. 
The  properties  of  sulphuric  acid  are  lost  when  the  acid  is 
fully  neutralized  as  in  gyp.sum."  (2)  That  when  gypsum 
i.s  used  u])oii  metal  lath,  or  is  in  contact  with  structuial 
metal  for  the  pui-pose  of  fire  protection,  and  when  air  and 
moisture  are  prevented  fi'om  coming  in  contact  with  such 
metal,  no  progressive  corrosion  can  occur. 

Viitoir,  G.  M.\i!ANi, 

205  W.  Monroe  St.,  Chicago,  III.,  July  13,  i9in. 
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0§^sft©a*  Slhellls 
By  H.  Stkuckmann* 

The  e.xtensive  shell  deposits  found  all  aloug  the  coast 
of  the  Gulf  of  ilexico  have  for  many  years  been  the 
object  of  considerable  research  work  by  portland  cement 
mauufacturers,  as  the  shells  projjerly  prepared  represent 
the  purest  lime  constituent  possible  for  cement  making. 
In  the  past  the  difficulty  has  been  to  find  a  process  by 
which  the  shells  could  be  pulverized  preparatory  to 
mixing  them  with  the  alumina  and  silica  constituents 
as  contained  in  certain  clay  deposits,  but  this  problem 
has  at  last  been  solved  by  treating  the  shells  under  the 
wet  process  as  developed  by  F.  L.  Smidth  &  Co.,  of  New 
York  City. 

The  new  plant  wl.ich  the  Texas  Portland  Cement  Co. 
has    completed    at    Manchester,    near    Harrisburg,    Tex., 


Dallas  to  Houston,  while  the  plans  and  contracts  were 
prepared  in  the  office  of  the  writer  who  is  the  company's 
Consulting  Engineer. 

The  plant  represents  an  investment  of  approximately 
•$7.30,000  and  as  can  be  seen  from  the  general  view  the 
various  structures  occupy  considerable  space.  Described 
briefly,  it  consists  of  the  following  buildings  and  struc- 
luivs. 

On  the  ship  channel  is  a  wharf  of  ample  capacity  to 
iecei\e  the  shell  barges,  bulkheads  having  been  provided 
along  the  shore  to  prevent  any  sliding  or  cave-ins  of 
the  bank  which  might  gradually  fill  up  the  channel. 
From  the  wharf  a  650-ft.  structural-steel  crane  runway 
supports  an  electrically  operated  monorail  crane  which 
serves  the  double  purpose  of  unloading  the  shells  from 
the  barges  and  delivering  them  to  the  mill,  as  well  as 
delivering  the  shells  from  the  barges  to  a  20,000  cu.j'd. 
storage    underneath    the    runway,   this   precaution   beiag 


FIG.  1.   PL.\N  OF  THK  NEW  CEMENT  MILL  OP  TEXAS  PORTL.V.XU  CEMENT 


XE.\l:  HOUSTON,  TEX. 


is  the  result  of  the  research  work  conducted  in  the  com- 
pany's laboratories  at  Dallas  as  well  as  the  recheck  in 
the  laboratories  of  F.  L.  Smidth  &  Co.  The  location 
of  the  plant  was  selected  at  Houston,  Tex.,  in  preference 
to  other  shipping  points  along  the  Gulf  coast  on 
account  of  the  railroad  facilities  available  at  Hou.stou 
and  particularly  on  account  of  the  recently  completed 
ship  channel  which  will  enable  the  Texas  company  to 
handle  export  shipments  by  loading  the  cement  direct 
fi'om  the  plant  into  the  bottoms. 

The  actual  construction  work  of  the  plant  was  started 
in  the  late  fall  of  1915  at  which  time  the  com])auy's 
engineering   force   was   moved   from   the   main    office   at 


•Consultiiif;    Engineer.    Kansas   City.   Mo. 


necessary  to  insure  steady  operation  in  the  plant  when- 
ever weather  conditions  interfere  with  the  dredging 
process  in  Galveston  Bay. 

Xext  adjoining  the  crane  structure  is  the  wet  raw- 
grinding  department  ^ised  in  treating  the  shells  and 
clays  which  are  ground  preliminarily  in  a  0.8.5  wet 
Kominuter  and  finished  in  a  20  tube-mill,  discharging 
the  resulting  finely  pulverized  slurry  into  two  basins 
which  are  being  agitated  constantly.  From  these  basins 
the  chemist  gets  his  first  check  on  the  analysis  of  the 
raw  material  before  the  pumps  discharge  the  finished 
slurry  into  a  series  of  storage  basins,  making  it  possible 
1(1  secure  a  perfect  and  uniform  mix  of  the  raw  material 
before    deliverinu-    it    to    the    kiln    for   burning. 
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This  feature  in  the  wet  process  as  used  at  the  Houston 
ant  is  one  of  the  important  jxjints  which  has  made 
practical  to  produce  a  high  grade  and  unifonn  cement 
it  of  a  material  wliicli  in  the  past  has  had  little  or 
>  value. 

After  the  finished  slurry  has  been  analyzed,  corrected 
id  checked,  it  is  delivered  to  the  kiln  department  ready 
r  the  burning  process  which  takes  place  in  a  9x8x320-ft. 
tary  kiln  operated  by  variable-speed  motors  so  as  to 
ve  the  chemist  perfect  control  over  the  burning. 
■siduum  oil  is  used  for  fuel. 

From    the    kiln,   the    clinkers    are    discharged    into    a 

60-ft.  rotary  cooler  where  they  are  cooled  preparatorv- 

adding  the  usual  amount  of  sulphuric  anhydride  which 

mixed  with  the  clinker  in  the  form  of  gypsum. 

The  last  stage  in  the  manufacture  of  the  cement,  the 

.  nker  grinding,  is  handled  with  one  No.  8.5  Kominuter 

;  d  one  No.  20  special  Danula  tube-mill,  which  repre- 

its  the  latest  improvement  in  tube-mill  grinding  and 

lich  has  shown  a  very  remarkable  saving  in  horsepower 

,    compared    with    past    known    methods    of    tube-mill 

,  inding. 

The  product  discharged  from  the  clinker  mill  is 
1  iivered  to  a  belt  conveyor  discharging  into  the  ware- 
use,  which  consists  of  four  30-ft.  diameter  by  60-ft. 
rh  circular  concrete  tanks  nested  together,  using  the 
I  Is  and  interspace  for  storage  in  addition  to  the  main 
iiks. 

The  packing  department,  screen  house  and  trainshed 
i  ■  built  monolithic  with  the  circular  silos,  which  are 
(  vated  about  -i  ft.  above  the  outside  ground  level  so  as 
1  permit  plenty  of  air  and  ventilation  in  the  basement 
{  itaining  the  conveying  machinery. 

rhe  power  plant  consists  of  a  monolithic  concrete 
t  ucture  large  enough  to  accommodate  four  4o0-kw. 
]  !sel  engine  imits,  direct-connected  to  General  Electric 
I  lerators.  Only  two  of  the  engines,  which  were  fur- 
1  bed  by  the  Fulton  Iron  Works,  of  St.  Louis,  have 
1  n  installed  for  the  present  capacity,  but  all  arrange- 
1  iits  have  been  made  to  install  two  additional  imits. 

n  general,  the  plant  has  been  equipped  with  the  most 
1  dem  and  uptodate  machinery  on  the  market,  and  it 
i  ery  gratifying  that  the  wet  process  has  made  it  possilile 
1  treat  the  material  available  and  produce  a  high  grade 
J  -tland  cement,  Incidentally  eliminating  the  usual  dust 
1  isance  surrounding  a  cement  plant. 

iVhile  tile  plant  has  now  been  in  successful  operation 
1  nearly  two  months,  during  which  time  it  has  turned 
f    close  to  ."jO.OOO  bbl.  of  cement,  the  company  has  just 


recently  started  shipments  under  the  direct  supervision 
and  recheck  of  the  engineers  of  the  Pittsburgh  Testing 
Laborator}-,  who  certify  to  the  quality  of  every  barrel  of 
cement  leaving  the-  plant. 

In  this  connection  one  of  the  important  features  of 
the  plant  is  that  by  using  oil  for  fuel  and  shipping 
kaolin  in  from  the  numerous  deposits  in  Texas,  it  will 
1)6  possible  to  produce  pure  white  cement  out  of  the 
materials  used  at  Houston. 


Following  the  destruition  of  the  rock-lill  dam  at  the 
Lower  Otay  reservoir  of  the  San  Diego,  Calif.,  water- 
supply  (noted  in  Engineering  Neivs,  Feb.  3,  1916,  p. 
236)  the  city  called  in  for  consultation  M.  M.  O'Shaugh- 
nessy.  City  Engineer  of  San  Francisco,  to  make  plans 
and  specifications  for  dams  to  create  additional  reser- 
voii's  for  the  city  water-supply.  Mr.  O'Shaughnessy  has 
just  reported  to  the  Mayor  and  Common  Council,  recom- 
mending the  construction  of  two  new  dams  to  provide 
reservoir  capacity  for  future  water-works  needs  in  the 
city.  The  citj-  at  present  owns  sites  for  both  dams  and 
some  f)reliminary  work  toward  the  utilization  of  the 
reservoirs  in  question  has  been  done. 

One  of  the  two  new  dams  proposed  is  at  the  mouth  of 
the  Barrett  reservoir  that  lies  just  west  of  the  old  Moreiui 
reservoir.  Here  a  reservoir  with  7,000,000,000  gal.  ca- 
pacity will  more  than  con.serve  7,000,000  gal.  daily  average 
waste  now  taking  place  from  lack  of  adequate  storage. 
This  would  be,  according  to  the  consulting  engineer,  the 
cheapest  stored  water  than  can  be  added  to  the  San  Diego 
supply.  In  addition  to  the  Barrett  dam,  ilr.  O'Sliaugh- 
nessy  recommends  a  new  dam  on  the  Lower  Otay,  which 
besides  collecting  water  from  its  adjacent  watersheds  can 
also  be  used  to  hold  some  overflow  from  Cottonwood 
Creek  as  may  be  diverted  by  the  Dulzura  conduit,  which 
runs  between  the  Barrett  reservoir  and  Dulzura  Creek, 
which  latter  empties  into  the  Lower  Otay  reservoir. 

If  the  city  does  not  care  to  go  to  work  on  both  dams 
immediately,  the  engineer  recommends  that  the  Barrett 
dam  be  given  preference.  The  reservoir  behind  this  dam 
would  act  not  only  as  a  balancing  unit  for  the  Lower  Otay 
reservoir,  but  would  also  make  full  use  of  the  completed 
Dulzura  conduit  and  bring  into  innnediate  service  tlie 
water  now  wasting  on  the  Cottonwood,  thus  supplying  a 
very  desirable  link  in  the  ultimate  plan  of  development. 
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With  these  two  dams  Iniilt,  a  much  more  complete  utiliz- 
ation of  the  two  watersheds  now  in  the  city's  o-miersliip 
will  be  possible  and  the  available  city  supply  will  be  in- 
creased in  average  years  by  approximately  10,000,000  gal. 
per  dav. 

The"  data  on  the  two  dams  may  be  recorded  as  sho^ra 
in  the  accompanying  table.     It  will  be  noticed  that  both 

T\BLE  GIVING  WlTA  ON  BARRETT  AND  LOWER  OT.\Y  PROPOSED 
lABLh.  oivi.NU  iJA^^^jg  ^^  g_^j^  DIEGO,  CALIF. 


Lower 

Barrett  Otay 

140  137  5 

152  145 

6.75*  15t 

640  750 

242  212 


Height  of  overflow  section  above  stream  bed  (ft)  . . .. 
Heioht  of  nonoverflow  section  above  stream  bod  (ft.) 

Available  storage  at  overflow  (bilhon.g.'vllons) 

Length  of  crest  (ft.) ,, 

Length  of  available  spillway  crest  (ft.) 

Width  of  crest  and  roadway  (ft.) -- 

Depth  of  overflow  (ft.) on  nm  I'snmt 

Capacity  of  spillway  (cu.tt.  per  sec.) 30,000  13.0001 

Volume  of  dam  (cu.yd.) c§n'2m  nfi'^m 

Cost  (estimated)  (dollars) 690,400  682,200 

*  Can  be  increased  to  7  billion  gals,  by  flashboards. 

t  Can  be  increased  to  15.5  billion  gals  by  flashboards. 

t  Additional  spiUway  provided  which  will  bring  capacity  up  to  2b,000  cu.tt. 
per  sec. 

dams  are  to  be  of  the  gravity  section  in  arch  plan,  and 
are  to  be  built  of  cyclojiean  or  rubble  concrete.  ^  Mr. 
O'Shaughnessy  says  that  the  exploration  work  of  the 
two  water-sheds  has  proved  that  the  foundations  are 
amply  able  to  withstand  all  pressures  from  floods  which 
may  "develop.  These  pressures  should  not  exceed  10  to 
1 1  "tons  per  square  foot  for  either  structure.  For  both 
dams  there  is  a  central  part  made  lower  than  the  remain- 
ing in  order  to  pass  flood  waters.  It  is  estimated  that  the 
probable  time  for  constructing  the  dams  will  be  from  15 
to  18  months  if  they  are  carried  on  simultaneously;  if 
built  in  sequence  from  30  to  36  months. 

It  is  yet  to  be  determined  whether  the  people  will  be 
asked  to"  vote  for  the  construction  of  both  dams  at  present, 
whether  they  will  be  allowed  to  choose  between  the  two, 
or  whether  one  of  the  two  will  be  submitted  to  them  for 
ballot.  The  city  attorney  has  been  instructed  to  outline 
preliminary  steps  for  a  bond  issue. 
'^. 

The  partial  failure  liy  overtopping  of  the  low  earth  dam 
of  the  Charleston  (S.  'O  Light  and  Water  Co.  on  July 
14  possesses  interest  beyond  that  due  to  the  resulting 
damage.  Move  than  16  in;  of  rain  fell  during  the  24  hr. 
ending  about  the  time  the  dam  failed.  The  embankment 
rested  on  a  niar.sh  and  when  constructed  13  years  ago 
required  three  times  the  clay  fill  indicated  by  the  theo- 
retical cross-section — on  account  of  the  way  the  fill  sunk 
into  the  mud.  The  dam  served  the  double  purpose  of 
impounding  fresh  water  and  shutting  out  salt  water  due 
to  the  tidai  flow.  Last  to  be  mentioned,  but  by  no  means 
least,  tlie  dam  was  overtopped  nearly  four  years  ago; 
and  some  two  years  ago  John  II.  Gregory,  consulting 
engineer,  New  York  City,  reported  (according  to  an  edi- 
torial in  a  Charleston  newspaper)  in  connection  with 
\aluation  proceedings  that  the  "dam  was  not  a  safe  struc- 
ture either  under  normal  or  abnormal  conditions."  As 
stated  farther  on,  "legal  complications"  had  a  part  in  the 
postponement  of  action  to  make  the  dam  safe. 

Before  taking  up  the  failure  and  the  emergency  repairs 
that  were  rushed  through  to  save  the  city  from  salt 
water  or  no  water  at  all,  some  facts  regarding  the  dam 
may  be  presented.' 


The  dam  was  completed  in  1903  by  the  American  Pip( 
Manufacturing  Co.,  of  Philadelphia,  with  J.  W.  Ledoiu 
as  chief  engineer. 

The  marsh  at  the  dam  site  consisted  of  an  "alluvia 
deposit"  of  a  "peaty  nature,"  having  an  average  depth  o 
9  ft.  This  was  underlain  with  10  ft.  or  more  of  "fim 
sand  lying  on  a  marly  deposit."  Goose  Creek  at  the  dan 
site  was  about  80  ft.  wide  and  had  an  extreme  depth  o! 
20  ft.  The  total  length  of  the  dam  was  about  2,300  ft 
Each  of  the  two  spillways  shown  on  the  plan  was  100  ft 
long,  had  a  nonnal  water  depth  of  21/2  ft-  aud  'was  buili 
of  timber  cribwork.  with  sheet  piling  "extending  down  t( 
solid  material."'  The  dam  was  built  of  '■excellent  material 


Ing  News."  June  7,   1900,   pp.   630-640. 


PLAN    AND    SECTIONS    OF    GOOSE    CREEK    DAM 

principally  composed  of  clay,"  dumped  from  cars  runim^ 
on  a  track  extendmg  the  length  of  the  dam.  Drill  hoi. 
sunk  after  the  dam  was  completed  "showed  tiie  clay  t 
to  extend  down  to  a  depth  of  about  22  ft.,  or  some  15  i: 
below  the  marsli  level."  Knot  grass  was  used  to  protc. 
the  slopes  of  the  dam.  Owing  to  wave  action,  Mr.  Ledon 
stated  in  1906,  this  protection  w^as  insufficient  on  11' 
upstream  slope,  "and  hence  it  is  proposed  to  cover  tin 
sloix;  with  a  layer  of  granite  riprap."  Apparently,  tb 
was  never  done. 

Under  date  of  July  2o,  1916.  J.  W.  Lcdoux,  olu. 
eni!-ineer  of  the  American  Pipe  and  Construction  C'' 
112  Nortli  Broad  St.,  Philadelphia  (successor  to  1^ 
company  that  built  the  dam)  sent  Engineenuq  News  ■' 
account"  of  the  rainfall  that  preceded  the  failure  of  tl 
dam,  together  with  a  description  of  the  failure  and  ' 
the  emergencv  repairs.  Ui:  Ledoux's  notes  except  !• 
a  few  senteiu'es  duplicating  information  taken  from  1' 
article,  as  cited,  follow : 

On  Friday,  July  14,  the  rain  gasc  at  tlio  pumpinp  st«l^ 
1  located    close    by     the    dam.— Editor]     showed    a    raniLiM 
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3%  in.  during  the  24  hr..  and  this  followed  a  rainfall  of  over 
2  in.  during  the  early  part  of  the  week.  During  the  24  hr. 
from  Friday  night  to  Saturday  night  there  fell  something 
3ver  16.3  in.,  tlie  exact  amount  being  unknown,  as  the  gage 
was  overflowed.  According  to  observations  made  by  a  con- 
tractor living  in  the  vicinity,  the  intensity  of  the  rainfall 
it  one  time  during  Saturday  was  at  the  rate  of  2  in.  in 
10   min. 

Early  on  Saturday  the  water  began  to  overflow  the  spill- 
ways and  run  over  the  earth  dam.  Dr.  J.  M.  Worthen.  super- 
ntendent  in  charge  of  the  plant,  did  everything  possible  to 
orevent  the  erosion  of  the  earth  embankment,  but  at  7:30 
Saturday  evening,  when  the  water  was  at  the  highest  point 
ind  still  rising  rapidly  and  had  a  depth  of  about  14  in.  over 
;he  earth  dam,  the  downstream  slope  began  to  erode  fast. 
md  within  half  an  hour  a  breach  was  washed  clear  across 
he  dam.  which  at  that  point  was  approximately  50  ft.  wide. 
The  breach  was  about  100  ft.  wide  on  top  and  approximately 
3%  ft.  deep.  The  top  of  the  embankment  was  at  El.  13.5 
ibove  ocean  tide.  The  bottom  of  the  breach  was  appro.xi- 
nately  zero.  The  crest  of  the  spillways  was  10 1^  ft.  above 
ide.  and  at  that  point  the  capacity  of  the  dam  was  2,800,- 
100,000  gal. 

On  Monday  morning,  July  17,  the  elevation  of  the  water 
vas  8  ft.  above  tide,  and  on  Tuesday  morning  7  ft.  The  ca- 
>ac1ty  of  the  dam  at  El.  7  was  782,000,000  gal.  Ordinarily, 
he  water  in  Goose  Creek  downsti'eam  from  the  dam  ranges 
n  elevation  from  zero  to  6  ft.  above  tide,  but  during  the 
leavy  rainfall,  just  before  the  dam  broke,  the  elevation  of 
'  he  water  below  the  dam  was  approximately  10  ft.  above 
ide. 

The  storm  was  very  intense:  telephone  and  telegraph  lines 
vere  down,  and  streams  were  very  much  swollen  between 
•oose  Creek  pumping  station  and  Charleston,  so  it  was  dif- 
icult  to  get  word  into  the  main  office  concerning  the  danger. 
"■inally  they  succeeded  in  sending  a  messenger,  and  a  pile- 
riving  plant  and  other  apparatus  were  shipped  out  over 
he  railroad.  The  water  company  succeeded  in  getting  a 
.•recking  crew  from  the  Seaboard  Air  Line,  which  worked 
ontinuously  to  make  such  repairs  as  would  prevent  the 
ity  from  getting'  out  of  water.  This  work  was  directly  un- 
er  the  personal  charge  of  W.  R.  Bonsai.  Vice-President  of 
he  Seaboard  Air  Line.  The  water  company  was  fortunate  to 
ave  such  an  able  crew  of  riggers,  wreckers  and  rivermen 
nder    such    efficient    management. 

The  first  work  consisted  in  a  coffer-dam  composed  of 
indbags  laid  at  the  upstream  end  of  the  breach,  where  the 
epth  of  the  water  ranged  from  4  to  9  ft.  This  coffer-dam 
as  started  Tuesday  morning,  July  18,  and  reached  the  op- 
osite  side  of  the  creek  at  3  a.m..  July  19.  At  that  time 
he  water  was  rising  at  the  rate  of  1%  in.  per  hr.  Fortunately 
ne  high  tide  occurred  about  the  time  of  completion,  so  that 
tiere  was  little  current.  However,  by  the  next  morning  at 
o'clock,  when  the  tide  had  receded  2  ft.,  the  velocity  over 
he  coffer-dam  was  so  great  that  the  sandbags  began  to 
how  signs  of  displacement.  For  half  an  hour  it  looked  as  if 
he  whole  coffer-dam  would  fail.  The  expedient  was  then 
dopted  of  covering  the  worst  places  of  the  coffer-dam  with 
unvas.  weighting  it  down  on  the  upstream  side  and  letting 
lap  entirely  over  the  structure.  This  proved  so  successful 
hat  it  was  decided  to  cover  the  whole  coffer-dam  with  canvas 
1  the  same  way. 

When  finished,  the  bottom  of  the  coffer-dam  was  ap- 
roximately  25  ft.  wide,  the  top  6  ft.  and  the  length  about 
20  ft.  It  has  stood  successfully  a  flow  of  water  over  the 
up  Of  about  6  in.,  which  was  sufficient  at  that  time  to  take 
are   of    the    flow    of    the    creek. 

Considerable  fear  was  felt  among  the  inhabitants  of 
harleston  concerning  the  continuance  of  the  supply  of  water, 
nd  It  wa.s  thought  the  water  company  would  have  difliculty 
1  preventing  the  salt  tide  from  backing  up  into  the  im- 
oundlng  reservoir,  but  on  account  of  the  quick  work  this 
■as   safely    prevented. 

Permanent  repairs  are  now  being  made  by  means  of  heavy 
lllng  driven  clear  across  the  breach  and  on  both  sides  of 
ame.  These  piles  were  driven  on  8-ft.  centers  and  8  ft. 
part  In  the  direction  of  the  stream.  Four-inch  sheet  piling 
■  as  driven  on.  each  side,  and  the  space  within  and  on  each 
Ide  nilcd  with  sandbags,  after  which  the  earth  filling  will 
'•  completed. 

The  maximum  flow  of  the  stream  must  have  been  nearly 
0,000  cu.ft.  per  sec.  when  the  break  took  place.  The  re- 
minder of  the  embankment  was  very  little  damaged,  although 
,he  water  had  run  over  the  entire  structure  to  a  depth  of 
'  ver   1    ft.    for    a    considerable    time. 

Por  several  years  it  has  been  recognized  that  [the  two 
00-ft. — Editor]  spillways  were  Inadequate  to  carry  off  Hood 
iow»,  as  their  discharging  capacity  was  only  3.500  cu.ft.  per 
ec.,  or  70   cu.ft.    per   sec.   per   sq.ml. 


On  Sept.  13.  1912.  the  water  ran  over  the  dam,  which  was 
then  at  El.  12.34.  to  a  depth  of  approximately  0.7  ft.,  without 
causing  any  damage.  It  was  then  decided  to  construct  an 
adequate  concrete  ."spillway,  but  for  legal  and  other  reasons, 
well  known  to  the  parties  most  interested,  it  has  been  up 
to  date  impracticable  to  do  this,  but  it  is  hoped  now  that 
immediate  steps  will  be  taken  to  carry  out  such  an  essen- 
tial   improvement. 

Cerr©  Fipaetiai  E5P2=agafta©Ea  Caimall 

The  Imperial  Irrigation  District  is  biiilcliiig  a  canal 
22  mi.  long,  60  ft.  wide  and  8  ft.  deep  as  an  emergency 
project,  nnder  the  direction  of  C.  R.  Rockwood,  Chief 
Engineer,  Calexico,  Calif.  The  canal  will  head  in  a  gate 
placed  in  the  levee  of  Volcano  Lake  and  will  extend  along 
the  west  side  of  New  River.  The  lake  is  filled  by  over- 
llowage  from  the  Colorado  River.  This  section  of  the 
Cerro  Prieta  canal  as  it  is  called,  is  designed  to  prevent 
a  water  shortage  in  August,  due  to  the  silting  up  of  the 
upper  four  miles  of  the  main  canal  and  the  resulting 
possibility  that  the  district  may  be  unable  to  obtain  a 
sufficient  supply  of  water  through  the  Alamo  canal  during 
the  months  of  August  and  September. 

Air.    Rockwood    says    further    regarding    this    project: 

It  is  the  intention  this  winter  to  extend  this  canal  from 
the  Cerro  Prieta  gate,  at  the  west  end  of  the  levee,  eastward 
along  the  levee  to  a  connection  with  our  Alamo  canal,  at  a 
point  known  as  the  Cudahy  Check.  This  will  permit  us  during 
the  low-water  season,  if  we  have  water  to  spare,  to  continu- 
ously draw  a  large  volume  through  the  Alamo  canal  from  the 
river  and  carry  it  through  the  Volcano  Lake,  and  by  that 
means  not  only  deposit  the  silt  from  the  river  along  the  Vol- 
cano Lake  levee  where  it  is  necessary  for  our  protection,  but 
at  the  same  time  it  will  permit  us  to  deliver  to  all  lands  on 
the  west  side  of  New  River,  water  from  which  the  heavy  silts 
have  been  removed,  thereby  very  greatly  decreasing  our  cost 
of   maintenance. 

This  canal,  when  finally  completed,  will  become  a  very 
important  part  of  our  distribution  system,  as  it  will  permit 
us  to  eventually  do  away  with  the  flume  across  New  River 
and  will  also  relieve  the  Alamo  canal  of  its  overload  for  the 
lower  20  miles. 

The  entire  canal  construction  now  in  progress  is  in 
earth  that  is  being  moved  with  Fresno  scrapers.  In 
July  there  were  1,700  mules  on  the  work.  The  work 
was  then  being  prosecuted  with  great  difficulty  on  account 
of  the  heat  and  also  because  the  unsettled  conditions 
across  the  border  line  in  Mexico,  where  the  work  is  being 
rarried  out,  make  it  very  difficult  to  obtain  labor. 

A  Sertons  Shortace  of  Klectrle  Power  occasioned  a  tempor- 
ary stoppage  in  the  operation  of  the  Ontario  Hydro-Electric 
system  on  July  17.  affecting  140  municipalities  on  the  Niagara 
circuit.  This  has  been  anticipated  for  some  time,  owing  to 
the  steadily  increasing  demands  of  the  municipalities  depend- 
ent on  the  system.  Sir  Adam  Beck,  chairman  of  the  Commis- 
sion, states  that  there  is  an  actual  present  shortage  of  25,000 
hp.,  and  that  before  the  end  of  the  year  50,000  hp.  will  be 
absolutely  necessary  if  the  requirements  of  the  public  are  to 
be  met.  The  Ontario  Government,  on  being  appealed  to  to 
secure  additional  power  from  development  companies  which 
now  export  it  to  the  United  States,  referred  the  matter  to  the 
Canadian  Government  which  has  the  power  of  stopping  the 
exportation.  The  power  companies  at  Niagara  Falls  are  bound 
to  supply  the  Commission  with  half  of  their  output  at  the  price 
obtainable  in  the  American  market.  The  Canadian  Niagara 
Power  Co..  which  sends  its  entire  output  of  75,000  hp.  to  New 
York  State,  receives  therefor  ?18  to  $20  per  hp.,  which  Is 
double  the  price  the  Hydro-Electric  Commission  has  been  pay- 
ing. They  offered  the  Commission  35,000  hp.  at  American 
rates,  but  the  proposition  could  not  be  accepted,  as  it  would 
have  meant  a  proportionate  Increase  in  the  price  charged 
to  the  municipalities.  Pressure  was  brought  to  bear  upon  the 
company  by  the  Canadian  Government,  and  rather  than  incur 
the  risk  of  having  their  export  trade  cut  off  the  Canadian 
Niagara  Power  Co.,  has  agreed  to  furnish  the  Hydro-Electric 
Commission  with  12,500  hp.  Immediately,  50,000  hp.  by  the  end 
of  the  year  and  100,000  hp.  If  required  thereafter  at  $12 
per  hp. 
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Visibly  rai)iil  priii;ress  is  being  made  this  season  on 
the  concrete-viaduct  ijortion  of  the  Detroit-Superior 
bridge  across  the  Cuyahoga  Biver  in  Cleveland,  Ohio.  A 
recent  view  is  reproduced  herewith.  The  portion  nearest 
the  591-ft.  steel  river  arch  still  lacks  the  deck  construc- 
tion. Completion  is  expected  this  year.  The  Hunkin- 
Conkey  Construction  Co.  is  Imilding  the  concrete  via- 
ducts on  both  banks. 

The  original  plan  for  carrying  the  street  cars  from  the 
lower  deck  to  street  level  by  inclines  on  the  approaches 
was  abandoned  last  year.  Street-car  subways  are  to  be 
built  for  a  length  of  .several  blocks  beyond  either  end 
of  the  bridge. 

Several  remarkable  phenomena  marked  the  jirogress  of 
the  concrete  work.  The  plan  of  operations  necessarily 
involved  the  omission  of  the  concrete  arch  adjoining  the 
steel  river  arch  while  the  steelwork  was  under  erection. 
Therefore  the  placing  of  the  landward  concrete  arches 
produced  unbalanced  thrusts  on  a  series  of  piers,  which 
resulted  in  some  longitudinal  deflection  of  the  piers,  either 
elastic  or  permanent.  No  serious  eifects  of  this  deflection 
are  known.  Within  the  past  two  weeks,  however,  a  crack 
developed  in  one  of  the  four  arch  ribs  of  one  span.  This 
is  now  being  cut  out  and  concreted,  after  reducing  the 


rib  to  a  no-stress  condition  by  jacking  up  on  falsework. 
A.  W.  Zesiger,  county  bridge  engineer,  is  directing 
the  work,  under  W.  A.  Stinclieomb,  county  surveyor.  K. 
D,  Cowen  is  resident  engineer. 

EiagaEaeeif'  Becoinmes  Firesadleinit  of 

As  announced  in  the  last  issue  of  Engineering  News, 
George  H.  Blakeley  has  been  made  President  of  the  newly 
organized  Bethlehem  Steel  Bridge  Co.,  which  is  to  carry 
on  the  structural  business  of  the  Bethlehem  Steel  Co. 
and  the  business  formerly  conducted  by  the  bridge 
department  of  the  Pennsylvania  Steel  Co.  Mr.  Blakeley 
has  long  been  a  prominent  figure  in  the  field  of  structural 
engineering  and  his  apijointment  as  the  executive  head  of 
this  new  organization  is  a  notable  recognition  of  the 
ability  of  the  technical  engineer  to  fill  positions  of  high 
responsibility. 

ilr.  Blakeley  became  widely  known  to  the  profession 
as  Chief  Engineer  of  the  Passaic  Boiling  Mill  Co.  of 
Paterson,  N.  J.,  where  he  carried  the  chief  engineering 
responsibility  for  fifteen  years.  He  graduated  from  thr 
Scientific  Department  of  Eutgers  College  in  1884.  After 
two  years'  work  in  various  lines  of  field  engineering  he 
engaged  in  bridge  construction,  first  with  the  Riverside 
Bridge  Co.,  of  Paterson,  and  later  as  assistant  engineer 
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w  of  south  side  of  east  approach.     Upper  deck  of  three  concrete  arches  uncompleted. 
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f  the  Erie  R.R.  in  charge  of  bridge  construction  under 
le  late  C.  W.  Buchholz,  then  Chief  Engineer.  He  was 
)pointed  Chief  Engineer  of  the  Passaic  Rolling  Mill  Co. 
1  1890,  and  during  his  connection  with  that  company  he- 
ld charge  of  the  building  of  many  important  structures. 
mong  them  was  the  Harlem  River  Bridge  at  ISoth  St., 
'  which  the  late  Alfred  P.  Boiler  was  consulting  engi- 
L^er.  This  bridge  at  the  time  it  was  built  was  the  heavi- 
;t  swing  span  in  existence,  and  the  first  to  have  a  double 
rum  and  double  ring  of  bearing  wheels. 
In  1893  Mr.  Buchholz  invited  Mr.  Blakeley  to  come 
ick  to  the  Erie  as  Assistant  Chief  Engineer,  but  he 
referred  to  continue  in  his  work  in  structural  engineer- 


had    its    development,      ilr.    Blakeley   was   a    prominent 
figure  in  both  these  fields  of  progress. 

It  is  the  rule,  rather  than  the  exception,  for  civil  engi- 
neers to  stick  closely  to  their  specialties  and  fight  shy  of 
work  in  other  fields  of  engineering.  Mr.  Blakeley,  how- 
ever, while  with  the  Passaic  company,  was  placed  in 
charge  of  the  mechanical  engineering  work  in  connection 
with  the  company's  steel  mills,  and  made  a  thorough 
study  of  rolling-mill  methods.  In  1902  the  late  Henry 
Grey  returned  to  the  United  States  after  his  successful 
work  abroad  in  placing  in  operation  the  first  Grey  mill 
for  rolling  heavy  steel  beams  at  Differdiugen.  Mr. 
Blakeley  came  in  touch  with  Mr.  Grey  and  took  a  lively 
interest  in  the  Grey  mill  and  its  possibilities  for  produc- 
ing heavy  structural  sections.  In  1906  Mr.  Charles  M. 
Sc:hwab  started  to  develop  the  Grey  mill  process  in  the 
United  States  at  the  Bethlehem  Steel  Co.'s  plant,  and 
Mr.  Blakeley  severed  his  connection  with  the  Passaic 
Rolling  Mill  Co.  and  became  connected  with  this  enter- 
prise. For  the  following  two  years  Mr.  Blakeley  and 
Mr.  Grey  were  engaged  in  the  work  of  building  the  mill 
and  studying  the  problem  of  the  sections  most  available 
i'or  structural  purposes,  the  result  being  the  development 
of  the  broad  flange  "Bethlehem"  sections  now  so  widely 
used.  The  mill  was  put  in  operation  in  1908,  and  iMr. 
Blakeley  was  made  Manager  of  Structural  Steel  Sales  of 
the  Bethlehem  Steel  Co. 

With  the  acquisition  of  the  Pennsylvania  Steel  Co.  by 
the  Bethlehem  company,  the  responsibility  for  the  struc- 
tural work  of  that  organization  is  now  added  to  Mr. 
B]akeley"s  former  tasks.  Mr.  Blakeley  is  a  director  of 
the  Bethlehem  Steel  Co.,  a  member  of  the  American 
Society  of  Civil  Engineers,  of  the  American  Society  of 
Mechanical  Engineers,  and  of  the  Engineers'  Club  of 
New  York  City. 

Si 

The  steamship  "Surveyor"  for  the  U.  S.  Coast  and 
Geodetic  Survey  was  launched  July  22  at  the  plant  of  the 
.Manitowoc  Ship  Building  Co.,  Manitowoc,  Wis.,  in  the 
presence  of  Dr.  E.  Lester  Jones,  Superintendent  of  the 
Survey,  whose  daughter  Elizabeth  performed  the  christen- 
ing   ceremony.      The    ship    was    launched    sideways,    in 


ig.  In  1897  tiie  Passaic  company  issued  a  striictunil 
ceel  handbook  compiled  by  Mr.  Blakeley,  containing  a 
irge  ariKHHit  of  original  information  on  structural  steel.  i  ^i   ,,  iii\.;    im    xi  w    ^ii\  i  i    sri   \.\iii' 

his   received   a   hearty   welcome   from   the   engineering 

rofeasion,  and  the  precedent  .set  by  it  was  later  followed  accordance    with    general    practice    at    lake    sliiiibuilding 

y  other  steel  companies  in  the  preparation  of  their  hand-  yards,  and  the  accompanying  view  shows  it  entering  the 

wks.  water. 

The  years    .Mr.    Blaki'ley    leniaincd    with    the    Passaic  It  is  a  steel  vessel  186  ft.  long,  31  ft.  beam  and  1  H/o 

ompany  were  years  of  great  development  in   American  ft.  draft,  with  a  displacement  of  about  1,000  tons.    It  has 

fridge  engineering.    The  typical  American  pin-connected  a  triple-expansion  engine  of  1,000  hp.,  and  will  use  oil 

ru88  of  the  '80's  was  rejilaced  by  riveted  structures  of  fuel.     The  officers  and  crew  will  number  about  66,  and 

iiodern  type  with  carefully  designed  details.    During  this  the    vessel    will    carr)'   enougii    fuel    and    supplies   for  a 

lenod  also,  stool-frame  construction  foi  modem  buildings  .".-months'  cruise. 
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Although  the  vessel  was  built  on  the  Great  Lakes  it  is 
intended  for  service  in  the  Pacific,  surveying  and  chart- 
ing the  Alaska  Coast  and  Behring  Sea  during  the  sum- 
mer, and  the  Pacific  Coast  during  the  winter.  It  is 
expected  to  have  the  ship  finished  this  fall  and  sent 
through  the  lakes  and  the  St.  Lawrence  to  the  Atlantic 
before  the  navigation  season  is  closed.  The  contract  price 
for  the  hull  and  machinery  was  $189,000,  but  when  fully 
equipped  the  vessel  will  represent  a  cost  of  about 
$300,000. 

;#; 
Hot  Yet  Ex£p]lsiairti©d 

The  Cleveland  intake-tunnel  accident  of  ilonday,  July 
24,  191G,  has  not  yet  been  investigated  fully  enough  to 
give  any  real  information  as  to  its  nature  or  origin.  At 
the  time  of  going  to  press  no  one  had  penetrated  to  the 
end  of  the  heading  driven  landward  from  the  outer  crili. 
That  an  explosion  occurred  is  considered  proved  by  the 
distorted  and  disordered  condition  of  rails  and  cars,  etc., 
so  far  as  the  search  parties  had  advanced.  No  explosive 
was  used  in  the  tunnel.  Just  two  days  before  the  acci- 
dent, on  Saturday  evening  or  Sunday  morning,  trouble 
with  gas  had  been  reported  by  the  last  shift  of  the  week, 
on  coming  out ;  the  men  said  they  felt  the  effects  of  gas. 
So  far  as  now  known  no  analysis  of  the  air  was  made. 
The  system  of  working  required,  in  case  gas  was  noticed, 
using  such  ventilation  as  could  be  secured  by  blow.ing 
through  the  8-in.  compressed-air  supply  pipe  and  drawing 
off  air  through  the  4-in.  blowpipe  or  through  the  airlock 
valves,  before  the  next  shift  entered.  No  shift  went  in 
Monday  morning,  after  the  Sunday  stop.  The  Monday 
night  shift  was  taken  in  by  an  assistant  engineer  (who 
liad  pre\i(iusly  liinisclf  worked  in  llio  beading  gang),  act- 


ing as  heading  foreman,  in  the  absence  of  the  regular 
foreman. 

As  noted  last  week,  the  superintendent  of  the  tumiel 
work  enforced  strict  rules  against  any  use  of  matches, 
open  lights,  photographers'  flashlights  or  other  source 
of  flame,  in  both  land  and  crib  headings.  The  occasional 
occurrence  of  gas  was  known,  and  its  dangers  were  rec- 
ognized from  earlier  experiences  in  tunneling  in  the  same 
ground.  On  the  other  hand  there  was  no  regular  check 
kept  on  gas  occurrence,  chemical  analyses  being  made 
only  occasionally. 

The  nature  of  the  clay  in  which  the  tunnel  is  located 
makes  it  probable  that  damage  to  the  tunnel  at  the  face 
will  1)C  found  to  be  slight. 

:■§ 
IE.5EpIlo§aoE!i§  Sim  H©'wy  Yoirlr^  SUsiS'Ib)®?? 

Two  tremendous  explosions  in  the  munitions  stored  at 
and  around  a  freight  terminal  in  New  York  Harbor  in 
the  early  morning  of  July  30,  completely  wrecked  most 
of  the  structures  in  the  immediate  vicinity,  broke  about 
lialf  a  million  dollars  worth  of  glass  in  New  York  and 
New'  Jersey  buildings,  caused  the  death  of  an  unknown 
number  of  persons  (listed  as  six  on  Aug.  2)  and  the 
injury  of  a  great  number  of  others.  The  main  explosion 
at  2 :  08  a.m.,  was  felt  over  a  radius  of  at  least  50  mi., 
and  was  followed  by  a  second  about  30  min.  later,  which 
while  not  of  equal  force  caused  most  of  the  local  damage. 

The  explosions  took  place  on  Black  Tom,  a  peninsula 
jutting  out  from  the  New  Jersey  shore  just  off  Bodice's 
Island,  where  is  located  the  Statue  of  Liberty,  and  about 
two  miles  south  of  west  of  the  Battery.  On  this  point 
of  land  is  located  a  large  terminal,  consisting  of  a  num- 
lier  of  warehouses  fed  bv  the  Lehigh   Vallev  lUl  and 


:i:e'KKD  -WAREHOUSES  ON  BLACK  TOM    IN   NEW   YORK   IlAKlUiU 


AuLnist  3,  1916 


E  N  (I  I  N  E  E  R  I  N  G     X  E  W  S 


237 


lany  piers  from  ivliich  are  loaded  the  barges  and  lighters 
sed  in  harbor  transhipment.  Aboiit  midnight  on  July 
9  a  fire  broke  out  either  in  one  of  the  barges  or  in  a 
ier  shed  or  waiting  freight  car.  The  Jersey  City  fire 
ispartment  was  called  out  to  the  fire  but  found  it  beyond 
)ntrol  among  the  barges  and  freight  cars,  many  of  which 
ere  loaded  with  nmnitions  awaiting  shipment  to  the 
uropean  battlefront.  One  of  the  barges  was  being  towed 
vay  from  the  pier  when  it  exploded,  at  2 :  08  a.m.,  caus- 
ig  the  concussion  which  shook  up  the  whole  surrounding 
rritory  and  scattered  the  burning  debris  all  over  the 
>ninsula.  The  fires  so  set  reached  a  train  containing 
gh  explosives  which  blew  up  about  2 :30  a.m.,  and 
recked  most  of  the  structures  in  the  terminal.     Some 

this  local  damage  is  shown  in  the  accompanying  view, 
he  fire  spread  by  this  explosion  added  to  the  destruction. 

Subsequent  damage  was  caused  by  exploding  shells  on 
e  drifting  and  burning  barges,  which  continued  until 
dl   beyond  daylight. 

The  money  value  of  the  damage  is  not  yet  known,  but 

estimated  at  from  $20,000,000  to  twice  that  amount. 

;  jsponsibility  for  the  storage  of  so  much  high  explosive 

•ar  the  city — contrary  to  law — is  also  not  fixed,  but  the 

ual  multiplicity  of  investigations  is  assured. 

m 

K^rtlh.  Will  C®ln?eir°OsiSsti  Fsiils 
Sift  BosttoEii  "Dry  Doclfe 

About  100  ft.  of  the  cotfer-dam  at  the  new  South  Bos- 

1  dry  dock  failed  at  high  tide  during  the  night  of  July 

.   The  site  had  been  excavated  by  dredging  before  the 

!fer-dam  was  closed,  and  the  section  across  the  outer 

d,  some  500  ft.  long,  had  been  only  recently  completed. 

nnping  had  been  begun  and  the  level  of  the  water  had 

.■n  reduced  to  about  8.5  ft.  below  low  tide  when  work 

ipped  on  the  afternoon  of  July  25.     The  cofEer-dam 

ve  way  during  the  night  under  a  head  of  about  18.5 

,  when  no  one  was  working  in  the  basin,  so  that  no 

mage  was  done  except  to  the  structure  itself. 

The  coffer-dam  consists  of  two  lines  of  6-in.  sheetpiling, 

pported   by   round   piles   and   spurshores,   cross-braced 

'1  tied  inside,  filled  with  puddle,  and  banked  up  out- 

■•  with  earth  and  riprap.     At  this  location  the  harbor 

'  i>  underlain  by  a  stratum  of  hard  blue  clay,  resting 

>nft  material   which  overlies   the   rock.     The   cofler- 

III  piling  is  driven  about  5  ft.  into  the  blue  clay. 

All  ordinarv'  precautions  had  been  taken  to  make  the 

'  ture  stable,  and  the  design  was  one  which  had  been 

with   entire  success  elsewhere  about  Boston.     The 

11    for  the    failure   is   therefore   not  clear.      At   the 

'  nt  time  the  entire  section  of  the  coffer-dam  carried 

-  below  low  water  level,  so  that  it  cannot  be  readily 

lined.     The  work  is  being  done   by   the   Holbrook, 

it   and    Rollins   Corporation   as   contractors   working 

M  Info  re  for  the  Directors  of  the  Port  of  Boston,  one  of 

inmniissions  wJiich  recently  has  been  superseded  by 

ii'W  ilassachusctts   Commission  on   Waterways  and 

ill-  Lands.     Xo  attempt  will  be  made  at  the  present 

to  pull  up  the  old  coffer-dam  and  a  new  one  will 

lilt  outside  of  it. 


\  Manlolpnl  Klectrlc  IJehtine  PInnt  for  .St.  Louis  Is  planned 

\     M.    Branch,    Commis.sioner   of   Llsht,    Heat   and    Power. 

iiBatlons   to   determine    its    feasibility   are   to   be    under- 


Bids    for    Water-Power   Rigrhts   at    the    dam    at    Joliet,    111., 

have  been  received  by  the  Illinois  and  Michigan  Canal  Com- 
mission at  Springfield.  111.,  the  lease  held  by  the  Economy 
Light  and  Power  Co.  (a  subsidiary  of  the  Chicago  Edison  Co.) 
having  expired.  The  Sanitary  District  of  Chicago  bid  $15.01 
per  hp.  per  year  and  Andrew  Cooke  bid  $3;  the  latter  is  under- 
stood to  have  represented  the  Economy  company.  It  is  stated 
that  if  its  bid  is  accepted  the  Sanitary  District  will  be  able 
to  install  10,000  additional  street  lights  in  Chicago  and  that 
it   proposes   to  double   the   present   3,000-hp.   development. 

Boston  Paving  Squabble.-* — In  order  to  obtain  the  kind  of 
pavement  which  they  want,  residents  of  Commonwealth  Ave. 
in  Boston  have  paid  to  the  city  the  difference  between  the 
prices  bid  for  bitulithic  and  for  sheet  asphalt.  A  short  time 
ago  bids  were  received  by  the  Public  Works  Department  for 
paving  Commonwealth  Ave.  with  sheet  asphalt,  Topeka  pave- 
ment, or  bitulithic.  The  bid  for  the  sheet  asphalt  was  the  low- 
est, and  the  mayor  had  decided  to  accept  it,  when  the  Com- 
monwealth Ave.  residents  took  up  a  collection  amounting  to 
$7,907.90  and  sent  a  check  for  that  amount  to  the  mayor. 
He  at  once  signed  a  contract  with  Warren  Brothers  Co.  tor  the 
bitulithic   pavement   which   the   abutters   desire. 

The  Waterways  and  Public  Lands  Commission  of  Massa- 
chusetts, a  new  institution  which  supersedes  and  will  handle 
the  work  of  the  old  Harbor  and  Land  Commission  and  the 
Directors  of  the  Port  of  Boston,  has  been  named  by  Governor 
McCall.  The  members  of  the  new  commission  are:  John  M. 
Cole,  Chairman.  long  prominent  in  state  politics  as  Speaker 
of  the  House  of  Representatives.  Chairman  of  the  State  Board 
of  Efficiency  and  of  the  Boston  Industrial  Development  Board; 
Jesse  B.  Baxter,  also  a  prominent  politician,  a  member  of  the 
Republican  State  Committee,  and  William  S.  McNary,  who 
has  been  Chairman  of  the  Harbor  and  Land  Commission  for 
several  years.  Their  terms  are  three,  two  and  one  years  re- 
spectively. 

The  Engineers  Club  of  Philndelphia  has  set  a  high  mark 
in  the  issue  of  its  "Proceedings"  for  July.  The  size  of  the 
publication  has  been  enlarged  to  9x12  in.  and  it  contains  no 
less  than  112  pages  of  matter  including  advertisements.  The 
club  has  carried  through  with  remarkable  success  a  broad 
campaign  for  increasing  its  own  membership,  which  has 
raised  its  list  from  500  to  nearly  2,500,  and  a  plan  under  which 
seven  local  sections  of  national  engineering  societies,  with 
a  resident  membership  of  some  1,500  engineers,  have  affiliated 
with  the  club.  Each  of  these  seven  sections  has  its  own 
department  in  the  "Proceedings"  in  which  to  present  matter 
of  special  interest  to  its  members,  including  records  of  its 
current  meetings.  The  "Proceedings"  are  conducted  by  the 
Publication  Committee  of  the  club,  with  Joseph  Caccavajo  as 
Editor-in-Chief. 

New  Pittsburgh  Terminal  Plans — The  plans  which  were 
announced  some  time  ago  ("Engineering  News,"  March  23, 
1916)  for  the  reconstruction  of  the  Pennsylvania  R.R.  sta- 
tion in  Pittsburgh  to  provide  largely  increased  office  space 
have  now  been  modified.  It  is  reported  that  the  railroad  is 
working  on  a  plan  that  would  bring  the  station  three  blocks 
nearer  the  center  of  the  business  district,  and  which  would  in- 
volve rather  extensive  street  changes.  Grant  St.  would  be 
extended  through  to  Liberty  Ave.  in  a  tunnel  under  the 
Pennsylvania  tracks,  and  the  present  narrow  alley  known  as 
Cherry  Way  would  be  widened  30  or  40  ft.  to  give  a  second 
main  thoroughfare  across  town  to  the  outer  Penn  Ave.  dis- 
trict. The  new  station,  according  to  this  plan,  would  he  lo- 
cated on  the  very  edge  of  the  district  improved  by  the  cut- 
ting of  the  Pittsburgh   "Hump." 

New  Belle  Isle  llridKe — Acting  on  the  suggestion  of  George 
H.  Fenkell,  Commissioner  of  Public  Works,  Detroit,  Mich., 
Mayor  Marx  has  appointed  a  consulting  board  to  assist  the 
Commissioner  of  Public  Works  In  the  preparation  of  plans 
and  estimates  for  construction  of  a  new  bridge  to  connect 
Belle  Isle  with  the  mainland.  This  board,  which  serves  with- 
out compensation,  consists  of  the  following:  Mortimer  E. 
Cooley,  Dean  of  the  College  of  Engineering  and  Architecture. 
University  of  Michigan;  William  R.  Kales,  Civil  Engineer. 
Detroit;  Francis  M.  McMath,  Civil  Engineer,  Detroit;  Emil 
Lorch,  Professor  of  Architecture,  University  of  Michigan: 
Henry  E.  RIggs,  Professor  of  Engineering.  University  of  Mich- 
igan. Offices  have  been  opened  at  34-36  West  Congress  St. 
The  Belle  Isle  bridge  was  destroyed  by  fire  Apr.  29,  1915  (see 
"Engineering  News,"  May  6,  1915).  A  temporary  timber  struc- 
ture In  place  of  this  bridge  is  now  under  construction. 

Closer  Kelatlons  between  the  National  Engineering  Socie- 
ties and  the  National  Academy  of  Sciences  have  been  under 
discussion  for  some  time  and  a  joint  committee  has  now  been 
appointed  to  consider  plans  for  cooperation  in  any  work  of 
mutual  interest.  The  representatives  appointed  on  this  joint 
committee  are  as  follows:     American  Society  of  Civil   Engl- 
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neers,  Gen.  Wm.  H.  Bixby:  American  Institute  of  Mining 
Engineers,  Sydney  J.  Jennings,  New  York  City;  American 
Society  of  Mechanical  Engineers,  Ira  N.  Mollis,  Worcester, 
Mass.;  American  Cliemical  Society,  Dr.  L.  H.  Baekeland,  Ton- 
kero,  N.  T.;  American  Institute  of  Electrical  Engineers,  Dr. 
J.  J.'  Carty,  New  York  City;  Engineering  Foundation.  Gano 
Dunn.  New  York  City.  Representatives  of  the  National  Aca- 
demy'of  Sciences  are  Jos.  S.  Ames.  Johns  Hopkins  University; 
John  F.  Hayford,  Northwestern  University;  Edward  L.  Nichols. 
Cornell  University;  M.  I.  Pupin,  Columbia  University;  E.  B. 
Rosa,  Bureau  of  Standards;  Elihu  Thomson,  Lynn.  Mass.;  C.  R. 
■\'an  Hise,  University  of  Wisconsin;  Chas.  D.  "Walcott.  Smith- 
sonian Institution;  Robert  S.  Woodward,  Carnegie  Institute: 
George  Ellery  Hale,  Chairman.  Pasadena,  Calif. 

!Va.shville  \V  ater-AVork.s  Superintendent — A  legal  fight  of 
interest  to  water-works  men  is  the  successful  suit  of  George 
Reyer,  former  superintendent  of  water-works  of  Nashville, 
Tenn..  for  reinstatement.  By  a  resolution  adopted  in  1913 
the  Board  of  Public  Works  abolished  the  office,  the  resolution 
stating  that  the  failure  of  the  reservoir  wall  in  November, 
1912  (see  "Engineering  News,"  Nov.  14,  1912),  had  been  due 
to  the  superintendent's  negligence.  Mr.  Beyer  contended  that 
the  abolition  of  the  office  was  merely  a  desire  to  oust  him. 
The  case  was  carried  to  the  court  of  civil  appeals  and  on  the 
second  trial  in  the  circuit  court  the  city  contended  that  the 
position  of  superintendent  had  been  absorbed  by  the  office  of 
commissioner  of  water-works,  street-cleaning  and  work- 
house. This  question  was  also  carried  to  the  higher  court, 
which  remanded  it  for  a  rehearing  in  the  circuit  court  on  the 
issue  whether  a  separate  water-works  superintendent  was 
necessary  or  not.  The  charter  of  the  commission-form  gov- 
ernment provides  for  a  water-works  superintendent,  and  the 
reports  of  the  National  Board  of  Fire  Underwriters  and  of 
James  Cameron  and  H.  M.  Brinkerhoff  on  an  efficiency  survey 
of  the  municipal  government,  both  urge  strongly  the  appoint- 
ment of  a  technically  trained  water-works  superintendent. 
Mr.  Beyer's  record  as  a  water-works  superintendent  was  put 
in  as  evidence,  and  he  contended  that  the  position  required 
the  services  of  a  man  of  such  technical  training.  The  circuit 
court  ordered  Mr.  Reyer  reinstated  with  accrued  salary.  The 
Board  of  City  Commissioners  has  voted  to  acquiesce  in  the 
decision  of  the  court  without  appealing  the  case,  and  Mr. 
Reyer  was  reinstated  Aug.  1  with  back  salary  to  May,  1913. 
Following  the  publication  of  reports  that  an  appeal  would 
be  taken,  the  Nashville  Section  of  the  Engineering  Associa- 
tion of  the  South,  at  a  special  meeting,  adopted  a  resolution 
declaring  that  the  welfare  of  the  city  demanded  that  a  com- 
petent engineer  be  appointed  superintendent  of  the  water- 
works  immediately. 

Apportionment  of  Federal- Ai«l  Road  Fund.s — On  July  21 
the  Secretary  of  Agriculture  announced  the  apportionment  of 
the    $5,000,000   Federal-aid    road    .ippropriation    as    follows: 

Alabama      $104,148.90    Nevada 

Artzona    .  ..: 68,513.52     New     Hampshire 

Arkansas    

California     .... 

Colorado   

Connecticut    .  .  . 
Delaware    


session  to  carry  out  the  entire  program  of  the  committee, 
including  the  plan  for  training  manufacturing  plants  in  the 
production  of  war  munitions  by  the  distribution  of  annual 
"educational  orders"  which  will  enable  works  to  have  actual 
experience  in  the  processes  necessary  to  produce  munitions. 
Legislation  is  also  hoped  for  providing  for  the  organization 
of  an  "industrial  reserve,"  so  that  skilled  mechanics,  tool- 
makers,  etc.,  may  be  kept  at  work  in  the  shops  in  the  event 
of  war  instead  of  taken  away  for  service  in  the  fighting  line — 
a  matter  of  the  utmost  importance  to  a  nation's  military  effi- 
ciency. The  necessity  of  legislation  by  Congress  is  apparent 
from  a  statement  by  Mr.  Coffin,  made  in  a  recent  address 
before  the  Engineers  Club  of  Philadelphia,  to  the  effect  that 
under  a  law  enacted  Feb.  27,  1906,  the  United  States  Govern- 
ment cannot  accept  voluntary  service  from  persons  not  in 
the  Government's   employ.      The  language  of  the   statute  is: 

Nor  shall  any  department  or  any  officer  of  the  Government 
accept  voluntary  service  for  the  Government,  or  employ  per- 
sonal service  in  excess  of  that  authorized  by  law,  except  in 
case  of  sudden  emergency  involving  the  loss  of  human  life  or 
the  destruction   of  property. 

A  way  to  give  authority  to  the  Committee  on  Industrial 
Preparedness,  however,  has  been  opened  by  the  passage  of 
the  National  Defense  Bill  on  June  3.  In  this  bill  the  Secretary 
of  War  was  authorized  to  cause  to  be  made  a  complete  list  of 
all  private  plants  in  the  United  States  equipped  to  manufac- 
ture munitions  and  the  President  was  authorized  to  appoint 
a  board  on  mobilization  of  industries  essential  for  military 
preparedness. 


$64,398.30 
20,996.62 

S2|6sy.l0  New   Jersey    59,212.68 

l.-.l.(i(;.:,'.'2  New  Mexico 7S,737.S1 

83.630.14  New    York    250.720.27 
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S1X4.37  North  Dakota 76,143.06 
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Georgia .       131,329.48  Oklahoma    115,139.00 
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Illinois ...       220.926.23  Pennsylvania 230.644.1-? 
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Kansas   143,207,40  South    Dakota   . 
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Louisiana    .  . . 

Maine    

Maryland    .  . . 

Massachusetts 

Michigan    .... 

Minn 


97  471.91  Tennessee 

67,474,66  Texas    

4N,451.50  Utah    

44  047.22  Vermont    ... 

73.^50,95  Virginia    ... 

14  5,783,72  Washington 

142,394,06  West   Virginia    ... 


11,665.71 
71,807,64 
80.946.02 
114.153.48 
291,927.81 
56,950,15 
22,844,47 
99,660,71 
71,884.28 
53,270.46 

Sssissippi ■.■.■.■.■:::    ■88;9or,:s4  wiVconsm" ■^i?'?^J!]^ 

issouri         169.720,41     Wyoming    61,196,82 

^e^r^^^n::::::.::    ioH?o:si     Total  $4.85o.ooo.oo 

These  funds  are  available  for  the  fiscal  year  ending  June 
30  1917.  The  sum  of  $150,000  or  3%  is  deducted  for  the  ex- 
pe'n.ses  of  administration,  that  i.s.  for  the  United  States  Office 
of  Public  Roads  and  Rural  Engineering.  The  remaining  sum 
Is  apportioned  among  the  states,  one-third  in  ratio  of  area, 
one-third  in  ratio  of  population  and  one-third  in  ratio  of 
mileage  of  rural  mail  delivery  and  star  routes. 

The  Committee  on  Indnxtrial  PreparedncHH  of  the  Naval 
Consulting  Board,  through  Howard  E.  Coffin,  its  Chairman, 
announces  th.at  it  has  nearly  completed  the  industrial  inven- 
tory of  the  United  States  which  has  been  made  through  the 
coHperation  of  members  of  the  National  Engineering  Societies 
and  has  been  in  progress  during  the  last  three  months.  The 
inventory  covers  more  than  30.000  manufacturing  plants  in 
the  United  States  which  do  a  business  of  over  $100,000  a  year, 
besides  many  smaller  plants  producing  equipment  especially 
useful  in  time  of  war.  The  committee  further  states  that 
legislation    will    probably    pass    Congress    during    the    present 
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I..  R.  Talbot  has  been  appointed  Construction  Engineer  of 
the  .Shawinigan  Water  and  Power  Co.,  Shawinigan  Falls.  Qije, 

.S.  M.  Hate  has  been  appointed  Engineer  of  the  Kansas 
City  Stock  Yards  Co.  to  succeed  Henry  A.  Wise,  resigned,  as 
noted  else"where. 

K.  Y.  Smith,  Manager  and  Treasurer  of  the  Florida  Pile  and 
Timber  Co.,  Jacksonville,  Fla.,  has  been  placed  in  charge  of 
the  company's  plant  at  Natchez,   Miss. 

Melbert  W.  Taber,  M.  Am.  Soc.  M.  E.,  formerly  Construc- 
tion Engineer.  Packard  Motor  Car  Co.,  has  been  made  Man- 
ager of  the  Detroit  office  of  the  Asbestos  Protected  Metal  Co. 
of  Pittsburgh. 

William  G.  Sloan.  JI.  Am.  Soc.  C.  E.,  chief  engineer  of 
MacArthur  Brothers  Co..  general  contractors,  120  Broadway. 
New  York  City,  has  been  elected  vice-president  to  succeed  F. 
C.  Hitchock.  resigned,  as  noted  elsewhere. 

Samuel  Murray,  Assoc.  M.  Am.  Soc.  C.  E.,  Acting  Chief 
Engineer  of  the  Oregon-Washington  Railroad  and  Navigation 
Co..  Portland,  Ore.,  since  the  retirement  of  J.  R.  Holman  in 
September.    1915,   has  been  appointed  Chief  Engineer. 

FraneiN  R.  Shunk,  Lieutenant-Colonel.  Corps  of  Engineers, 
U.  S.  A.,  formerly  in  charge  of  the  Pittsburgh  district,  has 
been  made  Resident  Member  of  the  Rivers  and  Harbors  Board. 
Washington,  D.  C,  succeeding  Col.  Henry  C.  Newcomer. 

Howard  'W.  Morgan,  recently  Senior  Engineer  with  tht 
Sewerage  Commission  of  the  City  of  Milwaukee,  Wis.,  has  be- 
come associated  with  the  Dorr  Co.,  Engineers.  17  Batter) 
Place,  New  York  City,  and  will  specialize  in  sewage  disposs 
problems. 

!«.  H.  Iloe-ue  is  Chief  Engineer  of  the  proposed  Oregon 
California  &  Eastern  Ry.,  which  is  being  promoted  by  Rob 
ert  K.  Strahorn,  former  Vice-President  of  the  Oregon-Wash 
ington  Co.  The  general  offices  of  the  company  are  in  Port- 
land,   Ore. 

(leorice  A.  Richer.  M.  Am.  Soc.  C.  E.,  Consulting  Engineer. 
of  Albany,  N.  Y.,  has  accepted  a  position  with  the  Portland 
Cement  Association  in  charge  of  Its  Kansas  City  office.  Mi 
Ricker  is  a  former  Deputy  Highway  Commissioner  of  Ni'x 
York    State. 

K.  «.  Lane.  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  Distric 
Engineer,  Maintenance-of-Way,  Baltimore  &  Ohio  Soul^• 
western  R.R.,  Cincinnati,  Ohio,  has  been  promoted  to  be 
Engineer  of  Maintenance-of-Way,  His  headquarters  will 
remain  at  Cincinnati. 

A.  I..  Hoerr,  M.  Am.  Soc.  M,  K.,  former  Steam  and  Hy- 
draulic Engineer  of  the  National  Tube  Co.,  Pittsburgh,  Penn,. 
has  been  appointed  Chief  Engineer  of  the  National  Worltfl  oi 
the  company.  He  is  succeeded  as  Steam  and  Hydraulic  Mgi- 
necr  by  Frank  B.  Leahy. 

Samuel  .1.  Hoexter.  Assoc.  M.  Am.  Soc.  M.  E.,  Instructor  in 
Mechanical  Engineering  at  the  University  of  Michigan,  M 
been   made  Manager  of  the  Engineers'   Society   of  Pennayiva 
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lia,  Harrisburg,  Penn.     He  is  a  graduate  of  Stevens  Institute 
.f  Technology,    class    of    1909. 

Edward  P.  Burph,  F.  Am.  Inst.  E.  E.,  Consulting  Engi- 
leer,  Detroit.  Mich.,  has  been  selected  by  Mayor  Davis,  of 
Ueveland.  Ohio,  to  represent  the  city  as  electric  lighting 
Xpert  at  a  hearing  before  the  state  public  utilities  commis- 
ion  in  support  of  a  3c.  per  kw.-hr.  electric-lighting  rate. 

F.  C.  Hitchcock,  M.  Am.  Soc.  C.  E.,  has  resigned  as  vice- 
resident  and  general  manager  of  MacArthur  Brothers  Co., 
eneral  contractors.  120  Broadway,  New  York  City.  He  has 
ecome  vice-president  and  general  manager  of  the  Siems 
arey  Railway  and  Canal  Co.,  which  has  extensive  work  in 
hina. 

S.  T.  DeLaMater,  M.  Am.  Soc.  C.  E.,  Consulting  Engineer. 
hicago.  111.,  is  now  President  of  the  Chicago  General  Con- 
ruction  Co.,  Manhattan  Bldg..  Chicago.  He  was  previously 
ith  Graham,  Burnham  &  Co..  James  Stewart  &  Co..  L.  P.  and 
A.  Smith  and  other  well  known  engineering  construction 
■mpanies. 

Henry  A.  "Wise  has  resigned  after  20  years'  service  as  En- 
neer  of  the  Kansas  City  Stock  Yards  Co.  He  became  En- 
neer  of  the  company  in  1S02  and  in  1896  was  made  City 
igineer  of  Kansas  City,  which  position  he  held  for  four 
ars.  He  returned  to  the  Stock  Yards  Co.  in  1900  and 
s  been   there   ever   since. 

Henry  C,  Neivoonier,  Colonel,   Corps   of  Engineers,  U.   S.  A., 

rmerly  Resident  Member  of  the  River  and  Harbor  Board  at 

I  ashington,  D.  C,  has  been  made  Principal  Assistant  to  Gen. 

'  illiam    M.    Black,    Chief   of    Engineers,    and    has   been    placed 

charge    of   the    rivers    and    harl)ors    division,    relieving    Col. 

irry  Taylor,   who  has  been   transferred  to  Governors  Island. 

Y. 

Stuart   K.   Knox,   M.    .A,m.    Soc.    C.    E..    Consulting    Engineer. 

w  York  City,  has  recently  become  a  member  of  the  firm   of 

11  &  Ferguson,   Consulting  Engineers,    100  William   St..  New 

rk  City.      For  the   past  eight   years   Mr.   Knox  has  been  as- 

.  'iated  with  the  senior  member  of  the  firm   (Nicholas  S.  Hill, 

II  )  as  Principal  Assistant  Engineer.     He  is  a  graduate  of  the 

. '  iversity   of   Michigan. 

W.  R.  Armstrong,  M.  Am.  Soc.  C.  E..  General  Manager  and 
I  ef  Engineer  of  the  Salt  Lake  &  Utah  R.R.,  Salt  Lake  City, 
1  ih,  has  been  appointed  Engineer  of  Maintenance-of-\Vay  of 
I  Union  Pacific  R.R.,  with  headquarters  at  Omaha,  Neb.  He 
,'1  3  formerly  Superintendent  of  the  Montana  division  of  the 
1  on  Pacific  and  has  had  about  25  years'  experience  in  rail- 
^  y'  engineering  and  operation. 

Michael  Edivard  Brian.  Assoc.  M.  Can.  Soc.  C.  E.,  City  En- 
{  eer  of  Windsor,  Ont..  has  been  made  Chairman  of  the  board 
c  engineers  which  will  prepare  plans  for  joint  water-sup- 
■I  and  sewerage  systems  for  Windsor.  Walkerville,  Ford  City, 
E  dwich,  OJibway  and  Sandwich  West.  Plans  will  be  pre- 
V  ed  in  time  for  a  vote  by  the  taxpayers  of  the  several  towns 
r  t  January.  Leonard  Rice,  Assistant  Engineer,  of  Ojibway, 
li  jecretary   of  the  board. 

lohn  I.  Mange  has  been  elected  vice-president  of  the  J.  G. 
T  ite  Management  Corpor.-ition,  New  York  City.  Mr.  Mange 
ta  been  associated  with  the  J.  G.  White  Management  Cor- 
p  ition  since  1912,  at  which  time  he  was  elected  vice-presi- 
d  t  of  the  Associated  Gas  and  Electric  Co.,  a  holding  com- 
p  y  of  electric  and  gas  properties  in  New  York,  Kentucky, 
0  y  and  Tennessee,  managed  by  the  J.  G.  White  Management 
C  poration.  He  was  born  in  Pembroke,  Me.,  in  1876.  He 
M  nded  the  public  schools  in  Pembroke  and  Kingston,  Mass., 
•I  was  graduated  in  1899  from  Tufts  College,  with  the  degree 
Of  -achelor  of  science. 

Ij  loaeph  I.,.  A'oltre  and  Richard  D.  McFadden,  who  were 
)ped  from  the  engineering  forces  of  the  Philadelphia  De- 
ment of  Public  Works  by  former  Director  Morris  L.  Cooke 
uly,  1913,  on  charges  of  political  activity,  have  been  rein- 
ed by  Director  George  E.  Datesman.  Mr.  McFadden  has 
connected  with  the  Department  of  Wharve.s,  Docks  and 
•ies  as  a  state  appointee.  Both  engineers  will  be  given 
r  old  positions  a.s  District  .Surveyors  of  the  Bureau  of 
'eys  at  salaries  of  $4,000  per  annum.  William  H.  Reeder 
Charles  F.  Puff,  who  have  held  these  offices  since  1913, 
be  assigned  to  other  work. 


was  graduated  from  the  University  of  Tennessee  and  spent  the 
greater  part  of  his  life  in   the  vicinity  of  Knoxville. 

S.  H.  VoIiiH,  Assistant  Engineer  of  Construction  of  the 
Cleveland.  Ohio,  Water  Department,  was  among  those  who 
lost  their  lives  in  the  tunnel  accident,  July  24,  1916.  He  was 
a  1911    graduate  of   the   Case   School  of  Applied   Science. 

William  Rodney  Patterson,  M.  Am.  Soc.  C.  E.,  of  the  firm 
of  Patterson  &  Davidson,  Consulting  Engineers.  Chicago.  111., 
died  July  20.  He  was  62  years  old  and  had  been  a  resident  of 
Chicago  for  39  years.  He  was  an  inventor  of  lead  covered 
electric    cables. 


©BETUARY 


lloward  .Mnonim,  General  Superintendent  of  the  Otis  Steel 
J  Cleveland,  Ohio,  died  recently  at  his  home  In  Cleveland, 
|l  43  year.M. 

Rviliinm  Alexander  Park,  a  civil  engineer  of  Knoxville, 
li.,  died  July  19,  aged  53  years.     He  was  born  In  1863.     He 


INTERNATIONAL  ASSOCIATION  OF   FIRE   ENGINEERS 
Aug.    29-Sept.    1.      Convention    in    Providence.    R.    I.      Secv 
James  McPall,  Roanoke,  Va. 

ASSOCIATION  OF  EDISON   ILLUMINATING  COMPANIES 
Sept.  4-7.     Convention  in  Hot  Springs.  Va.     Asist.  Secv..  E    A 
Baily,   360   Pearl   St.,   Brooklyn.   N.    Y. 

THE   TR.WELING   ENGINEERS'   ASSOCIATION. 

Sept.  .5-S.  Annual  meeting  in  Chicago.  111.  Secy.,  W  O 
Thompson,  care  General  Offices,  N.  Y.  C.  R.R.,  Cleveland 
Ohio. 

AMERICAN    FOUNDRYMENS   ASSOCIATION. 

Week    of    Sept.     11.       Annual    meeting    in    Cleveland,    Ohio 
Secy.,  A.  O.  Backert.  12th  and  Chestnut  St..  Cleveland.  Ohio. 
THE  AMERICAN  INSTITUTE   OF  METALS. 

Week  of  Sept.  11.  Meeting  in  Cleveland.  Ohio.  Secy  W  M 
Corse.    106   Morris   Ave..    Buffalo.    N.    Y. 

NATION.\L  ASSOCL\TION  OF  STATIONARY  ENGINEERS. 
Sept.  11-16.     Convention,  Minneapolis.  Minn.     Secy.,  Fred  W. 
Raven,  417  S.   Dearborn  St.,   Chicago. 

MASTER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCIATION. 
Sept.    12.      Convention    in   Atlantic   City.      Secy.,    A.    P.    Dane, 
Reading,  Mass. 

RAILW.A.Y  SIGN..S_L  ASSOCIATION. 

Sept.    12-14.      Convention    in    Mackinac    Island.      Secv.,    C.    C. 
Rosenburg.  Myers  Building,  Bethlehem,   I'eiiii. 
NEW  ENGLAND  WATER-WORKS  ASSOCl.VTION. 

Sept.    13-15.      Convention    in    Portland,    Me,       Secv.,     Willard 
Kent,  Narragansett  Pier,   R.   I. 
ILLUMIN.A.TING   ENGINEERING   SOCIETY. 

Sept.  18-20.  Convention  in  Philadelphia,  I'enn.  Asst.  Sec^v.. 
C.  D.  Fawcett,  29  West  39th  St.,  New  York,  N.   Y.  "   . 

-ASSOCIATION    OP   IRON   AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 
Sept.  lS-22.     Convention  in  Chicago.     Secv..  W.  O.  Osohmanii. 
Oliver   Iron   and   Steel   Co..    Pittsburgh,    Penn. 
iiOADMASTERS    AND    MAINTENANCE    OF    W.\Y     ..\SSOCIA- 
TION   OF    .\MERIC.\. 
Sept.  19-22.     Convention  in  New  York  City.     Secy.,  P.  J.   Mc- 
Audrews. 
MICHIGAN  GAS  ASSOCIATION. 

Sept.  21-22.     Annual  meeting  in   Detroit.   Mich.      Secy.,  t;iark 
R.  Graves,  Lansing,  Mich. 
AMERICAN   PEAT    SOCIETY. 

Sept.    21-23.      Annual    meeting    in    Washington,    I).    <".      .Secv.. 
Julius  BordoUo,   Kingsbridge,   N.    V. 
RAILW.-\Y    FIRE    PROTECTION    ASSOCIATION. 

Oct.    3-5.      Convention    in    New    York    Citv.      Secy.,    C.    B.    Ed- 
wards,   Mobile    &    Ohio    U.R., '  Mobile,    Ala. 
.\MERIC.\N  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS. 

Oct.    9-13.      Convention    in   Newark,    N.    J.      Secy.,    Charles   C. 
Brown,  Indianapolis,  Ind. 
AMERICAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.    9-13.      Convention    at   Atlantic   City,    N.    J.      Secv..    K.    B. 
Burritt.    X    West    40th   St..    New    Voik    City. 
AMERICAN    RAILWAY    BRIDGE    AND    BUILDING    ASSOCIA- 
TION. 
Oct.  17-19.     Convention   in   New  Orleans.   Secy.,  C.  A.   Lichty, 
C.  &  N.  W.  Ry.,  Chicago. 
AMERICAN  GAS  INSTITUTE. 

Oct.  17-20.     Annual  meeting   in  Chicago.     Sec.v.,  G.  G.   Rams- 
dell,  New  York,  N.  Y. 
.\MIORICAN  PUBLIC  HEALTH  ASSOCIATION. 

Oct.  24-27.  Convention  in  Cincinnati,  Ohio.  Secy.,  Prof. 
Selskar  ISf.  Gunn,  Boston,  Mass. 

'I'lie' IVnveiiiifir  Kn^neerM  AMxociation  will  hold  its  24th 
annual  convention  in  Chicago,  at  the  Hotel  Sherman,  Sept. 
5  to  S.  Among  the  topics  is:  "Difficulties  Accompanying  the 
Prevention  of  Dense  Black  Smoke  and  Its  Relation  to  Cost  of 
Fuel  and  Locomotive  Repairs."     W.  O.  Thompson  is  -secretary. 

'I'he  I»rovldencc  10ni;clneerlnic  Si»clety  will  occupy  new  rooms 
at  29  Waterman  St.,  Providence,  when  It  opens  for  Its  fall  and 
winter  seasons  next  September.  The  entire  second  floor  of 
the  building  has  been  taken  over  and  will  be  remodeled  and 
equipped   attractively.     The   secretary    is  Albert   E.   Thornlcy. 

Society  of  .\iitomoliiIe  BnKlneerH  —  At  th<-  semi-annual 
meeting  held  in  June  detlnlle  proposals  were  m.ade  to  change 
the  name  to  Society  of  Automotive  Engineers,  In  order  to  In- 
clude engineers  engaged  in  aeronautic,  motor-boat,  and 
similar  work  Involving  the  use  of  internal-combustion  en- 
gines.    The  society's  Committee  on  Standards  held  a  meeting 
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in  July,  with  the  National  Advisory  Committee  for  Aero- 
nautics at  the  Bureau  of  Standards  in  Washingrton,  at  which 
plans  were  discussed  for  bringing  about  cooperation  between 
the  Federal  government  and  designers  and  manufacturers 
of  engines  suitable  for  air  craft. 


Appligisaces  aimci 


Valve   for   Dry-Pipe   Sprinklers 

A  new  model  of  dry-pipe  valve  for  fire-protection  sprinkler 
systems  has  been  devised  by  the  General  Fire  Extinguisher 
Co.,  Providence,  R.  I.  This  ("Model  C")  is  the  third  type 
evolved  in  connection  with  the  Grinnell  automatic  dry-pipe 
system  for  use  where  freezing  temperatures  prevent  use  of  the 
ordinary  or  wet-pipe  system.  In  the  dry-pipe  system  com- 
pressed air  is  used  to  fill  the  pipes  until  a  fire  opens  a  sprink- 
ler head;  a  special  check  valve  is  employed  to  hold  back  the 
water. 

The  new  valve  has  a  cast-iron  body  and  a  dished  malleable 
hand-hole  cover.  The  only  essential  moving  part  is  a  bronze 
clapper  with  a  rubber  air  valve  seating  on  babbitt  and  a  bronze 
water  valve  and  seat.  The  intermediate  space  between  tlie 
two  seats  is  a  drain  chamber  vented  to  the  air.  The  valve 
will  admit  water  when  the  air  pressure  has  dropped  to  1 
the  water  pressure.  Unlike  the  earlier  valves,  the  area  of  the 
air  valve  is  only  three  times  that  of  the  water;  the  air-valve 
leverage  is  increased  to  compensate,  giving  as  a  net  result  a 
smaller  and  lighter  valve. 

Large  Alternatinpr-Carrent  Crane 

One  of  the  largest  alternating-current  cranes  ever  in- 
stalled for  handling  locomotives  has  been  furnished  recently 
by  the  Whiting  Foundry  Equipment  Co.,  Harvey,  111.,  to  the 
Seaboard  Air  Line  Ry.  for  its  new  shops  at  Portsmouth,  Va. 
Tlie  crane  is  of  160  tons  capacity  witli  two  SO-ton  trolleys,  one 
of  which,  is  equipped  with  a  10-ton  auxiliary  hoist.  The 
trolleys  are  of  the  construction  shown  in  the  accompany- 
ing view. 

Among  the  features  of  the  trolley  may  be  noted  the  entire 
train  of  gears  inclosed  and  run  in  oil;  the  motor  pinion  witli 
outboard    bearing;    the    idler-slieave    mounting,    which    allows 


EIGHTY-TON   CRANE   TROLLEY 

the  operator  to  inspect  and  oil  while  standing  on  top  of  the 
trolley  and  which  increases  the  lift  of  the  crane  by  about  30 
in.  With  the  exception  of  the  drum  shaft,  no  shafts-  extend 
across  the  trolley.  All  shafts  in  the  gear  train  are  on  the  same 
line  and  are  of  cast  steel,  ;nachine  cut.  Pinions  are  forged, 
as  is  the  drum  gear.  Trolley  sides  and  separator  are  of 
cast  steel,  the  housing  of  structural  steel  and  provided  with 
proper  hand  holes  to  allow  inspection  and  easy  removal  in 
making  repairs. 

I>1inip  and   Generator   OntfttH   with    AiitoinoliiU-    l<:n>;lneK 

An  outfit  recently  introduced  consists  of  an  automobile- 
type  gasoline  engine  and  horizontal-shaft  centrifugal  pump, 
both  mounted  on  a  bedplate  and  having  their  shafts  connected 
through  a  flywheel  and  clutch  pulley.  A  connectio»i  to  the 
pump  supplies  cooling  water  for  the  cylinders,  but  if  the 
pump  is  handling  dirty  water  a  separate  circulating  pump  or 
a  circulating  tank  may  be   fitted.     A   four-cylinder   engine  of 


7  hp.  drives  a  pump  with  4-in.  suction  and  3-in.  discharge, 
and  at  a  speed  of  1,000  r.p.m.  the  outfit  can  deliver  260  gal. 
per  min.  against  50  ft.  total  head.  The  same  type  of  engine 
can  be  connected  to  a  110-volt  direct-current  generator  of 
3  kw.,  mounted  on  the  end  of  the  bedplate.  This  can  be  used 
for  a  10-in.  searclilight,  to  operate  lights  up  to  3,000  watts, 
or  to  drive  a  4-hp.  motor.  These  outfits  are  built  by  the  Zin- 
Ho  Manufacturing  Co.,  of  Chicago. 


New  Dragline  Excavator 

The  traveling  dragline  excavator  is  being  used  very  ex- 
tensively and  for  a  variety  of  purposes,  and  a  new  design  ot 
excavator  of  this  type  is  shown  in  the  accompanying  view. 
It  was  designed  by  G.  N.  Crawford,  excavator  expert  for  the 
Pawling  &  Harnischfeger  Co.,  of  Milwaukee.  Wis.,  and  is 
built  by  that   company. 

In  this  machine  the  revolving  frame  has  as  its  main  ele- 
ment a  pair  of  heavy  plate  girders,  carrying  the  A-frame, 
boom  and  all  machinery.  It  has  a  pivot  and  center  casting 
of  annealed  steel,  and  is  supported  by  rollers  traveling  on  a 
circular  track  of  60-lb.  T-rail  riveted  upon  the  lower  frame. 
This  frame  is  built  up  of  I-beams  and  plates.  The  eight 
rollers  are  arranged  in  pairs,  each  pair  being  mounted  in  a 
truck  frame.  A  pinion  on  a  vertical  shaft  gears  with  a  cir- 
cular rack  inside  the  roller  path.  The  boom  is  composed  of  a 
pair  of  steel  channels,  with  top  and  bottom  bracing,  and  is 
heavily    reinforced    at    the    end    for    the    head    sheave    and   tile 


FRAME    CONSTRUCTION    AND    MACHINERY    OF 
CRAWFORD  EXCAVATOR 

eye-bar  links  carrying  the  crosshead  to  which  the  topplng-llft 
blocic  is  attaclied. 

The  excavator  is  shown  equipped  with  a  multicylinder 
gasoline  engine,  but  it  can  be  fitted  with  a  steam  engine  or 
electric  motor,  the  current  for  the  latter  being  taken  from  an 
outside  source  or  generated  on  the  machine.  There  are  three 
drums,  operating  the  dragline,  the  hoisting  line  and  the 
topping-lift  for  the  boom.  The  band  frictions  of  tiie  drums 
are  operated  by  compressed-air  rams.  The  equipment  in- 
cludes a  tubular  water-cooling  radiator  with  fan,  an  air  com- 
pressor, a  centrifugal  circulating  pump,  a  gasoline  tank  and 
a  receiver  for  compressed  air.  The  tank  and  receiver  are 
placed  beneath  the  revolving  frame.  The  gears  are  of  an- 
nealed cast  steel  and  all  spur  gears  are  cut  from  solid  steel 
blanks.  Water  circulation  and  force-feed  lubrication  are  ef- 
fected automatically. 

The  machine  can  be  mounted  either  on  wide-tired  wheels 
or  on  four  caterpillars  known  as  corduroy  grips.  Power  Is 
supplied  from  the  engine  through  bevel  gears  to  the  rear 
shaft.  The  caterpillars  are  driven  from  the  live  axle  by  In- 
ternal steel  sprockets  and  chain  drive  from  the  rear  axle. 
The  wheels  are  of  cast  steel  and  have  three  rows  ot  spokes. 
The  rear  or  driving  axle  is  built  up  of  12-in.  I-beams,  with 
stub  ends  which  admit  of  renewal  in  case  of  wear.  The  axles 
arc  so  arranged  as  to  give  a  three-point  support  to  the  uppef 
frame  when  traveling,  but  when  the  excavator  is  working, 
this  frame  is  held  rigidly  in  position  by  means  of  Jacknuts. 

The  excavator  illustrated  has  a  40-ft.  boom  handling  a 
1-yd.  bucltet,  and  is  operated  by  a  four-cylinder  vertical  gas- 
oline engine  of  70  hp.  The  turntable  track  Is  8  ft.  in  diameter 
and  the  machine  can  be  swung  at  the  rate  of  2H  r.p.m.  The 
weight  in  working  order  is  30  tons. 
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FIG.    1.    riiXCRETING   PLANT  NEAI:    X'i|;TII    AMI    lAIKXT 


The  mixer  plant  is  shown  in 
Fig.  1.  Concrete  for  the 
footings  was  wheeled  in 
hand  carts  from  mixer  to 
site.  The  piers  were  con- 
creted from  the  top  of  the 
temporary  crossing.  A  con- 
creting tower  was  erected  at 
the  same  time  as  the  forms 
for  the  north  abutment  and 
adjacent,  as  shown  (Fig.  2). 
This  abutment  was  placed 
by  a  chute  from  the  tower. 
The  footing  for  the  south 
abutment  was  placed  using 
hand  carts  wheeled  from  the 
mi.xer.  The  abutment  itself 
was  concreted  by  use  of  these 
same  carts  running  on  a 
plankway  on  the  trestle 
deck.  Gravel  for  the  con- 
crete was  bought  from  the 
Carmichael  Gravel  Co.,  At- 
tica, and  shipped  to  the  job 
in  liopper-bottom  cars.  At 
the  site  the  cars  were 
dumped  through  the  tracks 
into  a  storage  pile  between 


Firj.   2.    CO.NCHKTF   For.VI  ),\'rj(  )NS    KKI'LACIO    I'UAC   I'.K.N'TS   AT   WAHASH   CKU.S.SlNi;.S   liN    iKiiT    \V.\YNE.    INI). 
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two  piers.  Sand  was  dumped  in  the  same  manner  but  on 
the  west  side  (shown  in  Fig.  1)  of  the  work,  the  gravel 
being  on  the  east.  The  sand  and  gravel  were  transported 
from  storage  piles  to  mixer  by  means  of  wheelbarrows. 
The  cement  was  stored  in  a  shanty  adjacent  to  the  tower. 
An  electric  hoist  was  used  in  the  tower. 

The  deck  of  the  crossing  was  constructed  of  reinforeod- 
concrete  slabs.  20  ft.  long  by  GI/q  ft.  wide  and  3  ft.  deep. 


FIG.    3.     LARGE    DECK    SLABS    CAST    ON    EMBANKMENT 
ADJACENT   TO  CROSSING 

The.'je  slabs  were  east  on  the  lill  adjiK'cnt  to  the  crossing, 
as  shown  in  Fig.  3.  They  were  then  allowed  to  set 
for  28  days,  when  they  were  placed  in  permanent  position 
by  a  wrecking  crane.  Hydrated  lime  was  used  in  the  con- 
crete, and  Mr.  Carmichael  states  that  it  "helped  im- 
mensely in  working  the  concrete,  making  the  1 :  3 :  G 
mix  handle  as  easily  as  a  1  :  2  :  4." 

Evundor  XJ»es  More  American  Cement  now  than  formerlj' 
owing  to  tne  construction  of  culverts  and  foundations  lor  new 
railway  briages,  the  work  on  the  sanitation  of  Guayaquil,  and 
a  recent  municipal  building  ordinance  requiring  concrete 
foundations  for  all  new  buildings.  The  consul  general,  Fred 
erick  W.  Coding,  states  that  although  the  cement  imported 
at  present  is  almost  exclusively  American,  due  to  war  condi- 
tions, there  are  serious  problems  relative  to  its  sale  after  the 
war  that  ought  to  be  solved.  American  cement  barrels  are  not 
3o  strongly  made  as  those  of  European  competitors.  Empty 
barrels  of  German  and  Britl.sh  origin  in  good  condition  bring 
about  19c.  each,  whereas  the  American  barrel  never  sells  fnr 
more  than  14o.  Mr.  Coding  believes  steel  barrels  with  wood 
heads  to  be  the  true  solution  of  this  question. 


Sit  Asfi^I^iradls,  WaSo 
By  W.  E.  King* 

Among  the  notable  pieces  of  reinforced-concrete  con- 
struction to  be  erected  this  year  is  the  ore  dock  now  being 
built  by  the  ilinneapolis,  St.  Paul  &  Sault  Ste.  Marie 
rj.E.  at  Ashland,  Wis.  It  is  80  ft.  high  above  water  level, 
1,133  ft.  long  and  is  to  be  built  almost  entirely  of  rein- 
forced concrete.  This  type  of  dock,  for  the  transfer  of 
iron  ore  from  trains  to  vessels,  has  been  developed  largely 
on  the  Great  Lakes,  and  a  general  description  of  the  docks 
])reviously  constructed  will  show  the  unique  features  of 
Ihe  Ashland  dock. 

Stated  briefly,  a  modern  ore  dock  is  generally  a  four- 
track  elevated  trestle  from  60  to  80  ft.  high  above  water 
level,  so  located  that  vessels  may  be  loaded  at  two  sides  of 
the  structure.  The  arrangement  is  such  that  ore  may  be 
I  lumped  from  bottom-dump  cars  to  bins  situated  under 
the  tracks,  whence  it  may  be  spouted  by  gravity  to  the 
'lolds  of  vessels.  To  this  end  the  floors  of  the  ore  bins 
ire  usually  inclined  at  a  slope  of  about  4.5°  and  surfaced 
with  hard  maple. 

There  are  some  thirty  docks  of  this  type  on  the  Great 
1  akes.  Of  these,  all  but  seven  are  of  timber  construction, 
he  earlier  docks  being  of  smaller  capacity  and  less  height. 
Timber  construction  has  the  advantage  of  a  smaller  first 
( ost,  but  because  of  the  extremely  heavy  loads  to  be  car- 
r  ed  the  depreciation  of  a  timber  dock  is  very  rapid,  the 
.)  \  erage  life  being  from  five  to  ten  years.  To  be  added  to 
the  expense  of  repairs  are  the  extremely  high  insurance 
lates  charged  and  the  risk  of  the  loss  of  business  and 
profits  sure  to  accrue  in  the  event  of  fire. 

These  considerations  have  more  recently  led  to  the  con- 
struction of  semifireproof  docks,  of  which  there  are  seven 
now  in  existence.  Four  of  these  docks — two  at  Duluth, 
Minn.,  and  two  at  Two  Ilarbors,  Minn. — are  of  steel- 
fi'ame  construction.  Two  docks  at  Allouez  Bay,  Superior, 
Wis.,  are  built  of  concrete  up  to  the  underside  of  the  bins, 
and  of  structural  steel,  wood  and  concrete  above.  The 
upper  decks,  platforms  and  bin  floors  are  generally  of 
wood,  although  two  of  these  docks  have  concrete  upper 
decks  and  one  has  concrete  bin  floors  supported  by  a  steel 
frame.  One  dock  at  Marquette,  Mich.,  is  of  concrete  rein- 
forced with  a  steel  frame. 

In  the  desi^^n  of  the  Ashland  dock  a  radical  change  in 
the  materials  of  construction  was  found  to  be  economical 
because  of  present  market  conditions.  Structural  steel, 
whicli  forms  a  large  part  of  the  semifireproof  docks  pre- 
viously built,  has  increased  in  price  to  an  almost  prohibi- 
tive figure.  Eeinforced  concrete,  on  the  other  liand,  ha.« 
not  increased  in  nearly  the  same  proportion. 

This  relative  change  in  the  price  of  materials  rciulers  n 
concrete  dock  more  economical  in  spite  of  the  difficulties 
inherent  in  the  material.  These  difficulties  are  of  two 
kinds — those  of  design  and  those  of  construction.  The 
excessive  loads  to  be  carried,  the  problem  of  temperature 
stresses  and  of  the  unreliability  of  the  material  used  are 
the  most  serious  considerations  of  design.  The  expense 
and  necessity  of  expansion  joints  are  conideralily  greater 
for  a  concrete  than  for  a  steel  dock. 

The  peculiar  difficulties  of  construction  lie  in  the  com- 
plicated formwork,  the  intricate  reinforcing  to  be  placed, 
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le  extreme  concrete  pressures  to  be  encountered  and  in 
le  short  working  season  during  wliich  concrete  can  be 
ifely  poured  in  such  an  exposed  position. 

All  these  difficulties  are  susceptible  of  a  monetary  valu- 
tion;  and  when  so  considered,  a  reinforced-concrete  dock 

considerably  cheaper  than  any  other  type  of  fireproof 
re  dock.  It  is  also  to  be  expected  that  the  depreciation 
nd  cost  of  maintenance  will  be  considerably  less  for  a 
mcrete  than  for  a  steel-frame  dock. 

Design  of  Ashland  Dock 

Reference  to  Fig.  1  will  show  that  the  Ashland  struc- 
ire  consists  of  160  lin.ft.  of  concrete  approach  trestle, 
)0  lin.ft.  of  ore  dock  proper  and  72  lin.ft.  of  fender  dock, 
his  total  length  is  separated  by  nine  expansion  joints 
ito  lengths  of  about  120  ft.,  provision  being  made  for 
in.  of  expansion  at  each  joint.  The  dock  contains  150 
ns,  having  a  capacity  of  9  cars  each,  making  a  total 
ipacity  of  nearly  60,000  tons  of  ore. 
The  total  load  of  the  structure  is  carried  on  piles  from 
»  to  60  ft.  long,  driven  into  sand.  In  order  to  provide 
'  teral  stability  these  piles  are  surrounded  by  a  timber 
lb  filled  with  coarse  sand.     Crib  timlior  is  to  be  native 


at  which  the  shocks  from  the  vessel  will  be  received  by  the 
dock.  The  fender  is  protected  by  two'lines  of  steel  beam> 
bedded  into  the  concrete. 

The  columns  of  1:2:4  concrete  spaced  12  ft.  on  cen- 
ters longitudinally  by  42  ft.  3  in.  across  the  dock,  are 
figured  as  unreinforeed-concrete  piers.  Such  reinforcin;' 
as  is  provided  is  designed  to  distribute  bending  stresses 
clue  to  shocks  from  ^'essels,  contraction  of  concrete  and 
wind' load. 

Two  lines  of  18x24-in.  concrete  struts  running  length- 
wise of  the  dock  between  columns  provide  lateral  stiffness 
for  the  columns  in  that  direction.  At  bays  midway 
between  expansion  joints  the  space  between  two  columns 
is  filled  in  with  a  16-in.  wall,  properly  reinforced  to  carry 
traction  stresses  from  the  structure  above  to  the  founda- 
tions. 

Details  of  the  Bin  Walls  and  Flocks 

Extending  across  the  dock  and  between  columns  are  the 
16-in.  walls  of  the  bins.  These  walls  serve  primarily  as 
arch  ribs  carrying  the  loads  from  the  trains,  the  ore  in 
the  bins  and  the  dead-load  of  the  structure  directly  to 
the  columns.     Arch  computations  have  been  based  upon 
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■lO.   1.    GENERAL   PLAN  AND   ELEVATION   OF  NEW    ORE    DOCK  FOR  MINNEAPOLIS,  ST.  I^Al'L  &  SAULT  STE.  MARIE 

R.R.   AT   ASHL.AND.   WIS. 


inlock,  except  the 


cross-timbers,  which  ar(>  On 


The  intention  is  to  build  these  cribs  in  suitaijlo  lengths 
d  float  them  to  the  i)oiMt  of  final  location  as  soon  as  the 
•neh  for  the  slip,  25  ft.  in  depth,  has  been  completed, 
ley  will  then  be  sunk  by  filling  certain  compartments 
th  sand.  After  the  sinking  of  the  crib  the  piling  will  be 
iven  and  cut  off  and  the  crib  then  completely  filled  with 
r:d. 

The  construction  of  the  crib  is  shown  in  Fig.  3.  It  is 
1)6  built  of  12x12-  and  10xl2-in.  timbers,  securely  drift- 
Ited  together.  The  crosswall  timbers  are  to  be  dove- 
iled  into  the  front-wall  timbers,  in  addition  to  the  drift- 
Iting.  The  specifications  call  for  the  cribs  to  be  made 
rmanently  sand-tight,  by  means  of  lx4-in.  battens 
lerevcr  necessary. 

The  concrete  substructure  up  to  the  top  of  the  pyra- 
ulal  column  bases  is  to  be  built  of  1:3:5  concrete.     It 

quite  heavily  reinforced  to  distribute  contraction 
resses  and  stresses  due  to  shocks  from  vessels  striking 
e  concrete  fender,  which  is  built  as  a  part  of  the  sub- 
nictnre.    Attention  is  called  to  the  convex  cross-section 

the  fender,  which  thus  determines  the  exact  elevation 


ail  clastic  :in-li,  due  con '.idcration  being  given  to  the 
dcflcition  of  the  supporting  columns.  Temperature 
stresses  in  the  arch  have  been  neglected.  The  thrust  of 
the  arch  is  to  be  carried  by  a  heavily  reinforced  concrete 
tie  16x30  in.,  running  between  the  columns  at  the  spring- 
ing line  of  the  arch. 

In  addition  to  the  arch  function  these  crosswalls  serve 
as  retaining  walls  to  take  the  thrust  of  the  ore  when  a 
single  bin  is  filled,  the  adjacent  bins  being  empty.  These 
walls  also  serve  as  columns  to  carry  the  weight  of  the 
trains  from  the  deck  above  to  the  columns  below.  They 
are  so  designed  that  the  compressive  stress  due  to  bending 
acts  at  right  angles  to  the  compressive  stress  due  to 
column  action.  This  permits  the  use  of  much  less  rein- 
forcing than  would  be  necessary  with  the  usual  design 
where  bending  and  direct  stresses  act  in  the  same 
direction. 

The  inclined  bin  floors,  carrying  a  load  of  over  5,000 
lb.  per  sq.ft.,  span  directly  between  the  bin  walls,  which 
v.re  12  ft.  c.  to  c.  The  floors  are  18  in.  thick  at  the  lower 
ends  and  taper  to  12  in.  at  the  upper  ends.  The  usual 
maple  wearing  surface  has  been  omitted  from  these  floors. 
The    iiiiiicr   surface   of   the  concrete   is   to   be   made   as 
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smooth  as  possible  by  the  use  of  good  form  lumber 
and  well-tamped  concrete.  Eough  places  are  to  be 
chipped  smooth  and  filled  with  cement  grout.  All 
corners  in  the  bins  are  to  be  filled  out  with  concrete 
fillets,  thus  doing  away  with  all  woodwork  in  the  con- 
struction of  the  bins.  The  circular  front  walls  for 
the  bins,  which  are  the  characteristic  feature  of  the 
Toltz  ore-dock  patents  and  which  in  previous  designs 
have  been  made  of  steel  plates,  are  to  be  built  of  con- 
crete. Because  of  their  circular  shape  the  principal 
stresses  from  the  thrust  of  the  ore  are  tensile  stresses, 
which  are  taken  care  of  by  running  the  band  rods 
well  back  into  the  bin  walls.  The  concrete  structure 
up  to  the  under  side  of  the  steel  track  stringers  is 
designed  to  be  structurally  complete  without  depend- 
ence upon  any  of  the  structural-steel  parts.  The  con- 
crete is  to  be  poured  in  three  separate  operations.  The 
foundations  up  to  the  top  of  the  column  bases  will  be 
poured  first,  then  the  columns  up  to  the  uuder  side 
of  the  bin  floor.     The  concrete  of  the  bins  is  to  he 
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poured  at  one  continuous  operation,  one  section  of  dock 
between  expansion  joints  being  carried  up  simultaneou.sly. 
Forms  are  being  designed  for  a  fluid  pressure  of  600  lb. 
per  sq.ft.,  which,  according  to  Prof.  Adolpli  Meyei-'s 
experiments  (see  "Journal"  of  Association  of  Engineers' 
Societies,  p.  109,  Vol.  50),  corresponds  to  a  rale  of  pour- 
ing of  not  to  exceed  3  vertical  feet  per  liour  at  a  tem- 
perature of  45°  E.     Forms  for  3()0  Jin.ft.  of  dock  su]ier- 


structure  are  to  be  made  at  the  mill  in 
suitable  sections  for  liandling,  accord- 
ing to  detail  plans  now  being  prepared  in 
much  the  same  way  as  shop  drawings 
for  structural  steel.  The  large  number 
of  parts  that  are  exact  duplicates  make 
this  unusual  procedure  economical 
cause  of  the  fact  that  the  floor  of  the 
upper  deck  must  be  placed  in  the  winter 
time,  thus  making  the  pouring  of  con- 
crete slabs  very  expensive,  it  has  been  de- 
cided to  build  tlie  ujiper  deck  of  fir 
planking  laid  on  steel  beams,  which  form 
the  bracing  for  tlie  track  stringers.  All 
structural  steel  is  arranged  to  be  bolted 
in  place  at  any  time  after  the  completion 
of  the  concrete  work.  The  track  string- 
ers are  made  of  structural  steel,  because 
concrete  stringers  would  take  up  too 
much  room,  thus  lessening  the  storage 
capacity  of  the  ore  bins.  The  track  rails 
are  to  be  riveted  to  the  track  .stringers 
to  prevent  slipping.  Steel  doors  of  the  patented  Dicker- 
son  self-closing  type  arc  provided.  They  are  so  arranged 
that  a  part  of  "a  bin  of  ore  may  be  run  and  the  remainder 
cut  off  at  will. 

The  rA4t.  steel  chutes  are  of  the  type  first  used  on  the 
Great  Northern  Dock  No.  4  at  Superior.  Wis.  Attention 
is  called  to  the  straight  sides  of  these  chutes,  which  form 
girders  not  unlike  the  "pony  trusses"  of  a  through  high- 
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way  span.  They  are  designed  to  carry  the  load  resulting 
from  the  chutes  clogging  full  of  ore  weighing  170  lb.  per 
LU.ft.  The  chutes  are  not  counterweighted,  but  are  raised 
and  lowered  by  means  of  electrically  operated  hoists, 
located  on  the  upper  deck.  These  hoists  are  designed  to 
raise  or  lower  each  chute  in  32  sec.  They  are  arranged 
in  groups  of  ten,  connected  with  a  lineshaft  which  in  turn 
is  geared  to  a  25-hp.  Crocker-Wheeler  motor. 

The  upper  deck  is  lighted  Ity  fifteen  rows  of  five  incan- 
flescent  lights  each,  suspended  from  wire  cables  running 
across  the  dock  between  30-ft.  steel  poles.  The  interior 
of  the  bins,  the  door  platforms  and  the  dock  fender  are 
111!  well  lighted  with  incandescent  lights  provided  with 
-uitable  reflectors. 

The  dock  is  to  be  reached  .by  approximately  1,000  lin.ft. 
of  double-track  timber  approach  trestle.  Connecting  this 
timber  approach  to  the  dock  proper  is  provided  160  ft.  of 
leinforced-concrete  trestle  witli  ballasted  deck,  arranged 
to  give  rigid  support  for  the  necessary  switches  leading  to 
the  four  tracks  of  the  dock  proper.  As  before  stated  in 
the  case  of  the  dock,  a  four-track  trestle,  80  ft.  high. 


6.  Lateral  pressure  of  ore  to  be  figured  at  p  —  30h,  where 
p  is  the  horizontal  pressure  per  square  foot  and  h  is  the 
depth  of  ore  to  the  point  in  question. 

7.  Bin  walls  are  to  be  figured  as  an  arch  to  carry  all  the 
loads  enumerated  e.xcept  No.  1  and  No.  3,  which  are  to  be 
disregarded. 

S.  Unit  stresses  in  steel  and  concrete  shall  be  figured  ac- 
cording to  American  Railway  Engineering  Association  speci- 
fication. 

9.  Substructure  to  be  figured  to  carry  all  the  foregoing 
loads  except  No.  1,  No.  3  and  No.  4.  but  shall  be  designed  to 
care  for  the  effect  of  the  horizontal  wind  stresses. 

Concrete  in  the  substructure  is  to  be  1 :  3 :  5  mix  and 
for  the  superstructure  1 : 3 :  -4  mix,  using  gravel  for  the 
aggregate. 

The  general  contractors  for  the  substructure  and  con- 
crete work  are  Foley  Bros.,  Peppard  &  Fulton,  of  St. 
Paul,  Minn. ;  for  the  structural-steel  work,  the  Minne- 
apolis Steel  and  Machinery  Co.,  of  Minneapolis,  Minn. ; 
for  the  hoists,  the  Clyde  Iron  Works,  of  Duluth,  Minn. ; 
for  the  electric  wiring,  W.  I.  Gray  Co.,  of  Minneapolis, 
Minn. 

The  dock  was  designed  by  the  Toltz  Engineering  Co., 
Consulting  Engineers,  St.  Paul,  Minn,    (of  which  Max 
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•vould  ordinarily  be  built  of  structural  steel,  but  the  pres- 
-nt  market  conditions  now  render  reinforced  concrete 
nore  economical. 

The  trestle  is  made  up  of  four  40-ft.  span.^  supported 
m  two  two-column  bents  and  two  three-column  bents. 
Mxpansion  joints  are  provided  at  two  points.  The  foun- 
lations  are  supported  on  piles  and  are  rigidly  fastened 
ogether  to  prevent  relative  motion  between  the  various 
piers. 

Provision  is  made  at  the  outer  end  of  the  dock  for  a 
uture  extension.  To  provide  for  present  needs  a  tem- 
'Orary  wooden  trestle  is  to  be  built.  Upon  this  trestle 
ivill  rest  the  bumping  posts  of  the  tracks  and  the  signal 
ights  of  the  dock. 

Specifications  for  Loaijs  and  Stresses 

The  dock  is  designed  according  to  the  following  specifi- 
ations : 

1.  Upper  Deck  Floor — Live-load,  12.')  lb.  per  sq.ft. 

2.  Trainloads — Cooper's  E-50  engine  loading  or  a  loaded 
Jre  car   weighing   160.000   lb. 

3.  Allow  25%  Impact  in  design  of  all  track  stringers  and 
girders. 

4.  Figure  wind  loads  at  30  lb.  per  sq.ft.  on  loaded  struct- 
ira  and  50  lb.  per  sq.ft.  on  unloaded  structure. 

'  Weight  of  ore  In  bin.s  considered  In  design  estimated 
'  cars  of  110.000  lb.  770.000  lb.  Bin  floors  figured  to  carry 
■  3  entire  weigh'. 


Toltz  is  the  president  and  mechanical  engineer  and  W.  E. 
King  the  structural  engineer),  under  patents  belonging 
to  Mr.  Toltz.  All  work  is  behig  done  according  to  the 
direction  of  C.  N.  Kalk,  Chief  Engineer  for  the  Minne- 
apolis. St.  i'aid  &  Sault  Ste.  Marie  R.R. 

:*■ 

.Motor  VehlcleM  in  the  Inlted  States  have  increased  fifty- 
fold  in  the  past  ten  years.  StaMstics  just  made  public  by 
the  Officf  of  Public  Roads  and  Rural  Engineering,  based  on 
state  registration  of  motor  vehicles,  show  that  while  there 
were  only  4.S,000  vehicles  registered  in  1906  there  were 
2.445.664  registired  in  1915.  In  view  of  the  well-known  heavy 
production  of  motor-car  factories  during  the  present  year,  it 
is  probable  that  there  are  nearly  3.000,000  motor  vehicles 
in  service  in  the  United  States  at  the  present  time.  In  1905 
little  had  been  done  in  the  systematic  registration  and  licens- 
ing of  motor  vehicles,  and  the  total  revenue  collected  by  the 
various  states  amounted  to  only  $62,500.  In  1915,  the  state 
revenues  from  motor-vehicle  licenses,  permits  to  chauffeurs, 
dealers,  etc,  amounted  to  $18,245,000.  Of  this  total  revenue, 
fully  90%  was  applied  to  road  work  and  a  little  over  707^ 
was  expended  under  the  control  of  the  state  highway  depart- 
ments. The  annual  registration  of  motor  vehicles  Is  required 
in  nearly  all  the  states.  In  South  Carolina,  Texas  and  the 
District  of  Columbia,  however,  a  cai"  is  registered  once  for  all. 
In  Mississippi,  one  registration  by  the  state  is  sufficient,  but 
an  annual  county  license  Is  also  required.  In  Minnesota,  motor 
vehicles  are  registered  for  three-year  periods.  The  proportion 
of  motor  cars  to  population  varies  widely.  Iowa  has  one  for 
every  16  persons  while  Alabama  has  only  one  for  every  200. 
The  license  fees  In  many  states  are  still  very  low.  In  only  IS 
states  Is  the  average  gross  return  from  motor-car  registration 
over  $10,  and  many  large  states  receive  less  than  $5  per  car. 
Vermont's  average   return    from    motor-car   licenses   Is   $18.10. 
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81'N0Ft>LS — United  Stales  Supreme  Court  holds 
private  property  ca.n  tie  condemned  for  compensa- 
tion purposes  in  Hartford  irnter-rii/lits  rase.  Com- 

peiisatiiiii    lU   1,-iiid  is  II  putdir  use. 

For  many  yt'urs  the  piMiiosition  to  replace  water 
diverted  from  a  stream  by  other  water  stored  in  reservoirs 
during  periods  of  flood  flow  has  been  a  difficult  question 
in  this  country,  and  until  recently  there  seemed  little  hope 
of  obtaining  favorable  consideration  in  law  fur  such  a 
plan. 

By  mutual  agreement  this  method  has  been  employed 
in  a  few  cases,  but  the  broad  principle  of  compensation 
in  kind  has  never  been  estaldished  in  the  United  States. 
In  England  compensation  in  kind  in  lieu  of  money  dam- 
ages has  been  practiced  for  many  years,  and  an  Act  of 
l^arliament  or  a  commission  sitting  as  a  court  may  deter- 
mine the  amount  of  compensating  water  which  must  be 
provided.  In  the  United  States  the  usual  method  has 
'leen  the  payment  of  money  damages,  on  account  of  the 
legal  difficulties  pertaining  to  the  employment  of  the 
method  of  compensation  in  kind.  Principally,  this  has 
been  due  to  rulings  of  the  United  States  Supreme  Court 
that  the  just  compensation  guaranteed  by  the  Constitu- 
tion in  the  case  of  property  taken  by  process  of  law  can  lie 
provided  only  by  payment  of  money. 

With  changing  conditions,  a  new  era  in  water-supply 
development  has  appeared,  and  by  a  recent  decision  the 
United  States  Supreme  Court  seems  to  have  established 
a  principle  that  will  greatly  smooth  the  way  for  the  sub- 
stitution of  compensation  in  kind  in  place  of  money  dam- 
ages in  cases  of  necessary  diversion  of  water. 

The  United  States  Supreme  Court  (:Manchester  vs. 
Board  of  Water  Commissioners  of  the  City  of  Hartford. 
Conn.,  863,  864  and  865,  Supreme  Court  of  the  United 
States,  October  Term,  1915)  has  recently  handed  down  a 
ruling  relative  to  condemnation  of  property  for  compensa- 
tion purposes  that  is  most  important  in  its  present  bear- 
ing and  may  bo  far-reaching  in  its  future  application. 
This  ruling  upholds  the  decision  of  the  Supreme  Court  of 
Errors  of  Connecticut  (Water  Commissioners  vs.  Man- 
chester, 87  Conn.,  206,  and  89  Conn.,  677)  and  atfirms 
that  the  condemnation  of  land  for  a  compensating  reser- 
voir is  a  "taking  for  a  public  use"  within  the  moaning  of 
that  expression  in  the  first  article  of  the  Constitution  of 
the  State  of  Connecticut  and  is  not  contrary  to  the  pro- 
visions of  the  14th  Amendment  of  the  Constitution  of 
the  United  States. 

In  1909  the  City  of  Hartford,  Coim.,  petitioned  the 
General  Assembly  of  the  state  for  authority  to  appropri- 
ate the  waters  of  the  Ne])aug  Eiver  and  Phelps  Brook  and 
to  construct  an  impounding  reservoir  for  the  ])uriK)se  of 
obtaining  an  additional  supply  of  water.  The.se  streams 
arc  tributary  to  the  Farmington  River  and  enter  it  in  the 
vicinity  of  Collinsville,  a  manufacturing  village  situated 
in  the  north  central  part  of  Connecticut,  about  37  mi. 

"       V^lef  Engineer,  Hartford  Water-Works,  Hartford,  Conn, 


above  the  junction  of  the  Farmington  and  Connecticut 
Rivers.  The  Farmington  River  is  a  rather  fully  utilizer! 
stream  with  ten  principal  power  developments  between  the 
point  of  diversion  and  the  confluence  with  the  Connect- 
icut. The  total  fall  in  this  length  is  said  to  be  about  168 
ft.  and  the  approximate  amount  of  power  developed  or 
availalile  in  the  neighborhood  of  11,600  hp. 

Because  of  the  claim  of  the  power  owners  along  the 
river  that  the  taking  of  the  Xepaug  River  and  Phelps 
Brook  would  deplete  the  flow  in  the  main  stream  to  such 
an  extent  as  to  occasion  irreparable  damage  to  their 
interests  and  those  of  the  villages  situated  below  the  point 
of  diversion,  the  petition  of  the  city  to  take  the  water  was 
denied  by  the  General  Assembly. 

The  necessity  of  the  City  of  Hartford  to  obtain  an 
additional  supply  of  water,  however,  was  well  recognized, 
and  as  most  of  the  power  interests  were  owned  or  con- 
trolled by  very  public-spirited  citizens  of  Hartford,  the 
matter  of  an  amicable  adjustment  of  differences  was 
worked  out  in  a  manner  satisfactory  to  the  principal  mill 
owners. 

In  brief,  the  final  solution  of  the  problem  provided  for 
a  compensating  reservoir,  so-called,  located  on  a  large 
tributary  of  the  Farmington  River,  farther  up  stream. 
This  reservoir  would  be  filled  in  times  of  excess  flow,  and 
was  of  such  size  that  its  discharge  during  periods  of  low 
flow  in  the  Farmington  River  would  make  up  the  de- 
ficiency caused  by  the  diversion  and  be  used  in  lieu  of  the 
waters  taken  for  the  supply  of  the  city.  In  1911  the 
General  Assembly  was  again  petitioned,  and  at  this  ses- 
sion an  act  was  passed  authorizing  the  taking  of  the 
Xepaug  River  and  Phelps  Brook  for  the  supply  of  Hart- 
ford and  al.-o  including  authority  to  buibl  a  compensating 
reservoir. 

ford  and  also  including  authority  to  build  a  compensating 
General  Assembly,  the  City  of  Hartford  ]iroeoeded  to 
acquire  the  land  necessary  for  the  purpose.  Most  of  thi.'s 
was  purchased  at  figures  considerably  in  excess  of  assessed 
values,  or  at  tho.se  estimated  by  impartial  appraisers,  and 
the  Water  Board  was  not  at  all  niggardly  in  its  settle- 
ments, recognizing  the  hardship  to  land  owners  on  the 
one  hand  and  the  expense  of  litigation  on  the  other. 

The  owners  of  two  large  and  important  properties  at 
first  woidd  set  no  price,  though  later  on  they  named 
figures  that  were  absurd  even  in  consideration  of  other 
settlements.  Subsequently,  one  of  these  settled  with  the 
board  for  a  large  sum.  The  other  carried  his  case  through 
the  state  courts  and  up  to  the  United  States  Supreme 
Court.  This  court  approved  the  opinion  of  the  state 
courts  and  gave  final  judgment  in  favor  of  the  city.  The 
matter  then  came  back  to  a  committee  ai)pointed  by  the 
state  court  for  assessment  of  damages  and  is  now  in  \U 
final  stage  before  that  body. 

The  first  legal  move  in  this  case  was  made  -Vug.  12. 
1912,  when  a  copy  of  the  petition  of  the  City  of  Hartford 
for  the  appointment  of  appraisers  was  served  on  the 
respondents  and  final  judgment  was  given  on  Apr.  17, 
1916.  l>v  the  United  Stales  Supreme  Court. 
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The  respondents  demurred  to  the  appointment  oi'  ap- 
•aisers  on  the  following  grounds :  That  the  water  of  the 
impeusating  reservoir  was  not  for  the  use  of  the  City 
Hartford;  that  the  city  was  not  required  but  simply 
ithorized  to  return  water  to  the  river;  that  the  mainte- 
mce  of  the  flow  of  the  river  was  not  a  public  use  but  a 
ivate  benefit  to  lower  riparian  owners;  that  the  real 
irpose  of  the  compensating  reservoir  was  to  enable  the 
ity  of  Hartford  to  trade  off  the  impounded  water  in  lieu 
paying  money  damages ;  that  such  a  purpose  was  un- 
rtain  of  accomplishment  because  lower  riparian  owners 
)uld  be  legally  entitled  to  take  their  compensation  in 
oney;  that  the  resolution,  in  so  far  as  it  purported  to 
ice  the  respondent's  land  for  the  purposes  of  a  compen- 
ting  reservoir,  was  in  violation  of  the  constitutions  of 
jnnecticut  and  of  the  United  States. 
This  demurrer  was  sustained  by  the  judge  of  the 
iperior  Court,  but  on  appeal  the  Supreme  Court  of 
-rors  of  the  state  overruled  the  decision,  holding  that  the 
king  was  for  a  public  use  and  not  contrary  to  the  con- 
,  tution  of  the  state  or  of  the  United  States  (87  Conn., 
'3  et  seq.)  and  remanded  the  case  to  the  Superior 
iurt  to  be  proceeded  with  according  to  law.  Under  this 
ling  appraisers  were  appointed  to  establish  the  value  of 
e  land.  Appeal  was  again  made  to  the  Supreme  Court 
points  of  law.  This  appeal  was  not  sustained.  Appli- 
tion  was  then  made  to  the  Supreme  Court  of  the  United 
ates  for  a  writ  of  supersedeas,  and  it  was  ordered  issued 
Associate  Justice  Charles  E.  Hughes,  Feb.  10,  1916, 
roe  and  a  half  years  after  proceedings  were  begun. 
In  sustaining  the  appeal  from  the  judgment  in  the 
;pondenfs  original  demurrer,  after  disposing  of  other 
^puted  points,  the  court  took  up  the  principal  question 
to  whether  the  maintenance  and  regulation  of  the  flow 
the  Farmington  Eiver  was  or  was  not  a  public  use, 
her  in  itself  or  in  connection  with  and  by  way  of  com- 
nsation  for  the  diversion  of  a  part  of  the  flow  of  the 
er  to  another  watershed,  for  the  use  of  the  City  of 
irtford.  Especial  notice  was  taken  by  the  court  of  the 
portance  of  this  river,  the  populous  manufacturing 
.vns  and  cities  built  up  around  its  water  powers,  and  its 
pability  for  use  in  other  ways  for  industrial,  commercial 
(]  municipal  purposes,  and  that  its  floods  and  droughts 
ist  annually  affect,  directly  or  indirectly,  many  persons 
ler  than  the  riparian  owners  along  its  banks. 
The  principle  was  brought  out  that  "public  use"  means 
blic  usefulness,  utility  or  advantage,  or  what  is  produc- 
'6  of  general  benefit,  and  in  a  previous  case  (Olmstead 
Camp,  .S.S  Conn.,  .5.32,  decided  in  1866)  the  court  said: 
t  would  be  difficult  to  conceive  of  a  greater  public  bene- 
than  garnering  up  the  waste  waters  of  innumerable 
•earns  and  rivers  and  ponds  and  lakes  and  compelling 
em  with  a  gigantic  energy  to  turn  machinery  and  drive 
ills  and  thereby  build  up  cities  and  villages  and  extend 
•'  business,  the  wealth,  the  population  and  the  pros- 
rity  of  the  .state."  and  (87  Conn.,  206)  "It  lies  within 
e  constitutional  power  of  the  General  Assembly  to  de- 
ire  whether  by  general  flowage  acts  or  by  special  char- 
r.  under  what  circumstances  the  right  of  eminent 
main  may  be  employed  to  that  end." 
In  sustaining  the  appeal  of  the  petitioners  the  Supreme 
mrt  of  Connecticut  said  (87  Conn.,  200)  : 

We  must  recognize  that  the  problem  of  securing  sufflclent 
id  suitable  water-HUppIles  for  our  lareer  cities  Is  an  In- 
easlnidy  difflcult  one;  that  in  reaching  beyond  its  Immediate 
tterahed  a  city  encounters  the  opposition  of  localities  seek- 


ing to  retain  their  own  water  courses  tor  their  own  benefit; 
that  our  New  England  streams  no  longer  possess  their  former 
constancy  of  flow;  and  that  the  greatest  demand  on  a  muni- 
cipal water-supply  comes  at  the  very  time  when  the  natural 
flow  of  the  stream  is  likely  to  be  lowest.  A  separate  storage 
reservoir  to  impound  freshet  water  and  return  it  to  the  stream 
in  times  of  low  water  may  therefore  be  a  logical  and  consist- 
ent engineering  factor  in  a  plan  for  improving  a  municipal 
water-supply  as  well  as  an  instrumentality  for  conserving  the 
flow  of  the  stream. 

AVilAT    COXSTITUTES    PuBLIC    UsE 

What  constitutes  a  "public  use"  was  the  single  Federal 
question  involved.  From  the  nature  of  the  case  this  can 
be  neither  definite  nor  fixed,  but  must  depend  upon  that 
which  the  public  necessity,  convenience  or  the  welfare  of 
society  at  a  particular  time  may  demand.  To  quote 
again : 

What  is  public  use?  Our  historical  research  discloses  the 
meaning  of  the  term  "public  use"  to  be  one  of  constant  growth. 
As  society  advances,  its  demands  upon  the  individual  increase, 
and  each  demand  is  a  new  use  to  which  the  resources  of  the 
individual  may  be  devoted  (Tuttle  vs.  Moore,  3  Ind.  Ter.,  712). 

The  definition  of  the  term  "public  use"  for  which  land  may 
be  appropriated  should  comprehend  not  only  all  existing  pub- 
lic purposes  justifying  such  appropriation,  but  should  antici- 
pate the  further  exigencies  of  society,  demanding  new  laws 
and  varied  exercise  of  the  protecting  and  fostering  aid  to  the 
state  (Concord  Railroad  Co.  vs.  Greely,  17  N.  H.,  47). 

In  the  brief  for  the  petitioners  the  following  different 
classes  of  "public  use"  were  given: 

1.  When  the  United  States,  a  state  or  a  municipal 
corporation  seeks  to  acquire  a  parcel  of  land  on  which  to 
carry  out  its  proper  public  functions,  or  to  perform  some 
act  directly  enhancing  the  security  or  health  of  the  com- 
munity, as  taking  land  for  forts,  schoolliouses,  etc. 

2.  When  the  public  is  supplied  with  some  commodity 
or  convenience,  as  takings  for  railroads,  water  supplies, 
parks,  etc. 

3.  When  individual  members  of  the  public  are  enabled 
to  cultivate  their  lands  or  carry  on  their  business  to  better 
advantage,  as  construction  of  dams,  building  of  levees, 
swamp  and  irrigation  districts. 

The  opinion  of  the  Supreme  Court  of  Errors  of  Con- 
necticut, sustained  by  that  of  the  Supreme  Court 
of  the  United  States,  while  not  establishing  the  prin- 
ciple of  compensation  in  kind  in  lieu  of  money  dam- 
ages, does  sanction  the  taking  of  land  by  eminent 
domain  for  the  purpo.sc  of  conserving  waste  waters 
and  returning  them  to  a  stream,  and  it  also  holds  that 
such  action  is  for  "public  use"  and  not  a  violation  of  the 
Constitution  of  the  State  of  Connecticut  or  that  of  the 
United  States. 

The  United  States  Supreme  Court  affirmed  judgment 
per  rurMi}!  ill  these  cases  (Manchester  vs.  Board  of  Water 
Commissioners  of  Hartford,  863,  864  and  865,  October 
Term,  1915,  Apr.  17,  1916),  upon  authority  of  several 
previous  cases,  the  last  being  that  of  the  Mt.  Vernon  Cot- 
ton Co.  vs.  Alabama  Tower  Co.  (240  U.  S.,  30,  32),  Mr. 
Justice  Holmes,  in  delivering  the  opinion,  said: 

In  the  organic  relations  of  modern  society  it  may  some- 
times be  hard  to  draw  the  line  that  is  supposed  to  limit  the 
authority  of  the  legislature  to  exercise  or  delegate  the  power 
of  eminent  domain.  But  to  gather  the  streams  and  rivers 
from  waste  and  draw  from  them  energy,  and  so  to  save  man- 
kind from  toll  that  it  can  be  spared  Is  to  supply  what,  next 
to  Intellect,  Is  the  very  foundation  of  all  our  achievements 
and  all  our  welfare.  If  that  purpose  Is  not  public,  we  should 
be  at  a  loss  to  know  what  It  Is. 

This  judgment  plainly  shows  that  the  right  of  state 
legislatures  to  condemn  lands  under  eminent  domain 
rests  on  the  broad  principle  of  public  benefit,  irrespective 
of  how  few  there  are  who  avail  themselves  of  the  privilege. 
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SYNOFSIS — Organizing  to  spend  $1,500,000  in 
paving  166  mi.  of  county  roads  within  two  ivorking 
seasons.  Vermilion  County,  Illinois,  organization 
and  preliminary  work  are  described  as  examples. 

A  county  votes  a  $1,500,000  boiul  issue  for  paving  166 
mi.  in  a  system  of  main  roads  serving  over  801)  sq.nii.  of 
territory.  Tiiere  is  the  usual  objection  on  the  part  of 
some  few  disgruntled  taxpayers,  and  the  legality  of  the 
bond  issue  is  in  doubt  for  several  months.  The  courts 
at  length  establish  the  legality  of  the  bonds;  meanwhile 
the  public  lias  become  urgent  in  its  demand  to  see  the 
completed  roads. 

Starting  without  an  engineering  department  or  any 
engineering  employee,  other  perhaps  than  a  county  sur- 
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FIG.    1.    STANDARD   ROAD   TYPES  ADOPTED  BY 
VERMILION   COUNTY.    ILLINOIS 

veyor,  the  problem  is  to  plan,  organize  and  start  in  opera- 
tion an  engineering  staff  that  will  have  to  determine  the 
character  and  kind  of  pavements  to  be  built,  bearing  in 
mind  that  all  the  roads  of  the  predetermined  system  must 
be  paved  from  the  funds  available;  prepare  detail  plans, 
profiles  and  specifications,  divide  the  work  into  convenient 
contracts,  advertise  for  bids  and  let  contracts,  start  work 
on  numerous  contracts  almost  simultaneously  and  keep 
everything  running  so  smoothly  that  there  will  be  no 
extras  and  so  that  these  166  mi.  of  pavement  will  be  prac- 
tically completed  in  a  mininuun  of  two  working  seasons — 
such  is  a  not  unusual  demand  of  American  communities-. 
To  accomplish  efficient  results  with  such  a  lack  of  pre- 
liminary obviously  requires  some  intensive  executive 
work,  system  and  accurate  and  careful  planning.  The 
problem  of  getting  started  promptly  is  often  more  difficult 
than  that  of  design  and  supervision.  Therefore,  a  some- 
what detailed  description  of  how  the  identical  conditions 
described  were  met  in  Vermilion  County,  Illinois,  sliould 
])rove  of  interest.  A  general  description  of  the  work  to  be 
done  and  the  method  of  financing  it  was  published  in 
Engineering  Neivs,  Dec.  2,  1915,  p.  1079. 

Preliminary  Surveys  ;  Appoixtjient  of  Engineer 

The  bond  issue  of  $1,500,000  was  voted  in  November, 
1914,  and  in  the  spring  of  1915  purveys  were  made  by  the 
county  surveyor,  and  the  system  of  roads  to  be  improved 
was  selected.  It  became  evident  to  the  authorities  that 
the  work  would  be  of  such  magnitude  as  to  require  the 
services  of  a  man  who  was  both  organizer  and  engineer, 
and  in  the  agitation  to  secure  such  an  expert  the  general 
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l)ui)lic  through  the  Danville  Chamber  of  Commerce  took 
a  leading  and  insistent  part.  (Danville,  with  a  popula- 
tion of  30,000,  is  the  principal  city  and  the  county  seat.) 
P.  C.  McArdle,  acting  chief  engineer  of  the  Illinois  State 
Highway  Department,  was  induced  to  become  superin- 
tending engineer  for  the  county  in  August,  1915. 

At  that  time  the  courts  had  not  passed  on  the  bond 
issue  and  an  engineering  staff  could  not  be  organized  nor 
detail  work  started  until  that  was  settled,  which  was 
nearly  the  first  of  the  present  year.  For  his  staff  the  new 
superintending  engineer  was  fortunate  in  being  able  to 
draw  largely  upon  state  highway  employees  with  whose 
work  he  was  familiar.  The  previous  surveys  and  plans 
were  first  gone  over  and  corrected.  The  road  system  to 
be  constructed  was  divided  into  nine  divisions. 

Preparation  of  Plans  and  Specifications 

Plans,  profiles  and  cross-sections,  about  1,800  drawings 
in  all,  were  prepared  in  less  than  two  months.  These 
were  plotted  on  Plate  A  4x20  profile  paper  cut  into  32-in. 
lengths.  The  horizontal  scale  of  both  plan  and  profile  is 
1  in.  =  80  ft. 

The  scale  at  right-angles  to  the  center  line  on  the  plan 
is  double  the  longitudinal  scale,  or  1  in.  =  40  ft.  The 
vertical  scale  of  the  profile  is  1  in.  =  4  ft. 

The  plans  show  all  section  corners  with  references  (the 
monuments  are  generally  in  the  center  of  the  road), 
bench-marks,  fence  lines,  shade  trees,  farm  entrances, 
property  owners'  names,  location  of  drains  and  culverts 
to  be  built,  and  other  data  as  necessary.  About  fifty  of 
these  sheets  comprise  a  division.  Five  blueprint  sets  of 
each  division  were  bound  in  brown  paper  covers  for  the 
use  of  bidders. 

Cross-sections  were  plotted  on  sheets  of  the  same  cross- 
section  paper,  the  scale  being  1  in.  ^  4  ft.  horizontal, 
and  1  in.  =  4  ft.  vertical.  Ten  cross-sections  are  plotted 
on  a  sheet  42  in.  long.  Sets  of  blueprints  of  these  were 
also  bound  into  books,  one  book  for  each  division.  The 
use  of  the  same  profile  paper  for  plans,  profiles  and  cros.<- 
sections  materially  simplified  plotting  as  well  as  giving 
uniform-sized  sheets  for  filing  and  handling. 

The  earthwork  computations  and  estimates  of  each 
division  were  made  by  the  engineer  who  later  was  to  take 
charge  of  the  construction  in  that  division.    His  eomputa- 
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)]is  when  completed  were  checked  by  one  of  the  other 
vision  engineers.  This  scheme  not  only  rapidly  famil- 
rized  the  engineers  with  the  work  ahead  of  them  but 
us  an  additional  inducement  to  thorough  work.  Each 
vision  engineer  was  given  a  complete  copy  of  his  esti- 
ates  for  use  during  construction  should  disputes  -and 
fferences  arise.  All  estimates  were  made  on  standard 
rms  and  all  computations  so  far  as  possible  by  mechani- 
1  devices.  The  same  forms  were  later  given  to  contrac- 
s  upon  which  to  submit  their  bids.  The  superintend- 
I  engineer  gave  a  large  part  of  his  own  time  to  the 
eparation  of  the  specifications,  proposals,  advertise- 
'nts  for  bids,  etc.  His  principal  assistant  and  the 
lidge  engineer  prepared  plans  of  standard  culverts  and 
I  irshaled  data  to  assist  bidders,  as  will  be  described  later. 
'  le  other  office  employees  include  a  draftsman  and  a 
,rk. 

Helpixg  the  Contractors  to  M.\ke  Close  Bids 

.V  thorough  investigation  was  made  of  all  the  sources  of 
I  istruction  material.  Available  sand  and  gravel  plants 
;  the  adjoining  part  of  western  Indiana  were  inspected, 
I  ted  and  plotted  on  a  small  map  81/2x11  in.,  which 
!  )wed  fourteen  of  these  material  bases  as  well  as  paving- 
I  ck  plants,  and  all  the  railroads  connecting  them  ami 
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■-  ving  the  territory  in  which  the  roads  were  to  be  Imilt. 
1  lepriuts  of  this  were  furnished  gratis  to  prospective 
I  ders. 

,'onferences  were  held  with  the  operating  and  engi- 
t  ring  officers  of  the  several  railway  companies  whose 
I  ;s  would  be  u.sed  for  handling  freight.  Many  special 
»  ings  for  the  use  of  the  highway  contractors  were  agreed 
I  m,  some  of  which  were  installed  wholly  at  the  cost  of 
t  railways.  It  was  also  desired  to  secure  the  coopera- 
t  1  of  the  railways  in  eliminating  certain  grade  cross- 
i  s.  The  officials  of  tlie  Chicago  &  Eastern  Illinois  R.Tt. 
1  particular  adopted  a  generous  policy  of  cooperation 
a  I  assistance. 

'pecial  maps  24.\20  in.  were  prepared  of  each  highway 
dision,  showing  all  the  roads,  railroads  and  the  sidings 
a  ijablo  for  contractors'  use.  These  were  furnished 
)!  ti8  to  prospective  bidders.  Small  maps  were  also  pre- 
P'ed  on  which  all   the  important  e.xistirig  road  grades 

e  designated,  the  object  being  to  assist  bidders  in  plan- 


ning the  hauling  of  materials,  or  laying  out  narrow-gage 
railway  lines.  Similar  plans  were  prepared  showing  the 
location  and  size  (by  an  index  number)  of  bridges  and 
culverts  to  be  built.  To  supplement  these  a  small  sum- 
mary sheet  was  prepared  listing  all  culverts,  farm 
entrances  and  catchbasins  and  the  quantity  of  material 
required  for  all  structures  including  pavements  for  each 
division;  so  that  the  bidder  had  at  his  finger  ends  all  the 
data  to  be  gathered  from  a  study  of  the  detail  plans  and 
profiles.  Bidders  were  not  furnished  copies  of  the  high- 
way plans  and  profiles,  but  five  sets  of  blueprints  of  each 
division  were  available  for  inspection  at  the  office  of  the 
supervising  engineer. 

Specij'ications  and  Tyi'es  of  Pavement 
One  set  of  specifications  comprising  a  book  of  24  pp. 
covered  all  the  work.  Proposals  were  all  made  on  the 
standard  forms  furni.shed  by  the  county.  Unit  prices 
were  asked  on  four  types  of  pavement — 6-7-in.  (6  at  the 
side  and  7  in.  at  the  center)  concrete,  6-7-in.  monolithic 
brick  (4-in.  brick  with  2-in.  concrete  base),  7-8-in.  mono- 
lithic brick  and  8-9-in.  monolithic  brick.  All  four  types 
were  designed  10  ft.  wide  with  3-ft.  gravel  or  macadam 
shoidders.  Unit  prices  were  asked  per  square  yard  for 
each  type  of  pavement  complete,  also  per  square  yard  for 
macadam  shoulders,  gravel  shoulders,  earth  shoulders, 
concrete  gutter  and  excavation,  per  cubic  yard  for  rein- 
forced concrete,  plain  concrete  and  gravel  in  the  present 
i-oad  (to  be  paid  for  by  contractor)  ;  also  for  catch-basins 
and  tile  drains  per  linear  foot  in  sizes  from  6  to  21  in. 
A  lump  sum  covering  the  whole  was  asked.  Bidders  cou'.d 
make  proposals  on  one  or  more  of  the  nine  divisions  of 
19  mi.  each,  and  the  proposals  could  be  made  on  brick 
or  concrete  or  both. 

Brick  was  the  preferred  type  and  the  method  of  choice 
between  the  two  types  after  bids  had  been  received  was 
merely  to  build  as  much  brick  pavement  as  the  available 
funds  would  permit,  placing  these  pavements  on  the  heav- 
iest-traveled roads,  and  paving  the  remainder  with 
concrete. 

Copies  of  the  specifications  and  small  maps  of  the  road 
system  with  the  other  data  mentioned  were  mailed  to  200 
])rospective  bidders,  and  the  work  was  advertised  in 
Engineering  Neirs  and  other  journals. 

Large  Nr.Mni:i;s  oe  Bidders  a.vd  Low  Prices 
In  response  to  these  advertisements  bidders  appeared 
from  all  over  the  country  and  from  Canada;  in  all  13.3 
bids  were  received.  For  one  division  twenty-three  bids 
were  received;  eight  was  the  least  for  any  one  division. 
The  number  of  firms  or  individuals  bidding  was  forty. 
Bids  for  6-7-in.  concrete  ranged  from  60c.  to  $1.13  per 
sq.yd. ;  for  6-7-in.  monolithic  brick  from  $L28  to  $1.85; 
for  7-8-in.  brick  from  $1.38  to  $1.9  1,  and  for  8-9-in.  mon- 
olithic brick  from  $1.18  to  $2.04  per  sq.yd.  In  every  case 
the  bids  were  received  on  the  basis  that  the  county  was 
to  furnish  the  necessary  cement  without  charge  to  the 
contractor. 

The  average  contiact  price  for  the  I.')!)  mi.  of  6-7-in. 
concrete  pavement  (Fig.  1)  for  the  nine  divisions  is  66c. 
per  sq.yd.  The  average  j)rice  for  the  21^4  nii-  of  8-9-in. 
monolithic  brick  pavement  (Fig.  1)  is  $1.59.  Only  one 
contractor  has  contracts  for  more  than  one  division.  The 
great  number  of  reliable  bidders  made  it  possible  to  dis- 
tribute the  contracts  and  yet  keep  very  close  to  the  mini- 
nnim  bids.     The  object  of  this  was  to  engender  competi- 
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tion  in  speed  and  workmanship  on  tlie  different  divisiout^, 
where  work  is  to  be  done  in  every  case  under  almost 
identical  conditions. 

The  other  two  types  of  monolithic  pavement,  the  6-T-in. 
and  7-8-in.,  for  which  bids  were  received  were  approved 
by  Illinois  State  Highway  Department,  but  the  county 
determined  to  select  the  heavier  type.  Mr.  McArdle, 
however,  is  confident  that  these  types  could  have  been 
used  with  success.  An  experimental  pavement  including 
all  three  types  was  descril)ed  by  him  in  Engineering  News, 
Jan..  27,  1916. 

^''  '  '  "        Quick  Work  After  Letting 

AVithin  a  few  hours  after  the  bids  were  opened  blue- 
prints giving  a  tabulation  of  all  bids — a  sheet  20x24  in.— 
and  the  awards  were  given  to  all  parties  desiring  them. 
The  contracts  were  all  awarded  on  Mar.  17,  and  in  accord- 
ance with  the  specifications  work  was  begun  on  each  divi- 
sion within  fifteen  days.  ■  In  the  meantime  new  data 
sheets  were  prepared,  7i/4x4i/4  in.,  notebook  size,  giving 
quantities  of  all  material  required,  culverts,  etc.,  for  each 
division  as  well  as  small  scale  reproductions  of  all 
standards.  These  were  furnished  to  both  field  engineers 
and  contractors. 

A  complete  but  simple  cost-keeping  system  has  been 
installed.  All  report  blanks  are  letter-paper  size,  8x10  in. 
There  are  division  engineer's  daily  reports  covering 
merely  labor  employed  and  materials  used  in  different 
classes  of  work,  daily  reports  of  materials  received,  weekly 
reports  on  materials,  labor,  and  weekly  reports  on  prog- 
ress of  work  and  payments  made,  and  final  report  blanks 
for  culverts  completed. 


Tlie  progress  report  blanks  (Fig.  3)  are  of  Mr. 
lIcArdle's  own  design  and  show  at  a  glance  the  progress 
of  every  stage  of  the  work  to  within  a  few  feet.  Numer- 
ous shortcuts  and  labor-saving  devices  are  in  use.  For 
instance,  on  a  small  cloth-mounted  map  of  the  countv 
road. system  the  superintending  engineer  has  inserted  in 
the  proper  places  the  names  of  all  local  road  officials  with 
whom  he  must  cooperate  from  time  to  time.  This  fur- 
nishes a  ready  reference  in  time  of  need  without  consult- 
ing a  notebook. 

The  inspectors  report  to  and  are  responsible  to  thi' 
division  engineers.  Motor  cars  for  the  division  engineer,- 
are  not  furnished  by  the  count}',  but  it  is  recommended 
tliat  the  division  engineers  purchase  them,  in  which  case 
the  county  makes  an  allowance  of  $30  per  month  for  their 
operation.  This  appears  the  fairest  and  most  economical 
solution  of  the  problem,  for  the  engineering  staff  will  gi; 
out  of  existence  on  the  completion  of  the  roads,  and  the 
county  does  not  want  nine  second-hand  automobiles  tn 
dispose  of.  Moreover,  it  is  impossible  to  restrict  the  use  of 
publicly  owned  cars  to  public  service. 

Construction  work  is  only  touched  on  here  as  it  i- 
intended  in  a  later  article  to  describe  how  the  work  on 
the  various  divisions  is  being  handled.  Practically  ever; 
contractor  is  using  entirely  new  equipment.  On  all  but 
two  divisions,  contractors  are  using  narrow-gage  track 
with  cars  and  dinkeys  for  hauling.  One  is  using  the  track 
and  cars  but  hauling  by  teams,  while  another  is  using 
tractors  with  wagon  trains.  Altogether  the  work  will 
furnish  some  interesting  studies  in  road  building  aiid 
methods  of  accomplishing  result-s  with  a  short  space  of 
time. 
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By  Wilson  Fitch  Smith* 


SYNOPSIS— Quarries  produced  900,000  cu.yd. 
stone;  two-thirds  for  concrete  aggregate.  Tiro 
types  of  drills  used;  spacing  and  depth  of  holes. 
Heavy  blasting.  Arrangement  of  crusher  plant 
and  cutting  yard. 

For  the  construction  of  the  Keusico  Dam  (see  Engi- 
neering Neivs,  Apr.  9  and  May  21,  1914,  and  May  20, 
1915)  about  900,000  cu.yd.  of  stone  for  masonry  was 
required  as  follows:  Concrete  aggregate,  635,000  cu.yd.: 
Cyclopean  stone,  235,000  cu.yd.;  roughly  squared  stone 
masonry,  8,000  cu.yd.;  dimension  stone  masonry,  22,000 
cu.yd. 

Although  the  land  acquired  for  the  reservoir  includcil 
several  possible  areas  that  would  yield  the  necessary  stone, 
the  most  favorable  site  for  a  quarrv'  was  a  ridge  of 
Yonkers  gneiss  adjacent  to  the  reservoir  lands,  about  % 
mi.  from  the  east  end  of  the  dam.  Being  at  a  .somewhat 
higher  elevation  than  the  top  of  the  dam,  it  afforded  an 
advantageous  railroad  location  on  about  2i/<)%  descend- 
ing grade  to  the  dam.  After  determining  the  nature  and 
extent  of  the  rock  by  core  borings,  the  contractor,  II. 
S.  Kerbaugh,  Inc.,  purchased  about  50  acres  on  the  ridge, 
constructed   a    two-track,    standard-gage,    stone-ballasted 


railroad  between  the  dam  and  the  quarry  and  developed 
the  site  on  a  large  scale.  Fig.  1  shows  the  quarry  area 
and  the  plant  layout.  A  small  valley  about  50  ft.  lower 
than  the  top  of  the  bridge  divides  it  near  the  middle 
of  the  area.  This  the  main  track  enters  and  the  quarry 
has  been  opened  to  the  general  level  of  this  track. 

The  rock  is  a  gneissoid  granite  of  grayish  color  having 
a  streaked  appearance.  The  upper  layers  are  somewhat 
discolored  and  vary  in  color;  the  lower  portions  are  more 
uniform  in  color  and  are  very  sound  and  clear.  Across 
tlie   grain    it    resembles   closely   the    Barre   granite.     It 


•Division  Engineer,  Board  of  Water-Supply.  Valhalla.  N.  Y. 


FIG.   1.     PL.\N  OF  QU.A.RRIES  FOR  KENSICO  DAM 
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FIGS.  2  AND  3.     (LEFT)    PLUOOI'.I'    1>I:II,1.    H^'LICS  DISTRIBUTED  OVER  THE  UNCOVERED   YCJ.NKERS  GNEISS 
LEDGES,   iil:ll.l,S  IN   INSTANCE.      (RIGHT)  AFTER  THE  BLAST 


)lishes  well,  and  where  accessory  minerals  occur,  it 
;  -esents  a  varigated  appearance. 
As  concrete  aggregate  and  cyclopcan  stone  were  tlic 
■■st  products  needed,  the  development  began  with  these 
view.  North  Hill  was  stripped,  revealing  several 
res  of  glacial  worn  ledge  (Fig.  2).  A  through  cut 
IS  made  on  the  western  side  at  the  level  of  the  valley, 
lie  blasted  rock  (Fig.  3),  loaded  by  a  120-ton  Marion 
ovel  with  5-yd.  bucket  into  side-dump  cars  of  8-yd. 
pacity,  was  hauled  to  the  crusher  in  6-car  trains.  Si- 
lUtaneously  six  other  openings  were  made,  where  cyclo- 
an  stone  was  quarried  and  loaded  by  derricks  onto 
-yd.  flat-cars.     During  the  first  season    (l!)l:i)    about 


230,000   cu.yd.   of   crushed   stone   and    :3,000    cu.yd.   of 
I  yclopean  stone  were  produced. 

Tlie  succeeding  winter  was  spent  in  developing  the 
quarry  for  the  following  working  season.  Tire  east  side 
of  North  Hill  and  the  west  side  of  South  Hill  were  drilled 
and  blasted  for  crusher  stone,  providing  work  for  two 
steam  shovels.  The  cut  on  the  west  side  of  North  Hill 
was  developed  for  cyclopean  stone  and  equipped  with  10 
derricks  and  Southeast  Hill  was  opened  for  the  dimen- 
sion-stone quarry.  A  very  good  quality  of  rock  in  thick 
sheets  was  found  here  at  a  depth  of  30  ft.  below  the 
general  surface.  In  1914  340,000  cu.yd.  of  crushed 
stone  and   120,000   cu.yil.  of  cyclopean  stone  were  ])r()- 


KIG.    I.     gl  AKRY    L\  SOUTHEA.ST   HILL   WHiOIilO  THE   S.a2-FT.    PIECES  WERE  OUTALVED 
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iluced.  During  this  year  active  work  on  the  dimension 
stone  was  begun' and  9,000  cu.yd.  was  cut  and  dressed.  :. 
During  the' past  season  the  principal  iproduet  was 'for 
dimension  stone.  The  west  face  of  North  Hill  was  worketl 
for  the  smaller  sizes.  Southeast  Hill  was  quarried  for 
the  larger  stock  and  at  a  depth  of  50  ft.  Some  remark- 
;iblv  thick,  clear  and  uniform  sheets  were  developed,  ])ro- 

'4^ 


FIG.  5.  CROSS-SECTION  AND  PLAN  OF  LARGE  TEMPORARY  CRU.SHINO  PLANT 

viding  stock  for  the  largest  stones  rcHpiired,  which  were 
8x12  ftr  (Figs.  4  and  6).  The  by])roduct  from  these 
two  quarries  provided  all  of  the  cruslicd  stona  ami  cyclo- 
pefln  stone. required.  From'  the  beginning  the  quarry  lias 
been  operated  so  as 'to;  utilize  the  entire  product,  and 
there  has  been  practically  wio-jyaste. 
f  Two  distinct  types  of  'drills  were  used  for  drilling  the 
(iefep-holes -for-large -blasts-in-the  quaV-ries-  for  ■  crusher, 
ptones — the    Temple-IngersoU    electric .  air    wagon    drill 


(type  .3-F),  and  the  Star  drilling  machine  of  the  oil- 
well  ty]:)e,  using  a  bit  41/^  in.  in  diameter.  The  Teniple- 
Ingersoll  drills  were  eifective  only  to  a  depth  of  48  ft., 
and  avera,L'ed  30  ft.  a  day.  The  well  drills  were  eifec- 
tive to  any  depth  and  averaged  about  7  ft.  a  day. 

As  a  result  of  two  years'  experience,  it  was  found  tliat 
for  the  crusher  stone  the  most  economical  spacing  of 
the  holes  was  15  ft.  c.  to  c.  up  to  45-ft. 
depth.  Deeper  holes  were  spaced  20  ft. 
Where  it  was  desired  to  obtain  some 
Cyclopean  stone  in  the  large  blasts, -the 
well  drills  gave  the  better  results.  With 
these  the  most  economical  spacing  off 
holes  was  25  ft.  in  lines  50  ft.  apart,  par- 
allel with  the  axis  of  the  cut.  This 
spacing  averaged  46  cu.yd.  of  rock  per 
foot  of  depth.  Both  types  of  holes  were 
heavily  sprung.  This  operation  was 
more  easily  accomplished  in  the  larger 
holes  of  the  well  drills,  and  this  consid- 
erable advantage  tends  to  the  favoring 
of  the  well  drill  for  this  class  of  work. 
For  the  regular  quarry  work  the  Type 
5-F  Temple-Ingersoll  electric  air  tri- 
pod drill  was  used  for  holes  up  to  25-ft. 
depth.  The  equipment  consisted  of 
four  electric  carriage  drills,  four  well 
drills  and  nine  tripod  drills.  Electric 
current  was  furnished  from  the  trans- 
former house  at  the  dam  at  2,000  volts 
and  stepped  down  to  250  volts  at  the 
quarry.  In  the  crusher-stone  quarries 
it  was  desired  to  break  up  the  stone  to 
a  size  convenient  for  the  steam  shovel? 
to  handle.  The  first  year  three  large 
blasts  were  fired  in  North  Hill,  the 
charges  and  spacing  of  holes  varying 
somewhat  in  order  to  determine  which 
would  give  the  best  results.  The  hole.« 
were  all  drilled  by  the  Ingersoll-Raud 
drills  and  were  from  15  ft.  to  40  ft. 
deep.  The  quantities  are  as  shown 
in  the  table  below.  The  average 
charge  of  dynamite  per  cubic  yard  of 
rock  loosened  for  all  three  blasts  wa,« 
0.15  lb.  for  springing  and  0.52  lb.  for 
blasting.  In  the  second  season  the  well 
drills  were  used.  The  average  depth  of 
hole  was  40  ft.,  and  on  the  adopted 
spacing  of  25x50  ft.  each  hole  rep- 
reseiited  about  1,840  cu.yd.  of  rock. 
The  normal  charge  of  0.6  lb.  dyna- 
mite per  cu.yd.  required  about  1,100 
lb.  in  each  hole.  It  was  therefore  nece.«- 
^ary  to  sjiring,  or  chamber,  the  hole>' 
at  the  bottom  to  a  size  that  would  re- 
( ci\e  the  charge.  In  the  deep  holes  this  meant  a  chamber 
.5  ft.  in  diameter,  and  to  obtain  this  each  liole  had  to  be 
sprung  a  number  of  times.  In  some  instances  as  much  as 
750  lb.  of  dynamite  was  used  to  obtain  the  required 
chamber. 


2.028 
2,-4Tfi 
8,000 


Cu.Yd.    Lb.  nynamiti 

Loosened      Springing 

r,2,670  fi.0.50 
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120,000  22,000 
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Tlic  crusher  was  located  on  the  steep  westerly  slope  of 
outh  Hill,  with  the  tloor  45  ft.  above  the  track  level 
ider  the  bins.  It  consisted  of  a  primary  60x84-in. 
w  crusher  of  the  Blake  type.  The  product  passed  to 
e  secondary  crusher  of  the  same  type,  30x72-in.  This 
duced  the  stone  to  about  a  4-in.  size.  The  product 
IS  raised  in  a  3G-in.  bucket  elevator  and  delivered  to  a 
:12-ft.  revolving  screen  having  5-in.  holes.  The  stone 
issing  this  screen  fell  to  the  foot  of  a  second  bucket 
!vator.  The  rejections  went  to  a  Xo.  8  iicCuUy  gyra- 
rv  crusher  and  to  the  second  elevator.  This  took  the 
mbined  product  and  lifted  it  80  ft.  to  a  revolving 
reen  7  ft.  in  diameter  by  30  ft.  lon_u-,  equipped  with 
st  jacket  and  3-in.  holes.  The  material  passing  this 
•een  was  delivered  to  the  storage  bins  by  belt  con- 
vors,  the  rejections  falling  to  a  jifiir  of  60x30-in.  crush- 
:  r  rolls  and  returning  to  the  main  bucket  elevator.  All 
I  the  parts  are  operated  by  electricity,  there  being  seven 
1  its  with  a  combined  horsepower  of  1,115  (Fig.  5). 
The  bins,  with  a  capacity  of  8,000  cu.yd.,  are  of  framed 
I  iber  fireproofed  on  the  outside  with  cement  stucco  (on 
're  lath)    applied   with   a    cement   gun.      The   crusher 


•"■IG.  6.    ROOFED-OVER  PORTION  OF  CUTTING  YARD 

b  se  is  partly  steel  frame  covered  with  corrugated  iron. 
1  '.  stone  cars  dump  directly  into  the  ho]i])er  of  the 
p  nary  crusher.  The  average  output  of  cru.shed  stone 
»  140  cu.yd.  per  hr.,  with  a  maxinnun  of  200  cu.yd. 
I  "ing  the  season  of  1914  the  crusher  was  operated 
t"  shifts  per  day  in  order  to  maintain  the  supply  to 
tl  dam. 

Stone-Cutting  Yahd 

'lie  exposed  downstream  surface  of  Kensico  Dam  is 
fi  d  with  stone  masonry  (see  Enfjineerituj  News,  Sept. 
2,  915).  The  design  emphasizes  the  magnitude  of  the 
9i  cture  by  the  use  of  large  stones  and  rough  cutting, 
w  le  the  architectural  details  of  pavilions,  fountains, 
et  require  dimension  stones  of  elaborate  shape  and  fine 
ci  ing.  To  prepare  the  22,000  cu.yd.  of  dimension 
»tie  of  all  classes,  a  cutting  yard  was  estal)lislied  at 
tl  nortii  end  of  the  quarry.  Tills  is  GO  ft.  wide  by 
<j'  ft.  long,  and  is  covered  Ijy  a  25-ton  Shaw  electric 
b)ge  crane.  For  185  ft.  the  yard  is  roofed  over  (Fig. 
6„  About  75  stone  cutters  with  attendant  labor  have 
Wii  employed  for  two  years  in  dressing  the  required 
't  e.  Pneumatic  tools  are  used  to  tlie  extent  possible. 
T  equipment  includes  nine  r)l(iliani  surfacing  machines 
W  50  plug  drills. 


Tlh©  Msisssiclhi'aasstltis  ILaeim 
siS  lR.©^ase(fi 

The  agitation  to  obtain  modification  of  the  lien  laws  of 
Massachusetts  at  length  resulted  in  a  new  law  being 
passed,  in  191."i.  which  became  effective  on  Jan.  1,  l!n<i. 
The  old  law  provided  that  no  liens  should  attacli  for 
materials  "unless  the  person  furnishing  them,  before  so 
doing,  gives  notice  in  writing  to  the  owner  of  the  jwoperty 
to  be  affected  l)y  the  lien  (if  such  owner  is  not  the  pur- 
chaser of  such  materials),  that  he  intends  to  claim  such 
lien."  The  new  law  does  away  with  the  requirement  of 
notice  to  the  owner  and  contains  three  provisions  described 
liy  the  Master  Builders'  Association  of  Boston,  as  follows: 

1.  That  any  person  who  enters  into  a  written  contract 
with  the  owner  of  land,  for  the  whole  or  any  part  of  tlie 
erection,  alteration,  repair  or  removal  of  a  building  or  struc- 
ture upon  land,  or  for  furnishing  material  therefor,  shall 
have  a  lien  upon  said  building  or  structure,  and  upon  the 
interest  of  the  owner  in  said  lot  of  land  as  appears  of  record 
at  the  date  when  notice  of  said  contract  is  filed  or  recorded 
in  the  registry  of  deeds  for  the  county  or  district  ■wherein 
such  land  lies,  to  secure  payment  for  all  labor  and  materials 
which  shall  thereafter  be  furnished  by  virtue  of  said  con- 
tract. 

2.  That  any  person  who  shall,  subsequent  to  the  date  of 
filing-  or  recording  notice  of  a  contract  as  above  described.' 
furnish  labor  or  materials  for  the  property  involved  under  a 
contract  with  a  contractor,  or  with  any  subcontractor  of  a 
contractor,  shall  be  entitled  to  a  lien  upon  the  premises  de- 
scribed for  any  labor  performed  or  labor  or  materials  fur- 
nished subsequent  to  the  filing  or  recording  of  said  notice  and 
prior  to  termination   of  contract  as  stated   in  notice. 

3.  The  notices  of  the  existence  of  such  contracts  with  an 
owner  may  be  filed  or  recorded  by  any  person  entitled  to  a 
Hen  under  the  Act. 

The  right  of  lien  of  a  personal  laborer  remains  as  under 
the  old  statute,  save  that  his  right  is  limited  as  to  e.xtent  of 
his  lien,  by  the  proviso  that  it  shall  not  hold  for  more  than 
IS  days'  work  actually  performed  during  the  40  days  prior 
to  the  filing  of  his  statement  of  claim. 

The  Association  appears  to  feel  that  the  law  as  amended 
should  satisfy  ail  parties  concerned,  claiming  that  the  con- 
tractor is  given  right  of  lien,  which  he  never  had  before, 
dependent  only  upon  the  filing  at  the  Eegistry  of  Deeds 
of  a  simple  form  of  notice  of  the  fact  of  his  contract.  The 
subcontractor  and  the  supply  man  have  the  right  of  lien 
dependent  only  upon  filing  notice  of  the  existence  of  the 
general  contractor's  contract  with  the  owner.  The  loaner 
of  money  on  security  which  real  estate  furnishes  has  the 
record  to  guide  and  protect  him,  while  the  owner  has  defi- 
nite and  certain  I'ules  to  ffovcni  liim. 


A  Motor  Kiinil  Train  equipped  with  the  Thomas  trans- 
mission system,  a  combined  electrical  and  mechanical  system 
of  speed-varying  power  transmission,  has  been  built  by  Arm- 
strong. Whitworth  &  Co..  and  is  now  in  operation  in  York- 
shire, England,  according  to  the  "London  Times."  The  train 
consists  of  a  tractor  and  two  trailers.  The  total  dead  weight 
is  about  14  tons.  The  tractor  carries  a  75-hp,  gasoline  en- 
gine which  drives  an  electric  generator,  and  also  drives  me- 
chanically the  driving  axle  of  the  tractor.  In  starting,  most 
of  the  power  of  the  engine  is  converted  into  electricity  and 
drives  motors  on  the  two  trailers.  After  the  train  is  once 
started,  so  long  as  the  adhesion  of  the  tractor  is  sufficient  to 
haul  the  trailers,  the  entire  power  is  transmitted  mechan- 
ically to  the  tractor  axle  so  that  there  Is  no  loss  In  electrical 
transmission.  The  various  steps  in  the  mechanical  and  elec- 
trical transmission  give  ten  Intermediate  speeds.  The  steer- 
ing of  the  trailers  Is  automatic  so  that  they  follow  in  the 
track  made  by  the  tractor.  The  brakes  on  the  trailers  are 
operated  electrically  by  the  driver  of  the  tractor.  The  train 
is  capable  of  carrying  a  load  of  20  tons  which  mqy  be  In- 
creased to  3C  tons.  The  ordinary  speed  Is  12  ml.  an  hour.  It 
is  claimed  that  75  to  SO  ton-mllea  can  be  obtained  from  a 
gallon  of  gasoline.  Plans  have  been  made  for  a  (Ive-vehlclo 
train  capable  of  carrying  a  maximum  load  of  60  tons.  The 
equipment  la  controlled  by  the  Thomas  Transmission  Co.  of 
14   Leonard   Place,    Kensington.    London. 
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^ftlimg'  a  Railway  T^iminK 
MimiEinie  Mettlhodls 
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SYNOPSIS — .1  railway  tunnel  settled,  dropping 
portions  of  the  brick  lining  on  the  tracks.  To  keep 
traffic  moving,  it  was  decided  to  reinforce  the  lining 
from  the  outside.  Workitig  headings  were  driven 
on  each  side  of  the  tunnel  and  material  over  arch 
excavated  for  from  7  to  10  ft.  in  height.  Concrete 
was  blown  into  this  space,  forming  a  thick  jacket 
about  the  arrh.  The  vrtrkiuq  <h-ift.<  irrrr  fhrn 
blown  full  of  r,',lirrrfr. 

A  remarkable  piece  of  tunnel  reinforcing  is  nearly  com- 
plete on  the  Pennsylvania  IM!.  main  line  at  Greensburg, 
Penn.,  some  30  mi.  east  of  Pittsburgh.  For  a  number  of 
years  constant  trouble  has  been  experienced  with  the  brick 
lining  of  portions  of  the  Kadebaugh  tunnel.  Parts  of  the 
lining  became  misplaced  and  fell  on  the  tracks  from  time 
to  time,  but  it  finally  developed  that  at  least  8.">0  ft.  of  the 
tunnel — which  is  about  2,050  ft.  long — must  be  rebuilt 
or  else  the  tunnel  should  be  abandoned  and  an  open  cut 
made  in  its  place.  The  cover  over  the  tunnel  is  150  ft. 
in  maximum  thickness.  The  cause  of  the  trouble  is  that 
there  is  a  vein  of  coal  in  the  hill  which  the  tunnel  pene- 
trates, and  for  800  ft.  or  more  the  tunnel  lining  is  sup- 
ported on  this  vein.  This  soft  coal  gradually  crumbled 
under  the  weight  imposed  and  the  tunnel  settled. 

After  studying  various  plans  of  remedying  the  difficulty, 
it  was  decided  to  inclose  the  brick  lining  of  the  tunnel, 
where  settlement  had  occurred,  with  a  concrete  jacket 
placed  from  outside  the  brick  arch.  This  work  is  neces- 
sarily expensive.  It  is  being  done  by  the  John  A.  Kelly 
Co.,  of  Philadelphia,  by  force  account.  In  spite  of  the 
novel  nature  of  the  work,  there  have  been  no  accidents 
due  to  falls  of  brick  during  the  10  months  of  construction, 
pnd  traffic  has  continued  without  interruption. 

Working  Heading  Drivex  ox  Each  Side  of  Tixxel 

Excavation  at  tlie  east  end  commenced  in  Se|)tember, 
1915.  Headings  were  driven  along  the  outside  of  the  lin- 
ing parallel  to  the  tunnel  and  10  ft.  above  top  of  rail. 
These  drifts  were  6x6  ft.  inside  the  timbering.  They 
advanced  3  ft.  per  shift,  there  being  two  shifts  per  day  on 
each  heading. 

Some  time  previous  to  the  contract,  railway  forces,  in 
order  to  repair  one  of  the  breaks,  sank  a  shaft  at  a  point 
850  ft.  from  the  east  portal  and  placed  a  concrete  slab  over 
the  break  and  filled  up  the  shaft.  The  contractor  dug 
out  and  retimbered  the  shaft  and  used  it  as  a  means  of 
access  to  the  west  end  of  the  working  drift.  The  head- 
ings started  eastward  from  this  shaft  on  Oct.  1,  meeting 
at  Sta.  4  -|-  50  in  January,  1916. 

The  timbering  of  these  drifts  was  never  more  than  6  ft. 
behind  the  face  and  consisted  of  12xl2'.s  placed  on  3-ft. 
centers.  In  January  general  excavation  was  started  in 
both  the  north  and  south  drifts  making  crossover  galleries 
over  the  tunnel  arch  at  seven  points,  the  first  being  Sta. 
3  +  45  (see  Fig.  2).  The  muck  was  thrown  down 
from  the  arch  into  the  drifts,  picked  \1]^  by  Tuuckers, 
loaded  into  4-yd.  cars  and  hauled  out  by  dinkey  on  a  3-ft. 


Timbering  of  the  arch  followed  the  excavation.  Thi 
timbers  were  sawed  by  carpenters  in  the  daytime  and  wei\' 
erected  in  the  daytime,  3  ft.  each  day,  by  the  timber  force. 
There  were  nine  segments  to  the  set,  and  every  tenth  ring 
of  segments  (at  every  30  ft.)  was  omitted  to  make  room 
for  the  blower  pipe,  all  concrete  being  placed  by  the  pneu- 
matic system. 

PXEUMATIC  COXCRETIXG  PlANT 

Tlie  concreting  plant  was  laid  out  as  simply  as  pos- 
sible and  was  located  about  200  ft.  west  of  the  portal.  The 
sand  and  gravel  bins  were  built  over  the  feeding  hopper 
above  the  blower,  from  which  an  8-in.  steel  pipe  ran 
tlirough  the  north  drift  to  the  shaft.  Thus  the  maximum 
distance  of  blow  exceeded  1,000  ft. 

There  were  two  inclines  in  the  piping,  a  16-ft.  rise  tc 
the  drift  and  a  10-ft.  rir;e  to  the  top  of  the  arch.    The 

grade  of  the  drift? 
which  was  0.4%  (bu 
ing  the  same  as  tli' 
grade  of  the  tunnel  i 
produced  another  ain 
continuous  rise  in  th. 
piping.  These  rise* 
or  inclines,  are  gm\ 
great  credit  by  tin 
contractor  for  tin 
fact  that  the  batcile^ 
were  discharged  with- 
out separation  or  dis 
tribution  along  tht 
pipe  run.  The  rati 
of  placing  concrett 
varied  according  tt 
the  length  of  thi 
piping.  When  thi 
work  went  on  at  it- 
best  speed,  a  ^-yd 
batch  was  placed 
every  IVi  niin.  In 
the  longer  runs  •! 
min.  per  batch  was 
required.  The  batcli 
must  l)e  out  of  the  pipe  line  before  another  can  be  ad- 
mitted. 

The  compressor  station  has  a  capacity  of  2,700  cu.ft 
of  free  air  per  minute.  Tliere  is  plenty  of  air  for  blowin!; 
the  concrete,  for  drilling  the  rock  and  for  any  other  woik 
requiring  air  power.  This  sufficiency  of  air  is  a  vita!  point 
in  the  smooth  progress  of  tlie  work.  Sand  and  gravel  used 
in  the  concrete  were  brought  by  rail,  as  was  also  the  cement, 
which  was  stored  in  a  shed  near  the  concreting  plant. 

The  concreting  proceeded  in  sections  30  ft.  long  betwwn 
bulkheads.  The  8-in.  pipe  was  carried  up  to  the  center  ui 
the  arch,  and  the  concrete  flowed  out  and  ran  down  on 
either  side.  This  scheme  was  carried  out  wherever  feasi- 
ble, in  order  to  maintain  an  approximately  equal  pressun 
on  both  sides  of  the  arch.  .\t  some  points  a  flexil>le  metiil 
hose  was  used  to  distribute  the  concrete  over  the  arch.  Tlii' 
cnncrete  flowed  down  to  the  side  forms,  fdling  these  a"" 
tlicu  runiiinL'  "ver  tlic  roof  of  the  drift,  down  the  ottirr 


:.     1.        HOW     THE     WORKING 
DRIF'TS  AND  JUMPOVERS 
WERE  CO.NCRETED 


August  10.  1916 
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de  of  the  Wdik- 
g  drift  iuul 
ider  the  floor 
the  drift,  un- 
1  the  latter 
IS  entirely  in- 
3sed  in  eon- 
ete  and  formed 
erely  an  open- 
•T  in  the  mono- 
t  h  i  e  jacket, 
hen  concreting 
IS  first  started. 
e  floors  of  the 
irking  drifts 
re  concreted 
-  200  ft.  on 
th  sides.  All 
e  timbering 
s  left  in, 
;  iise.  The  av- 
( ige  thickness 
(  the  jacket 
■  -ies  from  5  to 
ft.  above  the 
i  h,  with  a  max- 
ium  of  10  ft. 
'  e  arch  con- 
i  ting  was  ncar- 
1  complete  by 
;  y  1.  It  was 
t  n  time  to  be- 
t  to  fill  the 
\  rking  drifts, 
i  1  this  work 
V  ;  carried  on 
a  ihown  in  Fig. 
]  First,  the  ex- 
t  3  m  e  western 
f  t  of  the  north 
c  ft  was  filled, 
t  e  concreting 
p  e  being  with- 
d  \ra  in  an 
e  :erly  direction 
d  ing  this  op- 
e  tion.  As  indi- 
c  ;d  by  the  ar- 
r  w  8 ,  at  the 
j  ipover,  which 
»  a  space  left 
b  .veen  the  bulk- 
fa  (Is  over  the 
a  1  to  allow  for 
p  ing  the  blow- 
e.  )ipe,  this  pipe 
w  carried  over 
U  le  south  head- 
ii ,  which  was 
w  reted  in  an 
«erly  direction 
tt  il  the  jump- 
o*  ■  wag  reaclieil. 
T '  concreting 
P  ?    was    then 
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carried  to  a  point  half  w-ay  between  that  bulkliead  and 
the  one  just  east  of  it.  The  pipe  was  withdrawn  in  a 
westerly  dii-ection,  the  drift  being  filled  with  foncrete 
in  this  manner.  Wlien  the  concreting  had  reached 
the  junipover,  the  pipe  was  drawn  through  and  the 
concreting  continued.  In  the  north  heading  the  pipe  was 
withdrawn  in  an  easterly  direction  until  the  next  Jump- 
over  was  reached,  when  the  pipe  was  carried  across  to  the 
south  heading  and  concreting  started  at  the  point  where 
the  last  concrete  in  this  heading  had  been  placed,  the  pipe 
being  withdrawn  in  an  easterly  direction  until  the  bulk- 
head was  reached  and  then  being  carried  to  the  halfway 
point  between  bulkheads  and  withdra-mi  in  a  westerly  di- 
rection until  the  Jumpover  was  reached,  when  it  was  once 
more  carried  througli  to  the  north  heading.  Tliis  pro- 
cedure was  maintained  until  the  two  working  drifts  were 
filled  with  concrete,  ileanwhile  the  shaft  at  the  west  end 
of  the  drifts  was  filled  up. 


By  FKi:Dj;inc  E.  Honey* 

The  catenary,  whicli  is  the  curve  assumed  by  a  perfectly 
flexible  rope  or  chain  whose  extremities  are  fastened  at  the 
points  a  and  6,  the  weiglit  of  a  unit  length  being  constant, 
is  represented  at  aob  in  Fig.  1.  Since  plotting  and  recti- 
fying the  curve  involve  a  great  deal  of  numerical  work,  it 
is  desirable  to  devise  a  means  by  which  its  length  may  be 
measured  without  reference  to  its  equation.    If  plotted  on 


a  large  scale  the  drawing  may  thereafter  be  used  for  any 
catenary  the  proportions  of  which  are  assigned,  and  its 
length  may  be  determined  by  the  application  of  approxi- 
mate measurements  winch  give  a  result  suitable  for  all 
practical  purposes. 

When  the  origin  is  taken  at  tiie  lowest  point  o  ilio  equa- 


In  this 


tion  of  the  catenary  is  ?/  =  -\e^  -{-  e   c)  - 

equation  any  value  may  be  assigned  to  the  constant  c,  and 
e  is  the  base  of  the  hyperbolic  system  of  logarithms 
(=    2.7183).      The   logarithm   of    this   base   is   0.4343. 

Making  c  =  4  the  equation  becomes  y  =  2\ei+  e~i_)  —  4. 
For  X  =  0,  y  =  2  (e»  +  e-^)  —  4  =  0.  The  values 
of  the  ordinates  for  the  corresponding  abscissas  are  given 
in  the  table,  which  may  l)e  extended  indefinitely.  Fig.  1 
is  a  plot  of  the  curve,  in  which  tlic  unit  0  —  1  =  1  ■ —  2, 
etc.,  may  Ijc  assumed  of  atiy  convenient  length. 

•Trinity  College,  Hartford.  Conn. 


If  it  be  required  to  plot  a  catenary  whose  lowest  point 
is  0  (Fig.  2),  which  shall  pass  through  any  assigned  point 
h"  whose  abscissa  is  oc  and  ordinate  cb",  join  ob"  inter- 
secting the  curve  which  is  a  reproduction  in  part  of  Fig.  1, 
at  b'.  The  part  of  the  catenary  between  the  points  o  and  b' 
is  similar  to  the  required  curve  ob",  which  is  a  magnifica- 
tion of  ob'  in  the  proportion  ab"  :  a'b'.  The  length  of  the 
new  unit  on  ab"  is  determined  by  producing  the  lines 
dravni  from  o  through  the  points  1,  2,  3,  etc.,  on  a'b'  inter- 
secting ab"  in  the  corresponding  abscissas  for  the  enlarged 
curve. 

Fig.  2  illustrates  the  catenary  curve  when  the  extrem- 
ities are  fastened  at  different  levels  b  and  d.  So  far  as  it 
is  plotted  it  is  a  copy  of  the  original.  Fig.  1. 


To  Rkctify  the  Catenary 


Tlie  formula  for  rectification  i 


^~ie 


-Huv- 


gens'^  approximation  to  the  length  of  a  circular  arc  is 

illustrated  in  Fig.  3,  in  which  ac  is  the  chord  of  the  arc, 

and  ab   (^=  be)  the  chord  of  half  the  arc.     The  length 

-    ,            .    Sal  —  ac 
ot  the  arc  is  ^ .     ilie  error — winch  may  easily  be 

discovered  by  trigonometry — when  the  radius  of  the  are 
which  subtends  an  angle  of  30°  is  100,000  ft,  is  only 
about  2  in. — a  negligible  quantity  in  a  measurement  of 
about  10  mi.  The  length  of  an  arc  of  a  circle  through 
the  points  o,  f  and  c  is  practically  equal  to  the  part  of  the 
curve  between  the  points  o  and  c.  Similarly  the  parts 
cd,  de  and  eb  may  be  measured ;  and  the  total  length  of 
the  curve  ocdeb  will  be  equal  to 

8(q/'  +  cff  +  dh  +  el)  —  (oc  +  rd  -h  de  +  eb) 


X  =  1  y  =  0.14 
X  =  2  y  =  0.51 


A-ALUKS  OF  X  AND  y 
X  =  3  y  =  1.18     X  =  5  y  t=  .1.: 


X  =  7  y  =    7.85 
X  =  8  y  =  11.04 


Flo^yy  of  Wsil^es'  Iimtlo  Wellsj 


By  N.  Wekexskiolu* 

When  open  wells  are  sunk  to  a  horizontal  impervious 
stratum  and  pumped  to  their  maximum,  the  water  table 
will  be  lowered  to  depression  curves  with  very  steep  slopes, 
as  is  indicated  in  Fig.  1. 

Assume  that  tlie  original  water  table  is  horizontal,  that 
the  water-bearing  sand  is  uniform  and  tliat  the  original 
depth  of  the  groundwater  is  //.  Let  k  =  transmission 
constant  for  .«and ;  r  =  radius  of  well ;  R  =  radius  of 
depression  (influence)  circle;  d  =  depression  and  h  = 
depth  of  water  in  well  wlicn  operated;  x  and  y  =  coor- 
dinates of  any  point  of  the  depression  curve;  z  =  height 
above  impervious  stratum  of  any  particle  flowing  through 
vertical  section  y;  a  =  angle  with  horizontal  of  depression 
curve  at  point  (.r,  //)  ;  /3  =  angle  with  horizontal  of 
direction  of  flow  at  point  (x,  z)  ;  q  =  rate  of  flow  throuirh 
vertical  section  y  with  unit  width;  Q  =  rate  of  flow  into 


well ;  A  =  ^;  5  =  V  0.384  A^  =  0.62  .1. 

With  reference  to  point  (x,  z).  Fig.  1,  it  seems  reason- 

.  fa7i  ,? 

able  and  pcrnnssnjle  to  assume    , = 

'  I  an  a        y 

'See  "WUllamson's  Differential  Calculus,"  p.   67 
•Civil  Engineer,  Flateau  Building,  Dallas,  T«x. 
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(uently  the  small  amount  flowing  through  a  vertical  sec- 
;ion  dz  is 

drj  =  kdz  tan  a  cos'-  /? 
Integrating  by  the  formula 


A 


dx 


-tan~'^cx 


1  +  c^x 
i-e  get,  since  x  and  //  remain  constant, 

q  =  k  tan  a.    I     — 
J  o    X 


+ 


Uin  'iX- 


y 


=  ky<^ 


A 


"■hen  0  =  27rxkiia,  and  a  =    — . 

Within  a  maximum  error  of  2%  of  the  arc,  as  may  be 
eadily  checked  by  the  use  of  trigonometric  tables,  the 


FIG.    1.     DEPRESSION   CURVE   OF  A   WELL 
For  r  =   0.2H,  R  —   50H,  h  =.  0.265H,  and  d  -   O.TS'.II 

•lation  between  the  tangent  and  the  arc  of  an  angle  may 
i  expressed  by 

tan  a 


1  —  0.:384«2 

hus,   approximately,    the    differential    equation    of    the 
ipression  curve  becomes 

A 

dx 


tan  «  = 


ay 


& 


There  seems  no  way  in  which  to  integrate  this  directly; 
t  since  the  last  term  in  the  denominator,  and  with  it 
y  error  in  this  term,  may  be  neglected  with  increasing 
lues  of  X,  it  appears  permissible  to  substitute  (in  this 
■ra  only)  an  approximate  value  for  //,  such  that  y  =  h 

r  x  =  r.     The  hyperbola  y  =  II  — gives 

fficiently  accurate  results.     It  leads  to 

dy  _  A  1  A  (Hx  —  rd)  ^ 


dx      uy  ^  _  I 


y=A 


Where  rd  -f  B  and  rd  —  B  can  be  neglecteil  as  com- 
Ired  with  IIR,  this  equation  may  be  reduced  to 

y^  =  in  +4.(;.1%| 


Where  the  depression  and  slope  are  small,  say  a  less 
than  0.524,  cos  /3  in  the  foregoing  expression  for  dq  may 
be  assumed  equal  to  1,  so  that  dq  =  kdz  tan  a.     From 

this,  q  =  kii  tan  a,  Q  =  2nxkii    ,  ,  -r  =  --.  and  ir  = 
^  •"  '  ^  ■'  dx    dx       xy  ■' 

IP  -\-  4.G  .1  log  y„  as  l)efore.    On  this  assumption  is  based 

the  theory  which  has  been  used  for  more  than  30  years 
and  which  is  ably  treated  in  Turneaure  and  Russell's 
"Public  Water  Sup])lies"  and  in  other  works. 

The  relation  between  /(  and  A,  or  Q,  must  be  such  that : 


],-i  =  H-i  +  o_3j 


1  — 


bv^"Jr  + 


rd) 


1  + 


Jay 


rh 


Hh 


/'  + 


1 


luy 


rh_  +  B' 
IIR 


=  II-  +2.3.1.1/ 

By  first  inserting  an  approximate  value  for  B,  or  h,  in 
the  expression  for  J/  a  more  accurate  value  will  be 
obtained  by  solving  for  A,  or  7(.  By  substituting  the 
value  thus  found  in  M  a  still  more  accurate  value  will 
lie  found,  till  the  equation  is  satisfied.  The  first  approxi- 
mation may  be  obtained  from  the  more  approximate 
theory. 

By  assuming  r,  h  and  d  as  parts  of  //,  R  as  multiple  of 
//,  and  A  and  B  as  parts  of  II-,  a  general  and  useful 
diagram,  as  shown  in  Fig.  2,  may  be  prepared  and  used  to 
compare  the  values  of  different  wells. 

While  the  transmission  constant  has  been  determined 
experimentally  under  certain  conditions,  it  depends  on 


FIG.  2.    DIAGRAM  FOR  COMPUTING  THE  RELATIVE  FLOW 
INTO    OPEN    WELLS 

SO  many  factors  that  in  practice  it  is  merely  a  matter  of 
judgment  or  assumption.  Therefore  a  test  well  seems  the 
only  safe  guide.  If  for  //  =  17  ft.  and  R  =  850  ft.,  a 
12-"in.  test  well  with  h  =  11.5  ft.  and  A  =  9.225  gives 
Q  =  43,500  cu.ft.  per  day,  then  a  10-ft.  well  with  h  = 
3.4  ft.  and  .4  =  25.85  can  be  expected  to  yield  121,500 
cu.ft.  per  day ;  k  =  750. 

No  material  increase  in  yield  can  be  expected  by  lower- 
ing the  level  below  the  h  shown  on  the  diagrams.     The 
ell'cct  of  A'  should  be  tested. 
s& 

A  I'nth  lo  Sncccdd  In  KnKlnpprInK — ThP  enRlnepr  who  Is 
neat  and  Insists  upon  nc.Ttness  from  his  subordinates  In  all 
work,  whether  In  the  olUce  or  field,  will  receive  recognition 
from  his  superiors,  favorable  comment  from  the  public,  and 
will,  whether  he  realizes  It  or  not.  have  applied  simple  bus- 
iness principles,  resulting  In  economical  administration,  which 
win  stand  out  prominently  In  the  larger  projects  he  under- 
takes.— D.  E.  Henr.v.  Acting  Chief  Constructing  Engineer, 
Bureau  of  Public  Works,  Philippine  Islands. 
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Vol.  76,  No.  6 


for  EsiffipSo^^fiimeiffitl 

By  C.  a.  Boi  k* 

The  advice  containccl  in  an  article  entitled  "Tlie  Ap- 
plicant's Difficulty,"  in  Engineering  Netus  of  June  S, 
by  E.  Fleming,  deserves  the  careful  attention  of  engi- 
neering graduates.  The  flood  of  applications  from  tech- 
nical graduates  following  the  June  commencements 
tempts  one  to  recommend  that  our  colleges  and  \iiii- 
versities  prescribe  a  course  of  instruction  in  writing 
applications. 

Application  for  an  engineering  position  is  cnnimonly 
made  by  letter.  As  the  prospective  employer  has  no 
knowledge  of  the  existence  or  qualifications  of  the  ap- 
plicant, except  what  is  set  forth  on  tliat  particular  sheet 
of  paper,  the  applicant's  future  and  his  ultimate  success 
depend  largely  upon  the  reaction  produced  by  that  letter. 
If  the  job  is  worth  having,  it  must  surely  be  worth  the 
necessary  time  and  effort  to  write  a  consistent  application 
for  it.  Considering  the  v  ital  importance  of  such  applica- 
tion to  lioth  employer  and  applicant,  it  is  surprising  to 
find  that  the  majority  of  such  letters  are  carelessly  writ- 
ten, poorly  composed  and  are  not  prepared  for  liy  an- 
alysis of  the  factors  involved. 

During  the  past  two  years  the  j\Iorgaii  Engineering 
companies  have  received  and  examined  over  3,000  appli- 
cations coming  from  engineers  and  technical  graduates 
in  all  parts  of  the  United  States.  A  careful  reading  of 
these  letters  and  a  comparison  as  to  their  form,  diction, 
spelling,  punctuation,  general  arrangement,  clearness  and 
other  qualities  bring  out  some  interesting  information. 

In  the  applications  from  college  graduates  common 
faults  are  poor  spelling-,  careless  handwriting,  lack  of 
definiteness,  poor  composition  and  a  generally  slovenly 
appearance.  While  it  is  not  to  be  expected  that  a  young 
and  inexperienced  man  will  turn  out  a  faultless  com- 
position, it  is  assumed  that  if  he  has  potential  ability 
he  will  not  exhibit  gross  carelessness  in  a  letter  of  this 
kind.  The  habit  of  error  and  carelessness  is  particularly 
disqualifying  for  engineering  work  and  will  not  be  tol- 
erated by  competent  engineers. 

The  ap]ilicant's  greatest  difficulty  ])robMbly  arises  frdiu 
his  inability  to  appreciate  the  emjjloyer's  point  of  view. 
He  should  remendjcr  that  all  the  employer  has  to  judge 
from  is  just  what  he  sees  in  the  letter.  If  he  sees  poor 
writing,  spelling  aiul  diction,  lack  of  definit'j  informa- 
tion or  mea';er  information,  presented  in  a  disorderly 
manner,  it  is  but  reasoualde  to  expect  that  hi?  will  form 
an  indifferent  opinion  of  the  writer's  ability.  It  is  us- 
ually desired  that  the  first  letter  give  rail  iiifurniatioii 
as  to  the  applicant's  qualifications,  ^\'llilc  ol'tcii  a  num- 
ber of  letters  may  be  e>:clianged  before  the  man  is  en- 
gaged,   the    first   letter    makes    the   greatest    impression. 

The  applicant  must  ask  biinsclf  just  what  arc  the 
things  that  the  employer  woulil  want  to  know  about  the 
man  he  wishes  to  employ.  He  must  analyze  the  require- 
ments of  the  opening  he  wishes  to  fill  and  then  set  forth 
his  qualifications  logically,  in  the  order  of  their  impor- 
tance. This  docs  not  mean  that  qualifications  should  be 
manufactured  to  meet  the  requirements,  nor  tliat  he 
should  unduly  enlarge  upon  his  previous  experience.  Such 
expedients  generally  are  very  easily  detected  ami  re- 
flect little  credit  on  the  man  who  resorts  to  them. 


•Secretary,   Morg.an  EnBitieoriiiB-  Co.,   Dayton,  Ohi 


The  letter  should  be  concise  and  should  come  to  the 
essentials  without  prelude,  but  must  not  be  brief  to  the 
point  of  sacrificing  pertinent  information.  A  common 
mistake  is  that  of  devoting  a  long  paragraph  to  stating' 
that  "I  realize  that  a  large  number  of  applications  will 
doubtless  be  received  and  that  it  will  require  a  great 
'deal  of  your  time  to  read  through  them  all,  and  it  will 
[irobably  lie  very  difficult  to  decide,"  etc.  Simple,  direct 
statements,  neatly  written  in  well-balanced  sentences,  will 
nearly  always  make  a  favorable  impression,  and  much 
can  be  a(Toni])lished  by  logical  paragraphing. 

A  \ery  short  letter  is  not  likely  to  accomplish  much 
for  the  writi'r  unless  he  is  already  personally  known. 
Single-sentence  letters  or  brief  inquiries  asking  detailed 
information  concerning  the  vacancy  and  telling  nothing 
of  the  writer's  qualifications  at  once  give  the  impression 
that  be  would  be  more  interested  in  personal  advantages 
than  in  serving  his  employer  and  that  he  is  not  over- 
anxious to  secure  the  position.  An  illustration  of  this  is, 
"Eeplyiug  to  your  ad,  I  am  interested  in  learning  your 
needs  and  requirements.  Uj)on  receipt  of  same,  if  they 
impress  mc,  I  shall  further  communicate  with  you." 
This  was  received  in  reply  to  an  advertisement  for  an 
experienced  engineer  to  fill  a  responsible,  well-paid  posi- 
tion and  requesting  full  information  to  be  furnished  in 
the  first  letter. 

We  do  not  mean  to  suggest  that  engineers  should  make 
a  special  study  of  writing  applications  in  order  that,  by 
reason  of  their  proficiency  in  this  alone,  they  may  be 
able  to  secure  lucrative  positions.  Many  capable  and  de- 
serving men,  however,  do  not  realize  the  bearing  that  the 
writing  of  an  application  may  have  upon  their  prospects. 
ilen  of  indifferent  ability  frequently  secure  positions 
simply  through  a  favorable  presentation  of  their  sup 
fitness,  and  it  is  often  the  case,  especially  with  younger 
men,  that  the  one  who  makes  the  neatest  and  best  presen- 
tation of  his  qualifications  secures  the  position  ratlioi 
than  the  one  who  has  greater  ability,  but  lacks  the  facult\ 
of  presenting  his  qualifications. 

In  replying  to  an  advertisement  or  to  a  letter,  any 
requests  for  certain  items  of  information  should  be  fullv 
(■(implied  with.  A  point  illustrating  this  requirement. 
which  has  repeatedly  come  to  the  writer's  ob.servation. 
is  llie  i'act  that  draftsmen,  when  asked  for  a  small  sain- 
pie  dl'  ibeir  lettering,  seem  to  think  it  necessary  to  sub- 
tnit  several  large  bidky  drawings  even  though  these  ma} 
lia\e  h'W  lines  and  letters  on  them,  instead  of  submittiiif; 
a  smaller  sheet  that  woidd  easily  contain  a  fair  sample 
of  their  work.  They  often  aggravate  the  situation  In 
recjuesting  such  large  drawings  to  be  returned  to  thoin 
inuiiediatcly  or  by  sending  them  under  separate  cover. 
with  no  distinguishing  nuirks  to  iiulicate  their  souro'. 
!l  nianifestly  is  impossible  to  give  .«U(--h  applications  a 
matiii-c  and  careful  consideration. 

The  hiring  of  rnen  is  a  matter  of  first  importance  to 
the  employer,  as  well  as  one  of  considerable  difficulty. 
As  the  success  of  any  undertaking  depciuls  to  a  very  great 
extent  upon  the  efficiency,  both  individually  and  collec- 
tively, of  the  men  employed,  it  is  to  the  advantage  of  botli 
emjdoyer  and  employee  that  the  man  seeking  eiuploymcTit 
shall  not  underrate  his  ability  by  a  failure  properly  t" 
present  his  case. 

The  following  notes  are  taken  from  a  careful  exam- 
ination of  the  ajiplications  received  in  reply  to  an  a(f 
vertisement    in    Enginrrring    Ncirs    for    an    cxperienci 
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iio-ineer.  The  advertisement  requested  full  partieulars 
1  the  first  letter,  but  the  name  of  the  employer  did  not 
ppear. 

otal   applications    examined 209 

umber  stating  age   112 

umber  indicating  training  and  education 133 

umber  stating   years    of    experience 103 

umber  giving   any   references 77 

umber  giving  Indication  of  character  and  habits  40 

umber  stating   salary   desired 13 

umber  stating  whether  married  or  single 5S 

verage  age  of  112   applicants 35  yr. 

verage  experience  of  103  applicants 12ii  yr. 

verage  salary  desired.    13   applicants $280  per  mo. 

The  significant  fact  of  the  foregoing  summary  is  that, 
hile  each  of  the  applicants  presumably  had  some  hope  of 
curing  the  position,  over  50%  of  them  had  no  possible 
lance.  Their  letters  were  so  lacking  in  essentials  that 
ey  were  at  once  barred  from  consideration  by  this  in- 
fficiency. 


Cal 


The  Eeclamation  Board  of  California  has  just  issued  a 
port  covering  two  years  of  its  work  in  tlie  .supervision 
]  private  irrigation  developments  so  that  they  may  not 
terfere  witli  the  plans  for  flood  control  or  with  other 
>lamation  works  in  the  Sacramento  and  San  Joaquin 
illeys,  in  California.  California  has  already  taken  the 
tial  step  in  establishing  state  control  over  the  con- 
uction  of  dams  and  similar  structures  whose  building 
ly  affect  the  public  safety.  The  board  in  its  report 
ints  out,  however,  that  to  be  effective  the  law  should 
I   so  amended  that  the  state  can  exercise  a  thorough 

I  lervision,  not  only  of  the  dams  during  construction, 

I I  of  their  condition  after  completion.  The  President 
(  the  board  is  V.  S.  ^IcClatchy,  and  its  engineers  are 
I  ite  Engineer  W.  F.  McClure  and  Flood  Control  En- 
f  eer  E.  A.  Bailey.  The  recommendations  of  the  board 
)  arding  state  control  of  storage  reservoirs  are  as 
i  lows : 

storage  reservoirs,  whether  operated  in  the  interests  of 
f  d  control,  or  power,  or  irrigation,  or  municipal  supply,  are 
a  ource  of  grave  danger  to  the  people  and  property  below 
t  dams.  The  use  of  such  a  reservoir  creates  a  danger  which 
d  not  exist  prior  to  its  construction,  since  it  may  hold  back 
t  flood  and  normal  flow  of  its  entire  drainage  area  for  one 
e  ire  season  or  more.  If  the  dam  breaks,  the  flood  precipi- 
t  ;d  on  the  country  below  the  dam  in  a  few  hours  may  be 
t  ce,  ten  times,  twenty  times,  in  volume  that  which  would 
h  e  been  precipitated  in  the  absence  of  the  reservoir  by 
t  forces  of  nature,  and  that  much  in  excess  of  any  protective 
n  isures  adopted  or  possible  to  safeguard  life  and  property 
b  )w. 

The  public  safety  is  entirely  dependent  on  the  strength  of 
t  dam.  At  the  critical  moment  it  may  prove  insufficient 
b  luse  of  poor  planning,  or  poor  construction  or  defects 
w  ch  develop  after  construction.  Concrete  structures  are 
P  licularly  liable  to  develop  defects  (even  when  dishonest 
li  nt  ia  lacking)  because  of  poor  judgment,  poor  material, 
li  ifDcient  proportions,  improper  mixing  or  climatic  condl- 
t'  8.  L,ack  of  vigilance  may  permit  grave  defects  to  develop 
u  oticed,  and  it  may  be  even  possible  so  to  operate  a  reser- 
V  ■  a«  to  constitute  a  public  nuisance  if  not  a  serious  danger. 
t  would  seem  to  be  the  duty  of  the  state  to  exercise  such 
C' trol  of  the  planning,  construction,  maintenance  and  opera- 
tl  of  such  structures  that  they  may  not  offef  menace  to  lives 
•  property  below  them,  and  to  forbid  their  construction  or 
U  If  the  necessary  safeguards  cannot  be  applied.  The  State 
E  rlneerlng  Department,  under  existing  conditions,  would 
••  n  the  logical  department  in  which  to  repose  the  necessary 
«  lorlty.  The  legislature  of  191.'.  provided  that  plans  for 
•<  1  atructures  should  receive  approval  of  that  department, 
h  provided  no  penalty  for  failure  to  comply  with  the  law 
»:  gave  no  power  to  the  department  to  enfiirce  Its  ruling  as 
t(  dana,  and  no  authority  to  supervise  construction:  nor  did 
It  rovlde  for  future  Inspection  to  detect  the  development  of 
il«:ct»,  or   the   right   to   prevent   use   of   a   dam   If   It   seemed 


dangerous.  In  the  judgment  of  this  board,  the  law  should  con- 
fer powers  and  responsibilities  such  as  are  indicated  and 
should  impose  the  most  stringent  penalties,  not  in  the  way  of 
fine,  but  of  imprisonment,  on  those  who,  through  intent  or 
carelessness,  violate  or  evade  the  intent  of  the  provisions  sug- 
gested or  otherwise  seriously  endanger  the  safety  of  the  people 
and  property  below  the  reservoirs. 

Sftsitte  Miglk'wsiS''  WoB'M.  aia  FSoridlsi. 

The  law  providing  for  a  State  Highway  Department 
in  Florida  was  passed  more  than  a  year  ago,  but  it  is 
only  recently  that  a  working  organization  has  been 
created.  The  law  provided  for  a  commission  of  five 
members  appointed  by  the  governor — one  member  to 
represent  the  state-at-large,  and  one  member  each  from 
the  four  congressional  districts  of  the  state.  This  com- 
mission has  authority  to  appoint  and  fix  the  salary  of  a 
state  road  commis.sioner,  '"who  shall  be  a  competent  and 
efficient  road  builder  and  well  versed  in  the  building 
of  good  roads."  In  April  of  this  year  the  commission 
appointed  William  F.  Cocke  to  this  office. 

The  work  of  the  department  is  now  on  a  fairly  per- 
manent working  basis,  Mr.  Cocke  states,  although  it  has 
not  expanded  sufficiently  to  require  the  services  of  an 
assistant  commissioner,  for  whom  the  law  also  provides. 
This  work  of  the  Florida  State  Highway  Department 
differs  in  .some  details  from  that  of  similar  organizations. 
Aside  from  the  usual  functions  of  collecting  statistics 
and  furnishing  advice  it  does  more  than  other  similar 
state  highway  departments  whose  jurisdictions  do  not 
include  actual  .supervision  of  construction.  It  is  con- 
stituted as  a  kind  of  headquarters  inspection  bureau. 
The  following  Section  5  of  the  law  explains  these  duties: 

The  department  shall  as  often  as  practicable  have  the  road 
commissioner,  or  an  assistant,  visit  the  several  counties  ana 
inspect  the  road.s  therein  and  the  methods  of  road  construction 
and  repair  and  the  materials  used  in  building  and  repairing 
roads  by  the  county  commissioners  therein,  and  make  reports 
thereof  to  the  department.  .\11  their  records,  books,  contracts, 
machinery,  implements,  materials,  properties  and  premises 
under  the  control  or  jurisdiction  of  the  several  boards  of 
county  commissioners,  relating  to  or  used  in  the  construction 
or  repair  of  roads,  shall  at  all  times  be  subject  to  inspection 
by  the  State  Road  Department,  and  shall  be  submitted  by 
such  county  commissioner  for  inspection  to  the  state 
commissioner,  or  such  assistant  as  may  be  detailed  to 
make  such  inspection.  The  county  commissioners  of 
the  several  counties  in  the  state  shall  make  and  file  with  the 
department  quarterly  reports  of  and  a  detailed  statement  of 
all  moneys  expended  on  such  work.  Such  reports  and  state- 
ments shall  be  made  in  such  form  as  the  department  may  pre- 
scribe and  shall  be  filed  with  the  department  not  later  than 
10  days  after  the  last   day  of  the   quarter. 

In  all  cases  where  the  department  shall  learn  that  road 
repair  or  construction  work  is  being  improperly  or  extrav- 
agantly done,  or  improper  or  inferior  materials  are  being 
used  in  such  work,  In  any  county,  so  as  to  cause  a  loss  or 
waste  of  public  funds,  it  shall  be  the  duty  of  the  department 
to  notify  the  county  commissioners  of  the  same  and  point  out 
to  them  the  defects  discovered,  and  if,  after  such  notice  is 
given,  the  county  commissioners  continue  in  the  use  of  such 
improper  methods  or  materials,  the  matter  shall  be  reported 
to  the  governor  by  the  department. 

The  law  does  not  specify  whether  the  governor  shall 
reprimand  or  hang  the  offending  county  commissioners. 
But  d()ul)tless  he  could  give  them  a  good  deal  of  un- 
favorable publicity,  and  this  would  be  a  strong  factor 
in  promoting  better  work. 

OIHcUil  Innpcctlon  of  .\ll  DrIdKe  Stmclureii  owned  by 
railway  companies  within  the  limits  of  New  York  City  are  to 
be  made  by  competent  officials  or  employees  of  the  com- 
panies and  certified  reports  of  the  Inspection  report  arc  to  be 
filed  with  the  Public  Service  Commission  within  thirty  days 
after  the  end  of  each  calendar  year,  according  to  an  order 
just  prepared  by  the  Commission. 
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Of  the  $115,000,000  voted  in  May  by  the  citizens  of 
I  hiladelphia,    Penn.,    for    public    improvements,    about 
$19,000,000    is    to    go    toward    port    imnrovement,    the 
money  to  be  spent  in  new  wharves  and 
piers  recently  decided  upon  and  for  a 
large  terminal  railway  project  and  re- 
arrangement of  the  terminal  lines  at 
the    docks,    a    scheme    of    some   years' 
standing.    As  shown  in  the  accompany- 
ing  drawing,   the    Philadelphia    river- 
front   along    the    Delaware    River    is 
highly  developed  commercially.    Of  the 
great  number  of  piers,  however,  only  a 
few   are    under    municipal    owner.-;liip. 
The  new  appropriations  are  to  be  init 
into  municipally  owned  piers  under  the 
following  program  :  Ten  million  dollars 
is  to  be  used  for  the  construction  and 
improvement  of  wharves  and  docks,  in- 
cluding the  acquisition  of  land  and'  the 
construction  of  bulkheads.     The  items 
are  as  follows  (the  locations  of  various 
piers  noted  may  be  found  in  the  draw- 
ing) :   (1)   To    complete    the    McKean 
St.  pier  which  is  now  under  way,  $300,- 
000.     This  pier  will  be  250  ft.' wide  by 
900  ft.  long.    It  is  of  the  two-story  type 
with    pile    foundation    and    structural 
steel    and    reinforced-concrete     super- 
structure.    (2)    For  the  purchase  of  a 
site  and  the  construction  of  a  one-story 
pier  about  80  ft.  wide  and  530  ft.  long 
near  Cherry  St.  in  the  center  of  the 
city,  for  small  river  traffic,  $750,000. 
(3)   For  the  purchase  of  property' aod 
the  construction  of  a  double-deck  ])ier 
80  ft.  wide  by  550  ft.  long  similar  to 
the  new  piers  in  the-Soutliwark  group 
(See  Engineering  Xeu-s,  Kwr.  26  "l915 
p.  420),  $1,000,000.    This  pier  is  to  be 
used  for  general  commercial  purposes 
and  is  to  be  located  near  the  foot  of 
Ivenilworth    St.      (-1)    For   purchasin-r 
property  and  extending  the  Allesrhcnv 
Ave.  pier  at  the  northern  part  of  the 
city,  this  ]iier  to  be  used  as  a  general 
freight  landing  for  river  steamers  and 
for  recreation  purposes,  $500,000.     (5) 
For  the  purcliasc  of  property  and  ex- 
tension of  the  pier  at  Penn  Treaty  Park 
and    also    the    pier   at    Bridge    St.    in 
Rridesburg  in  the  northern  part  of  the 
city,  for  general  freight  purposes  and 
for  river  steamers  and  recreation  inir- 
poses,  $100,000.     (6)    For  the  comple- 
tion of  the  bulkheading  of  the  Schuyl- 
kill River,  $750,000,  and   (7)    for  the 
acquisition  of  property  and  the  erection 
of  modern  piers  on  the  Delaware  River 
front  1,000  ft.  from  the  new  McKean 
St.  pier  and  what  is  known  as  the  :Moy- 
amensing  group,  and  possibly  for  the 
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erection  of  new  piers  in  the  north  and  central  portion,  of 
the  waterfront,  estimated  cost  $6,600,000. 

The  Moyamensing  group  project,  'noted  in  the  W 
Item,  IS  the  most  important  development  in  the  Port  of 
Philadelphia,  and  is  tied  up  with  the  new  terminal 
railway  schemes  for  which  nearly  $9,000,000  additional 
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has  just  been  appropriated.  The  south  end  of  the  City 
of  Philadelphia  has  never  been  properly  developed.  At 
the  extreme  south  end  of  Broad  St.  is  League  Island, 
with  its  Government  Navy  Yard,  Ipnjj  off  the  peninsula 
between  the  Schuylkill  and  Delaware  Rivers.  Extending 
therefrom  alon^  the  Delaware  River  north  is  a  large 
stretch  of  waterfront  occasionally  developed  by  big 
factories,  but  very  little  used  for  wharf  purposes.  The 
eommercial  pier  development  extended  from  the  north 
end  of  the  city  to  the  railway  terminals  about  halfway 
between  the  center  of  the  city — that  is,  Market  St. — and 
Leagne  Island.  These  terminals  were  approached  through 
two  cross-streets  on  grade — Washington  Ave.  and  Oregon 
A.ve. — and  for  many  years  the  southerly  extension  of 
the  city  had  been  effectively  stopped  by  these  crosstown 
oTade  lines.  Under  an  agreement  made  with  the 
Pennsylvania  Railroad  Co.,  the  Baltimore  &  Ohio  Rail- 
road Co.  and  the  Philadelphia  Belt  Line  Railroad  Co. 
(the  latter  operating  a  marginal  jointly  used  line  along 
:he  waterfront  street)  the  city  and  the  railways  exchanged 
property  along  the  southern  end  of  the  Delaware  River 
.vaterfront,  so  that  the  new  system  of  municipal  piers 
:  'ould  be  built  and  the  railway  terminals  shifted  farther 
:outh.  By  this  same  agreement,  the  tracks  on  the  Wash- 
ngton  Ave.  approach  to  the  river  are  to  be  elevated  and 
lie  Oregon  Ave.  approach  removed  so  that  all  grade 
■rossings  in  this  part  of  the  city  are  to  be  eliminated. 

The  new  terminal  yards  will  be  approached  by  a  four- 
rack  line  around  the  south  end  of  the  city  and  parallel- 
ng  the  river  up  to  the  yards.  For  this  project  the  sum 
if  $3,300,000  is  to  be  devoted  to  baiying  property  from 
he  railroads  for  the  erection  of  municipal  piers;  about 
,400  ft.  of  waterfront  from  the  Pennsylvania  R.R.  and 
l)0ut  925  ft.  from  the  Baltimore  &  Ohio  R.R.  The 
emaining  $5,600,000  is  to  go  toward  construction. 

Delaware  Ave.,  the  marginal  street,  is  now  being  ex- 
r-nded  to  the  southward  in  a  width  of  300  and  250  ft., 
■hich  is  believed  to  be  ample  for  the  present  and  future 
ccommodation  of  both  railroad  and  vehicular  traffic. 
'here  is  now  being  constructed  in  the  bed  of  this  street 
four-track  railroad  made  with  159-lb.  grooved  girder 
ails  for  the  joint  or  Belt  Line  E.R.,  with  provision  for 
wo  additional  tracks  wdien  business  shall  demand.  This 
venue  is  being  paved  for  its  entire  width  with  dressed 
ranite  blocks  upon  a  heavy  concrete  base,  thus  providing 
smooth  surface  for  trucks  and  other  vehicular  traffic. 
A  bridge  has  been  constructed  along  the  line  of  Broad 
't.  over  the  joint  or  Belt  Line  R.R.,  just  outside  the 
.eague  Island  Navy  Yard,  thus  avoiding  the  necessity 
f  crossing  tracks  there  at  grade.  By  the  removal  of 
le  present  surface  tracks  of  the  Baltimore  &  Ohio  Rail- 
lad  Co.  on  Oregon  Ave.  and  the  tracks  of  the  Greenwich 
ranch  of  the  Pennsylvania  Railroad  Co.,  and  by  the 
Icvation  of  the  railroad  in  Washington  Ave.,  fifty-six 
rade  crossings  will  be  abolished  and  an  unimproved 
■rritory  covering  over  4,000  acres,  located  within  a  com- 
aratively  short  distance  from  the  center  of  the  city,  a 
•rritory  which  has  been  hampered  in  its  growth  by  reason 
f  barriers  which  the  railroads  formed,  will  be  capable 
f  development  for  industrial  and  residential  purposes. 
As  a  part  of  this  proposed  development.  League  Island 
'ark  is  now  under  construction,  as  shown  in  the  map. 
I 'his  park  is  to  be  a  highly  ornamented  city  devclo])ment 
I'ith  a  boulevard  extending  on  the  line  of  Broad  St.  to 
he  gate  of  the  League  Island  Navy  Yard.     Eadiating 


from  the  plaza  at  the  head  of  the  park  are  to  be  wide 
avenues  reaching  the  two  rivers  and  opening  up  the  new 
area  which  will  be  provided  with  regular  cross-streets 
with  somewhat  larger  blocks  than  is  customary  in  old 
Philadelphia  practice.  It  is  hoped,  then,  that  this  new 
area  will  speedily  be  built  up  with  small  residences  of 
the  type  so  familiar  to  those  who  have  visited  Philadel- 
phia, and  that  the  waterfront  areas  will  be  taken  up  by 
industrial  works. 

The  harbor  development  in  Philadelphia  is  under  the 
direction  of  George  S.  Webster,  Director  of  the  Depart- 
ment of  WTiarves,  Docks  and  Ferries.  The  railway  grade 
elimination  was  under  Mr.  Webster's  direction  also  when 
he  was  Chief  Engineer  of  the  Bureau  of  Surveys,  in 
which  place  he  has  been  succeeded  by  Chester  E.  Albright. 


The  manufacture  of  sulphate  of  alumina  from  bauxite 
by  boiling  the  bauxite  with  sulphuric  acid  and  water 
appears  to  have  been  carried  on  by  the  Borough  of  King- 
ston-on-Thames, England,  since  1910.  The  plant  at  the 
place  named  was  described  some  time  ago  by  R.  H.  Clucas, 
Borough  Surveyor  of  Kingston-on-Thames,  in  a  paper 
read  before  the  Institution  of  Municipal  and  County  Engi- 
neers. Mr.  Clucas  states  that  he  visited  the  similar  plant 
being  operated  by  the  Borough  Surveyor  of  Chorley,  Eng- 
land, before  he  was  authorized  by  his  own  borough  to  pro- 
ceed with  the  erection  of  an  alumina  plant. 

The  Borough  of  Kingston-on-Thames  uses  its  sulphate 
of  alumina  for  treating  sewage.  Prior  to  the  installa- 
tion of  the  plant  it  employed  aluminoferric.  A  total  of 
800  long  tons  per  year  was  used,  and  the  cost  was  49i4s- 
per  ton.  The  municipally  manufactured  alumina  cost 
30s.  per  ton,  showing  a  balance,  according  to  Mr.  Clucas, 
of  £780  a  year,  or  well  toward  $4,000.  The  amount  of 
sewage  treated  a  year  is  about  2,000,000  IJ.  S.  gal.,  the 
rate  of  application  averaging  25  grains  per  Imp.  gal. 

The  boiling  vats  at  Kingston-on-Thames,  two  in  num- 
ber, are  each  5x5  ft.  in  plan  by  4  ft.  high,  made  of  11/^- 
in.  lumber  lined  with  lead.  In  each  tank  there  is  a  coil 
of  li/2-in.  lead  pipe  having  a  total  length  of  48  ft.  Steam 
for  these  coils  is  supplied  from  a  boiler,  and  compressed 
air  is  used  for  agitation.  The  bauxite  is  first  broken  up 
by  a  rotary  crusher  and  then  ground  to  80-  to  100-mesh 
fineness  in  an  emery  mill. 

To  produce  one  long  ton  of  sulphate  of  alumina,  there 
are  used  672  lb.  of  bauxite,  1,008  lb.  of  water  and  1,008 
lb.  of  sulphuric  acid.  These  are  boiled  in  one  of  the  vats 
at  220°  F.  for  about  7  hr.,  after  which  the  material  is  run 
into  molds.  The  bauxite  is  bought  on  the  basis  of  40% 
alumina,  samples  dried  at  212°  F. 

The  existence  of  these  English  plants  of  comparatively 
long  standing  is  of  interest  in  view  of  the  establishment 
of  a  munici])al  plant  at  the  Columbus,  Ohio,  water-puri- 
fication works  a  couple  of  years  or  so  ago. 

m 

Tunnel  VcntllntlnjE-  Plnntrt  are  belnB  Inst.iUed  on  the  St. 
Louis  \irn:  of  the  IS.altlmore  &  Ohio  R.R.  between  ClarksburR 
and  Parkeraburn,  W.  Va.  The  system  Is  similar  to  that  at 
the  new  westbound  tunnel  at  Klngwood,  large  steam-driven 
fans  at  the  portals  driving  a  freah-alr  current  In  the  direction 
of  the  train.  One  such  plant  has  been  completed  at  Eaton, 
another  Is  bolnp  built  at  West  Union  and  two  others  arc  to 
be  built  this  season  at  Silver  Run  and  Ocean. 
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all  Coltummms 


SYNOPSIS — A  series  of  collapses  beginning 
Mar.  2k,  1916,  wrecked  the  shop  building  of  the 
Boys'  Industrial  School  at  Roxhury,  Mass.,  a 
structure  with  concrete  interior  columns,  brick 
wall  piers  and  girderless  concrete  floor  slabs. 
The  article  hereicith  is  a  brief  summary  of  a 
report  made  by  Sanford  E.  Thompson,  from  an 
investigation  soon  after  the  accident. 

The  shop  building  of  the  Boys'  Industrial  Sr-hool  at 
Eoxbun%  Mass.,  as  shown  diagrammatically  in  Fig.  1,  is 
a  reinforced-eoncrete  structure  202  ft.  8  in.  long,  62  ft. 
8  in.  wide  and  "three  stories  high  at  the  north  end  and 
two  stories  at  the  south.  The  structural  elements  are 
approximately  square  panels  (22x20  ft.  3  in.  in  general) 


.Brick  Walt  i9''Jpper  Roof  Slab 


I  understand  that  the  sand  and  stone  for  the  concrete 
were  thoroughly  heated.  I  am  advised  also  that  the 
brickwork  was  laid  in  advance  of  the  concrete  construc- 
tion, that  the  window  openings  were  protected  by  canvas, 
that  salamanders  were  used  on  the  floors,  and  the  fresh 
concrete  protected. 

The  foregoing  table  shows  that  the  forms  under  tht 
second  floor  and  lower  roof  were  left  in  place  more  than 
eight  weeks.  Occasional  3x4-in.  posts,  spaced  about  11 
ft.  apart,  were  under  the  lower  roof,  at  the  time  of  my 
fir.st  visit  after  the  first  collapse.  Before  removal  of  any  of 
the  forms,  I  am  advised  that  the  concrete  was  examined 
and  tested  by  blows  in  the  presence  of  the  city  building 
inspector. 

At  the  time  of  my  first  visit  on  Saturday,  Mar.  25, 
I  found  the  root  and  the  second  floor  of  the  high  portion 
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FIG.    1.    DIAGRAMMATICAL   LAYOUT   OF   FRAMING   OF  SHOP   BUILDING,    BOYS"   INDUSTRIAL   SCHOOL,    ROXBURY 


of  flat-slab  floors  resting  on  the  octagonal  column  heads 
of  longitudinally  reinforced  square  columns.  The  walls, 
of  brick,  were  broken  by  brick  wall  piers  which  took  the 
reaction  of  the  wall  panels  of  the  flat  slabs,  as  shown  in 
detail  in  Fig.  2.  On  the  roof,  to  give  proper  slope, 
a  cinder  concrete  fUl  with  a  2-in.  mortar  surface  had 
been  placed.  This  varied  in  thickness  from  17  in.  to 
3  in. 

Following  the  first  collapse  a  thorough  investigation 
of  the  building  was  made  by  Sanford  E.  Thompson, 
Consulting  Engineer,  Boston,  Mass.  The  following  re- 
port is  in  Mr.  Thompson's  own  words : 

Repokt  by  Sanford  E.  Thompson 

From  inspection  of  the  original  records  on  the  job, 
I  have  the  following  information : 

Location  Concrete  I*ourcd                Forms  Removed 

Basement  columns Nov.  24,  1915        Dee.  9,  10,  1915 

Firat-floor  slab Dec.  1,  3,  4            Dec.  24,  27,  28,  31 

Columns    supporting    second 

floor  and  lower  rouf Jan.  5,  6,  1916        Feb.  10,  11,  12,  1916 

Second  floor  and  lower  roof  Jan.  6,  7                  Mar.  6,  7,  8,  9,  20,  22 
Columns      supporting      upper 

roof  and  upper  roof  itself   .  Feb.  2,  5                  Feb.  29  (eolumn) 

Cinder  fill  on  lower  roof Jan.  24,  25,  26        Mar.  22  (posts  next  to  wall) 

Cinder  fill  on  upper  roof Mar.  23 

Collapses  occurred  Mar.  24,  25  and  29. 


of  the  building  had  collapsed  and  were  hanging  on  the 
reinforced-eoncrete  beam  which  was  desisjned  to  support 
the  rear  wall  of  the  second  story  of  the  high  portion. 
The  remainder  of  the  building  was  intact.  On  the  fol- 
lowing day,  Sunday,  Mar.  26,  I  was  advised  of  a  further 
collapse  at  7  o'clock  the  night  previous,  and  again  visited 
the  job.  I  found  the  lower  roof  had  fallen,  bringing 
with  it  a  part  of  the  first  floor  at  the  south  end  of  the 
building.  The  first  floor  in  the  north  end,  although 
badly  deflected  and  cracked,  and  the  column  cap  badl.v 
cracked,  held  the  weight  of  the  entire  material  of  the 
second  floor  and  roof,  besides  having  sustained  the  impact 
of  the  fall.    This  is  shown  in  Fig.  3. 

Not  till  three  days  later,  on  Mar.  29,  did  this  portion 
of  the  first  floor  finally  fall,  leaving  even  then  the  base- 
ment columns  still  in  a  nearly  vertical  position. 

Examination  of  Structure 
During  my  different  visits  to  the  job,  I  examined  the 
briclovork  and  the  concrete  carefully,  and  took  various 
samples,  the  tests  of  which  are  described  later. 

The  mortar  in  the  brickwork  was  much  of  it  frozen, 
and  the  part  which  had  thawed  was  easily  crumbled  in 
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FIG.   2.    DETAILS  OF  A  TYPICAL   FLOOR 

he  fingers.  From  the  appearance,  it  wa.s  evidently  a 
ime  and  cement  mortar,  with  a  preponderance  of  lime. 
'his  afterward  proved  to  be  the  case  by  chemical  test, 
s  noted  further  on.  Tlie  brickwork  was  not  constructed 
ith  the  care  required  for  piers,  or  for  a  wall  snpportinpc 
long-span  slab.  The  horizontal  joints  varied  in  thick- 
ess  ranging  up   to   l^   in.     The   vertical  joints  were 


building  was  very  poorly  constructed  for  earning  out 
the  intent  of  the  design. 

The  concrete  in  the  second  floor  and  the  roof  slabs 
was  not  thoroughly  hard.  It  contained  moisture  and 
.^ome  frost.  I  found  a  marked  difference  in  the  concrete, 
Iinwever,  in  different  portions  of  the  structure.  The 
columns  both  in  the  basement  and  the  first  story  appeared 
well  hardened.  This  was  shown  by  inspection  and  also 
by  the  fact  that  in  places  the  surface  of  the  column  had 
been  chipped  with  a  cold  chisel,  without  splintering. 
The  concrete  in  the  lower  roof  slab  was  least  hard  and 
very  much  weaker  than  the  concrete  of  the  second  floor 
which  was  laid  as  a  part  of  the  same  slab.  The  harder 
condition  of  the  floor  slab  was  due  evidently  to  the  better 
protection  from  the  cold  and  the  opportunity  to  dry  out. 

Tbe  concrete  of  the  roof  slab  was  well  bonded  with 
the  cinder  concrete  fill,  so  well,  in  fact,  that  they  would 
act  together  in  resisting  stress. 

My  criticism  of  the  design  relates  chiefly  to  the  im- 
proper combination  of  the  reinforced-concrete  flat  slab 


FIG.  3.     FIRST  FLOOR   IN  HIGH    P.ART  OF  BUII.PIN'C.  .\FTRR  F.ATLimE 
The  upper  floor  in  this  view  is  .supporting  the  heavy  lend  of  tiie  collapsert  hnllrtlnic: 


any  of  them  open  for  a  depth  of  several  courses. 
eadcrs  in  some  cases  were  blind  instead  of  being  full, 
lie  face  brick  in  many  cases  was  peeled  ofl'  from  the 
icking,  and  cracks  between  them  are  frequent.  The 
era  between  the  windows  in  the  top  story  of  the  main 
'ilding,  which  were  laid  under  conditions  correspond- 
gto  those  of  the  shop  building,  were  found  by  mcasure- 
ent  to  have  buckled,  the  face  course  being  Ijulged  out 
jom  the  backing.    As  a  whole,  the  brickwork  in  the  shop 


v/ith  the  brickwork.  Such  combination  is  a  poor  con- 
struction at  the  best,  and,  if  unavoidable,  special  pre- 
cautions should  have  been  taken  to  provide  for  eccentric 
stresses  and  bending  moments.  Even  the  slight  normal 
deflection  of  the  slab  which  occurs  under  working  loads 
tends  to  throw  excessive  8tres.ses  on  tlie  brick  piers 
because  of  the  eccentricity. 

In   the   slab   design,   I   would    criticize   especially    the 
shape  of  the  haunch  which  is  flatter  than   required  by 
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good  authorities  at  the  time  of  the  dosij,ni  of  this  build- 
ir)g. 

In  considering  the  cause  of  the  collapse,  it  must  be 
noted  that  the  structure  consisted  of  concrete  roof  slab, 
concrete  columns,  concrete  floor  slabs,  and  brick  walls, 
and  the  failure  must  have  originated  with  one  of  these. 
Considering  each  one  of  these :  ( 1 )  The  upper  roof  was 
laid  last,  but  I  am  advised  that  practically  all  the  sup- 
ports still  remained  in  place,  so  that  the  concrete  could 
not  have  caused  the  failure.  (2)  The  columns  under 
the  upper  roof  were  under  no  appreciable  load  because 
of  the  supports  under  the  roof.  (3)  The  columns  under 
the  second  floor  were  shown  by  examination  and  test  of 
the  concrete  to  be  unquestionably  strong  enough  to  sus- 
tain the  loads  that  came  iipon  them.  (4)  The  second 
floor  was  partly  supported  by  occasional  3x4-in.  struts, 


is  an  indication  of  the  normal  action  of  a  flat  slab  under 
excessive  load.  If  the  struts  imder  the  second  floor  slab 
had  deflected  only  %  in.,  the  struts  would  have  buckled 
out  several  inches,  and  long  before  this  would  have  been 
noticed  by  those  in  the  building.  In  view  of  these  facts, 
I  conclude  that  the  collapse  did  not  originate  by  failure 
of  the  second-floor  slab. 

Turning  now  to  the  walls,  we  find  a  12-in.  thickness 
for  the  two  iippcr  stories  (4  in.  of  this  being  face  brick), 
a  quality  of  construction  very  poor  for  the  requirements 
and  a  mortar  consisting  largely  of  lime  and  sand.  I  am 
informed  also  that  instead  of  slaking  the  lime  in  advance, 
it  was  slaked  just  before  using.  As  evidence  of  this, 
I  find  at  various  places  in  the  mortar  small  pieces  of 
unslaked  lime.  The  mortar  materials  I  am  advised  were 
not  heated.     Computing  the  stresses,  I  find  on  account 


FH:.     1.     BASE.MIOXT   UNDER   LOW    PART   OF   BUILDIN'( . 
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which  assisted  in  carrying  the  weight  of  the  roof  and 
cinder  fill.  The  roof  itself  also,  although  the  concrete 
was  not  thoroughly  hardened,  had  considerable  strenglli 
thereby  relieving  the  slabs  below  of  a  part  of  the  load. 

In  this  case  it  is  necessary  not  simply  to  consider 
theory,  but  experience.  Case  after  case  has  been  brought 
to  my  attention  of  flat  slabs  which  have  sagged  up  to  3 
in.  without  failure.  One  of  these  cases  was  in  a  building 
in  Boston  from  which  the  roof  forms  were  removed 
while  the  concrete  was  green — as  green,  in  fact,  as  the 
concrete  in  the  present  structure.  Notwitlistanding  this 
sag,  which  came  on  gradually,  the  slab  is  standing  at  the 
present  time.  The  great  strength  of  the  first-floor  slab 
in  the  present  building,  which  supported,  although  with 
very  great  deflection  and  cracking,  the  impact  and  weight 
of  the  slabs  above  for  a  number  of  days  before  failure, 


(if  the  wciglit  of  the  long  span  that  the  brickwork  prob- 
alily  received  a  stress  of  more  than  250  lb.  per  sq.iil. 
whereas  tests  of  a  portion  of  one  of  the  brick  piers  showed 
the  beginning  of  failure  at  167  lb.  per  sq.in. 

In  view  of  these  coiulitions  and  as  a  result  of  examina- 
tion, computations  and  tests,  I  am  convinced  that  the 
failure  of  tlie  building  originated  with  the  brick  piiere 
supporting  the  second  floor.  The  conditions  on  Sat^l^ 
day,  ■Mar.  2  f,  the  ])osition  of  the  columns,  aiul  the  rest 
of"  the  failed  portions,  indicate  that  the  subsequent 
failure  started  at  the  junction  with  the  ruins  of  the  firtt 
failure.  I  am  aware  that  a  watcluiuin  who  was  at  the 
rear  of  the  building  at  the  time  of  the  second  collapse 
states  that  the  rear  roof  came  down  first.  I  believe  that 
he  is  in  error  on  this  point,  as  it  was  impossible  for  him 
to  tell  from  his  position  where  the  break  started. 
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Brick  Jlortar — Tliree  samples  of  brick  mortar  taken 
by  me  from  the  job  were  analyzed  chemically.  The 
result  of  the  chemist's  analysis  is  as  follows : 


Ratio  Analysis  of  Cementing  Material 
Cementing  High  Mag- 
Material  to  Cement,  nesium  Lime, 
Sample                Sand  Per  Cent.  Per  Cent. 
A                    1  to  3. 08  .W.97  42.03 
B                  1  to  3,71  54.31  4.')  S» 
C                   lto3.64  82.55  17  45 

Sample  A  is  mortar  from  the  pier  designated  below 
i.s  No.  1,  which  is  pier  on  west  face  next  to  north  corner 
jier.  Sample  B  is  from  another  pier  in  same  section 
if  building.  Sample  C  is  from  a  pier  in  rear  end  of 
luikling. 

The  specifications  for  iners  require  1  part  cement  to 
;  parts  sand  with  not  to  exceed  a  shovelful  of  slaked 
inie  to  a  bag  of  cement.  Samples  A  and  B,  whicli  are 
rem  the  wall  where  the  failure  first  occurred,  represent 
pproximately  one  barrel  of  lime  to  one  barrel  of  cement. 
Ulowing  for  the  expansion  of  lime  in  slaking,  we  find 
iistead  of  one  shovelful  of  slaked  lime  per  bag  of  cement 
'.  the  limit  of  the  specifications),  (A)  1.3  .shovelfuls,  (B ) 
.5  shovelfuls,  (C)  4  shovelfuls  of  slaked  lime  respectively. 

Brickwork — Two  pieces  of  brickwork  from  brick  piers 
11  the  portion  of  building  which  collapsed  were  tested 
or  compression.  The  first  sample,  Xo.  1  (taken  from 
he  pier  on  west  side  next  to  north  corner  pier  between 
rst  and  second  floors),  showed  a  drop  of  the  gage  of 
le  testing  machine  at  167  lb.  per  sq.in.,  or  12  tons  per 
\.tt.,  showing  that  a  constant  application  of  this  load 
ould  have  produced  failure.  The  specimen  actually 
roke  at  550  lb.  per  sq.in.,  or  40  tons  per  sq.ft.  The 
.'cond  specimen  showed  initial  failure  at  240  lb.  per 
j.ft.,  or  17  tons  per  sq.ft.  with  a  breaking  strength  of 
35  lb.  per  sq.in.,  or  45  tons  per  sq.ft.  It  is  of  course 
.ident  tiiat  the  lower  figures  represent  the  actiial  value 
f  brickwork  in  resisting  the  load. 

Concrete — Chemical  analysis  of  the  concrete  showed  it 
)  be  in  proportions  1  part  cement  to  6  parts  of  aggre- 
ate,  or  substantially  1  part  cement  to  2  parts  .sand  to 

parts  stone,  as  called  for  by  the  specifications. 


I  PIO.  5.    CORNER  PIER  OF  SHOP  BUILDING,  SHOWING 
I  VERTICAL  JOINTS  IN  BRICKTWORK 


I'll;.   6.     NEAR  VIEW   OF  PART  OF  BKiCK   PIER 

A  sample  of  this  concrete  hardened  satisfactorily  upon 
boiling,  indicating  its  good  quality  and  the  fact  that  the 
low  strength  was  due  simply  to  the  cold  weather  condi- 
tions. 

A  sample  of  the  concrete,  corresponding  to  the  con- 
crete in  the  columns  between  the  first  and  second  floors 
of  the  part  of  the  building  that  failed  first,  showed  a 
strength  in  compression  of  1,350  lb.  per  sq.in.,  which  is 
very  much  in  excess  of  the  stresses  found  by  computation 
as  caused  by  the  loads. 

No  specimen  of  the  slabs  large  enough  to  test  could  be 
obtained  from  the  end  of  the  building  which  first 
collapsed  without  endangering  the  men  making  the  test. 
In.'ipection  of  the  concrete,  however,  indicated  it  to  be 
strong  enough  to  carry  the  loads  which  came  upon  it. 

Conclusion  of  Cause  of  Collapse 
Tlic  evidence  points  clearly  to  the  brick  piers  between 
first  and  second  floors  as  the  place  of  initial  failure.  The 
cause  of  the  failure  of  these  piers  we  find  to  be  due  to 
(1)  their  improper  design  for  carrying  a  long-span  flat 
slab;  (2)  the  quality  of  the  brickwork,  which  was  not 
adapted  to  sustain  the  normal  loads  of  the  long-span 
.slabs;  and  (3)  the  iise  of  lime  and  cement  mortar,  where 
the  specifications  called  for  cement  mortar. 

If  the  structure  had  been  built  with  properly  designed 
concrete  wall  columns,  it  undoubtedly  would  be  stand- 
ing today. 

In  reaching  the  above  decision,  due  account  is  taken 
of  the  fact  tliat  the  concrete  in  the  floors  and  roof  at 
time  of  colla])se  was  not  thoroughly  hard,  and  in  fact 
had  not  attained  nearly  the  normal  strength  of  concrete. 
I  find,  howe\'er,  by  actual  test  of  the  strength  of  the 
column  concrete  that  the  columns  were  amply  strong  to 
carry  the  load;  also,  from  my  knowledge  of  the  action 
of  flat  slabs  even  of  partly  hardened  concrete,  I  consider 
that  such  a  sudden  failure  as  wrecked  the  building  could 
not  have  been  produced  by  the  failure  of  the  slab. 
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By  Akthui:  (i.  Haydex* 

A  remarkably  unusual  form  of  construction  was  adop- 
ted recently  for  a  bridge  over  the  Allegheny  Eiver  at 
Salamanca,  N.  Y.  The  total  length  of  the  crossing  is 
only  400  ft. ;  and  as  the  foundation  question  was  not  very 
difficult,  short  spans  were  practicable.  In  spite  of  these 
conditions  favoring  the  usual  type  of  a  series  of  simple 
spans,  it  was  found  that  short-span  cantilever  construction 
was  cheaper. 

The  objections  sometimes  raised  against  the  cantilever 
bridge  are  lack  of  rigidity,  and  even  lack  of  economy,  as 


FIGS.    1    A.ND   2.     TWO  VIEWS  OF   ilAIX   ST     P.r.IDGE.  SALAJIANCA.    X.    T..    A   C.VXTILUVER    STRUCTURE 

WITH   SO-FT.   SPAN'S 

the  writer  has  frequently  heard  maintained  by  engineer-  which   makes   the   dead-load   stresses   in    the"  girders  or 

ing  lecturers.     Possibly  the  fact  is  sometimes  overlooked  trusses  larger  in  proportion  to  the  live-load  stresses.  This 

that  modern   traffic  requires  heavier  floor  construction,  high  dead-load  ratio  tends  to  nullify  the  objections  as  to 

lack  of  rigidity  and  favors  economy  in  design,  since  the 

•Bridge  Encineer,  Barge  Canal  Office,  Albany,  N.  T.  reversal  stresses  will  be  relatively  smaller. 
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lu  1911  the  State  of  Xew  York  made  an  appropriation 
for  a  bridge  of  specified  general  dimensions  across  the 
Allegheny  River  at  Jlain  St.,  Salamanca.  Studies  were 
made  for  a  bridge  of  the  usual  simple-span  girder  style, 
and  by  use  of  the  customary  methods  the  most  economical 
number  of  spans  was  determined. 

Tlie  river  bottom  being  practically  level,  the  cost  of 
I  pier  was  the  same  wherever  located,  about  $3,800.  The 
•ost  of  two  girders  for  one  80-ft.  span  was  found  to  be 
i;3,300,  which  approached  more  nearly  the  cost  of  one 
lier  than  the  girders  for  one  100-ft.  span  or  one  6?-ft. 
;pan.  This  is  the  criterion  for  the  most  economical  span 
ength.  The  complete  estimate  for  a  bridge  with  five 
50-ft.  spans  showed,  however,  that  the  cost  would  be 
ibove  the  amount  appropriated. 

Studies  were  then  made  for  a  cantilever  bridge.  Since 
he  cost  of  floor  and  abutments  is  the  same  for  simple 
pans  and  cantilever,  it  was  only  necessary  to  compare 
uain  girders  and  piers,  the  cost  of  the  latter  including 
,  he  cost  of  excavation  and  pile  foundations.  The  piers 
or  the  simple-span  girders  were   required  to   be  wider 
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lan  for  the  cantilever  girders  in  order  to  accommodate 
le  bearings  of  the  two  adjacent  spans.  The  comparison 
given  by  the  following  table: 

Cantilever 

and  Suspend-  Simple 

ed  Spans  Spans 

Irders.  4.';5,000  lb.    ®   3%c $17,100 

Irders,   3.^5,000  lb.    @    3%c $13,300  

piers  at   $3,800 ....  7 1.1.200 

piers  at  $3,500 14,000  

Total   $27,300  $32,300 

It  appears  therefore  that  a  .saving  of  $.5,000  is  secured 
■<  the  use  of  cantilever  construction,  nearly  $1,000  of 
liich  is  due  to  economy  in  the  superstructure. 

The  data  on  which  the  designs  were  based  and  the  com- 
irison  made  included  the  following  items:  Total  length 
r  crossing,  400  ft.;  width  of  roadway,  STi/o  ft.  clear; 
TO  .sidewalks,  8  ft.  clear;  floor,  reinforced-coiicrete  deck 
ith  i)rick  paving;  loading,  .30-ton  electric  cars  on  one 
aek  occupying  the  middle  of  the  roadway,  12-ton  motor 
■Ticks  on  any  part  of  the  roadway  and  uniform  live-load 
f  100  lb.  per  sq.ft.  on  parts  of  roadway  not  occupied  liy 
le  concentrated  load ;  impact,  50%  for  floor  and  string- 
's, 20%  for  floorbcams;  unit  stresses.  10,000  lb.  per 
j.in.  in  structural  steel,  12,000  11).  in  reinforcing  steel, 
00  lb.  in  concrete. 


The  foregoing  compari-son  of  cost  is  ba.sed  on  a  rather 
low  unit  price.  Ordinarily,  the  price  bid  for  such  work 
is  higher  and  the  economy  of  the  cantilever  structure 
would  be  greater.  As  to  rigidity,  to  quote  reports,  the 
bridge  is  "solid  as  a  rock"  under  fast-moving  trolley 
traffic. 

The  accompanying  drawings  show  the  general  construc- 
tion of  the  bridge,  and  the  kind  of  hinge  used  at  the 
attachment  of  the  suspended  span,  and  also  give  a  graph- 
ical comparison  of  the  stress  distributions  in  the  simple 
and  cantilever  spans. 

The  entire  cost  of  the  new  bridge,  including  substruc- 
ture, superstructure,  wiring  and  lighting  system,  laying 
rails  and  ties  and  the  removal  of  the  old  bridge,  was 
$77,681.10.    This  sum  is  itemized  in  the  following  table: 

4,145  cu.yd.  earth  excavation   @   50c $2,072.50 

973  cu.yd.  rock  excavation   C"    $1.50 1,459.50 

511.5  cu.yd.  first-class  concrete  @  $S 4,092.00 

2,087.1  cu.yd.  third-class  concrete   ©    $7 14,609.70 

857,837   lb.   steel    @    3%c 32,168.89 

0.79  ton   cast-iron    pipe    @    $50 39.50 

822  lin.f t.  handrail    @   $1.50 1,233.00 

14,688  lin.ft.  piles   (5)   40c 5.875.20 

1,886  sq.yd.  brick  pavement  iS  $1.50 2.S29.00 

127,277  lb.   reinforcing    (a)    3c 3,818.31 

31,780  lb.  cast  steel  and  lead   di   7  lie 2,383.50 

400  ft.  laying  rails  and  ties  (ai   50c 200.00 

Removing  old  structure,  lump  sum 1.350.00 

Lighting   system    3,500.00 

Installing  and  wiring 2,050.00 

Total    $77,681.10 

The  bridge  was  designed  by  the  New  York  State 
Bar'Te  Canal  Office,  Albany,  and  was  built  by  the  Owego 
Bridge  Co.,  of  Owego,  N.  Y. 


Interesting  experiences  with  filtros-plate  air  diffusers 
in  the  large  activated-sludge  tank  at  Baltimore,  Md., 
were  reported  by  Leslie  C.  Frank,  Sanitary  Engineer, 
United  States  Public  Health  Service,  Washington,  just 
too  late  for  inclusion  in  the  s^Tiiposium  on  air  diffusers 
pul)lished  in  Etiffineering  News  of  July  13,  1916.  In 
substance,  Mr.  Frank  says: 

During  May  and  June  the  umbrella-shaped  diffuser  grid 
was  lifted  out  of  the  tank  and  60  new  flltros  disks  clamped 
into  place,  thus  doubling  the  diffuser  area.  At  the  same  time 
the  old  disks  were  carefully  removed,  washed  and  replaced. 
The  old  plates  showed  evidence  of  disintegration.  Some  of 
them  were  distinctly  more  crumbly  than  the  new  ones,  and 
many  of  the  old  plates  were  cracked.  The  only  explanation  of 
this  possible  disintegration  thus  far  offered  Is  the  alkalinity 
of  the  sewage.  U  should  be  noted  that  the  old  and  the  new 
disks  represented  two  widely  separated  shipments  and  that 
the  old  disks  may  have  been  inferior  to  the  new  ones  in  man- 
ufacture. 

Two  views  of  the  umbrella-sha]M'd  grid  at  Baltimore 
were  printed  on  ]).  800  of  Enrjineeriiig  News  of  Apr.  27, 
1 9 1 6. 

It  may  he  added  that  owing  to  difficulties  witli  the 
air  blower  at  Baltimore  the  activated-sludge  tank  there 
bad  been  out  of  commission  for  several  weeks  when  Mr. 
Frank  sent  (July  14)  the  information  given  above. 


The  «;iirl.iiKc'  iiiul  UrfiiNo  Ini-lnernlor  at  Savannah,  Ga., 
burned  37,661  ton.s  of  mixed  refuse  during  1915,  at  a  total  cost 
of  $21,564.  This  sum  was  divided  as  follows:  Incinerator 
operation,  $17,084:  weighing  refuse  and  delivery  of  same  to 
the  hoppers,  $1,550;  maintenance.  Including  outlay.i,  $2,924. 
Deducting  from  the  total  cost  the  sum  of  $4,800  for  steam 
furnished  to  the  water-works  pumping  station  leaves  a  net 
total  coat  of  $16,764,  or  59.7c.  per  ton.  The  destructor  Is  of 
the  high-tempcraturc  Hcenan-Froudc  type  and  was  com- 
pleted In  March,  1914,  by  the  Destructor  Co.,  New  York  City. 
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tnuk  uirectly  into  the  furnis.  where  tlic  elevation  was 
sufficient,  or  to  subgrade  in  the  ease  of  paving  or  side- 
walk work,  or  quickly  wheeled  in  barrows  to  tlie  point 
of  final  deposition  from  a  dumping  board,  would  remove 
all  the  local  evidences  of  concrete  mixing. 

The  time  agreed  upon  for  transportation  of  the  wet 
mixture  was  not  to  exceed  in  any  case  30  min.,  a  period 
ample  for  covering  a  very  large  area  where  motor  trucks 
are  used.  In  support  of.  the  safety  of  this  time  limit 
against  deterioration  of  material  due  to  initial  set,  some 
tests  were  carried  out  by  the  Richard  K.  ileade  Labor- 
atory in  Baltimore,  which  showed  that  the  jiggling  of 
mortar  for  periods  up  to  an  hour  and  a  half  did  not  ma- 
terially  decrease   the   strength  of   the   mortar   so   treat- 


By  G.  Y.  Caupenter* 

A  unique  attempt  to  demonstrate  the  practicability  of 
mixing  concrete  at  a  central  plant  and  distributing  it 
M'here  required  anywhere  over  a  fairh'  large  area  was 
tried  out  in  Baltimore,  Md.,  last  fall.  In  the  opinion 
of  the  writer  the  feasibility  of  such  a  scheme  was  demon- 
strated, but  certain  limitations  of  capital  prevented  the 
construction  of  a  working  plant,  or  at  least  of  the  turning 
of  the  experimental  plant  into  a  working  plant. 

The  company,  incorporated  in  Jlay,  1915.  proposed  to 
construct  a  plant  that  would  supply  wet  mixed  concrete 


COXCrtKTE  PLANT  AT  FOOT  OP  HUGHES  ST..  B.^LTIMORE,  FROM  WHICH  CONCRETE  W.\S  DELIVERED  FOR  S.4T,E 


of  any  proportion  at  a  lixed  price  at  the  plant  or  deliv- 
ered, at  prices  depending  on  the  length  of  haul.  It  was 
necessary,  before  proceeding,  to  secure  the  approval  of 
the  city  engineering  department,  inasmuch  as  it  was  ex- 
pected that  a  great  deal  of  the  work  would  be  on  city 
jobs.  The  method  later  to  be  described  was  approved  by 
that  department.  It  was  pointed  out  that  by  maintaining 
a  system  of  inspection  at  tlio  point  of  mixing,  it  would  be 
unnecessary  to  place  inspectors  at  all  points  of  the  city 
where  concrete  was  being  used,  and  further  that  the  grade 
of  concrete  furnished  would  far  surpass  in  every  respect 
that  secured  by  a  hastily  formed  organization  on  tlie 
various  jobs.  In  addition  to  this,  there  would  l)e  no 
litter  in  the  streets,  such  as  is  inevitable  where  large 
or  small  quantities  of  raw  materials  are  assembled  for 
i-oncrete  work.     The  finished  product  passing  from  motor 

Building  Supplies  Corporation,  Nor- 
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ed  ;    m    faci. 
beneficial. 

As  a  location  as  near  as  possible  the  center  of  the 
city  was  necessary  in  order  to  compete  with  delivered 
prices  on  raw  materials,  a  site  owned  by  the  city  on  the 
waterfront  was  selected.  This  property  is  very  near  the 
actual  center  of  Baltimore.  As  it  had  a  short  time  before 
been  equipped  with  a  new  dock,  it  was  thought  admir- 
able for  tlie  point  of  distribution.  Accordingly,  a  plant 
designed  especially  for  this  particular  operation  by  the 
Ransorae  Concrete  Machinery  Co.,  of  New  Jersey,  was 
erected.  This  entire  plant,  including  that  furnished  by 
tlie  above  company,  consisted  of  an  office  and  cement- 
storage  building,  a  steel-frame  tower  containing  the 
equipment  for  mixing,  an  industrial  railway  for  handling 
cement,  a  three-drum  engine  with  stiff-leg  derrick  and 
half-yard  clamshell  bucket.  The  mixing  tower  coiitaini'il 
a  .separated  bin  at  the  top  for  sand  and  gravel  and  on 
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two  platforms,  one  above  the  other  and  below  the  liin, 
the  proportioning  hoppers  and  the  mixing  drum  of  1-yd. 
capacity.  Gates  operated  by  levers  were  provided  at  the 
bin  bottoms  and  at  the  hoppers  to  accomplish  quick  move- 
ment of  the  materials  downward.  The  complete  plant, 
with  the  exception  of  the  hoisting  engine,  was  driven  by 
electricity.     It  is  shown  in  "the  accompanying  view. 

The  aim  of  the  company  was  to  eliminate  all  handling 
of  materials  by  manual  labor  and  to  perform  the  opera- 
tions of  charging  the  drum  and  discharging  the  mixed 
concrete  into  trucks  entirely  by  gravity.  A  further  ad- 
vantage was  that,  being  on  the  waterfront,  sand,  gravel 
and  cement  were  bought  in  scow-load  lots  f.o.b.  plant 
and  were  unloaded,  with  the  exception  of  cement,  which 
was  trucked  directly  into  the  warehou.se  at  a  very  low 
cost  per  barrel.  Sack  loss  was  unknown  here,  as  the 
car  returning  from  the  mixing  tower  always  brought  back 
the  empty  sacks,  which  were  unloaded  in  the  warehouse 
a  short  time  after  they  were  emptied. 

The  first  work  iindertaken  after  the  plant  was  ready 
for  operation  was  a  number  of  sidewalk  contracts.  For 
the  protection  of  the  consumer  an  inspector  was  stationed 
at  the  plant,  who  approved  the  mixture  and  stamped 
with  the  hour  and  minute  of  departure  of  trucks  a  ticket 
carried  by  the  driver  and  presented  on  arrival  of  his 
load  to  the  receiving  agent.  As  the  time  for  transport- 
ing was  set  by  the  city  at  30  min.  maximum,  all  con- 
crete arriving  as  shown  by  the  delivery  ticket  within 
that  time  was  accepted,  and  all  exceeding  that  time  was 
rejected.  This  was  part  of  the  agreement  under  which 
the  material  was  sold.  It  is  significant  that  during  the 
entire  time  of  operation  not  a  single  truckload  of  mate- 
rial supplied  under  the  above  conditions  was  rejected. 

As  it  became  known  that  concrete  could  be  obtained 
in  a  wet  mixed  condition,  a  variety  of  uses  developed. 
In  one  instance  it  was  supplied  in  bags  delivered  to  the 
job  and  elevated  by  means  of  a  dumbwaiter  to  the  third 
tioor  of  a  restaurant,  where  it  was  iTsed  to  construct  a 
concrete  floor.  In  this  case  water  was  added  on  the  job. 
Among  the  more  important  types  of  construction  handled 
was  a  part  of  the  Eastern  pumping  station  for  the  city, 
involving  a  haul  of  five  miles.  In  all  eases  the  material 
was  dumped  directly  into  chutes  leading  to  forms  or  was 
placed  from  a  dumping  board  with  barrows. 

The  organization  of  the  company  consisted  of  a  man- 
ager at  $100  per  month,  a  hoisting  engineer  at  $20  per 
week,  three  laborers  at  $12  per  week,  a  fireman  at  $12  per 
week  and  a  bookkeeper  at  $75  per  month.  The  haul- 
ing equipment  was  made  up  of  motor  trucks  of  the  reg- 
ular contractors'  hydraulic-dump-body  type.  They  were 
found  fast  enough  to  handle  all  material  easily  witliin 
the  limit  of  time.  They  al.^o  gave  no  troul)lc  with  con- 
'•rete  sticking  to  the  body. 

So  far  as  the  writer  at  this  time  knuws.  the  wmk  dime 
was  satisfactory  in  every  way,  and  it  is  his  opinion  that 
such  a  plant,  operated  in  strict  accordance  with  the 
methods  adopted  from  data  gained  after  a  few  days'  run- 
ning, will  in  time  come  in  all  cities  where  concrete  is 
used.  On  account  of  lack  of  capital,  operation  was  not 
resumed  this  season,  and  it  is  thought  by  .some  that  a 
certain  antagonism  on  the  part  of  the  contractors  pre- 
vented fiirthcr  financing. 

The  company  operating  the  jilaiit  was  the  I'aKiiiiorc 
Concrete  Placing  Co.,  of  whic  li  the  writer  was  vice- 
president. 


An  unusual  piece  of  winter  concreting  was  done  on 
the  Baltimore  &  Ohio  R.R.,  one  mile  east  of  Paw  Paw 
station,  W.  Va.  This  job  is  a  small  element  in  building 
the  ilagnolia  cutoff  on  the  Cumberland,  !Md.,  division. 
Concreting  was  done  Ijy  means  of  a  large  steel  derrick 


FIG.  1.    VIEW  OF  PAW  PAW   RETAINING  WALL.   WITH 
STEEL  TRAVELER  AT  WORK  AT  FAR  END 

traveler  which  was  fully  described  in  a  comprehensive 
article  by  Francis  Lee  Stuart,  the  then  Chief  Engineer 
of  the  road,  yi  Enciineering  News  of  June  29,  p.  1218. 
The  sand  and  crushed  stone  used  in  making  the 
wall  concrete  wei-e  heated  by  diffusion  of  steam  from 
perforations  in  a  coil  of  2-in.  pipe  placed  at  the  bottom 
of  the  storage  piles.     The  bottoms  of  the  charging  bins 


^^  of  Tnave/er  TrucU,  S3.9B-fh. 
Erteel  Form  and  Traveler 


Typical    Sec+ion 


FIGS.  2  TO  4.    SKETCHES  OF  FORM-TRAVELER  AND  W.A.LL 

Fig.   2 — Deck   of   traveler.      Fig.   3 — Steel    form   and   traveler. 

Fig.  4 — Cross-section  of  wall 

above  the  mixer  al.so  were  fitted  with  jicrforated   piping 
so  that  the  heat  might  l)e  retained  in  the  materials. 

The  water  used  in  mixing  was  maintained  at  about 
100°  F.  by  a  live-steam  jet  discharging  at  the  bottom 
of  a  ;?,000-gal.  tank  or  reservoir  kept  constantly  full. 
The  overflow  from  this  tank  dischai'ged  inio  a  .50-gal. 
measuring  barrel,  being  heated  to  scahling  temperature 
by  another  jet  of  superheated  steam. 
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The  wall  forms  were  insulated  with  straw  and  plank 
on  the  back  and  covered  with  tongue-and-grooved  flooring 
on  the  face,  retaining  a  2-in.  space  between  the  steel  and 
the  wood  through  which  low-pressure  steam  from  one  of 
the  boilers  on  the  deck  of  the  traveler  was  diffused  by  a 
perforated  1-in.  pipe.  This  pipe  was  at  the  bottom  of 
the  form  and  ran  longitudinally  the  entire  length,  con- 
necting with  the  boiler  by  a  T-connection  and  vertical 
pipe  at  about  the  middle  of  the  section. 

A  stationary  mixing  plant  was  installed  adjacent  to 
the   main   line   of   the    railway,    aljout   a    half-mile   west 


i'-K;    .■.     \li:\S    nv  TRAVELER  AND  STEAM-HEATED  FORM 

of  the  wall  site.  The  concrete  was  conveyed  to  the  wall 
iu  buckets  on  cars  drawn  by  a  dinkey  on  narrow  gage. 
A  derrick  on  the  traveler  handled  the  buckets,  dumping 
the  concrete  into  the  forms  through  the  opening  shown 
in  the  traveler  floor  in  Fig.  2.  The  method  of  attach- 
ing the  steel  form  is  given  in  Fig.  3,  while  Fig.  4  shows  a 
cross-section  of  traveler  and  wall. 
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In  designing  aluitnients  for  bridges  the  question  often 
arises  as  to  whether  wood  piling  should  be  used  or  the 
abutment  carried  down  to  a  greater  depth  so  as  to  elim- 
inate the  piling. 

If  the  difEerence  is  more  than  2  ft.  it  will  be  found 
that  piling  will  prove  cheaper  in  almost  every  case.  In 
order  to  show  this  more  clearly  we  will  consider  a  typiial 
case  of  a  30-ft.  standai-d  ))lan  on  reinforced-concrete 
abutments. 

If  piles  are  used  the  abutments  will  have  to  be  14  ft. 
high  while  if  the  ])iles  are  omitted  and  the  concrete  is 
carried  down  to  solid  bearing  a  height  of  IT  ft.  will 
be  required.     The  higher  abutments  contain   2.")   cu.vd. 


more  concrete  and  3,160  lb.  more  reinforcing  than  the 
14-ft.  abutments,  which  extras  would  cost  about  $470. 

The  cost  of  32  wood  piles  20  ft.  long  would  be  about 
$320. 

This  shows  an  estimated  saving  of  $150  by  the  use 
of  timber  piling  and  in  all  probability  the  saving  would 
be  even  greater,  as  no  attention  has  been  paid  to  the 
fact  that  the  deeper  excavation  would  be  more  expen- 
sive and  therefore  would  increase  the  imit  cost  of  the  17- 
ft.  abutment. 

In  addition  to  economy  there  remain  to  be  consid- 
ered the  relative  merits  of  the  two  structures.  The  abut- 
ment on  wood  piling  should  be  better  in  every  respect, 
as  it  is  almost  impossible  for  it  to  be  washed  out  or  in 
any  way  injured  by  high  water.  The  abutment  without 
]iiling  would  have  to  go  to  a  considerable  depth  below 
water,  which  would  make  it  difficult  to  properly  place 
the  steel  in  the  footings  and  lower  part  of  the  wall. 

Taking  everything  into  consideration,  the  abutment 
with  piling  is  in  almost  every  way  superior  to  the  one 
resting  merely  on  earth  or  gravel  foundation. 

Experiments  made  in  the  hydraulic  laboratory  operated 
at  Fort  Collins,  Colo.,  by  the  Office  of  Public  Eoads 
and  Rural  Engineering,  United  States  Department  of 
Agriculture,  and  the  Colorado  Experiment  Station  (see 
I'lxjineering  News,  Oct.  2,  1913,  for  description  of 
laboratory)  have  resulted  in  the  development  of  a  meas- 
uring flume  which  the  experimenters  believe  promises  to 
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•From    "Minnesota   Highway   Journal,"    July.   1916. 


VKNTURI  FLUME  DEVELOPED  BY  U.  S.  DEPARTMENT 
OF  AORICULTURE 

overcome  the  chief  dilliculties  experienced  in  measuring 
water  for  irrigation  purjjoses.  The  action  of  the  device 
de])ends  upon  the  adaptation  of  Venturi's  principle  to  the 
flow  of  water  in  an  o])en  channcd.  The  chief  features 
of  the  device  are  shown  in  the  accompanying  sketch.  Tlie 
sides  of  the  converging,  throat,  and  diverging  sections  of 
the  flume  siiown  in  the  plan  are  vertical  and  the  floor  is 
level  and  at  the  same  elevation  as  the  bottom  of  the  ditch. 
For  smaller  ditches  a  V-shaped  throat  having  side  slopes 
of  1  on  1/2,  a  top  width  of  ll/o  ft.  and  a  length  of  1  ft.. 
is  set  between  approach  and  outlet  flumes  3  ft.  long  iiiul 
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having  bottom  widths  tapering  from  2  ft.  to  zero.  For 
large  ditches  there  is  a  tlunie  of  trapezoidal  cross-section 
with  side  slopes  of  1  on  li/i;.  bottom  widths  tapering  from 
W  (bottom  throat  width)  to  3  W  at  a  distance  of  3  IF. 
The  throat  is  1  ft.  long. 

The  laboratory  tests  thus  far  made  indicate  that  the 
device  is  quite  accurate  in  its  measurements.  Additional 
laboratory  tests  are  being  made  during  the  present 
season.  Larger  flumes  have  also  been  installed  under 
field  conditions  and  will  be  calibrated  and  tested. 

The  A''entiiri  flume  is  inexpensive  and  easily  con- 
structed and  maintained.  It  automatically  takes  care 
of  the  velocity  of  approach  and  requires  biit  little  loss 
of  head  in  the  ditch.  The  increased  velocity  in  the 
throat  greatly  reduces  the  danger  of  trouble  from  silt, 
sand,  aquatic  growth  or  floating  trash.  The  discharge 
through  the  flume  is  dependent  upon  the  depth  of  water  in 
the  throat  or  the  diverging  section  as  well  as  upon  the 
difference  of  depths.  The  depths  are  easily  measured  in  the 
gage  boxes  and  the  discharges  may  be  ascertained  from 
tables  or  diagrams. 

V.  M.  Cone,  who  has  charge  of  the  Fort  Collins 
laboratory,  and  his  assistants  feel  confident  that  the 
device  which  they  have  developed  possesses  sufficient  merit 
to  warrant  making  thorough  tests. 


^Bsfeaimce  ffatuila.Me  "^^i 


Experience  with  two  •'SiA-ton  motor  trucks  in  mine 
haulage  between  Shultz  and  Tucson,  Ariz.  (471/2  mi.), 
is  given  in  a  paper  for  the  September  meeting  of  the 
American  Institute  of  Mining  Engineers  and  now  printed 
in  the  "Proceedings."  One  truck  was  fitted  with  a  1,075- 
gal.  oil  tank  and  u.sed  for  carrying  "tops."  The  other 
had  a  stake  body  and  was  used  for  hauling  machinery, 
rails,  pipe  and  miscellaneous  supplies. 

There  were  no  excessive  grades,  but  the  roads  were 
very  bad  for  three  months  and  never  were  good.  The 
trucks  were  not  run  in  wet  weather — unless  out  on  the 
road  when  rain  started — for  they  were  likely  to  stick 
in  the  mud.  The  lost  time  was  about  5%  of  the  total. 
Rubber  tires  were  used  throughout.  Gasoline  cost  from 
17  to  21c.  per  gal.  Drivers  got  $4.50  to  $5  per  shift. 
The  total  cost  of  haulage  was  $12  per  ton,  compared 
with  $15  as  the  best  possible  team  price.  The  appended 
table  covers  the  time  from  Aug.  21,  1913,  to  Aug.  15, 
1914,  when  the  trucks  were  in  continuous  service.  From 
then  to  .Mar.  30,  1916,  the  trucks  were  used  only  inter- 
mittently. 

RE.«UI.T.S  OF  MOTOR-TRXJCK  OPERATION  BETWEEN  TUCSON  AND 
SHULTZ,  .\RIZ.;  AUG.  21,  1913  TO  AUG.  15,  191 J 

Total  distance  traveled,  miles i;.f  000 

Total  work  done,  ton-miles 12,700 

Average  difjtance  per  gallon  of  gasoline,  miles.  .  .  4  5 

Average  distance  per  gallon  of  lubricating  oil,  milo  128 

Average  speed,  loaded,  mile.**  per  ho  ir .               7 

Average  speed,  light,  miles  per  hour .           7.8 


Total   Cost  of  Total 

t2,623  32  23  91 

286.50  2.62 

581.74  S.30 

156.15  142 

379.17  3.46 

1,610.49  14.68 

2,445.75  22.30 

515.08  4.09 

348.82  3.18 

220  21  2  00 

1.796.80  10  38 

Total $10,970  03  100  00 


Wages  of  drivers 

Wages  of  helpers 

Repairr*.  labor 

H<pain<,  lost  time 

Oil",  grease  and  waste. 


New  parts 

Miseellaneoua  supplies. 

Incidental  expCDse 

Depiceiatio.T 


.Mile 
tO.1141 
0125 
0253 
,00(58 
.010.'. 
.0700 
.  1003 
.0224 
.0152 
.0098 
.0781 


Per  Ton- 
Mile 
JO  08U 
0067 
0130 
,0037 
(1089 
0.377 
0.573 
0121 
.(K)82 
00.53 
0421 


Pai^eBimemitlCo!ms^B°tja(n1^ao!a  I^ecoirds 

Tiie  method  of  keeping  records  of  pavement  construc- 
tion and  incidental  data  in  Denver,  Colo.,  is  as  follows: 
A  miniature  map  of  the  improvement  district  is  plotted 
to  such  scale  as  to  fit  a  9xl0i/2-in.  sheet  of  tracing  cloth. 
This  and  a  standard  form,  as  shown  in  the  accompanying 
illustration,  are  printed  simultaneously  on  a  sheet  of 
cloth-backed  blueprint  paper  approximately  12x16  in. 
The  blank  spaces  are  then  filled  in  consecutively  as  the 
work  progresses. 

The  first  line  gives  the  date  of  the  resolution  of  the 
council  from  whicli  tlie  work  originates;  the  file  nunihcr 
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of  the  detail  maji  or  ])]an  and  the  file  number  of  tiic 
a.ssessment  ma]).  The  second  line  gives  the  dates  wlieii 
the  resolution  was  published  and  the  date  of  last  protest. 
Printed  clippings  or  copies  of  the  resolution,  authorizing 
ordinance  and  proposal  for  bids  are  kept  in  a  bound 
scrap  book,  properly  indexed  so  as  to  lie  readily  accessible 
at  all  times. 

These  cloth-backed  blueprints  are  bound  in  book.s — one 
book  for  all  work  in  progress,  and  a  liook  for  each  year  of 
completed  work.  Similar  books  are  kept  for  sewer  im- 
provements. The  l)age  alone  gives  most  of  the  data  in 
general  demand,  and  it  serves  also  as  an  index  to  infor- 
mation filed  in  other  places. 

The  city  engineer  of  Denver  is  II.   I'.   Mt  rywcathtr 
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CafeEe  Ss^stlesHti  EftsinTicdles  Dtiflsmip 


By  Jame.s  Owex* 

Old  Dobbin,  in  these  days  of  the  efficient  and  fast- 
n)oving  motor  truck,  is  being  rapidly  crowded  from  urban 
grading  jobs.  Once  in  a  while,  however,  tlirough  some 
mechanical  aid  lie  is  enabled  to  cope  with  this  modern 
mechanical  wonder.  This  article  has  to  do  with  just 
such  a  case.  Briefly,  the  work  performed  was  the 
hauling  of  rock  in  2-yd.  Troy  wagons  up  a  16.5%  grade, 
by  means  of  an  auxiliary  cable — attached  to  the  wagon — 
which  made  the  load  handled  by  the  team  almost  negli- 
gible. Connecting  this  same  arrangement  of  calile  on 
another  part  of  the  work  allowed  the  team  to  descend 
a  28.75%  grade  without  setting  the  brakes  and  witli 
comparative  ease. 

This  ingenious  method  of  handling  the  material  was 
evolved  by  Al.  Hennessy,  the  outside  superintendent  of 
the  Federal  Construction  Co.,  and  was  used  on  a  grad- 
ing job  that  this  firm  had  been  awarded  in  San  Francisco. 
The  work  was  done  under  public  contract  under  a  two- 
year  installment  plan,  at  a  total  cost  of  $39,517.55,  and 
involved  moving  58,677  cu.yd.  of  material,  of  which  18,- 

♦.•\ssist:un  City  Eneineer,  San   Francisco,  Calif. 


087  yd.  was  in  slope.  The  contract  was  completed  June 
To,  i916. 

Owing  to  the  peculiar  topography  of  this  district  (see 
views),  some  such  method  of  handling  the  material  as 
was  adopted  was  necessary  in  order  to  show  profit.  For- 
tunately, a  .short  haul  was  available,  the  contractors  hav- 
ing made  arrangements  with  the  owners  to  fill  some  of 
tlie  low  land  adjacent  to  the  streets  gradefl.  On  Vermont 
St.,  some  very  heavy  fills  were  made,  necessitating  rais- 
ing a  number  of  houses  to  the  new  grade. 

Using  the  method  herein  described,  the  contractors 
were  enabled  to  make  the  fill  at  small  expense  to  tliem- 
selves.  The  sketch  (Fig.  5)  shows  in  detail  how  the 
material  was  handled. 

A  small  donkey  engine  (with  engineer  and  helper),  a 
few  hundred  feet  of  l/2-in.  wire  cable  with  hooks  at- 
tached, and  several  deadmen  and  pulleys  were  all  the 
extra  equipment  necessary. 

Near-by,  another  grading  job  was  in  progress,  under 
the  supervision  of  the  city,  on  which  5-yd.  motor  trucks 
were  used.  The  haul,  however,  was  much  longer,  and 
consequently  the  cost  was  much  greater.  It  afforded  a 
good  opportunity  to  compare  the  two  methods,  as  both 
jobs  were  in  plain  sight  from  the  high  ground.  It  was 
impracticable  to  use  cars  on  account  of  the  steepness  of 
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The  technical  bureau  of  the  National  Lumber  Manu- 
facturers' Association,  Chicago,  has  prepared  a  new  table 
of  recommended  working  stresses  for  structural  timbers 
in  dry  locations.  This  table,  reproduced  herewith,  is 
based  -on  data  furnished  by  the  Forest  Products  Labor- 
atory, ^Madison,  Wis.  The  values  given  for  "Dense" 
Douglas  fir  and  yellow  pine  are  subject  to  limitation  of 
size  and  location  of  knots  and  other  defects,  as  under 
most  current  specifications. 
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Estimated  dc::reciation  o.i  steam  sho  el . 
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-uperintendent's  rates,  480  cu.vd.  ®  $4.50  per  day JO  0094 

.oading  shovel,  480  cj.yd.  @  $39 .45  per  day 0  082 

reaming,  dumping,  etc.,  480  cu.vd.  @  $84 .  50  per  da  • 0  176 

3rilliog,  etc.,  480  cu.yd.  @  $15  per  day 0  031 


'owder 0.00 

Ave:age  co;t  pei  cu.  d .«0  3.5S4 

The  four  views  illustrate  particiiliirly  the  liandliiifi  of 
he  material.  Fig.  1,  on  Vermont  St.,  shows  a  wagon 
)eing  as.sisted  up  a  1C..5%  grade  to  the  side  dump  where 
iiost  of  the  fill  was  made.  Fig.  2  shows  22nd  St.,  south 
if  Rhode  Mand  St.  The  grailient  on  this  hlock  is 
!8.7.T^  ;  the  eleated  walk  at  tlie  west  indicates  the  stcep- 
1688  of  the  grade.  A  cable  block  is  illustrated.  Fig.  :{ 
s  on  Carolina  St.,  looking  east  from  22nd,  and  shows 
he  steam  shovel  at  work.  Notice  the  wagon  with  chain 
ittached  to  the  rear  axle — this  chain  was  attached  to  a 
look  on  the  cable.  Fig.  4  is  on  Carolina  St.,  looking 
■ast  from  a  point  south  of  22nd,  and  shows  a  secoml 
'■am  shovel  at  work. 


I  SprlnklInK  2»4  Ml.  of  Strectn  In  St.  Paul.  Minn.,  during  the 
eaaon  of  191.5  took  2r.4,248.000  Kal.  of  vifaler.  This  Is  equiva- 
lent to  9  In.  of  rainfall  over  the  area  »i>ritikle<l. 


A.  practice  quite  general  in  tracing  intricate  drawings 
in  drafting  rooms  is  to  trace  in  the  heavy  lines  first  and 
then  insert  the  fine  and  dotted  lines,  or  vice  versa.  By 
this  method  the  draftsman  must  go  over  the  entire  draw- 
ing a  number  of  times  and  must  adjust  the  T-square 
and  triangle  twice  before  a  line  composed  of  heavy  and 
fine  parts  can  be  completed.  In  inking  in  fine  lines 
exclusively  it  frequently  happens  that  the  ink  will  not 
run  freely,  dries  in  the  pen  and  forms  a  crust  that  can 
be  removed  only  by  cleaning.  As  a  result  of  the  two 
conditions  stated,  tracing  is  a  slow  and  tedious  ])rocess 
disliked  by  many  draftsmen. 

To  overcome  these  disadvantages,  A.  E.  Xorrnian,  of 
Portland,  Maine,  has  developed  what  he  calls  an  "auto- 
matic multiple  adjusting"  pen.  As  shown  by  the  sketcii, 
the  new  pen  consists  of  a  detachable  adjusting  device 
that  can  be  attached  easily  to  any  standard  drawing  pen, 
tiiereby  enabling  an  automatic  adjustment  of  the  pen 
for  lines  of  three  different  thicknesses.  The  adjustments 
are  accomplished  by  manipulating  a  small  cam  lever 
that  acts  on  the  upper  blade,  and  the  details  of  the  de- 


n 


iV      / 


Camlever    wi+h 
Triple    Adjus+men+ 


Ordinary  Ruling  Pen 

fiWed   wi+h 

Adjus+ing   Device 


MULTIPLE    ADJUSTABLE    DRAFTI.Vr;    PKX    INVE.VTED 
BY  A.  E.  NOKRMAN 


a74 


E  N  G  I  X  E  E  R  I  N  G     NEWS 


Vol.   76,  Xo.  6 


vice  are  made  so  that  the  handling  of  the  pen  ■vrill  become 
natural  in  the  position  of  the  pen  for  correct  drafting. 
The  inventor  describes  the  action  of  the  pen.  which  is 
not  yet  upon  the  market,   as  follows: 

With  the  adjusting  device  in  its  inoperative  position  the 
pen  will  draw  a  heavy  line  that  can  be  adjusted  as  usual. 
If  pressure  is  applied  on  the  head  of  the  large  adjusting 
screw  of  the  adjusting  device,  the  pen  will  draw  a  fine  line 
that  can  be  adjusted  by  means  of  the  large  screw.  As  soon 
as  the  pressure  is  removed,  the  spring  action  of  the  blades 
of  the  pen  will  bring  the  pen  back  into  the  former  adjustment 
again.  If  the  cam  lever  is  brought  into  a  position  where  the 
small  adjusting  screw  in  the  rear  of  the  cam  lever  rests  on 
the  upper  blade,  the  pen  will  also  draw  a  fine  line  that  can 
be  adjusted  by  means  of  the  small  adjusting  screw.  This 
adjustment  will  be  self-locked  by  the  spring  action  of  the 
blades,  and  the  pen  draws  a  fine  line  as  long  as  the  cam  lever 
remains  in  said   position. 

The  combination  of  the  self-releasing  and  the  self-locking 
adjustment  is  a  most  valuable  feature  of  the  invention.  It 
is  desirable  in  drafting  that  the  adjustment  of  the  pen  from 
heavy  to  fine  and  vice  versa  should  be  accomplished  in  min- 
imum time,  in  order  to  draw  lines  that  appear  partly  heavy 
and  partly  fine.  In  this  case  the  self-releasing  adjustment 
should  be  used,  as  it  requires  a  motion  of  only  some  few 
hundredths  of  an  inch  for  the  adjustment.  In  drawing  fine 
lines  exclusively  it  is  not  always  possible  or  convenient  to 
exert  the  required  pressure  on  the  head  of  the  large  adjusting 
screw,  and  in  this  case  the  self-locking  adjustment  should 
be  used,  as  it  does  not  require  any  further  effort  on  the  part 
of  the  user. 

In  using  a  multiple  adjusting  pen  the  draftsman  can  pro- 
ceed systematically  with  his  work.  He  can  no"w,  instead  of 
searching  all  over  the  drawing  for  lines  of  the  particular 
thickness  for  which  his  pen  happens  to  be  set,  confine  his 
attention  to  one  part  of  the  drawing,  tracing  in  full  lines, 
dotted  lines  and  fine  lines  as  he  proceeds  from  one  part  of 
the  drawing  to  the  other. 

In  constantly  changing  the  automatic  adjustments  of  the 
pen  the  crust  that  forms  in  the  drying  of  the  ink  "will  be 
broken  up.  and  actual  experience  has  shown  that  the  ink 
will  run  freely  and  the  various  lines  be  of  the  same  uniform 
thicknesses  whether  the  pen  is  full   of  ink  or  nearly  empty. 
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A  3-Ton  Trnck  Hauls  26  Tons  of  Crushed  Rock — A  "Four- 
Wheel-Drive"  truck  is  used  in  place  of  a  dinkey  to  haul  a 
string  of  IVi-Vd.  dump-cars  running  on  narrow  gage  by  the 
Hanlin  &  Oakes  Co.,  contractor,  of  Sioux  City,  Iowa.  The 
truck  straddles  the  rails,  as  shown  in  the  view,  and  according 
to  a  statement  of  the  Four  Wheel  Drive  Auto  Co.,  of  Clinton- 
ville.  Wis.,  the  train  shown  can  go  up  a  5%  grade,  no  load 
being  carried  on  the  body  of  the  truck.  The  crushed  rock, 
gravel  and  cement  hauled  by  this  outfit  are  being  used  in  the 


A  3-TON"   TRUCK  SERVING  AS  A  DINKEY 

construction  of  a  16-ft.  concrete  highway  going  north  from 
Sioux  City  on  what  is  known  as  the  Perry  Creek  road.  It  is 
stated  that  from  500  to  600  lin.ft.  of  pavement  is  being  laid 
daily.  The  material  track  is  4  mi.  long,  and  10  round  trips 
are  made  daily.  The  truck  pulls  a  load  of  2-4  to  26  tons  while 
running  in  high  gear  and  travels  at  12  to  15  mi.  per  hr.  It  is 
claimed  that  the  daily  cost  of  operating  the  truck  and  trailers 
in   this   service   is   $17. 

Cost  of  Operating-  Motor  Road  Oiler — The  City  of  St.  Paul, 
Minn.,  has  a  1,000-gal.  "Good  Roads"  motor-truck  road  oiler. 
The  machine  is  equipped  with  a  kerosene  heater  and  hot- 
water  coils  in  the  tank.  The  air  pump  is  operated  from  the 
main  drive  shaft.  The  machine  spreads  oil  to  a  width  of  14  ft. 
As  an  average  day's  work  under  ordinary  conditions  the  ma- 
chine made  the  following  record:  Roadway  oiled  streets,  3,960 
lin.  ft.  24  ft.  wide  and  2.296  lin.ft.  16  ft.  wide,  in  one  S-hr.  day. 
or  approximately  14,700  sq.yd.;  2,700  gal.  of  oil  were  spread, 
or  0.19  gal.  per  sq.yd.;  15  gal.  of  gasoline  were  used  and  the 
distance  from  the  storage  tanks  to  the  streets  oiled  was  5  mi. 
Three  trips  were  made.  Two  men,  a  chauffeur  at  $S5  per  mo 
and  an  operator  at  $2.50  per  day,  were  required.  The  machine 
cost  J6,700  and  does  the  work  of  five  600-gal.  horse-drawn 
tanks.  The  weight  of  the  machine  empty  is  1''i  tons  and 
loaded  11  Vi  tons.  The  total  unit  cost  of  labor  and  material 
averages  about  Ic.  per  sq.yd.  These  statistics  are  from  the 
city  records. 

Combat  Betneen  Steam  Shovel  and  Bridge — The  steam 
shovel  as  built  today  is  expected  to  bear  imperturbably  a  fall 
of  rock  following  a  blast.  It  is,  in  fact,  one  of  the  mcit 
rugged  of  contractors'  machines.  It  is  not,  however,  invul- 
nerable— that  fact  was  established  recently  in  Cleveland, 
when  a  Thew  automatic,  loaded  on  a  flat-car,  worked  loose 
and  struck  a  concrete-incased  steel  bridge  as  the  train  passed 
under.  Fig.  1  shows  the  remains  of  the  shovel;  Fig.  2,  the 
scarcely  damaged  bridge. 


I 


FIGS.   1  AND  2.    SHOWING  THE  THEW  SHOVEL  AND  THE  DETROIT  AVE.  BRIDGE  OVER  THE 
NICKEL    PLATE   R.R.    IN  CLEVELAND 
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The  disastrous  explosion  of  July  30  at  Xew  York  City 
has  brought  forcibly  to  public  attention  the  matter  of 
safeguarding  cities  from  disasters  due  to  the  accidental 
discharge  of  large  quantities  of  explosives.  This  explosion 
was  probably  the  most  widespread  disaster  caused  by  the 
accidental  discharge  of  explosives  that  has  ever  occurred 
in  the  United  States.  The  loss  of  life  was  astonishingly 
small,  only  a  half-dozen  persons  in  all,  owing  to  the  fact 
that  the  explosion  occurred  at  2  a.m.  on  a  Sunday  morn- 
ing, the  time  when  working  forces  are  at  their  minimum. 

The  property  damage  was  very  great,  however,  not  only 
in  the  immediate  vicinity  of  the  explosion,  but  over  a 
radius  of  nearly  half  a  dozen  miles.  Besides  the  loss  of 
Ufe  and  property  there  was  an  unmeasurable  nervous 
shock  to  millions  of  people  awakened  from  a  second  sleep 
throughout  greater  New  York,  its  suburbs  and  outlying 
districts  for  many  miles  in  three  states.  Most  of  these 
people  were  filled  with  vague  alarms  and  thousands  were 
panic  stricken.  Were  it  possible  to  measure  the  waste  of 
vital  energy  caused  by  the  explosion  it  might  prove  to  be 
the  most  serious  aspect  of  the  disaster. 

It  is  evident  that  both  the  City  and  the  State  of  New 
York  are  powerless  to  protect  themselves  against  dangers 
tliat  may  be  created  across  the  state  boundary  in  New 
Jersey.  The  authorities  of  Jersey  City,  however,  promptly 
enacted  an  ordinance  forbidding  the  transport  of  cars 
loaded  with  explosives  on  any  railway  entering  the  city 
and  placed  a  force  of  ]2o  policemen  at  the  municipal 
boundaries  to  stop  all  freight  trains  and  prevent  the 
entrance  of  any  having  explosive-laden  cars.  Perhaps 
the  Federal  courts  will  act  to  prevent  this  interference 
with  interstate  commerce ;  but  the  intent,  at  least,  of  the 
ordinance  is  sound — to  Stop  the  handling  and  storage  of 
large  quantities  of  explosive  material  in  the  vicinity  of  a 
densely  populated  city.  The  municipal  ordinances  in  New 
Jersey  previously  prohibited  the  storage  of  explosives  in 
any  considerable  quantity  and  required  that  explosives 
brought  in  by  train  during  the  day  shall  be  transferred  to 
lighters  and  taken  away  before  nightfall,  but  there  is 
always  a  chance  that  sf)me  interruption  or  other  to  traffic 
will  cause  an  accumulation  of  freight.  It  is  claimed  that 
the  explosive-laden  lighter  that  caused  the  chief  destruc- 
tion should  have  gone  down  to  (Jravesend  Bay  before 
nightfall,  but  instead  remained  at  the  pier  over  night. 

The  operation  of  a  large  powder  factor}'  close  to  New 
York  City  would  not  be  permitted,  and  neither  should  the 
transport  and  hamlling  of  great  quantities  of  exjjlosives 
in  such  a  location  be  allowed.  Explosives  at  the  Port  of 
New  York,  for  example,  could  readily  be  handled  from 
cars  to  boats  at  Perth  Amboy,  which  is  at  the  head  of 
Raritan  Bay  and  over  20  mi.  distant  from  New  York  and 
the  large  cities  across  the  Hudson  in  New  Jersey.  At 
other  cities  also  where  large  (]uantitios  of  explosives  are 
handled  the  same  principle  of  diverting  the  shipments  to 
the  outskirts  should  be  applied.    The  carrying  out  of  such 


a  plan  would  prol)ably  have  to  be  done  through  the  Bureau 
of  Explosives  of  the  Interstate  Commerce  Commission. 
It  is  manifestly  impossible  for  cities  to  exercise  authority 
outside  their  own  borders,  and,  as  the  New  York  situation 
shows,  state  action  may  be  similarly  hampered.  Federal 
authority  over  interstate  commerce  is  complete,  however, 
and  the  splendid  success  attained  by  the  Bureau  of  Explo- 
sives under  Col.  B.  W.  Dunn  makes  it  probable  that  there 
would  be  general  acquiescence  in  the  proposal  to  extend 
the  scope  of  his  bureau  to  cover  storage,  transshipment 
and  water  transportation  of  explosives  as  well  as  handling 
on  railwav  lines. 


The  interesting  paper  by  R.  Fleming  in  Engineer- 
iiuj  Sews  of  June  8,  giving  hints  to  the  engineer  about 
what  to  do  and  what  not  to  do  when  he  writes  a  letter 
applying  for  a  position,  is  followed  in  the  present  issue 
by  a  paper  by  C.  A.  Bock,  Secretary  of  the  Morgan  Engi- 
neering Companies,  summarizing  his  experience  in  exam- 
ing  some  3,000  applications  for  engineering  positions. 

It  is  unfortunate  that  the  ability  to  write  a  first-rate 
letter  of  application  for  a  position  is  very  often  lacking 
in  engineers  who  have  had  a  large  amount  of  experience 
and  are  entirely  competent  in  their  special  field.  This 
is  particularly  apt  to  be  the  case  with  an  engineer  who 
has  held  one  position  for  a  long  time  and  who,  when 
.«ome  business  change  makes  a  .search  for  a  new  position 
necessary,  is  at  a  loss  how  to  go  about  it.  The  chances 
are  that  his  letter  of  application  to  a  prospective  employer 
will  be  inferior  to  the  one  written  by  the  happy-go-lucky 
chap  who,  because  of  something  or  other  lacking  in  his 
makeup,  seldom  lasts  longer  than  six  months  in  a  place, 
and  as  a  result  has  a  large  experience  in  writing  letters 
for  a  job. 

Mr.  Bock's  suggestions,  therefore,  are  likely  to  be  found 
useful,  not  only  by  the  large  crop  of  June  graduates  of 
the  present  year,  whom  he  mentions  in  his  opening  para- 
graph, but  by  many  engineers  of  experience  and  high 
standing. 

It  occurs  to  us,  in  this  connection,  to  add  to  those  given 
by  Mr.  Bock,  another  useful  hint  that  we  happen  to  know 
has  been  found  helpful  by  many  engineers  inexi)erienced 
in  going  about  the  task  of  seeking  a  position.  Our  sug- 
gestion is  that  the  engineer  who  is  seeking  a  position 
should  prepare  a  letter  setting  forth  in  fairly  complete 
form  just  what  his  professional  experience  has  been,  in- 
cluding in  this,  of  course,  a  statement  as  to  his  education 
and  personal  characteristics,  such  as  a  prospective  em- 
ployer would  desire  to  have.  A  list  of  reference.*,  stating 
in  connection  with  each  reference  just  what  particular 
part  of  the  applicant's  experience  or  characteristics  it 
treats  of,  should  also  accompany  the  letter. 

This  statement  should  be  neatly  typewritten  on  good 
paper  of  standard  letter  size,  and  a  copy  can  then  be  in- 
closed with  any  letter  of  application  or  reply  to  an  ad- 
vertisement.    In  this  way  the  letter  of  application  it.selC 
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tan  be  made  brief  and  businesslike,  and  can  emphasize 
anv  special  fitness  which  the  writer  may  think  he  possesses 
for  filling  the  particular  position  to  which  the  letter  re- 
lates. At  the  same  time  the  employer  is  given  all  the 
facts  concerning  the  applicant  that  he  is  likely  to  need, 
in  a  form  where  they  are  readily  filed  for  examination. 
There  is  another  advantage  in  thus  carefully  preparing 
a  statement  of  professional  experience  and  personal  qual- 
ifications and  having  copies  pn  hand  available  for  use 
when  wanted.  The  engineer  thus  equipped  is  able  to 
mail  his  application  immediately  for  any  position  that 
may  be  open,  whereas  if  he  has  not  thus  practiced  pre- 
paredness, pres,sure  of  other  duties  may  make  it  impossible 
to  write  promptly  a  good  letter  covering  all  the  points, 
resulting  in  the  .'^ending  of  a  poorly  written  missive 
in  which  he  will  not  do  himself  justice. 

If  anyone  doubts  that  maintenance  requires  of  the  engi- 
neer more  resource  and  judgment  tlian  does  constriTction, 
let  him  consider  the  case  of  the  Eadebaugh  tunnel.  To 
maintain  this  tunnel  in  safe  condition  required,  besides 
observation  of  settlement  and  other  deterioration,  the 
exercise  of  unusually  keen  judgment  in  interpreting  the 
conditions  existing  at  any  given  moment,  and  ingenuity 
in  planning  feasible  and  economical  methods  of  repair. 
The  reconstruction,  a  work  of  liighly  individual  interest, 
is  quite  beyond  comparison  with  the  routine  operation  of 
driving  a  short  rock  tunnel  on  new  construction. 

But  while  thinking  of  maintenance  it  is  important  to 
distinguish  those  cases  in  which  continuous  and  uninter- 
rupted service  is  the  imperative  consideration.  The 
responsibility  of  maintenance  is  multiplied  under  this 
condition,  and  judgment  must  be  preeminently  quick  and 
unerring.  Observation  must  be  so  close  that  failure  is 
foreseen  a  long  time,  and  planning  for  repairs  must  be 
generous  both  as  to  cost  and  as  to  time.  Of  two  methods 
available,  the  more  difficult  and  costly  must  be  chosen  if 
it  reduces  the  hazards  to  the  service.  In  short,  we  must 
apply  a  different  scale  of  cost  to  problems  of  maintenance 
in  continued  service  from  that  applicable  to  a  service 
which  may  be  discontinued.  And  in  this  light  the  costli- 
ness of  an  operation  like  the  Eadebaugh  tunnel  work 
appears  natural  and  proper. 

In  this  particular  enterprise  is  found  a  common  fea- 
ture of  difficult  maintenance  problems,  namely  a  succes- 
sion of  attempts  at  minor  repair  before  finally  heroic 
measures  are  resorted  to.  But  in  this  instance  even  the 
minor  operations  were  of  notable  kind.  Sinking  a  deep 
shaft,  for  example,  merely  to  place  a  small  patch  of  new 
lining  is  decidedly  out  of  the  ordinary  ran ;  and,  by  the 
wav,  some  moral  courage  was  required,  no  doubt,  in 
recommending  so  elaborate  an  undertaking  for  a  little 
local  difficulty.  Of  course,  the  final  step,  enveloping  the 
whole  tunnel  with  lining  in  a  new  shell,  is  practically 
without  precedent. 

Eelining,  widening  or  other  repair  of  tunnels  in  service 
is  a  frequent  enough  problem  to  direct  attention  to  the 
first-cost  question.  It  is  far  cheaper  to  do  work  at  the 
time  of  original  construction  than  to  do  it  later  on  as  a 
reconstruction  job  under  traffic.  Putting  in  permanent 
lining,  for  example,  has  often  been  regarded  as  a  luxury 
to  be  indulged  in  only  under  stress  of  immediate  neces- 
Bitv ;  and  in  .so  raanv  a  tunnel  it  has  become  necessary 


to  do  very  expensive  lining  or  relining  work  afterward. 
Xot  a  few  tunnels,  where  lining  was  omitted  in  "sound" 
rock,  are  the  subjects  of  most  anxious  weekly  or  even 
daily  inspection  to  discover  scaling  of  roof,  and  even  so 
rock  falls  happen  from  time  to  time.  The  costs  and 
risks  of  such  a  condition  should  be  fully  appreciated  be- 
fore resorting  to  money-saving  practices  in  first  con- 
struction. There  are  similar  cases  in  other  fields,  as  in 
bridges.  Bridges  have  so  often  been  designed  without 
overload  capacity,  and  so  often  have  been  replaced  at  a 
young  age  because  of  obsolescence,  that  the  disadvantages 
of  skimping  design  are  now  better  recognized  than  they 
have   lieen    in    the   past. 


Scranton,  Peun.,  presents  the  unusual  spectacle  of  a 
large  and  prosperous  city  built  on  land  that  is  steadily 
being  undermined.  Every  once  in  a  while  the  people  of 
Scranton  are  reminded  of  this  fact — reminded  in  a 
forceful  way,  such  as  by  having  a  few  buildings  collapse 
or  get  so  near  the  point  of  collapse  as  to  be  left  standing 
only  by  the  grace  of  the  Almighty;  or  by  having  humps 
and  hollows  like  a  Coney  Island  scenic  railway  develop 
over  night  in  some  of  the  public  streets. 

The  astonishing  things  are  that  there  has  been  almost 
no  loss  of  life  and  that  people  are  apparently  indifferent 
to  the  ever  present  danger  of  death  and  injury  from 
falling  buildings.  Thus  far,  school  buildings,  an  armory 
and  other  structures  in  which  many  people  congregate 
have  all  but  collapsed,  and  yet  by  happy  chance  these 
things  have  occurred  at  such  times  or  in  such  a  way  as  to 
have  entailed  no  loss  of  life. 

What  rights  have  the  public,  if  the  coal  operators  own 
the  anthracite  that  underlies  the  city?  That  question 
has  not  been  satisfactorily  answered  by  the  courts  or  by 
other  public  authorities.  So  desperate  have  the  house- 
holders in  sections  of  the  city  become  that  anarchism — 
closing  of  some  of  the  mines  by  mob  law — is  hinted  at  if 
the  courts  continue  to  refuse  some  kind  of  redress.  The 
claim  is  made  that  not  even  tlie  constitutional  right  to 
life  and  limb  is  respected. 

Many  coal  operators  have  undoubtedly  shown  an  arro- 
gance and  a  disregard  for  the  public  welfare  that  are 
fortunately  becoming  less  common  with  "captains  of 
industry"  than  formerly.  In  most  instances  their  legal 
right  to  the  coal  is  unquestioned,  but  not  always.  They 
have  sometimes  been  guilty  of  surreptitiously  removing 
coal  from  under  lands  to  which  they  had  no  right.  They 
have  browbeaten  lot  owners  into  disposing  of  their  mineral 
rights  for  absurdly  low  sums,  and  they  have  asked  huge 
sums  of  ])roperty  owners  who  tried  to  purcha.'^e  the  coal  in 
place  to  protect  surface  improvements.  They  have  con- 
tended tluit  lot  owners  who  waived  their  right  to  the  coal 
liave  no  recourse,  that  any  surface  imj^rovements  are 
made  at  the  lot  owner's  risk  and  that  they,  the  operators, 
have  the  legal  right  to  destroy  all  value  in  such  property. 

The  courts  have  upheld  this  contention  on  the  general 
principle  that  "he  who  builds  a  house  over  a  volcano  nuist 
take  the  con.sequences."  Without  questioning  the  legal 
precedent  for  such  a  ruling,  the  injustice  of  it  is  obvious. 
People  have,  bought  and  paid  large  sums  for  lots  that  arc 
valueless  without  the  right  to  build  on  them  and  valueless 
if  buildings  on  them  are  made  uninhabitable.  In  plain 
words,  the  coal  operators  or  lessors  have  sold  soniethuig 
that  they  have  reserved  the  right  subsequently  to  destroy 
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without  compensation  to  the  purchaser.  Specific  instances 
of  injustice  and  the  distressing  results  to  small  property 
owners  are  numerous.  Many  a  laboring  man  has  had 
his  life's  savings  practically  annihilated. 

The  problems  from  a  humanistic  point  of  view  are 
pressing  and  complex.  From  an  engineering  point  of 
view  they  are  interesting  and  unusual,  but  not  so  difficult 
of  solution.  Subsidences  like  those  described  elsewhere  in 
this  issue  show  curious  failures  of  building  structures 
and  still  more  curious  instances  jvhere  they  do  not  fail. 
Changes  in  street  grades  are  often  radical  and  ultimately 
will  mean  reconstruction  of  both  surface  and  subsurface 
street  structures.  There  is  often  lateral  movement  enough 
to  destroy  alignment  and  cause  strange  shifts  in  propertv 
lines. 

Left  alone,  the  whole  area  would  eventually  readjust 
itself  to  new  elevations  and  contours,  but  obviously  the 
value  of  surface  improvements  and  the  danger  to  life  and 
limb  will  not  permit  waiting  for  nature  to  take  its 
course.  It  is  no  difficult  engineering  task  to  fill  the  old 
works  or  to  replace  the  columns  of  coal  with  columns  of 
masonry,  but  it  is  an  expensive  task,  and  many  of  the 
old  workings  would  have  to  be  reopened  to  make  the  work 
accessible.  Xo  one  appears  ready  to  assume  the  burden 
of  expense  for  this  undertaking. 

A  little  refilling  has  been  done,  some  by  certain  mine 
operators  and  some  by  the  city,  which  in  1014  established 
a  Mine  Cave  Bureau.  Xot  until  that  time  was  it  possible 
for  the  public  to  know  how  the  mine  operators  were  con- 
ducting their  work,  for  they  have  been  very  careful  to 
prevent  outsiders  from  viewing  underground  conditions. 
Of  course,  the  first  thing  to  be  done  is  what  the  Mine 
Cave  Bureau  is  aiming  to  accomplish — namely,  obtain 
an  accurate  survey  of  underground  conditions.  After 
that  it  will  not  be  so  easy  for  the  operators  to  avoid 
responsibility. 

In  the  past  it  has  been  customary  to  entangle  matters 
as  much  as  possible  by  a  complication  of  leases  and  operat- 
ing companies,  so  that  in  the  case  of  a  mine  where  several 
thousand  tons  of  coal  have  been  taken  from  under  a 
public  highway  it  may  very  likely  be  impossible  to  fix 
upon  the  mine  operators  responsible. 

Whatever  the  solution  of  the  problem  of  responsibility 
s,  probably  the  anthracite  consumers  will  ultimately  foot 
the  bill.  The  most  popular  proposal  in  Scranton  is  to  put 
I  ta.x  on  every  ton  of  coal  mined,  the  proceeds  to  go 
toward  protection  of  the  surface.  Whether  such  a  tax 
is  established  by  law  or  the  responsibility  is  placed  on  the 
mine  operator.s,  the  result  in  the  price  of  anthracite  to 
the  consumer  will  be  practically  the  same. 


First  And  d©  Ha^lh-wsis^  TrsiveSeirs 

For  the  convenience  of  autoniobilists,  the  Pulilic  Com- 
"ort  Station  Bureau  of  261  Broadway,  New  York  City, 
•vhich  is  said  to  be  backed  by  various  national  associa- 
iions,  has  started  a  campaign  to  provide  one  or  more 
'oadside  waiting  stations  "in  every  city  through  which 
I  main  highway  runs."  These  stations  would  have  "sani- 
ary  toilet  accommodations  for  men  and  women,  contain- 
ng  pure  and  wholesome  drinking  w-ater,"  and  in  hard- 
A'ater  localities  "there  would  be  a  small  water-softening 
iipparatu.s  for  supplying  soft  water  for  automobile  rad- 
iators." In  addition,  telephones  and  "other  neces.sary 
■iectric  equipment"  (curling  irons?)  would  be  provided. 


It  is  comforting  to  know  that  these  waiting  rooms  would 
be  emergency  hospitals  and  detective  bureaus,  perhaps 
also  postal  substations. 

Besides  caring  for  motorists  the  "comprehensive  plan" 
of  the  bureau  would  include  both  landing  places  and 
parking  places  for  aviators,  with  "land  lights  so  that 
an  aviator  at  night  will  know  what  state  he  is  over, 
and  the  location  above  the  state" — whatever  the  last 
clause  may  mean.  City  public  comfort  stations  of  the 
sort  described  are  estimated  to  cost  $10,000  each,  but 
less  expensive  stations  for  small  cities  and  towns  are  pro- 
posed. Cities  would  build  the  stations,  it  is  said,  and 
recover  the  whole  cost  in  ten  years  by  charging  a  use 
fee.  The  .stations  would  therefore  be,  "not  a  charge 
upon  the  community,  but  a  good  paying  investment  in 
dollars,  decency  and  health." 

Although  not  so  stated  in  the  announcement,  it  is 
reasonable  to  expect  that  when  automobilists  and  aviators 
have  been  provided  for,  attention  will  be  given  to  the 
establishment  of  numerous  buoyed  way  stations  where 
submersibles  can  come  up  to  aerate  and  do  other  things 
appropriate  to  undersea  craft. 

Although  heavy  reinfoix-ed-concrete  slab  bridges  for 
railway  loadings  have  been  fairly  common  for  some 
years,  it  is  doubtful  if  the  engineering  eye  has  yet  be- 
come accustomed  to  their  seemingly  excessive  thickness. 
The  views  in  the  first-page  article  this  w-eek  well  illustrate 
this.  Used  as  we  are  to  the  comparatively  thin  slab 
supported  on  occasional  girders,  either  of  steel  or  con- 
crete, the  20  to  40  in.  concrete'  slab  bridge  seems  unduly 
heavy  to  span  an  opening.  It  looks  like  a  piece  of  pier 
footing  strangely  displaced  from  bottom  to  top  of  the 
structure  and  misapplied  to  the  support  of  the  light 
loads  of  traffic. 

This  uneasiness  is  of  course  entirely  ocidar,  for  the 
reinforced-conerete  slab  of  a  great  depth  is  a  most  eco- 
nomical bridge  span  for  heavy  loads.  Particularly  when 
adapted  to  the  unit  system  it  has  proved  a  valuable 
addition  to  the  standard  railway  structures.  In  this  form 
it  possesses  all  of  the  known  virtues  of  precast  construc- 
tion— that  is,  insured  inspection  and  adaptability  of  time, 
working  place  and  personnel — and  at  the  same  time  it 
permits  of  great  standardization  of  design  for  the  many 
small  crossings  which  railways  require.  In  grade-crossing 
work  it  is  of  great  value,  because  the  abutments  may 
be  put  in  without  interference  with  the  street  traffic  and 
the  slabs,  cast  anywhere  convenient  along  the  line,  can  be 
brought  in  and  readily  swung  into  place  with  a  locomo- 
tive crane.  AMien  so  placed  its  solidity  pemiits  of  track 
work  of  the  best  type  and  its  rigidity  assures  the  per- 
manence and  the  easy  riding  characteristic  of  main-line 
track. 

A  further  advantage,  which  has  been  utilized  on  the 
Wal)ash  work  noted  above  and  also  on  tlie  Lackawanna 
grade  crossings  outside  of  New  York  City  is  the  ease 
with  which  skew  spans  can  be  built.  Form  work  for 
such  skews  is  hardly  more  expensive  than  for  a  straight 
span  and  the  piling  up  of  one  slab  alongside  or  even 
on  top  of  another  is  equally  easy.  This  simplicity  of 
form  work,  in  fact,  is  the  main  factor  in  the  economy 
of  this  useful  structure. 
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S^anadlsiS'c^  A.splxasi]lt  SpecntfacsiftEOia 


Sir — An  editorial  in  Engineering  News  of  July  27, 
under  the  caption  "Repetitious  Road  Discussions."  is 
very  timely.  You  state  tluit  almost  invariably  the  vari- 
ous papers  presented  at  road  conventions  deal  with  ele- 
mentary principles.  This  is  quite  so.  In  the  future 
the  subjects  of  discussion  should  deal  with  practical  de- 
tails rather  than  in  glittering  generalities. 

For  instance,  the  asphalt  industry  would  probably  feel 
grateful  for  some  coherent  effort  toward  specifications 
that  wonld  require  a  definite  consistency  of  asphalt  for 
the  same  type  of  construction.  In  the  penetration  meth- 
od of  road  construction  one  locality  demands  an  asphalt 
with  a  consistency  showing  a  penetration  of  100  to  110, 
and  another  locality  in  the  same  climate  and  for  the  same 
class  of  work  requires  an  asphalt  of  a  penetration  of 
from  130  to  140. 

Right  here  is  a  practical  subject  that  might  be  de- 
veloped at  a  road  convention;  that  is,  to  determine  what 
should  be  the  proper  consistency  of  asphalt  for  pene- 
tration road  work.  Of  course,  it  would  not  be  advisable . 
to  nse  an  asphalt  of  the  same  penetration  for  Watertown, 
N.  Y.,  as  would  be  used  at  Columbia,  S.  C,  but  some 
uniformity  could  be  arrived  at  that  could  be  adopted  for 
similar  climatic  conditions.  Then  again,  this  same  dis- 
parity often  occurs  in  definiiig  the  consistency  of  asphalt 
for  sheet-a,sphalt  and  asphaltic-concrete  pavements.  It 
is  true  that  streets  for  heavy  traffic  require  a  harder  as- 
phalt than  those  for  light  traffic ;  but  there  are  many  small 
cities  where  the  traffic  is  relatively  the  same,  for  which 
some  uniform  or  standard  penetration  specification  for 
the  asplialt  could  l)e  developed. 

The  companies  refining  asphalt  in  these  days  are  in 
the  same  position  as  the  pickle  factory — they  have  to 
produce  57  varieties.  It  makes  it  a  very  onerous  propo- 
sition. If  till'  consistency  of  asphalt  for  various  types 
of  pavenu'iit  could  be  standardized,  the  asphalt  refiner 
could  give  liis  customer  better  service  in  the  way  of 
shipment  and  could  operate  his  refinery  with  muiii  more 
smoothness. 

It  is  time  for  I'oad  ruiivcntiinis  to  cast  aside  tlie  old, 
hackneyed,  worn-out  tojiics  and  introduce  sul)jects  that 
really  relate  to  tlic  actual  construction  details  of  road 
building.  J.   K.  Din.WEY, 

Sales  Manager,  United  States  Asphalt  Refining  Co. 

New  York  City,  July  28,  1916. 


To  EualS^eKiice  ILe^Ssiattnoia? 

Sir — There  has  been  some  active  discussion  in  Kiu/i- 
ntering  Ncvs  and  other  technical  publications  recently 
as  to  whether  engineering  societies  should  take  any  action 
with  refertnce  to  pending  legislation  that  miglit  affect 
the  interest  of  engineers. 


In  the  Philadelphia  Engineers'  Club  the  question  has 
been  brought  to  a  head  recently  through  the  presenta- 
tion of  a  paper  by  Past-President  Henry  Hess,  at  the 
close  of  which  he  ofl:ered  a  resolution  to  the  effect  that 
the  club  should  not  commit  itself  to  any  action  with 
respect  to  any  pending  legislation.  I  quote  the  follow- 
ing extracts  from  his  address : 

There  has  been  growing  for  some  time  a  conviction  in  the 
engineering  world  that  engineers  should  and  must  take  a 
place  in  the  community  in  the  shaping  of  public  affairs — a 
I)lace  more  in  accord  with  the  importance  of  engineering  in 
the  economic  and  social  political  affairs  and  life  of  the  com- 
monwealth. 

How  best  can  engineering  associations,  including  our 
Club  of  Philadelphia  Engineers,  best  place  their  collective 
engineering  knowledge,  experience  and  training  at  the  serv- 
ice of  the  community?  Two  ways  are  debatable:  A  stand  in 
favor  of  or  against  direct  legislation  may  be  taken,  or  en- 
cineering  matters  affecting  the  community  may  be  carefully 
considered  and  formulated  to  serve  as  a  guide  and  basis  for 
the  formulation  into  laws  by  those  more  specifically  fitted  by 
experience  and  training  in  the  framing  of  laws. 

Some,  at  least,  of  the  great  national  engineering  societies, 
some  by  practice  and  soine  by  direct  constitutional  re- 
quirement, have  decided  to  absolutely  refrain  from  recom- 
mending or  formulating  laws  and  to  limit  themselves  to 
specific  engineering  advice  and  recommendation.  In  so  re- 
stricting themselves  they  have  actually  broadened  and  deep- 
ened their  influence  on  actual  legislation.  They  have  not 
sought,  nor  do  they  seek,  to  influence  legislation,  and  in  so 
refraining  they  have  actually  gained  a  deep  and  beneficial  in- 
fluence  in   and   for   the   community. 

A  case  in  point  that  most  of  you  are  familiar  with  may 
here  be  cited:  A  number  of  engineers,  members  of  the  Amer- 
ican Society  of  Mechanical  Engineers,  largely  interested  in 
steam  boilers  and  their  safe  construction  and  use,  got  to- 
gether a  number  of  years  ago  and  were  constituted  a  special 
committee  of  that  society.  A  code  for  boiler  construction  was 
evolved  that,  while  restraining  no  maker  of  any  particular 
type  of  boiler,  made  certain  that  any  boiler  built  and  used 
under  the  code  was  as  safe  as  the  combined  experience  and 
.skill  of  the  designing,  manufacturing  and  operating  engineers 
of   the   country    could    evolve. 

Did  the  engineering  association  that  participated  in  this 
work  recommend  the  adoption  of  the  code  as  the  law  of  the 
land?  Many  members  of  the  committee  most  earnestly  de- 
manded that  that  should  be  done.  Wiser  counsel  prevailed. 
The  code  was  published  simply  as  what  it  was — the  crystalli- 
zation of  the  best   knowledge  of  the  engineering  profession. 

And  what  was  the  legislative  result?  Various  legislatures 
in  various  states  secured  copies;  some  had  the  code  reprinted 
in  toto,  and  many  used  it  as  the  basis  for  a  revision  of  their 
lioiler  laws.  Nowhere  was  the  code  objected  to,  as  must  in- 
cvitably  have  been  the  case  had  its  framers  worked  for  the 
aiUption  into  law.  No  point  was  raised  of  a  selfish  motive  or 
a  selfish  end  to  be  gained  for  any  maker  of  a  boiler  or  of  a 
boiler   accessory. 

A  number  of  legislatures  have  incorporated  the  code  in 
whole  or  in  part  into  organic  law.  Even  those  members  who 
;!<lvocated  the  engineering  societies  putting  themselves  be- 
hind the  enactment  of  the  code  into  law  are  now  agreed  that 
what  they  hoped  for  in  the  interest  of  the  public  and  com- 
munity actually  came  about  much  sooner  and  more  readily  as 
a  result  of  their  confining  themselves  to  their  special  domain. 

It  is  exceedingly  interesting  to  compare  Mr.  Hess' 
statement  that  the  A.  S.  j\[.  E.  boiler  code  "gets  itself 
adopted"  by  state  legislatures,  etc.,  without  any  action 
liy  the  American  Society  of  Mechanical  Engineers,  with 
ilulletin  5,  just  issued  by  the  American  Uniform  Boiler 
Law  Society,  an  organization  which  was  formed  to  secure 
(lie  le'Jtal  adoption  of  the  A.  S.  M.  E.  boiler  code  and 
whicli  represents  ten  different  groups  of  commercial  or- 
ganizations  engaged    in    lioilci'   nuinuracture   and    use: 
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Your  chairman  begs  to  report  that  on  July  11  a  meeting  of 
he  Administrative  Council  was  held  in  New  Tork;  the  af- 
airs  of  our  society  were  generally  discussed  and  a  cam- 
aign  planned  for  the  continuance  of  the  work.  It  was  de- 
ided  to  put  in  our  strongest  effort  on  the  States  of  Con- 
ecticut,  Michigan,  Illinois,  Minnesota,  Texas,  Missouri,  Ten- 
essee  and  Louisiana  and  continue  our  effort  in  New  Tork. 

The  financial  report  showed  that  all  bills  had  been  paid 
nd  approximately   $2,000   on    hand. 

The  Administrative  Council  was  continued  and  the  request 
lade  that  each  section  provide  at  least  the  amount  of  funds 
liat  were  provided  last   year. 

In  our  work  during  the  past  year  we  have  given  our  so- 
iety  and  the  A.  S.  M.  E.  code  very  broad  publicity  and  have 
lade  known  our  desires  throughout  the  United  States.  We 
o  not  believe  we  are  wrong  in  stating  that  there  is  prob- 
bly  not  a  section  in  the  United  States  that  has  not  had  the 
oiler  code  placed  before  them  and  its  advantages  outlined  to 
lem. 

From  the  above  quotation  it  is  evident  on  its  face 
lat  ilr.  Hess'  example  cited  to  demon.strate  that  an 
iif^ineering  society  can  influence  legislation  by  merely 
tlopting  something  and  refraining  from  all  publicity 
inceming  it  really  proves  the  exact  contrary. 

The  rapid  adoption  of  the  excellent  boiler  code  fomiu- 
ited  by  the  A.  S.  M.  E.  is  due  to  the  fact  that  a  strong 
•  rganization,  backed  with  the  funds  necessary  to  carry 
II  hard,  steady  and  effective  work  over  a  broad  area, 
as  got  behind  the  code  and  is  making  its  merits  known 
-  they  deserve  to  be  known.  Had  nothing  of  the  sort 
?en  done,  there  is  no  reason  to  doubt  that  the  A.  S. 
I.  E.  code  would  have  been  comfortably  buried  in  the 
iciety's  transactions,  to  remain  in  dust-covered  repose 
1  library  shelves,  and  its  effect  on  state  legislation 
id  municipal  ordinances   would  have   been  nil. 

The  principle  at  stake  is  a  broad  one  and  ought  to 
■  clearly  understood.  If  the  members  of  an  engineering 
■ciety  decide  that  they  want  to  do  anything  concerning 
iblic  questions  such  as  legislation  affecting  matters  in 
hich  engineers  are  interested,  they  should  understand 
lat  they  will  be  practically  wasting  their  time  if  they 
erely  deal  with  abstract  technicalities  and  adopt  formal 
•solutions.  If  they  really  want  to  have  any  vital  in- 
Lience  on  such  matters  in  this  busy  world,  they  must 
it  be  afraid  to  give  all  possible  publicity  to  what  they 
ly  and  do,  and  they  must  be  willing  to  do  the  neces- 
;ry  work  to  bring  their  action  to  the  notice  of  those  who 
■e  in  authority.  Q.  E.  D. 

New  York.  .I'lilv  29,  1916. 


ir. 

Sir — Referring  to  Arthur  E.  Lord's  letter  in  your 
sue  of  July  13,  ^\r.  Lord  says  that  I  have  repeatedly 
iiblished  statements  to  the  effect  that  wall  panels  are 
?ver  loaded.  He  then  recites  tests  made  that  refute 
lis:  Let  us  see.  In  Transactions  of  the  American 
oeiety  of  Civil  Engineers,  Vol.  LXXVII,  p.  1701,  I 
;id,  "There  arc  no  recorded  tests  of  isolated  panels  with 
le  load  in  the  square  inclo.sed  by  the  columns,  and  none 
I  exterior  panels,  except  where  the  outer  edge  was  sup- 
irted  by  a  girder  or  a  wall.  Furthermore,  there  are 
I  tests  of  flat-slab  construction  where  load  was  placed 
1  all  panels  across  a  building."  On  page  1392  of  the 
inie  volume  I  said  practically  the  same  thing. 

The  Larkin  building,  the  test  of  which  Mr.  Lord 
indly  invited  me  to  witness,  had  deep  girders  in  the 
ater  walls  on  the  floor  tested.  I  was  impressed  with 
le  care  and  thoroughness  with  which  this  test  was  made, 


and  if  ilr.  Lord,  or  anyone  else,  thinks  that  my  remarks 
concerning  disinterested  tests  refer  to  bias  in  the  matter 
of  conducting  the  tests,  he  is  simply  mistaken.  The 
"interested"  feature  of  practically  all  of  the  tests  made 
consists  in  the  selection  by  the  patent  owners  of  the  por- 
tion of  the  floor  to  be  tested.  They  do  not  select,  for 
test,  an  isolated  panel.  They  do  not  select  a  row  of 
exterior  bays  where  there  is  a  simple  rib  support  on  the 
e.xterior  edge,  and.  leave  the  next  row  of  bays  unloaded. 
Tliey  do  not  select  a  row  of  bays  completely  across  a 
building  and  thus  counteract  the  dishing  efl:ect  that  aids 
greatly  to  support  loads  on  single  bays.  They  do  not 
.select  an  upper  floor  where  the  columns  are  small.  They 
do  not,  therefore,  make  a  real  test  of  their  construction. 
The  testing  engineers  may  do  their  work  never  so  care- 
fully and  conscientiously,  but  so  long  as  the  selection 
of  the  portion  tested  is  along  the  lines  just  Indicated, 
the  test  cannot  be  said  to  be  disinterested. 

To  give  a  little  history  to  illustrate  the  point.  I  once 
tested  a  building.  The  first  test  was  made  to  satisfy  the 
builder.  It  was  on  one  interior  bay.  The  result  was 
excellent.  If  I  had  stopped  there,  the  report  would  have 
been  lovely,  and  I  should  have  resented  any  implication 
that  the  test  was  biased.  But  in  the  interest  of  truth 
and  the  owner  I  went  on  and  tested  the  three  bays 
across  the  building.  The  result  was  failure.  The  first 
test  was  unbiased  but  it  was  "interested."  The  second 
test  was  also  unbiased,  but  it  was  disinterested.  The 
aim  was  purely  to  find  out  what  the  floor  would  do  under 
legitimate  loading  and  use.  Edward  Godfrey. 

^lonongahela  Bank   Bldg.,  Pittsburgh,  Pa., 
July"2-1,  191(5. 

s; 

Another  Electric  Bnttleahip — Contracts  have  recently  been 
let  for  electric  propulsion  machinery  for  the  U.  S.  S. 
"Tennessee,"  a  superdreadnaught  now  under  construction. 
This  action  may  be  regarded  as  a  result  of  success  with  the 
U.  S.  collier  "Jupiter"  and  the  battleship  "California."  There 
will  be  in  the  "Tennessee"  two  steam-turbine  electric  gener- 
ating units  aggregating-  33,000  hp.  and  feeding  four  6,T00-hp. 
motors,  each  connected  to  a  propeller.  Smaller  turbine  sets 
will  drive  the  auxiliaries  and  furnish  light  and  power  through- 
out the  ship.  There  will  be  several  hundred  motors,  doing  all 
work  from  anchor  raising  to  steering.  Electricity  will  be 
used  for  cooking,   ice   making,   etc. 

I.e^Nlation  and  KthiCM  in  Itelntion  to  KngineerinE;  in  Min- 
nesota are  included  ir,  resolutions  adopted  at  the  recent  an- 
nual meeting  of  the  Minnesota  Surveyors'  and  Engineers' 
Society.  It  was  voted  that  the  society  should  coiiperato 
in  three  movements  to  secure  improved  legislation;  1,  Drain- 
age— No  drainage  ditches  should  be  ordered  constructed  under 
the  state  laws  unless  it  is  definitely  shown  by  the  engineer's 
survey  and  report  that  they  will  be  of  sufflcient  capacity  to 
drain  effectively  all  low,  wet  or  marshy  lands  in  the  water- 
shed, together  with  all  lands  from  which  the  water  is  likely 
to  be  diverted  thereto.  2.  Water-Supply  and  Sewage  Dis- 
posal— There  should  be  better  laws  defining  the  powers  and 
duties  of  the  State  Board  of  Health,  as  the  present  laws  are 
inadequate  to  control  properly  water-supply  and  sewage 
disposal.  The  lack  of  competent  supervision  and  advice  is 
leading  to  practices  and  conditions  that  are  liable  to  endan- 
ger public  health  and  cause  the  wasteful  expenditure  of 
public  moneys.  3.  Land  Surveying — The  limiting  of  the  com- 
pensation of  county  surveyors,  under  the  present  laws,  has 
resulted  in  keeping  competent  men  from  accepting  this  offlce. 
This  society  therefore  will  petition  the  legislature  to  abolish 
such  part.s  of  the  statutes  as  refer  to  this  compensation  and 
to  prices  to  be  paid  for  surveys,  allowing  the  work  to  be  paid 
for  on  Its  merits.  4.  Free  Engineering  Services — It  appears 
that  several  manufacturers  of  materials  are  offering  the  free 
services  of  their  engineering  forces  to  furnish  detail  plans 
of  reinforced-concrete  steel  structures,  tile-drainage  systems 
and  other  engineering  works.  The  society  protests  against 
this  practice,  as  it  Is  sometimes  mlsleadlnpr  to  the  public.  Is 
not  conducive  to  fair  and  Impartial  commercial  consideration 
and   is  demoralizing  to   the   engineering   profession. 
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IJeceut  serious  subsideuce.s  from  mine  eaves  in  tlie 
City  of  Scranton,  Pemi.,  along  North  JIain  Ave.  and  vi- 
cinity, again  make  pressing  some  solution  of  a  perplexing 
problem — the  proteetion  of  surface  and  surface  improve- 
ments when  the  anthracite  coal  that  underlies  the  city  is 
removed.  The  accompanying  views,  taken  July  22,  look 
like  distorted  photographs,  but  they  do  not  by  any  means 
adequately  show  the  actual  conditions  of  things — a  street 
with  a  surface  like  a  roller  coaster  and  buildings  leaning 
against  each  other  like  inebriated  companions. 

This  particular  subsidence  is  alleged  to  have  been 
caused  by  the  mining  operations  of  the  People's  Coal  Co. 
and  happened  a  few  weeks  ago,  but  numerous  similar 
subsidences  have  occurred  in  the  past  in  other  parts  of 
the  city.  The  most  valuable  surface  structure  thus  far 
injured  is  the  13th  Begiment  armor}'  at  Adams  Ave.  and 
Myrtle  St.,  within  a  few  minutes'  walk  of  the  business 
center  of  the  city.  A  corner  of  the  armory  is  shown  in  the 
lower  right-hand  view.  This  building  cost  over  a  quarter 
of  a  million  dollars. 

The  City  of  Scranton  is  in  the  heart  of  the  Pennsyl- 
vania anthracite  field.  Its  beginning  as  a  town  dates  from 
an  iron  manufactory,  which  assumed  quite  large  propor- 
tions before  anthracite  mining  became  important.  It  was 
not  until  the  '60's  that  anthracite  mining  was  conducted 
on  an  extensive  scale.  The  existence  of  the  anthracite  was 
of  course  known  for  many  years  before  it  came  into  exten- 
sive demand,  and  therefore  the  greater  part  of  the  land 
on  which  the  City  of  Scranton  now  stands  was  acquired 
long  ago  by  farsighted  individuals  because  of  its  mineral 
wealth.  The  general  practice  has  been  for  these  owners 
and  their  heirs  to  lease  the  mining  privilege  to  companies 
that  carry  on  the  mining  operations  and  pay  the  owner 
a  royalty. 

As  the  city  grew,  the  surface  as  well  as  the  coal  under- 
neath became  valuable.  Tn  a  large  part  of  the  downtown 
business  section  the  land  was  sold  outright,  with  the  coal 
under  it,  but  there  are  large  sections  where  the  original 
owner  in  selling  surface  rights  expressly  reserved  all 
mineral  rights.  In  some  instances,  of  course,  the  original 
owners  were  the  coal  operators  themselves. 

At  the  time  most  of  these  sales  and  leases  were  made 
it  was  the  current  practice  of  the  mine  operators  to  leave 
one-third  of  the  coal  in  place  as  pillars  to  support  the  roof 
and  prevent  surface  subsidence.  Some  few  of  the  old 
leases  specify  this  condition  and  guarantee  the  surface 
owner  from  damage  caused  by  subsidences;  other  deeds 
and  leases  distinctly  disclaim  liability  for  any  surface 
damage  whatsoever. 

Probably  most  of  tho.se  who  bought  city  lots  did  so  on 
the  supposition  that  past  methods  of  mining  would  be 
continued  and  that  the  danger  of  subsidence  (based  on 
past  experience)  was  negligible.  At  all  events  they  went 
ahead  and  made  surface  improvements,  in  many  instances 
of  more  value  than  the  coal  under  them. 

Today,  increasing  evidence  points  to  the  conclusion 
that  not  all  coal  operators,  past  or  present,  have  been 
conscientious  about  leaving  one-third  of  the  richer  and 
more  easily  worked  coal  seams — in  other  words,  they  have 
been  guilty  of  "robbing  the  jiillars."     Subsidences  over 


large  areas  of  from  1  or  2  ft.  to  8  or  10  ft.  have  occurred 
without  warning.  Sometimes  such  large  areas  have  been 
involved  as  not  to  damage  seriously  ordinary  frame  dwell- 
ings on  land  that  subsided.  In  most  cases,  however,  the 
damage  has  been  alarming  and  extensive. 

The  surface  cover  of  the  upper  coal  veins  varies  fi"om 
nothing  where  the  coal  outcrops  to  150  ft.  or  more.  The 
immediate  danger  from  subsidence  is  generally  more 
serious  where  the  cover  is  shallow,  as  under  North  Main 
Ave.,  in  the  views  shown,  where  the  mine  workings  are 
only  70  ft.  below  the  surface.  An  examination  of  under- 
ground conditions,  however,  shows  that  the  subsidence  of 
large  areas  over  old  workings  is  imminent;  in  fact,  is 
slowly  l)ut  surely  taking  place. 

The  number  of  veins  under  the  city  which  have  been 
worked  Aaries  from  five  to  seven.  Until  recent  years  this 
mining  was  carried  on  without  governmental  supervision, 
with  inadequate  surveying  methods  and  with  no  system 
whereby  the  pillars  in  the  different  veins  or  levels  were 
columnized — that  is,  placed  vertically  over  one  another. 
The  present  condition  of  many  acres  of  these  old  workings 
is  impossible  of  determination,  for  large  areas  have  been 
closed  by  squeezes,  and  other  large  areas  have  been  pur- 
jiosely  walled  off  by  the  mine  o])erators. 

The  danger  of  extensive  subsidences  has  long  been 
recognized  and  has  been  the  subject  of  more  or  less  elab- 
orate engineering  investigations.  An  abstract  of  the 
report  of  the  first  of  these  will  be  found  in  Engineering 
Xeu's,  Sept.  21,  1911,  which  describes  in  detail  the  mining 
methods  that  have  been  in  vogue  and  the  methods  that 
were  then  recommended  for  preventing  further  subsi- 
dences. Such  protection  is  essentially  a  simple  matter: 
it  means  only  the  replacing  of  the  coal  with  columns  of 
masonry  or  else  filling  the  old  workings  with  culm  or  dirt. 

It  must  be  remembered,  however,  that  about  250,000,- 
000  cu.yd.  of  coal  and  refuse  has  been  taken  from  under 
the  city  (about  as  much  as  the  total  excavation  for  the 
Panama  Canal),  and  to  replace  all  of  this  vast  volume 
would  be  impossible,  as  well  as  unnecessary.  Very  little 
systematic  filling,  however,  has  been  done,  because  no 
agreement  can  be  reached  as  to  who  .shall  pay  for  it. 

The  courts  have  refused  to  hold  the  coal  operators  liable 
excejit  in  specific  instances  where  they  assumed  liabilitv 
through  the  original  leases  or  deeds.  Exce])t  in  a  few 
cases,  like  the  armory  above  mentionc<l  and  two  or  three 
]iublic-school  buildings,  a  great  part  of  the  damage  has; 
been  done  to  small  dwelling  houses  and  places  of  business, 
the  owners  of  wliich  have  neither  the  means  nor  the  heart 
to  fight  long  drawn-out  legal  contests.  Matters  liave  now 
reached  a  crisis,  however,  and  an  organization  known  as 
ihe  Scranton  Surface  Protective  Association  has  been 
formed  with  several  thousand  members,  which  intends  to 
fight  out  collectively  the  points  of  law  involved. 

Aside  from  the  buildings  mentioned  there  has  been 
extensive  damage  to  public  projierty,  as  well  as  to  private 
jiroperty.  The  illu.strations  give  some  idea  of  the  present 
contour  of  the  street  surface,  and  any  engineer  can  imag- 
ine what  happens  to  subsurface  structures — sewers,  water 
and  gas  mains,  etc. — under  such  conditions.  The  gas  and 
water   mains   are  owned   l)v   iirivate   interests,   and  it  i^ 


Au.uust  10,  1916 


ENGINEERING     NEWS 


281 


VIKWS    OK    SCUANTON,    PENN..    MINE-CAVE    DAMAGE 

The  left-hand  column  shows  views  of  North  Main  Ave.  after  a  recent  minc-cave,  or  general  subsidence.  The  humps 
"ni  ''''■'=^'  mark  places  where  the  property  owner  attempted  to  protect  his  property  by  buying  the  coal  under  it,  or  where 
i'lilars   of  coal   were   left.      The    lower   ripht-hand   view   Is   a  corner  of  the   13th   Kes'ment  Armory 
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alle,ffed  that  damages  to  these  properties  are  paid  for  by 
the  coal  operators,  but  the  city  has  collected  damages 
for  broken  sewers  only  in  rare  instances.  The  courts  have 
held  in  each'fustance  that  the  city  must  show  by  deed  or 
lease  that  it  has  absolute  control  of  the  coal  under  the 
streets.  A  case  is  now  before  the  Supreme  Court  of  the 
state  involving  damage  done  to  North  Main  Ave.,  which 
was  a  public  thoroughfare  in  the  eighteenth  century,  or 
long  before  anthracite  coal  came  into  use. 

In  spite  of  the  roller-coaster  surface  of  the  street  the 
vitrified-pipe  sewer  has  been  kept  in  service,  but  because 
of  the  sags  and  low  places,  flushing  out  is  frequently 
required.  In  some  instances,  however,  it  has  been  neces- 
sary to  take  up  and  relay  sections  of  sewers  on  new  grades. 
Fortunately,  Scranton  is  a  side-hill  city,  and  drainage 
problems  have  so  far  been  successfully  solved. 

From  the  foregoing  it  will  be  evident  that  the  damage 
which  has  occurred  is  not  a  circumstance  to  what  may 
occur.  No  one  can  predict  what  may  happen.  There  are 
kno^\ai  to  be  large  areas  where  one-third  of  the  coal  was 
not  left  for  pillars — where  less  than  half  of  that  was  left. 
It  is  known  that  anthracite  disintegrates  on  contact  with 
the  atmosphere  and  that  the  pillars  of  coal  which  were 
left  are  gradually  crumbling  away.  Subsidences  may  be 
gradual  and  uniform,  but  they  seem  certain  to  continue, 
unless  extensive  areas  are  underpinned  or  refilled. 

Clhscago  Rflveir  Bridlges 

Improvement  of  the  appearance  of  the  numerous 
bridges  over  the  Chicago  Eiver  in  the  City  of  Chicago 
has  been  agitated  for  some  years  and  is  now  being  stud- 
ied with  reference  to  the  new  bridges  to  be  built  under 
the  $.5,000,000  bond  issue  recently  authorized. 

Most  of  the  Chicago  Eiver  bridges  are  of  the  through 
or  half-through  truss  type,  with  two  or  three  trusses  ris- 
ing above  the  floor  level.  The  swing  bridges  are  obsolete 
(those  now  remaining  are  to  be  removed),  and  some  of 
the  bascule  bridges,  while  doubtless  structurally  unim- 
peachable, are  not  of  attractive  appearance.  One  of  the 
fundamental  ideas  in  improving  the  appearance  of  future 
bridges  is  to  keep  all  the  structural  work  below  the  deck, 
or  at  least  beneath  the  parapet  level.  This  will  give  the 
bridge  an  a])pcarance  of  width  and  lightness  from  the 
approaches. 

Not  much  can  be  tlone  in  the  way  of  architectural 
treatment  of  the  approaches,  for  the  streets  are  of  mod- 
erate  width    and    are   generally    flanked    by    commercial 


FIG.      2.     PROPOSED      ENTRANCE      TREATMENT      OP     AP- 
PROACHES TO  THE  MADISON  ST.  BRIDGE  AT  CHICAGO 

buildings  extending  to  the  river  bank.  Hence,  there  i> 
no  opportunity  for  creating  wide  open  spaces  at  the  ap- 
proaches. The  most  that  can  be  done  is  to  adopt  some 
pleasing  treatment  for  the  masonry  abutments  and  para- 
pets, the  operating  cabins,  electric-light  posts  and  similar 
accessories,  and  place  some  decorative  features  on  the 
approaches  at  the  curb  lines  to  form  a  distinctive  en- 
trance to  the  structure. 

In  the  accompanying  views  is  shown  a  model  of  ;i 
proposed  ornamental  treatment  of  the  new  bascule  bridgp 
at  Madison  St.  The  limitations  of  headway  prevent  the 
use  of  a  curved  bottom  chord  and  necessitate  e.xtendiiig 
the  trusses  above  the  floor  to  parapet  height.  The  lower 
part  of  the  steel  work,  therefore,  has  a  girder  effect, 
and  the  upper  part  (at  the  curb  lines)  is  masked  witii 
ornamental  ironwork  of  similar  design  to  that  of  the 
outside  parapets  or  hand  rails.  Fig.  1  is  a  general  view, 
and  Fig.  2  shows  in  more  detail  the  treatment  at  the 
ajDproaches. 

The  abutments  are  designed  to  be  of  granite,  and  the 
Pennsylvania  E.R.  has  agreed  that,  if  this  is  decided 
upon  by  the  city,  it  will  use  granite  for  the  river-front 
wall  built  in  connection  with  the  new  Union  Station. 
The  operating  cabins  are  to  be  of  vitrified  tile,  with  mat, 
glaze  finish,  imitating  granite. 

The  architectural  entrance  treatment  at  each  approach 
is  to  consist  of  a  pylon  and  bronze  statuary  group  on 
either  side,  with  a  low  parapet  wall  extending  between 
them,  on  the  line  of  the  curb.  The  pylons  would  lie 
about  26  ft.  high  and  narrow  enough  to  avoid  obstruction. 

This  model  was  prepared  at  the  direction  of  the  Muni- 
cipal Art  Committee  of  the  Illinois  Chapter  of  the 
American  Institute  of  Arclntects.  The  committee  is 
working  in  cooperation  with  the  Chicago  Plan  Commis- 
sion and  the  Department  of  Public  Works. 
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FIG.  1.    MC)DKL  OF  I'llOl'OSEU  DESIO.N  FOR  M.\DISON  ST.    UUIDGE  AND  APPROACHES  AT  CHICAGO 
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FIG.  3.     BASCULE  BRIDGE  OVER  THE  CHICAGO  RIVER  AT  JACKSON  ST. 


The  excellent  appearance  of  a  deck  brifl':je  as  jiait  of  a 
pui)lic  street,  as  compared  with  a  bridge  having  the  road- 
way broken  by  projecting  trusses,  is  shown  strikingly 
by  the  new  Jackson  St.  bascule  bridge,  built  by  the 
Strauss  Bascule  Bridge  Co.  and  opened  a  few  months 
ago.  A  view  of  it  is  given  in  Fig.  3.  A  slightly  greater 
lieadway  here  permitted  the  use  of  cui-ved  bottom  chords, 
and  it  enabled  all  structural  work  to  be  kept  below  the 
deck,  so  that  there  are  no  parapets  between  the  side- 
walks and  roadway,  as  in  the  Madison  St.  design.  This 
gives  a  fine  open  appearance  to  the  bridge. 

The  abutments  at  Jackson  St.  are  of  reinforced  con- 
crete, housing  the  operating  machinery,  and  upon  each 
is  ail  operator's  tower,  with  concrete  lower  portion  sur- 
mounted by  a  cabin  of  steel,  copper  and  glass.  A  simple 
decorative  treatment  is  given  to  the  concrete  work,  and 
the  tower  is  paneled  with  inserted  lines  of  tile.  The 
design  of  the  abutments  and  operating  towers  at  this 
bridge  was  the  result  of  cooperation  between  the  engi- 
neers and  the  Chicago  Plan  Commission. 


.\  machine  for  endurance  experiments  using  alternating 
torsion  in  a  peculiar  way  has  been  built  at  the  Naval  Engi- 
neering Experiment   Station  at  Annapolis.     It  was  de- 


scribed l)y  1).  .1.  McAdam,  Jr.,  in  a  jmper  "Endurance 
and  Impact  Tests  of  Metals."'  Arm  b  (see  Fig.  1)  grips 
one  end  of  the  specimen  (Fig.  2),  which  is  journaled 
in  two  bearings  in  the  frame.  The  other  end  is  held  by 
arm  e,  whose  outer  extremity  engages  the  opposed  springs 
/  and  registers  on  the  drum  /(.  The  throw  of  the  crank 
disk  a  can  be  varied.  With  a  given  throw,  the  torsional 
load  on  the  specimen  is  less  when  the  specimen  yields  than 


Flat 


FKi.   2.     SPECIMEN  FOR  ALTERNATING  TCJRSION  TEST 


FOR   ALTERNATING   TORSION   TIOST 


FIG.    3.     IMPACT-SHEAR    TEST    MACHINE 

when  its  deformation  is  small.  Tests  have  been  run  with 
various  steels  at  loads  producing  rupture  at  several  thou- 
sand cycles.  Such  tests  have  been  applied  to  the  problem 
of  choosing  between  half  a  dozen  dill'erent  heat-treatments 
for  chrome-nickel  steel. 

An  impact-shear  testing  machine  was  also  built,  and 
tests  are  being  run  on  it  for  comparison  with  the  torsion- 
endurance  tests.  This  is  shown  in  Fig.  3.  The  specimen 
c,  %  in.  wide  and  i^  iii-  thick  in  the  direction  of  the 
blow,  is  held  by  the  vise  hb,  and  its  projecting  end  is 
sheared  off  by  the  punch  e  in  the  pendulum  a.  Aftci 
the  break,  the  pendulum  carries  the  dead  pointer  d  witb 
it,  and  thus  the  residual  energy  is  measured,  giving  by 
subtraction  the  foot-pounds  absorbed  by  the  break.  After 
breaking  a  piece,  it  can  be  moved  up  in  the  vise  and  re- 
peated breaks  made.  The  average  riiptiii'c  work  for  tougli 
metal  is  about  -15  to  50  ft.-lb. 
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The  new  186-ft.  three-track  single-leaf  bascule  bridge 
of  the  Chicago  &  Xorthwestern  Ky.  over  the  Chicago 
River  near  Fullerton  Ave.,  Chicago,  was  put  in  service 
July  30  (Sunday).  It  takes  the  place  of  an  old  double- 
track  center-pier  swing  bridge.  The  new  structure  was 
erected  in  the  open  or  raised  position,  the  end  floor  panel 
being  left  incomplete  to  allow  trains  to  pass  through 
tvhile  the  work  was  in  progress.  The  accompanying  view 
affords  an  interesting  comparison  of  the  old  and  new 
structures. 

Traffic  was  suspended  soon  after  midnight,  and  work 
was  commenced  at  12  :  30  a.m.  The  old  bridge  was  swung 
into  the  open  position  and  blocked  up  on  the  protection 
pier,  and.  the  operating  machinery  was  removed  by  a 
derrick  boat.  The  middle  portion,  for  a  width  sufficient 
to  enable  the  bascule  span  to  be  lowered,  was  then  cut 
away  by  means  of  oxyacetylene  torches  and  the  parts 
were  loaded  iipon  a  scow  by  the  derrick  boat.  These  parts 
were  afterward  cut  up  by  the  torches  and  loaded  on  cars 
by  the  same  derrick  boat. 

This  work  was  completed  by  7 :  30  a.m.  and  the  bascule 
span  was  lowered  at  8 :  30.  The  end  panel  of  the  floor 
system  next  to  the  trunnions  was  then  put  in  place  and 
the  portal  bracing  erected  at  the  counterweight  end. 
These  parts  could  not  be  placed  while  the  bridge  was  in 
its  raised  position,  with  trains  running  through  it.  After 
the  old  span  had  been  swung  open  the  railway  company's 
forces  put  in  the  approach  girders  at  the  north  and  south 
ends.  About  GO  track  men  and  15  bridge  men  were 
engaged  on  the  work.  The  line  was  reopened  to  traffic 
about  6  p.m.,  and  the  end  portions  of  the  old  swing  span 
were  removed  on  the  following  day. 

The  new  bridge  is  of  the  Strauss  bascule  type.  The 
trunnion  end  is  square  to  the  trusses  and  the  other 
end  is  on  a  skew,  so  that  the  trusses  are  18fi  ft.  and  1"4 
ft.  long.     There  are  two  through  trusses  spaced  45   it. 


c.  to  c.  for  the  three  tracks.  The  clear  width  of  channel 
is  145  ft.  (on  the  scjuare),  and  the  headway  above  the 
water  is  IS  ft.  3  in.  The  total  weight  of  structural  steel 
(including  trunnions,  pins,  sleeves,  bearings,  stairs,  plat- 
forms, anchorage  and  grillage)  is  1,250  tons;  the  operat- 
ing and  lock  machinery  weighs  92,840  lb.  The  concrete 
counterweights  are  a  new  design,  placed  only  at  the  sides 
(instead  of  extending  across  the  tracks),  so  that  they 
could  be  erected  without  blocking  traffic.  They  contain 
523  cu.yd.  of  concrete  (4,536  lb.  per  yd.)  and  13,300 
W).  of  reinforcing  bars.  Holes  are  left  in  the  concrete  for 
adding  pig  iron  or  bars  to  adju.-t  the  weight.  The 
liridgc  is  operated  by  two  150-hp.  electric  motors  which 
can  open  or  close  it  in  one  minute.  An  auxiliary  50- 
hj).  gasoline  engine  is  provided  in  case  of  failure  of 
current  or  accident  to  the  electrical  machraery. 

The  bridge  was  designed  by  the  Strauss  Bascule  Bridge 
Co.,  of  Chicago.  The  substructure  was  built  by  the  Great 
Lakes  Dredge  and  Dock  Co.,  of  Chicago,  which  also  cut 
apart  the  old  span.  The  steel  for  the  superstructure  was 
furnished  bv  the  American  Bridge  Co.  and  was  ei'ected 
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bv  tlie  Kelly- Atkinson  Constrnction  Co..  of  Chieairo.  The 
design'  and  constrnction  of  the  bridge,  and  Ihe  work 
of  changing  from  the  old  to  the  new  .structure,  were  all 
under  the  direction  of  W.  H.  Finley,  Chief  Engineer, 
Chicago  &  Xorthwestern  Ey. 

The  fatal  accident  of  June  24,  I'JIG,  in  the  shaft  and 
tunnel  under  construction  for  the  Edison  Electric  lUu- 
ininating  Co.,  at  Summer  St.,  Boston,  by  the  Hugh  Xawn 
C  'ontracting  Co.,  has  jxist  been  reported  on  by  Edwin  Mul- 
ready.  State  Commissioner  of  Labor.  The  report  sug- 
seets  that  the  shaft  shell  tore  apart  and  '"blew  up,"  jjre- 
runiably  because  tlie  shaft  was  not  strong  enough  for  the 
tension  due  to  the  high  air  pressure.     The  report  says : 

About  7:  47  a.m.  on  June  24,  1916,  the  vertical  airlock  and 
shaft  blew  up.  The  four  men  who  were  working  in  the 
tunnel  itself  were  killed,  and  three  men  who  were  in  the  air- 
lock   were    uninjured. 

This  work  is  being  done  under  about  31  lb.  pressure.     The 

haft   is  about   80   ft.   in   depth,   with   a   10-ft.   heading   at   the 

.  jottom.      The    tunnel    itself   is    about    7    ft.    in    diameter.      The 

lirlock  is  also  about   7   ft.   in   diameter  and   held   about  eight 

nen  at  the  time  of  the  accident. 

The  probable  explanation  of  the  accident  as  learned  from 
iivestigation  is  that  the  air  chamber  at  the  point  where 
leading  started  snapped  off  and  blew  up.  At  the  broken 
>oint  in  the  shaft  sand  and  water  rushed  in.  The  manhole 
irrangement  of  the  vertical  shaft  is  now  only  3  ft.  above 
.'round,  but  after  the  accident  it  was  pushed  up  about  D'i. 
t.  upon  the  ground  and  canted  at  an  angle  of  about  45°.  This 
■haft  is  situated  at  the  bridge  at  Summer  St.  at  the  be- 
ginning of  I>  .St.  There  were  three  colored  men  and  one 
vhite    man    killed. 


Committees  of  the  Xational  Association  of  Kailway 
,'omniissioners  and  the  American  Railway  Association 
ave  cooperated  in  planning  standard  warning  signals  for 
rade  crossings  of  railways  and  highways.  The  principal 
eature  of  the  new  standard  is  the  placing  of  a  cautionary 
ign  beside  the  higliway  at  least  300  ft.  back  from  the 
ailway  track.  Tliis  warning  sign  is  to  be  a  circular  disk 
4  in.  in  diameter,  painted  white  with  a  black  border 
nd  a  black  cross,  with  the  letters  E.E.  above  the  hori- 
intal  arm  of  the  cross.  This  disk  is  to  be  placed  beside 
lie  road  on  top  of  a  pole  of  sufficient  height  to  be  seen 
t  some  distance ;  and  on  much  traveled  roads  it  is  recom- 
lended  that  these  warning  signs  be  lighted  at  night.  The 
Iditional  signs  now  in  use  or  required  by  law,  whicli  ai-o 
laced  directly  at  the  cro.ssing,  are  to  be  continued. 

In  place  of  the  wliite  flag  now  generally  ti.scd  by 
uards  at  crossings  to  warn  back  approaching  traffic, 
liich  has  sometimes  been  misinterpreted  by  drivers  of 
i-hiclos  as  meaning  safety,  the  committee  recommends 
lat  crossing  guards  shall  display  a  white  disk  16  in. 
1  diameter  with  a  black  border,  with  the  word  "Stop" 
iiinted  across  the  center  in  5-in.  black  letters. 

A  furtlier  recommendation  of  the  committee  is  tliat 
lossing  gates  should  lie  painted  white  with  alternate 
iagonal  strij)e8  of  black.  Experiments  have  shown  that 
at«?8  HO  painted  are  more  striking  to  the  eye  than  when 
ainted  one  solid  color.  The  railways  arc  also  required 
)  grade  tlie  jiighway  approachings  at  crossing,*;  so  that 
lerc  will  not  be  a  sharp  grade  close  to  the  crossing,  to 
'ICC  the  liability  of  teams  or  motors  being  stalled  just 
ilie.v  reach  the  crossing. 


'J'he  action  of  these  committees  is  to  be  reported  to 
the  Xational  Association  of  Railway  Commissioners  at 
its  meeting  in  AVashington  next  Xovember,  and  if  ap- 
proved a  movement  will  be  started,  with  the  cooperation 
of  the  .\merican  Automobile  Association,  to  secure  uni- 
form legislation  in  tlie  various  states  to  cover  the  protec- 
tive measures  al)o\(>  outlined. 

Tlk®  Pein\Eas5^Ev©iiriiiai  IR„IRo  (Clhgisa^©s 

A  complete  change  in  the  ctdor  scheme  of  signal  in- 
dications will  be  made  on  the  entire  Pennsylvania  R.R. 
system  just  as  soon  as  the  necessary  materials  can  be 
obtained,  orders  already  having  been  placed.  TMiite  ligiits 
are  to  be  eliminated  altogether  as  a  signal,  being  replaced 
by  green,  indicating  "clear"  or  "proceed."  This  step  is 
taken  on  account  of  the  increasing  use  of  white  lights 
of  various  kinds  in  buildings,  driveways,  roads  and 
streets   close  to  or  adjacent  to   the   right-of-way. 

The  railroad  states  that  it  was  unwilling  to  proceed 
with  this  change  until  a  yellow  glass  could  be  obtained 
for  the  caution  signals,  which  would  give  a  bright  light 
at  long  distances  and  still  would  not  be  liable  to  be  mis- 
taken for  white.  Not  only  will  alterations  have  to  be 
made  in  all  semaphores,  but  the  following  devices  also 
will  be  effected :  llarker  lights  on  the  rear  of  passenger 
and  freight  trains,  switch  lamps  and  targets,  markers 
for  track  tanks,  "slow"  signs,  "resume-speed"  signs,  hand 
lamps,  and  the  light  displayed  to  the  public  at  crossing 
gates.  Lights  for  the  last-named  purpose  will  be  red 
instead  of  green. 


A  FaUluK  llooiii  cut  through  the  roofs  of  three  houses  in 
Los  Angeles.  Calif.,  on  the  afternoon  of  July  31.  A  large 
steel  derrick  was  used  to  erect  an  elevated-railway  structure 
being  constructed  to  San  Pedro  St.;  a  cable  slipped  and  the 
boom  fell,  cutting  through  the  roofs  of  three  houses  to  the 
first  floors.      There  were  no  casualties. 

\  Broken  Keclnniation  Dike  near  San  Francisco  caused 
floods  which  stopped  all  traffic  between  Oakland  and  Alameda, 
over  Webster  St.,  on  July  25.  The  first  floor  of  the  Panama 
Hotel  was  covered  with  mud,  while  the  plant  of  the  Bay 
Wrecking  Co.  and  several  industrial  plants  were  threatened. 
The  dikes  are  part  of  a  plan  to  reclaim  the  Alameda  marshes 
and  convert  them  into  industrial  sites.  Fill  is  made  by  suc- 
tion dredges  pumping  against  the  10-ft.  dikes  built  along 
Webster  St. 

Hypochlorite  Trentiiieiit  of  OyMteri*  from  I'olluted  AVaterN 
appears  to  be  safe  and  practicable,  according  to  William  F. 
Wells,  sanitary  chemist.  United  States  Public  Health  Service 
("Public  Health  Reports,"  July  14,  1916,  pp.  1848-52).  Acting 
on  the  knowledge  obtained  by  Prof.  E.  B.  Phelps  and  others 
that  oysters  from  polluted  layings  are  rapidly  freed  from 
H.  coli  on  being  placed  in  clean  water,  tests  were  made  with 
oysters  placed  in  galvanized  wire  baskets  and  suspended  in 
water  treated  with  calcium  hypochlorite.  From  0.25  to  0.63 
p. p.m.  of  available  chlorine  were  used,  the  periods  of  immer- 
sion ranging  from  4  to  29  hr.,  with  a  second  period  of  12  to 
24  hr.  in  some  cases.  The  conclusion  reached  in  the  repoi-t 
is    that; 

The  experiments  are  believed  to  prove  that  oysters  which 
have  laid  in  polluted  water  can  be  artificially  purified  to  such 
a  degree  as  to  pass  a  most  rigid  standard  by  exposure  for  a 
short  period  in  water  containing  calcium  hypochlorite,  and 
tliey  appear  also  to  demonstrate  the  feasibility  of  such  a 
process. 

.Vn  Kxcurxlon  Bont  Kiiui|i|ie<S  with  DIcNel  KiikIiich  began 
running  on  the  Hudson  River  at  New  York  City  on  July  17. 
The  boat  can  accommodate  300  passengers  and  Is  driven  by 
a  pair  of  four-cylinder  Diesel  marine  engines  of  240  hp.  each, 
giving  it  a  speed  of  about  12  knots.  The  engines  were  built 
by  the  Southwark  Foundry  and  Machine  Co..  of  Philadelphia, 
under  the  Harris  patents.  They  have  stepped  pistons  and  In 
starting  the  engine  the  compressed  air  acts  upon  the  annular 
piston  and  does  not  enter  the  cylinder  In  which  combustion 
takes    place.      Thus    Is    avoided    the    sudden    changes    of    tern- 


286 


E  X  G  I  N  E  E  E  I  X  G     X  E  \V  S 


Vol.   76,  No.  fi 


■perature  which  occur  in  other  Diesel  engines  -nhen  com- 
pressed air  expanded  to  a  temperature  of  far  below  zero  is 
admitted  into  a  cylinder  which  has  an  instant  before  had 
combustion  going  on  within  it  at  a  temperature  of  several 
thousand  degrees.  In  normal  working,  the  annular  piston 
com^presses  the  scavenging  air  and  is  of  sufficient  area  so 
that  the  volume  of  the  scavenging  air  is  about  "oTr  in  excess 
of  the  volume  of  the  main  working  cylinder,  thus  insuring 
thorough  scavenging.  The  boat  has  been  built  for  George 
W.  Perkins,  President  of  the  Palisades  Interstate  Park  Com- 
mission, to  carry  excursionists  from  a  pier  at  129th  St.  to 
the  piers  which  have  been  built  along  the  waterfront  at 
various  points  under  the  Palisades  for  the  benefit  of  campers, 
canoeists  and  picnic  parties. 

A  Subway  for  Sydney.  JI.  S.  W.,  has  just  been  commenced, 
according  to  a  statement  in  "The  Indian  and  Eastern  Engi- 
neer." "Work  is  to  be  prosecuted  from  four  or  five  places  and 
will   take   about   five  years  to   complete. 

On  the  Australian  Transcontinental  Ry.,  according  to  the 
"Commonwealth  Engineer"  for  June,  track  laying  has  pro- 
gressed 770  mi.,  leaving  2S3  mi.  still  to  be  laid.  The  estimated 
total    expenditure   on    the   line   to   June   30,    1916,    is   $2.5,000,000. 

Mill  Creek  Flood  Channel  at  Erie  Started — On  the  anni- 
versary of  last  year's  destructive  flood  at  Erie.  Penn.,  work  on 
improvement  of  Mill  Creek  channel  was  formally  inaugurated 
Aug.  3.  The  creek  is  to  be  converted  into  a  concrete-lined 
conduit. 

The  Pikes  Peak  Motor  HlKhway,  described  in  "Engineering 
New.s,"  Dec.  23.  1916,  was  opened  Sunday,  July  23.  The  road  is 
from  20  to  50  ft.  wide,  the  maximum  grade  is  10'^i'"r.  The 
elevation  of  the  summit  is  14,109  ft.  above  sea  level,  which 
is  claimed  to  be  the  highest  altitude  accessible  to  motor 
vehicles.     The  road  is  to  be  used  for  hill-climbing  contests. 

Ratines  in  the  Examination  for  Senior  Civil  Engineer  in 
the  Valuation  Department  by  the  Interstate  Commerce  Com- 
-mission,  held  Nov.  2,  1915,  have  been  announced  by  the  Civil 
Service  Commission  as  follows:  There  were  43S  competitors 
in  the  examination.  The  number  of  eligibles  who  obtained 
an  average  percentage  between  90  and  100  was  55;  between 
80  and   90,   129;  and   between   70   and  SO,   70. 

Donelas  County.  Xebraskn,  Hichnay  Pa^^nB  will  probably 
be  held  up  until  another  season.  The  legality  of  the  bond  issue 
is  now  in  question  before  the  courts.  The  amount  of  the 
bonds  voted  was  $1,700,000.  but  no  more  than  $500,000  is  to  be 
spent  in  any  one  year.  It  was  specifically  provided  in  the  law 
that  all  the  new  pavements  were  to  be  brick  on  a  concrete 
base.  The  law  was  also  unusual  in  specifying  exactly  what 
county  roads  were  to  be  improved.  There  is  much  prelimi- 
nary engineering  work  to  be  done,  which  cannot  be  under- 
taken until  the  legality  of  the  bond  issue  is  established. 

Exportation  of  Natural  Gas  from  Alberta  has  been  pro- 
hibited by  th.-  Provincial  Government,  thereby  blocking 
projects  which  had  been  mooted  for  piping  supplies  to  points 
in  Saskatchewan  and  Manitoba.  The  act  ratifying  an  agree- 
ment between  the  City  of  Edmonton  and  the  Northern  Alberta 
Natural  Gas  Development  Co.,  Ltd.,  was  amended  so  as  to 
prevent  the  company  from  piping  gas  beyond  the  boundaries 
of  the  province.  It  is  the  intention  of  the  Government  to 
embody  a  similar  clause  in  any  charters  that  may  hereafter 
be  granted  empowering  companies  to  supply  natural  gas. 

Operations  uf  the  Portland  Cement  Industry  for  the  first 
half  of  1916  are  reviewed  in  a  bulletin  of  the  Geological  Sur- 
vey. Two  new  cement  plants  have  been  opened  in  this  pe- 
riod; one  at  New  Duluth,  Minn.,  and  the  other  at  Houston, 
Tex.  The  one  at  New  Duluth  belongs  to  the  Universal  Port- 
land Cement  Co.  and  uses  as  raw  material  slag  from  the  blast 
furnaces  of  the  Minnesota  Steel  Co.  and  limestone  from  Al- 
|)ena,  Mich.  The  plant  at  Houston  is  mill  No.  2  of  the  Texa.s 
Portland  Ccmint  Co.  and  uses  oyster  shells  dredged  from  a 
reef  in  Galveston  Bay  and  clay  from  Harrisburg,  Tex.  The 
bulletin  notes  the  rise  in  the  price  of  cement  and  remarks 
that  this  does  not  represent  wholly  increased  profits  to  man- 
ufacturers as  there  has  been  a  large  increase  in  the  cost  of 
explosives   for   blasting,    of   labor   and   of   fuel. 

Conipnrintc  Tension  and  Transverse  Tests  of  Cast  Iron — 
For  a  series  of  comparisons  of  the  tension  test  and  the  trans- 
verse test  of  cast  iron  a  device  for  use  in  the  transverse 
test  was  designed  to  H.  L.  Morse,  of  Walertown  Arsenal,  who 
also  described  it  In  a  paper  before  the  American  Societ.v  for 
Testing  Materials  entitled,  "An  Apparatus  for  Testing  the 
Standard  Cast-Iron  Arbitration  Bar."  The  device  was  designed 
for  use  in  a  horizontal  Emery  machine;  the  support  or  anvil  is 
screwed  to  the  weighing  piston,  while  a  loading  block  con- 
taining a  pin  which  applies  the  load  is  screwed  to  the  loading 
piston.  Pins  In  the  anvil  furnish  a  seat  for  the  test  bar.  A 
little  plunger  under  the  middle  of  the  bar  receives  the  deflect- 
ing movement  and  transmits  it  by  way  of  a  bell  crank  to  the 


push  rod  of  an  Ames  dial.  This  dial  rod  moves  outward  foi 
deflection  of  the  bar  and  is  not  subject  to  injury  when  tht 
bar  breaks. 

-V  L.ar«re  Deep-AVater  Dock  has  been  under  construction  in 
London  since  August.  1912.  This  undertaking  includes  the 
creation  of  an  inclosed  deep-Tvater  area  accessible  to  large 
ships.  The  site  is  for  the  most  part  low-lying  land,  but  a 
total  of  some  3,500.000  cu.yd.  of  material  had  to  be  removed 
to  secure  the  desired  depth  of  3S  ft.  below  the  level  of  the 
impounded  water.  Excavation  is  practically  completed.  The 
dock  tapers  in  width  from  700  ft.  to  500  ft.,  and  will  have  a 
quayage  of  10,000  lin.ft.  Seven  jetties  run  parallel  with  the 
south  quay.  It  will  be  possible  for  barges  to  lie  between  the 
jetties  and  the  quay,  so  that  steamers  can  deliver  car- 
goes into  craft  on  either  side  of  them  as  well  as  on  to  the 
quay  by  crane.  The  entrance  lock  from  the  Thames  is  SOOxlOO 
ft.  in  plan  and  has  a  depth  below  high-water  mark  of  45  ft 
There  are  three  sets  of  steel  gates,  dividing  the  lock  into 
compartments.  The  lock  can  be  extended  100  ft.,  by  placing 
a  caisson  at  the  inner  end.  The  walls  of  the  lock  have  been 
constructed  and  the  bottom  is  being  put  in.  The  new  dock 
will  be  connected  with  the  Albert  and  Victoria  docks  by 
means  of  a  passage  100  ft.  in  width,  the  walls  of  which  are 
now  under  construction.  A  large  dry  dock  is  an  important 
part  of  the  enterprise,  and  is  to  be  750  ft.  long  by  100  ft. 
wide,  which  width  is  claimed  to  be  greater  by  20  ft.  than 
that  of  any  other  drydock  available  in  the  port  of  London. 


FERSOHAI^S 


F.  X.  Bode  has  been  appointed  Deputy  City  Engineer  of 
Troy,  N.  Y.,  to  succeed  J.  C.  Watts,  resigned,  as  noted  else- 
where. 

G.  B.  Arthur  has  been  appointed  District  Engineer  of  the 
Portland  Cement  Association,  with  headquarters  at  Parkers- 
burg,   W.   Va. 

J.  C.  ^Vatts,  Deputy  City  Engineer,  of  Troy,  N.  T.,  has  re- 
signed to  become  Engineer  of  the  Harbor  and  Dock  Commis- 
sion of  the  same  city. 

B.  E.  Merrell,  Civil  and  Mining  Engineer  of  St.  Petersburg, 
Fla.,  has  been  made  Superintendent  and  Engineer  of  a  large 
dredging  project  at  Boca  Grande,   Fla. 

J.  Harold  Rapp,  formerly  Vice-President  and  General  Man- 
ager of  the  W.  N.  Kratzer  Co.,  Pittsburgh,  Penn.,  has  resigned 
to  open  an  office  in  the  Fulton  Bldg.,  Pittsburgh,  as  a  con- 
sulting structural  engineer. 

Georue  W.  Xiehol.s,  recently  Engineer  with  John  Eichleay, 
Jr.,  Co.,  Pittsburgh,  Penn.,  is  now  in  charge  of  structural 
steel  designing  and  construction  for  the  S.  C.  Webb  Engineer- 
ing Co.,  also  of  Pittsburgh. 

iVnibrose  Swasey.  President  of  the  Warner  &  Swasey  Co., 
Cleveland,  Ohio,  has  been  made  an  honorary  member  of  the 
American  Society  of  Mechanical  Engineers.  He  was  a  founder 
member  of  the  society  in  ISSO. 

D.  Y.  Swnty.  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  Construc- 
tion Engineer  of  the  Great  Lakes  Dredge  and  Dock  Co..  Cleve- 
land, Ohio,  has  been  made  Vice-President  of  the  Cleveland 
Engineering    Construction    Co. 

P.  B.  AValdin,  formerly  Assistant  Engineer  of  the  Florld.i 
East  Coast  Ry.,  has  been  appointed  Sales  Manager  for  thi> 
Virginia  territory  of  the  Monroe  Calculating  Machine  Co.. 
with  headquarters  at   Richmond. 

John  C.  Johnson,  Assoc.  Am.  Inst.  E.  E.,  formerly  Engineer 
of  Electrical  Construction  of  the  Cleveland  Municipal  Electrii 
Light  Plant,  is  now  a  member  of  the  F.  W.  Ballard  Co.. 
Swetland  Bldg.,   Cleveland.   Ohio. 

L.  G.  ^ValliN,  recently  Resident  Engineer  of  the  Southern 
Ry.  at  Spartanburg,  S.  C,  has  been  appointed  Engineer  of 
Construction  of  the  Jacksonville  Terminal  Co.,  Jacksonville. 
Fla.,  and  will  have  charge  of  the  erection  of  the  new  union 
station. 

H.  H.  Dare,  M.  Inst.  C.  E.,  of  Hoseville,  New  South  Wales. 
Australia,  has  been  appointed  a  member  of  the  Water  Con- 
servation and  Irrigation  Commission  of  New  South  Wales 
Other  members  of  the  commission  are  W.  C.  Grahame,  Min- 
ister of  Agriculture,  and   W.   Neville  Sendall. 

John  V.  W.  Reynders,  M.  Am.  Soc.  C.  E.,  recently  Vice- 
President  of  the  Pennsylvania  Steel  Co.,  in  charge  of  the  Steel- 
ton  plant,  has  opened  offices  in  the  Equitable  Bldg.,  New  York 
City,  as  a  consulting  engineer.  He  is  a  graduate  of  Renssela>  i 
Polytechnic  Institute  and  has  made  structural  engineering  ni.-^ 
life   work. 
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Ralph  <i.  Kirk  has  resigned  as  Superintendent  of  Construc- 
tion at  the  Steelton  plant  of  the  Bethlehem  Steel  Co. 

C'karleK  J.  (iadd.  former  Engineer  in  charge  of  construction 
of  the  American  Iron  and  Steel  Manufacturing  Co.,  Letianon, 
Penn.,    has    been    promoted    to    be    Chief    Engineer. 

Robert  \V.  Hunt,  M.  Am.  Soc.  C.  E.,  of  Chicago.  111.,  was 
awarded  the  honorary  degree  of  Doctor  of  Engineering  at 
the  recent  commencement  at  Rensselaer  Polytechnic  Insti- 
tute. 

F.  O.  Hale,  Chief  Engineer  of  the  Southwestern  Bell  Tele- 
phone System,  has  been  promoted  to  be  General  Manager  of 
the  Southwestern  Telephone  and  Telegraph  Co.,  with  head- 
quarters at  St.  Louis.   Mo. 

IV.  O.  Pennell,  Assoc.  Am.  Inst.  E.  E..  of  the  engineering  de- 
partment of  the  Southwestern  Bell  Telephone  System,  has 
been  promoted  to  be  Acting  Chief  Engineer,  to  succeed  F.  O. 
Hale,    promoted,    as    noted    elsewhere. 

W.  S.  Dale,  for  three  years  Chief  Engineer  and  General 
Superintendent  of  the  Santa  Monica  Water  Co.,  Santa  Monica, 
Calif.,  has  been  ap])Ointed  Superintendent  of  the  municipal 
water-works,  which  has  purchased  the  Santa  Monica  Water 
Co. 


Robert  Mct'allum.  former  City  Architect,  of  Toronto,  lint., 
died  Aug.  2.  He  was  6.5  years  old.  He  was  at  one  time  a 
civil   engineer   with    the   Ontario   Provincial    Government. 

^Villlam  B.  Upton,  a  civil  engineer  of  San  Francisco.  Calif., 
died  July  30.  He  was  a  native  of  San  Francisco,  and  was  59 
years  of  age.  He  had  charge  of  construction  of  the  Argen- 
tine   Building   at    the    Panama-Pacific    Exposition. 

Robert  Safford  Towne,  M.  Am.  Inst.  M.  E.,  President  of  the 
Metalurgia  Mexicana,  a  mining  engineer  of  long  experi- 
ence in  Mexico,  died  Aug.  3,  at  his  apartment  in  the  Engi- 
neers Club,  New  York  City.  He  was  born  in  Portsmouth, 
Ohio,  5S  years  ago.  He  graduated  from  Ohio  State  University 
in  1879.  He  was  an  officer  in  many  Mexican  corporations,  in- 
cluding the  Mexican  Northern  Ry.,  of  which  he  was  President 
and  Treasurer,  the  Alvarez  Land  and  Timber  Co.,  the  Mexi- 
can  Lead    Co.    and    others. 

.\,  M.  A'alx,  a  prominent  contractor  of  Staunton,  Va.,  died 
July  22,  at  the  I'nion  Protestant  Infirmary  at  Baltimore,  Md. 
He  was  born  in  Italy  in  1S4S,  and  was  graduated  at  the 
University  of  Turin  as  a  civil  engineer.  He  came  to  America 
in  1S66.  In  attempting  to  return  to  his  native  country  in  1871 
he  narrowly  missed  being  executed  at  Paris  during  the  French 
revolutionary  troubles.  Escaping  to  this  country  he  began 
work  as  a  contractor  on  the  construction  of  a  stone  bridge  on 
the  Valley  R.R.  Subsequently  he  became  one  of  the  most  im- 
portant contractors  in  that  part  of  the  South.  He  is  survived 
by  a  widow,  four  sons  and  two  daughters.  One  son,  Arthur 
M.  Valz,  has  been  associated  with  his  father  under  the  firm 
name   of  A.   M.    Valz   &   Son. 

Arthnr  Hider,  M.  Am.  Soc.  C,  E.,  Principal  Assistant  Engi- 
neer, Mississippi  River  Commission,  Third  District,  died  at 
Greenville,  Miss.,  July  28,  1916.  He  had  been  connected  with 
the  Mississippi  River  improvement  work  since  1879,  giving  the 
best  years  of  his  life  to  the  development  and  perfection  of 
I>lans  for  the  control  and  improvement  of  the  river,  and  a 
large  share  of  credit  for  successful  work  is  due  to  his  faith- 
ful, untiring,  and  patient  attention  to  the  duties  of  his  po- 
sition. For  the  past  2'i  years  of  his  life  he  was  the  Assistant 
in  charge  of  all  the  bank  revetment  work  in  the  Third  Miss- 
issippi River  District,  and  also  in  charge  of  the  design  and 
construction  of  towboats,  tugs,  hydraulic  graders,  and  all 
the  various  items  of  plant  that  are  required  for  the  wo' k 
of  river  improvement.  He  was  unquestionably  an  authority 
on  Mississippi  River  work.  In  addition  to  his  work  with  the 
Mississippi  River  Commission,  Mr.  Hider  while  on  vacations 
and  during  spare  time  served  as  Consulting  Engineer,  pass- 
ing on  the  plans  for  many  large  undertakings,  some  of  which 
are  as  follows:  Design  and  installation  of  water-works  sys- 
tems at  Greenville  and  HoUandale,  Miss.,  Lake  Providence, 
La.,  and  other  places;  he  was  expert  member  of  Valuation 
Committeee  to  determine  value  of  the  Memphi.s,  Tenn.,  water- 
works system  when  this  was  taken  over  by  the  City  of  Mem- 
phis. Before  his  connection  with  the  Mississippi  River  Com- 
mission, he  was  In  the  City  Engineer's  department  at  Louis- 
ville, Ky.,  and  was  in  charge  of  considerable  municipal  engi- 
neering work.  He  had  been  a  member  of  the  American  Society 
of  Civil  Engineers  since  1881,  and  contributed  many  papers 
and  discussions  to  the  "Proceedings."  Mr.  Hider  Is  survived 
bv  a  wife,   three  sons  and   two  daughters. 


INTERNATIONAL  ASSOCIATION  OF  FIRE  ENGINEERS. 
Aug.    29-Sept.    1.      Convention    in    Providence,    R.    I.      Secy., 
James  McFall,  Roanoke,  Va. 
ASSOCIATION  OF  EDISON  ILLUMINATING  COMPANIES. 
Sept.  4-7.     Convention  in  Hot  Springs,  Va.     Asst.  Secy.,  E.  A. 
Baily,   3C0   Pearl    St.,   Brooklyn,   N.   T. 
THE   TR.WELING   ENGINEERS'    ASSOCIATION. 

Sept.  .5-.S.  Annual  meeting  in  Chicago,  111.  Secy.,  W.  O. 
Thompson,  care  General  Offices,  N.  T.  C.  R.R.,  Cleveland, 
Ohio. 

AMERICAN    FOUNDRYMEN'S   ASSOCIATION. 

Week     of    Sept.     11.       Annual    meeting    in    Cleveland,    Ohio. 
Secy.,  A.  O.  Backert,  12th  and  Chestnut  St.,  Cleveland,  Ohio. 
THE  AMERICAN  INSTITUTE   OF   MET.\LS. 

Week  of  Sept.  11.     Meeting  in  Cleveland,  Ohio.     Secy.,  W.  M. 
Corse,    106    Morris   Ave.,    Buffalo,    N.    Y. 
NATIONAL  ASSOCIATION  OF  STATIONARY  ENGINEERS. 
Sept.  11-16.     Convention,  Minneapolis,  Minn.     Secy.,  Fred  W. 
Raven,   417  S.   Dearborn   St.,   Chicago. 
MASTER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCIATION. 
Sept.    12.      Convention    in    Atlantic    City.      Secy.,    A.    P.    Dane, 
Reading,  Mass. 
RAILWAY  SIGN.\L  ASSOCIATION. 

.Sept.    12-14.      Convention    in    Mackinac    Island.      Secy.,    C.    C. 
Kosenburg,   Myers  Building,  Bethlehem.   Penn. 
NEW  ENGLAND  WATER-WORKS  ASSOCI-A.TION. 

Sept.    13-15.      Convention    in    Portland,    Me.      Secy.,    Willard 
Kent,   Narragansett   Pier,    R.    I. 
ILLUMINATING    ENGINEERING   SOCIETY. 

Sept.   18-20.     Convention   in   Philadelphia,   Penn.      Asst.   Secy., 
C.  D.  Fawcett,  29  West  39th  St.,  New  York.  N.  Y. 
ASSOCIATION    OF    IRON    AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 
Sept.  18-22.     Convention  in  Chicago.     Secy.,  W.  O.  Oschmann, 
Oliver   Iron   and    Steel   Co.,   Pittsburgh,   Penn. 
ROADMA.STERS    AND    MAINTENANCE    OF    WAY    ASSOCIA- 
TION  OF   AMERICA. 
Sept.   19-22.     Convention  in  New  York  City.     Secy.,  P.  J.  Mc- 
Andrews. 
MICHIGAN  GAS  ASSOCIATION. 

Sept.   21-22.     Annual  meeting  in  Detroit,  Mich.     Secy.,  Clark 
R.  Graves,  Lansing,  Mich. 
AMERICAN    PEAT    SOCIETY. 

Sept.    21-23.      Annual    meeting   in   Washington,    D.    C.      Secy, 
Julius  Bordollo,   Klngsbrklge,   N.   Y. 
RAILWAY    FIRE    PROTECTION    ASSOCIATION. 

Oct.    3-5.      Convention    in    New    York    Citv.      Secy.,    C.    B.    Ed- 
wards,   Mobile    &    Ohio    R.R.,    Mobile,    Ala. 
AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS. 

Oct.    9-13.      Convention    in    Newark,    N.    J.      Secy.,    Charles   C. 
Brown,  Indianapolis,   Ind. 
AMERICAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.   R-l.?.     Convention   at   Atlantic   City,   N.   J.      Secy.,   E.   B. 
Burrltt,   S   West   40th   St.,   New   York   City. 
AMERICAN    RAILWAY    BRIDGE    AND    BUILDING   ASSOCIA- 
TION. 
Oct.   17-19.     Convention  in  New  Orleans.  Secy.,  C.  A.  Lichty, 
C.  &  N.  W.   Ry.,  Chicago. 
AMERICAN   GAS  INSTITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  G.  G.  Rams- 
dell,  New  York,  N:  Y. 
AMERICAN  PUBLIC  HEALTH  ASSOCIATION. 

Oct.  24-27.  Convention  in  Cincinnati,  Ohio.  Secy.,  Prof, 
Selskar  M.  Gunn,  Boston,  Mass. 

The  .\nierlean  Electric  Railway  .\MNOciation  and  its  affili- 
ated associations,  will  hold  an  annual  convention  at  Atlantic 
City,   Oct.    9    to   13. 

The  \ational  Smoke  Prevention  AHSoclatlon  will  hold  its 
11th  annual  meeting  in  St.  Louis,  Sept.  26,  with  headquarters 
,-it  the  Planters  Hotel.  Among  the  papers  to  be  presented  are 
the  following;  ".Smoke  of  Heating  Plants,"  "Feeding  Boilers 
and  Furnaces."  "Chimney  Drafts,"  "Powdered  Coal  as  Fuel." 
The  third  day  of  the  session  will  be  "Railroad  Day."  The 
officers  of  the  association  are:  President,  Wm.  H.  Hoffman, 
vice-president,  Charles  W.  Heath,  secretary,  Frank  A.  Cham- 
bers, of  the  Chicago  Smoke  Department.  The  Joint  Smoke 
Prevention  Committees  of  St.  Louis,  recently  organized,  will 
provide  for  the  entert.alnment  of  the  delegates.  The  Chair- 
man of  this  Joint  committee,  A.  P.  Greensfelder,  is  a  past- 
president  of  the   Engineers  Club  of  ,st.   Louis. 

The  .\nicrican  InNtltutr  of  .Mlnlni;  Mnelncerx  for  the  first 
time  will  hold  its  annual  meeting  in  Arizona,  Sept.  IS  to 
25.  A  special  train  will  leave  New  York  City  (Grand  Central 
Terminal)  at  5:30  p.m.,  Thursday,  Sept.  14.  At  4  p.m.  Friday, 
the  train  will  arrive  at  Chicago,  and  the  party  will  be  taken 
by  automobile  for  a  two  hours'  drive,  returning  to  the  La 
Salle  Hotel  for  dinner.  On  Monday.  Sept.  18,  the  party  will 
reach  Santa  Rita,  and  from  that  point  will  visit  the  mines  of 
the  Chino  Copper  Co.  and  the  mill  of  the  Empire  Zinc  Co. 
The  next  da.v  the  reduction  works  of  the  Copper  Queen  Con- 
solidated Mining  Co.  and  of  the  Calumet  and  Arizona  Mining 
Co.  will  be  visited,  while  In  the  afternoon  a  technical  session 
will  be  held  on  "Smelting,"  and  another  after  dinner  on 
"Leaching."     On  Sept.  21,  the  mine  and  reduction  works  of  the 
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Old  Dominion  Copper  Co.  will  be  inspected  anil  in  the  after- 
noon a  session  will  be  held  on  "Concentration  and  Flotation.'* 
On  Sept.  22,  the  works  of  the  International  Smelting-  and  Re- 
fining- Co.,  and  the  mills  of  the  Inspiration  Consolidated  Cop- 
per Co.  will  be  visited.  Returning,  the  special  train  will 
arrive  at  Grand  Central  Terminal,  Xcw  York  City,  at  9:40 
a.m.,  Thursday,  Sept.  28.  The  total  mileage  of  the  trip  will 
amount  to   6.473. 


Ajiii-Corrosion  Steel  Fittings 

Since  the  development  by  the  Research  I^aboratory  of  the 
General  Electric  Co.  of  "calorized"  metals — surface  alloys  of 
aluminum — which  are  resistant  to  destruction  by  high  temper- 
atures or  by  ordinary  corrosion,  license  for  use  of  this  material 
in  soot-blO"\ver  fittings  has  been  secured  by  the  Diamond  Power 
Specialty  Co.,  of  Detroit.  This  company  has  a  device  for  clean- 
ing the  outside  of  water- tube  boiler  tubes;  difficulty  has  been 
experienced  from  the  short  life  of  tips  and  pipes  exposed  to 
the  furnace  gases  in  the  hotter  passages.  Tlie  trade  name 
"Insuluminum"    has   been    attached   to   these    products. 

Flexible  Sewer-Pipe  Joint  Comiiound 

A  ne-w  pipe-joint  compound,  called  the  "Superior,"  for 
sewer  lines  has  been  recently  put  out  by  the  Superior  Chem- 
ical Co.,  Chemical  Building,  St.  Louis,  Mo.  It  is  melted  and 
poured  into  place.  It  adheres  to  both  tile  and  iron  and  after 
hardening  it  is  claimed   to  remain   i)liable  and  tight. 


>e\v  Flexible  Cur^e  Rule 

A  new  type  of  flexible  curve  rule  for  drafting  offlces  has 
been  devised  by  Keuffel  and  Esser  Co.,  of  Hoboken,  N.  J.  The 
aim  has  been  to  secure  the  flexibility  of  older  rules  but  with 
extreme  lightness.  The  body  is  a  strip  of  black  xylonite 
with  overlapping  alternate  notches  from  opposite  edges.  Along 


NEW    FLEXIBLE   CURVE   RULE 

one  edge  is  a.  ruling  strip  of  the  same  material,  and  along 
the  other  edge  is  a  metal  wire  holding  the  rule  in  any  curve 
into  which  it  is  bent.     Each  extremity  ends  in  a  tangent. 


\'ew  CompariHon  I*>Toineter 

A  new  pocket  pyrometer,  bearing  the  trade  name  "Irite." 
is  being  made  by  the  Gibb  Instrument  Co.,  Highland  Building, 
Pittsburgh,  for  measuring  the  temperature  of  furnaces,  heated 
pieces,  ingots,  soaking  pits,  etc.  It  is  of  the  comparison  type 
and  has  a  color  wedge,  showing  the  different  shades  (cali- 
brated) of  color  taken  on  by  a  heatid  body,  and  diffusely 
illuminated  by  a  small  incandescent  lamp  supplied  with  cur- 
rent from  a  dry  cell  in  the  pyrometer  tube.  The  color  -wedge 
's  shitted  until  a  match  is  secured  with  that  of  the  piece  under 
study  and  the  temperature  is  read  oft.  The  pyrometer  sella 
tor  ?25. 


Tool   for  IlouKhini;  Concrete  Walks 

A  special  tool  has  been  devised  by  the  Gardner  Governor 
Co.,  of  Quincy,  111.,  for  roughing  slippery  sidewalks.  It  is 
Intended  for  use  with  an  air-driven  plug  drill,  and  consists  of 
a  shank  with  a  square  case  on  the  end  carrying  Ifi  hard 
steel  points.  The  case  also  has  a  bail  handle  to  help  In 
guiding. 


A  complete  sidewalk  dressing  plant  consists  of  small  air- 
cooled  compressor  driven  by  a  gasoline  engine,  both  mounted 
on   a  little   steel   hand    truck. 

Motor-Driven    Sewage    Kjector 

A  new  design  of  sewage  receiver  and  ejector  for  office 
buildings  has  been  made  by  the  Teomans  Brothers  Co.,  In- 
stitute Place,  Chicago,  111.  There  is  a  cast-iron  tank  to  be 
placed  in  a  concrete-lined  dry  pit,  and  to  this  are  connected 
all  sewers  that  will  not  drain  into  the  street  sewers.  On  either 
side  of  this  and  drawing  from  the  bottom  are  two  vertical- 
shaft  centrifugal  pumps.  The  top  of  the  receiver  supports  a 
platform  on  which  are  mounted  the  two  pump  motors  and  the 
automatic-control  s-witchboard.  The  pump  casing  can  be 
opened  up  for  cleaning  without  disturbing  the  shafts  and 
bearings.  The  control  float  is  in  an  8-in.  housing  pipe.  The 
ejector  is  regularly  built  in  sizes  ranging  in  capacity  from  200 
to   1,000   gal.   per  min. 


Oxygas    Lead-Burning    Outfit 

An  outfit  for  greater  convenience  in  fusing  together  lead 
sheets,  etc.,  has  been  developed  by  the  Safety  Car  Heating  and 
Lighting  Co.,  of  New  York  City,  American  maker  of  Pintsch 
gas  and  equipment.  The  oxyhydrogen  flame  has  previously 
been  generally  used,  but  this  has  been  expensive  and  some- 
times hazardous.  In  railway  battery  houses,  shops,  etc.,  low- 
pressure  (12  atmospheres)  Pintsch  gas  is  available  from  car 
tanks;  for  other  places  high-pressure  (100  atmospheres)  flasks 
are  provided,  to  be  carried  about  as  needed  and  the  torches 
supplied  direct  through  reducing  and  regulating  valves.  An 
outfit  comprises  a  high-pressure  or  low-pressure  regulator, 
oxygen  fiask  with  regulator,  25  ft.  of  hose,  mixing  valve, 
torch  and  wrench.  Burner  tips  are  furnished  with  different- 
sized  orifices  for  various  work. 

**l'naflo\v**    Engines   for  RollinK   Mills 

Two  engines  of  the  Stumpf  "Unaflow"  design  (exhaust- 
ing from  ports  in  the  center  of  the  cylinder  instead  of  at  the 
ends)  are  being  made  by  the  Nordberg  Manufacturing  Co.,  of 
Milwaukee,  Wis.,  for  the  Youngstown  (Ohio)  Sheet  and  Tube 
Co.  The  larger  unit  (44x50  in.,  110  r.p.m.,  TOO — 4,000  hp. 
450,000  lb.)  will  drive  a  12-in.  rod  mill,  and  the  smaller  one 
(37x48  in.,  110  r.p.m.,  360,000  lb.)  a  9-in.  mill.  These  are  re- 
ported to  be  the  first  American  machines  for  this  service, 
though  similar  engines  up  to  6,300-hp.  continuous  capacity 
have  been  so  used  in  Germany.  High  economy  under  severe 
overloads  is  claimed  to  fit  them  particularly  for  this  field. 

The  cylinder  is  a  plain  casting;  all  valve  chambers  and 
inlot  passages  are  in  bolted-on  head  castings.  The  valves  are 
double-beat  balanced  poppets,  with  stems  in  lapped  bushings, 
operated  from  a  layshaft.  Near  the  head  bottoms  are  poppet 
reliefs  which,  on  loss  of  vacuum  and  over-compression,  auto- 
matically connect  the  clearance  space  with  the  steam  space. 

New  Handy  -Wrench 

The  "Eagle-claw"  wrench  shown  in  the  accompanying  sketch 
is  being  made  by  the  Mechanical  Specialties  Co.,  Peoples  Gas 
Building,  Chicago,  as  a  general-utility  tool  for  holding  pieces 
of   any   regular   or   odd   shape.      The   wrench    consists   of   two 


"EAGLE-CLAW"   TURTLE-MOUTH  WRENCH 

pieces  and  a  bolt  and  nut.  The  under  jaw  has  a  single 
prong  and  the  upper  jaw  two  prongs  in  addition  to  gas-plpe 
grips,  which  hold  for  turning  both  ways.  For  getting  Into 
difficult  places  one  model  is  made  with  jaws  at  45°  to  the 
handles.  Three  sizes  are  made;  7-,  10-  and  13-in.  The  7-ln. 
holds  pieces  from  0  to  1  in.,  the  10-in.  from  0  to  1%.  and 
the   13-in.  from   0  to  l'/4   in.     Prices  range   from   75c.   to  $1.2.'i. 
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,':;Yyol'SLS — //(  new  power  liou-^c  for  Buffalo 
General  Electric  Co.,  heavy  foundations  in.  low- 
lying  ground  were  rapidly  built  by  driving  cylin- 
der piers  of  steel  .sheet piling,  excavating  by  jet 
pump  and  filling  with  concrete. 

With  the  present  prosperous  business  condition  arose 
the  necessity  lor  a  ,are;itcr  production  of  electric  power 
in  the  Buffalo  and  Xiasara  Falls  territory.  The  Buffalo 
General  Electric 
Co.  to  meet  this 
demand  gave  a 
contract  to  the 
Stone  &  Webster 
Construction  Co. 
for  a  steam-gen- 
erating electric 
])lant  to  cost  more 
than  $3,000,000 
and  to  be  erected 
on  a  site  selected 
on  the  Niagara 
Kiver  in  the  town 
of  Tonawanda, 
about  midway  Ijc- 
t  w  e  e  n  Buffalo's 
north  city  line  and 
the  south  city  line 
of  Tonawanda. 
This  plant  will  oc- 
cupy a  plot  iuiv- 
ing  a  frontage  on 
the  Niagara  Hivcr 
111  1.010  ft.  anil  a 
depth  of  fiOO  ft., 
and  will  have  rail- 
way connection 
with  the  New 
York  Central  & 
H  n  d  s  o  II  {{jvi-r 
1!.K.  (Hulfalo  In- 
dustrial Line). 
In  the  design  and 
constniction  of 
this  i)lant  the  con- 
ditions were:     First,  the  contract  called  for 


work  ill  midwinter  on  ground  ovorflowci 


farting  this 
with  every  high 


Shcctplling     Department.      Lackawan 


southerly  wind,  the  ground  level  of  the  property  being 
less  than  VZ  in.  higher  than  the  nonnal  flow  of  the  river. 
The  materials  lying  below  the  surface  of  the  ground  were 
about  5  to  7  ft.  of  soft  mud  and  silt,  then  25  to  28  ft. 
of  sand  or  quicksand  thoroughly  saturated  with  water 
from  the  river;  the  remaining  3  ft.  overlying,  bedrock 
was  a  clay  containing  quantities  of  glacial  drift  composed 
of  large  gravel  and  small  boulders.  Time  of  comple- 
tion was  also  an  essential  feature.  It  was  proposed  to  have 
this  plant  under  cover  and  in  operation  some  time  dur- 
ing the  fall  of 
1916.  With  all 
these  conditions 
imposed,  the  con- 
t  ractor  realized 
that  only  a  small 
part  of  this  time 
could  be  given  to 
t  Ii  e  construction 
of  the  founda- 
tions, at  the  same 
time  realizing  the 
Iliads  wliicli  would 
he  imposed  upon 
t  h  e  foundations 
required  that  they 
all  be  carried  to 
b  0  d  r  o  (!  k.  The 
building  is  ap- 
proximately 240.\ 
223  ft.  in  plan, 
with  a  floor  level 
about  40  ft.  above 
bedrock  and  about 
5  ft.  above  river 
level.  The  roof  is 
about  100  ft. 
above  floor  level, 
and  the  to])  of  two 
sheet-steel  stacks 
is  about  HI  ft. 
high  V  r.  These 
stacks  arc. sui)[)ort- 
ed  by  the  structur- 
al-steel framework 
of  the  luiilding. 
A  series  (>(  bore  holes  developed  that  bedrock  lay  almost 
horizontal  and  about  30  ft.  below  the  surface  of  the 
ground,  the  materials,  as  stated,  being  general  over  the 
entire  site. 


PLACl.v;    THLC    UEINFORCEMKNT   CAGE    IN    THE  CYLINDER  WELL 
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It  was  decided  to  carry  all  loads  upon  1.3T  cyliiidtT 
piers  varying  in  diameter  from  ;?3  to  81  in.  The  maxi- 
mum compressive  stress  allowed  anywhere  on  the  rein- 
forced concrete  was  .500  lb.  per  sq.in.  The  larger  piers 
carry  as  high  as  874  tons  per  pier. 

Operations  were  .started  almost  immediately  after  the 
contract  had  been  awarded,  and  materials  were  purchased 
even  before  the  plans  could  be  perfected.  It  must  be 
remembered  that  the  past  winter  was  a  \ery  severe  and 
trying  one,  even  for  Buffalo  territory.  The  condition  of 
tlie  market  for  purchase  of  materials,  the  delay  in  the 
dcliverv  of  most  of  them,  ami  the  freight  congestion  dur- 
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Pin.    2.     niAGRAM    SHdWINC    MKTHOO    OF    IiriTVTNG 
CYI^INDISRS  OF   SHFETI'II.KS 

ing  this  period,  caused  many  inconveniences  and  delays 
at  first. 

It  was  decided  to  construct  these  foundation.s  in  open 
cylinder  caissons  of  steel  shectpiling,  Lackawanna  ISi/ix 
%-in.  straight-web  and  bent-web  sections  being  selected. 
The  first  order  for  piling  was  placed  Dec.  27,  191.'), 
and  the  material  was  on  the  ground  about  the  middle  of 
January,    1916.     The    cylinder   diameters   were   adoi)ted 
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FOUNDATION  PLAN  OF  BUFFALO  GENERAL 
ELECTRIC  CO.  ON  NIAGARA  RIVER 


Irom  a  table  of  bent-web  piling 
company )   as  follows: 


(compiled  liy  the  steel 


iilier  of  riles 


Angle  of  Bend 

in  Web  of  Sheetpile 

0*    straight    web 

(Required  no  bending) 

4°  bent  web 

7°  bent  web 

11°  bent  web 

17°  bent  web 

26°  bent  web 

21°   bent  web 

;tO°   bent  web 


5  ft.  4 
4  ft.  8 
4  ft. 
3  ft.  4,' 


ij  in. 


Cylinders  of  8,  Vi  and  14  piles  of  bent-web  piling  and 
cylinders  of  18  and  ao  piles  of  straight-web  piling  were 
used.  In  these  cylinders  1,296  tons  of  shcetpiliiig  in 
'!;!-ft.  lengths  were  used.  The  piling  is  to  remain  periiia- 
iiently  in  position  as  part  of  the  structure.  The  accoiii- 
paiiying  plan  shows  the  general  arrangement  and  size 
of  tlie  piers,  as  well  as  the  location  of  intake  and  discharge 
(diidensing-water  tunnels  constructed  from  the  Niagara 
liiver  to  each  turbine. 

The  construction  of  these  tunnels  required  colTer-danis 
and  these  were  built  using  3-t-i  tons  of  Lackawanna  14x 
%-in.  arch-web  section  in  35-ft.  lengths.  This  piling  ha.s 
been  driven  and  redrawn — by  inverted  steam  hammer — 
s(  vcral  times  during  construction  of  this  part  of  tlie  work, 
and  will  bo  used  in  extensive  cofler-dams  required  for 
constructing  the  intake,  etc. 

The  pier  foundation  work  consisted  essentially  in 
driving  closed  cylinders  of  sheetpiles,  excavating  the  in- 
closed material  liy  jotting  it  out,  and  filling  the  opening 
so  left  with   reinforced   concrete. 

The  construction  of  these  cylindrical  piers  is  iidvcI  and 
original,  both  in  design  and  e.xecution.  Two  cal)le\vayp 
with  two  timber  portable  towers  70  ft.  in  height  built  on 
skids  were  placed  over  the  center  lines  of  two  rows  of  piers 
and  were  used  to  handle  the   steel   sheeliiiliiig.   timber 
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mast,  steam  piledriving  hammers,  wooden  assembling 
towers,  etc.,  as  described  in  detail  later.  Reference  to 
Fig.  '7  will  show  a  general  view  of  this  contract  on  ^lar. 
25,  1916. 

To  sustain  the  loads  imposed  it  was  of  utmost  impor- 
tance that  the  cylinder  piers  should  be  vertical  and  lo- 
cated accurately.  A  timber  pile  was  first  driven  on  the 
exact  center  of  each  pier.  These  piles  were  later  dressed 
lit  the  top  and  a  hole  bored  in  the  center.  Excavation  pro- 
ceeded around  this  pile  to  a  point  near  tiie  water  level, 


This  method  of  assembling  allowed  the  entire  cylinder 
to  be  set  and  held  vertical,  and  the  closure  pile  assem- 
bled for  its  entire  length.  A  14xl4-in.  wood  mast  42  ft. 
long  was  then  mounted  and  held  in  position  on  top  of 
the  wooden  pile  by  a  2-in.  steel  pin,  and  guyed  at  the 
top  by  four  %-in.  wire  cables,  the  mast  being  free  to 
move  within  the  top  templet. 

A  No.  7  McKiernan-Terry  steam  piledriving  hammer 
weighing  .5,000  11).  was  lifted  by  the  cableway  and  sup- 
ported from  the  mast  by  a  steel  A-frame  so  designed  as 


FIGS.    4    TO    6.     SUCCESSIVE    STEPS    IN    THE    DRIVING    OF  THE  CYLINDERS 
juide  frame  in  place.     Fig.  5 — Sheetpiles  driven.     Fig.  6 — Reinforcement  and  upper  casing  in  place 


\(hen  the  lower  templet  was  set  in  j>ositioii  and  secured 
to  the  center  pile. 

The  timber  assembling  tower  (Figs.  2  and  7)  was  now 
placed  over  the  lower  templet,  and  the  upper  templet 
md  guide  ring  were  centered  in  this  tower  in  correct 
)osition  over  the  lower  templet. 

The  steel  sheetpiling  was  now  'handled  by  the  cable- 
.\'ays  and  assembled  one  piece  at  a  time  around  these 
emplcts,  the  cableway  being  of  sufficient  height  to  raise 
he  pieces  above  the  33-ft.  sheeting  already  assembled, 
•0  that  the  piles  could  be  interlocked  at  the  top.  The 
losition  of  the  cableways  also  permitted  all  of  the  piles 
n  one  cylinder,  or  all  the  cylinders  in  the  row,  to  he 
i.>;seml)led.  The  greater  portion  of  the  assembling  was 
lone  at  night;  while  the  cvHndcrs  were  driven   liv  dav. 


to  allow  the  baininer  and  frame  to  slide  freely  upon  the 
mast.  The  mast  was  free  to  revolve,  and  the  hammer 
was  offset  from  the  mast  the  required  distance  to  bring 
it  central  over  the  pile  walls.  The  steam  piledriving 
hammer  was  lowered  or  raised  by  a  set  of  double  blocks 
])rovided  on  the  side  of  the  mast  above  the  hammer,  the 
power  line  passing  over  a  sheave  in  the  top  of  the  mast 
to  the  stationary  hoisting  engine. 

Two  sheetpiles  were  then  driven  by  this  steam  hammer 
about  3  or  4  ft.  when  the  hammer  was  raised  and  placed 
upon  two  adjacent  piles,  driving  them  about  the  same 
distance.  This  operation  was  repeated  until  the  entire 
circle  was  driven  into  bedrock.  The  average  time  of 
driving  was  about  6  hr.  for  each  cylinder.  A  greater 
jKirtioii  of  tills  time,  however,  was  required  to  drive  the 
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piles  throiiph  the  glacial  rlrift  and  into  the  disintegrated 
top  of  bedrock.  Penetration  into  rock — as  closely  as 
can  be  determined  from  original  borings — was  from  6  to 
18  in.  Six  No.  7  hammers  were  used  in  this  driving. 
The  work  of  assembling  and  driving  the  cylinders  was 
commenced  on  Jan.  15  and,  notwithstanding  the  delays 
caused  by  severe  weather,  flooding  of  the  site,  and  the 
exposed  location,  the  driving  was  entirely  complete  by 
Apr.  (j,  or  in  a  total  of  aliout  TO  working  days. 

Excavating  iLvTEiiiALs  from  Cylinders 

A  multiple-stage  centrifugal  pump  with  a  capacity  of 

1..500  gal.   per  min.   against  a   jiressure   of    125   lb.    per 

sq.in.  was  installed  on  a  timber-pile  trestle  on  the  shore 

of  the  river.     An  8-in.   main   with   a   (i-in.   distributing 


FIG.  8.  GETTING  OUT  THE  CONTE.NTS  OF  THE  CYLINDERS 

pipe  carried  the  water  close  to  the  cylinders.  A  sand 
jet  pump  constructed  with  a  fi-in.  pipe  about  40  ft.  long, 
liaving  an  elbow  at  the  top,  and  a  right-angle  pipe  10  ft. 
long  (with  two  water  jets  fastened  to  opposite  sides  of 
this  pipe)  was  used  as  a  water  jet  pump.  The  two  pipe 
jets  had  reducers  at  the  lower  end — one  of  2l/^-in.  being 
turned  upward  and  toward  the  center  of  the  bottom  of 
the  6-in.  pipe,  the  other  being  straight,  li^  in.  in  diam- 
eter and  extending  about  12  in.  below  the  end  of  tiic 
larger  pipe.  These  jets  had  the  effect  of  stirring  the 
sand  and  forcing  it  upward  through  this  larger  pipe. 
To  complete  this  pump  a  2-in.  pipe  connection  was  made 
in  the  elbow,  directly  opposite  the  horizontal  piece  of  S- 
in.  pipe.  These  three  jets  were  connected  to  the  pump 
by  fire' hose. 

The  pump  thus  assembled  was  raised  by  the  cableway 
and  stood  vertically  on  the  material  within  the  cylinder, 
the  upper  end  of  the  6-in.  tube  being  closed  by  a  gate 
valve.  The  water  was  then  turned  into  the  jets,  and  as 
the  only  avenue  of  escape  was  through  the  bottom  the 
pump  rapidly  settled  under  its  own  weight  to  the  bot- 
tom of  the  cylinder.  The  gate  at  the  top  of  the  pump 
was  then  opened  and  the  pressure  from  the  jets  caused 
a  large  stream  of  sand  and  water  to  be  discharged.  This 
method  of  excavation  proved  to  be  so  rapid  that  only 
2  hr.  was  required  to  remove  all  the  sand  and  loose  ma- 


terial from  a  cylinder.  An  independent  jet  was  used  to 
clean  the  sand  and  material  from  near  the  walls  of  the 
'cylinder. 

Circular  wooden  forms  were  liolted  to  the  top  of  the 
steel  cylinders  to  permit  the  s])oil  to  be  used  to  raise 
the  general  ground  level. 

Excavating  Oveklying  ^Iaterials  and  Cleaning 
Bedrock 

To  remove  bard  ijay  conglomerate  or  heavy  gravel 
and  Iwnilders  remaining  in  the  cylinder  after  the  finer 
material  had  been  removed,  a  14-in.  arch  web  sheetpile 
;)5  ft.  long,  weighing  l,-12o  lb.,  was  hung  inside  and 
Ti.sed  as  a  vertical  battering  ram  until  the  hard  forma- 
tion was  broken  up  so  that  it  could  be  removed  by  a 
small  orange-peel  bucket.  The  final  operation  in  clean- 
ing bedrock  inside  the  cylinders  was  to  replace  the  large 
jc1  ]nimp  and  to  carefully  wash  the  rock  liy  means  of 
2-in.  jets — one  operating  vertically,  the  other  horizon- 
tally. The  degree  of  cleanliness  of  the  liottom  was  tested 
carefully  with  a  sounding  rod. 

Concreting  the  Foundations 
After  inspection  had  proved  that  the  rock  was  clean 
and  ready  for  concrete,  the  jet  pump  was  removed  and 
n  cage  of  reinforcing  steel,  previously  assembled,  was 
l((wered  (Fig.  1)  into  the  cylinder.  These  steel  cages 
M-ere  provided  with  stub  guides  which  held  them  in  prop- 
er position  relative  to  the  sheetpiling  forming  the  eylin- 
ilcr  shelves. 

A  ]iortable  concreting  plant  was  employed,  traveling 
on   railway  tracks.     This  plant,  consisting  of  a  flat-car 


FIG.    S      near    VIE'ft'    OF    A    REINFORCEMENT    CAGE    FOR 
THE  TOP  OF   I'lER 

eciuippiMl  with  a  wooden  iiopiicr  and  a  IVii'.^''!-  iii'>^'''"  "''''' 
loader,  was  placed  at  a  point  convenient  to  tlie  cyliiniiT 
to  be  concreted.  Concrete  was  chutcd  to  the  hopper  of  an 
ordinary  tremie  pipe  which  deposited  it  on  the  bottoni. 
The  tremie  was  hoisted  and  sections  of  it  removed  as 
the  level  of  the  concrete  rose.  The  lower  end  of  the 
tremie  was  maintained  from  1  to  2  ft.  below  the  surface 
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of  tlie  concrete.  This  tremie  was  opciateil  with  extreme 
care  so  as  never  to  lose  its  seal  in  tlie  concrete  nor  its 
1  barge  of  concrete. 

By  this  method  each  cylinder  was  filled  with  con- 
crete to  a  point  2  to  3  ft.  below  the  top  of  the  sheet- 
piling  and  after  allowing  sufficient  time  for  the  concrete 
to  set,  water  was  pumped  out  of  the  top  to  the  level  of 
the  concrete,  and  the  laitance  (usually  2  to  3  in.  deep) 
was  removed. 

The  wooden  forms  were  now  placed  ujion  the  form  for 
the  cap  of  the  pier  and  the  reinforcing  bars  required  for 
the  floor-beam.s  were  placed  in  position  and  all  concrete 
for  top  and  caps  was  placed  at  one  pouring. 

This  work  was  designed  by  the  Stone  &  Webster  Kn- 
ijineering  Corporation,  Boston,  JIass.,  and  executed  by 
the  Stone  &  Webster  Construction  Co. ;  George  0.  Muhl- 
feld.  Construction  Engineer,  S.  L.  Shuffleton,  Western 
Manager,  in  charge,  and  E.  C.  Jlacy,  General  Super- 
intendent. H.  G.  Stott  was  Consulting  Engineer  for  the 
Buffalo  General  Electric  Co. 


lLn^<sly  ILIini©s 
By  Allex   Hazen* 

When  there  is  a  steady,  uniform  flow  tlirougli  a  venturi 
■neter.  the  coefficient  of  discharge — that  is,  the  ratio 
.vhich  the  actual  quantity  of  water  bears  to  the  theor- 
tical  quantity — is  very  high  and  for  practical  purposes 
nay  bo  taken  as  0.90,  with  a  small  variation  either  way. 
But  venturi  meters  are  often  used  on  pipe  lines  where 
he  flow  is  not  uniform.  If  the  variations  are  gradual 
'rem  hour  to  hour,  or  even  from  minute  to  minute,  the 
ipparatus  that  is  ordinarily  used  will  sum  up  the  total 
lr)w  with  accuracy.  If,  however,  the  variations  in  flow 
ire  rapid,  so  that  there  are  substantial  changes  in  rate  in 
1  single  second,  an  error  may  be  introduced.  This  error 
nay  be  one  of  considerable  importance  on  lines  carrying 
vater  directly  discharged  from  reciprocating  pumps  or 
'rnm  a  reservoir  into  a  system  where  wide  and  sudden 
luctu?tions  in  rate  of  draft  are  taking  place. 

A  number  of  circumstances  tend  to  increase  this  fluc- 
uation.  Among  them  may  be  mentioned  a  relatively 
^hort  discharge  line,  air  chambers  that  arc  too  small  or 
lot  adequately  connected  with  the  pipes  and  a  high  de- 
:rree  of  elasticity  in  the  material  of  the  pipe.  Steel 
lipes  are  more  elastic  than  iron  pipes,  and  there  is  apt 
:o  be  more .  jump  or  vibration  with  changes  in  rate 
hrough  them.  A  lively  line,  for  which  considerable  er- 
rors may  be  anticipated,  may  be  defined  as  one  on  which 
1  pressure  gage  connected  to  the  line  wide  open  will 
•how  considerable  and  rapid  fluctuations. 

The  theoretical  reason  for  the  error  is  that  the  ven- 
turi recorders  in  reality  sum  up  the  squares  of  the  flows. 
fn  other  words,  the  flow  i.-^  averaged  by  squares  instead 
if  directly.  The  height  of  the  mercirry  column  that  is 
the  starting  point  in  the  registration  is  proportional  to 
die  square  of  the  velocity. 

To  take  an  extreme  case,  suppose  that  for  half  a  sec- 
■jnd  the  velocity  is  nothing  and  for  half  a  second  it  is 
i  ft.  per  sec.  For  the  whole  second  the  average  velocity 
«ill  be   1   ft.  per  sec;   but  tiic   licij,dit  of  the  mercury 

•Of  Hazen,  Whipple  &  Fuller,  CoiLsultlriK  Engineers,  30 
Ea«t  ■(2n<l   St..   New    York   City. 


columns  will  tend  to  bo  for  the  first  phase  0  and  for  the 
result  corresponding  to-  the  average  height  of  the  mer- 
cury column,  which  is  2,  and  the  quantity  indicated  will 
be  the  square  root  of  2,  or  1.41,  in  place  of  the  true 
quantity,  which  is  1.  In  this  case  the  error  of  over- 
registration  will  be  41%. 

This  merely  illustrates  the  way  in  which  the  error 
is  produced.  An  actual  error  as  large  as  41%  is  not  to 
be  anticipated  in  any  case.  However,  with  very  lively 
lines  errors  of  2%  or  5%  or  even  10%  or  more  may  be 
anticipated,  de])ending  upon  the  liveliness  of  the  "line. 
The  error  will  always  be  in  the  same  direction — namely, 
the  registration  will  be  above  the  truth. 

In  Eiujinffriiifi  News,  July  31,  1913,  there  was  a  di.s- 
cussioii  in  regard  to  the  coefficients  of  venturi  meters, 
ill  which  the  writer  took  the  stand  that  the  coefficient  of 
(t.lHi  sliould  be  used  in  place  of  the  lower  coefficients  that 
had  frequently  been  used  by  makers  of  venturi  apparatus. 
The  thought  now  occurs  to  him  that  in  reality  the  use  of 
these  lower  coefficients  was  the  outgrowth  of  practical 
experience  with  venturi  meters  placed  beyond  recipro- 
cating pumps  where  over-registration  had  actually  taken 
place,  and  the  logical  result  of  this  condition  was  for  the 
maker  of  the  meter  to  use  a  lower  coefficient,  which 
would  give  more  nearly  correct  results  for  those  par- 
ticular conditions.  The  writer  now  believes  that  the  best 
procedure  is  to  use  the  coefiicient  0.99  for  all  ca.ses  of 
steady  flow,  which  is  the  standard  condition.  For  lively 
lines  the  coeflicient  will  be  le.ss  and  will  bo  \ariablo,  de- 
pending upon  the  degree  of  liveliness. 

It  may  be  doubted  if  any  data  can  ever  i)o  secured 
to  make  possible  strictly  accurate  measurements  on  very 
lively  lines.  In  many  cases  the  errors  on  such  lines  will 
be  within  such  limits  that  the  meter  will  remain  an 
invaluable  instrument.  In  such  in.stances  a  correction, 
to  be  ascertained  as  accurately  as  possible  to  meet  local 
conditions,  may  be  used. 

So  far  as  the  writer's  experience  goes,  the  pcrcentago 
error  with  lively  lines  is  very  much  greater  at  low  flows 
than  at  higher  flows;  the  source  of  error  was  first  brought 
to  his  attention  in  using  the  venturi  meter  as  a  means  of 
checking  up  the  minimum  rates  of  flow  into  a  com- 
pletely metered  system  in  the  early  morning  hours,  when 
there  would  normally  be  little  use.  The  meter  was 
found  to  over-register  for  these  conditions  as  compared 
with  the  strokes  of  a  pump  to  an  extent  that  could  not 
be  accounted  for,  although  the  meter  was  known  to  reg- 
ister with  approximate  accuracy  for  the  higher  rates 
of  flow  that  occur  during  the  day. 

It  may  be  pointed  out  that  the  errors  in  the  venturi 
measurements  resulting  from  rapid  fluctuation  in  ve- 
locity also  occur  with  the  pitometer  or  standard  orifice 
or  any  other  method  of  measuring  water  which  depends 
upon  the  effect  of  velocities  upon  pressures.  These  studies 
indicate  the  need  of  some  new  and  better  apparatus  for 
integrating  flows  of  venturi  meters,  pitoineters  and  other 
instruments  on  lively  lines. 

The  Totnl  Lumber  Cut  In  the  United  States  in  1915,  accord- 
InK  to  statistics  published  by  the  United  States  Forest  Service, 
was  37,013,294  M  ft.  More  than  one-third  of  this  wiis  yellow 
pine,  the  total  cut  of  which  was  14.700.000  M  ft.  The  cut  of 
DouKlas  fir  wa.s  4,431,000  M  ft.  Of  oak,  white  pine  and  hem- 
lock, a  cut  of  between  2,000,000  and  3,000,000  M  ft.  was  re- 
ported for  each.  Of  spruce.  Western  yellow  pine  and  cypress, 
the  cut  was  between  1,000,000  and  2,000.000  M  ft.  The  cut  of 
all  other  varieties  of  timber  was  below   1,000,000  M   ft. 


294 


E  N  (i  I  N  K  p]  K  I  N  (I     N  E  ^V  S 


Vol.  7(5,  No.  7 


The  report  of  Irwin  S.  Osborn,  consulting  engineer, 
Clevelanfi,  Ohio,  to  the  Coniniissioners  of  the  District 
of  Columbia,  on  the  result  of  his  investigation  of  the 
rollection  and  disposal  of  municipal  wastes  in  the  Dis- 
trict, contains  a  mine  of  valuable  information.  From 
this  report  the  following  abstract  has  been  made  for  the 
purpose  of  showing  the  scope  of  the  investigation,  au 
outline  of  the  data  necessary  and  the  methods  of  ac- 
cumulating these  data ;  this  being  a  field  of  engineering 
investigation,  which  as  yet  has  received  scanty  attention 
from  municipal  officials  and  engineers. 

PuiiPOSE    OK    'I'llfc    IWESTIGATION 

The  studies  were  made  in  order  to  arrive  at  definite 
conclusions  as  to  what  would  be  the  most  feasii)le  plan 
or  method  to  be  adopted,  from  sanitary  and  economical 
standpoints,  for  the  collection  and  disposal  of  muni- 
cipal wastes  in  the  District  of  Columbia.  The  following- 
ware  the  principal  points  embraced : 

1.  Inspections  of  aU  sections  of  tlie  District  witli  refer- 
ence to  topography  and  plan,  and  their  influence  on  collection. 

2.  Population  studies  with  reference  to  past  growth,  sec- 
tional growth  and  estimated   future  growth. 

3.  Studies  of  the  present  method  of  collection,  with  refer- 
ence to  improvement  in  methods,  from  the  standpoint  of  san- 
itation and  economy. 

4.  Time  studies  of  present  methods  of  collection  with 
reference  to  time  required  for  the  several  functions  of  col- 
lection. 

5.  Inspection  and  studies  of  quantities  produced  during 
the  time  of  investigation. 

6.  Pi-eparation  of  maps  and  tables  showing  the  population 
in   small  unit  areas. 

7.  Preparation  of  tables  showing  the  estimated  produc- 
tion of  several  classes  of  waste  in  each  unit  area. 

8.  Tables  giving  the  length  of  haul  for  each  class  of 
waste  to  assumed  points  of  disposal:  from  which  the  esti- 
mated cost  of  collection  for  any  year  could  be  computed  for 
each  class  of  refuse  by  any  method  of  collection   or  disposal. 

9.  Mechanical  analysis  of  rubbish  and  ashes,  to  deter- 
mine  the  component  parts  and   the  proportion   of  each. 

10.  Laboratory  tests  of  the  component  parts  of  ashes  and 
rubbish  from  samples  taken  at  the  time  of  mechanical  anal- 
ysis, to  determine  the  calorific  value.. 

11.  Chemical  and  calorific  tests  of  representative  garbage 
samples  to  determine  the  percentage  of  fertilizing  elements, 
fats,  solids,  combustibles,  moisture,  calorific  value  and  per- 
centage of  ash. 

12.  Chemical  and  calorific  tests  of  sectional  garbage 
samples,  to  determine  seasonal  variations,  the  influence  of  the 
character  of  population,  etc..  on  the  percentage  of  fertilizing 
elements,   fats,   etc. 

13.  Inspection  and  studies  with  reference  to  suitable  lo- 
cations for  disposal   plants  and   transfer  stations. 

14.  Inspection  of  all  plants  operated  by  contractors  for  the 
transfer  or  disposal  of  wastes,  with  reference  to  their  adapt- 
ability to  the  work  and  to  improvements. 

15.  Inspection  of  equipment  used  by  the  various  contract- 
ors and  investigations  into  the  practicability  of  improved 
equipment  with  District  conditions. 

16.  Comparison  of  available  data  with  that  of  other  cities. 
with  allowance  for  variation  in  local  conditions. 

17.  The  applications  of  the  studies  made  to  a  large  num- 
ber of  projects,  assuming  certain  points  for  disposal  ^r  trans- 
fer stations  which  might  become  available  for  the  purpose. 
These  data  were  classified  under  the  following  subheads: 

a.  The  territory  or  collection  district  which  would  bo  the 
most  economically  served  by  various  assumed  disposal 
or  transfer  stations. 

b.  The  population  to  be  served  in  each  established  col- 
lection district. 

c.  The  estimated  quantities  of  each  class  of  waste  pro- 
duced from  each  collection  district. 

d.  The  estimated  maximum  quantity  of  each  class  of 
waste  produced  during  the  season  of  maximum  produc- 
tion in  each  collection  district,  in  order  to  determine 
the  various  plant  capacities. 


e.  The  final  capacities  of  disposal  plants  for  each  rlis- 
trict,  based  on  the  estimated  maximum  production  foi 
the  year  1925. 

f.  The  ton-miles  haul  for  each  class  of  waste,  based  on 
the   estimated   production    for   the   year   1925. 

S-  The  estimated  cost  of  collection  for  each  collection 
district  and  for  various  methods  of  collection,  based  on 
the  estimated   production  for  the  year  1925. 

h.     The  estimated  capital  costs  for  each  project. 

i.  The  estimated  operating  cost  for  each  disposal  plant 
based  on  the  production  for  the  yeaV  1925. 

j.  The  estimated  annual  revenues  for  various  methods  of 
disposal,    based   on   the   production   for  the   year  1925. 

k.  The  estimated  fixed  charge  for  interest  and  deprecia- 
tion. 

1.      The  net   annual  cost  for  each  project. 

m.      The  estimated  annual  per  capita  cost. 

J)ivisiox  OF  Dr.sTRicT  Into  Unit  Areas 

111  iiial<iiig  the  studies  and  investigations,  the  entire 
Disfrici  was  divided  into  unit  areas,  which  were  used  as 
a  basis  in  making  all  collection  and  production  compu- 
tations. The  various  items  pertaining  to  the  collection 
and  production  of  refu.se  for  the  several  projects  were 
deduced  from  each  unit  area.  The  totals  for  each  unit 
area  in  all  cases  were  reconciled  with  authoritative  rec- 
ords for  the  entire  District  covering  the  item  under 
study. 

The  unit  areas  were  based  on  the  present  garbage 
iiiutcs,  as  accurate  data  were  available  covering  the  pro- 
duction in  each  unit  area  for  past  years.  In  assuming 
unit  areas  for  future  collections,  only  the  natural  and 
topographical  areas  which  would  receive  service  were 
taken.  Tables  were  made  showing  the  actual  amount 
of  garbage  collected  each  day  from  each  unit  area,  which 
were  used  in  estimating  the  future  production  of  gar- 
bage in  the  various  sections  of  the  city. 

The  population  of  each  unit  area  was  taken  and  the 
])roduction  per  1,000  population  determined.  This  pro- 
duction per  1,000  population  was  taken  as  a 'factor  to  be 
multiplied  by  the  population  for  the  different  periods. 

The  estimate  of  future  production  of  garbage  was 
figured  in  five-year  periods  up  to  1940,  in  order  to  pro- 
vide ]5lant  capacities  and  estimates  for  the  various  years 
during  the  anticipated  life  of  the  disposal  works. 

.Studie,s  of  Collection  Methods 
In  connection  with  the  collection  of  garbage,  si.xty  coni- 
])lete  time  studies  were  made  in  order  to  determine  the 
time  required  for  the  various  steps  entering  into  collec- 
tion, as  well  as  to  determine  the  time  recjuircd  for  each 
step  under  varying  conditions. 

'Hie  tinie  studies  also  take  into  account  the  number 
of  houses  \isited,  iiiid,  at  the  same  time,  the  number  of 
houses  from  wdiich  collections  were  made,  so  as  to  deter- 
mine the  percentage  of  houses  receiving  service,  as  well 
as  the  average  number  of  receptacles  handled.  Deter- 
minations were  also  made  as  to  the  amount  of  time  re- 
quired in  loading  and  the  time  required  in  hauling  after 
the  load  was  placed  on  the  wagon,  so  as  (o  estiniato 
the  cost  of  service  from  the  standpoint  of  lo:iding  a." 
well  as  haul. 

Sampling  the  Gaebage 

During  the  year  in  which  investigations  were  made, 
general  sain|)les  were  taken  periodically  every  fifteen  days, 
and  the  garbage  submitted  to  the  Department  of  Agri- 
culture, Bureau  of  Soils,  for  making  mechanical  and 
chciuical  analyses. 

i\ll  sanii>les  were  taken  from  the  Wiigon  as  they  arrived 
at  the  transfer  station.     In  drawing  samples   from  the 
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garliage  tanks,  a  sample  was  taken  from  each  tank  on  a 
specified  wagon,  the  samples  being  drawn  from  approxi- 
mately one-third  of  the  wagons  in  service  on  each  day 
a  sample  was  taken.  The  wagons  were  specified  in  order 
that  the  samples  would  be  drawn  from  different  sections 
of  the  city,  so  as  to  insiire  a  representative  sample. 

Each  wagon  tank  was  inspected  to  determine  whether 
tiie  material  in  all  parts  of  the  tank  was  of  the  same 
iieneral  character  before  drawing  a  sample  from  any 
part,  and  when  the  sample  was  drawn  it  was  taken  from 
«uch  sections  as  would  give  the  average  of  the  full  tank. 
Approximately  1  cu.ft.  of  garbage  was  taken  from  each 
tank. 

The  total  amount  removed  from  all  the  wagons  was 
placed  on  a  water-tight  platform  in  a  transfer  station 
vard,  where  it  was  thoroughly  mixed  and  chopped  fine. 
The  total  was  then  divided  into  quarters,  three-quarters 
being  discarded,  and  the  remaining  quarter  being  tlior- 
)ughly  mixed  and  chopped  in  quarters.  This  procedure 
ivas  repeated  until  the  resultant  sample  was  reduced  suf- 
;ficiently  to  fill  three  2-qt.  jars.  The  jars  after  being 
filled  were  sealed  and  sent  to  the  Bureau  of  Soils  for 
malysis.  The  material  from  each  jar  was  analyzed  so 
hat  three  analyses  were  made  of  the  same  general  sam- 
ite, in  order  to  check  results. 

The  garbage  was  analyzed  for  the  percentages  of 
iioisture,  combustibles,  ash,  ether  extract,  potash,  phos- 
ihoric  acid  and  nitrogen,  as  well  as  for  its  calorific 
•  alue. 

S.iMPLES  FOE  Sectional  Classification  of  Gaubage 

In  addition  to  the  regular  samples  which  were  taken 
IS  an  averafre  of  an  entire  day's  collection,  the  District 
vas  divided  into  sixteen  sections  as  nearly  as  possible, 
iccording  to  the  classification  of  people,  such  as  the 
vealthier,  intermediate  and  poorer  classes.  From  these 
sections,  samples  were  drawn  in  a  similar  manner  to 
hat  described  in  drawing  the  regular  samples,  and  these 
vere  analyzed. 

All  told,  131  sectional  samples  were  taken,  the  sam- 
)les  being  drawn  each  week  so  that  a  sample  from  each 
•cction  was  analyzed  every  month.  In  making  up  the 
■ectional  samples,  a  part  was  taken  from  each  load  col- 
ected  in  that  section  from  which  the  sample  was  to  be 
aken,  so  as  to  eliminate  any  local  variations.  At  the 
■ame  time,  special  places  such  as  hotels,  the  War  College, 
Mavy  Yard,  etc.,  were  omitted  in  order  to  get  a  reprcsen- 
:ative  sample  from  the  residences. 

The  object  of  taking  the  sectional  samples  was  to 
loterniine,  if  possible,  the  variation  in  the  quality  of 
lie  garbage  produced  by  the  different  classes  of  people,  as 
nertains  to  the  value  of  fats  or  fertilizing  elements  con- 
tained in  it.  From  the  elaborate  tests  and  studies  made, 
■nrves  were  plotted  and  the  various  elements  determined 
i)y  analyses,  and  the  analyses  studied. 

Study  of  Ruhhlsh  and  A.siies 

Tables  were  made  giving  the  results  of  the  weight 
md  volume  studies  covering  a  consideral)lc  period  of 
time.  At  regular  intervals  mechanical  analyses  were 
made  of  the  rubbish  for  the  purpose  of  obtaining  the 
quantities  of  the  different  constituents  making  up  this 
clans  of  nuinicipal  waste,  as  well  as  the  products  which 
have  a  comnuTcial  value.  Special  wagons  were  sent  out 
for  collecting  the  sam|)les,  taking  a   mimlier  of  houses 


out  of  each  collection  route,  so  as  to  get  a  representative 
sample  of  the  day's  collection. 

A  representative  sample  of  each  component  part  of 
the  rubbish  which  contained  combustible  material  was 
sent  to  the  Bureau  of  Jlines  in  order  to  determine  the 
calorific  values.  The  results  of  the  tests  constitute  the 
first  data  available  in  regard  to  the  calorific  values  of 
the  various  constituents  of  rubbish. 

During  the  investigation  forty-four  time  studies  were 
made  on  the  rubbish  wagons.  These  were  carried  on  to 
the  same  detail  as  those  descril)ed  in  the  collection  of 
garbage,  and  the  time  required  for  each  function  of  the 
work  in  connection  with  the  collection  of  rubbish  taken 
into  account.  The  results  were  used  in  checking  up  the 
costs  for  the  various  stei)s  in  making  the  collections  and 
delivery  of  material. 

The  estimated  future  ]in)(liiction  of  rubbish  was  com- 
puted in  the  same  way  as  for  estimating  garbage  produc- 
tion. The  quantities  produced  per  capita  in  the  various 
sections  of  the  city  were  applied  to  the  unit  areas,  so 
as  to  determine  as  nearly  as  possible  the  quantities  pro- 
lUned  in  each  unit  area. 

STrnv   \\n  Tests  of  Ashes 

The  records  of  the  amount  of  ashes  collected  by  the 
contractor  were  furnished  by  the  District  Street  Cleaning 
Division.  At  regular  intervals  mechanical  analyses  were 
made  of  typical  loads  of  ashes  collected  from  the  several 
districts  and  the  results  plotted. 

Samples  for  calorific  tests  were  made  at  regular  in- 
tervals from  the  various  collection  routes  for  the  purpose 
of  obtaining  the  fuel  value  of  the  ash  in  connection  with 
the  incineration  of  other  classes  of  waste  collected  in  the 
District.  Samples  were  taken  by  screening  the  load  as 
it  arrived  at  the  point  of  disjiosal,  using  a  %-in.  mesh 
screen. 

The  material  collected  by  the  screen  was  classified  as 
cinders,  and  that  which  passed  through  the  screen  as 
dust.  A  representative  sample  of  the  cinders  and  dust 
was  then  sealed  and  sent  to  the  Bureau  of  Mines  for  an- 
alysis, where  the  following  factors  were  determined : 
Moisture;  volatile  matter;  fixed  carbon;  ash;  B.t.u.  in 
material  as  received  :  B.t.u.  in  material  on  dry  basis. 

At  regular  intervals  twenty-eight  time  studies  were 
made  on  the  ash-collection  wagons.  The  time  studies 
for  ashes  were  carried  out  in  the  same  manner  as  de- 
scribed for  the  collection  of  garbage.  The  time  required 
for  each  function  of  the  work  was  taken  into  account  and 
the  results  used  for  checking  up  the  costs  of  the  various 
steps  in  making  the  collections  and  delivery  of  the 
material. 

Studies  of  Comhinkd  Refuse 

From  the  results  and  quantities  obtained  for  the  sep- 
arate collection  of  garbage,  ashes  and  rubbish,  tables 
were  developed  giving  the  total  estimated  pounds  of 
refuse  collected  jier  capita  per  annum,  of  all  three  classes 
of  waste.  Tables  were  made  giving  the  estimated  future 
quantities  of  combined  waste  to  be  collected  and  dis- 
posed of,  as  well  as  tables  giving  the  quantities  of  com- 
i)ined  waste  by  volume  and  weight,  as  coUectx^d  during 
the  maximum  and  minimum  months.  From  these  tables 
estimates  were  made  of  collection  equipment  and  ])lant 
cost,  considering  all  three  clas.ses  of  waste  combined.  A 
second  article  will  give  the  results  of  these  studies. 
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By  Bcnxox  J.  Ashley* 

When  the  Poor  Farm  for  Cook  County,  Illinois,  was 
moved  to  Oak  Forest  in  1911,  a  sewage-treatment  plant 
was  built  consisting  of  two  tanks  10x80  ft.  in  plan  by  an 
average  water  depth  of  7  ft.,  followed  by  four  contact 
beds  40x10x4  ft,  operated  by  four  5-in.  Miller  siphons. 
Five  feet  from  the  inlet  end  of  each  tank  was  a  baffle  wall, 
extending  from  the  floor  upward  to  a  line  13  in.  below  the 
water  line.  At  the  floor  line  of  each  baffle  wall  were  two 
r2-in.  square  openings.    Within  5  ft.  of  the  outlet  end  of 


FIG.    1.     SECTION   OF    COOK    COUNTY'    IMHOFF    TANK 

each  tank  was  a  baffle  that  extended  from  the  floor  of  the 
tank  to  the  top  with  openings  at  the  flow  line. 

The  duty  required  of  this  plant  was  to  serve  from  1,800 
to  2,800  persons.  Storm  water  from  the  new  buildings 
was  supposed  to  be  excluded  from  the  sanitary  sewers, 
but  connections  had  been  made  to  such  an  extenl  as  to 
cause  the  plant  to  be  deluged  during  heavy  storms.  . Judg- 
ing from  observation  and  hearsay  evidence,  these  tanks 
never  became  positively  septic. 

The  effluent  from  the  old  plant  i)ccamc  so  serious  a 
nui.sance  and  menace  to  the  farmers  below  the  Poor  Farm, 
through  whose  farms  the  effluent  flowed,  that  legal  action 
was  taken  by  the  farmers  to  comjjel  the  County  Connnis^ 
sioners  to  abate  the  nuisance. 

About  this  time,  the  County  Commissioners  concluded 
to  build  a  $1,000,000  County  Tuberculosis  Sanitarium 
on  the  Poor  Farm.  Consequently  it  became  necessary  to 
rebuild  and  enlarge  the  sewage-treatment  plant. 

The  ultimate  occupancy  of  both  institutions,  including 
employees,  was  estimated  to  be  5,000  persons.  The  plant 
designed  and  built  to  meet  the  present  and  future 
demands  includes:  A  screening  and  detritus  chamber; 
Tnihofl'  tank;  hypochlorite  plant;  doubling  the  area  and 
capacity  of  the  old  contact  beds,  using  eight  5-in.  ^Tiller 
siphons  in  two  control  chambers,  and  a  sludge-drying  bed. 

The  screening  chamber  was  of  the  ordinary  box  type, 
2x10  ft.  in  plan,  with  a  water  depth  of  4  ft.,  and  provided 
with  %xl-in.  bar  screens  set  i/o  in.  apart. 

•Engineer.  Morpran   P.irk.  Chicago,   111. 


The  Imhotf  tank  (Fig.  1)  is  circular  in  mam  ]ilan. 
with  a  rectilinear  flow  chamiier  151^  ft.  wide.  The  cover 
was  depressed  as  shown  to  att'ord  more  ready  access  to  the 
scum  chambers  when  cleaning  them. 

An  attempt  was  made  to  complete  the  excavation  for 
the  Imhoff  tank  and  then  to  build  the  walls  within  the 
excavation,  but  this  plan  was  a  failure.  The  "dig  and 
sink"  principle  was  then  successfully  adopted  by  using  a 
lii-culai-  T-bar  heavily  anchored  in  the  concrete  wall  as 
the  cutting  edge  and  by  reinforcing  the  walls  themselves. 
The  reinforcement  consisted  of  %-in.  rods  set  diagonallv 
12  in.  apart. 

The  hypochlorite  plant  was  built  directly  above  and 
upon  the  inlet  ends  of  the  two  old  tanks  and  receives  the 
Imhott'  effluent,  it  being  the  intention  to  use  the  south 
tank  as  a  sedimentation  chamber  after  introducing  the 
hypochlorite  into  it  by  means  of  an  orifice  box  and  mixing 
channel.  The  inlet  end  of  the  old  south  tank  was  recon- 
structed and  made  into  a  mixing  channel  by  introducing 
baffles  projecting  into  the  tank  from  each  side  wall,  thus 
( ausing  the  Imhoff  effluent  to  pass  in  a  sinuous  course  for 
the  distance  of  20  to  25  ft.  before  being  discharged  into 
the  sedimentation  tank  (the  old  south  tank).  The  hypo- 
chlorite is  introduced  at  the  inlet  end  of  this  channel. 

A  bypass  has  been  provided  so  that  the  discharge  of  the 
hypochlorite  from  the  orifice  box  can  be  made  directly 
to  the  outlet  sewer  from  the  contact  beds  by  merely  open- 
ing a  valve  in  the  hypochlorite  house. 

The  four  old  contact  beds  were  duplicated,  thus  doub- 
ling the  nitrifying  capacity.  The  material  in  the  old 
beds,  consisting  of  a  2-ft.  layer  of  2-in.  stone  covered  with 
a  2-ft.  layer  of  %.-in.  size  (Fig.  2),  was  wheeled  out  and 
washed  by  passing  it  through  a  flooded  concrete  mixer. 
This  method  proved  a  most  unqualified  success.  The  cost 
of  washing  and  replacing  this  material  was  about  45c.  per 


FIG.   2.    CLEANING  CONTACT-BED  STONE  IN  CONCRETE 
MIXER.  COOK  COU.NTY,   ILLINOIS 

( u.yd.  The  material  was  automatically  rcscreencd  as  it 
was  dumped  fi-om  the  mixer  and  wheeled  back  to  place. 

The  fluid  chambers  of  the  control  houses  being  ajiproxi- 
mately  80  ft.  apart  were  connected  by  a  12-in.  cast-iron 
water  main  and  the  siphon-control  pipes  in  the  two  houses 
by  ll/^-in.  air  pipes  running  from  one  control  house  to  the 
other  on  the  top  of  a  concrete  dividing  wall  which  sepa- 
rates the  contact  beds. 

Each  control  house  was  built  of  concrete  and  jirovidcd 
with  a  roof  ventilator  and  a  small  window.     The  doors 
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were  made  practically  frostproof  after  the  character  of 
refrigerator  doors. 

The  filling  of  one  unit  of  the  beds  at  the  time  of  start- 
ing the  plant  occupied  about  50  min.  on  the  average.  The 
-iphon  mechanism  was  timed  for  holding  the  beds  full 
1  hr..  empty  1  hr.,  resting  empty  about  3  hr. 

The  sludge  bed  has  an  area  of  2,000  sq.ft.,  a  1-ft.  filter- 
ing depth,  and  consists  of  cinders  witli  agricultural  tile 
iinderdrainage. 

The  nuisance  along  the  farms  .spoken  of  was  abated 
mmediately  on  beginning  use  of  the  plant  in  October, 

un-t. 

The  plant  was  designed  by  the  writer,  and  its  construc- 
;ion  was  supervised  by  G.  A.  Freeburg.  The  contractor 
,vas  .T.  J.  Croake  &  Co.,  Chicago.  The  contract  price  was 
i!25,000. 

Eas'tlh^IRoaidl  Msiaiafteiasiirtic®  isa 

By  C.  X.  Peri!Y* 

A  method  of  earth-road  maintenance  by  turning  irriga- 
:ion  water  upon  the  roadbed  is  in  vogue  in  Imperial 
."bounty,  Calif.,  which  could  perhaps  be  used  to  advan- 
age  in  other  irrigated  sections  of  the  arid  West.  The 
■oadbed  is  constructed  with  a  center  ridge  or  dike  and 
vith  a  dike  on  each  side  forming  two  distinct  roadways. 
rhe.se  dikes  are  usually  made  about  6  to  8  in.  in  height, 
ind  the  center  one  should  be  8  ft.  in  width,  so  that  a 
vagon  can  travel  on  it  should  occasion  require. 

The  irrigated  section  of  the  Imperial  Valley  where 
uch  roads  are  maintained  is  very  level,  and  the  only 
onstruction  work  necessary  in  most  cases  has  been  to  give 
lie  roadbed  a  light  plowing  and  then,  with  a  fresno 
craper,  move  the  soil  thus  loosened  to  the  line  of  the 
•entral  and  outside  dikes.  This  done,  the  two  roadways 
ire  leveled  by  dragging  and  are  ready  for  irrigation.  The 
iiost  convenient  irrigating  ditch  is  tapped,  and  a  stream 
if  water  from  3  to  4  in.  deep  is  turned  on  one  of  the 
oadways. 

By  practice  the  roailman  learns  just  when  to  turn  off 
he  water,  gaging  it  ,so  as  to  cover  the  entire  distance 
vithout  ponding  the  water  at  the  lower  end  of  the  stretch. 
Practice  in  handling  the  road  after  that  varies  with  the 
deas  of  the  roaiiman.  Some  wait  until  the  road  is  very 
learly  dry  and  then  drag  it  again;  others  appear  to 
•oiisider  their  work  done  when  the  water  has  been  turned 
>ti  and  shut  off  again. 

The  Imperial  Valley  soil  varies  from  a  faii'lv  licavy 
■lay,  a  silt  loam  and  sandy  loam  to  a  sand  which  when 
vet  is  practically  a  quicksand.  The  heavier  soils  respond 
0  this  flooding  treatment,  but  the  sand,  having  absolutely 
10  binder  in  it,  soon  dries  out  and  is  as  bad  as  ever.  The 
•oil  that  does  respond  is  encountered  much  more  often 
han  is  the  sandy  soil,  but  sandy  fpots  occur  even  in  the 
leavier  soils. 

There  is  no  law  against  traveling  the  flooded  side, 
'.xcept  that  which  good  sense  dictates.  The  .soil,  when 
*vet,  is  .so  soft  and  sticky  that  no  one  will  willingly  turn 
in  on  the  wet  side.  However,  a  bunch  of  cattle  being 
Iriven  along  the  road  is  not  so  particular,  and  as  a  result 
1  if  their  wanderings  a  road  wiiich  might  be  within  two 
I'layflof  being  ready  again  for  travel  is  made  worse  than  it 
wa8  before  the  water  was  turned  on.    Just  when  the  half 
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of  the  road  that  has  l)eon  flooded  is  ready  for  the  resump- 
tion of  traffic  is  left  to  the  discretion  of  the  traveling 
public,  and  each  man  decides  for  himself  which  side  he 
will  take.  As  a  result  a  road  may  be  cut  into  deep  ruts 
before  it  is  thoroughly  dry. 

The  expense  of  maintenance  by  this  method  simiily 
means  the  cost  of  three  trips  of  a  wooden  float  pulled  by  a 
four-hor.se  team,  which  would  probably  drag  a  mile  of 
road  (one  side  only)  in  11/2  hr.  After  that  it  is  merely 
a  question  of  turning  on  the  water  and  leaving  a  man  on 
the  job  with  a  shovel,  to  see  that  no  high  places  have  beeii 
left,  which  might  escape  flooding.  How  much  this  should 
cost  depends  so  entirely  on  the  amount  of  jtulgment 
employed  that  I  can  give  no  figure.  The  flow  of  water 
along  most  of  our  roads  is  at  the  rate  of  about  1  mi.  in 
2  hr.  If  the  irrigator  planned  his  work,  he  could  either 
attend  to  flooding  two  roads  in  the  same  locality  at  once 
or  could  so  arrange  his  work  that  he  could  do  something 
else  while  waiting  for  the  water  to  travel  to  the  other  end. 
This  brings  in  the  ]wrsonal  equation,  and  I  imagine  the 
cost  per  mile  varies  widely. 

The  county  is  divided  into  five  road  districts,  eai-li  with 
a  supervisor  in  charge.  The  supervisor  selects  his  own 
road  foremen,  and  they  in  turn  select  their  own  workmen. 
The  foremen  and  workmen  may  be  farmers  living  near 
ihe  road  to  be  constructed  or  improved.  The  county 
engineer  has  notliing  to  do  with  either  the  first  construc- 
tion or  subsequent  maintenance  of  the  roads.  He  is  called 
in  when  the  construction  of  the  road  necessitates  a  bridge 
or  when  there  is  some  unusual  feature  on  which  his 
opinion  is  desired.  Otherwise,  all  the  details  are  handled 
by  the  supervisor  through  his  road  foremen.  I  know  of 
no  other  method  we  could  have  employed  which  would 
have  given  us  passable  roads;  but  at  the  same  time  the 
roads  are.  and  always  will  be,  only  makeshifts. 

Use  ©If  Iiaj^iactlBOKas  Lflmaailodl 
im  ]LsiIb©B°  Stiaats 

A  statute  limiting  the  use  of  court  injunctions  in 
labor  disputes  is  declared  unconstitutional  in  ilassachu- 
setts.  The'  Jlassachusetts  Legislature  in  1914  passed  a 
law  limiting  the  use  of  injunctions  in  labor  disjnites 
on  the  ground  that  the  right  to  labor  and  to  contract 
for  labor  was  a  personal  and  not  a  pro])erty  right.  The 
ilassachusetts  .Supreme  Court,  in  deciding  a  case  where 
two  trade  unions  were  in  litigation  with  each  other,  re- 
cently ruled  that  this  law  is  unconstitutional  becau.se 
it  deprives  the  lawful  owner  of  property  of  equal  pro- 
tection under  the  law  and  thereby  subjects  it  to  con- 
fiscation.    The  court  in  its  decision  said: 

The  statute  provides  that  the  property  rlRhts  of  labor  of 
any  individual  or  number  of  individuals  associated  together 
shall  not  be  recognized  in  equity  as  property.  .     .     That  a 

man  cannot  resort  to  equity  respecting  his  property  right 
to  work  simply  because  he  is  a  laboring  man,  and  that  he  can- 
not have  the  benefit  of  an  injunction,  when  such  remedies  are 
open  freely  to  owners  of  other  kinds  of  property  ncids  scarce- 
ly more  than  a  mere  statement  to  demonstrate  that  such  a  man 
is  not  guarded  in  his  property  rights  under  the  law  to  the 
.same  extent  as  others.  It  Is  beyond  the  power  of  the  Ijegisl.a- 
ture  to  declare  that  without  any  process  at  all.  a  well-recog- 
nized kind  of  propert.v  shall  no  longer  be  property.  Lawful 
property  cannot  be  confiscated  under  the  disguise  of  a  statute, 

I>r}-  Kiirinliig  iiikI  IrrlKiitlon  In  Nen'  Zmliind  arc  receiving 
increasing  atleiilitm.  Tiieri-  are  large  areas  where  the  rainfall 
la  scant  and  farming  by  the  ancient  method  Is  not  profitable. 
The  soil  Is  fertile  If  moisture  can  be  secured,  and  It  Is  claimed 
that    there   are    many   .satisfactory    sites    for    irrigation    plants 
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SYXOPSIS — Tlie  south  canlilfrcr  arm  of  t'lic 
new  Quebec  Br'uhje  was  completed  on  Juty  2S. 
Al>out  13,000  tons  of  steel  was  placed  in  92  worl- 
7  days — orrr  a  month  ahead  of  schedide.  Dc- 
..ri/ition    of   rrcrtion    work   and   eijui/iment. 

During  the  season  of  1915  the  material  of  the  new 
Quebec  Bridge  erected  on  the  south  shore  of  the  St. 
Lawrence  Eiver  consisted  of  the  inside  falsework  earn- 
ing the  anchor-arm  floor  and  traveler  tracks,  the  outside 
staging  carrying  the  anchor-arm  truss  material  and  brac- 
ing, and  all  material  of  the  south  anchor  arm  complete, 
including  the  main  post  and  the  links  at  the  top  of  the 
main  post  connecting  the  top  chords  of  the  cantilever  and 
anchor  arms.  The  total  weight  of  steel  erected  by  the 
one  traveler  on  the  south  sliore  during  the  season  of 
1915  amounted  to  approximately  20,000  tons,  including 
the  weight  of  the  falsework.  At  the  dose  of  the  work- 
ing period  the  traveler  was  standing  over  the  soulh  main 
pier,  prejiared  to  begin  the  erection  of  the  south  canti- 
lever arm  as  soon  as  the  working  season  for  191()  opened. 

The  erection  of  the  KJ.OOO  tons  of  steel  in  tlie  south 
cantilever  arm  was  started  about  Apr.  1,  191(i,  by  which 
time  th(!  traveler  machinery  and  tackle  had  been  thor- 
oughly overhauled.  The  members  of  the  cantilever  arm 
placed  by  the  traveler  while  standing  over  the  main  pier 
are  show^l  in  heavy  lines  in  Fig.  2. 

U.sE  OF  Flying  Buidge 

The  first  half  of  the  flying  erection  bridge  which  was 
u.sed,  panel  after  panel,  to  support  the  bottom  chords  and 
laterals,  as  well  as  the  nuiin  tension  verticals,  until  these 
members  were  properly  aligned,  their  splices  rivettxl  com- 
pletely   and   the    final    connections   to    the    upper   truss 
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members  made,  was  first  placed  in  position,  connected 
up  to  its  bearings  on  the  main  shoes  and  the  front  end 
tied  back  by  yoking  girders  and  links  to  the  main  post 

This  erection  bridge  is  illustrated  in  Fig.  5.  It  was 
made  np  of  four  plate  girders  of  a  length  equal,  ap- 
proximately, to  the  longest  main  panel  of  the  cantilever 
arms.  These  girders  were  placed  in  pairs  under  the 
chords  of  the  trusses  on  each  side  of  the  bridge.  The 
two  girders  forming  a  pair  were  spaced  far  enough  api 
to  allow  ample  working  space  for  the  men  on  each 
side  of  the  bottom-chord  members  as  they  were  tempor- 
arily supported  on  the  bridge.  The  girders  of  each  pair 
were  braced  together  by  cross-girders  which  transferred 
the  load  of  the  truss  members  to  the  girders  and  a 
provided  .seats  for  the  hydraulic  jacks  which  were  used 
for  aligning  and  connecting  these  truss  members.  Each 
])air  of  girders  had  a  complete  bottom  lateral  system 
and  a  wooden  floor  supported  along  the  bottom  flange. 
This  wooden  floor  between  the  girders  completed  a  com- 
modious working  a])artment  for  the  assemblers  and  riv- 
eters who  were  working  on  the  chords.  Tlie  pairs  of 
girders  were  braced  together  by  two  transverse  plate 
girders  which  had  a  .separate  lateral  system  of  their  own. 
These  transverse  girders  had  to  support  the  bottom-chord 
laterals  until  the  end  connections  were  made. 

The  erection  bridge  was  thus  a  complete  erection  unit 
and  was  handled  as  such.  It  was  supported,  while  in 
use,  at  the  end  nearest  to  the  main  pier  by  i)ins  con- 
necting to  brackets  which  were  bolted  to  Ihc  l)ottom 
flanges  of  the  chord  members  already  placed.  The  other 
end  was  held  np  by  links  at  the  center  and  end  of  the 
creel  ion  bridge.  These  links  were  attached  to  yoking 
girders  which  straddled  the  comjiression  diagonals  al- 
ready erected  overhead  and  in  the  ]ianel  to  the  rear. 

The  method  of  handling  by  the  traveler  cranes  of 
the  erection  bridge  while  being  moved  forward  into  a 
new  position  is  illustrated  in  Fig.  (i.     The  links  to  the 
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;       THE  QUEBEC  BRIDGE  0.\    JULY    31,    lulU.    WITH    BOTH 

At  ;levers  completed,    ox  the  south  arm.  to  the 

L    T,  the  ERECTION'  TRAVELER  IS  IN  ITS  LAST  POSI- 
')N.     THE  NORTH  ARM.  TO  RIGHT.  ALREADY  HAS 
IN    PLACE    HANGING    TRUSS,  FOR  GUIDING  THE 
SUSPENDED  SPAN  DURING  ITS  MOORING 


rward  end  were  first  disconnected.  The  load  of  the 
■etion  bridge  was  then  taken  by  the  rear  cranes,  links 
were  disconnected,  and  the  pins  connecting  the  bridge 
the  chord  brackets  were  removed.  The  bridge  was 
m  lowered  afld  moved  forward  until  stopped  by  the 
ttom  laterals  of  the  chord  panel  just  completed.  At 
is  point  the  bridge  was  connected  up  and  the  load 
insferred  to  the  hoisting  tackle  of  the  front  cranes, 
le  bridge  was  then  moved  forward  and  lifted  up  into 
new  position. 

Cantilever  Bottom  Choeds 

In  the  first  main  panel  CL16-CL14,  as  soon  as  the 
st  section  of  the  erection  bridge  was  in  position,  the 
ir  of  ;50-!n.  pins,  with  their  4o-in.  semicircular  sleeves, 
•  the  cantilever  arm  bottom  chords,  and  the  20-in. 
i.S  with  .30-in.  sleeves,  for  the  main  compression  diag- 
al  CL1G-C.M1+,  were  first  placed  on  the  shoes  at  CL16. 
The  first  sections,  CLlfi-CLl.D,  of  the  cantilever- 
m  bottom  chord  were  then  placed  on  the  erection 
idge  and  carefully  centered  and  aligned  from  the  shoe. 
lese  members,  built  entirely  of  nickel  steel,  having  a 
).ss-8ectional  area  of  1,630  sq.in.,  with  outside  dimen- 
•ns  of  cro.ss-section  84  in.  deep  by  124  in.  wide,  are 
?  heaviest  pieces  in  the  cantilever  arms.  Each  main- 
!iel  chord,  made  up  of  four  vertical  webs  laced  longi- 
Jinally  in  three  horizontal  planes,  was  divided  into 
o  half-panel  sections,  the  member.s  being  fully  spliced 
this  half-panel  point  in  material  and  rivets,  as  well  as 
iiig  a<(iirately  faced  to  as  nearly  a  perfect  bearing 
inodiTii  pfpiipment  and  machinery  could  make  possible, 
nil  liall'-pancl  section  was  again  divided  vertically  along 
loDgitudinal  center  line.  The  member  was  shipped 
id  handled  in  these  sections,  the  heaviest  of  the  sections 
i},'hing  ir.0,000  II).  Each  section  was  handled  by  means 
i'l'cially  designed  and  tested  hitches  bolted  to  the 
tlaiigcs,  two  sets  of  hitches  tf)  cacli   .section.     Tlie 


sections  were  lifted  from  tlie  i-ars  in  pairs,  at  tlie  same 
time,  one  section  for  the  east  truss  and  the  corresponding 
section  for  the  west  truss,  all  four  of  the  5o-ton  hoists 
of  the  two  traveling  cranes  at  the  top  of  the  traveler 
being  used,  one  hoist  of  each  crane  to  a  section.  The 
sections  after  leaving  the  cars  were  "fleeted"  apart  until 
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FIG.    2.    CANTILEVER   MEMBERS    PLACED   BY  TRAVELER 
CJVER  MAIN  PIER 

they  hung  vertically  over  their  positions  on  the  erection 
bridge,  when  they  were  lowered  into  place. 

The  erection  of  the  half-panel  of  the  bottom  chords 
was  followed  by  the  placing  of  a  half-panel  of  bottom 
laterals,  panel  CLIO-CLIS,  from  the  shoes  to  the  middle 
intersection  plate.  The  middle  intersection  plate  and 
liie  lateral  members  themselves  rested  on  the  transver-^e 
girders  of  the  erection  bridge.  The  liottom  lateral  sys- 
tem is  a  double  intersection  system  with  a  strut  at  each 
main-panel  point.  Each  of  the  diagonals  in  a  panel  of 
the  system  is  designed  to  take  compression  as  well  as 
tension.  The  lateral  members  are  of  nickel  steel,  the 
large.st  cross-sectional  area  being  !)8.7  sq.in.,  made  up  of 
eight  8x8.\fi{-in.  angles,  built  into  a  box  section  with  a 
depth  equal  to  that  of  the  bottom  cIkjivI  and  latticed 
in  the  horizontal  and  vertical  planes. 
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The  small  subtension  diagonals,  CM16-CM15,  were 
next  hung  from  the  main  post  by  driving  the  pin  at 
the  upper  end,  CM16.  These  members  were  followed  by 
the  placing  and  careful  centering  on  the  shoe  pins  of 
the  lower  section.  CL16-CM15,  of  the  main  compression 
diagonals. 

As  sho-sni  in  Fig.  1,  the  u])]ier  ends  of  the  se^■tioIls 
s\-en'  tied  back  and  held  in  position  tcniponirny  by  tackle 


were  made  of  carbon  steel.  All  of  the  remaining  main 
compression  diagonals  in  the  cantilever  arm  were  built 
of  nickel  steel. 

Bridge  Flooe-Beams  ' 

The  subposts  CM15-CF15,  and  the  single-web  floor- 
beams  at  CF15  were  next  erected,  and  the  steel  for  the 
l)ridge  floor  from  CF16  to  CF15  was  laid.  The  traveler 
was  then  advanced  until  the  front  legs  rested  on  the 
f!n(ir-beam  at  CF15.  The  floor-beams  of  the  bridge,  buOt 
of  carbon  steel,  are  88  ft.  e.  to  c.  of  pins,  and  10  ft.  back 
to  back  of  flange  angles,  the  heaviest  weighing  approxi- 
mately 120,000  lb.  In  the  majority  of  cases  for  the 
cantilever  arm  they  had  additional  material  in  the  web 
and  flange  to  take  care  of  the  shears  and  moments  from 
the  dead  weight  of  the  traveler  and  the  lifted  loads. 

To  lift  these  floor-beams  from  the  cars  and  place  them 
in  their  position  in  the  bridge  necessitated  the  design 
of  a  special  lifting  connection  shown  in  Fig.  8.  This 
lifting  connection  had  two  sets  of  cast  vanadium-steel 
hooks  which  engaged  the  top  flanges  of  the  floor-beams. 
These  hooks  were  pin-connected  to  hanger  plates  that  were 
in  turn  riveted  to  a  crosshead  composed  of  two  10-in. 
•25-llj.  channels.  A  specially  designed  swivel  pin,  with 
an  eye  at  the  upper  end  and  threaded  at  the  lower  end 
to  engage  a  cast-steel  bearing  nut,  was  used  to  transfer 
the  load  from  the  hoisting  cables  to  the  channel  cross- 
head.  A  short  cast-steel  guide  pin  was  bolted  to  the 
to])  of  the  floor-beams  and  served  the  purpose  of  insuring 


FIGS.  3  AND  1.     PROGRESS  OP  ERECTION  OF  SOUTH  CANTILEVER 

I'Mg.  3  (Above) — South  cantilever  on  June  l.").  19]fi.  Fie.  4 — Tlie  south  c.intilever  on  .Tulv  11.  ]91(i.  Ereoting  three  panels 
in  le^s  than,  three  weel<s  is  a  fair  .sample  i>(  the  .spe<  il  of  proKross  on  the  work.  In"  Fig.  3  the  bottom  chords,  tem- 
porarily .supported    by   the   erection    briilse.   are    tied    back    by  linlis  and  vokine  girders  to  the  compression  diagonals 


to  the  main 'post.  As  soon  as  the  two  halves  of  the 
lower  sections  were  placed,  the  pins  connecting  the  sub- 
tension  diagonal,  CMlfi-CM15,  to  the  main  coin))rcssii)n 
diagonal  at  CM  15,  were  driven,  and  the  sway  bracing  for 
these  lower  sections  was  placed  in  position.  These  com- 
pression diagonals  are  built  niembers  with  an  arrange- 
ment of  cross-section  similar  to  'that  of  the  bottom  chord, 
but  of  much  smaller  area..  They  are  spliced, .  shipped 
and  handled  in  a  manner  siinilar'to'the  bottom-clio'rd 
members.',  The' diagonals  in  the  panel  next  to  the  main 
])ier,  where -the  weight  of  the  member  itself  has  prac- 
tically   ih>    influence    on    the    remainder   of    the    liridge, 


that  the  floor-beam  would  nitatc  about  n  vertical  a.xis. 
The  floor-beams  were  liltcil  I'luni  the  cars  by  the  two 
hoi.-;ts  of  the  front  traveler  crane,  carried  out  until  they 
cleared  the  steelwork  of  the  traveler,  then  rotated  Ihroiigb 
an  angle  of  90°,  and  lowered   into  position. 

At  each  of  these  subi)anel  points,  temporary  bracing 
was  put  in  from  the  tloor-beain  to  the  subpanel  point, 
to  transfer  the  wind  load  on  tiie  ti-avclcr  to  the  bracing 
planes  of  the  trusses. 

The  traveler,  standing  with  its  front  legs  resting  on 
floor-beam  CF15  (see  Pig.  9),  first  erected  the  coiii- 
iilctini:  sectidii  of  tlie  erection  bridirc     The  bottoni-clwril 
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half-panel  sections  CL15-CLU  were  then  i)lace(l  on  the 
iTection  bridge,  jacked  into  line,  and  the  splice  at  CL15 
made.  Throughout  the  work  all  splices  and  riveted  con- 
nections in  the  truss  members  were  practically  com- 
pletely riveted  panel  by  panel  as  the  traveler  advanced. 

Erection  of   Main   Diagonals 

The  upper  sections,  CJI]5-CM1-I:,  of  the  main  com- 
pression diagonals,  were  next  erected  and  the  splices  at 
CM15  riveted  up,  the  CM14  end  of  the  member  being 
tied  back  by  tackle  to  the  main  posts,  as  illustrated  in 
Fi".  7.  The  erection  of  the  sway  bracing  below  the 
bridge  floor  for  the  upper  sections  of  these  diagonals, 
the  upper  portions,  CF15-N15,  of  the  subposts  and  the 
subchord    member    C^llO-CMH,    followed    immediately. 


eight  gusset  plates  are  cut  so  that  each  and  every  gusset 
engages  tlie  pins  of  all  the  other  main  members  con- 
necting at  the  joint. 

Tlie  main  tension  diagonals,  CU16-CMl-t,  are  150  ft. 
6%  in.  c.  to  c.  of  end  connecting  pins.  They  arc  built 
up  of  four  webs,  the  webs  being  connected  and  riveted 
together  in  pairs  by  means  of  lattice  bars  and  tie-plates. 
The  pairs  are  then  connected  by  means  of  spacer  tie- 
plates.  Each  pair  of  webs  was  shipped  to  the  bridge 
site  in  three  sections,  making  up  the  total  length  of  the 
completed  member. 

Before  erection,  these  sections  were  assembled  on  the 
floor  of  the  bridge  between  the  traveler  and  the  bridge 
trusses,  and  their  field  splices  completely  riveted  up. 
Each  pair  of  webs  was  then  hoisted  into  position  sep- 
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FIG.    5.     KRECTIO.N    RRlnOK    FOR    QtlKHI'^C   BOTTOM  rHORD.S,    I.ATRR.\L.S   AND   TKNSION'   VERTICALS 


le  pins  at  CMUi  and  C.Ml  1  connecting  Ili<'  siiIicIidiiI  at 
lese  points  being  driven. 

The  main-panel  point  CM  11  is  typical  of  all  the  maiii- 
anel  middle  points  or  '"K"  joints  of  the  cantilever  arm, 
tcept  that  it  has  an  e,\tra  connection  for  the  subchord 
lember  CMKi-CMll,  which  appears  only  in  the  first 
lain  panel  of  the  cantilever  arm.  rjciicrally  fherc  are 
•ur  main  truss  menil)ers  and  one  subtension  diagonal 
)nneeting  at  these  joints,  all  of  them  being  pin-con- 
ected  with  the  exception  of  the  main  compression 
lagonals.  The  main  compression  diagonals  liave  the 
ght  la-ge  main  gussets  riveted  into  their  ends.     These 


aialclv  liy  the  traveler.  The  inner  pair  was  first  ])laced 
and  the  pins  at  CUHI  and  CM14  driven.  Any  adjust- 
ment necessary  to  center  the  pin  holes  was  made  by 
means  of  tackle  leading  from  tiie  panel  point  CM14 
to  tile  main  post.  Immediately  after  uJacing  the  inner 
section,  liie  outer  section  of  the  niendjer  was  erected 
and  its  pins  driven.  The  pin  holes  at  tlie  lower  end  of 
the  mendjer  were  slotted  Y\  in.  on  tlie  side  remoti'  from 
the  liearing  surfaci'  in  order  to  facilitate  tlie  driving  of 
tlie  pins.  The  main  tension  diagonals  in  tiie  fiist  main 
panel  of  the  cantilever  arm  are  of  carbon  steel;  in  all 
the    other    panels    they    are    of    nickel    steel.     The    pins 
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throughout  the  bridge  for  each  main-member  ronnection 
are  in  half  lengths,  each  half  engaging  two  webs  of 
the  member  and  two  gussets  of  the  connection.  This 
method  of  pin  connection  enabled  the  pins  to  be  driven 
in  all  cases  with  remarkable  ease. 

Tension  Verticals  .\xd  Top  Chords 

The  splice  of  the  bottom  chord  at  CL1.5  being  com- 
pletely riveted,  the  inside  halves  of  the  tension  verti- 
cals, CM14-CL14,  were  next  erected  and  the  pins  at 
CL14  driven.  The  bottom  chords  were  then  jacked  up 
from  the  erection  bridge  until  the  pin  holes  at  CM14 
were  in  true  line.  The  pins  were  then  driven.  The 
operation  was  then  repeated  with  the  inner  halves  of  the 
tension  verticals.  These  tension  verticals  are  similar  in 
built-up  construction  to  the  main  tension  diagonals  pre- 
viously described,  and  are  shipped  and  handled  in  a 
.similar  manner.  The  upper  pin  holes  were  also  slotted 
to  allow  the  last  driven  pins  to  be  easily  entered. 

The  half-panel  of  bottom  laterals,  CLl.5-'CLl4,  together 
with  the  bottom  lateral  strut  at  CL14,  was  next  placed 
and  the  sway  bracing  from  the  floor-beam  at  CF14  to 
the  bottom-chord  panel  point  CL14  for  the  tension  ver- 
tical CL14-C:\I14,  was  erected.  The  erection  of  the 
floor-beam  at  CF14  and  the  laying  of  the  track  floor  from 
CF15  to  CF14  followed  immediately.  The  sway  liracing 
for  the  tension  verticals  throughout  the  cantilever  and 
anchor  arms  transfers  a  main-panel  load  of  wind  shear, 
due  to  wind  on  the  floor  and  train,  from  the  plane  of 
the  floor  bracing  to  the  plane  of  the  bottom  lateral  brac- 
ing; also  the  cross-wind  reaction  on  the  front  of  the 
traveler  during  erection  travels  to  the  bottom  laterals  by 
the  same  path. 

The  compression  verticals,  C1I14-CIT14,  which  were  the 
next  truss  members  to  be  placed  into  position,  were  spliced 
transversely  and  longitudinally  in  a  manner  similar  to 
the  bottom  chords  and  main  compression  diagonals,  and 
the  same  methods  were  used  for  shipping,  handling  and 
hoisting  into  position  in  the  bridge.  All  these  com- 
pression verticals  in  the  cantilever  and  anchor  arms  were 
of  similar  construction.  They  were  built  up  of  four 
plate-girder  webs,  spaced  the  same  distance  center  to 
center  of  webs  as  the  compression  diagonals  and  bottom 
chords.  They  were  similarly  latticed  in  three  longitud- 
inal planes,  and  rested  on  pins  in  half  pin  holes  at 
the  main  middle  or  "K"  joints  of  the  trusses.  At  this 
joint  they  were  temporarily  supported,  as  shown  in  Fig.  7, 
during  erection  l)y  means  of  tension  anchor  bolts  on  the 
one  side  of  the  connection.  The.se  anchor  bolts  engaged 
brackets  on  the  compression  verticals  and  reaction  brack- 
ets on  the  gusset  plates  of  the  main  "K"  joint.  The 
anchor  bolts  were  thrown  into  tension  by  means  of  the 
tackle  which,  as  shown  in  Fig.  7,  attached  to  the  upper 
end  of  the  member,  and  by  means  of  which  the  member 
was  tied  back  to  and  supported  by  the  truss  material  al- 
ready erected. 

The  erection  of  the  truss  material  for  the  first  main 
panel,  ClG-ClS,  was  comj)leted  l)y  the  placing  of  the  top 
chord  eye-bars,  CU1G-CU14,  with  their  supporting  trusses 
(see  Fig.  9),  and  driving  the  eight  pins  at  CUIG,  con- 
necting the  eye-bars  to  the  link  at  the  top  of  the  main 
po.st. 

Each  main-panol  top  chord  in  the  cantilever  and  an- 
chor arms  is  compo.sed  of  two  lines  of  eye-bars,  spaced 
;J  ft.  (i  in.  c.  to  c.  vertically,  the  one  line  above  the  other. 


FIG.    6.    TRAVELER    CRANES   HANDLING    ERECTION 
BRIDGE 

Each  line  of  eye-bars  in  all  panels  over  50  ft.  in  length 
i>  made  up  of  two  Icngtiis  of  eye-bars  per  panel,  pin- 
connected  to  each  other  at  the  middle  ]ioint  of  each  panel, 
where  the  weight  of  the  pins  and  one-half  the  weight 
of  the  eye-bars  is  taken  by  supporting  trusses.  Each 
supporting  truss  for  one  panel  of  eye-bars  is  made  up  of 
four  single-intt!rsection  Warren  trusses  connected  together 
in  pairs  by  cover  plates,  tie-plates  and  lattice  bars.  The 
jiairs  of  trusses  are  symmetrically  spaced  about  the  longi- 
tudinal center  line  of  the  chord,  but  are  not  connected. 
The  eye-bars  were  assembled  with  the  supporting  trusses 
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in  the  storage  yard  and  the  middle  pins  put  in  plai'e. 
They  were  then  taken  out  on  tlie  brid.s^e  and  hoisted  into 
position,  one-half  the  bars  in  each  panel  being  placed 
at  one  time. 

As  soon  as  the  eye-bars  and  supporting  trusses  were 
erected,  the  adjusting  erection  links  for  the  top  chords, 
illustrated  in  Fig.  10,  were  placed  in  position.  These 
links  were  made  up  of  a  series  of  plates  pin-connected 
together  at  the  end.  The  plates  were  made  of  such  lengths 
that  the  same  links  could  be  used  panel  after  panel 
jv  removing  or  inserting  extra  lengths  of  plate  to  suit 
^lie  varying  lengths  of  bridge  main  panels.  Small  ad- 
ju.stments  were  obtained  by  means  of  one  100-ton  jack 
u  each  link  reacting  against  sliding  cross-girder  heads 
•onnecting  to  the  plates  at  each  end  of  the  jack.     The 
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FIG.   7.     EfiErTKJ.N   OP   DIAGONALS 


links,  at  the  ends,  engaged  brackets  which  were  in  turn 
connected  to  the  main  compression  vertical  posts.  The 
top-chord  eye-bars  had  the  pin  holes  at  each  end  slotted 
1/4  in-  on  the  side  remote  from  the  bearing  surface,  and 
these  adjusting  links  were  used  to  draw  the  top-ciiord 
main-panel  points  together  so  that  the  top-chord  pins 
could  be  easily  driven  in  the  elongated  pin  holes  of  the 
eye-bars.  These  top-chord  links  also  took  care  of  any 
erection  stress  in  the  top-chord  panel  until  the  eye-bar 
])ins  at  each  end  of  the  panel  were  driven.  The  links 
were  placed  in  pairs  over  each  chord  and  were  put  in 
position  and  connected  up  as  soon  as  the  panel  of  eye- 
bars  with  the  supporting  trusses  was  placed.  They  re- 
mained in  this  position  until  the  eye-bars  and  supporting 
trusses  in  the  following  panel  were  erected.  The  pins 
at  the  shore  end  of  this  latter  panel  were  then  driven 
and  the  links  moved  forward  into  the  next  panel. 

All  the  material  in  the  panel  C16-C14  was  now  com- 
]i]etely  erected  except  the  sway  bracing  for  the  vertical 
jiost  CIT14-CMU  and  that  for  the  upper  half  of  the  main 
compression  diagonals.  CJri4-CL16,  which  could  not  be 
placed  until  the  traveler  had  moved  forward  out  of  the 
way. 

CoMPLETiNO  Sway  Bracixg 

The  traveler  was  next  advanced  until  the  front  legs 
rested  at  panel  point  CF14.  The  erection  bridge  was 
moved  forward  into  position  to  take  the  chord  members 
of  the  following  panel  and  the  erection  of  this  next  panel 
and  the  panels  following  was  proceeded  wnth  in  a  manner 
practically  identical  with  that  followed  for  the  first  main 
panel,  as  previously  described.  'Wlien  the  traveler  was 
moved  forward  to  panel  point  CF13,  the  sway  bracing 
for  the  vertical  compression  post,  CU14-CM14,  was  placed 
in  position ;  and  when  the  traveler  was  moved  forward 
lo  panel  point  CF12  the  portal  bracing  of  the  main  com- 
pression diagonal,  CM14-CM1.5,  was  erected  by  the  rear 
booms  of  the  traveler. 

The  placing  of  this  bracing  finished  the  erection  of 
the  complete  sj'stem  of  sway  bracing  for  the  compression 
web  memliers  in  the  first  main  ]ianel.  This  system  of 
sway  bracing  is  a  double-intersiM-tion  system  designed  to 
take  both  tension  and  compression  in  each  member,  and 
follows  the  line  of  memliers  from  CUM  to  CMU  to 
CLIG.  It  takes  the  panel  wind  shear  from  the  top-chord 
and  web  members  of  the  trusses,  carrying  it  to  the  plane 
of  the  bottom  lateral  system.  Throughout  the  canti- 
lever and  anchor  arms  there  is  no  top-chord  lateral  brac- 
ing, but  in  each  main  panel  there  is  a  system  of  web 
bracing  similar  to  tliat  just  descrilied. 

PiidGitEss  Dates 

As  already  stated,  tlie  I'rection  of  the  first  main  ]\\mA 
of  the  south  cantilever  arm  Cl(!-C14  wns  started  Apiii 
1,  19U;.  On  Friday,  Apr.  28,  the  traveler  was  moved 
forward  to  ]ianel  point  CP14,  the  first  main  panel  being 
practically  completed.  The  number  of  days,  10  hr.  to 
each  day,  actually  worked  was  ■221/2,  only  21/2  days  having 
been  lost  on  account  of  liigh  winds  and  rainy  weather. 
Tlie  amount  of  steel  erected  during  this  time  was  in  tlie 
neighborhood  of  3,100  Ions  and  included  the  ])lacing  of 
the  largest,  longest  and  lieaviest  members  of  the  canti- 
lever arm.  An  average  of  200  men  for  each  woiking 
day  were  employed  on  the  work,  including  from  six  to 
eight  gangs  of  riveters. 
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The  material  in  the  second  main  panel  was  completely 
erected  by  ^lay  26.  The  steel  in  this  panel  weighed  ap- 
proximately 2,650  tons,  and  was  erected  in  18  working 
days.  The  1,060  tons  in  the  third  main  panel  was  placed 
by  June  12,  in  13  working  days.  The  methods  employed 
in  the  erection  of  the  material  in  tliese  two  panels  were 
similar  to  those  described  before,  with  nothing  especially 
worthy  of  note  except  perhaps  the  placing  of  the  trac- 
tion truss  in  the  third  main  panel. 

This  traction  truss  ig  placed  in  the  plane  of  the  sway 
bracing  for  the  main  compression  diagonals  below  the 
floor  line  and  forms  part  of  tlie  sway-bracing  system  for 
this  panel.  The  truss  is  connected  up  to  the  track  girders 
at  the  floor  line  and  takes  care  of  the  traction  between 
the  expansion  joints  at  the  main  post  and  at  panel  point 


FIG.    S.    LIFTING    CONNECTION   FOR   QUEBEC   BRIDGE 
FLOOR-BEAMS 

CF7.  This  truss  is  a  double-intersection  latticed  girder 
designed  throughout  to  take  both  tension  and  compres- 
sion in  each  memijer.  It  is  22  ft.  deep  and  88  ft.  long, 
and  weighed  in  the  assembled  condition  52,000  lb.  It 
was  riveted  up  completely  on  the  floor  of  the  bridge  in 
front  of  the  traveler  and  then  lifted  and  placed  in  posi- 
tion in  one  piece,  using  the  two  main  hoists  of  the  front 
crane  of  the  traveler  and  the  two  forward  derrick  booms. 

As  the  traveler  progressed  toward  the  end  of  the  canti- 
lever arm,  the  members  handled  were  lighter  and  the 
field  splices  fewer  and  smaller.  The  rate  of  progress 
was  therefore  greatly  increased.  By  July  10  the  traveler 
had  completed  the  erection  of  six  main  panels  of  the 
bridge  and  was  standing  at  panel  point  4.  The  fourth, 
fifth  and  sixth  main  panels  were  erected  in  22  working 
days,  the  total  weight  of  steel  in  these  panels  amounting 
to  approximately  3,600  tons. 

The  traveler  was  moved  to  its  last  position  at  the  end 
of  the  seventh  main  panel  on  July  20.  The  weight  of 
the  steel  in  the  last  two  main  panels  amounted  to  about 
1,280  tons.    This  was  placed  in  18  working  days. 

The  south  cantilever  arm  was  therefore  completely 
erected  between  Apr.  1  and  July  28,  1916.  The  total 
weight  of  steel  placed  was  about  13,000  tons.  Tliis  ma- 
terial was  erected  in  92  working  days,  about  27  days 
being  lost  from  high  winds,  inclement  weather,  Sundays 
and  legal  holidays.  The  south  cantilever  arm  was  com- 
pleted over  a  month  ahead  of  schedule  time  and  in  over 
85%  less  working  time  than  for  the  nortli  arm. 

The  pin  holes  in  the  eye-bars  used  in  the  ancliorage 
chain  and  the  top  chord  of  the  anchor  arms  had  each 
been  slotted  l/^  in.,  making  a  total  of  2  in.  adjustment 
for  each  top-chord  main  panel.     The  upper  pin   holes 


of  the  main  tension  diagonals  of  the  anchor  arm  had 
also  been  slotted  2  in.  The  anchor  arms  were  cambered 
and  the  elevations  of  the  tops  of  the  falsework  columns 
carrying  the  anchor-arm  trusses  were  made  of  such  a 
lieight  as  to  allow  the  top-chord  main-panel  points  to  be 
brought  1  in.  closer  together  tJian  the  manufactured 
length  of  the  eye-bars  demanded ;  slotting  the  holes  en- 
abled this  to  be  done  without  any  difficulty.  The  pur- 
pose of  this  camber  was  to  avoid  as  far  as  possible  any 
trouble  that  might  arise  in  driving  the  huge  pins  con- 
necting the  main  truss  members. 

Axchor-Arm  ^Iovemext 

As  the  erection  of  the  cantilever  arms  proceeded,  the 
slack  in  the  anchor-arm  top  chords  and  main  tension 
diagonals  was  taken  up  gradually  and  almost  imper- 
ceptibly panel  after  panel.  The  first  efi'ect  of  cantilev- 
ering,  in  raising  the  bottom-chord  panel  points  of  the 
anchor  arm,  was  observed  after  bottom  chord  CLll-CLlG 
had  been  placed.  At  this  time  the  middle  panel  points 
AL6-8  and  10  of  the  anchor-arm  bottom  chord  had  lifted 
about  i\  of  an  inch.  As  the  traveler  moved  forward 
jjanel  after  panel  on  the  cantilever  arm,  these  bottom- 
chord  panel  points  of  the  anchor  arm  were  observed  to 
lift  in  amounts  varying  from  14  to  %  in.  for  each  ad- 
ditional panel  of  cantilever-arm  material  erected.  When 
Ihe  traveler  was  moved  out  to  the  end  of  the  sixth  main 
panel  of  the  cantilever  arm,  the  slack  in  the  chain  of 
anchorage  bars  at  the  anchor  piers  was  observed  to  be 
gradually  taken  up.  This  showed  that  the  erection  of 
the  cantilever  arm  had  reached  a  point  where  the  weight 
of   the  cantilever  arm  plus  the  weight  of  the  traveler 
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FIG.   9.    TRAVELER  MOVED  UPON   CANTILEVER 

slightly  ovcriialanccd  the  wciglit  of  the  anclior  arm.  Jarivs 
were  therefore  placed  under  the  falsework  columns  sup- 
porting panel  point  No.  2  of  the  anclior  arm.  The  toggles 
in  the  chain  of  anchor  bars  were  eased  off;  the  jacks 
were  then  pumped  up  and  the  anchor  arm  was  liften 
until  the  chain  of  anchor  bars  at  tlie  anchor  pier  became 
taut.     Steel  shims  were  then,  driven  in  imder  the  false- 
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work  columns  at.  panel  point  No.  2,  and  the  erection 
of  the  remaining  panels  of  the  cantilever  arm  proceeded. 
The  work  of  erection  of  the  large  compression  mem- 
Ijers  was  greatly  facilitated  liv  the  high  degree  of  accuracy 
that  had  heen  required  in  the  shop  work.  All  members 
which  were  spliced  together  in  the  field  were  tempor- 
arily assembled  in  the  shop  and  their  splices  reamed  and 
matchmarked  to  insure  a  perfect  fit  in  the  field.  All 
holes  for  field  connections,  other  than  field  splices  in 
main  members,  were  drilled  to  a  steel  templet  -f\  in. 
thick,  with  case-hardened  thimbles  If'g  in.  deep.  Where 
it  was  necessary  to  take  the  pieces  apart  for  shipping 
md  handling,  the  respecti\e  pieces  reamed  together  were 
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FIG.    10.     ERECTION   LINKS    FOR    TO"    CHORDS 

natchmarked  so  that  they  could  be  reassembled  in  the 
ame  relative  position  in  the  final  setting  up  in  the  field. 
n  the  field-splicing  of  main  members,  the  two  portions 
>f  the  members  v.'ere  accurately  faced,  assembled  in  the 
hop  to  e.xact  length,  and  held  firmly  in  ]iosition  with 
'ids  and  tiirnbuckles.  The  splice  material  was  then 
ijaced  in  position  and  the  holes  finally  drilled  through 
he  main  and  splice  material. 

The  workmanship  and  finish  required  throughout  in 
lie  shop  was  the  be.st  that  the  most  suitable  modern  ma- 
hinery  and  skilled  labor  could  give.  All  finished  meas- 
rements  were  made  with  standardized  tapes  lying  flat 
nd  supported  at  frequent  intervals,  firmly  held  at  one 
nd,  and  under  a  tension  of  10  lb.  The  policy  of 
ssembling,  reaming  and  matchmarking  all  members  with 
eld  splices  has  been  found  to  give  the  best  of  satisfac- 
ion,  even  though  it  involved  considerable  extra  ex])ense 
1  the  shop.     The  connections  in  the  field  were   made 

ith  so  little  trouble  and  loss  of  time  that  it  is  consid- 
red  that  the  extra  shop  cost  was  fully  warranted. 

Assembling  the  Suspexded  Spax 

With  tlie  completion  of  the  south  ( aiitilcxiT  ai-in  the 
ridge  is  in  readiness  for  the  floating  in  ami  hoisting 
ito  place  of  the  suspended  span.  This  span  is  f)40  ft. 
ing,  88  ft.  wide  and  weighs  in  the  floating-in  condition 
pproximateiy  5,000  tons.  The  greater  part  of  the  floor 
eel  will  be  left  off  during  the  floating-in  operation  and 
ill  be  placed  by  means  of  derrick  cars  after  the  span  is 
lupled  up  to  the  ends  of  the  cantilever  arms. 

The  suspended  span  has  been  erected  in  the  shallow 
aters  of  Victoria  Cove,  about  three  miles  below  the 
ridge  site.  The  work  of  erection  proceeded  simultane- 
udy  with  that  of  the  south  cantilever  arm.  Founda- 
ons  for  the  falsework  bents  supporting  the  trusses  and 
le  approach  track  were  prepared  at  the  periods  of  low 
,  de  during  the  season  of  1!J1.).  This  work  was  rather 
jifficult  and  could  not  be  carried  on  with  any  great  speed 
■<  the  time  available  was  only  from  two  to  four  hours 
ich  day.  During  erection,  the  suspended  spaji  was  sup- 
orted  on  staging  placed  under  each  panel  point.     The 

aveler   which   erected    the    north-siiore    cantilever   and 


anchor  arms  was  erected  on  bents  immediately  adjacent 
to  the  staging  of  the  span,  with  the  top  trusses  and 
traveling  cranes  left  oif.  x\ll  the  steel  was  handled  by 
means  of  four  70-ft.  30-ton  booms,  placed  one  at  each 
of  the  four  corners  of  the  traveler.  After  the  span  had 
been  completely  erected  on  the  staging,  the  intermediate 
staging  supports  were  removed  and  the  span  swung  on 
the  end  supports. 

Floatixg  I\  TiiF.  Span 

In  this  condition  six  s(>ows,  33  ft.  wide  and  IGO  ft. 
long,  with  n  ft.  7  in.  draft,  will  be  floated  in  and  placed 
under  [janel  points  at  each  end  of  the  span.  The  valves 
in  the  Ixittom  of  the  scows  will  l)e  opened  and  the  scows 
sunk  until  they  rest  on  their  foundation  supports.  The 
cross-girders  and  bracing  which  transfer  the  load  of  the 
sjKin  to  the  scows  will  then  be  placed.  To  rai.<e  the 
span  from  the  end  supports  preparatory  to  floating  out, 
the  scows  will  be  drained  at  low  tide  and  the  bottom 
valves  closed ;  then  as  the  tide  rises  the  span  will  be  lifted 
gradually  and  will  be  in  readiness  to  proceed  on  its 
journey  to  the  bridge  site,  if  the  weather  and  tide  con- 
ditions are  considered  favorable.  While  the  span  is  being 
moved  to  the  bridge  site,  it  will  be  kept  under  control 
by  means  of  tugs  of  sufficient  power  capacity  to  over- 
come all  anticipated  resistances  due  to  wind  or  current. 
Arriving  at  the  bridge  site,  the  span  will  be  anchored 
to  the  ends  of  hanging  trusses,  coupled  up  to  hanger  slabs 


^^'C.L 


r4-J^ 


of  Mam  Truss 


FIG.    11.    PANEL    OF    TOl'-CHORD    EYE-BARS    AND 
SUPPORTING  TRUSS 

provided  at  each  of  the  four  corners  of  the  cantilever 
arms,  and  raised  into  its  final  position  by  means  of 
movable  jacking  girders  and  eight  1,000-ton  hydraulic 
jacks,  two  at  each  corner. 

The  work  is  being  carried  out  under  the  supervision 
of  the  Board  of  Engineers,  Quebec  Bridge,  consisting 
of  C.  N.  ilonsarrat  (Chairman  and  Chief  Engineer), 
liulph  iModjeski  and  H.  P.  Borden.  The  St.  Lawrence 
liridge  Company  is  the  contractor  for  the  superstructure, 
(ieorge  II.  Duggaii,  being  Chief  Engineer,  George  F. 
Porter,  Engineer  of  Construction,  W.  B.  Fortune,  Suj)er- 
intcndcnt,  and  S.  P.  Mitchell,  Consulting  Engineer  of 
Erecticjn. 


Competitiun  uf  CiOTrriinirnt  BiiKineerH  with  engineers  in 
private  practice  is  agitatinB  the  ungineerinK  profession  in 
New  Zealand.  At  the  annual  meeting  of  the  New  Zealanil 
Society  of  Civil  Engineers  a  eliseu.sslon  on  this  subject  is 
reported   as   follows   in    the   "Commonwealth    Engineer": 

Mr.  H.  F.  Toogood  stated  that  the  Lake  Takapuna  Board  of 
Control  had  requisitioned  the  government  for  the  services  of  an 
engineer  to  report  on  the  water  system.  The  writer  expressed 
tlie  opinion  that  the  society  should  protest  against  local 
bodies  "sponging"  on  the  government  for  engineers'  services. 
Mr.  J.  A.  Menzies  saiil  there  were  county  councils  In  Otngo 
that  employed  engineers  at  £180  per  annum  and  got  the  gov- 
ernment to  supply  plans  which.  If  the  county  council  em- 
ployed fullv  qualified  men,  would  mean  the  employment  of 
engineers  at  £300  or  £400  per  annum.  The  following  resolu- 
tion was  carried:  "That  the  attention  of  the  council  should 
l)e  drawn  to  the  fact  that  a  local  body  has  requested  the 
government  to  grant  the  services  of  one  of  its  engineers  to 
report  on  a  matter  of  engineering,  and  that  the  council  be 
requested  to  take  the  matter  Into  consideration  with  a  view 
to  taking  such  steps  as  may  be  necessary  for  the  protection 
of  engineeru  in  private  practice." 


306 


E  X  G  I  N  E  E  E  I  N  G     X  E  W  S 


Vol.  rn.  No.  7 


S'^Tveylm.i 


What  promises  to  be  one  of  the  most  interesting  hydro- 
electric developments  in  this  country  has  been  initiated 
by  the  Grand  Canon  Power  Development  Co.,  the  moving 
spirit  of  which  is  ■lames  B.  Girand,  City  Engineer  of 
Phoenix,  Ariz.,  and  former  Territorial  Engineer  of  Ari- 
zona. Few  engineers  are  more  familiar  with  (he  power 
possibilities  of  the  Colorado  Eiver.  After  many  ex|)lora- 
tions  and  rcoonnoissance  surveys,  he  obtained  in  191-") 
from  the  Secretaries  of  the  Interior  and  of  Agriculture 
rights  on  six  power  sites  in  the  Grand  Caiion. 

One  of  these  sites,  which  has  been  fully  explored  and 
surveyed  during  the  23i'esent  year,  is  shown  in  the  hckjih- 


ra|ihy.  or  from  the  photographs,  than  can  be  described. 

The  sides  of  the  canon  rise  abruptly  iWO  or  800  ft. 
above  flic  rivci-.  Then  there  is  a  shelf  more  or  less  regu- 
lar, back  of  which  are  a  bluff  and  another  shelf  and 
I  ben  another  lilufT.  The  lowest  stratum  is  granite,  and 
in  places  many  great  boulders  of  granite  line  the  river's 
edge,  so  that  there  is  no  scarcity  of  construction  material. 
There  is  practically  no  soil,  and  all  survey  stations  have 
to  lu'  drilli'(l  into  the  rock. 

All  topography  was  taken  by  stadia,  and  all  survey 
si  at  ions  were  established  by  triangulation  and  stadia. 
A  liase  line  about  300  ft.  long  w^as  laid  out  at  the 
miiiith  of  tlie  creek  along  the  river  bank,  and  from 
the  ends  of  this  base  line  the  survey  was  extended 
f(ir   >c\eral   thousand   feet  on   either   side   of   the   river. 


DAM  SITK  AT  DIAMOND  CRKEK  IN 

THE  GRAND  CASON  OF 

THE  COLORADO 


VIEW  OF  THE  GRAND  CAnON  OF  THE  COLORADO;  SURVEYOR.'' 
CAMP  AT  DIAMOND  CREEK 


panying  views.  It  is  in  a  littlc-knowu  but  easily  ac- 
cessible part  of  the  Grand  Canon.  This  is  at  the  foot  of 
Peach  Springs  wash,  at  the  mouth  of  Diamond  Creek. 
It  is  reached  by  a  wagon  road  from  Peach  Springs,  21 
mi.  distant  on  the  main  line  of  the  Atchison,  'i^opcka  & 
Santa  Fo  l?y.,  licing,  it  is  said,  tlie  only  place  in  the; 
Grand  Canon  where  a  wagon  may  be  driven  to  the 
water's  edge. 

'Che  survey  camp  shown  in  one  of  the  views  was  es- 
tablished early  in  the  present  year.  Extensive  topo- 
graphic surveys  and  soundings  of  the  river  have  been 
made.  The  difficulties  of  such  surveys  are  more  easily 
imagined   by   those   familiar   wilh    Grand    Canon    topog- 


Tbe  Colorado  Piver  has  a  mean  monthly  discharge  of 
about  30,000  sec.-ft.  The  total  fall  embraced  in  the 
six  proposed  dam  sites  is  approximately  (iOO  ft.  The 
original  project  was  to  build  six  lOO-ft.  dams  of  the 
overflow  type  and  to  utilize  the  entire  fall  of  the  river. 
The  average  fall  here  is  about  5.9  ft.  per  mi.  The  site 
shown,  however,  is  such  an  excellent  one  that  jilans  have 
been  prepared  for  a  2.",0-ft.  dam  at  this  ])lacc. 

The  bedrock  of  the  river  bottom  is  here  only  2'>  ft. 
below  mean  low  water.  There  is  no  silt  on  the  river 
bottom,  but  there  is  plenty  in  the  water  itself,  which  ha.« 
literally  the  color  of  sand.  On  account  of  the  grade  and 
the  section,  the  canon  of  course   jirovidcs   little  storage 
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capacity ;  but  it  is  intended  to  develop  only  the  normal 
flow  of  the  river,  so  that  silting  up  of  the  reservoirs  behind 
the  dams  would  be  no  detriment. 

Construction  w'ork  could  be  carried  on  at  seasons  of  low- 
water  when  the  flow  of  the  river  could  be  diverted  through 
a  tunnel,  to  be  later  used  for  the  power-plant  intake.  The 
present  wagon  road  may  be  made  passable  for  motor 
trucks,  or  it  is  po.ssible  a  railway  will  l)e  built  to  the  dam 
site.  Diamond  Creek  furnishes  a  water-supply  for  camp 
and  construction  purposes. 

The  Peach  Springs  dam  site  is  about  80  mi.,  in  a 
straight  line,  below  Grand  Caiion,  where  the  Santa  Fe 
Ry."s  Hotel  El  Tovar  is  located.  At  the  river's  edge  the 
topography  is  much  the  same  as  it  is  at  the  foot  of  the 
famous  Bright  Angel  Trail. 

lEaciPesisami^  Us®  of  AsplhsillS 

The  tremendous  increase  in  the  production  of  asphalt 
from  the  time  it  began  to  be  used  to  any  great  extent  for 
street  paving  to  the  end  of  the  year  1915  is  shown  in  the 
recent  Bulletin  11:13  of  the  United  States  Geological 
Survey.  The  total  production  in  1882  was  3,000  tons, 
valued  at  $10,500  ($3.50  a  ton),  and  in  1915  the  amount 
was  l,266,82i  short  tons,  valued  at  $9,652,866  ($7.63  a 
ton).  The  production  has  thus  increased  several  hun- 
dred-fold, and  the  value  per  ton  has  more  than  doubled. 

The  accompanying  diagram  shows  the  production  dif- 
ferentiated into  natural  asphalt,  imported  asphalt,  that 
manufactured  from  domestic  petroleum  and  that  manu- 
factured from  Mexican  petroleum.  The  enormous  in- 
crease in  the  manufactured  asphalts  is  apparent,  but  this 
includes  (in  1915)  nearly  half  a  million  tons  of  asphaltic 
road  oil. 

The  number  of  plants  supplying  manufactured  asphalt 
n  the  United  States  in  1915  was  39,  of  which  28  util- 
zed  exclusively  domestic  petroleums  and   9   exclusively 
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MARKI3TED    PRODUCTION   OF   ASPHALT,    1880   TO   1915 
INCLUSIVE 

lexican  petroleums,  while  2  utilized  petroleums  from 
loth  sources.  The  manufactured  asphalts  did  not  become 
I  factor  until    1902. 

The  European  War  has  adversely  affected  tlir  asphalt 
iroduction  of  Trinidad  and  Venezuela,  because  European 


demand  for  Trinidad  as])halt  formerly  averaged  about 
the  same  as  that  of  the  United  States;  but  during  1915 
the  European  demand  fell  off  57,000  long  tons.  This 
decrease  was,  liowevcr,  largely  made  up  by  an  increased 
demand  in  the  United  States. 

There  are  still  large  undeveloped  deposits  of  asphalt 
in  Cuba,  and  during  the  last  year  the  bituminous  sands  of 
northern  All)erta,  in  Canada,  have  been  used  successfully 
for  pavements. 

IR©c©inmsini®iadl©dl  P©.veinm©inifts  foir 

A  committee  of  engineers  appointed  by  the  Mayor  of 
Boston,  .Mass,  to  make  recommendations  as  to  the  policy 
to  be  followed  in  rcpaving  the  city's  streets  reported  on 
June  15.  The  report  consists  of  two  typewritten  pages. 
The  major  part  of  it  follows : 

The  types  of  surfacing  recommentled  for  the  various 
classes  of  streets  are: 

Class  1.  Heavy  traflic  streets — CJranite  bloclvs  laid  on 
portland-cement  concrete  base  not  less  than  6  in.  in  thick- 
ness, the  joints  to  be  filled  with  Portland  cement  grout;  in 
the  case  of  excessive  grades,  pitch  to  be  substituted  for  grout 
in  the  upper  inch  or  so  of  the  joints  in  order  to  provide  better 
foothold  for  horses. 

Class  2.  Main  arteries — The  same  type  of  pavement  as 
Class  1,  with  a  few  exceptions  where  the  surroundings  require 
a  smoother  and  less  noisy  surface,  such  as  wood  blocks  or  the 
best  grades   of  bituminous  pavements. 

Class  3.  Retail  shopping  and  office  building  districts — - 
Treated  wood-block  pavements,  the  best  grades  of  bituminous 
pavements  on  a  portland-cement  concrete  base.  At  the  pres- 
ent time  the  only  wood  recommended  for  wood-block  pave- 
ments is  long-leaf  yellow  pine. 

Class  4.  Residential  districts  in  the  city  proper — Treated 
wood-block  pavements,  the  best  grade  of  bituminous  pave- 
ments or  portland-cement  concrete  pavements;  the  choice  to 
be  determined  by  the  intensity  and  character  of  the  traffic. 

Class  5.  Suburb  and  residential  districts— Cheaper  types 
of  bituminous  pavements,  using  old  macadam  surfaces  for  the 
base  where   suitable,   or  portland-cement  concrete   pavements. 

Class  6.  Park  roads  carrying  only  pleasure  traffic — Bitum- 
inous pavements  using  old  macadam  for  the  base  where  suit- 
able, or  portland-cement  concrete  pavements. 

The  committee  deemed  it  inadvisable  and  unnecessary 
to  prepare  new  specifications  for  the  pavements  recom- 
mended in  \iew  of  the  fact  that  most  excellent  specifi- 
cations have  been  carefully  prepared  after  thorough 
discussions  liy  experts,  and  adopted  by  organizations  of 
high  standing.  It  was  recommended  that  paving  work 
done  by  the  city  and  the  provisions  and  requirements 
of  any  guarantees  relating  to  such  work  should  conform 
substantially  to  specifications  adopted  by  thg  American 
Society  of  Municipal  Improvements  for  granite  block, 
wood  block  and  bituminous  pavements;  for  portland- 
cement  concrete  surfaces  the  work  should  conform  sub- 
stantially to  the  standard  specifications  of  the  American 
Concrete  Institute. 

The  committee  were:  James  H.  Sullivan,  division 
engineer,  Public  Works  Department;  H.  J.  Hughes, 
[irofes.sor  of  civil  engineering  at  Harvard  University; 
G.  C.  Emerson,  consulting  engineer,  Boston  Finance 
Commission;  John  R.  liablin,  chief  engineer  of  the 
Metropolitan  Park  Commission,  and  A.  W.  Dean,  chief 
engineer  of  the  .Massachusetts  Highway  Commission. 

The  CliaiiKrN  In  liirniMlcMrrnt  ISIpctrIc  I..anipii  are  indicated 
in  a  report  presented  at  the  recent  annual  meeting  of  the 
National  Electric  Light  Association,  at  Chicago.  The  total 
number  of  lamps  sold  for  domestic  purposes  in  191IJ  was 
about  110,000.000  of  which  78.89%  were  tungsten-filament 
lamps,  with  "Clem"  lamps  (metalllzed-carbon  filament)  l.'j.68% 
and  carbon  lamps  only  5.437'.  The  tantalum  lamp  has  disap- 
peared  during   the   past   two   years. 
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EARTH  PRESSURE.  RET.VINING  WALI^S  .\ND  BINS— By 
William  Cain,  M.  Am.  .Soc.  C.  E..  Profes.sor  of  Mathematics. 
Universitv  of  North  Carolina.  New  York:  John  \^  iley  .^: 
Sons.  Cloth:  6x9  in.;  pp.  x  +  287;  99  illustrations.  *2.oO 
net. 

Reviewed  by  Edward  Godfrey^* 

The  author  first  take.s  up  the  theories  of  earth  pressure.^, 
treating  the  fill  hehind  a  wall  a-s  a  mass  with  a  small 
cohesion.  He  next  develops  the  theory  of  earth  pressure, 
eonsidering  the  earth  as  a  noncohesive  granular  mass. 
Coming  to  retaining  walls,  he  emphasizes  the  features  of 
design  that  must  he  considered  for  stability  and  safety. 
Returning  to  the  theory  of  earth  pressures,  the  bracing 
of  trench  lagging  and  tiie  pressures  on  tunnels  are  dis- 
cussed. The  si.xth  chapter  takes  up  grain  and  coal  bins 
and  finds  their  theoretical  stresses  and  pressures.  An 
appendix  of  about  ;5.5  pages  is  chiefly  a  theoretic  treat- 
ment of  wedge-shaped  reinforced-concrete  beams.  A 
second  appendix,  of  four  pages,  is  devoted  to  experiments 
on  model  retaining  walls.  The  book  contains  useful  tabu- 
lar data,  such  as  the  coefficients  of  friction  and  angles  of 
slope  of  various  substances. 

The  author  again  proves  himself  a  master  of  the 
theories  of  engineering  mechanics.  Some  sound  principles 
of  reinforced-concrete  design  are  enunciated,  such  as  the 
need  of  easy  curves  (or  the  error  of  sharp  bends)  in  rods 
under  high  stress  (35  diameters  of  the  rod  for  the  radius 
of  curve),  the  need  of  ample  area  in  bearing  for  anchor- 
ing pieces,  the  need  of  proper  anchorage  for  tension  rods, 
as  in  the  counterfort  of  a  retaining  wall.  The  latter  point 
is  nullified,  however,  by  the  sample  design;  for  while  the 
text  on  page  163  apologizes  for  the  lack  of  proper  anchor- 
age if  simple  rods  are  embedded  10  in.  in  a  wall,  the 
figure  on  page  165  shows  just  this.  The  author  points 
out  the  necessity  of  improvement  in  the  matter  of  this 
anchorage  and  suggests  the  use  of  punched  vertical  steel 
angles,  but  he  does  not  show  this  in  his  figure  and  thus 
depart  from  standard,  illogical  design. 

This  treatment  of  the  counterforted  retaining  wall 
appears  to  be  an  attempt  to  justify  some  existing  design, 
as  the  figure  departs  so  radically  from  the  theory  of  such 
walls  as  developed  by  the  author.  Take,  for  example,  the 
vertical  slab.  This  is  reinforced  all  the  way  from  top  to 
liottom  with  continuous  rods  near  both  front  and  back 
face,  with  equal  area  of  steel.  His  theory  shows  only  an 
outward  load,  which  would  require  only  one-half  of  this 
reinforcement.  Similarly,  the  base  slab  is  reinforced  near 
both  top  and  bottom  all  the  way  and  even  under  the 
vertical  wall,  where  no  bending  could  possibly  exist;  the 
rest  of  the  slab  could  have  only  one  sign  of  bending 
moment. 

Professor  Cain  calls  the  counterfort  a  triangular  beam. 
He  applies  the  intricate  theory,  to  which  he  devotes  o5 
pages  in  his  appendix,  to  the  solution  of  this  beam.  Then 
lie  finds  that  the  design  is  all  the  way  to  50%  too  strong; 
this  does  not  show  much  confidence  in  the  theory  nor  a 
need  of  one  so  complex. 

•structural   Engineer,    Robert   W.    Hunt    &    Co.,    I'ittsburgh, 


TIk'  reviewer  i)()inted  (lut  a  number  of  years  ago  thai 
the  counterfort  of  a  retaining  wall  is  not  a  beam,  but 
merely  the  concrete  covering  of  tie-rods  connecting  the 
vertical  slab  and  the  horizontal  slab.  Professor  Cain 
(■(insiders  this  counterfort  as  a  beam,  though  in  his  solu- 
tion he  ignores  one  great  force — namely,  the  shear — 
applied  externally  along  the  front  edge,  adjacent  to  the 
vertical  slab. 

The  author  has  carried  standard  nomenclature  to  an 
extreme,  scattering  the  values  through  the  volume,  a  thing 
very  annoying  to  the  user  of  the  book  who  has  not  time 
to  make  a  week's  study.  For  example,  to  use  the  tables  of 
retaining  walls  on  page  116  one  must  refer  to  page  107 
for  several  of  the  values;  page  89  tells  the  meaning  of 
K;  page  9  t,  of  K^;  page  22,  Fig.  6,  of  a;  on  page  113  one 
can  learn  the  meaning  of  A,  by  reading  the  text  and  guess- 
ing it;  on  page  110  one  learns  that  the  wall  is  1  ft. 
high.  Would  it  not  be  better  for  an  author  to  use  the 
first  letters  that  come  into  his  head  for  these  values  and 
explain  their  meaning  close  to  the  table,  so  that  the 
user,  who  has  not  time  to  read  or  review  the  whole  book, 
may  readily  get  their  meaning? 

T?he  pressure  of  earth  that  is  found  in  nature  (not 
dry  sifted  and  washed  sand  of ■  laboratory  experiments) 
is  so  variable  and  unknowable  that  fine  theories  seem 
ridiculous.  Most  fills  will  stand  again.st  a  board  fence 
until  frost  or  a  heavy  rain  exerts  forces  not  in  the  theory 
at  all.  But  the  same  stability  that  will  resist  frost  and 
a  lubricated  wedge  of  mud  will  be  supplied  if  the  fill  be 
considered  a  liquid  of  a  weight  say  one-sixth,  or  one- 
quarter,  or  some  other  fraction  of  the  actual  weight  (rf 
the  fill.  In  fact,  this  fraction  can  be  selected  or  computed 
to  give  practically  identical  results  with  the  fine-spun 
theory,  and  the  equivalent  fluid-pressure  method  is  im- 
mensely easier  of  application.  As  a  trial,  the  reviewer 
worked  out  the  forces  for  the  coal  bin  on  page  227  by  the 
simple  method.  They  were  near  enough  to  those  found 
by  Professor  Cain  to  give  identical  results  in  the  design. 

On  page  127  a  section  of  a  retaining  wall  cut  from 
point  A  downward  to  the  right  does  not  touch  any  steel, 
though  this  section  is  under  heavy  bending  stress.  The 
same  is  true  of  the  figure  on  page  110,  The  reviewer 
has  publicly  pointed  out  many  times  this  common  blunder 
in  the  design  of  L-  and  T-shaped  retaining  walls. 

On  page  163  the  author  speaks  of  the  little  rods  in  a 
counterfort  "acting  like  stirrups  in  resisting  diagonal 
tension."  Until  some  champion  arises  who  can  explain 
how  stirrups  perform  this  office  it  would  be  better  to  use 
anchored  cliagonal  rods,  who.se  action  is  quite  simple  and 
positive. 

.Many  public-service  commissions  furnish  newspapers 
with  authentic  but  unofficial  typewritten  abstracts  of  their 
various  important  activities,  but  the  Illinois  Commission 
appears  to  be  the  first  with  an  official  printed  monthly 
bulletin  intended  for  general  distribution.  No,  1  ap- 
peared under  date  of  Apr,  1.  Besides  notes  on  important 
cases  finished,  there  is  a  complete  list  of  orders  entered. 
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STEEL  AM>  ITS  HEAT  TREATMENT— Bv  Denison  K.  Bul- 
lens  Consulting  Metallurgist.  New  York:  John  Wiley  & 
Sons.  Cloth;  6x9  in.;  pp.  vii  +  431;  223  illustrations. 
$3.75  net. 

Reviewed  by  C.  J.  Yarnall* 

The  heat  treating  of  steel  has  developed  so  rapidly 
ill  the  past  few  years  that  the  small  as  well  as  the  larue 
manufacturer  has  found  it  necessary  to  install  a  special 
department,  equipped  with  competent  men  and  appli- 
ances for  the  treatment  of  material  and  the  careful  check- 
ing of  temperatures.  The  steel  trade  has  demanded  a 
steel  with  a  liigh  efficiency,  to  withstand  constant  vibra- 
tion and  shock  and  at  the  same  time  keep  the  section 
down  to  a  minimum,  to  reduce  not  only  the  cost,  but 
the  weight. 

Heat  treating  meets  this  requirement.  High-  as  well 
IS  low-grade  steels  will  give  a  higher  ultimate  strength, 
better  ductility  and  a  finer  molecular  structure  after  beiuij 
intelligently  treated  than  in  their  normal  condition,  as  is 
proved  by  the  liook  under  review.  The  book  is  profusely 
illustrated,  and  the  various  points  in  the  manufacture 
•  »nd  treating  of  steel  are  ably  portrayed  Ijy  the  writer. 
\  collection  of  valuable  information  is  found  between  its 
■overs,  not  only  to  the  professional  man,  but  to  the 
aynian  as  well. 

Beginning  witli  the  low-carbon  steels  and  gradually 
vorking  into  the  high-carbon  and  alloy  steels,  critical 
•anges  are  given,  methods  of  quenching  and  temperatures 
'or  the  drawback,  consti'uction  of  furnaces,  etc. 

Modern  requirements  demand  some  very  large  solid 
orgings  on  which  it  would  be  interesting  to  have  data. 
This  book  deals  lightly  with  anything  larger  than  a  car 
ir  locomotive  axle,  but  as  a  whole  it  is  valuable. 

;AS-EXGI.N'E  IGNITION' — I'reparerl  in  the  Extension  Division 
of  the  University  of  Wisconsin  by  Earle  B.  Norris.  M.  E.. 
Associate  Professor  of  Mechanical  Engineering:  Robert  K. 
Winning.  B..S.,  Assistant  Professor  of  Electrical  Engineer- 
ing, and  William  C.  Weaver.  B.S..  Research  Engineer. 
Western  Electric  Co.;  formerly  Instructor  in  Electrical 
Engineering.  New  York:  McGraw-Hill  Book  Co.  [Engi- 
neering Education  Series.]  Cloth;  6x9  in.;  pp.  ix  +  174; 
209  illustrations.     $1.50  net. 

Few  engineers  realize  the  development  reached  in 
he  art  of  firing  fuel  charges  in  internal-combustion 
ngines — for  indeed  it  is  a  distinct  line  of  effort  in 
.hieh  apparatus  designed  and  manufactured  by  a  few 
pecialists  is  used  by  the  great  army  of  engine  nianu- 
aeturers  the  country-  over  This  book  will  acquaint  any 
ntelligent  man  with  this  field,  be  he  graduate  engineer 
r  factory  employee.  '  The  text  evidently  has  been  very 
arefuily  prepared  with  a  view  to  home  study,  and  is 
orthy  of  the  stamp  it  bears  "prepared  in  the  Extension 
li vision  of  the  University  of  Wisconsin." 

The  older  schemes  like  hot-tube  ignition  are  quickly 
assed  over  to  get  at  the  various  electric-spark  systems, 
iiich  are  grouped  under  such  main  topics  as  jump-spark 
attery  equipment,  low-tension  magnetos,  high-tension 
lagnetos  and  direct-current  machines.  The  chapter 
rouping  is  split  up  into  smaller  complete  elements, 
owever,  for  promoting  study.  Great  attention  is  paid 
>  the  details  of  various  commercial  magnetos  and  their 
nterrupters  and  spark  distributors.  There  are  a  few 
hapters  on  such  elementary  matters  as  batteries,  genera- 
lion  of  electromotive  force,  direct  and  alternating  cur- 
ents. 

'Chief  Mill  Inspector.  Board  of  Engineera,  Quebec  BridRe, 
00  Mifflin  Ave..  Wllkinsburg,  pcnn. 


THE  CONSTRUCTKiN  OV  THE  P.\NAM.A.  CANAL— By  Wil- 
liam L  Sibert,  Brigadier-General.  U.  S.  A.,  formerly  Mem- 
ber of  the  Isthmian  (ranal  Commission  and  in  charge  of 
the  building  of  the  Gatun  locks  and  dam  and  of  the 
channel  from  Gatun  to  the  Atlantic  Ocean,  and  John  F. 
Stevens,  formerly  Chief  Engineer  and  Member  of  the 
Isthmian  Canal  Commission.  New  York:  D.  Appleton  & 
Co.     Cloth;  5xS   in.;  pp.  x    +    339;  23   illustrations.      $2   net. 

THE  PANAMA  CAN.\L;  An  Engineering  Treatise — Prepared 
by  engineers  and  other  specialists  in  charge  of  the  various 
branches  of  the  work  and  presented  at  the  International 
Engineering  Congress.  San  Francisco,  Calif.,  1915;  under 
the  direction  of  George  W.  Goethals,  M.  Am.  Soc.  C.  E.. 
Major-General.  U.  S.  A.,  Governor  of  the  Canal  Zone, 
formerly  Chairman  and  Chief  Engineer,  Isthmian  Canal 
Commission.  A  series  of  papers  covering  in  full 
detail  the  technical  problems  involved  in  the  construc- 
tion of  the  Panama  Canal — geology,  climatology,  munici- 
pal engineering,  dredging,  hydraulics,  power  plants,  etc. 
In  two  volumes.  New  York:  McGraw-Hill  Book  Co. 
Cloth:  6x9  in.;  pp.  527  and  483;  numerous  text  illustrations 
and  folding  plates.     $7.50  per  set. 

In  writing  a  iiook  on  the  Panama  Canal  the  puzzle  is 
to  know  what  to  put  in  and  what  to  leave  out.  Within 
the  limits  of  the  single  modest  volume  by  General  Sibert 
and  Mr.  Stevens  no  very  complete  story  of  the  canal  work 
was  of  course  possible.  What  the  authors  have  done  is  to 
give  a  sort  of  birdseye  view  of  the  work  of  construction, 
presenting  the  facts  and  figures  which  are  of  most  gen- 
eral interest. 

General  Sibert  is  the  author  of  the  introductory  chap- 
ter containing  a  rapid  sketch  of  the  changes  in  personnel 
of  the  canal's  working  force,  from  the  appointment  of  the 
first  canal  commission  on  Mar.  3,  190-t.  Former  Chief 
Engineer  Stevens  contributes  the  following  six  chapters, 
which  cover  the  prej)aratory  period  from  the  beginning  of 
operations  in  190t  to  the  transfer  of  the  task  to  the  army 
engineers  in  Marcli,  1907.  Mr.  Stevens  uses  much  of  his 
space  to  review  the  controversy  over  the  question  whether 
the  canal  should  be  built  at  sea  level  or  with  locks  and 
tlien  describes  the  important  preliminary  work,  such  as 
the  rebuilding  of  the  Panama  R.R.,  the  development  of 
working  plans  and  the  assembling,  control,  housing  and 
feeding  of  the  labor  forces.  General  Sibert  is  the  autiior 
of  the  remaining  cliajjters,  which  cover  the  period  from 
March,  1907,  to  April,  1914.  His  chapter  on  the  con- 
struction of  Gatun  dam  is  especially  noteworthy,  as  there 
are  a  number  of  events  in  connection  with  the  building 
of  this  greatest  of  hydraulic-fill  dams  which  have  not 
lieen  generally  known  and  which  General  Sibert  here  puts 
on  record. 

The  publishers  of  the  book  have  shown  poor  judgment 
in  issuing  it  with  uncut  edges,  so  that  the  reader  has  to  use 
a  paper  cutter  continually.  A  book  of  this  sort,  to  be  read 
by  busy  men,  should  never  be  issued  in  such  form. 


The  papers  on  the  Panama  Canal  wliich  were  presented 
at  the  International  Engineering  Congress  lield  at  San 
Francisco  in  September  last  have  been  printed  in  two 
volumes.  By  a  special  arrangement  with  tJie  managers  of 
tile  congress,  tlie  two  volumes  (wliich  are  distributed  free 
to  those  engineers  wlio  originally  became  members  of  the 
congress  and  matle  the  selection  of  these  volumes  as  their 
choice  of  the  publications)  are  now  made  availaltie  to 
others. 

Most  of  the  nuineroiis  i)ooks  which  have  been  published 
on  the  Panama  Canal  have  given  comparatively  little  at- 
tention to  the  technical  engineering  features.  This  pul)li- 
cation  is  therefore  the  first  complete  technical  account  of 
the  engineering  work  of  the  Panama  Canal.  There  are 
in  the  two  volumes  25  different  papers,  and  the  authors 
include  most  of  the  leading  engineers  who  were  responsi- 
i)le  for  the  design  and  execution  of  the  work.     The  intro- 
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duetion  is  by  General  Goethals,  who  contributes  also  paper' 
Xo.  10 — on  the  dry  excavation  of  the  canal — a  chapter 
which  would  of  course  have  been  written  by  the  late 
Colonel  Gaillard,  except  for  his  untimely  death. 

The  titles  and  authors  of  a  few  of  the  chapters  will  give 
an  idea  of  the  scope  of  the  work :  Dr.  Emory  E.  Johnson 
discusses  the  commercial  and  trade  aspects  of  the  canal; 
Canal  Zone  geology  is  treated  by  Donald  S.  Macdonald; 
sanitation  by  Charles  F.  Mason:  municipal  engineering 
by  Henry  AV.  Durham  and  George  M.  Wells;  the  purchase 
of  supplies  for  the  canal  is  described  by  Major  Boggs. 
The  Gatun  locks,  dam  and  spillway  are  described  by  Gen- 
eral Sibert,  and  the  corresponding  works  on  the  Pacific 
division  by  S.  F.  Williamson.  Papers  on  the  locks  and 
different  features  connected  with  them  are  contributed 
bv  General  Hodges.  L.  D.  Cornish,  Henry  Goldmark 
and  E.  H.  Whitehead.  Admiral  Eou.sseau  describes  the 
terminal  works,  dry  docks  and  wharves,  and  F.  H.  Cooke 
the  coaling  plants  and  floating  cranes. 

It  is  of  great  value  to  have  the  technical  data  accumu- 
lated in  the  Panama  Canal  work  made  available  to  the 
profession.  These  books  should  certainly  find  a  place  in 
every  engineering  reference  library. 


WoffEdl  DcDimigs  iira  £9115 

THE  NEW  INTERNATIONAL  YEAR  BOOK:  A  Compendium 
of  the  World's  Progress  for  the  Year  1915 — Editor.  Franli 
Moore  Colbv.  M.  A.;  Associate  Editors,  Allen  Leon  Church- 
ill and  Horatio  S.  Krans.  Ph.D.  New  York:  Dodd.  Mead 
&   Co.      Cloth;    7x10    in.;    pp.    752;   illustrated.      $5    net. 

THE  AMERICAN  YEAR  BOOK:  A  Record  of  Events  and 
Progress,  1913 — Edited  by  Francis  G.  Wickware,  with  Co- 
operation of  a  Supervisory  Board  Representing  National 
Learned  Societies.  New  York:  D.  Appleton  &  Co.  Cloth; 
5xS   in.;   pp.   S62.      $3.50. 

Each  of  these  excellent  annuals  follows  the  general 
plan  of  former  years.  The  "International"  is  "an  encyclo- 
pedia of  the  year,  with  the  titles  arranged  in  a  single 
alphabet."  The  "American"  presents  its  material  under 
thirty-three  department  heads,  such  as  "American  His- 
tory," "Municipal  Government,"  "Manufactures,"  "Engi- 
neering," "Literature  and  Language,"  with  many  sub- 
heads nnder  each  department — the  whole  followed  by  a 
long,  detailed  index.  As  the  titles  imply,  the  "Inter- 
national" is  broader  in  general  scope  than  the  "Amer- 
ican," but  the  departmental  plan  of  the  "American" 
enables  it  to  present  summary  reviews  of  a  whole  scientific 
or  other  field  of  knowledge.  Each  plan  has  its  advan- 
tages and  it  is  fortunate  that  with  two  such  good  year- 
books in  the  field  different  plans  are  employed.  The  en- 
gineering articles  are  a  feature  of  each  annual.  The 
"International"  alone  has  illustrations.  Both  contain 
niiicb  statistical  matter. 


PRACTICVL  DESCRIPTIVE  flEOMETRV — By  William  Gris- 
wold  Smith,  M.E.,  .\ssistant  Professor  of  Descriptive  Ge- 
ometry and  Kinematics.  -Armour  Institute  of  Technology. 
Second  edition,  revised,  enlarsed  and  reset.  New  York: 
McGraw-Hill  Book  Co.  Cloth;  6x9  in.;  pp.  x  +  256; 
187  illustrations.     $2  net. 

Taking  advantage  of  suggestions  received  from  various 
users  of  the  first  edition  since  the  book  was  jiublished 
ill  1913,  the  author,  according  to  his  preface,  has  made  a 
number  of  changes  in  the  present  edition,  the  most  im- 
|)ortant  of  which  he  states  as  follows: 

1.  The  division   into  more  chapters. 

2.  A  more  logical  sequence  of  certain   portions  of  the   text. 

3.  The   notation   of  points  and    planes. 

4.  Graphic  layout   for   exercises. 


5.  More  exercises  of  a  practical  nature,  embracing  more 
lines  of  engineering  endeavor. 

6.  Number  of  new  solutions,  utilizing  auxiliary  planes 
more   frequently. 

7.  A  better  system  of  perspective  drawing. 

8.  A  chapter  on  the  intersection  of  plane  solids. 

On  weighing  various  suggestions  (mostly  from  archi- 
tects) as  to  the  treatment  of  perspective  in  the  new  edition 
the  author  chose  conical  projections,  a  process  which  he 
says  "is  sane,  in  that  it  is  a  direct  application  of  prin- 
ciples of  descriptive  geometry,  and  is  easy  and  swift  in 
operation." 

A  review  of  the  first  edition  of  this  book  appeared  in 
Engineering  News  for  Mar.  1.3,  1915. 

THE  STR.ANGE  CASES  OF  MASON  BRANT — By  Nevil  Monroe 
Hopkins.  Philadelphia:  J.  B.  Lippincott  Co.  Cloth;  5x8 
in.;  pp.  304;  illustrated.     $1.25  net. 

Professor  Hopkins,  the  versatile  teacher-engineer  of 
George  Washington  University,  has  produced  here  some 
very  entertaining  and  creditable  detective  stories  of  the 
Conan  Dojde  order — with  a  little  more  emphasis  on  the 
fiendish  use  of  science  in  crime.  The  volume  contains 
the  record  of  three  cases  in  which  the  cunning  of  Jlason 
Brant  (very  like  Sherlock  Holmes  in  his  keen  powers  of 
observation  and  deduction)  unravels  a  murder  mystery 
and  clears  the  name  of  a  beautiful  girl — for  some  one 
else  to  woo  and  win. 

The  last  tale  while  the  most  successful  as  a  detective 
yarn  also  possesses  a  certain  charm,  at  least  for  ardent 
young  engineers,  with  its  depicting  of  fateful  circum- 
stances that  repeatedly  threw  together  a  winsome  miss 
and  a  wholesome  boy  just  out  of  his  technical  school. 
The  first  meeting  was  when  the  girl's  Pullman  on  the 
New  Haven  road  stopped  opposite  a  tower  that  the  hero 
was  inspecting  and  brought  her  blushingly  face  to  face 
with  him — and  a  big  monkey  wrench.  The  last  meeting 
leads  to  the  tender  admission  that  the  boy,  about  to  be- 
come chief  electrical  engineer  of  the  electrified  New 
Jersey  Central,  has  i)ecome,  in  the  girl's  words,  "as  deep- 
ly a  part  of  me  as  the  color  is  of  the  rose." 

C®!mcip©t®=P.Ci)Si<dl  C®iniS<lB'tia<D<iBOEa 

PROCEEniNGS  OF  SECOND  NATIONAL  CONFERENCE  ON 
CONCRETE  ROAD  BUILDING.  Held  at  Cliicago.  Feb.  Ij- 
IS,  1916 — Chicago  (111  West  Washington  St.):  J.  P.  BecK. 
Secretary.      I'aper;    6x9    in.;    pp.    32S;    illustrated.      $1. 

Ill  the  discussions  in  the  conference  whose  proceeding:* 
are  reported  in  this  volume,  this  report  was  several  tinie.< 
referred  to  as  the  Bible  of  the  concrete-road  engineer.  No 
engineer  interested  in  any  way  in  the  construction  of 
highways  or  street  pavements  can  afford  to  be  without 
this  report  any  longer  than  the  time  required  to  send  for 
and  receive  it.  The  art  of  concrete-road  construction 
has  developed  so  rapidly  during  the  past  two  years  that 
none  of  the  standard  textbooks  on  road  construction  pre- 
sent uptodate  information  on  this  subject.  The  rapnl 
advance  of  the  concrete  road  in  public  favor  and  the  gret't 
improvement  in  its  qualitj-,  as  a  result  of  careful  atten- 
tion to  such  details  of  practice  as  are  covered  in  this 
volume,  are  facts  that  should  be  known  to  every  highway 
engineer. 

or  coui-se,  the  volume  is  not  a  treatise  nor  a  pocket- 
book.  Tlie  committee  reports  and  discussioiis  present  a 
diversity  of  views  on  many  topics,  and  the  reader  will  I"' 
obligedto  study  carefully  the  opposing  views  ami  form 
his  own  conclusions. 
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\.MKRIl'AN  rUBLlC  HEALTH  PROTECTION— Bv  Henry 
Bixby  Hemenway,  A.M.,  M.D.,  author  of  "The  Legal  Prin- 
ciples of  Public  Health  Administration,"  etc.  Inflianapolis, 
Ind.:  The  Bobbs-Merrill  Co.  Cloth;  5x8  in.;  pp.  2S3.  $1.25 
net. 

A  wide  reading  of  this  book  by  tliosc  interested  in  im- 
iroving  publif-health  administration,  hnt  uninformed 
r  misinformed  as  to  what  nptodate  health-protective 
lork  is  and  how  it  can  best  be  carried  out,  would  be  a 
reat  benetit  to  the  whole  country.  The  author  has  a 
rue  conception  of  these  matters  and  puts  his  ideas  in  an 
'iteresting  and  forcible  w-ay.     His  book  is  nontechnical. 

After  a  sketch  of  the  development  of  public-health  work 
1  this  and  other  countries  and  an  outline  of  present-day 
ealth  agencies  in  the  United  States,  the  author  compares 
ledical  and  sanitary  education  and  shows  how  far  the 
)mier  falls  short  of  meeting  public-health  needs, 
'hanged  social,  economic  and  scientific  conditions  in 
ieir  relation  to  health  problems  are  noted.  There  are 
lapters  on  medical  inspection  of  schools,  health-depart- 
lent  organization  and  the  training  of  health  officers. 
;  As  a  whole,  the  book  is  notably  sane,  progressive  and 
•ee  from  apparent  errors.  A  few  sentences  on  sewage 
isposal  may  mislead  the  uninformed,  chiefly  as  regards 
le  Imlioff  tank. 

RITISH  STAND.^RD  SPECIFICATIO.X  FOR  S.\LT-GLAZED 
WARE  PIPES — The  Engineering  Standards  Committee; 
Leslie  S.  Robertson.  M.  Inst.  C.  E..  Secretary.  London. 
England:  Crosby  Lockwood  &  Son.  Paper;  Sxl3  in.;  pp. 
10.     5s.  net. 

A  sectional  committee  on  vitrified  pipe  was  appointed 
May,  1911,  by  the  committee  mentioned  in  the  fore- 
■iug  title.  The  report  was  completed  three  years  later 
111  published  in  August,  1914,  but  by  inadvertence  has 
it  been  given  well-deserved  notice  in  these  columns.  The 
itional  committee  was  composed  of  thirty-three  mem- 
rs  representing  the  British  Government,  Crown  Agen- 
ts for  the  Colonies,  the  London  County  Council,  several 
ties,  many  .societie.s,  and  also  pipe  manufacturers.  Sir 
aurice  Fitzilaurice  was  chairman.  A  draft  of  a  stand- 
d  specification  proposed  by  a  committee  of  the  Institu- 
»n  of  Municipal  and  County  Engineers  and  another 
aft  of  specifications  proposed  by  a  committee  of  manu- 
iturers  were  considered  in  framing  the  specifications 
re  presented,  which  have  been  approved  by  both  the 
■tional  and  general  committees.  The  specifications 
oper  fill  only  five  pages  of  large  open  type,  besides 
lich  there  is  a  table  of  joint  dimensions. 
'M 

-n^iiaeeE's  aiadl  MnEiftas's^  Setpvice 

IE  ENOINEER  IN'  WAR;  With  Special  Reference  to  the 
Training  of  the  Engineer  to  Meet  the  Military  Obligations 
of  Citizenship— By  P.  S.  Bond,  M.  Am.  Soc  C.  R.,  Major, 
Corps  of  Engineers.  United  States  Armv;  Honor  c.raduate. 
Army  Field  Engineer  School;  Graduate.  Army  Staff  Col- 
lege. [Reprinted,  with  revisions  and  additions,  from 
"Engineering  Record."]  New  York:  McOraw-HllI  Book 
Co.  Flexible  leather:  5x7  in.;  pp.  xv  +  1S7;  70  illustra- 
tlong.     JI.IO  net. 

Books  like  this  oih'  of  Major  Bond's  and  the  earlier 
e  of  Captain  Robinson  are  of  special  interest  to  engi- 
ere  at  this  time — forming  as  they  do  a  permanent 
"ord  of  lecture  courses  given  in  several  cities  of  the 
nntry.  Such  a  record  is  obviou.sly  better  than  a  care- 
ily  prepared  transcript  of  scratch  notes.  The  scope 
these  courses  is  now  so  well  known  that  the  ground 
vered  by  this  little  volume  can  be  stated  by  saying 
at  it  follows  the  lectures,  in  showing  civilian  engineers 


what  military  engineering  comprises  and  how  everything 
is  subordinated  to  tactical  considerations.  The  discussions 
open  with  the  military  policy  of  the  United  States  and 
close  «ith  the  military  duties  of  citizenship.  In  between 
are  found  a  few  sucii  specific  topics  as  tools,  stream  cross- 
ings, roads,  field  fortifications,  reconnaissance  mapping, 
demolitions  aii<l  cam]!  sanitation. 
'S 

Hovel  E.II©c4t?acgil  Te3st]b©©M 

ELECTRICAL  E.Vra.NEERINC  FIRST  COURSE— Bv  Ernst 
Julius  Berg,  Professor  of  Electrical  Engineering,  and 
Walter  Lyman  Upson,  .Associate  Professor  of  Electrical 
Engineering,  LInion  College,  Schenectady.  N.  Y.  New  York: 
McGraw-Hill  Book  Co.  Cloth;  6x9  in.;  pp.  xii  +  416;  296 
illustrations.     $4  net. 

Teachers  of  electrical  engineering  may  be  surprised 
to  hear  of  a  text  by  these  authors,  on  account  of  their 
known  objections  to  prescribed  texts.  Their  effort  here 
has  been  to  make  this  text  a  concise  record  of  ideas  that 
should  sink  in  during  lectures  rather  than  a  full  and  clear 
exposition,  which  treatment  they  reserve  for  oral  pre- 
sentation in  the  classroom. 

The  book  contains  a  large  number  of  problems,  many 
worked  out  fully  or  in  part,  so  that  the  student  has  an 
example,  a  record,  of  how  an  engineer  attacks  engi- 
neering work.  There  is  no  particular  novelty  in  the 
ground  co\ered — direct-current  generators  and  motors 
coming  first  (wath  a  few  necessary  fundamental  topics), 
then  the  ballistic  galvanometer,  alternating-current 
waves,  symbolic  method  in  calculations,  properties  of  al- 
ternating-current circuits,  the  wattmeter,  electrostatics 
and  finally  alternating-current  machinery.  Mathematical 
expression  is  not  spared. 

m 
Clhieiiimnstls*  lnIsiE!idIIb©®ES. 

THE  METALLURGISTS'  AND  CHEMISTS'  HANDBOOK:  A 
Reference  Book  of  Tables  and  Data  for  the  Student  and 
Metallurgist — Compiled  by  Donald  M.  Liddell,  Consulting 
Metallurgical  Engineer  and  Sometime  Managing  Editor 
of  "The  Engineering  and  Mining  Journal."  New  York: 
McGraw-Hill  Book  Co.  Flexible  leather;  4x7  In.;  pp.  vii  + 
603.      $4   net. 

The  data  presented  by  Mr.  Liddell  have  been  selected 
in  part  as  the  result  of  experience  with  readers  of  the 
Engineering  and  Mining  Journal  which  must  have 
promoted  an  intelligent  and  happy  choice  of  material. 
There  are  first  given  tables  of  weights  and  mea.sures,  and 
mathematical  quantities.  Then  there  are  statistics  of 
the  price  and  production  of  various  metals.  Physical 
constants  of  common  metals,  gases,  chemicals,  etc.,  are 
assembled  in  one  section  and  followed  by  a  summary 
of  chemical  laws  and  practices,  and  data  therefor.  There 
are  also  sections  on  sampling  and  assaying,  ore  dressing, 
cvaiiidation,  general  metallurgy,  fuels  and  mechanical 
engineering,  the  latter  covering  such  pertinent  topics 
as  belt  conveyor.s,  standard  pipe  fittings,  ropes  and  chains, 
knots  anil  bitches,  compres.sed  air,  cost  of  buildings,  etc. 
:*; 

Sofflme  JEsTraBBtieinift  Meclhsiitaics 

E.NCjLISH  A.N'D  A.MERICAN  TOOL  BUILDERS— By  Joseph 
Wlckham  Roe.  Assistant  Professor  of  Machine  Design, 
Sheffleld  Scientific  School,  Yale  University.  New  Haven, 
Conn.:  Yale  University  Press.  Cloth;  7x10  In.;  pp.  xv  + 
315;   57   illustrations.     $3  net. 

The  author  has  evidently  been  impressed  with  the  great 
debt  that  modern  industry  owes  to  a  few  great  mechanics, 
eminent  tool  builders,  and  has  with  this  attractive  volume 
made  a  formal  history  of  their  work.  Only  Englishmen 
and  Americans  are  considered,  the  author  holding  that 
the  French  have  been  only  ingenious  adapters,  the  Swiss 
skilled  operiitiirs  and  the  Germans  not  develojieil   before 
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the  important  tools  took  shape.  The  book  really  traces 
the  rise  of  tool  building.  Among  the  many  men  whose 
names  stand  out  are  Bramah,  Bentham,  Brunei,  il.audslay, 
Clement,  Whitworth,  Nasmyth,  Murray,  Fox  and  Roberts 
in  England,  and  Colt,  Whitney,  North,  Lawrence,  Stone, 
Howe,  Hartness,  Darling,  Pond,  Putnam,  Evans,  Sellers, 
Benient,  ^A'arner  and  Swasey  in  America. 

m 

OFFICIAL  BULLEITIN  FOR  1915,  NEW  YORK  STATE  COM- 
MISSION OF  HICiHWAYS — Albany,  N.  Y.  Paper;  6x9  in.; 
pp.  357. 

Engineers  who  are  interested  in  highway  construction 
find  who  may  wish  to  visit  New  York  and  examine  the 
state  road  work  should  by  all  means  secure  a  copy  of  this 
bulletin.  It  is  made  up  of  tables  giving  for  every  highway 
in  the  state  its  number  (which  can  also  be  found  on  the 
sign  post  at  the  side  of  the  road),  length  in  miles,  width 
of  pavement  and  of  roadway,  materials  used  in  construc- 
tion, date  when  the  contract  was  let,  date  of  acceptance  of 
the  road,  year  when  the  pavement  was  resurfaced,  pave- 
ment at  present  on  the  road  and  the  cost  per  square  yard 
of  pavement  and  per  mile  of  16-ft.  highway.  Other  tables 
list  the  highways  by  counties,  show  the  status  of  through 
state  routes,  status  of  highways  under  contract  and  await- 
ing contract,  and  contracts  for  repairs. 

HYDR.^TED  LIME;  H1.STI)RY,  MANUFACTURE  AND  USES 
IN  PLASTER.  MORTAR.  CONCRETE:  A  Manual  for  the 
Architect,  Engineer,  Contractor  and  Builder — By  E.  W. 
Lazell,  Ph.D.,  M.  Am.  Soc.  M.  E.  Pittsburgh,  Penn.  (Ar- 
rott  Building):  Hydrated  Lime  Bureau.  Paper;  6x9  in.; 
pp.   95;   illustrated. 

The  processes  of  manufacture  of  hydrated  lime,  the 
properties  of  the  material  and  the  methods  of  its  applica- 
tion to  various  kinds  of  masonry  work  are  not  too  well 
understood  by  engineers  and  contractors.  This  book  has 
been  prepared  to  supply  such  a  need.  It  is  particularly 
strong  in  the  history  of  hydrated  lime  and  the  methods 
of  its  manufacture.  The  value  of  the  material  in  its 
later  application — that  is,  in  making  concrete  more  plastic 
and  waterproof — is  not  so  thoroughly  entered  into,  proba- 
bly because  the  amount  of  information  available  on  these 
latter  subjects  is  still  quite  meager. 

Aamerac^Ea  St©©!  Tirsidl©  Dnirecftoipy 

DIRECTORY  OF  THE  IRON  AND  STEEL  WORKS  OF  THE 
UNITED  STATES  AND  CANADA,  1916 — New  York.  The 
American  Iron  and  Steel  Institute  (61  Broadway):  James 
T.  McCleary,  Secretary.     Cloth;  6x9  in.;  pp.  437.     $12. 

For  many  years  the  late  James  M.  Swank,  as  Secretary 
of  the  American  Iron  and  Steel  Association  of  Philadel- 
phia, comjiiled  and  luiblished  annually  a  directory  of  the 
iron-  and  steel-making  ])lants  of  the  United  States,  which 
was  a  much-valued  reference  book.  At  Mr.  Swank's 
death,  the  work  was  given  up;  but  the  need  for  such  a 
volume  compiled  by  a  responsible  authority  has  been  so 
great  that  its  publication  has  been  resumed  by  the  Ameri- 
can Iron  and  Steel  Institute,  of  which  James  T.  McCleary 
is  Secretary.  It  is  eight  years  since  the  last  revision  of 
Mr.  Swank's  work  was  published.  Since  that  time,  the 
changes  in  the  industry  have  been  so  many  and  so  sweep- 
ing that  the  present  volume  is  an  entirely  new  book.  In 
place  of  the  geographic  arrangement  of  former  directories, 
most  of  the  space  in  this  work  is  taken  up  with  a  list  of 
the  properties  owned  l)y  the  difl'erent  iron-  and  steel- 
making  companies,  arranged  in  alphabetical  order.  Sii[)- 
plementing  this  are  four  lists,  each  arranged  geographi- 


cally, of  blast  furnaces,  steel-making  plant.s,  steel  foun- 
dries and  rolling  mills.  Then  follow  lists  of  maiuifactur- 
crs  of  twenty  different  classes  of  iron  and  steel  ]Jroducts, 
such  as  billets,  bars,  structural  shapes,  wire  rods,  black 
sheets,  muck  bar,  tool  steel,  rails,  seamless  tubes,  naUs, 
etc.  By  the  use  of  a  system  of  abbreviations,  it  has  be 
possible  in  comparatively  small  space  to  present  for  each 
works  listed  a  fairly  complete  statement  of  its  equipment, 
furnaces,  machinery,  etc.,  and  its  annual  capacity.  The 
Iron  and  Steel  Institute  is  to  be  congratulated  on  this 
publication. 


THE  METALLOGR.A.PHY  OF  STEEL  .\ND  CAST  IRON— By 
Henry  Marion  Howe,  Profe.ssor  Emeritus  of  Metallursy  in 
Columbia  Universitv.  New  York:  McGraw-Hill  Book  Co, 
Cloth;  7x11  in.;  pp.  xxviii  -1-  641;  123  text  illustrations,  46 
plates.     $10   net. 

Reviewed  by  F.  N.  Speller* 

Professor  Howe's  new  book  is  indeed  a  monumental 
treatise.  It  contains  the  results  of  much  original  work. 
It  abounds  with  new  hypotheses  and  ideas  that  cannot  fail 
to  stimulate  the  thoughtful  reader.  Each  of  the  many 
topics  considered  is  thoroughly  treated.  There  are  some 
chapters  dealing  with  the  more  abstruse  phases  of  this 
complex  subject  that  the  average  metallurgical  reader  will 
probably  pass  over  for  the  present.  The  text  is  expressed 
with  the  author's  well-known  clearness  and  purity  of  style. 

The  title  seems  altogether  too  narrow  for  the  field 
covered;  or,  to  put  it  in  another  way,  the  author  has 
forced  the  boundaries  of  metallography  out  and  laid  the 
way  open  for  a  broader  scope  for  this  science. 

A  large  index  and  45  plates,  each  one  averaging  several 
good-sized  microphotographs,  are  inserted  at  the  back 
of  the  book.  These  illustrations  are  well  prepared  and 
clearly  reproduced,  but  the  hurried  reader  will  probably 
wish  that  they  had  been  scattered  appropriately  through- 
out the  text. 

Those  who  read  any  considerable  portion  of  the  book 
will  undoubtedly  join  with  the  reviewer  in  wishing  the 
author  similar  success  in  the  preparation  of  the  series  of 
volumes  to  follow  on  allied  subjects. 

STANDARD  IMPROVED  RATE  T.\BLKS  for  Manufacturers, 
Engineers,  Bankers,  Brokers,  Contractors  and  Shippers- 
Calculated  by  John  W.  Marshall.  New  York:  Boorum  & 
Pease  Co.     Cloth;  7x9  in.     $4. 

The  prime  purpose  of  the  rate  tables  is  to  facilitate 
rapid  calculation  of  the  earnings  of  employees.  Given 
a  man's  hourly  rate  and  the  number  of  hours  he  worked, 
to  find  his  total  earnings  is  a  matter  of  merely  turninf: 
to  the  right  page.  The  latter  is  easily  done  by  the  aid 
of  a  thumb  index  of  hourly  rates  running  from  10c. 
to  80c.  For  example:  If  a  man  is  earning  31V^c.  an 
hour  and  it  is  desired  to  know  what  is  due  hiiii  for 
1fil/4  hr.  work,  turn  to  the  section  thumbed  "32"  and 
on  the  left-hand  page  opposite  Ui%  will  bo  found  $5.20. 
Similar  tabulations  are  given  for  tho.se  paid  on  a  wceklv 
or  a  monthly  basis. 

These  tables  can  be  employed  elsewhere  tiian  in  the 
timekeeper's  office — for  instance,  the  cost  of  freight 
on  any  number  of  pounds  or  tons  at  a  given  rate  can 
easily  be  coini)uted.  In  short,  these  are  rate  tables,  which 
means  that  whenever  the  rate  and  the  quantity  arc 
known,  the  total  cost  can  be  deteriniiUMl  at  a  glance, 

•Metallurgical     Engineer,    National     Tube    Co.,     Pittsburgh. 
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FTV'E-FIGURE  MATHEMATICAL  TABLES.  Consisting  of 
Logs  and  Cologs  of  Numbers  from  1  to  4fl.onO;  Illogs  (Anti- 
logs)  of  Numbers  from  O.nooo  to  0.9a9ii;  Lologs  (Logs  of 
Logs)  of  Numbers  from  0.00100  to  1.000:  Ulologs  (Antilo- 
logs)  of  Numbers  from  6.0  to  0..5000.  Together  with  an 
Explanatory  Introduction  and  Numerous  Examples;  also. 
Trigonometrical  Functions  and  Their  Logs  of  Angles  from 
0°  to  90°  at  Intervals  of  1  Minute,  with  Subsidiary  Tables 
— (Compiled  by  E.  Chappell.  B.Sc.  A.  C.  G.  1..  Assoc.  M. 
Inst.  C.  E.,  Temporary  Naval  Instructor  R.  N..  Late 
Lecturer  in  Engineering  at  the  City  and  Guilds'  (Engi- 
neering) College.  Imperial  College  of  Science  and  Tech- 
nology. London.  S.  W.  London:  W.  &  R.  Chambers.  [New 
York:  D.  Van  Nostrand  Co.]  Cloth;  6x9  in.;  pp.  xvi  +  320. 
52  net. 

Special  tables  for  exponential  calculations  make  this 
lOok  a  new  appearance  among  loorarithm  tables.  The 
utbor  ha.s  computed  logarithms  of  logarithms  (loglogs), 
11(1  tbeir  inverse,  or  antiloglogs. 

The  use  of  these  two  new  tables  involves  a  peculiar 
iifficult,y.  Tliere  are  two  sets  of  anti-values  for  a  given 
jglog,  corresponding  to  positive  and  negative  values  of 
lie  intermediate  stage  or  simple  log,  or  to  numbers 
reater  and  less  than  1.  To  meet  this  difficulty,  the 
iitiloglog  table  is  arranged  in  duplicate,  one  with  the 
,  iitry  figures  printed  in  red  (for  anti-values  below  1.0), 
he  other  with  the  same  figures  printed  in  black, 
'iniilarly  the  loglog  table  is  printed  in  red  for  entry 
;ilues  below  1.0,  and  in  black  for  the  remainder.  The 
itervals  of  both  tables  are  varied  in  striking  manner 
•  suit  the  different  conditions  of  accuracy  and  the  differ- 
iit  requirements  of  use. 

The  book  also  contains,  besides  an  ordinary  log  table, 

table  of  cologs,  which  in  itself  is  a  rarity.  It  also 
;is  values  and  logarithms  of  the  trigonometric  func- 
ons,  and  here  the  author  again  is  iconoclastic.  The 
ible  runs  89°  and  gives  sin,  log  sin,  tan,  log  tan,  see 
id  log  sec;  of  course,  the  co-functions  are  read  from 
le  same  figures,  starting  from  the  bottom  of  the  page, 
iiere  the  complementary  angles  are  printed. 

The  author  is  not  merely  original,  as  the  foregoing 
■oves,  l)ut  he  attempts  to  reform  terminology.  For 
intilog"  he  says  "illog,"  for  "loglog"  he  says  "lolo.s," 
id  for  '"antiloglog"  he  says  "illolog."'  The.se  innovations 
)  not  reduce  the  value  of  the  tables. 
^. 

VGI.NEERING  AS  A  PROFESSION — By  Milo  S.  Ketchum. 
C.E..  I>ean  of  the  Collage  of  Engineering.  Boulder,  Colo.: 
University  of  Colorado.  Bulletin  No.  9S.  Paper;  5xS  in.; 
pp.   27. 

In  this  little  pamphlet  are  reprinted  five  brief  jjajiers 
■  Professor  Ketchum.  the  titles  of  whicli  are:  "Wiiy 
')  To  College?"  "The  Value  of  a  Technical  Educatioir''; 
The  Making  of  an  Engineer";  "The  Field  of  the 
ngineer";  "Opportunities  of  tlie  Engineer."  Professor 
r>tchum's  opinions  on  the  much  discussed  subject  of 
-tatus  of  the  engineering  profession  and  its  outlook 
the  future  will  doubtless  he  read  with  interest  by  a 
mil  wider  circle  than  the  students  for  whom  the  articles 
ire  originally  written. 


TeclhinincaS=PeE°a©(dlacai]l  Kniidlex 

IK  INDI'STRIAL  ARTS  INDEX:  Subject  Index  to  a  Selected 
LlHt  (if  Engineering  and  Trade  PerlodicaLs  for  IDl.'i — 
Erllled  by  Marion  K.  Potter.  Lnui.se  D.  Telch  and  Helen  M. 
CraiK.  ThirrI  Annual  Cumulation.  White  Plains,  N.  Y.: 
The  H.  W.  Wilson  Co.     Cloth;  7x10  in.;  pp.  509. 

The  present  is  the  largest  and  most  complete  of  the 
ree  annual  volumes  of  the  "Industrial  Arts  Inde.x"  thus 
r  issued.  This  publication  is  rapidly  gaining  iccog- 
tion  as  the  best  general   index   of  lechnical   liti'i:i(iirc 


available,  and  dcser\edly  so  as  it  seems  to  be  compiled 
with  care  and  reasonable  thoroughness. 

The  main  scheme  of  the  index  is  to  distribute  the  sub- 
jects covered  under  many  headings  of  restricted  scops, 
avoiding  numerous  entries  under  broad  general  headings. 
For  instance,  in  this  volume  to  find  an  article  on  Imhoir 
tanks  it  is  not  neces.sary  to  turn  to  Sewage  Disposal  ami 
look  through  a  long  list,  but  merely  to  look  under  ImholF 
Tanks.  In  short,  the  scheme  is  to  index  under  the  key 
word  of  the  title  and  not  under  the  general  subject  hea(i- 
ing. 

Carried  out  understandingly,  this  makes  the  most 
handy  kind  of  index  for  quick  and  ready  reference;  but 
thus  to  carry  it  out  requires  that  the  indexer  have  mort^ 
knowledge  of  the  article  than  can  be  had  from  readimr 
the  title.  The  writer  who  describes  an  Imhoff  tank 
sewage-disposal  works  and  inadvertently  fails  to  bring 
Imhoff  tank  into  the  title  will  find  his  article  not  under 
Imhofl'  Tanks,  but  under  Sewage  Disposal.  Under  Imhoff 
Tanks  he  will  find  no  cross-references  to  articles  mainly 
on  Imhofl:  tanks,  which  are  entered  under  Sewage  Dis- 
posal. 

Again,  there  is  always  the  likelihood  that  indexers  un- 
familiar with  engineering  practice  will  separate  the  same 
or  similar  work  because  it  is  described  under  different 
headings,  which  are  practically  synonymous.  Such  head- 
ings, for  instance  are  water  conduits  and  aqueducts.  It 
is  not  unlikely  that  two  articles  on  the  same  structure 
would  thus  be  separated  solely  owing  to  a  matter  of 
taste  in  the  one  who  wrote  the  title. 

However,  it  is  believed  that  these  disadvantages  are  less 
serious  than  those  of  broad  cla.ssifications,  for  the  regular 
u.>^e  of  an  index  soon  makes  one  so  familiar  with  the  in- 
dexer's  methods  as  to  be  able  readily  to  trace  out  all 
possible  headings  that  are  likely  to  contain  articles  bear- 
ing on  the  subject  in  question.  These  idiosyncrasies  of 
every  indexer,  however,  illustrate  why  no  printed  book 
index  can  ever  serve  the  .same  purpose  or  be  of  the  same 
value  as  a  card  index  compiled  by  the  person  who  uses  it 
and  who  knows  the  subject  he  is  indexing. 

One  feature  particularly  to  be  commended  in  the  "In- 
dustrial  Arts   Index"   is  the  indexing  of  articles  under 
localities  as  well  as  under  subjects. 
■»: 

PARKS  AND  PARK  ENCJINEICUING— By  William  T.  Lyie, 
A.SS0C.  M.  Am.  Soc.  C.  K..  Prufe.ssor  of  Municipal  Engineer- 
ing at  Lafayette  College.  New  York:  John  Wiley  &  Sons, 
Inc.  Cloth;  6x9  in.;  pp.  vlii  +  130;  38  full-page  plates. 
$1.2",    net. 

Considering  how  much  money  has  been  expended  in  the 
acquisition  and  development  of  public  parks  during  the 
last  few  decades,  the  meagerness  of  the  printed  matter  on 
the  practical  aspects  of  park  acquisition  and  construction 
is  remarkable.  Professor  Lyle  has  therefore  done  well  to 
expand  his  park  lectures  to  students  of  municipal  engi- 
neering and  publish  them  in  hook  form.  Although 
designed  primarily  for  young  engineers  engaged  in  park 
work,  the  author  also  had  in  mind  some  engineers  older 
in  }'ears  but  not  in  experience,  as  well  as  ])ark  commis- 
sioners. He  has  modestly  refrained  from  eiuroaching  on 
the  cherished  domain  of  the  landscape  architect,  but  gives 
a  few  accepted  landscajie  jirinciples. 

The  book  opens  with  a  few  pages  on  the  desirability  and 
classification  of  parks,  how  to  set  the  getting  of  them  in 
motion,  and  the  necessary  topograjihical  and  hydrograplr- 
till  surveys,     "^riir  Miilhor  next  considers  (hs  design  o' 
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underdrains,  sewers,  paths,  drives  and  other  engineering 
features.  The  choice  between  day  labor  and  contract 
work,  together  with  contract  letting  and  supervision,  is 
next  taken  up.  Finally  there  is  a  chapter  on  construction. 
The  book  fulfills  the  author's  purpose  so  well  that  it  is 
to  be  ho])ed  he  will  soon  have  an  opportunity  to  enlarge  it, 
particularly  along  lines  of  engineering  design  and  con- 
struction that  have  been  modified  to  meet  park-work 
needs. 

m 
Oas  Eia^aHaeerlsag  Practice 

PROCEELUNCS  iiF  THE  IXTERXATIf )XAL  (!.\S  COXC^RESS 
Held  at  San  Francisco,  Calit.,  Sept.  2T-Oct.  2.  1915.  New 
York  (29  W.  39th  St.):  George  G.  RamsdeU.  Secretary. 
Cloth;  6x9  in.;  pp.  670;  illustrated. 

Like  most  of  the  other  congresses  held  in  San  Fran- 
cisco last  fall,  the  International  Gas  Congress  was  inter- 
national chiefly  in  name.  It  did  bring  together,  however, 
p.  notable  assemblage  of  the  leading  gas  engineers  of  the 
United  States,  and  the  papers  presented  form  a  summary 
of  uptodate  practice  in  gas  engineering.  Nothwithstand- 
ing  the  fact  that  many  gas  companies  are  controlled  by 
electric  lighting  interests,  the  "Proceedings"  of  the  Con- 
gress indicate  that  gas  is  being  actively  pushed  as  an 
illuminant  in  competition  with  electricity.  Besides  the 
technical  papers,  considerable  attention  was  given  in  the 
Congress  to  the  discussion  of  the  relations  of  the  com- 
panies to  the  public  and  to  regulating  bodies. 

CoinaEmi2SSflOini°MaiffiSig®2'  Clhgiirteir 

A  MODEL  CITY  CHARTER  AXD  IIUXICIPAL  HOJIE  RULE, 
as  Prepared  bv  the  Committee  on  Municipal  Program 
of  the  National  Municipal  League  (North  American 
Building,  Philadelphia,  Penn.)    Paper;  6x9  in.;  pp.  59.     50c. 

As  far  back  as  1900  a  committee  of  the  X^ational 
Municipal  Leagrue,  after  several  years  of  work,  completed 
and  the  league  adopted  a  model  city  charter  of  the  so- 
called  Federal  type.  It  provided  for  a  mayor  and  city 
council,  with  all  legislative  powers  vested  in  the  latter  and 
executive  powers  in  the  former.  Shortly  after  the  model 
charter  of  1900  was  adopted,  the  Galveston  storm  and 
flood  ushered  in  the  commission  plan  of  city  government ; 
and  strangely  enough,  a  dozen  years  or  so  later  the  Day- 
ton flood,  while  not  initiating  the  commission-manager 
plan,  did  bring  it  prominently  to  the  front. 

About  the  time  of  the  adoption  of  the  Dayton  charter 
the  Xational  ilunicipal  League  created  a  new  Municipal 
Program  Committee,  of  which  M.  N.  Baker,  of  the  edit- 
orial staff  of  Eiu/iiieenng  News  was  a  member.  That 
committee  lias  drawn  up  a  new  model  city  charter  pro- 
viding for  the  commission-manager  plan  of  government 
and  giving  prominence  also  to  municipal  home  rule. 

The  new  model  charter  follows  pretty  closely  in  its 
.  general  features  the  now  fairly  familiar  type  of  commis- 
sion-manager charter  as  exemplified  at  Dayton  and  else- 
where. Great  care  has  also  been  given  to  the  section  on 
"Municipal  Franchises,'"  and  a  short  section  on  "City 
Planning,"  drafted  by  Mr.  Baker,  has  been  added. 

m 
Po^wer  Test  Cosiffiimaattee  IRuaEes 

RULES  Fi)R  CO.XDTCTI.NG  PERFORMANCE  TESTS  OF 
POWER-I'LA.XT  APPAR.VTUS-- Report  of  Power  Test 
Committee.  .New  York  (29  West  39th  St.):  -American 
Society  of  Mechanical  Engineers.  Paper;  6x9  in.;  pp. 
215;  27  Illustrations. 

The  Power  Test  Committee  of  the  American  Society 
of  Mechanical  Engineers  was  appointed  in  1909  to  re- 
vise the  old  codes  of  the  society  relating  to  tests  of 
boilers,  pum]>ing  engines  and  ether  power  apparatus,  and 


to  extend  the  code  to  apply  to  new  forms  of  power 
ap])aratus,  including  water  power.  The  committee  con- 
sisted of  George  H.  Barrus,  D.  S.  Jacobus,  William 
Kent,  Albert  C.  Wood,  Edward  F.  Miller,  L.  P.  Breck- 
enridge,  Arthur  West  and  Edward  T.  Adams.  It  pre- 
sented a  preliminary  report  in  December,  1912.  Tliis 
report  was  widely  distributed,  received  extended  discus- 
sion and  criticism  and  has  now  been  finally  revised. 
The  code  covers  tests  of  boilers,  reciprocating  steam  en- 
gines, steam  turbines,  pumping  machinery,  compressors, 
blowers  and  fans,  complete  steam-power  plants,  locomo- 
tives, gas  producers,  gas  and  oil  engines  and  waterwheels. 
Besides  the  code  proper,  appendices  covering  some  50 
pages  discuss  special  subjects  in  connection  with  power- 
plant  testing.  The  council  of  the  society  on  Dec.  7, 
1915,  voted  to  appoint  a  permanent  committee  to  inter- 
pret this  code  when  called  upon  to  do  so,  make  revisions 
when  found'  desirable  and  modify  the  rules  to  meet  new 
conditions  as  they  may  arise  in  the  future. 

Detailed  studies  of  the  rainfall  records  of  a  single  city, 
designed  jjrimarily  for  engineers,  are  not  so  common  but 
what  a  hearty  welcome  will  be  accorded  to  a  couple  of 
thin  pamphlets  under  the  title,  "Rainfall  Data  of  Berke- 
ley, California"  (University  of  California  Publications  in 
Engineering,  Vol.  1,  Xo.  5  and  Xo.  6,  pp.  69-81  and 
8.3-116).  The  first  pamphlet,  by  W.  G.  Reed,  gives 
monthly,  seasonal  and  intensity  figures  for  the  period  1887 
to  19l4.  The  second  pamphlet,  by  Mr.  Reed  and  Mar- 
shall K.  White,  summarizes  intensity  studies  based  on  the 
records  of  the  recording  rain-gage  of  the  Engineering 
Department  of  the  University  from  1911  to  1915. 

ilaps  of  the  LTnited  States  for  1.  5  and  15c.  each, 
according  to  size  and  detail,  with  reductions  for  wholesale 
orders,  are  offered  by  the  LTnited  States  Geological  Survey, 
Washington,  D.  C.  By  a  recent  ruling,  postmasters  are 
now  permitted  to  handle  Geological  Survey  maps  and  are 
allowed  a  small  commission  on  their  sales.  This  will 
doubtless  prove  to  be  a  great  convenience  to  many,  partic- 
ularly in  the  smaller  places  of  the  country. 

The  surjjrising  amount  of  information  that  can  be 
got  together  on  what  at  first  might  appear  to  be  a  minor 
detail  of  engineering  practice  is  illustrated  by  a  hundred- 
page  pamphlet  entitled  "Highway  Bridge  Floors,"  re- 
cently reprinted  from  \o].  .31  of  the  "Proceedings"  of 
the  Engineers'  Society  of  Western  Pennsylvania.  The 
pamphlet  consists  of  a  lengthy  paper  read  before  the 
society  on  Nov.  9,  1915,. by  Charles  ^l.  Spofford,  Pro- 
fessor of  Civil  Engineering,  ^Massachusetts  Institute  of 
Technology,  followed  by  considerable  discussion  by  mem- 
bers of  the  society  named.  Drawings  and  halftone  views 
illustrate  tlu;  pajier. 

A  card-index  form  to  announce  newly  |iubli.-;hed  book.> 
is  being  used  by  John  Wiley  &  Sons.  The  date  of  pub- 
lication appears  on  the  top  of  the  card,  followed  by  the 
surname  of  the  author  and  the  title  of  the  book  as  a 
(atchline.  The  full  name  and  title  of  the  author  follow, 
together  with  the  size  and  price  of  the  lionk  and  a  brief 
summary  or  de.scription  of  its  contents.  On  the  reverse 
side  of  the  card  a  comiilcte  talile  of  contents  is  given 
Of  cour.se.  the  name  and  address  of  tiic  |niblisher  are  alsu 
made  known.     These  cards  mav  be  tiled  under  the  nanii 
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if  eitlier  tlie  author  or  the  book  and  may  serve  as  a 
reminder  of  possible  books  to  be  purchased,  or  they  may 
form  the  nucleus  of  a  card  catalog. 

Two  recent  pamplilet  reprints  from  the  "Journal 
of  Agricultural  Research"  of  the  United  States  Depart- 
ment of  Agriculture  are  of  unusual  interest  to  hydraulic 
engineers.  One  (Vol.  5,  No.  24)  describes  a  new  irriga- 
tion meter  consisting  of  a  self-cleaning  weir,  easily  built 
and  operated  and  accurate.  The  velocity  of  entering 
water  increases  until  it  passes  the  weir  notch ;  the  box  has 
jnly  a  quarter  the  depth  for  a  full  contraction  weir.  The 
second  booklet  (Vol.  5,  No.  23)  shows  the  results  of  an 
nvestigation  into  the  Francis  and  Cipoletti  formulas  for 
he  small  weir  sizes  used  in  irrigation  service.  Briefly 
ummarized,  the  older  formulas  give  results  within  IVL'% 
(Cipoletti)  and  2%  (Francis)  of  actual  discharges;  new 
ormulas  are  deduced  that  agree  more  closely. 


As  a  possible  guide  for  the  city-  and  lown-planning 
loards  required  by  law  in  Massachusetts,  "A  Schedule 
f  Civic  Surveys"  has  been  prepared  by  Arthur  C.  Comey, 
1  member  of  the  Homestead  Commission,  and  is  being 
listributed  by  the  commission  (N.  F.  Sterling,  Secre- 
ary,  State  House,  Boston,  !Mass.).  The  main  divisions 
f  the  schedule  are  as  follows:  (1)  Underlying  factors, 
nduding  physical  conditions  or  sources  and  use  of  land: 
2)  circulation,  including  streets,  transportation,  utilities, 
ood  supply  and  disposal;  (3)  public  affairs,  embracing 
dministration  of  health,  education  and  recreation;  (4) 
oeial  conditions,  including  housing,  work,  welfare  and 
uisances;  (5)  finances  and  law.  The  bulletin  contains 
inie  commendable  suggestions  regarding  the  maps  that 
iiould  be  provided  in  connection  with  a  civic  survey. 

The  work  of  the  United  States  Lighthouse  Service  is 
II)  little  appreciated  by  either  the  general  or  the  engi- 
eering  public.  The  service  is  well  organized  and  is 
irrj'ing  out  in  admirable  fashion  the  guarding  of  the 
jBsts,  large  lakes  and  rivers  of  the  United  States.  For 
18  benefit  of  those  who  are  anxious  to  learn  the  details 
f  the  Lighthouse  Service  work  a  book  entitled  "United 
tales  Lighthouse  Service"  has  been  published  by  the 
'epartment  of  Commerce.  (Superintendent  of  Uocu- 
lents,  Washington,  D.  C;  15c.) 


rSo  far  as  po.sslblc  the  name  of  each  publisher  of  books  or 
imnhlcts  listed  in  these  columns  is  given  in  each  entry.  If 
le  book  or  pamphlet  is  for  .sale  and  the  price  is  known  bv 
le  editor,  the  price  is  stated  in  each  entrv.  Where  no  price 
^glven  It  does  not  necessarily  follow  that  the  book  or  pam- 
hlet  can  be  obtained  without  cost.  Many,  but  not  all,  of  the 
imphlets.  however,  can  be  secured  without  cost,  at  least  by 
icloslng  postage.  Persons  who  are  in  doubt  as  to  the  means 
•  be  pursued  to  obtain  copies  of  the  publications  listed  in 
ie«e  columns  should  apply  for  information  to  the  stated  pub- 
Hher,  or  in  case  of  books  or  papers  privately  printed,  then 
'  the  author  or  other   person   indicated   in    the  notice.] 

HE  ALASKAN  MINING  INDUSTRY  IN  1915— By  Alfred  H. 
Brooks.  Bulletin  fi42-A,  United  States  Geological  Sur- 
v'v  Washington,  I).  C.  Paper;  fixli  In.:  pp.  71. 
:l:i:CTTON  OP  ECHOES  AND  REVERI!ERATTON  IN  THE 
AIMilTORlfM,  UNIVERSITY  OF  ILLINOIS— Bv  F.  R. 
Wat.Hon  and  James  M.  White.  Urbana.  111.:  Engineering 
Lxperiment  Station,  University  of  Illinois.  Bulletin  No. 
^7.  Paper;  6x9  In.;  pp.  20;  illustrated,  l.'ic. 
I'.eslrtes  the  subject  matter  mentioned  In  the  title  this 
iiiiphlet  contains  an  extensirm  of  the  bibliography  printed  In 
lUlletin  73  of  this  series,  entitled  "Acoustics  of  Auditoriums." 


EXCERPTS  FROM  THE  FIRE  PREVENTION  LAWS  AND 
ORGANIZATIONS  OF  EASTERN  CITIES  with  Recom- 
mendations for  Establishing-  a  San  Francisco  Bureau  of 
Fire  Prevention.  (From  Report  by  Heller  &  Wilson, 
Consulting  Engineers.)  San  Francisco:  Board  of  Fire 
Commissioners.     Paper:     Sxll   in.;  pp.   36. 

THE  EXTENT  TO  WHICH  SEWAGE  CAN  BE  PURIFIED  BY 
PR.VCTIC.AL  METHODS  OF  ARTIFICT.AL  TRE.^TMENT 
Now  IN  USE — Reprinted  from  the  Proceedings  of  the 
Engineers'  Society  of  Western  Pennsylvania,  Vol.  32,  pp. 
226-270.  By  Harrison  P.  Eddy,  of  Metcalf  &  Eddy,  Con- 
sulting Engineers,  Boston,  Mass.  Paper;  6x9  in.;  illus- 
trated. 

FUND.\MENT.ALS  OF  A  COST  SYSTEM  FOR  MANUFACTUR- 
ERS— Washington,  D.  C. :  Federal  Trade  Commission. 
Paper;    6x9    in.;    pp.    31. 

HANDBOOK  FOR  HIGHWAY  ENGINEERS:  Containing  In- 
formation Ordinarily  Used  in  the  Design  and  Construc- 
tion of  Roads  Warranting  an  Expenditure  of  $5,000  to 
$30,000  per  Mile  Part  I.  Principles  of  Design.  Part 
II.  Practice  of  Design  and  Construction — Bv  Wilson  G. 
Harger.  C.  E.,  First  .Assistant  Engineer.  New  York  State 
Department  of  Highways,  and  Edmund  A.  Bonnev.  Su- 
pervising Engineer,  New  York  State  Department  of  High- 
ways. Second  edition  entirely  revised  and  enlarged.  New 
York:  McGiaw-Hill  Book  Co.,  Inc.  London:  Hill  Pub- 
lishing Co..  Ltd.,  6  and  S  Bouverie  St.,  E.  C.  Leather;  4x7 
in.;  pp.  609;   illustrated.     $3  net. 

HOW  TO  BUILD  UP  FURNACE  EFFICIENCY:  .A  Handbook 
of  Fuel  Economy — By  .loseph  W.  Havs,  author  of  "The 
Chemistry  of  Combustion,"  "Combustion  and  Smokeless 
Furnaces,"  etc.  Tenth  edition,  revised  and  enlarged.  Rog- 
ers Park.  Chicago:  Jos.  W.  Hays.  Paper;  oxS  in.;  pp. 
154:  $1. 

HYDRAULIC  FLOW  REVIEWED:  A  Book  of  Reference  of 
Standard  Experiments  on  Pipes,  Channels.  Notches,  Weirs 
and  Circular  Orifices,  Together  with  New  Formulas  rt - 
lating  Thereto — Bv  Alfred  A.  Barnes,  A.  C.  G  I.  Nee.. 
York:  Spon  &  Chamberlain.  Cloth;  6.xl0  in.;  pp.  15S; 
Illustrated   with    frontispiece  and   2   folding  plates,      $4.50. 

THE  LEGACY  OF  THE  EXPOSITION— Interpretation  of  the 
Intellectual  and  Moral  Heritage  left  to  Mankind  bv  the 
World  Celebration  .at  San  Francisco  in  1915.  San  Fran- 
cisco: The  Panama-Pacific  International  Exposition. 
Cardboard:  7x10  in.;  pp.  187. 
Numerous  short  laudatory  letters,  alphabetically  arranged. 

the  publication  of  which  suggests  that  the  authorities  were  at 

their    wits'    end    to    know    what    to    do   with    surplus    funds    or 

else  were  quite  carried  away  with  so  many  songs  of  praise. 

THE  MELTING  OF  SNOW— By  Robert  E.  Horton.  (Reprinted 
from  Monthly  Weather  Review,  December,  1915,  43:  599- 
605.)  Washington,  D.  C. :  United  States  Department  of 
Agriculture,  Weather  Bureau,  Paper;  9x12  in.;  pp.  7; 
illustrated. 

PROCEEDINGS  OF  THE  THIRTEENTH  ANNUAL  CONVEN- 
TION OF  THE  AMERICAN  ROAD  BUILDERS'  ASSO- 
CIATION Held  at  Pittsburgh.  Penn..  Feb.  2S  to  Mar,  3, 
1916.  together  with  Reports  of  the  Executive  Secretary 
and  Treasurer  Presented  at  the  Annual  Meeting,  Feb.  4, 
1916;  List  of  Members,  etc.,  New  York:  American  Road 
Builders'  -Association.     Paper:  6x9  in.;  pp.  263. 

PUBLIC  SERVICE  COMMISSION,  SECOND  DISTRICT,  STATE 
OF  NEW  YORK — Annual  Report  for  the  Year  Ended 
Dec.  31,  1914.  Vol.  III.  Albany,  N.  Y.  Cloth;  10x12  in.; 
pp.   325. 

PUBLIC  WORKS  DEPARTMENT,  MADRAS  PRESIDENCY— 
Administration  Report  for  the  Year  1914-1915.  Part  II. 
Irrigation.  Madras:  Superintendent.  Government  Press. 
Cardboard;  8x13  in.;  pp.  270;  diagrams.     5s. 

QUESTIONS  AND  ANSWI:RS  RKL.VTING  TO  MODERN  .AUTO- 
MOBILE DESIGN.  CONSTRUCTION.  DRIVING  AND  RE- 
PAIR: ,A  Practical  Treatise  Consisting  of  Thirty-Nine 
Lessons  in  the  Form  of  C^uestions  and  Answers  Written 
with  Special  Reference  to  the  Requirements  of  the  Non- 
technical Reader  Desiring  Easily  Understood  Explanator.v 
Matter  Relating  to  All  Blanches  of  -Vutomobiling — Bv 
Victor  W.  Page,  M.  E.  New  York:  The  Norman  W.  Hen- 
ley Publishing  Co.  Cloth;  5x8  in.;  pp.  701;  387  illustra- 
tions. $1.50. 
Includes  all  latest  1916  developments,  with  complete  dis- 
cussion  of  electric   starting   and    lighting   systems. 

THE  REMOVAL  OF  IRON  FROM  MUNICIPAL  WATER  .SUP- 
PLIES— By  James  W.  Schwab.  Engineering  Bulletin  No. 
7.  Bulletin  No.  1.  Division  of  State  Chemical  Research. 
Lawrence,  Kan.:  University  of  Kansas.  Paper;  6x9  in.; 
pp.    41;    illustrated. 

THE  .SLIDE  RUI>E:  A  Practical  Manual — By  Charles  N. 
Pickworth,  editor  of  "The  Mechanical  World";  author  of 
"Logarithms  for  Beginners."  Fourteenth  edition.  New 
York:  D.  Van  Nostrand  Co.  Linen;  5x7  in.;  pp.  124;  Il- 
lustrated:   $1    net. 

STRAIGHT  AMERICA:  A  Call  to  National  Service  —  By 
Frances  A.  Kellor.  New  York:  The  Macmillan  Co.  Card- 
board;  4x7    in.:    pp.    193. 

STRENGTH  AND  OTHER  PROPERTIES  OF  CONCRETES 
AS  AFFECTED  BY  MATERIALS  AND  METHODS  OF 
PREPARATION— P.v  R.  J.  Wig.  Engineer  Physicist,  G.  M. 
Williams,  Assistant  Engineer  Physicist,  and  E.  R.  Gates. 
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wx've  lowei-L'd  to  the  lieavy  beam  trucks,    ilouiited  on  these 
1-        -  iw,  _  </--„^i„„«  heam  trucks,  thev  were  snubbed  to  the  bridoe  site  and 


DemmoHlslhHEag    Old    §tl®<eE    Biradlg© 


By  Smith  O.  Steeke* 

The  demolition  of  an  old  three-span  400-ft.  lenticular 
truss  bridge  across  the  Allegheny  River  at  ilain  St.  in 
Salamanca,  N.  Y.,  was  accomplished  by  the  Owego 
Bridge  Co.,  of  Owego,  N.  Y.,  as  follows:  Falsework 
of  8x8-in.  hemlock  timber  and  swaybracing  was  erected 
under  each  of  the  three  spans  of  the  old  bridge.  Then, 
beginning  at  the  south  bank,  each  truss  was  slightly 
jacked  up  and  blocked  so  that  it  rested  on  the  fal-sework. 
The  procedure  then  consisted  in  disconnecting  the  mem- 
bers of  the  truss  by  hand-cutting  of  the  rivets,  com- 
mencing with  the  top  swaybracing,  the  top  chord  members 
and  the  diagonal  and  vertical  members  of  the  trusses, 
and  lowering  them  one  by  one  with  a  stiff-leg  derrick  to 
waiting   trucks.     This   was   continued    until   all    of   the 


lut  over  falsework,  where  again  they  were  blocked  up, 


FIG.  1.     H.-VN'D  DERRICK  TAKINC   DOWN  MEMBERS  OF 
Ol.n  TRUSSES.  S.\1..\MAN(".\  BRIDGE 

superstructure  above  tiie  tloor  was  removed.  The  floor- 
ing, old  car  tracks,  stringers,  floor-beams  and  lower-chord 
members  were  then  removed,  beginning  at  the  nortii 
shore  span  and  proceeding  toward  tlie  storage  piles  back 
from  the  south  shore.  It  reqviired  22  working  days  to 
demolish  the  old  bridge,  at  an  n|i]ir()\iniatc  cost  of  $;i 
per  lin.ft.  of  bridge. 

The  three  stone  river  piers  of  the  old  bridge  were  razed 
to  low-water  mark  by  drilling  and  breaking  the  stone 
into  man-size  pieces.  A  portion  of  the.se  stones  was 
used  in  the  concrete,  while  the  rest  was  wasted  at  the 
upstream  end  and  along  the  sides  of  the  piers. 

The  new  bridge  is  a  plate-girder  cantilever  bridge  of 
five  spans  vaiying  from  74  to  92  ft.  long.  The  large 
cantilever  girders,  1 IG  ft.  long  and  weighing  26  tons,  were 
delivered  at  the  railroad  station  V^.  ini.  south  of  the  bridge 
on  three  flat-cars,  one  middle  spacing  car,  and  two  end 
supporting  cars.  The  girders,  mounted  on  triangular 
shipping  frames,  were  rai.sed  from  the  cars  and  then 
lowered  to  greased  rails  resting  on  timber  blocking.  Jacks 
placed  near  each  end  of  the  girders  forced  them  sidewise 
over  the  rails  to  additional  timber  blocking,  whence  they 

•Assistant  Engineer,  N'lW  York  Highway  DepartiUf  nt ; 
Montela.  Ulster  County.  N,   Y. 


Fii;.    ■:      NEW    PLATE-GIRDER  CANTILEVER    BRIPGE 

the  beam  trucks  removed,  and  then  lowered  and  ])hue(l 
in  their  respective  positions  over  the  piers. 

AVhen  the  girders  for  a  unit  of  the  bridge  were  placed 
in  position,  a  stiff-leg  derrick  swung  the  floor  beams  and 
stringers  and   other  light  parts  to  their  proper  places. 
^• 

dainmslheai  Bucket  Closed  By 

Foundations  of  buildings  in  Portland,  Ore.,  are  in 
general  upon  a  close  clay  soil  that  underlies  the  city 
to  a  great  depth.  This  material  is  very  difficult  to 
handle  with  ordinary  buckets,  and  where  the  area  ex- 
cavated  is   too  small  to   warrant  installing  a  revolving 


A  CLAMSHELL  ^VITH  ATTACHED  STEAM  ENGINE 
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shovel  the  practice  has  been  to  load  skips  by  hand.  The 
ski])s  are  hoisted  from  the  pit  by  a  revolving  derrick 
and  dumped  onto  a  portable  trap  platform  from  which 
ihe  wagons  are  loaded. 

C.  J.  Cook,  of  the  C.  J.  Cook  Co. — a  contractor  who 
handles  much  of  the  basement  excavation  work  in 
Portland — has  recently  devised  for  this  work  a  clamshell 
bucket  clo.sed  by  a  small  two-cylinder  steam  engine,  which 
gives  sufficient  digging  power  to  handle  this  material 
very  well.  The  bucket  is  a  reconstructed  Williams  clam- 
shell, and  the  engine  is  geared  to  a  pair  of  differential 
drums.  Steam  is  supplied  by  hose  from  the  derrick 
boiler,  and  the  control  is  by  valves  at  the  hand  of  the 
derrick  engineer. 

A  FLuss'Sill  Inln^lhwsiS^  IBiridl^©  of 

By  Hexky  Blood* 

The  bridge  sho-mi  in  the  accompanying  sketch  crosses 
the  south  fork  of  the  Santian  Eiver  at  Cascadia,  Ore., 
a  summer  resort  on  the  edge  of  the  Cascade  Range.     It 


5.000  to  .5,400  lb.  per  sq.in.  The  bottom  chord  cannot 
help,  as  the  floor-beam  is  su.spended  below  it. 

The  dead  load  is  about  750  lb.  per  lin.ft.  If  the 
live-load  is  taken  at  60  lb.  per  sq.ft.,  or  960  lb.  per 
lin.ft.  of  bridge,  the  load  on  the  center  rods  is  18,800 
lb.,  and  the  stresses  are  those  given  in  the  sketch.  The 
direct  stress  in  the  center  panel  of  the  top  chord  is  632 
lb.  per  sq.in.  and  the  compression  due  to  bending — allow- 
ing 20%  for  continuity  as  before — is  3,133  lb.  per  sq. 
in.,  making  a  ma.ximum  compressive  stress  of  3,755  lb. 
per  sq.in.  The  usual  working  stress  is  1,200  to  1,600  lb., 
reduced  by  a  column  formula. 

The  effect  of  moving  loads  is  not  provided  for :  The 
3x8  counters  are  merely  spiked  to  the  outside  of  the 
chords  with  two  or  three  nails  at  each  end. 

Not  far  from  this  bridge  there  is  a  similar  one  of 
GO-ft.  span.  The  construction  is  the  same,  but  the  cen- 
ter floor-beam  carries  only  16  ft.  of  floor,  and  the  distance 
between  the  upper  ends  of  diagonals  is  only  8  ft.  The 
top  chords  are  12xl2s. 

Plans  for  both  bridges  probably  were  prepared  by  the 
county  bridge  carpenter.  The  workmanship  was  good, 
but  there  was  a  little  oversight  in  design. 
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STRESS  DIAGRAM  AND  THP  DESIGN  DETAILS  OP  THE  CASCADIA  HIGHWAY  BRIDGE  IN  OREGON 


Floor-beams,    10xl2-in.;    stringer 
(i-in.    diameter   spiked:    diagonals    cut    in    ch 
IlO-ft.  span;  16-ft.  roadway:  trusses  15  ft.  de 


7  lines  3xl2-in.;  3-in.  floor  planks;  no  portals  or  swaybracing;  bottom  laterals  about 
about  2  in.;  dead  load  =  750  lb.  per  lin.tt.;  live-load  =  960  lb.  per  lin.ft.; 
to  c. ;  covered  sides  and  roof 


is  on  a  county  road,  and  is  used  by  practically  all  vehicles 
passing  up  or  down  the  valley.  Quite  a  number  of 
automobile  parties,  with  or  without  camping  outfits,  iise 
it.  As  the  road  is  in  poor  condition,  the  loads  are  lim- 
ited, hut  still  may  be  considerable.  The  bridge  was  built 
in  191.5. 

There  are  several  unusual  features.  All  the  larger 
timbers  have  been  hewn  out,  as  they  were  too  large  for 
the  local  sawmill.  The  bottom  chords  are  single  .sticks 
12xU  in.  by  120  ft.  long  without  splices.  The  top 
chords  are  also  without  splices.  No  metal  was  iised  ex- 
cept the  vortical  rods,  plate  washers  for  the  rods,  and 
nails.  Plenty  of  good  Douglas  fir  timber  could  be  ob- 
tained within  a  short  distance;  iron  and  steel  had  to  be 
hauled  32  mi.  There  are  no  portals,  swaybracing  or 
top  laterals,  but  the  gable  roof  and  sides  help  to  stiffen. 

The  most  interesting  point  is  the  absence  of  web 
bracing  in  the  central  portion  of  the  bridge,  wliile  the 
center  floor-beam,  carrying  22  ft.  of  floor,  is  hung  from 
the  t/jp  chord  on  a  20-ft.  span.  The  rods  are  not  well 
proportioned  to  take  the  increasing  shear  toward  the 
ends,  but  if  the  two  ly^-in.  upset  rf)ds  at  the  center 
should  ever  be  loaded  to  15,000  lb.  per  sq.in.,  what  would 
happen  to  the  bridge?  Allowing  20%  for  continuous 
action  of  the  chord,  and  neglecting  the  weakening  effect 
of  the  2-in.  notches  for  diagonals,  the  extreme  fiber  stress 
due  to  bending  would  be  6,100  lb.  per  sq.in.  The  aver- 
j  age  modulus  of  rupture  of  Douglas   fir  at   breaking  is 

'         'Engineer,  Bureau  of  Bridges,  Portland,  Ore. 


By    S.    E.    LAWRENCEf 

The  lubrication  of  machinery  iised  on  construction 
work  is  an  unsatisfactory  process  at  best.  The  varied 
types  and  kinds  of  machines,  the  changing  conditions  of 
work,  the  exposure  of  parts  to  weather,  and  the  personal 
equation,  all  combine  to  make  proper  lubrication  a  more 
serious  problem  than  most  persons  realize.  Here  is  dis- 
cussed only  the  steam,  or  cylinder  and  valve,  side  of 
this  question  and  the  special  system  devised  for  the  con- 
struction machinery  employed  chiefly  on  Ohio  River  Lock 
and  Dam  No.  43,  which  is  being  built  by  hired  labor 
under  the  direction  of  the  Louisville  office,  Maj.  J.  C. 
Oakes  in  charge. 

The  chief  difficulties  were  (1)  securing  a  proper  lu- 
bricant (which  means  principally  a  lubricant  of  proper 
viscosity  at  the  temperature  at  which  it  is  to  work), 
(2)  the  delivery  of  lui)ricant,  free  from  foreign  matter 
and  at  a  reasonable  price,  to  the  engine,  (3)  a  lubri- 
cator that  will  properly  admit  it  to  the  steam  space, 
(■4)    intelligent  use  of  lubricant  by   the  operator. 

On  most  construction  work  each  machine  has  its  oil 
cans  to  start  with  but  as  a  job  progresses,  and  with  all 


•From  notes  In  "Professional  Memoirs.  Corps  of  Engineers, 
U.  S.  Army,  and  Engineer  Department  at  Large,"  August,  1916. 

tJunlor  Mechanical  Engineer,  U.  S.  Engineer  Department 
at  Large:  Superintendent  of  Machinery  and  Floating  Plant, 
Lock  and  Dam  43,  Ohio  River. 
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the  eare  that  is  exercised,  it  is  not  mauy  weeks  before 
tomato  cans  are  in  evidence  in  place  of  properly  pro- 
tected oil  containers. 

Too  often  the  filling  of  the  lubricator  is  left  to  a  fire- 
man or  oiler  who  is  not  very  familiar  with  the  inside 
workings  and  shortcomings  of  a  slightly  out-of-repair 
lubricator.  It  is  safe  to  say  that  50%  of  the  enginemen 
employed  on  construction  work  are  not  familiar  with  the 
principles  and  repair  of  the  single-  and  double-connection 
sight-feed  lubricators  commonly  used ;  a  still  smaller 
percentage  are  familiar  with  mechanically  operated  lu- 
bricators and  oil  pumps.  When  oil  is  permitted  to  get 
dirty  and  clog  the  small  valves  damage  is  usually  done 
to  the  engine  cylinder  and  rings  before  the  difficulty  is 
remedied. 

When  an  engine  exhausts  directly  into  the  air,  as 
most  construction  engines  do,  much   of  the  lubricating 
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^  Section  B-5 
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DAVIS    LUBRICATOR    FOR    CONSTRUCTION    MACHINERY 

oil,  as  generally  used,  is  blown  through  the  cylinder  and 
valve  ports.  Lubricating  oils,  unless  of  an  expensive 
grade  with  a  high  viscosity,  usually  become  "thin"  iinder 
ordinary  steam  temperatures,  and  if  a  regular  supply  is 
not  forthcoming  dry  rings  result;  also,  practically  no 
lubrication  is  afforded  the  piston-rod  packing  because  of 
the  strong  exhaust  scavenging  the  cylinder  of  its  oil 
surplus. 

Through  intermittent  use,  in  a  hoisting  engine,  pile- 
driver  engine,  steam  pile-hammer,  mixer  engine,  crane, 
etc.,  condensation  is  apt  to  take  place  even  with  the  best 
of  drainage ;  rough  usage  and  a  quick  opening  of  the 
throttle  is  the  rule  and  not  the  exception.  These  fac- 
tors determine  the  conditions  that  have  to  be  accepted 
and  a  system  niust  be  devised  to  meet  them.  The  ideal 
lubricant  must  be  of  such  a  nature  that  it  will  eliminate 
friction,  as  far  as  possible.  It  must  be  of  a  consistency 
that  will  perform  this  function  at  the  temperature  of  the 
cylinder.  It  must  have  sufficient  adhesion  to  the  rings, 
cylinder  walls  and  valves  so  as  to  be  of  service  for  more 
than  one  revolution  of  the  engine;  if  it  can  .go  farther 
and  serve  other  desirable  ends  it  adds  much  to  its  de- 
sirability. Such  other  purposes  may  be  the  lubrication 
of  piston  rod  and  piston-rod  packing,  protection  of  valve, 
valve  seat  and  steam  spaces  from  rust,  when  the  engine 


is  temporarily  out  of  commission,  the  filling  of  pits  or 
uneven  places  in  cylinders  that  have  been  neglected,  in- 
creasing the  compression  by  filling  space  between  worn 
rings  and  cjdinder  walls,  etc. 

When  an  engine  is  working  at  varying  speeds  there  is 
need  of  lubrication  in  the  cylinder  and  valves  directly 
in  proportion  to  the  number  of  its  revolutions — a  ratio 
that  is  not  maintained  by  the  regular  feed  of  the  ordi- 
nary lubricator,  which  admits  so  many  drops  per  minute 
irrespective  of  the  changing  of  the  revolutions  of  the 
engines. 

After  a  practical  study  of  the  difficulties  to  be  over- 
come a  system  of  steam  lubrication  for  the  machinery 
used  on  the  construction  of  Lock  and  Dam  No.  43,  Ohio 
River,  was  worked  out. 

The  container  or  lubricator  devised  is  a  simple  valve- 
less  cylinder,  as  shown  in  the  accompanying  sketch,  con- 
sisting of  a  short  section  of  hexagon  bar  brass  or  Muntz 
metal,  turned  down  and  threaded  on  the  outside  of  the 
lower  end.  The  top  is  threaded  on  the  inside  and  a 
cap  of  the  same  material  turned  to  screw  tightly  into 
it.  A  small  hole  is  drilled  through  the  bottom  of  the 
cup.  The  size  of  this  orifice  was  varied  and  experi- 
mented with,  for  the  various  engines  on  which  it  was  to 
be  used,  until  a  satisfactory  feed  was  obtained.  This 
container  is  screwed  directly  into  the  steam  pipe,  steam 
chest,  or,  in  some  cases,  directly  into  the  head  of  the 
cylinder,  the  lubricant  placed  in  it  and  cap  securely 
screwed  down,  the  regular  outside  shape  making  this  a 
simple  matter  for  an  ordinary  wrench. 

The  lubricant  used  consists  of  a  mixture  of  flake  gra- 
phite, cylinder  oil  and  sufficient  wax  to  form  a  mass  of 
a  consistency  that  can  be  easily  handled  and  molded  into 
cartridges  which  will  retain  their  form  under  all  ordi- 
nary atmospheric  temperatures.  By  experiment,  it  was 
found  that  a  cartridge  of  a  certain  diameter  and  length 
would  supply  a  certain  engine  for  a  stated  length  of 
time  and  the  amount  placed  in  the  lubricator  was  gaged 
accordingly.  After  the  cartridge  was  introduced,  no 
further  attention  was  necessary  imtil  the  determined  time 
had  expired — a  day's  run  usually. 

It  was  found  that  the  change  of  pressure  in  the  steam 
space,  induced  by  the  events  of  the  stroke,  regulated  the 
feed  from  the  lubricator  automatically.  The  more  the 
r.p.m.  the  faster  the  feed,  and  when  the  engine  stopped 
the  feed  stopped;  when  the  steam  was  again  turned  on 
the  feeding  was  again  resumed.  The  heat  of  the  steam  . 
reduced  the  lubricant  to  a  fluid  state,  which  permitted 
it  to  pass  through  the  orifice  in  pulsations.  It  would 
not  run  out  without  the  assistance  of  unbalanced  steam 
pressure,  however. 

The  cartridges  are  molded  in  an  improvised  wooden 
mold  and  cut  into  different  lengths,  each  one  represent- 
ing 8-hr.  run  for  some  particular  engine,  wrapped  in 
paper  and  given  to  the  engineman,  a  week's  supply  at 
a  time.  The  simplicity  of  the  lubricator,  with  its  valve- 
less  automatic  operation,  eliminated  the  personal  factor 
to  a  great  extent  and  earned  for  it  the  name,  "The  Davis 
Fool-Proof  Valveless,"  by  which  it  is  locally  known  and 
under  which  name  a  patent  is  now  pending,  G.  M.  Davis 
being  the  man  largely  responsible  for  perfecting  the 
device. 

After  a  period  of  use,  the  engines  that  had  been 
equipped  were  examined  and  everything  wiis  found  in 
excellent  condition.     The  cvlinder  walls,  valves  and  steam 
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chests  were  found  coated  with  a  thin  layer  of  graphite 
and  the  piston  packing  was  shown  to  be  impregnated 
with  it.  It  was  also  found  that  the  engine  could  be 
operated  for  from  two  to  three  days  without  additional 
lubricant  being  required. 

A  lubricator  of  suiScient  size  to  contain  a  day's  run 
for  an  8x8-in.  engine  was  produced  for  approximately 
T5c.  and  replaced  a  1-pint  double-connection  sight-feed 
lubricator  of  standard  make  costing  from  $7  up.  The 
lubricant  for  an  8-hr.  run  cost  Si/^c.  and  did  the  work 
of  1  qt.  of  cylinder  oil  which  costs  16  to  55c.  per  gal. 
and  more.  Taken  at  the  lowest  price  paid  there  was 
a  saving  of  60%  over  the  former  costs  of  lubrication. 
The  saving  in  packing  was  hard  to  estimate,  but  it  is  safe 
to  say  that  the  packing  lasted  in  most  eases  from  one- 
third  to  one-half  longer  in  the  hardest  worked  engines 
and  in  some  special  cases  nmch  longer. 

In  one  favorable  instance — on  a  vertical  engine  oper- 
ating the  floating  machine  shop,  one  of  the  first  engines 
on  which  the  scheme  was  tried — the  original  fibrous  pis- 
,  ton-rod  packing  is  still  in  use  after  two  years,  part  of 
■  this  time  operating  16  hr.  a  day.  The  accumulation  of 
graphite  in  the  packing  has  necessitated  slacking  off  in- 
stead of  tightening  up  the  piston-rod  gland. 

The  following  different  kinds  and  types  of  machines 
were  fitted  with  this  system:  Steam  pile-hammers,  pile- 
driver  and  derrick  engines,  horizontal  reciprocating  en- 
gines (sizes  up  to  16x22  in.),  vertical  shop  engines, 
locomotive  cranes,  generator  engines  (650  r.p.m.),  loco- 
motives, and  also  on  steam  pumps  of  various  sizes. 

During  the  past  winter  (1915-1916),  when  the  ma- 
chinery of  the  Lock  and  Dam  No.  43,  Ohio  River,  plant 
was  overhauled,  it  was  not  found  necessary  to  rebore 
a  single  cylinder  or  replace  a  single  broken  ring  or 
l)iston  rod  on  any  of  the  engines  which  had  been  so 
equipped.  One  cylinder  left  exposed  to  air  for  two 
months  showed  no  sign  of  rust.  There  were,  of  course, 
no  repairs  necessary  to  lubricators,  there  being  no  parts 
or  valves  subject  to  deterioration. 


with  flexible  roller  bearings,  except  that  double-row  ball 
bearings  are  used  for  the  shaft  of  the  friction  disk.  The 
machine  has  a  maximum  speed  of  about  10  mi.  per  hr,  and 
a  drawbar  pull  of  1,200  lb.  at  5  mi.  per  hr.  It  carries 
30  gal.  of  gasoline  and  50  gal.  of  water  and  consumes 
5  to  G  gal.  of  gasoline  in  a  10-hr.  working  day.  The 
6-ton  machine  has  a  50-hp.  engine  giving  tlie  same  maxi- 
muna  speed,  but  a  drawbar  pull  of  2,400  lb.  at  5  mi. 
per  hr. 

The  engines  are  built  for  tracks  of  24-  to  56y2-in. 
gage  and  with  or  without  a  cab,  according  to  the 
character  of  the  service  which  they  are  to  perform.  They 
are  built  by  the  J.  D.  Fate  Co.,  of  Plymouth,  Ohio.,  which 
has  recently  introduced  a  number  of  improvements  upon 
the  earlier  design.  In  service  the  mechanism  is  protected 
by  curtains,  but  these  are  rolled  up  in  the  view  in  order 
to  show  the  machinery. 

These  engines  have  been  used  on  several  large  con- 
struction jobs,  including  the  Louisville  &  Portland  canal 
lock  at  Louisville,  Ky.,  Ohio  River  dam  No.  48,  New 
York  State  highway  work,  the  Boston  drydock  and  the 
Halifax  harbor  works.  There  are  nine  of  them  at  work 
on  the  Winnipeg  aqueduct,  where  they  haul  concrete  in 
trains  of  three  or  four  steel  hoi^per  cars  of  %-yd. 
capacity.  The  length  of  haul  i.s  aboiit  l^  mi.  The 
records  of  the  United  States  Engineer  Office  for  work 
done  on  Ohio  River  dam  No.  48  (by  the  Ohio  River 
Contract  Co.)  shower  that  from  Aug.  6  to  Oct.  23,  1915, 
with  two  of  these  engines  9,810  batches  of  concrete 
(9,13G  yd.)  were  placed  in  269  working  hours,  or  at  the 
rate  of  36.5  batches  per  hour.  The  most  rapid  work 
was  46  batches  placed  in  1  hr.  The  total  mileage  for 
the  two  engines  was  1,G67  mi.,  with  a  haul  ranging  from 


GiSiSOJiaia©  Omni 

A  type  of  gasoline  locomotive  now  in  u.^e  on  construc- 
tion work  and  industrial  service  (and  also  in  mines)  has 
as  one  of  its  main  features  a  friction  drive  for  variable- 
speed  transmission.  In  the  locomotive  shown  in  the 
accompanying  view,  the  four-cylinder  vertical  engine  at 
the  right  drives  the  face  wheel  or  friction  disk  at  the 
left  of  the  tank.  Against  the  face  of  this  disk  runs  the 
rim  of  the  wheel  on  the  transverse  shaft,  this  wheel  being 
fitted  with  a  fiber  ring.  Speed  is  varied  by  shifting  this 
wheel  laterally  along  its  shaft  so  as  to  ride  against  the 
higher  or  lower  speed  portions  of  the  disk.  A  sprocket 
chain  from  this  shaft  drives  a  countershaft  with  chain 
drives  to  both  axles. 

The  frame  is  composed  of  four  heavy  castings,  giving 
weight  and  stability.  Pockets  in  the  end  castings  provide 
for  convenient  coupling  to  cars  of  different  heights.  The 
3-ton  locomotive  illustrated  has  an  engine  of  23  hp. 
(at  1,000  r.p.m.)  driving  a  23-in.  friction  disk  and  22-in. 
fiber-faced  wheel.  It  is  mounted  on  four  18-in.  steel 
wheels,  with  a  wheelbase  of  39  in.    All  bearings  are  fitted 


GASOLINK    LOCOMOTIVE    FOR    CONSTRUCTION    WORK 
A.ND  INDUSTRIAL  RAILWAYS 

215   to    ';".)0   ft.     The  labor  cost  was   37V2C.   per  hr.  as 
compared  with  $1.40  per  hr.  for  horse  haulage. 

On  the  New  York  State  highway  between  Syracuse 
and  Bridgeport  two  of  the  3-ton  locomotives  of  24-ton 
gaije  were  used  by  Phelan  &  Sullivan,  the  contractors, 
in  1915.  Each  engine  would  take  a  train  of  nine  IVg-yd. 
cars  of  gravel  and  make  10  trips  per  day,  with  a  haul 
of  2Vi  mi.,  and  could  take  12  care  when  necessary.  The 
cost  for  wages,  gasoline  and  oil  was  about  5c.  per  yd. 
On  other  work  the  engines  serve  steam  shovels  handling 
cars  of  excavated   material. 
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Loose-Leaf  Notes  for  Surveys  on  blank  forms  of  an  unusual 
type  are  employed  by  the  city  engineering  department  of 
Ogden,  Utah.  A  reproduction  of  one  of  these  forms  is  shown 
in  reduced  scale:  the  full  size  is  Sx9  in. — on  yellow  paper. 
The  sheet  is  folded  in  the  middle  and  laid  between  board 
covers   provided    for    that    purpose.      An    elastic   band    over   the 
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LOOSE-LEAF  NOTE  FORM  FOR  OGDEN  CITY  SURVEYS 
One  corner  turned  back  to  show  ruling  on  reverse  side  of  sheet 

middle  fold  holds  the  sheet  in  the  binder.  The  front  page  of 
the  folded  sheet  is  for  a  brief  description  of  tlie  survey,  by 
whom  made,  date.  etc.  The  two  facing  pages  form  a  single 
sheet  8x9  in.  of  square-ruled  cross-section  paper,  each  square 
being  H  in.  on  a  side.  This  of  course  is  for  the  sketch.  The 
back  page  of  the  folded  sheet  is  for  the  survey  notes.  The 
city   engineer   of   Ogden    is   Joseph   M.   Tracy. 

A  DredKe  Dipper  Was  Repaired  by  Welilinpr  and  the  pro- 
cess was  described  by  T.  E.  Rosselle  in  "Reactions."  The 
large  dipper  of  the  "Grampus" — operating  in  30  ft.  of  water 
at  the  ocean  ferry  and  steamship  docks  at  Key  West — was 
broken  in  several  places  while  at  work.  The  bottom  on  which 
the  dredge  is  working  is  of  coral  formation  that  is  very  hard 


=  PER   OF    DREDGE   "GR.AMPU.S,' 
WELDING 


ItlOl'AIRED   BY 


mediately.  The  welding  was  accomplished  successfully  %vith 
about  75  lb.  of  "Railroad  Thermit."  The  dipper  is  shown 
in  the  view.  Two  other  welds  were  made  on  this  dipper,  using 
about  100  lb.  of  Thermit  each,  the  breaks  being  about  16  in 
long.  Oxyacetylene  was  used  for  cutting  out  the  parts  to  bo 
welded  and  also  for  cutting  off  the  metal  left  in  the  pouring 
gates. 

.\n  Odd  Lalioratory  Bxplosion  recently  occurred  at  the 
University  of  Illinois  and  was  described  in  the  "Journal  of 
Industrial  and  Engineering  Chemistry"  of  the  American 
Chemical  Society.  A  pestle  and  mortar  were  used  for  grinding 
about  15  lb.  of  chlorate  of  potash,  and  after  the  grinding  was 
completed  the  pestle  and  mortar  were  thoroughly  washed  and 
dried.  A  few  days  later  the  same  outfit  was  used  for  crush- 
ing pumice  stone,  and  the  work  had  barely  started  when  an 
explosion  occurred  and  the  mortar  and  pestle  were  "broken 
to  pieces.  The  room  was  filled  with  sulphur  fumes,  and  fine 
particles  of  sulphur  were  found  upon  the  floor.  The  presence 
of  the  sulphur  was  a  mystery  until  it  was  found  upon  exam- 
ination that  the  joint  between  the  handle  and  body  of  the 
pestle  was  sealed  with  sulphur.  It  is  believed  that  a  small 
quantity  of  chlorate  of  potash  found  its  way  into  a  crevice 
in  the  sulphur  seal,  and  that  it  combined  with  the  sulphur 
to  cause  an  explosion  when  the  pestle  was  jarred  in  the 
process  of  grinding  the  pumice.  The  accident  led  to  a  thor- 
ough examination  of  other  pestles  of  the  same  type  in  the 
laboratory,  and  it  was  found  that  each  of  them  contained 
sulphur  in  amounts  varying  from  one-third  to  three-quarters 
of  an  ounce.  Chlorate  of  potash  is  rich  in  oxygen,  and  for 
that   reason   must  be  handled   with   great  care. 

Greeting  the  Canacao  Radio  Towers — The  first  90  ft.  of  the 
Canacao  Radio  Towers,  recently  erected  in  the  Philippine 
Islands,  was  placed  by  three  105-ft.  booms  swung  from  a  cen- 
trally located  falsework  tower  shown  in  the  sketch.  These 
booms  were  operated  by  hoisting  engines  located  on  platforms 
directly  behind  the  three  tower  footings.  The  booms  were 
rigged  as  shown.  A  40-ft.  length  of  12xl2-in.  was  butt-spliced 
to  a  65-ft.  Oregon  pine  pile  witli  four  40-ft.  SxS's  bolted  across 
the  joints.  After  one  of  the  booms  had  broken  in  two,  a  %-ln, 
cable  truss  was  arranged.  When  the  tower  was  90  ft.  high  the 
falsework  was  dismantled  and  moved  1,000  ft.  north  to  the 
site  of  the  second  tower,  and  a  short  boom  was  then  mounted 


on  the  dipper.  The  break  occurred  across  the  entire  mouth- 
piece, which  is  2  In.  thick.  The  spare  dipper  was  unavailable 
at    the    time,    so    the    broken    dipper    had    to    be    repaired    im- 


in  Concrv^ 

THREE-BOOM   TOWER   THAT   ERECTED    FIRST    90   FT.  OF 
CANACAO  RADIO  TOWERS  IN  PHILIPPINE   ISLANDS 

on  each  leg  and  swung  from  the  main  column.  With  this 
and  a  light  pair  of  shearlegs  it  was  possible  to  place  all  the 
steel  up  to  the  ino-ft.  elevation.  This  method  of  erection, 
described  by  P.  E.  M.  Wheat,  Assistant  Engineer,  Bridge 
Division,  Bureau  of  Public  Works,  Manila,  P.  I.,  in  the  "Quar- 
terly Bulletin,"  is  similar  to  the  method  employed  In  erecting 
the  Daricn  towers.  Identical  stations  are  being  erected  at 
San  Diego,  Calif.,  and  at  Pearl  Harbor.  Hawaii.  The  towers 
are  600  ft.  high.  The  Canacao  towers  and  station  should  be 
finished  by  Jan.   1,  1917. 
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A  member  of  the  engineering  staff  of  a  railway  in  the 
South  (Eobert  T.  Frazier,  Nashville,  Chattanooga  &  St. 
Louis  Eailway)  is  engaged  in  an  unusual  piece  of  work — 
for  an  engineer.  lie  is  giving  publicity  to  the  idea  that 
the  threatened  railway  strike  is  being  agitated  for  the 
benefit  of  only  1G%  of  railway  employees,  and  that  the 
strike  as  it  has  been  planned  would  injure  the  84%  out 
of  measure.  He  therefore  pleads  for  action  that  would 
put  differences  that  cause  or  threaten  strikes  in  the  hands 
of  the  Interstate  Commerce  Commission  or  some  other 
competent  jurisdiction. 

The  case  for  powerful  measures  to  prevent  railway 
strikes  is  broader  and  stronger  than  tlie  8-1  to  16  per- 
centages urged  by  Mr.  Frazier.  It  is  rather  a  99  to  1 
percentage,  or  nearly  the  whole  population  of  the  coun- 
try against  a  comparatively  few  railway  owners  and  their 
employees.  This  the  public  itself  has  been  slow  to  realize 
and  slower  yet  to  make  of  practical  effect.  But  a  change 
is  already  apparent.  It  was  largely  due  to  a  da-iviiing 
recognition  of  its  interest  and  its  power  on  the  part  of 
the  public  that  the  New  York  street  railway  strike  came 
to  so  speedy  an  end  a  few  days  ago.  The  same  under- 
lying cause  explains  the  balanced  deliberations  of  last 
week  over  the  threatened  steam  railway  strike. 

If  the  railway  officials  and  their  employees  cannot  agree 
on  fair  wages  and  working  conditions  without  stopping 
or  even  seriously  threatening  to  stop  business  and  cause 
food  shortages  and  other  disaster  everwhere,  then  the 
public  must  find  a  way  by  which  adequate  railway  service 
will  be  put  first  and  differences  between  employers  and 
employed  be  settled  afterward. 


More  F^Eadls  To   Sfetuidls^ 


Not  a  drop  of  rainfall  was  reported  by  the  observers  of 
the  Weather  Bureau  in  all  of  West  Virginia  on  the  day 
of  the  Coal  Eiver  "cloudburst"  and  flood.  There  were 
no  observing  stations  in  the  area  covered  by  the  storm. 
A  serious  error  will  therefore  vitiate  our  records  of  flood- 
storms  and  precipitation.  And,  be  it  remembered,  it  is 
from  the  figures  of  these  records  that  we  design  our  flood- 
jirotedion  works  and  spillways. 

We  must  have  better  records,  safer  records.  The  secur- 
ity of  all  dams  and  flood  works  depends  on  the  accuracy 
of  the  recorded  rainfall  figures. 

Errors  .such  as  that  in  West  Virginia  have  probably 
occurred  many  times.  There  are  now  in  the  records  vari- 
ous local  storms  of  great  intensity  and  small  areal  extent 
that  were  observed  only  by  chance.  Thus,  in  one  instance 
ill  Ohio  a  storm  of  unprecedented  intensity — vitally  im- 
portant in  relation  to  the  expenditure  of  millions  of 
dollars  for  flood  works — was  observed  only  beca\ise  it 
happened  to  center  directly  over  an  observing  station. 
Rut  stations  are  many  miles  apart,  often  many  hundreds 


of  miles,  and  the  happenings  between  stations  remain 
unknown  to  the  records.  Well-founded  suspicions  have 
been  entertained  heretofore  that  many  important  storms 
went  unobserved  and  unrecorded.  These  suspicions  be- 
come practical  certainties  in  the  light  of  the  present  case. 
A  great  increase  in  number  of  rainfall  stations  is 
needed,  and  needed  at  once.  The  Weather  Bureau  should 
be  put  in  possession  of  sufficient  funds  by  the  present 
Congress.  Efforts  to  secure  such  increase  have  been  made, 
but  with  only  insignificant  success.  The  time  has  now 
come  when  the  question  must  be  handled  in  radical 
fashion.  Further  delay  in  laying  a  broad  foundation  of 
definite  knowledge  on  which  to  erect  the  costly  structure 
of  future  waterway  and  flood  works  jeopardizes  lives  and 
dollars. 

m 
TIhe  WoitM.  Sift  Q^elbec 

New  standards  in  bridge  work  are  established  by  the 
erection  of  the  Quebec  Bridge.  Methods  of  micrometrie 
precision  were  applied,  and,  broadly  viewed,  the  crude 
processes  of  steel  erection  were  placed  on  a  scientific 
basis.  The  field  problems  have  been  handled  with  the 
same  boldness  in  scrapping  traditions,  and  the  same  in- 
genuity, that  marked  the  design  of  the  epoch  making 
K-truss  project. 

The  methods  developed  and  applied  are  new  and  full 
of  bold  pioneer  spirit  in  almost  every  part.  Under  these 
conditions  it  is  hard  to  pick  out  one  element  as  of  out- 
standing importance.  Yet  with  respect  to  the  general 
problems  of  bridge  engineering  first  place  must  be  given 
to  that  part  of  the  work  by  which  the  bottom-chord 
secondaries  were  eliminated — down  to  a  small  residual, 
at  least. 

The  idea  underlying  this  operation  is  not  new,  but 
prior  attempts  to  turn  it  into  reality  have  been  of  ele- 
mentary character  and  of  doubtful  efficacy.  For  Quebec 
a  system  of  machine-like  perfection  of  action  was  em- 
ployed, and  definite  results  produced.  Through  this 
success  the  secondary-stress  problem  is  advanced  into  a 
wholly  new  stage. 

In  the  operation  referred  to,  a  strong,  stal)le  jilati'orm 
was  provided  out  ahead  of  the  bridge  already  erected; 
the  chord  member  about  to  be  erected  was  laid  on  this 
l)latform,  its  rear  end  rigidly  connected  to  the  preceding 
(liord  section,  and  its  forward  end  then  bent  by  hydraulic 
jacks  sufficiently  to  make  connection  with  its  meeting  web 
members — an  amount  so  adjusted  in  the  prior  construc- 
tion that  when  the  bridge  is  finished  the  chord  will  be 
under  direct  endwise  compression,  without  distortion  by 
bending. 

It  is  useful  to  recall  the  action  which  produces  these 
secondary  stresses,  stresses  arising  from  the  deflection  of 
the  bridge  rather  than  primarily  from  the  load. 

Note  first  that  the  bridge  truss  is  made  up  of  triangles; 
then  notice  that  the  position  of  any  particular  triangle 
with  respect  to  the  whole  truss  is  such  that  at  least  one  of 
its  three  bars  is  in  tension,  and  at  least  one  in  compres- 
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.iion,  when  the  bridge  is  loaded.  Of  cour.^e  the  compressed 
bars  shorten,  while  the  others  stretch,  when  the  load 
is  applied,  and  thus  the  ratios  of  the  sides  of  the  tri- 
angle change,  that  is  the  triangle  changes  its  shape,  and 
its  angles  change  slightly.  That  is,  the  angles  change  if 
the  three  bars  are  joined  to  each  other  by  easy-moving 
hinges.  But  the  members  of  a  bridge  truss  are  not  ordi- 
narily so  joined;  instead,  they  are  connected  either  by 
stiff-fitted  pin  joints  or  by  rigid  riveting,  and  the  angles 
between  them  cannot  change.  The  result  is  that  the  three 
bars  of  the  triangle,  in  trying  to  change  their  angles, 
become  bent. 

This  action  takes  place  whenever  a  load  comes  on  the 
bridge.  Each  bar  or  member  then  bends  slightly,  be- 
sides being  compressed  or  .stretched  by  its  direct  axial 
stress ;  it  returns  when  the  load  goes  off  the  bridge.  The 
bending  of  the  bar  means  stress — unnecessary  stress — 
superadded  to  the  regular  axial  stress  which  it  is  the  par- 
ticular duty  of  that  bar  to  resist.  One  of  two  things  is 
then  true:  Either  the  bending  stress,  the  "secondary 
stress,"  encroaches  on  the  safety  margin  of  the  bridge, 
or  else  we  spend  extra  money  in  providing  additional 
strength  in  every  member.  The  former  was  the  univer- 
sal case  until  recent  years,  and  is  .still  the  common  case. 
The  most  advanced  practice  of  today  is  to  calculate  ths 
amount  oi  secondary  stress,  and  provide  strength  to  re- 
sist it. 

Bending  of  the  members,  secondary  stress,  is  thus  an 
inevitable  concomitant  of  deflection.  We  have  to  note  that 
secondary  stress  arises  when  a  bridge  deflects  under  its 
own  weight.  It  is  erected,  let  us  say,  in  horizontal  and 
unstressed  position,  being  supported  on  falsework;  when 
the  wedges  are  knocked  out  it  deflects,  and  its  members 
experience  secondary  stresses.  Or,  it  is  erected  by 
cantilevering.  The  triangle  .set  in  place  at  the  forward  end 
is  practically  free  from  stress  at  the  time  it  is  joined  up, 
whereas  later  it  is  put  under  heavy  stress  by  the  weight 
of  that  part  of  the  bridge  built  outward  from  it ;  and  this 
stress  means  bending. 

In  very  large  bridges  the  dead-load  stress  is  much 
greater  than  the  live-load  stress,  and  corres])ondingly  the 
secondary  stress  due  to  deflection  under  the  weight  of 
the  bridge  itself  is  much  more  serious  a  factor  than  the 
live-load  secondary.  In  fact,  the  live-load  bending  may 
be  neglected,  if  only  the  dead-load  bending  can  be  taken 
care  of. 

By  bending  a  l)ridge  member  while  erecting  it — spring- 
ing it  into  place  so  bent  that  it  will  be  just  straightened 
by  the  oppositely  acting  bending  which  occurs  under  full 
dead-load,  secondary  stress  is  eliminated,  so  far  as  dead- 
load  is  concerned.  This  theoretical  possibility  has  been 
realized  partially  in  the  past  by  connecting  a  member 
rigidly  at  its  rear  end  when  erecting  it  and  tlien  spring- 
ing its  forward  end  to  place  for  connecting  the  triangle 
bv  iising  rope  tackle.  In  place  of  this  crude  procedure 
the  Quebec  Bridge  erectors  substituted  a  beautiful  me- 
chanical system,  which  so  far  as  the  bottom  chord  is  con- 
cerned gives  full  control  of  the  bending  and  makes 
possible  the  measurenu^nt  of  both  the  bending  force  and 
the  deflection. 

The  most  spectacular  operation  of  the  Quebec  Bridge 
enterprise  remains.  The  suspended  span  must  be  hoisted 
from  the  river  level  150  ft.  up  into  place.  This  opera- 
tion involves  untried  elements  in  its  mechanism,  and 
will  place  a  crown  of  distinction  on  the  heads  that  direct 


its  successful  accomplishment.  In  its  relation  to  the  en- 
gineering problems  of  bridge  construction,  however,  it 
can  hardly  take  higher  place  than  the  work  already  done 
in  erecting  the  two  great  cantilevers  as  they  are  pictured 
in  panoramic  view  on  another  page.  An  authoritative 
detail  description  of  the  procedure,  prepared  for  Engi- 
■neering  A^ews  and  published  in  this  issue,  will  enable  the 
reader  to  appreciate  the  notable  character  of  the  per- 
formance. 


^SiSi®.pIhiIl©tts 


Engineers  like  doctors  may  be  divided  into  two  classes: 
Those  who  keep  abreast  of  their  profession  by  securing 
and  reading  the  best  literature  of  the  day  and  those  who 
are  "too  busy  to  read"  or  who  let  themselves  think  they 
are  too  poor  to  buy  books  and  periodicals. 

The  busier  the  engineer  or  the  leaner  his  pocketbook — 
in  fact  or  fancy — the  greater  the  need  that  he  should 
know  just  what  is  the  newest  and  best  in  engineering 
literature.  To  this  end  for  nearly  fourteen  years  no 
pains  have  been  spared  by  Engineering  News  to  announce 
immediately  and  describe  and  estimate  as  promptly  as  is 
consistent  with  careful  weighing  all  new  technical  books 
tliat  promise  to  be  of  interest  and  value  to  its  readers — or 
indeed  that  have  no  such  promise  and  therefore  should  be 
avoided.  As  a  convenience  to  all  concerned  these  an- 
nouncements are  made  in  the  third  issue  of  each  month, 
thereby  f)assing  a  goodly  number  of  publications  in  review 
and  simplifying  the  task  of  those  who  wish  to  order  the 
books  they  must  buy  or  to  send  the  proper  person  a  re- 
quest for  some  of  the  many  good  publications  that  may 
be  liad  for  the  asking. 

The  foregoing  remarks  have  been  prompted  by  the 
number  and  variety  of  volumes  noted  in  the  "Engineering 
liiterature"  section  of  this  issue.  To  those  who  have 
jiassed  it  by  as  beyond — we  hope  none  regard  it  as  be- 
neath— their  interest  we  make  bold  to  ask  that  they  turn 
back  and  glance  over  the  35  reviews  and  notes  and  the 
20  acknowledgments  of  books  and  pamphlets  fresh  from 
the  press — some  of  which  will  be  reviewed  in  later  issues. 

"tiaglEaeeirs  Csiia  ID©  To 

Knowk'tlge  of  the  way  typhoid  fever,  cholera,  yellow 
fever,  and  malaria  are  spread  from  person  to  person  has 
given  engineers  opportunities  which  they  have  embraced 
with  marked  success.  Who  knows  but  what  before  the 
present  outbreak  of  infantile  paralysis  is  over  the  niys- 
lery  as  to  how  the  disease  is  spread  from  person  to  person 
will  have  been  cleared  away  and  there  will  stand  revealed 
other  points  of  attack  for  engineers?  It  does  not  seem 
likely  that  such  will  be  the  case  but  it  is  possible. 

Meanwhile  the  large  number  of  engineers  who  have 
learned  the  principles  of  .sanitary  science  and  public 
health,  even  if  no  more  than  to  have  their  minds  cleared 
of  some  of  the  silly  traditions  of  an  ignorant  past,  can 
perform  a  useful  part  in  their  several  communities,  llu'v 
can  seize  upon  the  present  awakening  to  a  single  health 
menace  and  press  lionie  the  importance  of  securing  ii 
competent  local  health-protective  agency  that  will  guard 
against  not  merely  infantile  paralysis  but  all  other  com- 
municable diseases  as  well. 
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Policemen  with  shotguns  at  'city  borders  are  not  going 
to  kill  or  scare  off  disease  germs,  as  so  many  communities 
backward  in  real  health-protective  agencies  seem  to  think. 
A  trained  health  officer  at  the  center  of  the  town,  with 
as  many  trained  assistants  as  the  size  of  the  town  and 
the  conditions  of  the  moment  may  require,  is  the  only 
real  safeguard.  The  sanitary  engineer  can  drive  home 
this  and  other  simple  but  fundamental  principles  of  pvib- 
lic  health.  And  until  the  scanty  supply  of  trained  health 
officers  is  increased  a  thousandfold,  the  better  trained  and 
more  experienced  sanitary  engineers  of  the  country  should 
be  eagerlj-  sought  by  municipalities  to  equip  the  ranks 
of  health  officers. 

The  utter  inadequateness  of  the  health  service  of  scores 
of  cities  and  towns  shown  during  the  last  few  weeks  should 
create  such  a  demand  for  trained  health  officers  as  would 
fill  our  schools  of  public  health  and  our  well-conceived 
courses  in  sanitary  engineering  to  overflowing.  It  should 
also  serve  to  remove  the  suicidal  provision  of-  the  health 
laws  of  New  York  and  some  other  states,  prohibiting 
the  employment  of  other  than  physicians  as  healtii 
officers. 


e©®s  Haglht  W(a>rl^ 


)<a>®t 


^^^lat  percentage  of  extra  cost  is  involved  where  con- 
struction work  is  carried  on  with  a  night  shift  ?  In  view 
of  the  frequency  with  which  night  forces  are  worked  it 
is  astonishing  how  little  dependable  data  are  available 
as  to  the  comparative  cost  of  the  two  classes  of  work. 

Under  ordinary  conditions  of  course  day  work  is  more 
efficient  than  night  work.  Other  factors  sometimes  re- 
verse this  condition.  In  track  work  on  a  street  railway 
for  example,  a  night  gang  can  accomplish  more  than  the 
day  force,  which  would  be  frequently  interrupted  by  the 
passage  of  cars.  In  hot  climates  or  in  summer,  the 
men  can  work  harder  at  night  as  they  are  not  exposed 
to  the  sun.  Ordinarily,  however,  daytime  labor  is  more 
economical. 

Engineering  Xeir.^  has  made  inquiries  respecting  the 
relative  cost  of  night  work,  and  an  interesting  response 
has  come,  through  the  courtesy  of  M.  J.  Caples,  Vice- 
President  of  the  Chesapeake  &  Ohio  Northern  Ry.,  from 
W.  Michel,  Chief  Engineer  of  the  railway.  The  build- 
ing of  this  28-nii.  line — which  involved  the  moving  of 
;),G00,000  yd.  of  material — has  been  comprehensively 
treated  in  Engineering  News,  especially  as  regards  the 
excavation  (Jan.  6,  1916,  pp.  6-11),  filling  and  bridge 
work.     ^fr.   Jlichel's  letter  follows: 

Owing  to  a  greater  (luaiitity  of  excavation  to  be  made  at 
Summit  Cut  than  at  any  other  point  on  the  si-ction.  it  was 
deemed  advisable  to  double-shift  the  shovel  In  this  particu- 
lar cut.  Up  to  the  present  time  very  moderate  results  have 
been  accomplished,  due  to  causes  which  were  almost  wholly 
unavoidable — principally  rain. 

The  material  in  this  cut  is  of  a  very  tenacious  blue  Bumbo. 
found  in  layers  varying  from  1  to  12  in.  in  thickness.  The 
material  loads  In  huge.  Irregular  pieces,  which  makes  it 
most  ditncult  to  handle  on  the  dump  and  creates  a  danger  of 
overturning  the  cars.  During  wet  weather  this  material  be- 
comes very  slippery,  making  It  next  to  Impossible  to  hold 
a  trestle  while  dumping  it  therefrom. 

Another  cause  of  the  failure  to  accomplish  better  results 
Is  that  the  haul  now  exceeds  5W.  ml.  This  is  largely  overcome 
by  Increasing  the  number  of  trains  and  crews.  It  has  been 
found  that  four  train  crews  with  trains  of  12  cars  each  are 
nble  to  keep  the  shovel,  on  night  shift,  well  engaged,  where 
the  track   to  the  dump   is    in   fairly   good   condition. 

The  speed  of  trains  at  night  is  restricted  to  8  or  10  ml. 
per  hr.,  In  order  to  lessen  the  possibility  of  derailments.   Crews 


are  instructed  to  run  on  "smoke"  orders — that  is,  until  they 
meet  a  train  from  opposite  direction.  The  "empty"  train  usu- 
ally takes  siding  so  as  to  delay  "loaded"  trains  as  little  as 
possible.     Sidings  are   installed  about   1   mi.   apart. 

The  very  rainy  spring  season  here  prevented  starting 
night  work  until  May.  The  average  output  of  the  one  shovel 
(a  70-ton  Bucyrus)  has  been  nearly  1,000  yd.  per  night,  count- 
ing only  the  nights   it  was  able   to   operate. 

The  shovel  is  well  lighted — both  inside  and  out — by  elec- 
tricity. The  small  generator  is  driven  by  a  turbine  engine. 
This  plant  takes  a  negligible  amount  of  steam  to  operate.  The 
incandescent  lights  used  are  placed  at  the  most  convenient 
points  about  the  shovel.  The  work  on  the  dump  is  illuminated 
with    fair   success   by   acetylene    lights. 

The  book  cost  of  night  work  has  been  less  per  cubic  yard 
than  that  of  day,  owing  to  the  fact  that  no  track,  shop  or 
repair  forces  are  maintained  at  night.  It  would  be  difficult 
to  give  any  definite  relative  cost  per  yard  of  material  handled 
nights  to  that  handled  days,  from  the  data  accumulated 
during  the  short  time  the  night  work  has  been  in  operation. 
It  is  the  writer's  opinion,  however,  that  for  an  equal  expendi- 
ture night  work  will  accomplish  about  15%  as  much  as  day 
work.  This  has  proved  out  very  close  on  other  work  that  I 
am  familiar  with. 

This  report  covers  experience  on  only  one  job.  We 
shall  l)e  glad  to  hear  from  other  engineers  and  contrac- 
tors as  to  their  experience. 

Hew  Yoirl}^  StLsitl©  IRosidl  Policy 

The  problem  o'f  New  Jersey  in  dealing  with  future  road 
building,  detailed  in  Engineering  Neics  of  Aug.  3,  under 
the  caption  "\Vanted:  A  State  Koad  Policy"  is  not  likely 
to  be  satisfactorily  answered  by  adopting  New  York 
State's  policy. 

Compare  these  two  parallel  ))aragraphs,  one  from  the 
editorial  referred  to  and  the  other  from  a  statement  by 
Edwin  DufFey,  Commissioner  of  Highways  of  New  York 
State,  in  the  New  York  Evening  Post  of  Aug.  5 : 

New  Jersey  is  unfortunate  The  experience  of  the  New 
in  this  respect:  Because  of  York  State  Highway  Depart- 
her  early  activity  in  road  ment  shows,  all  conditions  of 
construction  she  has  expended  course  included,  that  the  aver- 
many  millions  of  dollars  in  age  cost  of  water-bound  ma- 
the  construction  of  water-  cadam  road  has  been  about 
bound  macadam  roads,  a  type  $10,000  a  mile;  that  of  a  bi- 
of  construction  admirably  tuminous  road,  penetration 
suited  to  the  horse-drawn  method,  about  $13,000  a  mile; 
traffic  which  existed  at  the  a  first-class  concrete  road 
time  the  roads  were  built,  but  about  $15,000  a  mile;  a  brick 
wholly  unsuited  for  the  motor  pavement  about  $25,000  a  mile, 
traffic  of  the  present  day.  The  These  figures  Include  engi- 
various  makeshifts  that  have  neei-ing  and  inspection.  Under 
been  tried  dui-ing  the  past  the  present  policy  of  the  De- 
decade  to  enable  water-bound  partment,  the  roads  being 
macadam  to  stand  motor  traf-  built  are  almost  wholly  the 
fie  have  involved  large  ex-  water-bound  and  bituminous- 
pense  and  have  generally  macadam  types, 
proved  unsatisfactory  in  ser- 
vice. 

These  New  York  State  roads  lieing  built  from  the  pro- 
ceeds of  a  second  50-ycar  bond  issue  are  almost  wholli/ 
of  the  water-bound  and  bituminous  (penetration)  maca- 
dam type !  At  the  ^^'orcostor  Road  Congress  last  Decem- 
ber, Mr.  Duffey  stated  that  over  ;')0%  of  the  roads  then 
under  construction  in  New  York  were  water-bound  ma- 
cadam, and  presumably  the  present  proportion  is  at  least 
as  nnuh. 

Almost  in  the  same  lireatb  i^Ii',  DiilVey  states  that 
"maintenance,  repair  and  upkeep  of  imjn'oved  roads  is 
the  great  highway  problem  of  today,"  and  that  in  1915  it 
cost  an  average  of  $1,055  per  mi,  to  maintain  2,298  mi. 
of  water-bound  macadam  !  The  reason  for  this  present 
policy  Mr.  Duffey  does  not  state.  Is  it  becau.se  New  York 
lias  already  spent  the  greater  part  of  a  second  $50,000, 000- 
bond  issue  on  a  12,000-mi,  road  still  far  fiom  complete 
and  is  trying  to  stretch  the  inadecjuate  remainder  over 
as  many  miles  as  possiijle? 
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aiadl  T®i?siffiajmsill  <C®sfts 

Sir — The  editorial  on  railway  freight-rate  discrimina- 
tion, resulting  from  failure  to  charge  for  terminal 
expenses,  in  Engineering  News  of  July  35,  I  regard  as 
the  ablest  paper  on  this  subject  that  has  appeared  for 
25  years.  It  may  interest  your  readers  to  know  that 
a  prominent  Pennsylvania  engineer,  the  late  Col.  Joseph 
D.  Potts,  who  died  in  1894,  was  an  early  advocate  of 
the  separation  of  road  cost  from  terminal  costs  in  making 
rates.  Colonel  Potts  read  a  paper  on  this  subject  in 
1892  (reprinted  in  1911)  in  which  the  matter  was  suc- 
cinctl}'  stated  as  follows: 

We  must  have  a  separation  of  terminal  and  transfer 
charges  from  road  charges.  Terminals  are-  costly  and  their 
expenses  cannot  easily  be  cheapened.  The  great  future  econ- 
omies will  be  made  in  the  movement  of  freight  between 
terminals. 

For  your  further  information  I  inclose  tables  showing 
some  typical  freight  rates  at  New  York  City.  In  ship- 
ping sugar  from  New  York  to  Cleveland,  Ohio,  623  mi., 
the  otficial  rate  for  many  years  was  17c.  per  100  lb.  Out 
of  this  the  shipper  was  allowed  by  the  trunk-line  rail- 
roads 4.2c.  per  100  lb.  for  lighterage  at  New  York  and 
2c.  per  100  lb.  for  cartage,  leaving  the  railway  10.8c. 
per  100  lb.  for  its  transportation,  including  tenninal 
expenses  at  Cleveland. 

The  900,000  tons  of  cement  used  on  the  Panama  Canal 
was  shipped  from  Jersey  City  and  other  New  Jersey 
terminals  at  a  cost  of  60c.  per  ton  less  than  it  could  have 
been  shipped  from  New  York,  or  $540,000. 

In  the  case  of  the  425,000  tons  of  steel  rails  recently 
sold  to  the  Russian  Government,  they  could  be  shipped 
from  Jersey  City  and  other  New  Jersey  terminals  70c. 
per  ton  cheaper  than  from  New  York,  or  $297,500. 

I  trust  all  interests  will  eventually  realize  what  fright- 
ful waste  and  injustice  are  perpetuated  by  such  discrimi- 
nations and  what  is  the  inevitable  result  upon  railway 
revenues.  Fr.a.nk  L.  Neall. 

102  E.  Jlermaid  Lane,  Philadelphia,  Penn., 
July  26,  1916. 

;*; 


Sir — Referring  to  the  (juestion  raised  by  Theron  A. 
Palmer,  Engineering  yews,  June  29,  1916,  p.  1240,  the 
writer  suggests  that  Mr.  Palmer  merely  proposes  one  arbi- 
trary definition  of  the  degree  of  curve  for  another,  when 
consideration  of  the  various  elements  of  a  curve  in  rela- 
tion to  the  radius  obviates  all  arbitrary  assumptions. 
From  a  mathematical  consideration  radius  of  curvature 
should  be  substituted  for  degree  of  curve. 

The  writer  believes  that  degree  of  curve  is  a  makeshift 
that  should  be  discarded  by  engineers,  who  are  supposed  to 
be  versed  in  mathematics.  A  knowledge  of  the  mathe- 
matics of  circles  and  other  curves  for  polar  and  rectangu- 
lar coordinates  is  part  of  the  equipment  of  every  engineer. 


As  generally  used,  R 


Why  not  use  that  equipment?  Does  every  engineer  appre- 
ciate that  he  is  applying  polar  coordinates  when  he  runs 
in  a  simple  railroad  curve  by  deflection  angles  and  chord 
measurements  ?  How  many  engineers  stop  to  consider 
that  they  can  make  practical  use  of  the  equation  of  a 
circle,  x-  -\-  if  =  R-,  or  any  of  its  derivatives? 

To  analyze  briefly  the  definition  of  degree  of  curve  as 
generally  accepted  and  as  proposed  by  Mr.  Palmer,  let  R 
=  radius ;  L  =  arc  length ;  /  =  angle  at  center  subtend- 
ing arc ;  0  =  chord,  and  D  =  degree  of  curve :  then 

I  =  L/R  X  57.295781; 

A'  =  L/I  X  37.29578; 

L  =  I/R  X  0.01745329; 

( '  =  2  7?  X  sin  i/o ; 

\i  sin  \l 

m)  ft.  {arbitrary)  _ 

^  sin  D  1^1  -  ^"^•*'^ 

ft.  in  the  case  of  the  so-called  10°  curve;  and  for  60° 
of  central  angle,  Z  =  60  X  573.65  ft.  X  0.01745329  = 
GOO. 73  ft.  of  arc  =  six  100-ft.  chords. 

Mr.  Palmer's  method  would  make  the  radius  of  a  10° 
curve  5,729.578/10  =  572.95  ft.,  an  equally  arbitrary  as- 
sumption; the  length  of  arc  would  be  60  X  572.95  ft.  X 
0.01745329  =  600  ft.;  and  the  sLx  chord  lengths  would  be 
(i  X  2  X  572.95  ft.  X  sin  10°/2  =  99.898  X  «• 

Either  method  gives  correct  results  for  the  particular 
radius,  but  why  not  discard  the  idea  of  degree  of  curve  and 
compute  the  arc,  chord,  deflection  angle,  etc.,  with  refer- 
ence to  the  radius  desired  ? 

The  writer  agrees  that  the  length  of  a  railway  curve 
should  be  based  on  the  arc  length,  but  is  it  too  much 
trouble  to  compute  the  arc  length? 

It  may  be  well  to  add  that  both  horizontal  and  vertical 
railway  curves  were  placed  on  the  Gatun  locks,  Panama 
Canal,  bv  actual  arc  measurements.  d.  .V.  Kitts. 

Quincy,  Calif.,  July  24,  1916. 

Sir — I  have  noticed  with  interest  the  editorial  on  tlie 
(•reeping  and  heaving  of  concrete  roads,  in  the  issue  of 
June  22,  1916,  being  in  a  position  this  summer  to  study 
the  faults  of  a  concrete  road  in  one  of  the  southern  coun- 
ties of  New  York  State.  The  road  is  a  fraction  over  12 
mi.  long.  Parts  of  it  were  constructed  with  an  aggregate 
of  broken  stone  and  the  balance  of  local  gravel,  the  sand  in 
both  cases  being  local  material. 

Where  the  road  has  been  constructed  of  broken  stone, 
no  trouble  has  developed ;  but  on  the  gravel-concrete  parts, 
seven  joints  have  buckled  to  date  (July  26).  and  in  each 
case  considerable  pavement  has  been  destroyed.  .\il  lu'caks 
are  located  in  a  distance  of  8,600  ft.  and  can  be  defined  as 
follows :  Sta.  1,  9.5  lin.ft.  of  pavement  destroyed  ;  Sta.  19, 
19  ft.;  Sta.  32+50,  8;  Sta.  55+50,  5.5;  Sta.  65+50.  5; 
Sta.  75+90,  10;  Sta.  86,  16  lin.ft.  of  pavement. 

'The  derivation  of  these  values  may  be  found  in  "Engi- 
neering News."  Mar.  26,  190S,  p.  347. 


August  17,  191-G 


ENGINEEEING     NEWS 


325 


At  the  joints  Sta.  19  and  86,  the  pavement  was  broken 
up  about  equal  distances  on  either  side  of  the  joint.  The 
pavement  is  16  ft.  wide,  6%  in.  thick  at  the  center,  and 
i%  in.  thick  at  the  edges.  The  joints  are  %-in.  wood 
strips  spaced  30  ft.  apart. 

The  portion  of  road  where  buckling  occurred  is  devoid 
of  shade  trees  and  is  subjected  to  the  action  of  the  sun 
over  a  great  area.  The  season  has  been  unusually  wet,  and 
the  absorption  and  drying  out  of  moisture  have  undoubt- 
edly played  an  important  part.  The  trouble  developed 
on  a  very  hot  day.  «hicli  had  recently  been  preceded  by  a 
spell  of  heavy  rainfall. 

Preliminary  to  buckling,  the  concrete  at  a  joint  starts 
to  powder  and  small  bits  of  concrete  spall  off.  The  slabs 
then  rise  and  remain  that  way  for  perhaps  a  day  or  more, 
depending  upon  the  weather  conditions,  before  breaking 
up  entirely.  The  final  break  usually  occurs  when  the 
weather  is  very  hot.  In  each  case  the  break  has  occurred 
in  the  afternoon. 

The  most  recent  break  (at  Sta.  86)  split  the  slab  up 
into  pieces  4  or  5  ft.  square.  A  noticeable  movement  in 
the  pavement  was  evident  for  at  least  500  ft.  on  one  side 
of  the  joint,  showing  plainly  where  the  edges  of  the  pave- 
ment had  parted  from  the  shoulder  material.  I  also 
noticed  in  two  cases  an  overlapping  of  slabs  of  from  2  to 
21/2  in-  The  life  of  the  concrete  at  the  breaks  has  been 
entirely  destroyed ;  si^ecimens  of  concrete  taken  out  are 
crumbled  with  ease. 

I  suggest  that  if  transverse  concrete  baffle-walls  of  suf- 
ficient width  to  prevent  shearing  were  placed  in  the  sub- 
grade  and  the  concrete  pavement  made  monolithic  with 
these  walls,  it  might  tend  to  prevent  creeping  of  the  pave- 
ment and  at  the  same  time  strengthen  the  pavement 
against  longitudinal  cracks.  S.   H.  E. 

Sayville,  X.  Y.,  Aug.  1,  191(1. 


Sir — In  the  June  22  issue  of  Engineering  Neivs  I 
note  an  article  on  "Concrete  Viaduct  Versus  Fill  for 
Street  Elevation."  Although  the  article  is  not  signed, 
it  is  evident,  from  the  content,  that  it  is  written  by  an 
advocate  of  the  fill. 

Several  gross  errors  were  made  in  both  the  statement 
of  facts  and  conclusions  drawn  as  to  the  value  of  the 
various  methods  of  improvement.  The  table  (Fig.  2) 
gives  the  estimated  cost  of  the  viaduct  at  $57  whereas 
the  true  estimate  of  the  committee  referred  to  in  your 
article  was  $48.18.  The  actual  bid  received  for  this 
work  was  $17.09.  The  cost  of  a  fill  ($19.40)  is,  in 
the  first  place,  too  low,  and  in  the  second  place  does 
not  include  various  features  necessary  to  make  it  a 
structure  comparable  to  the   viaduct. 

By  referring  to  Fig.  2  it  will  be  noted  that  the  fill 
(Scheme  No.  2)  slopes  beyond  the  property  line  and 
encroaches  on  private  property.  The  municipality  has 
no  power  to  improve  on  private  property  and  as  the 
property  in  question  is  entirely  devoted  to  retail  business 
the  owners  thereof  desire  to  retain  their  basement  space 
and  would  strenuously  object  to  any  encroachment 
thereon.  The  construction  of  retaining  walls  is  there- 
fore the  only  t;^'pe  of  construction  possible  other  than 
the  viaduct. 

The  two  types  of  improvement  with  retaining  walls 
i're   quoted   at   $41.70   and   $49.60.      These   costs    when 


compared  with  the  bid  price  of  $46.20  for  the  viaduct 
show  the  viaduct  to  be  the  cheapest  when  its  obvious 
advantages  are  considered.  The  viaduct  allows  entrance 
to  basements  through  the  sidewalk  area,  which  is  allowed 
by  only  one  of  the  retaining  wall  schemes.  It  also 
creates  a  subway  of  very  ample  dimensions,  which  would 
permit  the  work  of  construction  and  repair  of  all  under- 
ground systems  without  tearing  up  of  pavements  or 
interference  with  surface  traffic  in  any  way.  It  also 
relieved  the  city  of  the  expenditure  at  this  time  of  about 
$25,000  for  installation  of  new  water  mains. 

Streets  are  at  present  ver\'  narrow  and  the  design  was 
such  as  to  permit  the  widening  of  the  structure  at  a 
future  date  and  with  a  minimum  of  loss  of  work  already 
in  jilace.  Eetaining  walls  could  not,  of  course,  be  moved 
back. 

The  bid  price  of  $46.20  not  only  included  the  concrete 
structure  complete  and  hard  surfaced,  but  also  tile  walls 
along  each  curb  line,  complete  drainage  provisions, 
manholes,  ventilating  system  and  lighting  system. 

The  majority  of  property  owners  were  in  favor  of 
the  viaduct.  The  s|>ecifications  did  not  limit  the  sur- 
facing to  one  patented  bituminous  material,  but  called 
for  several  types  of  bituminous  pavements  as  well  as 
brick  and  wood  block.  It  so  happened  that  the  patented 
material  proved  the  most  acceptable  as  to  price. 

In  conclusion  I  would  state  that  the  property  owners 
have  petitioned  for  a  wooden  viaduct  with  hard  siirface 
pavement,  in  preference  to  a  sand  fill  which  your  un- 
known contributor  states  was  to  be  built. 

G.  T.  McCle.in, 

Astoria,  Ore.,  July  7,  1916.  City  Engineer. 

[As  the  estimates  for  the  four  types  of  structure,  given 
in  Engineering  News,  were  made  by  the  same  engineers 
(there  is  no  ''committee"  referred  to  in  the  article)  it 
is  fair  to  assume  that  bids  on  the  other  types  would  have 
been  as  much  lower  than  the  estimates  as  was  the  bid  on 
the  concrete  viadiict. 

The  petition  for  a  wooden  viaduct  was  nuule  suijseqiicnt 
to  the  ])ublication  of  the  article. — Editor.  | 
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S.-itramento  Weir — In  the  news  article  on  the  new  weir  to 
lie  tiuilt  as  part  of  the  tlood-control  project  of  Sacramento, 
Calif.,  published  on  page  1204  of  "Engineering  News"  of  June 
22,  1916,  San  Francisco  was  inadvertently  Inserted  in  the  title 
and  the  address  of  the  contractor  (Teichert  &  Ambrose)  was 
wrongly  given  as  San  Francisco.  Instead  of  Sacramento. — 
Prank  C.  Miller.  City  Engineer. 

FormulaH  for  Ilrliiforoed  FootlnB  Offwetii — The  formula 
for  bond  stress  given  by  Clifford  Older  in  the  issue  of  July  fi. 
191G.  p.  IS.  was  printed  with  the  left-hand  term  inverted;  the 
numerical  values,  however,  made  the  error  apparent.  The 
e.\pression  should  read 

V  6,000 

—   =   -    544 

jd  0.92  X  12 
Attention  is  called  to  the  value  of  d  in  the  formulas  on  p.  19. 
In  accordance  with  standard  practice  this  is  the  effective  depth 
of  the  footing,  i.e.,  the  distance  from  compression  side  to  cen- 
ter of  steel:  the  text  erroneously  described  it  as  the  gross 
depth  of  the  footing.  Further,  the  diagram  for  amount  of 
steel,  upper  half  of  Fig.  2,  p.  19,  Is  to  be  read  with  the  value 
fs  instead  of  fc,  as  given  both  on  the  curve  and  on  the  scale 
of  ordlnates  at  the  right.  The  diagram.  Fig.  2,  is  applicable  to 
offsets  of  any  horizontal  projection,  so  long  as  the  gross  depth 
is  18  in.  and  the  net  depth  12  in.  The  title  of  the  diagranj. 
"Diagram  for  Shear  and  Bond  In  18-In,  Footing  Offset  12  In. 
Deep"  refers  to  gross  depth  of  IS  In.,  and  not  to  18-In. 
projection. 
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By  W.  L.  Bi'TtHEK* 

The  fact  that  the  flow  of  water  against  fixed  resistance 
increases  appreciably  "vvith  the  temperature,  was  somewhat 
of  a  revelation  to  the  writer  and  is  presented  here  to 
bring  it  to  the  attention  of  others  who  may  also  have 
been  misled  by  the  ordinarily  available  books  on  the  sub- 
ject. No  pretense  is^  made  of  revealing  anything  new 
in  hydraulics. 

Tlie  question  arose  from  a  conversation  with  a  steam- 
fitter  in  a  certain  large  industrial  establishment.  On  a 
roof  there  was  a  large  wooden  tank,  holding  some  90,000 
gal.j  which  received  water  pumped  from  engine  con- 
densers at  a  temperature  of  some  110°  or  120°  F. 
From  the  tank  36  small  pipes  (21/^  to  3  in.)  led  to 
various  parts  of  the  building  where  the  water  was  used 
in  manufacturing  processes.  The  steam-fitter  inquired 
in  picturesque  language  why  on  Sunday  mornings  when 
repairs  were  to  be  made  and  when  everyone  was  in  a 
hum-  to  finish  the  work,  it  took  longer  to  empty  the 
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DIAGRAM  SHOWING  VALUES  OF  C   IN  V  =  \/Ts~ 
At   different   temperatures  in  a  l>/2-in.   pipe    for  a   velocity 
of  6  ft.  per  sec. 

tank  tlian  on  weekdays  when  no  one  cared  how  long  it 
took.  The  writer  was  at  first  inclined  to  scoff  at  the 
claim. 

The  only  condition  which  appeared  to  be  different  on 
Sundays  than  on  other  days  of  the  week  was  the  temjier- 
ature.  The  water  had  a  chance  to  cool  off  from  Saturday 
noon  until  Sunday  morning.  Other  engineers  also 
treated  the  matter  very  lightly  and  considered  that  there 
could  be  no  practical  dilTcrencc  in  the  time  of  emptying 
under  the  two  conditions. 

A  search  in  most  of  the  readily  available  works  on 
livdraulics  also  revealed  the  fact  that  the  matter  of 
temperature  was  either  entirely  passed  over  or  treated  as 
being  of  no  practical  importance  except  in  very  small 
pipes  and  at  velocities  below  "critical"  ones.  Unwin's 
work  was  the  only  one  consulted  which  went  into  the 
matter  at  all  seriously,  and  of  this  more  will  be  said 
presently.  In  books  on  heating  and  ventilating  or  house 
piping  there  also  was  very  little.  On  pursuing  the 
matter  still  further,  however,  the  following  statements 
were  found  in  papers  before  the  American  Society  of 
Civil  Engineers  {Transactions,  Vol.  47,  p.  313;  Vol.  51, 
p.  255). 

Motcalf  &  Eddy.  14  Beacon  St.,  Boston,  Mass. 


Other  experiments  performed  by  the  writers  on  a  2-in. 
brass  pipe  have  shown  that  the  eftect  of  temperature  on  loss 
of  head  is  a  very  important  factor. 

Tlie  accepted  idea  in  this  matter  is  that  th,e  effect  of  tem- 
perature is  negligible  in  pipes  of  commercial  size,  .  . 
After  the  experiments  had  progressed  far  enough  and  several 
different  temperatures  of  water  had  been  experimented  with 
it  became  evident  that  there  is  nothing  to  support  the  notion 
that  the  effect  of  temperature  is  negligible  in  large  smooth 
pipes. 

Unwin,  on  p.  143  of  his  "Treatise  on  Hydraulics" 
(1907  edition)   .says: 

The  four  results  with  a  bright  brass  disk  .  .  .  show 
that  the  friction  diminishes  with  unexpected  rapidity  as  the 
temperature  increases.  The  diminution  is  sensible  even  for  a 
few  degrees  difference  of  temperature  and  hence  it  appears 
that  a  correction  for  temperature  ought  to  be  introduced  in 
experiments  on  the  flow  of  water  in  pipes  and  channels. 

These  facts  are  brought  out  strikingly  in  the  accom- 
panying diagram,  which  shows  that  the  steam-fitter's 
complaint  had  some  basis  of  fact.  The  diagram  was 
made  up  from  results  of  old  experiments.  The  studies 
covering  the  greatest  range  of  temperature  for  pipes  of 
commercial  size  are  apparently  those  of  J.  G.  Mair,  men- 
tioned by  Unwin  {Proceedings,  Institution  of  Civil  Engi- 
neers, Vol.  84).  His  experiments  on  a  ll4-in.  brass 
pipe  ranged  from  a  temperature  of  57  to  160°  F.  and 
for   this   range   he   found   values   of    m    in   the   formula 

~    =    -rr-i; — — ,   thc    meaiiiniT    of    the    various    svmbois 
/  rf'^  .  '-Iff 

Itcing  olnious. 

For  the  purpose  of  re<Tucing  his  valu&s.  of  m  to  the 

Kiore   familiar   c  in   the    Chezy   formula,   we   obtain    by 

equating  the  similar  values  of  s  the  following  f-or  a  1%- 

iii.    brass   pipe: 

13.03  F"!"* 


V  m 
For  a  velocity  ol  6  ft.  per  sec.  using  values  of  in 
bv  ^lair  we  obtain  the  following  results  : 

Temperature,  Deg.  F.  Value  of  C 


inn 
no 

120 
130 
160 


127 
129 
130 
136 


Saph  and  Schoder  experimenting  on  a  similar  brass 
pipe  obtained  the  following  results,  as  read  from  a  dia- 
gram presented  by  them  in  the  Transactions  of  the 
American   Society  of  Civil  Engineers,  Vol.   51.  p.  290: 


iperature,  Deg.  F 


70 


From  which  we  obtain  fi 
the  following  values  of  c. 

Temperature,  Deg.  F. 


70 


Loss  of  Head,   Ft.  per  100  Ft. 


ir  a  velocity  of  6  ft.  per  sec. 

Value  of  C 
108 


Now  it  seems  to  the  writer  that  where  well  authenti- 
cated experiments  are  in  existence  showing  such  a  range 
of  values  that  within  the  possibilities  of  many  practical 
problems  it  may  be  found  that  the  flow  of  water  is  in- 
creased by  a  mere  change  in  temperature  of  the  water  from 
very  cold  to  very  hot  as  much  as  25% — and  possibly  more 
in  old  tuberculated  pipes  but  concerning  which  no  experi- 
ments are  available — such  possibilities  should  be  accentu- 
ated in  standard  works.  It  is  certain  that  the  engineer 
who  perhaps  does  not  claim  to  be  a  deej)  student  of  the 
subject  will  gain  the  idea  from  most  of  thc  standard 
works,  if  he  gets  any  idea  at  all  on  the  subject,  that  the 
matter  of  temperature  is  of  no  importance. 
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CorpSo  UEaaSedl  States  Airinas^ 

Provisions  for  officers  and  enlisted  reserve  corps,  con- 
tained in  the  Xational  Defense  Act  as  approved  June  3, 
liilG,  and  tlie  regulations  prescribed  by  the  President  have 
been  made  effective  by  AVar  Department  General  Orders 
No.  33,  dated  July  28,  1916.  A  memorandum  giving  in- 
formation on  the  Engineer  Officers'  Keserve  Corps  has 
been  issued  by  the  Chief  of  Engineers,  United  States 
Army,  dated  Aug.  1,  191G.  The  following  paragraphs 
are  reprinted  for  the  information  of  engineers  interested : 

Applicants  commissioned  in  the  Offlcers'  Reserve  Corps 
will  rank  in  the  various  sections  accordingr  to  grades  and  to 
lengrth  of  service  in  their  grades.  Commissions  will  be  issued 
for  periods  of  five  years.  No  age  limits  apply  to  the  Engineer 
Officers'    Reserve    Corps. 

Except  as  otherwise  herein  provided,  a  member  of  the 
Officers'  Reserve  Corps  shall  not  be  subject  to  call  for  ser- 
vice in  time  of  peace,  and  whenever  called  upon  for  service 
shall  not,  without  his  consent,  be  so  called  in  a  lower  grade 
than  that  held  by  him  in  said  reserve  corps.  In  time  of  actual 
or  threatened  hostilities  the  President  may  order  members  of 
the  Officers'  Reserve  Corps,  subject  to  ph^'sical  examination, 
to  temporary  duty  with  the  Regular  Army,  or  as  officers  in 
volunteer  or  other  organizations  that  may  be  authorized  by 
law,  or  as  officers  at  recruit  rendezvous  and  depots  or  on 
other  duty.  They  may  be  promoted  to  vacancies  in  volunteer 
organizations  or  to  temporary  vacancies  in  the  Regular  Army, 
as  prescribed  in  the  act.  While  reserve  officers  are  on  such 
service,  they  shall  be  entitled  to  the  pay  and  allowances  of  the 
corresponding  grades   in   the   Regular  Army. 

Department  commanders  and  the  Chief  of  Engineers  when 
authorized  by  the  Secretary  of  War  may  order  reserve  officers 
of  their  departments  or  corps  to  duty  with  troops  in  the 
field  or  at  field  exercises  or  for  instruction  for  periods  not  to 
exceed  15  days  in  any  one  calendar  year.  While  so  serving, 
such  officers  shall  receive  the  pay  and  allowances  of  their 
respective  grades  in  the  Regular  Army.  These  periods  will 
not  be  extended  except  with  the  consent  of  the  reserve  officei-s 
concerned. 

The  examining  board  will  ordinarily  be  composed  of  one 
officer  of  the  Corps  of  Engineers,  one  member  of  the  Engineer 
Officers'  Reserve  Corps  and  one  officer  of  the  Medical  Corps 
or    the   Medical    Officers'    Reserve   Corps. 

The  mental  examination  of  no  applicant  will  be  undertaken 
who,  in  the  judgment  of  the  board,  is  not  physically  qualified 
to  discharge  in  active  service  all  the  duties  of  an  officer  of  the 
grade  in  which  the  applicant  seeks  a  commission  in  the  Of- 
ficers' Reserve  Corps;  nor  of  anyone-  who  has  any  mental 
infirmity  or  deformity  of  body,  or  whose  moral  fitness  has 
not  been  duly  established. 

No  person  shall  be  examined  for  apjiointment  in  the  Engi- 
neer Officers'  Reserve  Corps  unless  he  has  a  letter  from  the 
Chief  of  Engineers  authorizing  his  examination.  Such  a  letter 
to  an  applicant  will  be  the  acknowledgment  of  the  receipt  of 
his  application. 

If  an  applicant  has  served  in  the  Regular  Army  of  the 
United  States,  or  in  any  of  the  volunteer  forces  of  the  United 
.States,  or  in  the  organized  militia  of  any  state  or  territory 
or  the  District  of  Columbia,  he  shall  submit  his  discharge 
papers  for  each  term  of  service;  if  still  in  service  of  any  of 
the  organizations  named,  he  shall  submit  recommendations  of 
his  Immediate  and   higher  commanders. 

If  an  api>Iicant  has  attended  or  pursued  a  regular  course 
of  Instruction  in  any  military  school  or  college  of  the  United 
.States,  or  has  graduated  from  any  educational  institution  to 
which  an  officer  of  the  army  or  navy  has  been  detailed  as 
superintendent  or  professor  pursuant  to  law,  he  shall,  if  a 
graduate,  be  required  to  present  a  diploma  or  certificate 
of  graduation  from  such  military  school,  college  or  oduca- 
Monal  Institution,  or.  If  not  a  graduate,  a  certificate  showing 
the  amount  and  character  of  training,  theoretical  or  practical, 
satisfactorily    completed    thereat. 

Every  applicant  will  be  subjected  to  a  rigid  physical  ex- 
amination which  shall  Include  the  ordinary  analysis  of  tho 
urine,  and  It  there  be  found  to  exist  any  cause  of  disqualifica- 
tion which  might  in  the  future  Impair  his  efficiency  as  an 
officer,  he  will  be  rejected.  Defects  of  vision  resulting  from 
errors  of  refraction  which  are  not  excessive  and  which  may 
be  entirely  corrected  by  glasses  do  not  disqualify  unless  they 
are  due   to   or   are   accompanied   by   organic   disease. 

Candidates  for  appointment  In  the  Engineer  f)fHcer8'  Re- 
serve Corps  will  be  examined  either  (a)  for  duty  with  com- 
batant engineer  troops   or  other  duties   In   the  service   of  the 


front,  or  (li)  for  special  service  on  the  lines  of  communica- 
tions or  other  points  in  rear,  including  engineer  work  in 
connection  with  seacoast  defenses,  as  hereinafter  indicated. 
Offlcers  appointed  imder  (b)  will  not  ordinarily  be  assigned  to 
combatant  duties,  but  will  be  subject  to  such  assignment 
whenever  needed.  The  examinations  shall  be  especially  di- 
rected to  ascertaining  the  practical  capacity  of  the  ap- 
plicant, and  the  record  of  previous  service  and  training  of  the 
applicant  shall  be  considered  as  a  part  of  the   examination. 

Military  experience  or  training  in  the  Regular  Army,  Vol- 
unteers or  National  Guard,  or  at  training  camps  or  educa- 
tional institutions,  will  be  noted  and  reported  by  the  board 
and    considered    in    making    the    recommendations. 

A.     QUALIFICATIONS  FOR  RESERVE  OFFICERS,   SERVICE 
OP   THE    FRONT 

1.      For    First    and    Second    Lieutenants 

(a)  The  applicant  must  be  an  engineer  in  the  active  prac- 
tice of  his  profession  or  some  business  immediately  connected 
with,    or   concerned    in,    engineering   matters. 

(b)  He  must  either  hold  or  have  qualified  for  the  grade 
of  junior  engineer,  civil,  electrical,  or  mechanical  or  higher 
grade  in  the  civil  service,  or  he  must  be  a  graduate  from  an 
approved  engineering  college,  or  have  been  In  the  active  prac- 
tice of  engineering  for  at  least  two  years. 

2.     For  Captains 

(a)  The  applicant  must  be  an  engineer  in  the  active 
practice  of  his  profession  or  some  business  immediately  con- 
nected with,   or  concerned   in,   engineering  matters. 

(b)  He  must  either  hold  or  be  eligible  for  the  grade  of 
assistant  engineer  in  the  Engineer  Department  at  large,  or  a 
corresponding  engineer  grade  in  the  civil  service  in  another 
department  of  the  Government  service,  oi'  have  held  a  com- 
mission in  the  Corps  of  Engineers  of  the  Regular  Army,  or 
shall  be  a  professional  engineer  not  less  than  2S  years  of  age, 
who  shall  have  been  in  the  active  practice  of  his  profession 
for  at  least  S  years  and  have  had  responsible  charge  of  work 
as  principal  or  assistant  for  at  least  2  years.  The  graduation 
from  a  school  of  engineering  of  recognized  reputation  shall  be 
considered  as  equivalent  to  2  years  of  active  practice. 

(c)  Knowledge  of  the  principles  of  military  organiza- 
tion and  operations,  as  illustrated  in  Infantry  Drill  Regu- 
lation.s.  Parts  I  (to  include  School  of  the  Company)  and  II, 
and  Field  Service  Regulations,  Part  I  and  Part  II  (Articles 
I,  II.  IV,  VI);  and  of  the  general  principles  of  field  fortifica- 
tions, as  illustrated  in  the  Engineer  Field  Manual,  Chapter 
V. 

3.      For   Majors 

(a)  The  applicant  must  l)e  an  engineer  In  the  active 
practice  of  his  profession  or  some  business  immediately  con- 
nected with,  or  concerned   in,  engineering  matters. 

(b)  He  must  hold  the  grade  of  Assistant  Engineer  in  the 
I'^ngineer  Department  at  large,  or  corresponding  engineer 
grade  In  the  civil  service  in  another  department,  or  nave  held 
a  commission  In  the  Corps  of  Engineers  of  the  Regular  Army 
not  more  than  two  gi'ades  below  that  for  which  he  desii'es 
to  he  listed,  or  shall  be  a  professional  engineer  not  less  than 
3.5  years  of  age,  and  shall  have  been  in  the  active  practice  of 
his  profession  for  lH  years,  who  shall  have  had  responsible 
charge  of  work  for  at  least  5  years,  and  shall  be  qualified  to 
design  as  well  as  to  direct  engineering  work.  Graduation 
from  a  school  of  engineering  of  recognized  reputation  shall 
be  considered  as  equivalent  to  2  years  of  active  practice. 

(c)  In  addition  to  fulfilling  the  qualifications  given  In 
paragraph  3  (a)  and  (b),  the  candidate  will  be  required  to 
pass   an    examination    on    the    following    subjects: 

Drill  Regulations — Parts  I  (School  of  the  Company  and 
Battalion    only),    II,    HI,    Infantry    Drill   Regulations. 

Field    Service    Regulations,    entire    text. 

Duties  of  Engineer  offlcers  and  troops  In  war,  as  Illustrated 
in  the  Engineer  Field  Manual  and  Bulletin  No.  4,  Vol.  I,  of  the 
(ilfice  of  the  Chief  of  Staff. 

Cooperation  between  the  various  arms  of  the  service,  as 
illustrated  In  "Technique  of  Modern  Tactics"  (Bond  and 
.McDonough),  Chapters  VHI,  IX.  XI  and  XII. 

All  examinations  will  be  oral. 

B.     QUALIFICATIONS  FOR  RESERVE  OFFICERS, 
SPECIAL  SERVICES 

Candidates  desiring  appointment  In  special  services  must 
be  qualified  for  at  least  one  of  the  duties  assigned  to  the 
Corps  of  Engineers  by  the  following  e.xtracts  from  Army 
Regulations: 

1493.  The  duties  of  the  Corps  of  Engineers  comprise  re- 
connoltering  and  surveying  for  military  purposes.  Including 
the  laying  out  of  camps;  selection  of  sites  and  formation  of 
plans  and  estimates  for  military  defenses;  construction  anil 
repair  of  fortifications  and  their  accessories;  .  .  .  the  In- 
stallation   of   electric    power    plants    and    electric    power    cable 
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connected    with    seacoast    batteries;  .  construotion    and 

repair  of  military  roads,  railroads  and  bridges;  military  de- 
molitions; ...  In  time  of  war  within  the  theater  of 
operations  it  has  charge  of  the  location,  design  and  con- 
struction of  wharves,  piers,  landings,  storehouses,  hospitals 
and  other  structures  of  general  interest,  and  of  the  con- 
struction, maintenance  and  repair  of  roads,  ferries,  bridges 
and  incidental  structures,  and  of  the  construction,  mainten- 
ance and  operation  of  railroads  under  military  control,  in- 
cluding  the   construction   and   operation   of  armored    trains. 

No  oral  or  professional  examinations  will  be  required,  but 
recommendations  of  boards  will  be  required  in  lieu  of  such 
examinations.  Candidates  will  submit  evidence  of  their 
actual  employment  in  corresponding  or  higher  positions  in 
civil  life  and  references  to  persons  under  whom  they  have 
been    or   are    employed. 

Reserve  officers  from  the  following  civilian  occupations 
will  be  required  for  the  special  services  of  the  Corps  of  Engi- 
neers: Bridge  engineers,  constructing  engineers  (earth  and 
concrete),'  constructing  engineers  (wharves,  piers  and  build- 
ings), electrical  engineers  (for  small  plants  and  power  lines), 
highway  engineers,  mining  engineers  (skilled  in  tunneling  and 
use  of  explosives),  railroad  engineers  (construction  and  main- 
tenance), railroad  operating  officials,  sanitary  engineers, 
topographical    engineers. 

There  is  an  opportunity  also  for  engineers  to  engage 
in  professional  service  under  the  Quartermaster  Corps, 
especially  the  service  of  technical  inspection  of  supplies. 
A  division  of  Reserve  Quartermaster  Officers  is  provided, 
"whose  duties  are  not  administrative"  and  who  do  not 
need  knowledge  of  army  administration,  transport  regu- 
lations, transportation,  military  law,  liippology,  etc. 
Among  the  fields  of  knowledge  and  experience  stated  in 
General  Order  Xo.  32  are  railroad  operating  and  me- 
chanical department ;  superintending  engineer  or  inspector 
of  construction  and  repair,  navigation  company;  ship- 
construction  companies ;  automobile,  wagon  and  machine 
manufacturing  companies;  president,  secretary  or  man- 
ager of  anv  large  business;  building  or  construction  com- 
panv ;  civil,  mechanical,  electrical,  sanitary  and  structural 
engineering. 


^©  tlh©  1R.es(Cua® 
By  C.  E.  Drayer* 

In  recent  years  building-code  legislation  in  Cleveland 
has  been  drafted  l)y  the  liuilding  department  of  the  city, 
acting  with  a  Joint  Building  Code  Committee  composed  of 
five  members  from  the  building-code  committees  of  the 
Cleveland  Engineering  Society,  the  Cleveland  Chapter  of 
the  American  Institute  of  Architects  and  the  Builders  Ex- 
change. There  was  no  little  surprise,  therefore,  when  on 
about  May  1  the  Cleveland  Engineering  Society  was  in- 
formed that  an  ordinance  revising  the  plumbing  section  of 
the  building  code  had  been  initiated  and  introduced  into 
the  City  Council  l)y  the  Journeymen  Plumbers'  Union. 
It  appeared  that  the  ordinance  was  likely  to  be  put  through 
the  council  without  taking  the  advice  of  the  Joint  Build- 
ing Code  Committee.  This  committee  felt  that  it  could 
take  no  action  in  (he  matter  witliout  being  rei|uested  to  do 
so  by  the  council. 

It  was  clear  that  if  there  was  to  be  any  opposition  to  the 
proposed  revision  it  would  have  to  be  organized  by  the 
Cleveland  Engineering  Society.  The  ordinance  had  ad- 
vanced to  the  heai'ing  stage  on  a  Friday  preceding  the 
third  reading  and  pa.ssage  on  the  next  Monday  night. 
Quick  and  vigorous  action  was  necessary.  Letters  were 
written  to  the  secretaries  of  the  various  civic  organizations 
in  Cleveland,  explaining  Ijriefly  a  few  of  the  worst  features 
of  the  proposed  code  and  asking  that  representatives  be 
])i-esent  at  the  hearing  and  assist  in  getting  the  code  eon- 

•Secretary,  Cleveland  Engineering  Society,  Cleveland,  Ohio. 


sidered  in  its  many  complex  elements  on  its  merits.  The  , 
response  was  so  generous  that  the  council  committee  room  * 
in  the  new  City  Hall  was  dedicated  at  its  first  hearing  by 
the  attendance  of  an  unusually  large  number  of  citizens 
and  by  the  display  of  a  much  livelier  interest  than  is  usu- 
ally sliown  at  committee  hearings.  The  engineering  so- 
ciety asked  the  council  committee  to  refer  the  proposed 
ordinance  to  the  Joint  Building  Code  Committee  and 
suggested  that  this  committee  during  consideration  of  the 
plumbing  legislation  be  augmented  by  five  representatives 
of  the  Master  Plumbers'  Association  and  five  of  the 
Journeymen  Plmnbers'  Union.  After  a  strenuous  two 
hours,  during  which  the  chief  plumbing  inspector,  who 
is  also  president  of  the  Journeymen  Plumbers'  Union, 
could  show  no  good  reason  for  immediate  passage  of  the 
ordinance,  postponement  for  one  week  was  secured. 

During  this  week's  stay  the  Joint  Building  Code  Com- 
mittee, already  mentioned,  concluded  it  might  take  a  hand 
in  the  affair  after  all  without  being  requested  to  do  so  by 
the  City  Council.  Accordingly,  it  held  a  meeting  to  which 
it  invited  three  master  plumbers  and  the  president  of  the 
union  plumbers.  The  latter  excused  himself  from  at- 
tendance on  the  plea  that  he  was  in  the  employ  of  the 
city.  At  this  meeting  it  was  unanimously  decided  that 
the  only  thing  to  do  was  to  go  into  the  hearing  prepared 
to  discuss  the  code  at  whatever  length  might  be  necessary, 
l)ut  to  make  strong  appeal  for  postponement  of  action 
until  fall.  At  the  council-committee  hearing  the  Joint 
Building  Code  Committee,  with  a  large  delegation  backing 
it,  was  successful  in  securing  the  desired  postponement. 
At  that  time  the  council  committee  planned  to  hold  a 
hearing  each  Friday  through  the  summer  vacation  of  the 
full  council,  which  would  give  ample  time  to  get  the 
plumbing  section  of  the  code  revised — and  it  does 
need  revision.  Leter  on,  however,  the  council  committee 
decided  to  dispense  with  the  proposed  hearings  and  to  leave 
the  jjroposed  ordinance  in  the  hands  of  the  Joint  Building 
Code  Committee,  augmented  as  suggested  by  the  engi^ 
neering  society,  with  the  understanding  that  this  en- 
larged committee  will  report  next  fall. 


SpsitiflllcdlnEiig  l[j)si.inffi    il  o  sd><s  M.§inse(a 
from  225  t(a>  26)0  Wt. 

By  F.  G.  ili-DCKi'T* 

As  described  in  Engineering  News,  Dec.  11,  1913,  p. 
11  (i3,  and  June  3,  1915,  p.  1057,  the  Spaulding  dam  on 
the  South  Yuba  power  development  of  the  Pacific  Gas 
and  Electric  Co.  is  designed  eventually  to  be  305  ft.  high. 
For  its  initial  use,  however,  it  was  completed  only  to  a 
heiglit  of  225  ft.  Contracts  have  just  been  signed  for  a 
further  elevation  of  35  ft.,  bringing  th-e  height  up  to 
260  ft. 

The  dam  is  located  on  the  South  Yuba  IJivcr  in  the 
high  Sierras  of  Nevada  County,  California.  The  idea  of 
damming  the  waters  of  the  South  Yuba  at  that  point  had 
presented  itself  to  the  company's  engineers  as  early  as 
190(),  but  the  plans  of  the  engineers  were  postponed  on 
account  of  the  great  disaster  of  that  year.  But  a  start 
was  finally  made,  and  the  diversion  of  waters  from  the 
South  Yuba  Kiver  at  the  dam  through  tunnel  and  canal 
into  Bear  Valley  and  for  the  construction  of  a  power 
house  in  the  Bear  Eiver  Gorge,  some  9  mi.  below  Lake 


•Engineering  Department,  Pacific  Gas  and  Electric  Co.,  San 
Francisco,  (jalif. 
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Spaulding,  at  the  point  where  a  static  head  of  1,375  ft. 
was  obtainable,  was  put  under  way  and  completed  by 
Thanksgiving  Day,  1913. 

From  the  Drum  power  house  it  was  proposed  to  utilize 
the  water  after  its  release  several  times  over  in  its  course 
through  mountain  and  valley  down  to  the  point  of  its 
arrival  in  the  City  of  Auburn,  about  47  mi.  below.  The 
fall  of  water  between  the  two  points  is  approximately 
1.300  ft.,  and  it  was  found  possible  to  survey  sites  for 
a  chain  of  no  less  than  three  power  developments  in  all. 
Altogether  the  plans  called  for  an  aggregate  development 
of  something  like  162,000  hp. 

In  December,  1915,  work  on  the  Clipper  Gap  (Halsey) 
and  Auburn  (Wise)  hydro  plants  was  taken  up  where  it 
had  been  abandoned  in  1913.  As  these  power  houses  will 
be  completed  this  year,  it  becomes  desirable  to  raise 
Spaulding  dam  to  jjrovide  a  greater  stored  water-supply 
for  these  stations,  which  will  hold  up  the  average  power 
load  during  the  dry  months  of  the  year. 

Eaising  Spaulding  dam  to  a  height  of  260  ft.  from  its 
present  height  of  225  ft.  and  building  the  two  necessary 


will  be  two  concrete  spillway  dams  entirely  distinct  from 
the  main  dam,  located  in'an  adjoining  caiion.  Spillway 
dam  Xo.  2  will  contain  less  than  1,000  cu.yd.,  and  spillway 
dam  Xo.  3  about  7,500  cu.yd.  of  concrete. 

The  site  of  the  construction  plant  is  some  2  mi.  from 
Smart,  a  small  station  on  the  Southern  Pacific  in  Xevada 
County.  From  here  at  the  beginning  of  the  undertaking, 
standard  and  narrow-gage  lines  were  run  to  a  point  high 
above  the  work,  for  easy  delivery  of  machinery  and  ma- 
terial. The  speed  requirements  necessitated  at  the  dam 
a  plant  installation  of  a  character  that  would  allow  for 
the  placing  of  large  masses  of  concrete  daily.  The  plant 
consisted  in  1913  of  four  Xo.  14,  42-cu.ft.  Smith  misers, 
each  of  which  could  deliver  1  cu.yd.  of  concrete  every  2 
min.,  making  it  possible  to  place  as  much  as  1,300  cu.yd. 
of  concrete  per  day  as  an  average  daily  output  for  one 
month.     The  best  month's  record  shows  40,485  cu.yd. 

It  was  the  perfect  gravity  system  that  made  it  pos- 
sible to  distribute  this  tremendous  mass  of  concrete  over 
the  large  area  of  the  dam  in  the  short  time.  The  only 
limitation  arose  from  the  transportation  problem  of  get- 
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concrete  spillway  dams  will  increase  the  availaljlc  storage 
in  the  lake  by  20.100  acre  ft.,  and  the  average  available 
output  during  the  short-water  season  from  the  Drum, 
Ilalsey  and  Wise  power  plants  by  5,100  kw.  over  and  aliove 
the  output  that  can  be  obtained  with  the  present  height 
of  the  dam. 

The  dam  itself  is  arched  in  plan  and  is  of  the  type 
developed  by  the  engineers  of  the  company.  It  features  a 
varying  radius  of  the  upstream  side  at  difFerent  elevations, 
so  that  the  pressure  is  kept  as  nearly  constant  as  possible ; 
in  other  words,  we  have  what  is  called  a  "constant-angle 
arched  dam,"  which  gives  a  very  desirable  structure  since 
the  ardi  action  in  the  dam  can  be  utilized  to  a  ma.ximum 
degree  at  each  elevation,  tending  greatly  toward  economy 
of  section.  The  present  Spaulding  dam  is  provided  with 
sufficient  concrete  in  its  section  of  the  arch  above  El. 
1,600  ft.  so  that  it  will  stand  an  e.xtension  of  35  ft.  in 
height  above  tlie  present  crest  elevation  (4,825  ft.) 
without  any  addition  to  its  thickness. 

In  the  year  1913,  153,806  cu.yd.  of  concrete  was  poured, 
and  now  in  raising  the  structure  to  a  height  of  260  ft. 
about  16,000  cu.yd.  will  be  added  in  the  main  dam.   There 


ting  the  concrete  materials  to  the  front.  In  the  present 
work  only  two  of  these  mixers  will  be  operated,  as  with 
the  increasing  height  of  the  dam  it  becomes  necessary 
to  use  a  tram  on  a  trestle,  in  place  of  the  main  chutes. 
The  mixers  empty  their  contents  into  a  chute  21^  ft.  deep 
and  2  ft.  wide,  which  zigzags  down  the  cavion  to  the  dam. 
There  the  concrete  was  picked  up  by  a  24-in.  conveyor  belt 
and  distributed  to  the  dam.  The  chutes  will  now  discharge 
to  a  hopper  for  tram-car  delivery.  The  concrete  to  the 
spillway  dams  will  be  delivered  by  a  small  railroad  running 
across  the  main  dam  after  its  completion. 

On  account  of  the  limited  time  for  completion,  bids 
were  received  early  in  Jidy  for  handling  the  work  entirely 
under  contract,  and  it  has  been  found  advisable  to  let  a 
contract  for  the  completion  of  the  work  on  or  before  Dec. 
1,   1916. 

The  construction  work  will  be  carried  on  by  Twohy 
Brothers,  using  tlie  plans  and  specifications  of  the  com- 
jiany,  with  P.  M.  Dowling  as  chief  engineer  and  II.  C. 
Vensano,  civil  and  hydraulic  engineer,  as  chief  assistant 
engineer,  having  0.  W.  Peterson  as  resident  engineer  to 
supervise  and  inspect  the  work  at  the  front. 
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Tlie  liipli  cost  of  packintr  materials  for  culvert  con- 
struction on  new  county  roads  in  the  mountain  districts 
has  led  to  considerable  use  in  Arizona  of  corrugated  steel 
for  culverts — even  in  arch  culverts  as  large  as  12-ft. 
diameter. 

Figs.  1  and  2  sliow  culverts  of  this  type.  The  metal 
comes  in  plates  bent  to  a  quadrant.  They  are  riveted  in 
the  field  to  foi-m  semicircular  arches.  Concrete  spandrel 
walls  are  used,  but  the  entire  load  of  the  fill  is  carried 
on  the  thin  corrugated  arch  sheet — about  yV  in-  or  No. 
10  sage,  which  rests  on  the  abutment. 


M^mt  Be  Ca 

There  is  some  danger  in  overloading  a  highway  bridge 
by  unduly  thickening  the  gravel  cover  to  the  floor,  ac- 
cording to  the  State  Highway  Commission  of  ilinnesota. ' 
In  the  Minne.tota  Highway  Journal  it  is  stated  that  with 
but  few  exceptions  all  new  steel  bridges  for  which  plans 
were  furnished  by  the  Commission  are  built  with  con- 
crete slab  floors.  All  such  floors  should  have  a  gravel 
wearing  surface  placed  on  them,  and  the  same  protec- 
tion should  be  placed  on  all  reinforced-concrete  bridges. 
It  is  very  important  that  this  covering  be  thick  enough 
to  protect  the  slab  from  the  horses'  calks,  and  from  the 


FIGS.    1    TO    3.     CORRUGATED-.STEEL    ARCH    BRIDGES    ON   ARIZONA  ROADS 
Figs.  1  and  2  (on  left) — Single  and  triple  arches  of  typical  design.      Fig.  3  (on  right) — Near  view  of  under  side  of  one 


of  the  arches 


An  arch  of  this  type  costs  less  than  a  concrete  culvert 
and  is  built  more  quickly,  but  its  use  is  confined  to 
isolated  places  where  concrete  materials  are  scarce  and 
transportation  costs  high. 

Th(!  thickness  of  the  spandrel  at  the  grade  of  the 
roadway  is  \M  in.  with  a  batter  of  14  ^^  1-     The  metal 


DIAGRAM  SHOWING  METHOD  OF  SUPPORTING 
METAL  AT  ABUTMENTS 


lias  no  fastening  to  the  spandrels  other  than  tlie  natural 
bond  of  the  iron  to  the  concrete.  Sometimes  rubble 
masonry  is  used  for  the  spandrels. 

The  way  of  supporting  the  arch  on  the  abutments  is 
shown  in  ^g.  4,  and  Fig.  3  is  a  view  of  the  underside  of 
one  of  the  arches  showing;  the  sections  of  corrugated  metal. 


mud-hooks  on  traction-engine  wheels,  but  it  is  also  im- 
portant to  prevent  making  it  so  thick  that  the  bridge 
will  be  overloaded. 

On  steel  beam  spans  and  short  concrete  bridges  where 
the  extra  weight  is  not  serious,  the  plans  of  the  depart- 
ment call  for  a  gravel  covering  4  in.  thick  at  the  curb 
and  5  in.  thick  at  the  center  of  the  roadway.  But  on 
truss  bridges  the  gravel  should  be  only  2  in.  thick  at 
the  sides  and  4  in.  thick  at  the  center.  It  is  not  un- 
common to  find  truss  bridges  with  the  gravel  placed 
level  with  the  top  of  the  curb  and  then  crowned  at  the 
center,  giving  an  average  thickness  of  9  instead  of  3  in. 

The  weight  for  each  inch  of  gravel  covering  on  the 
floor  of  a  100-ft.  truss  span,  80-ft.  roadway,  figured  at 
120  lb.  per  cu.ft.  is  8.4  tons;  where  it  is  made  6  in. 
e.xtra  in  thickness  the  overload  is  50  tons.  This  is  a 
serious  overloading  and  should  be  carefully  watched. 

Another  Street  Tunnel  is  to  be  built  in  Los  Angeles,  Calif., 
to  carry  Second  St.  through  Bunlter  Hill.  The  first  plans  tor 
the  work  were  for  two  tunnels  side  by  side,  each  30  ft.  in 
width.  On  July  5  it  was  decided  to  substitute  a  single  tunnel 
60  ft.  in  width.  The  plans  and  specifications  for  the  work 
are  being  prepared  by  R.  W.  Stewart,  Assistant  City  Engi- 
neer. 
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Plloodl    aira   W®Sft   "VniP^limaai.  The  Lake  To.xaway  Dam,  built  in  1902  as  part  of  a 

^     ,  ^.         ,.      .      .     ,„       -,^.     .    .  liotel  and  resort  scheme,  was  of  thoronghly  packed  and 

Floods  m  the  Coal  River  district  in  ^\  est  Virginia  on  ^^^^^^^^^^j  ^.,^^.^  3g5  ^.^_  ^         ^^^  ^j^^  ^^^^^^  g^  j^_  ^^j^,^  ^^ 

\ug.  9  caused  a  considerable  loss  ol  lite,  wrecked  many  ^^^  j^^^.^^^  p^^^  ^^  ^^^  ^^^  3q  ^^^  ^.^^  ^^  the  crest. 

lOuses  and  damaged  coal  and  railway  property  to  the  ex-  ^j^^  ^j^p^^  ^^^^^  ^^^^^^  ^  ^^^  2  ^^^^  ^,^^  ^^^^  ^^^  230  ^.^_ 

ent    ot    hundreds    ot    thousands    ot    dollars^   Professor  ^^.-^^^  ^^   -^^  ^^^^     ^^  ^^^^.^^       ,^,,^^^  ^j^  ^^^^^ 

Tenry,   ot     the    United     States     \^  eather    Bureau    m-  ^^^^^  j^^  j^^  ^^^^^    j^,^  ^^  strengthening  by  dumping  in 

brms  Engineering  AeiL-s  that  there  are  no  official  ob-  ,.jpi.ap  around  the  b'i<e 

erving  stations  in  the  Coal  River  drainage  area,  and  that  j^^  ^j^^  ^i^^^^  ^j  ^{^^  j^l^,  ^^^^^  ^^  ^j^j^  ^.^^^  j^  ^^.^^^  ^.^._ 

he  records  for  the  nearest  stations  show  little  or  no  rain  p^^.^^^^  ^^^^^  ^,^^  ^^^^^^  ^^.J  ^^^1^^^  ^^^^  this' proved  not  to 

,n  or  for  several  days  before  Aug.  9-m  fact  thej\  eather  |,g  ^^^  although  it  is  possible  that  it  was  weakened  then. 

aap  for  Aug.  10  showed  no  ram  m  all  West  Virginia,  j^^  g  ^^^^   ^^  A^^„_  13  .^  j^.^^^  appeared  in  the  base  of  the 

'rofessor  Henry  thinks  the  floods  were  due  to  a  heavy  ,|^,^^   ^^.j^j^j^   ^j^^^^^^^j   ^,,^lil   complete    failure   took    place 

ain  confined  to  the  Coal  Creek  watershed  in  Boone  Coun-  about  twelve  hours  lifer 

'  V.     Later  information  from  the  Weater  Bureau  shows  ^f^^^  t^^  f^ij^,^'^   '^^  \{^^  ^^^^^^  ^^^  following  letter  was 

he  following  rainfall  m  inches  for  the  three  West  Vir-  ^^^^^^.^^  ^^  p_   ^_   Showaltcr,   Civil  Engineer,  of  West 

inia  stations  nearest  the  Coal  Creek  watershed :  Chester    Penn 

harieston  "^         '  "lo  "'^  "-"-  ^^oted  with  luucli  interest  the  accounts  of  the  failure 

canawha  Falls  i.so  of  the  Lake  Toxawav  Dam.    During  the  winter  of  1912- 

lenton     0.22  0.10  0.50  t'        t     i         m  •  ■         • 

.     „  .   ,  T.1  ^1         ,1     T-  1,1-1  •  13,   I   was  located   at   Lake   Toxawav   investigating   the 

At  roint  Pleasant,  where  the  Kanawha  (whicli  receives  .  -i-i-^-         i^  ^i  ■"         j.  i 

,    ,   „.       ,    .  .       ,,      ^M  ■      ,1      I.  ,1      •  ■  ,  water-power  possibilities  ot  the  various  streams  around 

;oal    Kiver)    joins  the   Ohio   the   following   river  stages  , 

ere  observed  from  Aug.   7  to   11,  inclusive:     7.4,  8.2,  ,,r^^\      ^  i-i.ii  i       -     x-  i  i     i 

The  dam  was  built  m  the  early  nineties,  and  had  a 

■  '      '  1     .',',,    ^  r,  T  ■     n      ^        J   -.    ,  ..  ii     ^1  heavy  stone  wall  core  which  was  probably  6  or  8  ft.  thick 

Reports  state  that  Cabin  Creek,  a  tributary  oi  the  Coal,  .    , iT     u  j.i  •        x  v,         o  j!j.      j.  .i.  mi 

'         .  -11       i  o    o^  .         „ '     .  ii  at  the  bottom,  narrowing  to  perhaps  2  tt.  at  top.      Ihe 

egan  to  rise  rapidly  at  8:30  a.m.,  Aug.  9.     Apparently  ,  „   ,,  j?    j.  i    >        i.u  if 

"  ^     ,  :   -i"  1    ■  1  i  -     ii    i    J  1   -      .,-  top  ot  the  core  was  some  feet  below  the  water  surface, 

le  ilood  was  at  its  height  m  that  stream  and  m   tMno-  r„,     ,    ,  t  1.1.     ^  v,   -u.    c       iu  en     i  •  u 

1     T -.,1     r^i     1  TT             1  T.-     n     1   Ti-          1      .    .1  The  balance  of  the  dam  was  built  ol  earth  liU  which  con- 
reek,  Little  Coal  River  and  Big  Coal  River  about  the  ,   .      -,  -■,      ,,      ,  r»     •       4.1        -  j.       ^  imi    .n 
.,,,       ,  ^,                 T        i_T      n      T        1.                        1-  tamed  considerable  clay.     During  the  winter  ot  19 n.  the 
iiddle  ot  the  same  day,  the  flood  waters  soon  reaching                  -1              ,      -,  „         j.i     it  -i      •  *  1  1  e 

„         ,         ,,  ■  '  ,,        .„  ,    1    ,        ,   .    1  waves  drove  so  hard  from  the  three  miles  ot  lake  surface 

le  Kanawha.     .Some  ot  the  villages  reported  devastated  ,1    .    .1         •    •       i    ii  i  v  i-iii        r      n 

.  -r.  T-1111^,.1^1,  T  that   they   mnired    the   upstream    lace   a    little.     In    tiie 

ere    Acme,    Dames,    Lskdale,    Kaytord,    Oakley    and  j.  n      •    "        ■  i  1  1 1     i   i  t         j.i 

,         .    '        -111         -1  /        -  -1    1         1  followms;  spring  and  summer  rock  was  blasted  from  the 

onda.     A    considerable    mileage    01    mam    and    branch  1   n  - 1      x  li  ii        i     i-  j.i      i  i    i  it 

,       „  ^,      „,  ,  ,  ^^.    „  .,  ,    .  hillside  at  the  north  end  ol  the  dam,  and  dumped  down 

•aeks  ot  the  Chesapeake  and  Ohio  Railway  were  reported  ,,  ,  ■  i    *        *. 

,    ,       ,      T^     J    T     T  TT    1J.1    /-,  •    -  J!  over  the  upstream  side  to  act  as  paving. 

ashed  out.     Dr.  a.  L.  Jepson,  Health  Commissioner  ot  ,,„,      ,  1    -li.  i-V       1    j?        i  i-  1-1 

-    ,  -i^.     .   .  ,  .'         .     .        ,        -  ,   ,1  ,  The  dam  was  built  on  a  solid  rock  foundation  which 

.est  Virginia,  sent  men  to  protect  and  assist  the  people  ,     ,    „  ^     i.       j-    ^     j!        xu  mi  1    ■ 

iUiiiiTi-x  had  from  one  to  two  feet  of  earth  cover.     Ihe  rock  is 
!  the  flooded  district.  ..,-,.111  i-     n  •  mi 

T.  ii    i    1         11        •     xi      a      1    1        i.-  not  stratified  and  has  practically  no  open  crevices.     Ihc 

It  appears  that  the  valleys  in  the  flooded  sections  are  .,     .    .     ,.     ,   - 1     .      A-i        t    '       xi  xi         111 

''  1   xi    -       -i"  X  •   ■  -  1  site  IS  m  iact  ideal,     when  I  was  there,  there  had  been 

ery  narrow  anfl  their  sides  very  steep,  giving  a  quick  ,.  ,  u  1     i  xi     1.  xi        •     x        xi 

a     1         1  11      1    1  -x  X-  "  111         IX  lor  several  years  a  small  leak  near  the  bottom  lu.st  north 

mott.    In  such  a  valley  habitations  generally  hug  clo.^c  to        ..  .,       .      "      ,     ,       r  -    •        xi,-  i       x    xi 

1      ,       /.  xu      X        ■     mv.    x'    X  XI    X  xi     a      1  1  of  the  stream  lied.     In  my  opinion,  this  was  due  to  the 

le  banks  ot  the  stream.     Ihe  fact  that  the  flood  occurred  ...  ,.    ,,  'n        1,-  1  i     ux   u    1    1, 

1        1  1     1-  IX         11  X    u  -        X-       J-  1  thickness   of    the   core   wall,   which   no   doubt   had    been 

1  broad  dayliglit  would  seem  to  have  given  time  for  people  1    -i   .      ,1         xxi  x        1  n  x       r  xi 

,,.•''",.,  ,    ,        ,,    ^  III  cracked  bv  the  settlement  and  small   niovemeiits  ol   the 

1  rush  from  their  houses  before  they  were  overwhelmed,  , 

•pecially  as  the  flood  appears  to  have  been  wholly  due  ',         .    „  ,,  ,         .  1    ,   -         1  ■       i-,       r 

«,„,»       1       X  X    XV,         1 1  I  e       X        "x       1  The  raiiitall  here  is  exceeded  in  only  one  locality  ot 

1  runoH^  and  not  to  the  sudden  release  ot  waters  stored  ,     ^^   .     ,  ,,     .  t^    1    1  ■    ,1  .  V 

!,;„  1      1  All  XV,  X.         1  -1  11    ■    1-     X  the  Unitec    States.     Probably  the  recent  heavy  rains  over- 

■hind  a  dam.    All  the  scanty  evidence  available  indicates  ,     ,         ...  -    ,-  ,  x  j.  "i-i        i      x 

„x  XI,-  XI  1  •   f  11     J!  i   •   X       -x  taxed  the  spil  wav    (which   was  cut  from   solid   rock  at 

lat  this  must  have  been  a  rainfall  of  great  intensity.  ;  ,',..•,,,>         -,  i  i    i.    x     i^ 

.L-         1       -x     11   x.  c  X  XI,  X  xil  lie  south  end  of  the  dam)   and   caused  several  leet  ot 

his  makes  it  all  the  more  a  cause  of  regret  that  the         , ,.  .       ,  xi      /  .  -  1    i     i  ■  i        1 

,„  ,      x         1  i   X  1       11  VI  additional  pressure  on  the  dam  which  had  been  weakened 

•tual  rate  and  total  will  never  be  known.  ,      ,     ,  ,     . 

.^  by  leakage  dunng  the  past  years. 

TT^  n      TTtt  ■s7-»     -n  ".Such  a  dam  as  this  should  be  built  with  a  thin  flexible 

^aKe   Tossaway    EaS'aihl   Daim  ft  aDflS  concrete  core  wall,  well  grooved  into  the  rock,  heavily 

Tlic  earth  dam   lormiiig  Lake  Toxawav  in  the  ninun-  reinforced  in  both  directions  and  extending  well  above 

lins  of  North  Carolina  about  .50  miles  south  of  Asheville,  the  water  surface.     Such  a  wall  should  not  be  more  than 

r.  C,  failed  on   Aug.    13   and   drained   the   lake.     The  10  or  12  in.  thick,  and  will  then   be  elastic  enough   to 

ater  pas.sed   down  the  Toxaway  River  into  the  Cbuga  follow  small  movements  of  the  dam  without  injury.     It 

iver  and  eventually  into  the  Savannah  River.    The  first  is  probable,  too,  that  the  side  slopes  of  this  earth  dam 

.5  miles  of  the  flow  is  through  sparsely  settled  territory  were  not  as  flat  as  conservative  practice  would  dictate. 

I  here  little  damage  could  be  done  and   below  that  the  It  is  indeed  surprising  that  the  dam  built  on  so  ideal  a 

!  ver  channels  ea.sily  took  care  of  the  flood.  site  should  fall." 
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The  recent  Federal  Eiver  and  Harbor  Bill  provide:?  for 
a  survey  by  the  War  Department  of  the  harbor  at  St. 
Paul,  IVIinn.,  with  a  view  toward  determining  whether 
the  Mississippi  Channel  can  be  changed  near  the  West 
Side  Blnffs.  Steps  have  been  taken  to  inaugurate  this 
work. 

The  harbor  lines  at  St.  Paul  have  been  the  subject 
of  investigation  and  discussion  for  a  number  of  years. 
In  1918  the  Eiver  and  Harbor  Commission  of  St.  Paul 
recommended  the  shifting  of  the  channel  of  the  river 
away  from  St.  Paul  proper  in  order  to  make  more  room 
for  the  proposed  new  iinion  depot  facilities  and  also  to 
acquire  certain  lands  for  industrial  purposes.  The  city 
engineering  department  was  ordered  to  make  the  neces- 
sary surveys  and  soundings  and  $1,200  was  appropriated 
for  the  work.  The  area  between  the  old  and  the  new 
channel  was  390  acres  and  added  to  the  old  river  bed 
with  its  323  acres,  made  a  total  of  713  acres  transferred  to 
the  north  side  of  the  river.  The  estimated  cost  of 
acquiring  land  for  the  new  channel  with  200-ft.  levees  on 
each  side  and  e.xcavating  the  new  channel  was  two  mil- 
lion and  a  quarter  dollars.  Nothing  further  was  done  on 
this  project  as  the  union  depot  company  was  workin^r  on 
plans  for  a  new  union  depot  and  track  layout  and  the 
amount  of  land  required  by  that  project  was  not  definitely 
determined. 

The  railroads  in  1915  prepared  a  plan  which  changed 
the  harbor  lines  but  it  was  disapproved  Ijy  the  Chief  of 
Engineers,  on  the  ground  that  the  change  was  not  for 
the  benefit  of  navigation  and  that  no  provision  was  made 
for  river  traffic  on  municipal  harbor  facilities.  The  union 
depot  company  then  withdrew  its  plans  and  stated  that 
it  would  prepare  a  layout  which  would  not  require  chang- 
ing the  harbor  lines  of  the  river.  This  was  early  in 
1915  and  the  company  is  still  working  on  this  plan. 
The  Commercial  Club  of  St.  Paiil  then  took  up  the  ques- 
tion of  the  river  channel  change  and  advocated  moving  it 
still  farther  away  from  the  city  and  close  up  against  the 
bluff  on  the  south  side,  in  this  way  acquiring  1,150  acres 
of  land.  This  proposed  channel  shortens  the  river  1.2 
mi.,  increasing  the  fall  of  the  river  0.7  ft.  The  matter 
rested  there  when  Congress  put  a  temporary  stop  to  the 
controversy  by  ordering  the  survey  and  report  which  are 
about  to  be  made. 

"Ne^w  FoftotrmsiC  Bridge  Flasas 

The  new  bridge  across  the  Potomac  River,  at  Wasli- 
ington,  D.  C,  to  replace  the  old  Aqueduct  Bridge  is  to 
be  named  the  Key  Bridge  in  honor  of  Francis  Scott  Key, 
the  author  of  the  "Star  Spangled  Banner,"  whose  home 
in  Georgetown,  D.  C,  near  the  bridge  site,  is  still  ])re- 
served.  It  has  been  announced  that  the  bridge  will  be 
located  just  do\vnstream  of  the  present  bridge,  running 
from  Rosslyn,  Va.,  to  a  point  in  Georgetown  on  M  St. 
between  34th  and  35th  St.  The  structure  will  be  a 
series  of  five  reinforced-concrete  arches  high  enough  to 
accommodate  the  river  traffic  without  a  draw.  Naviga- 
tion of  everything  but  barges  and  small  river  craft  heads 
below  the  site. 

The  design  of  the  bridge,  for  which  Congress  has  ap- 
propriated $1,200,000  is  in  charge  of  the  Corps  of  En- 
gineers, United  States  Army.  The  arcliitectural  features 
are  to  be  supplied  by  N.  C.  Wyeth,  a  local  architect. 


Every  department  of  the  municipal  service  of  the  City 
of  Philadelphia  requiring  technical  engineers  has  found  it 
difficult  to  secure  men.  The  positions  pay  from  $900  to 
$2,500  and  these  figures  have  not  proved  inviting  to  the 
high  class  of  men  it  has  been  hoped  would  be  secured. 
To  meet  the  situation,  the  Civil  Service  Commission  has 
temporarily  suspended  the  regulations  requiring  that  po- 
sitions cannot  be  filled  except  by  those  having  a  citizen's 
residence  in  Philadelphia  for  at  least  two  years  prior  to 
appointment.  The  Commission  is  advertising  for  men 
in  other  cities,  as  follows: 

Men  wanted  in  the  technical  engineering  service  of  the 
city,  including  draftsmen,  structural  and  architectural,  at 
salaries  ranging  from  $900  to  $2,500  per  annum.  Work  on  sub- 
ways, elevated  railways,  piers,  sewage-disposal  plants,  grade 
cros-sings,  bridges  and  streets.  Employment  continues  for 
from  one  to  two  years  and  in  many  cases  permanent.  For  ad- 
ditional information  apply  to  the  Civil  Service  Commission, 
Room  S75,  City  Hall. 

Under  this  change  of  rules  a  number  of  engineers  and 
draftsmen  have  come  from  other  cities  and  are  now  work- 
ing in  Philadelphia's  .several  departments,  such  as  Public 
Works,  Transit,  and  Wliarves,  Docks  and  Ferries. 

The  Interstate  Commerce  Commission  reports  this  week 
that  investigation  of  a  wreck  on  the  Western  Maryland 
Ky.,  Jan.  7,  1916,  shows  the  cause  to  be  a  90-lb.  top-of- 
ingot  rail  breaking  after  ten  years  of  service.  A  feature 
of  the  case  is  that  the  failure  was  not  a  single  break 
but  a  complete  shattering  of  the  rail  for  a  length  of  11 
ft.  Of  this  length  56  pieces  were  recovered.  Traces  of 
several  old  splits  in  the  rail  head  and  between  head  and 
web  were  discovered.  A  longitudinal  fissure  of  consid- 
erable length  was  found,  being  identified  as  a  development 
from  bad,  seamy  condition  of  the  steel. 

The  failure  is  officially  attributed  to  unsound  condi- 
tion of  the  steel.  In  no  previous  case  has  this  cause 
produced  trouble  after  so  long  a  period  as  ten  years  of 
main-line  service. 

H.  W.  Beluap  and  J.  E.  Howard  made  the  in- 
vestigation. 


The  discovery  tliat  transverse  fissures  in  rails  can  be 
prevented  because  they  result  from  two  specific  prevent- 
able defects  in  mill  practice  is  announced  by  P.  H.  Dudley, 
Consulting  Engineer,  New  York  Central  R.R.,  in  an 
official  bulletin  just  published  by  the  railway.  Tlie  actual 
development  of  the  fissures  is  "detail  growth"  under 
traffic  from  checks  or  small  rupture  planes  produced  be- 
fore the  rail  leaves  the  rolling  mill. 

The  two  mill  causes  are  improper  cooling  from  the 
rolling  heat  and  the  subsequent  gagging  to  straighten 
the  rail  before  shipment.  The  former  cause,  says  Mr. 
Dudley,  produces  delayed  transformations  of  the  struc- 
tural components  of  the  metal,  and  has  the  result  of  form- 
ing a  hard  non-ductile  core  in  the  middle  of  the  head. 
The  gagging  then  breaks  this  core,  the  surface  of  parting 
passing  between  the  grains  of  the  metal.  Under  traffic 
this  break  surface  yrows  but  now  cuts  throuixh  tlie  grains. 
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giving  rise  to  the  smooth  specular  surface  outside  the 
nucleus  of  the  fissure  as  seen  after  complete  rupture. 

If  the  gagging  is  done  by  stretching  the  head,  the 
L;agging  ruptures  the  hard  core  of  the  head  in  tension. 
If  the  ram  in  gagging  bears  on  the  head,  so  as  to  stretch 
the  base,  a  shearing  fracture  of  the  hard  core  is  produced. 
Two  types  of  transverse  fissure  correspond  to  tliese  two 
conditions,  says  Mr.  Dudley,  the  "intergranular"  type 
and  the  "coalescent"  type,  the  latter  characterized  by 
horizontal  or  inclined  and  branching  surfaces  of  rupture. 

As  complete  preventive  of  these  defects,  ilr.  Dudley 
recommends  reheating  the  blooms  before  rolling  to  the 
finished  rail.  He  says  that  no  transverse  fissures  have 
developed  in  basic  open-hearth  rails  made  under  New 
York  Central  specifications  and  rolled  from  reheated 
liloonis. 

(Ga31^esti©Eu  Ca^^se^iwa?^  Frogipess 

The  causeway  across  Galveston  Bay  to  replace  the  one 
washed  out  by  the  hurricane  of  a  year  ago  is  still  the 
subject  of  conference.  Last  winter  a  committee  of  engi- 
neers representing  the  county,  the  steam  railroads  and 
the  electric  railroads  considered  a  number  of  different 
designs  for  the  new  crossings,  but  never  reached  any 
decision  although  at  one  time  it  was  reported  that  the 
design  selected  comprised  a  section  of  28  reinforced- 
concrete  arch  spans  similar  to  the  old  design ;  that  is,  with 
;0  ft.  spans  and  3,600  ft.  of  50-ft.  arch  spans  over  the 
)ld  causeway  section.  This  structure  was  to  cost  about 
-il,. 500,000.  " 

It  is  now  reported  that  the  conference  is  again  to 
ittempt  the  selection  of  a  design  and  to  aid  in  this  work 
I  board  of  three  outside  engineers  is  to  investigate  and  re- 
)ort  on  the  project.  On  this  board  Prof.  A.  N.  Talbot, 
)f  the  University  of  Illinois,  has  been  named  by  the 
;team  railroad  interests  and  Prof.  George  F.  Swain,  of 
Harvard  University,  by  the  county  and  the  electric  lines. 
These  two  engineers  are  to  select  the  third  member  of 
:he  board. 

A  Snrrace-Car  ColIiHion  Killed  25  persons  and  injured  65, 
lear  Johnstown.  Penn,.  on  Aug.  12.  Press  dispatches  state 
hat  "the  motorman  lost  control  of  his  car  and  it  crashed 
nto  another  at  a  switch."  The  accident  occurred  on  the 
iouthern    Cambria    Ry..    between    Echo   and    Brookdale. 

The  AuMtin,  Tex.,  Dam  continues  to  be  the  object  of  expert 
ttention.  It  has  now  been  announced  that  Edward  Wegmann, 
"onsultine  Enirineer,  New  York  City,  has  been  asked  to  re- 
lort  on  the  condition  of  the  dam  and  to  suggest  necessary 
hanges  and  improvements,  especially  in  regard  to  the  auto- 
natic  crest  gates. 

A  flfy  Board  of  Public  UtlUficn,  to  supervise  and  regulate 
he  various  public-utility  corporations  in  New  Orleans,  La., 
.s  provided  for  by  recent  state  legislation.  The  board  will 
le  composed  of  a  City  Commissioner  of  Public  Utilities  and 
our  other  members.  The  members  of  the  board  arc  to  be 
ppointcd   by  the  governor. 

The  Three  IloHton  Bni^lneers  ordered  reinstated  in  the 
'ubllc  Works  Department  of  that  city  by  a  recent  court  de- 
islon  will  have  to  fight  their  case  in  the  State  Supreme  Court, 
o  which  Mayor  Curley  has  appealed.  The  mayor  offered  to 
■ay  the  engineers  for  the  time  between  their  political  decapl- 
atlon  and  the  court  order  reinstating  them  if  they  would 
eslgn   but   they   refused   to  do   so. 

The  Omoe  of  Pabllc  RoadH  and  Rural  Kneineerlne  is  to  re- 
eive  a  Federal  appropriation  of  $72  ),.''>ori,  according  to  the 
•rovislons  of  the  Agricultural  Appropriation  Bill  as  amended 
y  the  Senate.  Of  this  amount,  about  $320,000  Is  to  be  applied 
0  work  in  connection  with  good  roads;  about  $200,000  is  made 
vallable  for  Irrigation  investigations,  most  of  which  is  to  be 
i  pplled  to  Investigations  in  connection  with  the  use  of  under- 
rround  water;  and  $94,720  Is  appropriated  for  drainage  liives- 
Igatlons.     In   addition   to   this,   it   is   probable   that   thl.s   olllce 


will  be  placed  in  charge  of  the  work  of  supervising  the  Fed- 
eral appropriation  for  aid  to  state  road  construction.  The 
expenses  of  the  force  to  carry  on  this  work,  however,  will  be 
paid  directly  from  that  appropriation. 

An  .Appraisal  of  the  Beaver  Valley  Water  Co..  which  oper- 
ates water-works  plants  in  western  Pennsylvania,  has  been 
made  by  the  Public  Service  Commission  of  Pennsylvania. 
Complainants  appealed  for  a  reduction  of  the  company's  rates 
and  claimed  that  the  true  valuation  of  the  company's  property 
was  $670,000,  whereas  the  company  claimed  a  valuation  of 
$2,600,000.  The  commission  has  appraised  the  property  at 
$985,000  and  allows  the  company  to  charge  rates  to  yield  an 
annual  return  of  $135,9r>0.  This  is  based  on  a  7%  return  on 
the  appraised  valuation,  plus  an  allowance  of  $63,000  for 
operating  expenses,  maintenance  and  taxes  and  $12,000  for 
depreciation.  The  company  has  outstanding  capital  stock 
representing  $1,000,000,  bonds  for  $1,063,000  and  notes  for 
$184,000. 

Mnnioipal  OtTnerKhip  of  Water- Works  at  Denver,  Colo.,  was 
involved  in  a  decision  handed  down  by  a  lower  court  on  July 
22,  1916.  On  Aug.  21,  1915,  the  Denver  Public  Utilities  Com- 
mission, a  city  board  charged  with  establishing  municipal 
ownership  of  water-works  in  Denver,  contracted  to  buy  the 
Antero  Reservoir  and  High  Line  Canal  from  the  Antero  and 
Lost  Park  Reservoir  Co.,  of  Denver,  for  $1,050,000.  Injunction 
procedings  followed.  The  decision  just  handed  down  seems  to 
uphold  the  legality  of  the  purchase  except  for  certain  alleged 
contract  rights  of  a  third  party.  In  order  that  issues  may  be 
joined  to  settle  these  an  injunction  which  holds  up  the  pur- 
chase meanwhile  was  granted.  Some  opponents  of  the  pur- 
chase claim  that  these  issues  cannot  be  cleared  and  other 
parties  hold  that  the  obstacle  will  soon  be  removed. 

Work  on  the  Imperial  Valley  Canals  in  1915  is  summed  up 
in  Superintendent  Ray  S.  Carberry's  report  to  the  preside>it 
and  board  of  directors  of  the  Imperial  Water  Co.  No.  1,  wh'ch 
irrigates  100,000  acres  of  California  land.  Cleaning  was  car- 
ried on  over  294  mi.  of  canal  at  a  cost  of  about  $102  per 
mi.,  as  compared  with  179  mi.  in  1914  at  a  cost  of  $113.  Thirty 
miles  of  canal  were  cleared  at  a  unit  cost  of  $69;  18  mi.  were 
cleared  in  1914  at  a  cost  of  $4,343  per  mi.  (according  to  the 
report).  Brush  was  cut  on  223  mi.  of  canal  at  a  cost  of 
$34  per  mi.;  331  mi.  of  brush  were  cut  in  1914  at  a  unit  cost 
of  $33.  The  repair  cost  amounted  to  $1,897.78,  as  against 
$1,501.51  for  the  preceding  year.  Disk  and  grader  outfits 
were  used  on  the  banks,  with  the  result  that  the  latter  were 
widened,  vegetable  growth  was  discouraged  and  roads  were 
made  for  caterpillars,  dredges  and  other  travel.  This  work 
cost   $6,258.78   in   covering   307   mi.   of  canal,   or   $20.39   per  mi. 

naliway  Investisntine  Comniissions  are  to  be  set  at  work 
by  Canada  and  by  the  United  States.  The  Canadian  commis- 
sion has  already  been  appointed  and  consists  of  Alfred  H. 
Smith,  President  of  the  New  York  Central  Lines,  Chairman; 
Sir  Henry  Drayton,  Chairman  of  the  Canadian  Board  of  Rail- 
way Commissioners,  and  Sir  George  Palsh,  the  famous  British 
financier.  The  Canadian  body's  official  title  is  the  Railway 
Board  of  Enquiry.  The  Board  is  to  investigate  the  general 
problem  of  transportation,  the  status  of  each  of  the  three 
great  transcontinental  railway  systems,  with  special  reference 
to  the  territories  which  each  system  serves,  the  service  it  is 
capable  of  performing  in  the  general  scheme  of  transporta- 
tion, physical  conditions,  equipment  and  capacity,  methods  of 
operation,  steamship  connections  and  financial  status.  It  is 
further  to  consider  whether  the  reorganization  of  any  of  the 
systems  or  their  acquisition  by  the  Government  is  necessary. 
The  compelling  cause  for  the  appointment  of  this  Board  In 
Canada  is  understood  to  be  the  serious  deficit  which  faces 
most  of  the  Canadian  railways  except  the  Canadian  Pacific. 
The  extent  to  which  the  Government  Is  bound  up  with  these 
corporations  through  Its  guarantees,  securities,  etc.,  may  make 
It  necessary  for  the  Government  to  take  over  the  properties 
and  operate  them.  In  the  United  States,  according  to  the 
terms  of  a  Senate  resolution  approved  by  the  House  on  July 
15.  a  commission  made  up  of  Ave  members  of  the  Senate  Com- 
mittee on  Interstate  Commerce  and  five  members  of  the  House 
Committee  on  Interstate  and  Foreign  Commerce  is  to  investi- 
gate the  Government  control  and  regulation  of  Interstate  and 
foreign  transportation,  the  extent  to  which  present  regulation 
is  efflcient  In  protecting  the  rights  of  shippers  and  carriers 
and  promoting  the  public  Interest,  proposed  changes  in  the 
organization  of  the  Interstate  Commerce  Commission  and  the 
laws  under  which  It  operates,  and  Government  regulation  and 
control  of  public  utilities  as  compared  with  Government  own- 
ership and  operation.  The  appointment  of  the  commission  was 
recommended  by  the  President  In  his  Annual  Message  last 
December.  Senator  Newlands,  the  Introducer  of  the  resolu- 
tion and  Chairman  of  the  Senate  Committee,  will  probably  be 
one  of  the  members  of  the  Committee,  and  Representative 
William  C.  Adamson,  of  Georgia,  Chairman  of  the  House 
Committee,  will  be  another  member. 
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Rosx  Shreve  has  resigned  as  City  Engineer  of  Tillamool<, 
Ore. 

H.  P.  Kerr  has  been  appointed  City  Engineer  of  Tillamook, 
Ore. 

C.  E.  Coles,  of  York,  Penn..  has  been  appointed  State  Road 
Superintendent     of    Westmoreland    County. 

\.  B.  Oyler,  of  Newville.  Penn.,  has  been  appointed  State 
Road  Superintendent  of  Fayette  County,  succeeding  E.  L. 
Clemmer,  resigned. 

Xial  Rook,  of  Clearfield.  Penn.,  has  been  appointed  State 
Road  Superintendent  of  Indiana  County,  succeeding  C.  H. 
Harrison,    resigned. 

G.  ]V.  AVood,  recently  City  Engineer  of  Chanute,  Kan.,  is 
now  City  Engineer  of  Douglas,  Ariz.  He  was  formerly  Assist- 
ant City  Engineer  at  Douglas. 

E.  F.  Musson,  M.  Am.  Soc.  C.  E.,  has  been  appointed  City 
Engineer  of  Norwich,  N.  Y..  to  sticceed  C.  E.  Harris,  resigned, 
as  noted  elsewhere. 

C.  E.  Harris  has  resigned  as  City  Engineer  of  Norwich. 
N.  Y.,  in  order  to  devote  his  whole  time  to  private  practice. 
He  will  continue  to  make  Norwich  his  headquarters. 

Joseph  E.  Love  has  resigned  as  Engineer  of  the  South  D.-v- 
kota  Railroad  Commission  and  is  now  connected  with  the 
engineering  department  of  the  Chicago  Urion  Station  Co., 
Chicago,   111. 

C.  E.  Hertli,  recently  Assistant  Division  Engineer  of  the 
Baltimore  &  Ohio  Southwestern  R.R.,  at  Seymour.  Ind.,  has 
been  promoted  to  be  Division  Engineer  of  the  Illinois  division 
at  Flora,   111. 

E.  J.  Correll,  Division  Engineer  of  the  Baltimore  &  Ohio 
Southwestern  R.R.,  at  Chillicothe,  Ohio,  has  been  promoted  to 
be  District  Engineer  of  Maintenance-of-Way,  with  office  at 
Cincinnati,    Ohio. 

James  R.  Baldrldge,  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  in 
charge  of  the  estimating  division  of  Irwin  &  Leighton,  Phila- 
delphi.a,  Penn.,  is  now  Manager  of  the  Philadelphia  office  of 
the    F.    W.    Mark    Construction    Co. 

Xathan  C.  W'yeth,  an  architect  of  Washington,  D.  C,  has 
been  appointed  to  assist  the  Corps  of  Engineers,  V.  S.  A.,  of- 
ficers in  the  design  of  the  Key  Bridge  across  the  Potomac 
River   to   replace   the   old   Aqueduct   bridge. 

VV.  R.  >IcCann,  M.  Am.  Inst.  E.  E.,  recently  private  secre- 
tary to  William  A.  Shaw  of  the  Illinois  Public  Utilities  Com- 
mission, has  been  appointed  Valuation  Engineer  of  the  Com- 
mission. For  several  years  he  was  an  assistant  to  Edward 
Schildhauer.  Electrical  and  Mechanical  Engineer  of  the  Pana- 
ma   Canal. 

Cecil  Honielln  Taylor,  M.  Am.  Soc.  M.  E.,  Consulting  Engi- 
neer of  the  Republic  Motor  Truck  Co.,  Alma,  Mich.,  and  of 
the  Curtis  Aeroplane  Co..  Hammondsport.  N.  Y.,  has  left  this 
country  foi"  England  and  France,  where  he  will  .study  aero- 
nautical developments  and  gasoline  motor  improvements 
since   the   outbreak   of   the   great   war. 

Roy  ^I.  Green  has  been  appointed  Assistant  Professor  of 
Highway  Engineering  at  the  Agricultural  and  Mechanical  Col- 
lege of  Texas.  He  is  a  graduate  of  the  University  of  Nebraska 
and  of  the  course  in  highway  engineering  at  Columbia  Uni- 
versity. Recently  he  has  been  Testing  Engineer  and  .Super- 
intendent of  Pavement  Construction  with  Clarke  E.  Mickey, 
Consulting  Engineer,   Lincoln,   Neb. 


©BETUA^Y 


John  Mlllen,  President  of  the  Duluth  &  Northern  Minnesota 
Ry.,  died  at  his  home  in  Duluth,  Minn.,  July  27,  aged  67 
years. 

Emil  Swanson,  an  engineer  in  the  Department  of  Water 
Suppl.v,  Gas  and  Electricity  of  the  City  of  New  York,  died  at 
his  home  in  Brooklyn,  Aug.  9.  He  was  born  in  Sweden  44 
years  ago. 

Will  Christy,  Vice-President  of  the  Northern  Ohio  Trac- 
tion and  Light  Co.,  a  prominent  banker  and  capitalist  of  Akron, 
Ohio,  died  Aug.  9.  Mr.  Christy  is  given  credit  for  the  form- 
ation of  the  Cleveland  Construction  Co..  which  built  electric 
railways  in  many  parts  of  Ohio  and   Canada. 


A.  B.  Stlckney,  former  President  of  the  Chicago  Greait 
Western  Ry.,  died  Aug.  9.  at  his  liome  in  St.  Paul,  Minn.,  aged 
76  years.  He  was  born  in  Maine  in  1840.  He  was  educated 
and  practiced  as  a  lawyer.  In  1S71,  while  living  in  St.  Paul, 
he  gave  up  his  law  practice  to  engage  in  railway  promotion. 
He  subsequentl.v  took  an  active  part  in  the  railway  develop- 
ment of  the  Northwest  and  was  President  of  numerous  com- 
panies,  including  the   Chicago  Great  Western   Ry. 

W'illlam  B.  Upton,  M.  Am.  Soc.  M.  E.,  whose  death  was 
briefly  noted  in  the  obituary  columns  of  last  week,  was 
for  many  years  a  resident  of  Washington,  D.  C.  and  was 
well  known  there.  He  was  born  in  San  Francisco  in  1S56  and 
was  once  connected  with  the  Union  Iron  Works  there.  Some 
of  the  work  with  which  he  was  connected  in  Washington  was 
the  supervision  of  construction  of  the  cable-car  tracks  in 
Pennsylvania  Ave.,  which  he  subsequently  reconstructed  to 
underground  contact  electric  trolley  tracks.  He  also  had 
charge  of  electric  street  railway  construction  in  Tacoma, 
Wash.,  and  Kansas  City,  Mo.  He  is  survived  by  a  widow  and 
one  son.  William  Upton,  of  the  United  States  Geological  Sur- 
vey. 
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INTERNATIONAL  ASSOCIATION  OP  FIRE  ENGINEERS. 
Aug.    29-Sept.    1.      Convention    in    Providence,    R.    1.      Secy., 
James  McFall.  Roanoke.  Va. 
ASSOCIATION  OF  EDISON  ILLUMINATING  COMPANIES. 
Sept.  4-7.     Convention  in  Hot  Springs.  Va.     Asst.  Secy.,  E.  A. 
Baily,   360   Pearl    St.,    Brooklyn.   N.   Y. 
THE   TRAVELING    ENGINEERS'    ASSOCIATION. 

Sept.  5-8.  Annual  meeting  in  Chicago,  111.  Secy.,  W.  O, 
Thompson,  care  General  Offices,  N.  Y.  C.  R.R.,  Cleveland, 
Ohio. 

AMERICAN   FOUNDRYMEN'S  ASSOCIATION. 

Week     of    Sept.     11.       Annual    meeting    in     Cleveland,    Ohio. 

Secy.,  A.  O.  Backert,  12th  and  Chestnut  St.,  Cleveland,  Ohio. 

THE  AMERICAN  INSTITUTE   OF  METALS. 

Week  of  Sept.  11.     Meeting  in  Cleveland.  Ohio.     Secy.,  W..M. 

Corse,    106   Morris   Ave.,    Buffalo,    N.    Y. 

NATION.A.L  ASSOCIATION  OF  STATIONARY  ENGINEERS. 

Sept.  11-16.     Convention.  Minneapolis,  Minn.     Secy.,  PVed  W. 

Raven,   417   S.   Dearborn   St..   Chicago. 

MASTER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCIATION, 

Sept.    12.     Convention   in   Atlantic   City.      Secy.,   A.   P.   Dane, 

Reading.  Mass. 

RAILWAY  SIGNAL  ASSOCIATION. 

Sept.    12-14.      Convention    in    Mackinac    Island.      Secy.,    C.   C. 
Rosenburg.  Myers  Building.   Bethlehem.   Penn. 
NEW  ENGLAND  WATER-WORKS  ASSOCIATION. 

Sept.    13-15.      Convention    in    Portland,    Me.      Secy.,    Willard 
Kent,   Narragansett   Pier,    R.    I. 
ILLUMINATING   ENGINEERING   SOCIETY. 

Sept.   lS-20.     Convention   in   Philadelphia.   Penn.      Asst.  Secy., 
C.  I).  Fawcett.  29  West  39th  St..  New  York,  N.   Y. 
ASSOCI.\TION    OF    IRON    AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 

Sept.  18-22.     Convention  in  Chicago.     Secy..  W.  O.  Oschmann, 
Oliver   Iron   and    Steel    Co..   Pittsburgh,    Penn. 
ROADMASTERS    AND    MAINTENANCE    OF    WAY    ASSOCIA- 
TIO.N    OF   AMERICA. 
Sept.  19-22.     Convention  in  New  York  City.     Secy.,  P.  J.  Mc- 
Andrews. 
MICHIGAN  GAS  ASSOCIATION. 

Sept.   21-22.     Annual  meeting  in  Detroit.   Mich.      Secy..  Clark 
R.  Graves.  Lansing,  Mich. 
AMERICAN   PEAT    SOCIETY. 

Sept.    21-23.      Annual    meeting    in    Washington.    I).    C.      Secy., 
Julius  Bordollo.    Kingsbridge.   N.   Y. 
RAILWAY    FIRE    PROTECTION    ASSOCLi^TION. 

Oct.    3-5.      Convention    in    New    York    City.      Secy.,    C.    B.   Ed- 
wards.   Mobile    &    Ohio    R.R..    Mobile,    Ala. 
AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS. 
Oct.    11-13.      Convention    in    Newark.    N.    J.      Secy.,    Charles -C. 
Brown.  Indianapolis,  Ind. 
AMERICAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.    9-13.      Convention    at   Atlantic   City,    N.    J.      Secy.,   E.  B. 
Burritt,    S   West   40th    St.,    New    York   City. 
AMI:R1CAN    RAILWAY    BRIDGE   AND    BUILDING    ASSOCIA- 
TION. 
Oct.   17-19.     Convention  in  New  Orleans.  Secy.,  C.  A.  Lichty, 
C.   &  N.  W.   Ry..  Chicago. 
AMERICAN   GAS   IN.STITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  G.  G.  Rams- 
dell,  New  York.  N.  Y. 
AMERICAN  PUBLIC  HEALTH  ASSOCIATION.  ^     , 

Oct.  24-27.  Convention  in  Cincinnati,  Ohio.  Secy.,  FrO'- 
Selskar  M.  Gunn,  Boston.  Mass. 

The  New  Enslnnd  VVater-AVorks  Assoclntion  at  Its  35th 
annual  convention  to  be  held  Sept.  13  to  15  in  Portland,  Maine, 
plans  to  iasue  an  advance  catalog  of  the  different  appliances 
and  materials  to  be  shown  by  the  exhibitors.  Exhibits  should 
be  shipped  to  Charles  R.  Harris,  secretary  Exhibit  Committee, 
care  of  Portland  Water  District.  About  60  spaces  have  been 
contracted  for  by  the  association  and  practically  all  have  been 
spoken   for. 
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Tlie  International  Irrig:ation  ContzresH  will  meet  for  the 
i':;nl  time  Oct.  14  to  IS.  The  opening  session  will  be  hrlrt 
:it  the  Elephant  Butte  Dam,  which  is  to  be  dedicated  on  Oct. 
14.  Following  this  session,  there  will  be  the  regular  business 
se.ssions  which  will  be  held  in  El  Paso.  The  secretary  is 
Arthur   Hooker,   El   Paso,   Tex. 

The  National  Parks  High'way  AHsociation  was  recently  or- 
ganized at  Yellowstone,  Wyo.,  with  Gus  Holmes,  president,  and 
L.  L.  Newton,  of  Cody,  Wyo.,  secretary.  Vice-presidents  were 
elected  as  follows:  For  Montana,  H.  J.  Miller;  Wyoming,  W. 
A.  Deming;  Colorado,  T.  J.  Hall;  Oregon,  Frank  C.  Riggs; 
Idaho,  Carl  Davis. 

The  American  Railn-ay  Briilf^e  and  Building;  AMSOeiation 
will  hold  its  annual  convention  in  New  Orleans  Oct.  17  to  19, 
with  headquarters  at  the  Gruenwald  Hotel.  The  Supplymen's 
.Vssociation  will  meet  at  the  same  time. 


A.ppIlasiiniC©§  Siiadl  Mg^tles^aals 


Railn-ay  Ditcher  with  Three  Sets  of  Gni^ines 

A  light  revolving  steam  shovel  for  railway  ditching  work, 
having  as  one  of  its  special  features  the  use  of  separate 
engines  for  the  swinging  and  traveling  movements  (independ- 
ent of  the  main  engines),  is  built  by  the  Browning  Co., 
Cleveland,  Ohio.  This  arrangement  is  stated  to  increase  the 
speed  and  efficiency  of  operation,  as  the  three  sets  of  move- 
ments can  be  made  simultaneously.  Thus  the  machine  can 
be  swung  while  the  load  is  being  lifted,  and  it  can  be  swung 
and  moved  forward  while  the  bucket  is  being  returned  for  a 
fresh  cut.  In  ditching  work  the  machine  travels  on  a  track 
laid  upon  the  cars  of  the  work  train,  moving  along  as  it 
loads  the  cars. 

For  the  operation  of  the  bucket  lines  and  boom  topping- 
lift  there  is  a  double-drum  main  engine  with  vertical  in- 
verted cylinders  6xS  in.,  the  cylinders  being  mounted  on  op- 
posite sides  of  the  frames  carrying  the  cable  drums.  For 
swinging,  there  is  a  two-cylinder  5x5-in.  horizontal  engine, 
geared  to  a  vertical  shaft  that  carries  the  pinion  engaging  the 


circular  rack  on  the  underframe.  Alongside  of  this  is  a  simi- 
lar engine  that  operates  the  propelling  gear.  The  entire  oper- 
ation is  under  the  control  of  one  man,  who  is  stationed  at  the 
forward  end,  where  he  has  a  clear  view  of  the  work.  The 
accompanying  view  shows  the  ditcher  mounted  on  its  track 
on  a  steel-frame  flat-car  of  the  Rutland  R.R.  The  equipment 
includes  a  large  vertical  boiler,  a  520-gal.  water  tank  and  a 
1,500-lb.  coal  bunker. 

The  axles  are  fitted  with  two  sets  of  wheels.  On  their 
outer  ends  are  wide  double-flanged  wheels  having  a  broad 
tapered  tread  outside  of  the  outer  flange.  These  provide  for 
carrying  the  machine  on  two  sets  of  rails,  those  on  each  side 
being  spaced  4%  in.  c.  to  c.  and  giving  a  total  gage  of  7  ft. 
iVz  in.  c.  to  c.  of  outer  rails.  This  gives  ample  stability.  If 
only  one  rail  is  used  on  each  side,  the  rails  for  each  new 
length  of  track  may  be  laid  inside  (or  outside)  of  those  on 
which  the  truck  is  standing,  and  lapping  beyond  the  ends  of 
the  lattei-.  This  is  shown  in  the  accompanying  view,  in  which 
the  rear  wheels  have  the  inner  tread  riding  on  the  rear 
section  of  the  track,  while  the  front  wheels  have  the  outer 
tread  upon  the  rails  of  the  forward  section  of  track.  Upon 
the  same  axles  (but  inside  the  truck  frame)  are  flanged 
wheels  for  running  on  standard-gage  tracks. 

The  boom  is  2S\i  ft.  long.  The  dipper  is  of  %-yd.  ca- 
pacity. When  mounted  on  a  flat-car  having  its  floor  4  ft. 
above  the  rail,  the  machine  has  a  maximum  height  of  18  ft. 
from  track  rail  to  lower  edge  of  dipper  door  when  open,  and 
will   cut  to  a  depth  of  5   ft.   below   the  track   rails. 

This  machine  can  be  operated  also  as  a  dragline  excavator 
or  as  a  locomotive  crane,  its  lifting  capacity  in  the  latter 
case  ranging  from  4,500  lb.  at  30-ft.  radius  to  71,4  tons  at  10- 
ft.   radius.     Its  weight  as  a  ditcher   is  about   2S   tons. 


Improved  Steam-Uoiler  Coverinj; 

A  new  boiler-wall  coating,  called  the  "J-M  Aertite,"  has 
recently  been  put  on  the  market  by  the  H.  W.  Johns-Man - 
ville  Co.,  of  New  York  City.  It  is  designed  to  be  easily  applied 
by  trowel,  to  be  adhesive  and  flexible.  It  forms  a  continuous 
rubbery  blanket  over  the  whole  setting.  A  i^-in.  thickness  is 
recommended,   for  which  2.0  to  40  lb.  per  100  sq.ft.  is  required. 
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Another   Anti-Corrosion   Iron 

Another  iron  alloy  suitable  for  castings,  to  be  used  in 
chemical  works  and  where  it  is  desired  to  avoid  rusting  or 
attack  by  acid  and  alkali  reagents,  is  being  made  by  the 
Pacific  Foundry  Co.,  Harrison  St.,  San  Francisco,  Calif.  The 
trade  name  is  "Corrosiron."  It  is  claimed  that  it  can  be  cast 
in  intricate  shapes  and  can  be  readily  machined. 

AVaRon-Loader  ■nith  Belt   Conveyor 

For  loading  stone  and  gravel  from  railway  cars  on  supply 
sidings  into  wagons  for  distribution  to  road  or  concrete 
work  a  portable  belt-conveyor  device  has  been  introduced.  A 
shallow  pit  beneath  the  track  accommodates  the  horizontal 
end  of  the  belt  and  this  pit  is  covered  with  a  platform  having 
three  rectangular  openings  with  sliding  doors.  These  doors 
are  operated  by  levers,  and  serve  to  regulate  the  feed  to  the 
belt.  The  upper  end  of  the  inclined  portion  of  the  conveyor 
is  high  enough  for  wagons  to  be  driven  under  it.  The  belt  is 
16  in.  wide  and  is  carried  by  troughing  rollers  on  a  pair  of  in- 
clined timbers  mounted  on  the  sills  of  a  wagon  bed.  The 
timbers    of   the    horizontal    portion    of   the    belt   are    hinged    to 


given  against  a  40-ft.  head.  The  oil  and  gasoline  are  mixed 
in  the  engine  tank,  so  that  no  attention  is  required  for  cyl- 
inder lubrication.  The  outfit  requires  a  floor  space  of  only 
1710x24  in.  and  is  27  to  33  in.  high.  Its  weight  is  about  133  lb. 
A  similar  outfit  has  been  used  in  sinking  foundation  shafts. 
The    pump    can    be    disconnected    and    the    shaft    geared    to   a 


Between  Rai/s 


BELT  CONVEYOR  FOR  LOADING  STONE  AND  GRAVEL 

the  inclined  timbers  so  that  this  portion  of  the  belt  can  be 
folded  up.  On  the  wagon  bed  is  the  4-hp.  gasoline  engine 
which  operates  the  belt  and  runs  continuously.  A  clutch  is 
placed  at  the  head  of  the  inclined  frame,  so  that  each  driver 
can  start  the  conveyor  when  his  wagon  is  in  position,  and 
stop  it  when  the  wagon  is  loaded.  The  speed  of  the  belt  is 
225  ft.  per  min.,  giving  a  delivery  of  about  1  cu.yd.  per  min. 
The  machine  is  easily  hauled  from  place  to  place  by  a  team. 
It  is  built  by  the  Burch  Plow  Works  Co..  of  Crestline,  Ohio. 

Portable    Pumplns'   Outfit    for   ConHtructlon   Work 

A  portable  pumping  outfit  with  centrifugal  pump  was 
used  to  supply  water  In  building  a  large  country  residence 
for  A.  A.  Schlesinger  on  the  upper  Milwaukee  River,  about 
6  ml.  from  Milwaukee.  As  shown  in  Fig.  1,  the  pump  was 
placed  in  a  wood  tank  or  sump  in  the  river.  The  delivery 
pipe  was  carried  up  the  river  bank  to  an  elevation  of  35  ft. 
and  then  along  the  ground  for  about  600  ft.  to  the  site. 

The  outfit  has  a  vertical-shaft  pump  (Fig.  2)  with  gas- 
oline motor  mounted  upon  it.  The  pump  is  about  15  in.  in 
diameter,  with  2-in.  suction  and  IVi-ln.  discharge.  With  a 
2-hp.  motor  the  capacity  is  about  2,400  gal.  per  hr.  against 
a  25-ft.  head,  while  with  a  3i,i-hp.  motor  the  same  capacity  is 


PORTABLE  FU.Ml'lNG  OUTFIT  WITH  1 '4 -IN.  CENTRIFUGAL 
AND   2-HP.   GASOLINE  MOTOR 

horizontal  shaft  carrying  a  belt  pulley  for  operating  a  light 
saw  or  other  tool.  Those  pump  and  propeller  outfits  are  built 
by  the   Evinrude  Motor  Co.,   of  Milwaukee,  Wis. 


Mirtte 
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©polopeim  Steel  Arcln  nim  ttlhi( 


The  new  steel  arch  Ijridge  over  Popolopen  Creek,  5  mi. 
south  of  West  Point,  K.  Y.,  was  opened  to  traffic  by  the 
I'alisades  Interstate  Park  Commission  on  Saturday,  July 
l.j.  The  competitive  designs  for  this  structure  were  pub- 
lished in  Eii(/iiireri)ir/  Xcw.s  of  Oct.   "28,   1915,  and  the 


m 
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Prom  an  engineerino-  point  oT  view  the  obvious  thing 
to  do  was  to  build  a  high-level  bridge  straight  across  the 
gorge,  but  the  Xew  York  Highway  Department  is  forbid- 
den by  law  to  use  its  appropriation  from  the  state  in  the 
construction  of  bridge  siipprstnictiires  hii'ger  than  small 


STEKL  ARCH    HIULiGi;  m\i:i:    I '(iI'I  )LijI'K.\  CREEK    BETWEEN  UEAU  -Mwl'.XlA  I  .\   AND  WEST  I'OINT.  N.   V. 


ompanying  view  show;-  the  completed  bridge,  which 
■is  designed  and  built  foi  the  commission  by  the  Phoenix 
ridgp  Co.  The  piers  for  the  bridge  were  constructed  by 
le  New  York  State  Highwav  Department,  under  the 
rangcnient  noted  further  on. 

Popolopen  Creek  is  a  narrow  gorge  with  steep  rocky 

lis  nearly  1.50  ft.  high,  extending  back  from  the  shore 

the  Hud.son  about  half  a  mile.     The  oidy  road  in  the 

iley  of  the  Hudson  on  this  side  of  the  river  has  hitherto 

-sed  the  creek  by  making  a  sharp  turn  at  the  rim  of 

gorge,  descending  into  the  gorge  by  a  narrow  and 

irly  guarded  roailway  on  a  very  steep  grade  to  a  bridge 

■ar  the  water  level  and  ascending  by  an  equally  steep 

I  ad  on  the  other  side.    The  traditional  name  of  the  gorge 

Hell  Hole,  and  the  frequency  of  accidents  there,  since 

"  road  carries,  a  heavy  motor  traffic,  explains  the  name. 


culverts.  The  county,  on  the  other  hand,  took  compara- 
tively little  interest  in  the  bridge,  since  the  road  of  which 
it  forms  a  part  is  chiefly  of  importance  as  a  through  north 
and  south  line  down  the  Hudson  Valley,  and  the  ])opu- 
lation  of  the  county  is  mcstly  west  of  tbe  highlands  that 
border  the  Hudson. 

It  happens  tliat  the  Palisades  Interstjite  Park  Com- 
mission, however,  under  the  broad  [lowers  granted  to  it  in 
1910,  has  authority  to  protect  the  scenic  features  of  the 
Hud.son  Highlands  and  is  working  toward  the  completion 
of  a  througii  north  and  south  road  on.the  west  side  of  the 
river.  Th-  Hear  Mountain  Park  and  ])leasure  grounds, 
under  control  of  the  coniinission,  border  Popolopen  Creek 
on  the  south.  The  coinmission  therefore  arranged  to 
furnish  the  funds  for  the  suiierstructure  of  the  bridge, 
and  the  Xcw  York  Highway  Department  Iniilt  the  piers. 
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While  the  Ijridge  is  commonly  spoken  of  as  an  arch, 
structural  engineers  will  recognize  that  it  is  actually  a 
cantilever  structure.  The  floor  of  the  bridge  is  of  rein- 
forced concrete,  on  which  eventually  an  asphalt  wearing 
surface  is  to  be  laid.  At  present,  liowever,  the  traffic, 
which  is  chiefly  automobiles,  is  being  carried  directly  on 
the  concrete,  as  it  was  considered  that  better  results  in 
the  adhesion  of  the  asphalt  to  the  concrete  would  be 
obtained  if  the  latter  was  subjected  to  wear  for  .some 
months  before  the  asphalt  was  applied. 

By  the  abolition  of  the  dangerous  Hell  Hole  passage 
there  is  now  a  good  and  safe  roadway  for  autoiiiobile 
traffic  from  New  York  City  on  the  west  side  of  the  Hud.son 
all  the  way  to  West  Point.  Work  is  in  progress  on  the 
section  of  the  road  that  is  to  r\in  from  West  Point  to 
Cornwall  along  the  steep  slope  of  Crow's  Nest  and  Storm 
King  Mountains.  When  this  section  is  finished,  there 
will  be  a  continuous  motor  road  along  the  west  shore  of 
the  Hudson  all  the  wav  between  New  York  and  Albany. 


aiag  Pale  Fo^siidlaticsEi 

By  Smith  0.  Steure* 

Construction  of  the  pier  footings  for  the  new  Main  St. 
bridge  over  the  Allegheny  Eiver  at  Salamanca,  N.  Y., 
involved  special  difficulties  in  driving  piles  from  a  raft  in 
a  swift  current  into  the  hard  stratum  of  gravel  forming 
the  river  bed  at  the  bridge  site.  Further,  an  unusual 
method  of  securing  the  foundation  in  varying  heads  of 
water  was  employed — the  use  of  three-wall  cofi^er-dams. 

The  102  piles  for  each  of  the  four  river  piers  were 
driven  by  a  piledriving  plant  installed  on  a  raft.     The 
plant  consisted  of  an  upright  boiler,  singlc-drnni  bciisting 
engine   and  a  2,000-lb.   hanmier   with 
24-ft.  leads.    The  piles  for  each  footing 
course  were   driven,  beginning  at  the 
upstream  end  of  the  footing  block,  be- 
fore any  excavating  was  done  and  be- 
fore the  coffer-dams  were  built.     The 
plans  called  for  24-ft.  lengths  of  pile 
below  cutoff,  the  elevation  of  cutoff  be- 
ing 11/^  ft.  above  the  bottom  grade  of 
the  footing  block,  or  on  an  average  3\<> 
ft.  beneath  the  river  bed.    So  great  was 
the  resistance  that  the  gravel  offered  to 
the  ])iles  that  a  penetration  of  only  20 
to   22   ft.   below   stream   bed   could   be 
attained  for  the  average  pile  and  then 
only  after  much  constant  pounding  ac- 
companied with  considerable  brooming 
and  shearing  off  of  some  of  the  piles. 
At  the  start  the  progress  of  piledriving 
was  slow.    The  penetration  of  the  piles 
under    the    first    blows    of    the    ham- 
mer was  not  over  3  in.  per  blow.     As  the  driving  pro- 
gressed the  fall  of  the  hammer  increased,  but  the  penetra- 
tion per  blow  rapidly  decreased  until  it  was  not  over  i^  in. 
for  an  18-ft.  fall  of  the  hammer.     Under  these  circum- 
stances only  about  eight  piles  per  day  were  driven,  when 
the  piles  were  used  without  protection,  owing  to  the  exces- 
sive brooming  of  the  point, 

•Former  Assistant  Engineer,  New  York  Highway  Com- 
mission,  for  Salamanca  Bridge;  Montela,   Ulster  County,  New 


In  order  to  expedite  the  work  a  special  pile  shoe  to 
protect  the  pile  points  was  tried.  The  shoes  proved  eft'ec- 
tive.  The  penetration  per  blow  of  hammer  was  doubled, 
and  the  ]irogress  of  the  work  was  greatly  increased.  Steel 
straps  for  protecting  the  pile  points  were  also  experimented 
with,  l>ut  witiiout  any  appi'eciable  success ;  thev  wei'e  soon 
abandoned. 

Later  un,  while  workmen  were  excavating  for  the  foot- 
ing courses,  evidences  of  the  efficiency  of  the  pile  shoes 
were  found.  Piles  with  the  shoe  attached  had  pierced 
large  flat  stones,  stones  that  otherwise  would  have  madfe 
the  pile  glance  out  of  line.  The  accompanying  photcr- 
graph,  Fig.  2,  shows  a  pile  shoe  unearthed  with  the  pile 
sheared  off  just  above  the  point  of  attachment  of  the  shoe 
to  the  ])ile  after  striking  a  large  boulder. 

The  table  gives  the  subcontractor's  distribution  of  cost 
for  driving  419  piles  of  24-ft.  length  fur  the  foundation 
courses  of  the  bridge. 


ITEMIZED  COST  OP   PILE  DRIVING 

Freight  charges   to   and   from   Salamanca 

Unloading  and  loading  plant  and  team  hire 

Cost  of  barge  (materials,  labor  and  repairs) 

Oil  and  g:rease 

Bolts,   nails  and  washers 

Blacksmithing  charges   

Repairs  to  pile-driving  plant 

Rope  for  hammer 

30   tons  coal    @    $4.50 

Labor,  July  27  to  Nov.   9 

Superintendence  and   overhead  cliarges 

Interest  on  plant  investment  for  3  mo 

Depreciation  of  plant  for  3  mo 


$74.40 
41.50 
81.85 

9.9- 
6.32 
27.6.1 
17.35 
37.6S 
135.«D 
799.ffi 
300.00 
9.00 
15.00 


Salvage  on  barge 40.00 

Net  cost,   419   piles Jl, 515.0" 

Cost  per  lineal  foot,  $1,515.02   ^   10,056 .15 

In  order  to  carry  the  exeavt.tion  for  the  footing  courses 
to  grade,  three-wall  coffer-dams  were  built  of  sheeting  an^ 
bracing  around  each  foundation  site  of  the  piers.  Th# 
dimensions  of  the  outer  coffer-dam  walls  were  68x20  ffc^ 
and  the  spaces  between  walls  wei'e  3  fl.;  inside  of  tiife 
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COFFER-DAM   FOR  CONCRETING   I'lER  FOUNDATION 

inner  wall  the  dimensions  were  60x12  ft.,  or  the  same  a? 
the  size  of  the  footing  block.  The  entire  area  within  tlu' 
inner  sheetpile  inclosure  was  filled  with  upstiinding  pilt' 
butts  projecting  3  or  4  ft.  above  the  river  bed  and  G  tn 
1  ft.  above  the  saw-off  elevation. 

The  puddle  chambers  between  the  three  walls  of  tlu' 
coffers  were  filled  with  a  clay-gravel  puddle  excavated  at 
the  south  abutment  site.  The  upper  ends  of  all  the  coffei- 
dams  showed  considerable  leakage,  and  these  points  were 
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strengthened  and  made  more  impervious  to  water  by 
filling  cement  bags  with  elay  and  plaeing  them  around 
the  outside. 

After  placing  a  coffer-dam.  the  interior  was  unwatered 
by  using  two  electrically  driven  centrifugal  pumps  with 
8-in.  intake  and  6'-in.  discharge  pipes.  These  pumps  were 
speeded  up  to  a  capacity  of  700  gal.  per  min.  each. 
Except  where  troublesome  local  leaks  developed,  the 
pumps  easily  handled  tlie  ordinary  leakage  through  the 


■IG.  2.    riLK  .SHi;Al;EI>  eil-I'   Al  Ti:i;   STIUKING   BOULDER 

offer  walls  and  the  seepage  through  the  jiorous  gravel  of 
he  river  bed,  which  wa.s  considerable. 
Workmen  .shoveled  the  material  from  the  foundation 
its  by  lift  and  wasted  it  over  the  edge  of  the  coffer-dam. 
is  the  excavating  proceeded  downward,  the  sheeting  and 
racing  of  the  inner  coffer  wall  also  were  driven  down, 

>  that  the  bottom  of  the  sheeting  was  kept  4  or  5  in. 
clow  the  floor.  The  upstanding  pile  butts  were  sawed 
If  near  the  river  bed,  as  they  interfered  with  the  free 
<e  of  the  shovels;  later  on  they  were  cut  off  at  saw-ofi 
rade,  1'/^  ft.  above  the  bottom  grade  of  the  footing  block. 

The  two  centrifugal  pumps  easily  handled  the  water 
hile  excavation  was  going  on,  but  the  problem  was  how 

>  keep  the  coffer-dam  unwatered  during  the  concreting 
f  the  foundation  course,  as  the  specifications  prohibited 
le  laying  of  concrete  in  still  or  running  water.    Finally, 

the  writer's  suggestion,  a  plan  was  tried  that  proved 
isfactory.  A  narrow  intercepting  well  3 -ft.  deep  was 
iig  across  the  upper  end  of  the  pit  and  fully  planked. 
Ilia  intercepted  the  seepage  and  leakage  at  the  upper 
I  id  of  the  coffer,  where  it  was  the  greatest,  and  delivered 
I  through  two  lines  of  8-in.  tile  drains  laid  under  the  floor 

>  a  triangular  sump  at  the  downstream  end  of  the  pit. 
wo  additional  intercepting  side  timber  drains  were 
laced  just  beneath  the  lower  wales  of  the  inner  wall  of 
le  cofTcr-dam  to  take  care  of  water  coming  through  the 
des;  this  also  discharged  into  the  pump  sump.  The 
imp  hail  planked  sides;  its  bottom  was  2  ft.  below  the 


floor  of  the  pit,  and  its  top  extended  2  ft.  above  the  top 
grade  of  the  foundation  block.  With  this  arrangement 
of  intercepting  well,  tile  and  intercepting  lateral  drains 
and  sump  well,  the  concrete  for  the  footing  blocks  was 
laid  without  any  trouble  whatsoever  from  water.  When 
the  concreting  for  the  piers  proper  was  done,  the  pump 
sump  wells  were  unplanked  and  filled  with  concrete.  Fig. 
1  shows  the  plan  and  .section  of  the  drainage  sy.steiii. 

■*: 

A.  T.  Goldbeck  and  T.  B.  Smith,  of  the  Fuited  States 
Agricultural  Department,  have  devised  an  instrument 
which  it  is  hoped  will  accurately  measure  the  pressure  in- 
side an  earth-fill  or  even  inside  undisturbed:  original  earth. 
The  authors  state  that  they  have  attempted  to  develop 
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Bakelite  Cement 
Vertical     Section. 
NEW  SOIL-PRESSURE  TEST  APPARATUS 

an  apparatus  that  will  measure  such  pre.<sure  with  prac- 
tically no  disturbance  of  the  natural  condition  of  the 
ground,  and  in  considering  it  it  was  deemed  advisable  to 
develop  the  idea  of  a  portable  cell  of  small  size  capable  of 
indicating  at  some  remote  station  the  value  of  any  pres- 
sure coming  upon  it.  The  device  consists  of  a  small  dia- 
phragm cell  and  a  slightly  movable  top,  the  movement  of 
which  is  indicated  by  electrical  contact  communicated  to 
the  outside  of  the  fill  through  a  wire  leading  from  the 
inside  of  the  cell  through  an  armored  pipe.  This  armored 
pipe  also  conducts  compres.sed  air  from  an  outside  tank- 
to  the  interior  of  the  cell,  and  the  pressure  of  the  soil  is 
measured  by  the  reaction  of  the  disk  movement  against 
this  air  pressure.  The  cell  is  in  some  way  similar  to  that 
used  by  Professor  McDaniel  in  measuring  the  pressure 
of  concrete  in  forms,  described  in  Enf/iuceritig  News,  May 
IS,    1910,    p.    9:5;!. 
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FEae^sia^t^HC-lnlsiffiniEffiieff'  Tool® 

A  verv  interesting-  roek-tauneling  nuuhine  is  at  present 
iloin"'  demonstration  work  in  the  subway  excavation  at 
the  (irand  Central  Terminal,  New  York  City.  This 
machine,  which  is  a  recent  development  from  the  old 
Terry,  Tench  &  I'roctor  machine  described  in  Engineer- 
ing News  of  Nov.  1 !),  1  !)ns,  is  designed  to  chip  away  the 
rock  by  the  action  of  a  number  of  pneumatic  hammers 
litted   with   chisels   A\hiih    tni'ii    on    n    Imiaitiidinnl    axis. 


Till'  secret  of  the  greater  measure  of  success  attained 
by  this  machine,  which  has  been  developed  by  Oliver  0. 
App,  under  the  name  of  the  Eoek  Tunneling  Machine  Co.. 
79  East  13()th  St.,  New  York  City,  is  contained  in  the 
fact  that  there  is  a  distinct  relation  between  the  character 
of  the  cutting  and  the  action  of  the  hammers.  When  a 
chisel  is  not  bearing  against  the  rock,  there  is  no  action  of 
the  hammer.  As  soon  as  the  tool  contacts  firmly  with  the 
rock  face  the  hammer  operates.  Until  this  cooperation 
with  chisel  and  hammer  was  obtained,  the  hammer  type 
oF  tunneling  machine  was  bound  to  remain  an  ex]ieriment. 


FIG.  1.    GENERAL  VIEW  OP  THE  APP  TUNNELER  STARTING  HEADING,  GRAND  CENTRAL  TERMINAL,  NEW  YORK  CITY 


FIGS.  2  AND  3,    VIEW  OF  CUTTING   IlKAD  OK  TH 10  IM  I'ltc  )Vl-:i>  TIINNIOLIOK   A.N'D   THI-:   ROCK   FACE 
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The  carriage  of  the  machine  consists  of  a  two-wheel 
main  truclv  at  the  rear  and  a  two-wheel  guide  truck  at  the 
front.  The  wheels  rest  on  a  light  track  of  standard  gage, 
shown  in  Figs.  1  and  2.  The  front  and  rear  halves  are 
separate ;  the  front,  carrying  the  revolving  head,  is  moved 
forward  1  in.  per  revolution,  by  means  of  two  lead  screws. 
The  hydraulic  feed  of  the  earlier  machine  has  been  aban- 
doned. After  the  front  has  advanced  2  to  3  ft.,  the  rear 
i.«  moved  up  by  means  of  gearing.  The  main  shaft,  which 
carries  and  rotates  the  head,  is  12  in.  in  diameter  and  14 
ft.  long  and  extends  the  full  length  of  the  machine  along 
its  axis. 

The  head,  which  is  the  tool  carrier,  comprises  a  hub 
and  four  arm.s  placed  90°  apart.  Two  arms  carry  four 
hammers  each;  on  each  of  the  other  two  arms  are  three 
iiannners.  The  14  hammers  are  so  arranged  that  the 
chisels  cut  in  concentric  circles,  producing  the  face  illus- 
trated in  Fig.  3. 

The  power  to  rotate  the  head  and  to  niaiii[)ulate  the 
machine  is  furnished  by  a  compressed-air  engine  located 
on  the  forward  part  of  the  carriage. 

Wlien  it  becomes  necessary  to  move  the  rear  half  of  the 
machine  forward,  the  track  on  which  it  rests  is  moved 
bodily  by  means  of  jacks.  This  method  will  bo  improved 
in  future  machines. 

The  Head  Cai;i!Ies  Foukteex  Hammehs 

The  hannner-and-chisel  clement  has  iieen  entirely  rede- 
signed. In  the  old  Terry-Proctor  machine  a  3-in.  cylin- 
der, with  piston  and  valves  and  springs  at  each  end  of  the 


KKi.  4.    KEAIt  VIKW  OV  MACHINE  IN  TUNNEL,  iSHOWINi; 
AIR  LINE  AND  SPOIL  CONVEYOR 

<ylindpr,  was  tried.  ^Ir.  .\|)p  u.ses  a  4-in.  valvoless  cylin- 
der carrying  a  32-lb.  hammer  13  in.  long.  The  hammer 
is  reciprwatcd  l)y  Iho  action  of  compressed  air,  tlie  distri- 
bntion  of  which  is  effected  entirely  by  the  pa.ssing  of  the 
liammer  over  ports  in  the  cylinder  wall,  tlicre  being  no 
di8trii)uting  valves  whatever.  The  iiammer  strikes  a  steel 
ehisel-hoider,  into  which  the  chisel  is  firndy  inserted.  It 
is  now  proposed  to  form  the  tools  with  longer  shanks  so 
that  the  hammer  will  strike  the  tool  direct  and  luit  the 
holder. 

In  the  event  of  one  or  more  of  the  tools  meeting  no 
resistance — an  operating  condition  that  may  occur  at  any 


moment — the  air  supply  to  tliose  ])articular  cylinders  is 
shut  off  immediately  and  automatically.  Arrangements 
are  provided  so  that  the  supply  of  air  to  any  single 
hammer  is  determined  solely  by  its  immediate  demand, 
and  this  control  is  effected  by  variation  of  bearing  pressure 
of  the  tool  against  the  rock.  The  harder  the  rock  the 
more  air  is  supplied  automatically.  If  the  rock  is  soft, 
loss  air  is  supplied :  if  sufficiently  soft,  the  hammer  is 
inactive  and  the  rock  is  sheared  off  bv  the  rotation  of  the 


Pod  for  ConirolUng  Air 
'Supply  fo  Pi'sfon 


FIG.   5.    LATEST   DESIGN  OF  .•i2-LB.   PNEUMATIC  HAMMER 

tool.  In  short,  the  blow  delivered  is  proportional  to  the 
liardness  of  the  rock  to  be  cut. 

•  Oil  enters  the  cylinders  with  the  air.  The  chisels  now 
in  use  are  made  of  11/2-'"-  square  steel.  The  movement 
of  a  chisel  is  limited  to  not  over  l^  in. 

Dust  in  the  tunnel  is  practically  eliminated  by  a  spray 
of  air  and  water  over  the  face  of  the  rock.  The  broken 
rock  is  elevated  by  two  setoops  carried  by  the  rotating  head 
and  delivered  on  a  belt  conveyor  (Fig.  1)  that  disduirges 
into  muck  cars  at  the  rear. 

lii:c()Hi)  OF  Rrxs 

In  three  .S-hr.  shii'ls  in  which  the  total  operating  time 
was  13  lir.,  an  advance  was  made  of  8  ft.  101/2  in.  in  the 
s-l't.  diameter  tunnel.  The  lost  time  comprised  that 
n'(|uired  to  move  track  forward,  to  break  off'  core  and  to 
insert  tools  that  dropped  out.  The  following  is  a  record 
nf  an  S-hr.  test  and  was  compiled  by  II.  S.  Dow,  of  the 
l.'apid  Transit  Construction  Co.,  New  York  City: 


TRIAL  RUN  ON  JUNE  9.   miB 


llpiTU 

ing  f. 

Olll    <■ 

TiMU- 

Time    Diiriilic 

Stiirt, 

Stop, 

Kun. 

I'M. 

r.M. 

Mtn. 

r,:54 

6:03 

9 

fi:16 

6:27 

11 

t;:33 

6:34 

1 

i;:47 

6:53 

6 

ti:.54 

7:01 

7 

7:1S 

8:04 

46 

8:29 

8:37 

8 

Sj:41 

8:46 

5 

9:10 

9:17 

7 

10:11 

10:21 

10 

10:24 

10:30 

6 

10:.'il 

10:33 

2 

10:44 

11:03 
A.M. 

19 

11:43 

12:01 

IS 

A.M. 

12:04 

12:11 

7 

12:13 

12:24 

11 

12:27 

12:35 

s 

1:1.'; 

1:21 

6 

1:25 

1:58 

33 

2:0.'i 

2:09 

4 

2:11 

2:20 

9 

2:21 

2:25 

4 

Total   time  of 

In.    pc 

r    hr. 

'or    r 

progress  for 

S  hr 

lit  on   north  side  42nd  St, 
Lexington  Ave. 


between  Turk  and 


25 


Cause  of  Stop 
To  break   off  rock   ore 

To  tighten  tool    

To  change   tools    

To  measure   progress. 
To     change     tools     ai 

move    track    

To     change     tools     ai 

move  track   

To  clean  out  muck, .  .. 
To     rcphicc     tools     and 

move  track   24 

To  replace  tool;  lunch,,      54 

To  replace  tool    3 

To  clean   out   muck 1 

To  hreak   off   rock   core.      11 
To  clean   out   muck   and 

replace   tools    40 

To  tighten  tools   3 


Time 
M.u-iiine      Total 
Was  Idle,  ProRros: 
Min.      Ft.    In, 


To  tighten   tools    2       

To  tighten   tools    3       

To  clean    out    muck 40         1     11        3        1 

To  adjust  distance   4       

To  tighten    tools    7         2      4        3      40 

To  tighten   tools    2       

To  tighten   tools    1       ..     ..      .-      •■ 

End   of   run 2      6       3     57 

test,   8   hr.   31   mIn,         Average   progress,   7,6 
unning    time    of    3    hr,    57    mIn.  Average 

,3%   In.  per  hr. 
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SYNOI'SIS—This  .U_.000,000  job  is  to  reclaim 
nearlij  1 .000  sij.nii.  of  low  land.  Flood  iraters 
now  sprmding  over  this  district  will  be  diverted 
to  a  defined  channel,  with  large  detention  ba-'sins 
to  equalize  the  fiow.  The  use  of  electricalhj  oper- 
ated, e.rcavators  of  great  .'iize  i.s  a  feature  of  the 
irnrk.     The  plan  and  methods  are  described  fully. 

The  reclamation  of  an  area  of  some  500,000  acres  of 
Bwamp  and  overflowed  land  in  southwestern  Missouri — 
constituting  the  Little  Eiver  drainage  district — is  being 


The  surface  waters  will  he  carried  southward  by  the 
ditch  system,  which  will  extend  to  the  Arkansas  line 
and  there  discharge  into  Big  Lake,  Arkan.sas.  The  staff 
hduiidary  is  an  arbitrary  limit  to  the  Little  River  dis- 
tri<t.  On  the  Arkansas  side,  however,  the  Kevstone 
drainage  district  has  been  organized,  which  is  practically 
an  extension  of  the  other.  Its  works  will  deliver  the 
comliined  waters  from  the  two  districts  into  the  St. 
Francis  Eiver  at  Marked  Tree,  Ark. ;  this  in  turn  dis- 
charges  into   the   Mississippi   above   Helena,   Ark. 

Tlie  Little  River  drainage  district  has  its  headquarters 
at   Cape  Girardeau,  Mo.     William  A.   O'Brien  is  Chief 
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elfectcd  by  two  distinct  classes  of  work:  River  diversion 
to  prevent  the  entrance  of  flood  water,  and  ditches  to 
drain  the  swamps  and  take  care  of  the  rainfall.  The 
project  was  described  in  Engineering  News,  Mar.  18, 
1915,  and  work  is  now  in  active  progress.  The  general 
situation  is  shown  by  the  plan  and  profile,  Fig.  1. 

The  district  lies  back  from  the  Mississippi  River;  it 
has  a  length  of  about  !)0  mi.,  north  and  south,  and  an 
average  width  of  about  10  mi.  The  floods  come  from 
the  Castor  River  and  the  Little  River  (or  Whitewater), 
v>'hich  flow  out  of  the  Ozark  hills  near  the  northwestern 
corner  of  the  district.  These  streams  are  of  a  flashy 
character,  but  after  leaving  the  hills  the  watc  lows 
slowly  southward  through  the  district  by  tortu>iis  and 
ill-defined  channels.  These  streams  wll  be  in'.circpted 
by  a  diversion  channel  along  the  north  boundary  of  the 
district  and  extending  eastward  to  the  Mississippi  River. 


FIG.   1.    THE  LITTLE    RIVER    DRAINAGE   DISTRICT 
IN    SOUTHWESTERN    MISSOURI 

T^.elow — Plan  of  river  diversion  cliannel.  floodways  and 
flodd  detention  basins.  Cross-sections  of  river  diversion 
chiinnel,  with  levees  and  floodway.  (The  drainage  district 
extends  south  of  the  works  shown  upon  the  plan.)  Above — 
Proflie  of  diversion  channel 


Engineer;  N.  C.  Frissell,  Assistant  Chief  Engineer;  B. 
F.  Burns,  Office  Engineer.  The  river-diversion  work  i;= 
divided  between  two  resident  engineers — L.  D.  Sheppard 
and  Harry  V.  Newcomb.  The  drainage-ditch  system  1:^ 
divided  among  three  resident  engineers — Blair  Boyle. 
Howard  Henderson  and  E.  S.  Blaine,  with  William  Mul- 
holland  as  Locating  Engineer.  Isham  Randolpli  (Chi- 
cago) is  consulting  engineer  for  the  district.  John  A. 
Ockerson  (St.  Louis),  A.  E.  i\Iorgan  (Dayton,  Ohio)  and 
Daniel  W.  Mead  (:\radison.  Wis.)  are  consulting  engi- 
neers for  the  bondholders. 

The  contract  for  the  whole  of  the  river-diversion  work 
has  been  let  to  the  Floesch  Construction  Co.,  of  Rochester. 
N.  Y.,  at  $1,2()0,000.  S.  T.  Neely  is  General  Manager 
for  the  company.  The  drainage-ditch  work  is  divided 
among  several  contractors  at  an  aggregate  price  o' 
I'rS, 706,000.     The    total    ainmmt    of    excavation    will   be 
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8,600.000  cu.yd.  for  tho  river  diversion  and  34,230,000 
eii.vd.  for  the  drainage  ditches.  The  former  work  is  ex- 
pected to  be  completed  by  October,  1917,  and  the  latter 
by  January,  1918. 

River  Diversiox  for  Flood  Coxtkol 

The  method  of  eliminating  the  flood  water  from  the 
district  is  to  carry  the  two  rivers  eastward  across  the 
north  end  of  the  district  in  a  channel  extending  to  the 
Mississippi  River,  as  previously  mentioned.  Beginning 
near  Greenbrier  (Fig.  1 ),  the  channel  of  the  Castor  River 
will  be  improved  for  2.5  mi.  to  the  point  of  diversion, 
bevond  which  a  channel  and  levee  will  extend  12.3  mi.  to 
Crooked  Creek.  High  ground  here  makes  a  levee  un- 
necessary, but  the  channel  of  this  river  and  then  of  the 
Little    (or   Whitewater)    River   will    be   improved   and 


the  levee  near  Allenville.  This  would  discharge  excess 
water  into  the  abandoned  channel  of  the  Little  (or  White- 
v/ater)  River,  and  the  amount  would  be  much  less  than 
the  bank-full  capacity  of  this  channel.  The  spillway 
would  be  a  stretch  of  levee  with  its  crest  5  ft.  below 
the  normal  crest  elevation  and  having  tho  slopes  paved 
with  concrete.  Concrete  toe  walls,  perpend icidar  to  the 
slope,  would  ]>revent  undercutting  or  wash. 

Floodways  axd  Detention  Basins 

The  pi-ovision  for  heavy  floods  is  an  interesting  fea- 
ture of  the  work.  The  channels  could  not  be  made  large 
enough  to  carry  the  water  of  maximum  floods,  but  a 
strip  of  land  has  been  obtained  along  the  channel  as  a 
floodway.  This  is  cleared  and  grub!)ed  and  will  lie 
flooded  when  the  channel  capacity  is  exceeded.     On  tlie 


k 


:  jwrt»JMggga?"jiaifig^;^?fgBBac^ j«:;.-::i  t^' 


FKi.   ::.     l)l\i:itSION  of  the  little  r.IVER,  IN  MI.S.SOURI 

A — Area  stripped  for  the  channel  and  levee.  B — Muck  ditch  for  levee.  C — Cutting  the  channel;  the  excavator  has 
commenced  the  cut.  another  (not  shown)  is  completing  it  to  full  section.  D — Levee  and  channel;  the  excavator  is  on  the 
40-ft.  berm,  excavating  the  channel  at  the  right  and  i>utting  the  material  in  the  levee  at  the  left 


traightened  for  5.5  mi.  to  near  Allenville.  There  the 
hannel  and  levee  work  will  recommence,  extending 
hence  to  the  river,  15  mi.  (as  shown  by  the  plan  in 
.•"ig.  1).  The  total  length  of  the  diversion  channel  is 
!2.5  mi. 

Typical  sections  are  shown  in  Fig.  1.  The  main-chan- 
lel  section  has  a  bottom  width  of  50  to  112  ft.  (as  shown 
leneath  the  profile  in  Fig.  1),  with  .slopes  of  1:1  on 
he  open  side  and  2 : 1  on  the  side  adjacent  to  the  levee. 
'here  is  a  40-ft.  berm  on  this  latter  side.     The  levee  is 

ft.  wide,  with  an  8-ft.  crown  and  side  slopes  of  3 : 1. 
has  a  central  muck  ditch  8  ft.  deep  and  6  ft.  wide, 

hich  insures  thorough  bonding  with  the  ground  l)eiieath. 
'or  the  floodway  extending  from  the  East  Basin  to  the 
iver  the  smaller  levee,  along  the  north  side,  has  an  8-ft. 
pp,  with  side  slopes  of  2:1  and  a  muck  ditch  of  the 
ize  already  given. 

To  provide  for  the  possibility  of  a  flood  in  the  upper 

isin  of  the  diversion  channel  being  beyond  the  capacity 
if  the  chaniicl,  it  is  proposed  to  establish  a  spillway  in 


west  end  of  the  work  tliis  floodway  lias  a  width  of  about 
1,500  ft.  and  is  bounded  l)y  rising  ground    (Fig.   1). 

At  the  east  end  of  the  work,  the  ground  is  low,  and 
the  floodway  has  to  be  formed  by  a  second  and  smaller 
levee  on  the  far  side  of  the  cleared  area.  As  this  ex- 
cludes flood  water  from  the  adjacent  district  on  the 
north,  a  drainage  ditch  outside  of  and  parallel  with  this 
levee  is  required  to  care  for  surface  water  for  the  land 
north  of  the  floodway.  The  width  of  this  defined  flood- 
way  is  about  900  ft. 

Besides  the  floodway  there  will  be  three  flood-deten- 
tion basins,  formed  by  the  levees,  having  an  area  of  23 
sq.mi.  and  providing  ample  capacity  to  hold  the  water 
of  a  sudden  storm  on  the  watershed.  These  basins  will 
be  dry  and  in  large  part  available  for  cultivation  excejit 
during  flood  periods. 

The  ii.se  of  the.se  large  basins  is  a  special  feature  of 
the  headwater-diversion  .system,  and  it  is  believed  that  the 
formation  of  detention  basins  of  such  magnitude  has 
not  been  attempted  elsewhere  in  this  country  or  abroad 
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in  connection  with  land-reclamation  works.  The  capacity 
nf  the  West  Basin  is  about  .3.000,000,000  cu.ft.  and 
5.000,000,000  cu.ft.  at  elevations  360  and  365  (see  pro- 
file. Vig.  1)  ;  that  of  the  Middle  Basin  is  nearly  2,000,- 
000,000  cu.ft.  at  the  former  elevation.  The  capacity  of 
the  East  Basin  is  1,500,000,000  cu.ft.,  of  which  418.000,- 
000  cu.ft.  is  above  the  Mississippi  River  flood  plane  of 
],844,  so  that  this  basin  provides  storage  capacity  for 
Hoods  of  the  hill  streams  even  when  the  Mississippi  is 
in  flood. 

Levee  and  Channel  Constkuction 

The  site  for  the  levee  and  channel  is  cleared  of  all 
vegetation.  Trees  are  felled  by  means  of  crosscut  saws 
and  cut  up  into  20-ft.  lengths.  The  stumps  are  either 
pulled  out  bodily  by  a  Clyde  steam  stump-pulling  ma- 
chine, with  occasional  blasting  of  large  stumps,  or  they 
are  all  blasted,  using  40%  dynamite,  and  the  pieces  are 
pulled  out  with  horse-operated  stump-puller  tackle.  The 
cutting  is  done  by  small  local  contracts,  and  not  much 
of  the  timber  is  utilized,  as  there  is  not  time  for  its 
sale  and  removal  in  advance  of  the  excavation.  The  logs 
and  slash  are  either  stacked  on  the  channel  site  and 
burned  or  are  stacked  outside  of  the  levee  line  and  cov- 
ered with  the  stripping.  The  steam  stump  puller  does 
its  own  stacking,  but  where  the  material  is  handled  l)y 
teams  the  stacking  is  done  by  steam  hoists  or  skidders. 

The  entire  area  for  the  levee  and  channel  is  stripped 
to  a  depth  of  12  in.  in  advance  of  the  main-channel 
excavation.  On  part  of  the  work,  where  the  slow  pro- 
gress of  clearing  had  checked  excavation,  the  stripping 
and  the  cutting  of  the  muck  ditch  for  the  levee  were 
done  by  one  of  the  large  electric  excavators.  But  these 
machines  could  make  more  money  for  their  o^vners  when 
cutting  the  channel,  and  the  best  results  were  obtained 
where  the  clearing  wa.s  kept  well  in  advance,  and  a  special 
stripping  excavator  was  used  between  this  and  the  main 
excavators. 

The  stripping  machines  arc  80-ton  Bucyrus  dragline 
excavators  with  70-ft.  boom  and  IV^-yd.  bucket.  Each 
is  mounted  on  two  pairs  of  caterpillars.  p]ven  the  broad 
base  of  the  caterpillars  i^  not  suflicient  to  support  the 
machines  in  traveling  over  tlie  soft  ground,  full  of  stump 
holes.  They  travel  therefore  on  pads  made  of  layers  of 
heavy  planking,  the  pads  being  16x5  ft.  in  size  and  Imii- 
dled  by  the  boom.  This  machine  works  back  and  forth, 
longitudinally  of  the  work,  strip])ing  the  entire  surl'acc, 
cutting  the  muck  ditch  and  removing  any  broken  stumps 
left  by  the  stump  jiuller. 

Where  all  the  work  is  done  by  the  main  ilragliuc  ex- 
cavators, the  method  of  procedure  is  as  fojidws:  One 
of  the  excavators  travels  first  along  the  site  of  the  south 
bcrni,  stripping  the  surface  of  the  channel  and  deposit- 
ing the  material  in  a  spoil  bank  40  ft.  from  the  north 
edge  of  the  channel.  This  bank  is  about  4  ft.  high, 
well  rounded,  and  drainage  openings  will  be  cut  through 
it  later  to  admit  surface  drainage  from  the  lloodway  area 
to  the  channel. 

After  stripping  the  surface  for  a  distance  of  about 
3,000  ft.  the  machine  returns  along  the  center  line  of 
the  levee,  stripping  the  levee  site  and  making  the  nnick 
ditch  (8  ft.  deep  and  6  ft.  wide).  The  stripping  is 
thrown  upon  the  stumps  and  grvdjbing  ])iled  15  ft.  from 
the  south  toe  of  the  levee.  The  material  from  the  muck 
ditch  is  placed  along  the  south  toe,  so  as  to  retain  the 
main  fill. 


Having  finished  this  work  on  the  stretch  of  3,000  ft., 
the  machine  then  moves  to  its  first  position  (on  the 
berm)  and  again  travels  forward,  excavating  one-third 
of  the  channel  prism.  The  second  excavator  follows  and 
completes  the  channel  to  its  full  dimensions  (Fig.  3). 
Both  machines  build  the  levee  with  the  excavated  mate- 
rial. The  levee  has  a  maximum  height  of  about  18  ft. 
and  is  built  in  three  layers  or  lifts  of  5  to  6  ft. 

For  the  work  on  the  lower  part  of  the  river  diversion, 
wliere  the  stripping  is  done  by  a  separate  machine,  the 
method  of  working  is  slightly  different.  The  stripping 
from  the  channel  is  placed  oiitside  of  the  levee,  along  the 
edge  of  the  right-of-way.  The  stripping  from  the  levee 
site  and  the  material  from  the  muck  ditch  are  placed 
along  tlie  toe  of  the  levee  on  the  berm  or  channel  side. 
The  main  dragline  machines  then  travel  along  the  berm. 


PI(!S.  3  AND  4.     ELECTRIC  DRAGLINE  EXCAVATORS  WITH 
lon-FT.  BOOM.S.AND  4V2-YD.  BUCKETS 
Kig.  3 — Dumping 


excavating  the  channel  and  luiilding  thi-  levee  in  four 
lifts.    Fig.  3  shows  some  of  llie  stagers  of  the  wiu'k. 

On  file  upper  part  of  flie  work,  above  AllcTiville,  the 
niaferial  is  mainly  a  stiff  wliite  clay,  which  stands  very 
v,-eil  in  the  slopes  and  is  easily  dressed  to  tlie  s])ccifie(l 
slopes  lioth  for  the  channel  and  the  levees.  There  are 
some  red  earth  and  sandy  soil  also,  while  at  some  points 
generally  in  high  ground,  the  bottom  of  the  cut  is  in 
fine  sand.  The  dragline  nuichincs,  with  diagonal  euts, 
finish  the  channel  very  closely  to  the  specified  slopes.  For 
finishing  the  levee  the  lighter  material  is  used  in  the 
top  and  sides,  any  large  lumps  being  broken  up  and  lev- 
eled l)y  a  man  with  a  shovel.  The  slopes  will  lie  seeded 
with  a  mixture  of  white  clover,  bcrmuda  and  herd  grass. 

The  lower  section  of  the  work  is  largely  in  gumbo 
soil,  which  will  stand  in  the  .«1opes  of  the  cut,  but  when 
heavily  saturated  will  not  stand  at  the  specified  slopes 
for  the  levee.  Here  the  material  is  being  deposited  tem- 
porarily as  a  spoil  bank,  of  lower  height  and  greater  widtli 
than  the  levee  section.  After  the  material  has  dried 
and   settled,   a   draijline  excavator  will    travel   along  the 
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top  of  this  bank,  taking  the  material  from  the  sides  and 
placing  it  on  the  top,  giving  the  required  height  and 
slopes. 

For  the  drainage  ditch  outside  the  north  levee  fcn-ming 
the  floodway  the  stripping  is  done  by  a  steam  caterpillar 
dragline  with  ll/^-yd.  bucket.  This  places  the  material 
along  the  south  toe  of  the  le\ee.  A  steam  dragline  ex- 
cavator with  100-ft.  boom  and  3i^-yd.  dipper  then  ex- 
cavates the  ditch  and  throws  the  material  into  the  levee. 
This  has  a  slope  of  2 :  1  on  the  ditch  side  and  2^/^ :  1  on 
the  Hoodway  side ;  the  flatter  slope  is  due  to  tlie  material 
spreading  out  over  the  stripping  piled  along  the  toe. 
Electric  Dragline  Excav.\tor.s 
The  main-channel  excavation  is  done  by  four  Bucyrus 
electrically  operated  dragline  machines,  two  on  each  di- 
vision. This  Tise  of  electric  power  for  large  excavators 
is  one  of  the  specially  interesting  features  of  the  work. 
Two  are  IfiS-ton  machines,  having  100-ft.  booms  and 
3lA-yd.  buckets,  with  200-hp.  main  motor  and  llS-hp. 
swinging  motor.  Of  the  remaining  two,  one  has  a  100- 
ft.  boom  and  4%-yd.  bucket,  while  the  other  has  a  125- 
ft.  boom  and  3l^-yd.  bucket.  These  latter  have  2.50-  and 
r25-hp.  motors  for  the  main  operation  and  swinging 
movements  and  weigh  206  tons  each.  Tlie  machines  are 
shown  in  Fig.  3. 

All  these  machines  operate  on  3-phase  OO-cycle  440- 
volt  alternating  current,  which  is  generated  at  13.200 
volts  at  the  power  house  of  the  Cape  Girardeau  (Mo.) 
electric  liglit  plant,  additional  turbo-generators  being 
installed  for  the  jnirposc.  The  contractor  builds  his  own 
transmission  line  along  the  work,  using  steel  latticed 
poles.  At  each  excavator  there  is  a  transformer  outfit. 
For  the  machines  on  one  section  the  outfits  are  mounted 
on  skids  and  hauled  ahead  by  a  horse-operated  windlass 
ind  cable  as  the  work  progresses.  At  first  the  excavator, 
in  moving  ahead,  picked  np  its  transformer  outfit  and 
nvung  it  ahead,  but  this  involved  too  much  loiJs  of  time 
in  the  work  of  excavating.  On  the  other  section  the 
transformer  outfits  are  on  scows  floating  in  tlie  first  cut 
nade  by  the  excavators. 

Eadi  electric  excavator  has  an  operator  and  an  oiler. 
The  former  sits  at  the  front  and  controls  all  movements 
ly  a  bank  of  levers.  The  latter  sees  that  the  machinery 
s  kept  in  working  condition.  These  men  work  three  8- 
ir.  shifts.  There  is  no  stop  for  meals,  but  the  oiler 
fglad  to  learn  how  to  run  the  machine)  takes  a  spell 
vhile  the  operator  eats  his  lunch.  There  are  four  to 
ix  pitmen  to  each  machine;  and  they  work  12-hr.  shifts. 
An  electric  fan  near  the  operator's  seat  serves  to  keep 
he  mosquitoes  and  flies  from  troubling  him.  Work  pro- 
peds  continuously,  night  and  day,  for  six  days  a  week, 
;nd  on  Sundays  the  machines  are  overhauled  and  given 
ny  necessary  repairs. 
Tlie  main  part  of  the  machine  revolves  on  a  24-ft. 
unitable  upon  a  steel  tower  about  24  ft.  square  and 
0  ft.  higl).  The  totjil  weight  is  carried  by  four  4-wheel 
rucks  witli  22-in.  grooved  wheels.  The  two  forward 
nicks  arc  iiin-connccteil  to  the  tower.  The  rear  trucks 
re  connected  by  a  long  transverse  equalizing  beam,  so 
hat  the  niacliine  is  stable  even  on  irregular  track.  The 
lachinc  makes  a  full  swing  (loading,  dumping  and  re- 
urn)  in  45  to  60  sec. 
The  trucks  ride  on  two  tracks  of  30-in.  gage,  spaced 
6  ft.  c.  to  <:  EacJi  track  is  in  lengths  of  15  ft.,  whicli 
re  shifted  by  the  iiiaiiune.'    The  tracks  are  of  very  heavy 


construction,  Ijut  soon  ])ecome  distorted  vertically,  owing 
to  the  weight  of  the  machine  and  the  soft  soil.  Each 
track  has  100-lb.  rails  on  steel  base  plates  on  longitudinal 
timbers  10x12  in.  These  timbers  rest  on  closely  spaced 
()xl2-in.  ties,  8  ft.  long,  bolted  to  4xl2-in.  longitudinal 
planks.  Eing  bolts  in  the  platfonns  or  pads  are  pro- 
vided for  the  attachment  of  chains  in  shifting.  {Engi- 
neering News,  July  13,  191  (i.) 

The  maximum  monthly  records  i'or  these  electric  drag- 
line excavators  arc  90,000  and  80.000  cu.yd.  for  machines 
with  1-  and  31/9-yd.  Ijuckets  respecti\ely.  For  a  24-hr. 
run  the  maximum  record  is  5,800  yd. 

GovERXiiEXT  Levee 

The  work  crosses  the  present  Go\ernment  levee,  whidi 
will  be  cut  for  the  channel  and  the  remaining  portions 
widened  and  raised  to  the  full  section  of  the  new  levees 
(Fig.  1).  This  involves  also  the  construction  of  a  di- 
version channel  for  Eamsay  Creek,  outside  the  Govern- 
ment levee,  and  with  a  new  levee  along  its  outer  side. 

This  work  is  being  done  under  subcontract  by  Bartson 
&  Millard,  of  Peoria,  111.,  using  a  ^lonighan  steam  drag- 
line excavator  with  100-ft.  boom  and  3i/^-yd.  bucket. 
For  the  stripping  and  muck-ditch  excavation  they  use  a 
Lidgerwood  dragline  machine;  this  travels  on  rollers  and 
has  a  60-ft.  timber  boom  and  a  1-yd.  bucket. 

The  railway  bridges  across  the  diversion  chaniicls  and 
ditches  are  i)uilt  by  the  railway  comjjanies,  tlie  structure- 
being  needed  to  meet  the  requirements  of  the  engineers 
for  the  district.  The  state  law  comi)els  cdunty  author- 
ities to  pay  for  bridges  across  drainage  channels,  but  one 
of  the  counties  concerned  has  claimed  tliat  tiiis  does  not 
apply  to  the  river-diversion  work.  This  question  is  now 
before  the  .Sujiremo  Court  of  Missouri,  and  in  the  mean- 
time the  district  lias  built  trestles  to  carry  roads  across 
the  chaniiei. 

Several  railway  lines  traverse  the  district,  so  that  in 
mo.st  cases  the  excavators  could  be  assembled  at  a  point 
of  shi]inicnt  and  then  be  moved  a  slmrt  distance  to  the 
work. 

KnGINEER1N(1    .AN'D    IXSI'ICC'I'IOX 

The  field  ]iarty  on  each  of  the  two  river-diversion  divi- 
sions consists  of  an  instrumentman,  rodman,  chainman 
and  inspectors.  The  first  three  stake  out  the  work  in 
advance  and  make  cross-section  measurements  of  the  fin- 
ished work.  Four  lines  of  stakes  are  set;  these  mark  the 
center  lines  of  channel  and  levee  and  the  toes  of  the 
levee  slopes.  Any  labor  necessary  to  assist  the  party  is 
furnished  by  the  contractor. 

Cros.s-section  measurements  are  ])lo1teil  directly  in  the 
field  on  .section-paper  tablets,  with  carbon  paper  for  mak- 
ing a  duplicate.  Thus  any  mistake  or  discrepancy  is 
evident  at  oiu'c.  Three  shots  are  taken  on  each  slope  and 
at  5-ft.  intervals  acro.ss  the  bottom.  On  one  stretch  of 
very  wide  ditcli  the  bottom  was  too  wet  for  wilding,  and 
there  was  not  enough  water  for  a  boat.  Here  two  100- 
ft.  tapes  were  tied  together  and  stretcJied  across  the  cut. 
while  a  level  rod  was  suspended  in  such  a  way  that  it 
could  be  worked  along  the  tape.  The  measurements 
were  taken  from  the  water  level,  as  tiie  grade  line,  so 
that  the  sag  of  the  tape.s  had  no  effect  upon  the  readings. 

Monthly  records  are  made  of  the  expen.ses  on  eacii 
residency,  sliowiiig  Die  ratio  of  engineering  expenses  to 
amount  of  excavation.  * 
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By  J.uiks  M.  Owexs* 

After  the  great  conflagration  of  190G,  which  destroyed 
practically  all  of  the  municipal  records  in  San  Francisco, 
it  was  found  when  the  scattered  forces  of  the  city  engi- 
neer's office  were  l)rought  together  in  a  temporary  office 
(in  a  hav  and  grain  barn)  that  there  remained  hardly  any 
official  records  with  which  to  recommence  business.  Dur- 
ing the  period  of  reconstruction  there  was  not  much  time 
available  for  refinements  in  the  handling  of  office  work. 
Particularly  was  this  true  in  the  case  of  the  Survey  Depart- 
ment. It  was  quantity  rather  than  quality  that  the  public 
demanded,  and  there  was  neither  time  nor  money  available 
for  introducing  modern  office  equipment  or  methods.  Dur- 
ing this  time  the  need  of  a  new  system  in  handling  this 


adjoining  the  work  was  used;  such  as  24/48,  the  survey 
being  filed  under  24.  For  more  extended  pieces  of  con- 
struction work,  covering  a  series  of  blocks,  the  lowest 
block  number  adjoining  the  work  and  the  highest  within 
its  scope  were  used  in  the  same  fashion.  For  property 
survevs  the  block  number  was  used.     For  special  projects 
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Alt  Pavements  to  be  designated  by  Name  on  Notes, 
recording  the  Condition,  whether  broken  old. 


Fi(5.  1.  co.nventionaIj  sUtNS  f<ir  different  CL.\SSES 

OV  STREET  WORK 

office  work  was  very  ajiparent.  A  loose-leaf  system  for 
fi.eld  notes  promised  satisfactory  results.  As  an  inde.x  I'ov 
these  a  15x30-in.  lithographed  copy  of  a  map  compiled  by 
the  city  assessor  proved  convenient. 

Briefly,  the  assessor's  idea  was  to  divide  the  city  into 
some  18  districts,  starting  with  the  older  50-vara  district. 
A  certain  allotment  of  numbers  was  allowed  for  each  dis- 
trict. In  the  partly  developed  districts  an  extra  set  of 
numbers  was  made  available  to  cover  all  possible  block 
extensions.  The  block  numbers  on  this  map  were  from  1 
to  7,200.  Under  this  system  each  block  has  a  definite 
number  and  location,  which  remains  unchanged  despite 
the  block  extensions  that  may  be  made.  This  gives  a  very 
simple  method  of  locating  a  particular  property  when  the 
block  number  is  once  known.  In  adapting  this  system  to 
the  needs  of  our  surveying  dei)a.rtnient  tlie  rollowing  sim- 
ple scheme  of  indexing  was  used : 

For  single  units  of  street  work — say  a  roadway  pave- 
ment or  crossing — the  highest  and  lowest  block  nundjcr 

•Assistan4  City  Kngineer,  in  charge  ot  pavement  design, 
San  Francisco,  CaUf. 


FIG. 


FOUR  I.OOSE  LEAVES    (5x7%    IN.)    FOR 
RECORDING  SURVEYS 


sucli  as  the  viiricius  tunnels  and  municipal  railroads,  separ- 
ah'  index  cards  were  made,  filed  separately  and  designated 
bv  the  name  of  the  particular  project.  This  briefly  de- 
scribes our  system  of  filing  field  notes.  This  melhoil 
has  been  in  use  here  for  the  last  2  yr.,  and  we  have  found 
that  it  works  vcrv  satisfactorily. 
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FIG.  4.    SURVEY  RECORD  IS  KEPT  ON  THIS  5xS-IN.  CARD 

For  the  sake  of  eomiaarison  it  may  be  well  at  this  time 
to  give  an  illustration  of  the  working  of  the  old  system 
and  the  disadvantages  incident  to  its  use.  Whenever  a 
survey  was  ordered,  it  was  found  necessai-y  to  give  the  sur- 
\eyor  from  one  to  six  notebooks  as  references  for  his  daily 
work,  that  he  might  correlate  it  with  surveys  already  com- 


beaten  path.     Thoy  soon  learned,  however,  to  appreciate 
the  greater  simplicity  of  the  new  system. 

No  claim  is  made  to  originality  in  the  use  of  a  loose-leaf 
system  for  this  class  of  work.  Claim  is  made  only  for  the 
special  arrangement  of  the  handling  and  iiling  of  the 
notes.  The  following  description  will  give  a  good  idea 
of  the  an-angement  of  our  iiling  system  for  field  surveys, 
the  component  parts  of  which  are  as  follows : 

Older  books,  consisting  ot  a  Oeneral  Order  Book  and  a 
Municipal  Order  Book. 

A  20x30-in.  cardboard  assessor's  desk  map  of  the  city,  with 
plate-glass  cover. 

Specially    designated    loose-leaf    covers,    with    stiff    backs. 
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(UPPER)     EXAMINATION    SHEET     (9V4xl5    IN.)  GIVING  FULL  DATA   ON  STREET   IMPROVEMENTS. 
(LOWER)  GENERAL  INDEX  CARD  (9 ",4x11  IN.)  OF  STREET  WORK 


pleted.  When  this  daily  assignment  of  work  in  the  field 
was  completed  he  turned  in  jiis  notes  all  in  one  book.  This 
work  was  then  assigned  to  the  difix-rent  draftsmen  for  the 
preparation  of  diagrams.  Under  this  order  of  things  the 
surveyors  would  liave  in  the  field  for  an  entire  day,  say 
from  20  to  10  fieldbooks,  containing  some  300  or  000  jobs, 
notwithslanding  the  fact  that  for  their  immediate  needs 
only  one  jril)  in  each  book  might  be  required.  For  the 
I  office  men  who  were  making  up  the  notes  almost  as  many 
I'wks  were  in  daily  use. 

'I'lie  transition  from  the  old  to  the  new  system  prc- 
-nted  some  slight  dilficulty  to  the  field  men  for  the  reason 
rlliat  it  is  always  more  or  less  dilTicult  to  get  away  from  tlie 


consecutively  numbered  and-properl.v  labeled. 

Set  ot  field  instructions  for  surveyors. 

Sets  of  conventional  signs  for  the  different  classes  of  street 
work  (Fig.  1). 

Four  different  types  of  loose  leaves  for  recording  surveys 
(Fig.    2).   5x8-in. 

Two  different  types  of  filing  envelopes  for  surveys  (Fig.  3). 

Special  card  for  arranging  data  from  the  inception  to  the 
delivery  of  diagrams  (Fig.   4).  5x8-in. 

Asslgnmcnt-of-work   folder   (same  as  top  sheet   in   Fig.   2). 

Work-to-be-cheekcd   folder    (same  as   top  sheet   In   Fig.    2). 

Work-to-be-filed  folder  (same  as  top  sheet  In  Fig.  2). 

Special  celluloid  Index  cards  tabbed  and  numbered  In  series 
of  100. 

Supplementary  celluloid  index  cards  tabbed  and  numbered 
In  series  of  20. 

Two  special  sizes  of  tracing-cloth  sheets  for  diagrams 
SVjXlS-ln.    and    9 ',t.xl2-in.    (Fig.    G). 
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Extra  sheet  for  street  work    (Fig.   5,  upper). 
General  index  card  street  work    (Fig.   5,  lower). 
Standard  5-drawer  built-up  sections  for  filing  surveys. 
Case    for   filing   field    diagrams   and   blueprints    of   fliiished 
work. 

Orders  for  street  and  lot  surveys  are  of  two  classes — 
•'General"  and  "Municipal."  These  orders  are  taken  from 
Hie  desk  books  by  the  assistant  in  charge  of  the  prepara- 

L--^]        NOTICE   TO   CONTRACTORS   AND    INSPECTORS 

.A.11  street  monuments  found  along  the  line  of  the  work 
must  be  capped  with  iron  frames. 

Frames  will  be  furnished  by  Engineering  Department  upon 
application. 

Street  monuments  shall  not  be  disturbed  until  permission  is 
given  by  this  office. 

[B]     CITY    AND     COUNTY     OP     SAN     [C]  No 

FRANCISCO.    DEPARTMENT    OF         Order  No 

PUBLIC     WORKS.     BUREAU  Survey  No 

OF    ENGINEERING  No.    of   cards 

M.    M.    0"Shaughnessy,    City    Engineer    Surveyor   

Surveyed   for Private  Contract   

Pate  Public  Contract   

Drawn   by Checked   by 

Date Date 

FIG.    6.     CAPTIONS  WHICH  ARE  ATTACHED  TO  TRACINGS 
FOR    STREET-WORK    DIAGRAMS 

tion  of  field  data,  wlio  prepares  the  necessary  information 
for  the  surveyors.  These  are  turned  over  to  the  assistant 
in  charge  of  filing  for  distribution  to  the  different  sur- 
vevors.  These  the  latter  place  in  their  folders,  together 
with  sufReient  blanks  for  the  work  in  hand.  Upon  com- 
pleting a  survey  the  reference  notes  and  fini.shed  notes  are 
turned  in  and  are  properly  indexed  and  filed  by  the  assist- 
ant in  charge  of  filing. 

In  arranging  the  field  notes  in  the  cabinet  the  following 
method  is  used :  Block  numbers  are  arranged  consecu- 
tively. For  surveys  of  property  in  the  same  block,  with 
the  block  number  as  prime  unit,  the  order  of  filing  is 
according  to  the  chi'onological  sequence  of  the  surveys 
(their  order  nuiuljer).  An  index  of  these  surveys  is  made 
in  the  Daily  Kecord  Sheet,  and  given  to  the  assistant  in 
charge  of  street  work,  who  assigns  the  different  pieces  of 
work  to  the  draftsmen.  When  any  particular  job  is  coni- 
|)leted,  the  draftsman  turns  over  all  working  data,  notes 
and  completed  diagrams  to  this  a.ssistant,  who  places  the 
notes  in  the  "To-Re-Checked"  folder,  and  has  the  job 
checked  as  soon  as  possible. 

When  checked  the  notes  are  placed  in  the  "To-Be-Filed" 
folder,  and  at  the  end  of  each  day  are  filed  away  in  the  cab- 
inet in  their  respective  envelopes.  The  completed  diagi-am 
is  then  blueprinted;  three  prints  being  made,  one  for  the 
Su])ervising  Engineer,  one  for  the  inspector  and  one  for 
the  contractor.  The  filing  envelope,  after  being  made 
and  placed  in  the  cabinet,  always  remains  there  and  acts 
as  a  receipt  and  check  for  the  number  of  surveys  made. 

This  is  the  system  for  all  surveys  made ;  in  special  cases, 
where  the  notes  are  extended  and  are  re(iuired  in  the  field 
l)y  the  construction  engineer  and  his  inspectors,  photostat 
copies  are  made  of  each  survey.  When  a  large  job  is  com- 
pleted, a  set  of  these  notes  is  filed  in  a  folder,  with  the  rest 
of  the  working  plans  and  data,  and  consequently  a  com- 
plete history  of  any  particular  job  is  always  available. 

On  my  recommendation  this  system  was  adopted  for  the 
division  of  surveys,  the  files  of  which  are  kept  distinct 
from  those  of  the  construction,  sewerage-design,  water- 
supply,  municipal-railway,  tunnels,  and  other  divisions  of 
the  Bureau  of  Engineering,  each  of  which  has  its  separate 
system.  All  divisions  are  under  the  direction  of  M.  M. 
O'Shaughnessy,  City  Engineer. 


The  thorough  investigation  and  study  of  the  collection 
and  disposal  of  municipal  waste  in  the  District  of  Colum- 
bia, made  by  Irwin  S.  Osborii,  Consulting  Engineer, 
Cleveland,  Ohio,  makes  available  data  on  the  composition 
and  value  of  these  wastes  which  will  prove  useful  to  others  i|_ 
studying  the  same  problems  elsewhere.  An  outline  of  the 
methods  employed  in  this  investigation  was  given  in 
I'Jnijineering  Neirs,  Aug.  IT,  1916.  Some  of  the  results 
of  the  investigation  follow. 

Gai!bage  Statistics  "" 

The  average  per  ca])ita  ]!er  annum  production  of 
garbage  in  the  District  at  the  present  time  amounts  to 
approximately  2S.5  lb.  From  the  studies  made  it  was 
found  that  the  weight  per  cubic  foot  of  garbage  varies 
considerably  from  day  to  day,  depending  upon  how  well 
the  load  is  packed.  Where  collectors  deliver  two  or  more 
loads  per  day,  it  is  found  almost  invariably  that  the  first 
load  runs  heavier  per  cubic  foot  than  the  second  load, 
which  is  simply  placed  in  the  wagon  loosely,  although  in 
cold  weather  the  unit  waste  is  about  the  same.  The 
dailv  average  weights  per  cubic  foot  run  from  44.7  to 
51.2  11). 

The  per  capita  production  of  garbage  in  the  District  of 
Columbia  is  very  high  as  compared  with  the  per  capita 
productions  of  other  cities.  This  condition  can  be  ac- 
counted for  by  tiie  fact  that  there  are  practically  no  sluiu.s 
ill  the  city  and  the  majority  of  people  are  of  the  better 
residential  class,  who  produce  a  larger  percentage  of  waste 
than  do  residents  in  average  cities.  At  the  same  time  all 
the  garbage  is  collected,  including  that  from  hotels  anil 
restaurants,  as  well  as  from  the  floating  population, 
whereas  in  the  majority  of  cities  the  garbage  from  hotels, 
restaurants,  etc.,  is  gathered  by  private  collectors  and  is 
not  included  in  the  reports.  The  per  capita  production 
varies  from  year  to  year,  although  increasing  each  year 
with  few  exceptions  from  1901)  to  1915. 

Production  of  Rurhish 

The  production  of  rubliish  has  increased  considerably 
during  the  past  years,  as  shown  hy  the  records.  In  190T 
approximately  (».196  cu.yd.  was  collected  per  capita  per 
year,  and  in  1914  the  corresponding  amount  was  0.41"i 
cu.yd.  Tlie  latter  figure,  no  doubt,  is  as  close  to  the 
maxiiuuni  as  can  iie  expected. 

In  making  weight  and  volume  studies  it  was  found  that 
there  was  considerable  variation  in  weight  per  cubic  yard. 
the  largest  occurring  during  rainy  weather.  The  varia- 
tion per  cubic  yard  was  due  either  to  moisture  in  com- 
position of  the  material  or  the  packing  of  the  load  by  the 
collector.  From  the  total  studies  made,  the  average  weight 
per  cubic  yard  was  found  to  be  201  lb. 

The  results  of  analyses  (see  accompanying  Table  2)  to 
determine  calorific  values,  by  the  United  States  Bureau 
of  Mines,  constitute  the  first  data  which  are  available  in 
regard  to  the  calorific  values  of  various  constituents  of 
rubbish.  From  the  analyses  made  it  was  found  that  the 
amount  of  ash  in  cardimard,  linohMim  and  magazines  was 
considerably  higher  than  that  found  in  other  items.  It 
was  the  opinion  of  the  fuel  chemist  of  the  Bureau  of 
Mines  that  the  amount  of  ash  in  cardlioard  and  linoleum 
was  no  doubt  due  to  mineral  fillers,  and  a  high  ash  value 
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TABLE  1.  RESULTS  OF 
RUBBISH  IN  % 

Material                   Nov.  Dec, 

Newspaper    10.4  17.8  19.5 

Manila   paper    ....      6.6  12.7  7.0 

Cardboard    O.S  9.4  11.7 

Books,  etc 4.4  3.0  2.4 

Mixed   paper    16.6  4.4  3.1 

Rags    5.9  3.7  4J, 

Wood    1-2  1.4  1.4 

Leather   1.5  0.2  0.4 

Rubber    0.3  0.3  ... 

Screenings 4.6  IS.."; 

Tinware    10  2  7.3  11.7 

Enamelware    0.4  0.4  0.1 

Metals    l.S  O.B  0.3 

Bottles    11.0  S.l  7.7 

Broken    glass    ....      3.S  3. .5  4.0 

Excelsior    0.7  0.3 

Mattresses,    etc....      5  2  1.1  ... 

Matting    3.1  0.,S  0.1 

Linoleum    0.7  

Straw    0.4 

Dirt    16.1  14.0  6.9 


MECHANICAL    ANALYSES 
OF  WEIGHT,  1914-15 
Jan.    Mar.    May  June    July 
16.1      15.6      17.2      17.0 


9.5 
10.5 


S.7 
9.7 


Aug. 
16.0 
13.4 

6.9  10.9  12.S 
5.6 
2.6 


7.3      12.1 


10.4      18.6      12.3      11.1 


Total    100.0   100.0   100.0   100.0   100.0   100.0   100.0   100.0 

ill  the  rubber  resulted  from  tlie  clay  and  similar  filler,  as 
well  as  the  fabric  (•ontained  in  the  rubber.  The  high  ash 
value  of  books  and  magazines  was  attributed  to  the  sizing 
i)f  the  paper,  which  would  ac(-ount  for  its  low  calorific 
value. 

From  the  results  obtained  iu  making  calurific  tests  of 
the  various  component  parts  of  the  rubbish  it  is  possible 
to  compute  the  calorific  value  of  the  ruljbish  as  collected. 
The  percentages  of  the  various  constituents  determined 
by  making  mechanical  analj-ses,  multiplied  by  the  calorific 
values  obtained,  give  the  average  calorific  value  of  the 
rubbish  as  collected. 

In  comparing  the  calorific  values  with  the  average  con- 
stituents found  in  the  rubbish  as  a  whole,  taking  into 
account  all  items  determined  by  mechanical  analyses,  it 
was  found  by  com])utation  that  the  average  calorific  value 
in  samples  as  collected,  including  the  noncombustibles, 
such  as  metal,  dirt,  etc.,  amounted  to  5,500  B.t.u.  j)cr  lb. 

Analyses  of  Ashes 

In  making  the  analyses  of  the  ashes  it  was  found  that 
there  was  no  definite  relation  between  the  weight  of  the 
cinders  and  the  weight  per  cubic  yard  of  the  ashes, 
although  the  weights  show  a  slight  range  per  cubic  yard. 
In  cases  where  the  ma.ximum  weights  were  found,  the  ash 
contained  a  higher  percentage  of  moisture,  the  percentage 
of  cinders  depending  on  the  residences  from  which  it  was 
follected,  as  would  be  expected. 

The  percentage  of  cinders  produced  in  the  ash  was 
)  ipro-ximately  50%.     On  comparing  the  results  given  in 

Per  • Cen+  _ 


Feb. 
Mor 

April 
May 

Ju', 
Aug. 


1 


T^ 


A/o  ^na/ysis  m 


No   /Jncr/ysis  rrrc-c^i 


t 


I'ROPORTION  OF  CINDERS  IN  ASHES 

abies  of  calorific  value  it  was  evident  that  considerable 
•ombustible  material  was  left  in  the  ash.  The  average 
»f  45  analyses  of  the  screened-out  cinders  showed  the 
ollowing:  Moisture,  2.05%;  volatile  matter,  3.53;  fixed 
•arbon,  51.1;  ash,  45.3%.  The  average  B.t.u.  per  lb.  in 
he  samples  as  received  was  7,858;  and  dried,  7,935J.    The 


TABLE    2.     RESULTS    OF    CALORIFIC    TESTS    ON    COM- 

l>ONENTS  OF  RUBBISH.  BY  BUREAU  OF  MINES* 

, Dry  Coal v 

Vola-  B.t.u.  B.t.u. 

Mois-      tile       Fi.xed  Sul-  as  Re-  Dry 

Component              ture  Matter  Carbon  Ash  phur  ceived  Coal 

Newspaper    6.2       86.9        10.0          3.1  0.10  S,230 

S.67      87.41        7.84        4.75  0.11      7.485  8,196 

Manila  paper 5.1        88.9          8.6          2.5  0.25  7.840 

8.99      89.12        8.14        2.73  0.13     7.626  8.379 

Mixed    paper 5.3        84.8        10.7          4.5  0.15  7.910 

9.07     86.85        9.6          3.55  0.16     6,867  7,552 
Books   and    iiuiBa- 

zines    4.4        71.2          5.1        23.7  0.35  5,630 

7.24      74.72        4.88     20.4  0.08      5,400  5,821 

Cardboard     6.0        80.3        10.4          9.3  0.15  7.430 

8.67     84.39        9.33        6. 28  0.16     7.154  7.833 

Screenings     8.G        78.1        11.4        10.5  0.30  6.910 

9  97      83.11        9.08        7.81  0.46      6,483  7,201 

Wood     6.3        87.6       11.0          1.3  O.IO  8,910 

9.55     87.78      10.22        2.0  0.19     7,721  8,536 

Excelsior    7.0        88.5        10.4          1.1  0.05  8,580 

9.4S      92.76        6.8          0.44  0.19     7,853  8.675 

Mattins    10  20     82.41        8.08        9.51  0.19      6,266  6,978 

Rags    3.7        89.9          8.8          1.3  0.10  7,410 

6.47      94.39        2.45        3.16  0.16     7.312  7,818 

Rubber    1.2         47.6  0.65  6,620 

Leather    5.9        72.3        17.7        10.0  0.45  8,530 

10.33      78.64     11.18      10.18  0.45      8,240  9,189 

Dirt    2.7        20.2          9.1        70.7  ...  4.261 

3.7        22.27        3.87      73. S6  ...      3.661  3. 802 

Linoleum    2.1        65.8          6.8        27.4  0.40  S.310 

Mattress    6.4        75.4        18.5          6.1  0.25  7,430 

•The  average  calorific  value  per  pound  of  rubbish  as  col- 
lected, including  dirt,  metals  and  other  noncombustible 
material,  amounts  to  5,500  B.t.u. 

calorific  value  of  this  ash,  if  recovered  each  year,  would 
amount  to  that  produced  by  approximately  24,000  tons  of 
coal.  The  highest  calorific  value  of  ashes  was  found  in 
the  collections  from  the  residential  sections,  which  con- 
tained a  liiglicr  ])('rcentag('  of  unbnrncd  coal. 


Four  striking  views  of  the  Quebec  Bridge  are  presented 
on  two  following  pages.  They  immediately  recall  to  all 
who  have  followed  thi.s,  the  world's  most  notable  piece  of 
bridge  work,  .some  of  the  outstanding  features  of  design 
and  erection  which  it  is  well  to  review  as  the  day  of  com- 
pletion draws  near. 

One  view  shows  the  famous  K-truss  in  the  anchor  and 
cantilever  arms,  the  first  use  of  an  epoch-making  departure 
in  design.  With  this  goes  the  novelty  of  a  bridge  within 
a  bridge  to  carry  the  floor,  the  extensive  use  of  nickel- 
steel  and  larger  and  longer  rivets  than  ever  befoie.  A 
second  view  shows  the  G40-ft.  suspended  span,  in  itself  the 
longest  single-span  bridge  yet  completed. 

The  views  of  two  great  bottom-chord  sections  and  a  pair 
of  the  huge  main-shoe  multiple  pins  are  reminders  not 
only  of  a  pioneer  design  but  also  of  the  great  accuracy  to 
which  the  builders'  shop  practice  was  developed.  So 
determined  was  the  bridge  company  on  this  last  point 
that  the  shop  handled  nothing  on  which  coarser  work  wa.s 
permissible;  even  the  fal.«ework  was  sublet  to  get  it  out- 
side. The  benefits  of  a  new  shop,  new  machines  and  new 
methods  were  reflected  in  the  smooth  machine-like  ]nog- 
ress  of  erection  and  iu  elimination  of  field  corrections. 

Taken  together  any  collection  of  such  views  must 
emphasize  the  boldne.>-s  of  the  erection  schemes,  as  for  the 
elimination  of  secondary  stresses  in  bottom  chords,  the 
lavish  expenditure  on  construction  adjuncts  like  the  200- 
ft.  traveler,  the  anchor-arm  falsework,  the  flying  bridge, 
(lie  top-chord  jacking  links  and  eye-bar  trusses.  Yet 
with  all  this  completeness  of  prejjaration,  the  amount  of 
junk  has  been  kejit  down  to  a  probal)le  5,000  tons  by 
studied  uses  of  various  pieces — even  of  the  bridge  itself — 
ill  different  ])arts  of  the  work.  And  finally  any  collection 
of  Quebec  Bridge  pictures  must  always  bring  fresh  to 
mind  the  names  of  a  few  men  closest  connected  with  the 
design  and  erection — Johii.son,  Duggan,  Porter,  .Mitchell, 
Fortune;  Moiisarrat,  Modjcski,  Schneider. 
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COMPONKNT   I'AKTS  OF  THE  GREAT  QUEBEC 

At  the  top.  suspended  span  as  erected  on  falsework  near  shore  at  ^\^}<^,''y'.'-^f,'yy^l°J"l"f;,^^^^^^ 
and    holstinE;    view    taken    with    erection    traveler    in    last  position.     Below,   the  budge  s<"en   nearly  enowise   iiu 
_"_'. 7,.   „.,_.: \ i   .,..„  „,„„.!,=  „„^      Mnitv.   r.., niiw.vrr  mm  coiniiletpd-  the  south  arm  was  nnished 


on  north  shore  about   two  months  ago.     North 


er  arm  completed;  the  south  arm  was  finished  July  28.  IIUI) 


Auffust  2-1,,  191G-' 
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lor  arinine    'fnpint"'^r„V^  „'''.'' i,**'"''',^    hoUoi^i-choid    ouaiier  sections  laid   tOKellier  In   the  St.  Lawrence   BrldRo   Co.'s  shop 

•ecelVe  the  n"^'  "^'^'i^"  "'  '"^  """^'^  "'•''''■     '^^'°"''    """   ^•"'"-   "'"ves   on   SO-ln.    pins.   In    the    main   shoe   ready  to 

v«>i»e  tne  iiit.t  aectioii  of  the  great  bottom  chord 
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Coiacs'ete  Sidle=HaI 

for  a^  Bficl^  Migfeiw^^^ 

A  side-hill  section  of  the  Dunham  road,  in  South 
Newburgh  township,  Cuyahoga  County,  Ohio,  gave  con- 
stant trouble  from  failure  along  the  line  of  fill,  so  that 
it  had  to  be  repaired  each  season.  The  trouble  was 
caused  by  settlement  or  down-hill  slipping  of  the  fill 
triangle;  the  original  slope  was  rather  steep  and  the  fill 
not  sufficiently  stable  to  supjwrt  the  pavement.  The 
cure  finally  devised  was  the  construction  of  a  girder- 
and-slab  viaduct  carrying  the  pavement  over  the  fill 
triangle,  supported  by  columns  along  the  down-hill  edge 
of  the  road.  This  viaduct  construction  has  just  been 
completed. 

The  drawing  herewith  shows  the  arrangement  and 
details  of  the  viaduct  construction.  The  columns  are 
spaced  14  ft.  on  centers  longitudinally  of  the  road,  and 
their  footings  are  carried  down  2  ft.  or  more  below  the 


!<■  ...y,.:^t—^^..-.4'-e"—->i^  I 


Items  of  concrete  cost; 

Reinforcing    steel    

Cement    

Sand    

Slag    

Lumber    

Nails,  etc 

Labor    .... 
Overhead   ( 


itchman,  cartar 


off  and  on  job.  etc.) .  .  . 
Total   *1 


195.011 

21. 9J 

1.51 

529.5: 

336.34 


■126.6s 


A  number  of  other  pieces  of  road  in  Cuyahoga  Countv 
are  in  a  condition  which  it  is  believed  requires  this  samt 
treatment  to  effect  a  cure  of  cracking  by  reason  ol 
settlement  of  the  subgrade.  The  general  practice  ii 
Cuyahoga  County  roadwork  is  to  place  rod  reinforceineir 
transverse  of  the  concrete  base  (or  concrete  pavement) 
where  there  is  danger  of  unequal  settlement  by  reasoi 
of  (1)  variation  in  depth  of  fill;  (3)  transition  from  oli 
fill  to  new  fill,  as  in  widening  an  old  road  on  one  sidi 
and  paving  it;  or  (3)  longitudinally,  at  points  of  chang' 
from  cut  to  fill.  Under  the  conditions  prevailing  on  thi 
Dunham  road,  however,  this  reinforcement  is  not  adequate 


Section       A-A 


DUNHAM  ROAD  SIDE-HILL  VI.\DUCT,   BUILT  AS  A  CURE  FOR  SLIPPING  FILL, 


surface  of  the  shale,  whiuh  lies  practically  at  the  original 
undisturbed  ground  level.  A  longitudinal  girder  14.x24 
in.  extends  along  the  top  of  the  columns.  The  raised 
curb  of  the  roadway  is  formed  integral  with  this  gii-der. 
An  8-in.  reinforced  slab  spans  from  this  girder  across 
to  a  bearing  on  the  undisturbed  ground  near  the  center 
of  the  road.  This  bearing  is  made  at  least  30  in.  wide, 
but  locally  is  considerably  wider.  The  fill  is  level  with 
the  down-hill  curb  or  slightly  higher,  and  then  falls  olf 
on  natural  slope.  No  special  means  were  employed  to 
consolidate  the  fill  under  the  roadway  slab  or  prevent 
the  formation  of  voids  through  settlement.  The  slab 
was,  however,  molded  directly  on  this  fill  ground  and  is 
intended  to  carry  the  pavement  independently  of  any  sup- 
port by  the  filed  portion  of  the  subgrade. 

D.  Moomaw,  Road  Engineer  of  Cuyahoga  County,  con- 
ceived the  idea  of  this  viaduct  constriu'tion  and  made 
the  design.  The  work  extends  along  a  length  of  about 
275  ft.  It  was  built  by  direct  labor  by  the  couiity  road- 
repair  department. 

The  following  table  gives  the  total  lost  and  its  iiriiiri]ial 
elements : 

COSTS  OF  DUNHAM  ROAD  VI.VDUCT 

Excavation.  669  cu.yd J4S4.52       $0,724  per  cu.yd. 

Concrete,    154    cu.yd 1,S26.6S        U.Sfi     per  cu.yd. 

Pavement,     327     sq.yd 503.03  1.538  per  sq. yd. 

Total    cost    $2,814.23 

This  Is  subdivided  Into: 

Total  labor  cost  $1,449.94 

Total  material    1,056.59 

Truck   charges    97.50 

Carfare    210,20 


$2,814.23 


to  prevent  failure  of  the  pavement,  and  the  viaduct  con 
struction  was  resorted  to  for  this  reason. 

Side-hill  viaducts  are  frequently  adopted  in  Europeai 
practice  on  new  construction,  but  their  use  as  a  cure  foi 
slipping  fill  is  probably  original  with  the  Cuyahoga  Coun 
ty  authorities. 

i^ 

The  CflTeot  of  Maneniiese  on  the  corrosion  of  steel  has  ri' 
cently  been  investigated  by  Sir  Robert  Hadfleld  and  J.  Newti" 
Friend,  and  the  results  were  reported  in  a  paper  read  at  tl 
recent  meeting  of  the  Iron  and  Steel  Institute.  A  number  • 
previous  investigators  reached  the  conclusion  that  it  is  tl' 
manganese  in  steel,  introduced  in  the  process  of  manufactuf 
that  is  largely  responsible  for  the  rapid  rate  of  corrosion  . 
much  of  the  present-day  steel.  The  most  notable  statement  i 
this  effect  was  the  paper  published  by  Cushman  in  1905,  wh^ 
he  was  connected  with  the  Department  of  Agriculture.  Tl 
series  of  tests  carried  on  by  Hadfleld  and  Friend  included  al.- 
the  effect  of  increasing  percentages  of  carbon  on  the  rate  ■ 
corrosion.  It  was  found  that  the  addition  of  carbon  from  0." 
to  1.63';f  to  pure  iron  containing  less  than  0.2<;;  of  mangam- 
produoed  a  steadily  increasing  rate  of  corrosion  as  the  carb. 
increased.  These  tests  were  made  with  specimens  immers. 
both  in  fresh  water  and  in  sea  water.  When  the  metal  wj 
iiiiniersed  in  dilute  sulphuric  acid,  there  was  a  rapid  increa- 
In  the  rate  of  corrosion  as  the  quantity  of  carbon  increas. 
until  a  maximum  was  reached  at  0.8%  carbon.  Tests  »>•• 
then  made  on  similar  steels  containing  0.7',t.  of  manKano 
The  result  was  a  very  slightly  increased  corrosion  when  II 
metal  was  immersed  in  both  fresh  and  salt  water,  until  tl 
carbon  content  reached  0.4  to  0.5<:;,.  From  this  point  upwai 
the  manganese  affords  a  slight  protection.  When  the  stei 
was  immersed  in  dilute  sulphuric  acid,  however,  the  specimen? 
containing  the  high  percentage  of  manganese  showed  a" 
enormously  increased  corrosion.  Steels  were  then  tested  i" 
which  the  manganese  content  had  been  increased  to  a^o  and 
upward.  These  specimens  showed  greatly  decreased  corro- 
dibility  in  neutral  solution,  but  the  corrosion  in  dilute  sul- 
phuric acid  was  greatly  enhanced. 
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:>yXOP>'SlK> — 'The  modern  artilleryman  is  a  h  iijhlij 
trained  soldier  whose  training  combines  that  of 
every  other  arm  of  military  service;  the  technical 
work  of  field  artillery  appeals  particularly  to  engi- 
neers in  competition  with  the  engineer  corps. 
The  author  gives  particular  attention  to  the 
system   evolved  for  laying   the  fire  of  a  battery. 

Much  lias  been  written  lately  in  the  technical  press 
on  the  importance  of  engineer  troops  in  war,  and 
engineers  in  civil  life  have  been  shown  the  work  of 
engineers  in  war.  Apparently  it  has  been  overlooked 
that  the  artillery,  particularly  field  artillery,  is  an  arm 
■  especially  appealing  to  an  engineer. 

The  modern  field  artilleryman  is  trained  in  every  arm 
of  military  service.  He  is  drilled  in  foot  movements 
ike  the  infantry,  the  new  regulations  coordinating  the 
irtillery  foot  drill  with  infantrv'  drill.  He  receives  the 
•anie  instruction  in  equitation  and  hippology,  the  riding 
md  care  of  horses,  as  that  received  by  the  cavalrymen, 
(le  is  trained  in  the  use  of  the  yellow  and  red  sem- 
iphore  signal  flags  and  in  the  use  of  the  white  and 
•ed  flags  for  signaling  with  the  International  Morse 
ode;  in  the  care  and  use  of  field  telephones  and  the 
■are  and  use  of  wireless.  He  learns  various  other 
Methods  for  quick  communication,  and  his  instruction 
this   respect   is,  for  all   practical   purposes,   as   good 

that  of  men  in  the  signal  corps.  He  becomes  skilled 
II  scouting,  map  reading,  road  and  panoramic  sketching. 
>esides  this,  he  learns  to  fire  the  pistol  and  the  field  gun. 
N'ot  only  must  he  know  how  to  fire  the  gun,  but  he  must 
:now  the  name  of  every  part  of  it,  and  the  limbers,  cais- 
on,  battery  wagon,  store  wagon,  forge  wagon  and  harness. 
ie  must  have  also  some  knowledge  of  the  construction 
if  field  fortifications  and  demolition  of  structures. 

The  civil  engineer  will  be  interested  in  the  surveying 
nd  the  firing  problems.  The  mechanical  engineer  will 
«  interested  in  the  splendid  machines  he  has  to  handle. 
The  electrical  engineer  will  be  interested  in  the  tele- 
■hones  and  the  wireless  apparatus,  the  construction 
ngineer  in  the  camps  and  equipment.  Militarj'  work 
3  to  the  chief-of-staff  a  science;  to  the  officer  in  the  field 
rith  troops  it  is  an  art;  to  the  men  in  the  ranks  it  is 

trade.  The  artillery  arm  has  so  many  trades  not 
trictly  military  connected  with  it  that  the  engineers 
f  the  country  should  look  carefully  into  the  claims 
f  the  artillery  before  deciding  to  join  the  engineers. 

Devklopmext  of  Field  Artillery 
The  types  of  guns  used  in  the  Civil  War  were  rigid 
nd  had  to  be  returned  to  position  and  "relaid"  after 
very  shot,  for  the  recoil  sent  them  back  several  feet. 
iarring  the  universal  substitution  of  breech-loading 
nng  for  the  old  muzzle  loaders  and  an  increase  in 
'0\rer,  there  was  little  advance  in  field  artillerj'  up  to 
892.     In   that  year   General   Langlois,   of   the    French 

•CoimultlnK    Engineer.    Conway    Building,    Chicago;    Lleu- 
■nt.  Kleld  Artillery.  Illinois  National  Guard. 


anny,  wrote  a  book  giving  a  history  of  artillery  from 
the  earliest  times,  in  which  he  set  forth  specifications 
for  the  field  gun  of  the  future.  The  French  general 
staff  got  busy  and  finally  in  1898  produced  a  gun  that 
could  be  used  for  "indirect  fire"  in  a  far  more  perfect 
way  than  any  previous  gun,  for  indirect  laying  had  long 
been  the  subject  of  experiment.  In  the  new  gun  the 
recoil  was  controlled  and  the  gun  did  not  "kick  off"' 
the  target,  but  was  held  to  the  previous  laying  after 
each  shot.  Then  the  breech  mechanism  and  the  ammuni- 
tion were  so  improved  that  the  gun  become  a  rapid-fire 
gun,  which  could  deliver  ten  aimed  and  twenty  unaimed 
shots  per  minute. 

Field  artillery  has  one  work  to  perform.  The  training 
of  the  officers  is  practically  identical  in  all  the  schools, 
no  matter  what  the  language  spoken  by  teachers  and 
students.  General  Langlois  in  1892  presented  his  speci- 
fications, and  ordnance  officers  everywhere  turned  tiieir 
attention  to  the  design  and  manufacture  of  guns  to  fill 
the  spei-ifications.  The  field-artillery  officers  gave  the 
materiel  a  complete  try-out  in  the  field,  and  the  modern 
gun  was  thus  evolved.  Proceeding  from  the  same  start- 
ing point,  equipped  with  the  same  knowledge,  learning 
through  various  channels  of  the  work  done  by  other  men 
and  given  opportunity  to  view  the  completed  product  as 
finally  adopted  by  other  countries,  it  is  not  strange  that 
the  light  fieldpiece  is  practically  standardized  the  world 
over. 

In  1898  the  United  States  adopted  the  3.2-in.  gun 
(called  the  "three-point-two"),  which  embodied  some  of 
the  features  deemed  by  General  Langlois  to  be  essential, 
and  finally  in  1902  adopted  the  3-in.  field  gun.  The 
breech  mechanism  was  brought  to  its  present  sati.sfactory 
state  in  190."),  so  that  the  American  ;3-in.  field  piece  is 
practically  the  equal  of  the  famous  French  To-min.,  the 
soixante-quime  idolized  by  the  French  nation.  The  bore 
of  the  "75''  lacks  only  0.0.5  in.  of  being  as  large  as  the 
3-in.  gun,  which  is  the  caliber  of  the  light  field  gun 
of  the  United  States,  Great  Britain  and  Eussia.  The 
caliber  of  the  Austrian  light  fieldpiece  is  3.01  in.  and 
of  the  German  3.03  in.  The  light  fieldpiece  of  the 
remaining  eighteen  powers  that  have  armies  large  enough 
to  be  considered  as  important  have  a  caliber  of  75  mm. 
(2.95  in.).  The  weight  of  the  projectile  differs  very 
little,  that  of  Great  Britain  being  18  lb.,  of  the  United 
States  and  Germany  15  lb.,  and  of  France  15.96  lb.,  the 
weight  being  less  in  all  the  other  countries. 

Field  artillery  is  classed  as  horse,  light  and  heavy  in 
all  countries  other  than  the  United  States.  Here  we  have 
only  horse,  light  field  and  siege  artillery.  Actually  we 
have  no  siege  artillery  in  the  United  States,  the  pieces 
so  classed  coining  under  the  designation  of  "heavy  field 
artiller}'"  in  other  countries.  Faulty  phraseology  and 
careless  diction  jihiced  the  United  States  in  a  rather 
ridiculous  position  in  this  classification,  but  if  the  present 
"preparedness"  campaign  accomplishes  the  hoped-for 
results  we  may  have  some  siege  artillery.  Lack  of 
reasonable  mobility  ])laces  artiller}'  in  the  siege  class,  and 
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the  line  is  fixed  above  tlie  4.T-in.  gun  and  the  G-in. 
howitzer,  these  being  heavy  field  artillery  and  the  lightest 
equipment  sometimes  classed  as  siege  artillery. 

A  fieldpiece  fires  at  an  elevation  of  less  than  20°,  a 
maximum  of  15°  with  the  end  of  the  trail  on  the  surface, 
additional  elevation  for  distant  ranges  being  secured  by 
sinking  the  trail  in  a  trench.  A  howitzer  fires  at  eleva- 
tions of  from  20°  to  40°,  a  mortar  at  from  elevations  of 
from  40°  to  70° — the  elevations  referred  to  being  the 
angle  above  the  horizontal  through  the  axis  of  the  bore. 

The  howitzer  is  shorter  than  the  field  gun  of  practically 
equal  mobility,  so  that  the  3-in.  field  gun  and  the  3.8-in. 
field  howitzer  are  paired  in  infantry  divisions  of  a  mobile 
army  as  light  artillery.  The  pieces  are  hauled  by  six- 
horse  teams  and  can  readily  accompany  infantrv'  any- 
where. Only  the  commissioned  and  noncommissioned 
olficers  and  privates  of  special  details  are  mounted.  The 
rest  of  the  enlisted  men  accompany  the  batteries  on  foot, 
mounting  on  the  limbers  and  caissons  and  on  axle  seats  of 
the  pieces  for  rapid  movements  over  short  distances. 

When  every  man  is  mounted,  the  3-in.  battery 
becomes  horse  artillery  and  accompanies  cavalr}',  having 
the  mobility  of  that  arm.  No  field  howitzers  accompany 
cavalry.  The  3-in.  field  gun  fires  a  15-lb.  projectile, 
and  the  3.8-in.  field  howitzer  fires  a  30-lb.  projectile. 

The  3.8-in.  field  gun  is  a  heavy  fieldpiece  hauled  by 
a  team  of  eight  horses.  For  short  distances  only,  the 
gun  is  capable  of  rapid  movement-7-not  being  so  mobile 
as  the  lighter  piece.  It  fires  a  30-lb.  projectile.  The 
field  howitzer  of  equal  mobility  paired  with  this  gun 
is  the  4.7-in.,  firing  a  projectile  weighing  60  lb.  The 
reader  will  notice  that  in  every  case  the  weight  of  the 
projectile,  consequently  the  power,  of  the  howitzer  is  in 
each  case  double  that  of  the  field  gun  with  which  it  is 
paired.  The  4.7-in.  gim  fires  a  projectile  of  60  lb.,  and 
the  6-in.  howitzer  one  weighing  120  lb.  The  3-in.  field- 
piece  is  the  weapon  used  against  infantrj'  and  cavalry 
operations,  and  the  3.8-in.  howitzer  gets  into  action  when 
the  attackers  intrench.  Heavier  pieces  are  broiight  into 
service  as  the  protection  of  the  enemy  by  intrenchment 
as.sumes  a  more  permanent  form. 

Laying  the  Fire 

Modern  artillery  fires  whenever  possible  from  concealed 
positions  and  it  is  with  this  phase  of  the  subject  that 
the  artilleryman  has  use  for  his  mathematics.  When 
indirect  laying  became  a  subject  of  interest  to  artillery 
officers,  all  the  work  was  trigonometrical  and  the  opera- 
tions involved  partook  of  the  nature  of  careful  triangula- 
tion  work.  They  were  slow  and  required  some  degree 
of  education.  It  was  essential  that  the  ordinar}-  enlisted 
man  be  able  to  understand  how  to  lay  a  gun  properly, 
so  the  French  artillery  appointed. a  board  of  ofiScers,  who 
had  been  for  years  working  on  the  new  maleriel,  to  get 
up  a  simple  system  for  laying  the  gun  when  the  target 
was  invisible. 

In  1897  they  reported  in  favor  of  a  new  graduation 
of  the  circle  whereby  every  element  in  the  data  per- 
taining to  the  delivery  of  fire  became  a  function  of  the 
range.  With  sights  on  each  piece  graduated  horizontiilly 
in  "mils"  and  with  range  quadrants  on  each  piece 
graduated  vertically  in  the  same  system  and  with  all 
observing  in.struments  similarly  graduated,  the  idea  met 
with  an  enthusiastic  reception.  It  is  now  used  the  world 
over  by  field  artillerymen. 


A  mil  is  the  one-thousandth  part  of  the  range,  ap 
proximately.  For  the  purposes  of  delivery  of  fire  it  i 
to  all  intents  and  purposes  exact.  The  ratio  of  the  radiu 
of  a  circle  to  the  circumference  is  6.283185 ;  and  if  tli 
radius  is  divided  into  1,000  equal  parts,  there  will  lii 
0,283.185  such  equal  divisions  on  the  circumference.  Tli 
artilleryman  divides  the  circle  into  6.400  parts,  becau^ 
this  number  can  be  halved  or  quartered  and  continual! 
subdivided  by  2  to  any  limit  without  a  fractional  re 
mainder.  The  error  involved  is  small  from  the  standpoin 
of  the  mathematician,  and  from  the  standpoint  of  accurat 
required  in  the  delivery  of  fire  there  is  no  error  at  all 
The  sixty-four-hundredths  part  of  a  circle  is  called  : 
mil  (millieme)  because  it  is  the  one-thousandth  par 
of  the  radius,  or,  for  artillery  fire,  the  range.  It  is  ai 
angle  whose  natural  tangent  is  0.001. 

1  mil  ~  3.375  min.,  exactly 
0.3  mil  =  1  min.,  approximately 
1°  =  IS  mils,  approximately 

To  convert  degrees  into  mils  the  writer  in  n 
connaissance  work  with  a  common  compass  subtract 
mentally  11%  from  the  number  of  degrees  and  multiplii- 
by  20  to  obtain  the  mils.  Never  subtract  fractioiia 
degrees;  but  when  fractions  occur,  take  the  next  highf 
unit.  For  example,  the  number  of  mils  in  90°  = 
(90—10)  X  20  =  1,600.  The  number  of  mils  in  45 
=  (45  —  5)  X  20  =  800.  The  quarter-circle  is  gradu 
ated  into  1,600  mils,  the  eighth-circle  into  800,  tin 
half-circle  into  3,200  mils,  etc.  Possibly  before  the  nex 
war  the  United  States  may  issue  to  the  artillery  prismatii 
compasses  with  the  mil  graduation.  In  fact,  there  exist 
no  good  reason  why  all  officers  in  the  army  should  iii' 
have  such  compasses,  which  would  have  the  usual  letter 
designating  the  cardinal  points. 

The  methods  of  laying,  about  to  be  described,  hav' 
been  supplemented  by  a  method,  described  recently  ii 
an  English  artillery  magazine,  in  which  compasses  at' 
used.  The  United  States  Army  School  of  Fire  for  Fiel- 
Artillery  issued  a  clearly  written  pamphlet  on  the  subj('( 
in  January,  1916.  Experiments  indicate  that  a  transit 
compass  needle  is  not  materially  affected  by  large  masst 
of  metal  at  distances  greater  than  50  ft. 

The   artilleryman   in    discarding   sines,    tangents  aii' 

other  functions  of  an  angle  went  to  the  astronomer  I' 

obtain  a  term  to  use  for  expressing  the  angle  subtendeil 

at  the  point  observed,  by  the  platoon  front.     The  ten' 

used    is    "parallax"    and    is    expressed    in    mils.      It   ' 

quickly    obtained    by    dividing    20    by    tlie    iiunibcr   ' 

thousands  of  yards  in  the  range,  the  widtii  of  a  platoo 

front — that  is,  the  distance  center  to  center  of  bores  > 

two  adjacent  pieces — being  20  yd.     Thus  if  the  ran.U' 

20 
is  2,800  yd.,  the  parallax  =  t-^  =  7,  for  fractions  are 

disregarded.  The  work  is  done  mentally  in  the  field. 
and  20-^3  =  7  (approximately)  would  Ix^  the  result 
of  the  brainwork  of  the  observer. 

This  disregard  of  fine  results  troubles  an  engine' 
mori'  at  first  than  any  other  one  thing  in  artillerj-  wor 
However,  all  that  is  required  at  the  first  salvo  is  to  brin,^' 
the  "burst"  within  the  range  of  observation  of  the  field 
glasses  and  battery  commanders'  telescope,  after  whicli 
corrections  are  applied  in  accordance  with  the  laws  of 
probabilities,  provided  no  serious  errors  of  range  have 
been  introduced.  Since  1  mil  =  3.375  min..  the  dis- 
re.irard  of  0.  t  mil  will  make  a  difference  of  less  than 
1  vd.  in  1.000.     This  is  a  far  greater  degree  of  accuracy 
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than  the  hest  guns  possess,  accurate  though  tlie  modern 

Heldpiece  may  be. 

The  mil  measures  cliords   of  angles  for  given  radii, 

and  at  1,000  yd.  an  angle  of  1  mil  subtends  a  chord 

uf  1  yd. ;  at  3,000  yd.  a  chord  of  3  yd.,  etc.     If  a  house 

standing  normal  to  the  line  of  sight  fi'om  a  batterj-  has 

a  length  known  to  be  (iO  ft.   (20  yd.)   and  the  observer 

at  the  telescope  measures  an  angle  of  2.5  mils  from  the 

.     n      r       ^  ,,         "  20   X    1,000 

rear  to  the  Iront  corner,  the   ransie  =  rr r; = 

2o  mils 

800  yd.  Field  glasses  ami  telescoi^es  are  made  for  use  by 
artillerymen,  having  an  interior  glass  diaphragm 
engraved  with  vertical  and  horizontal  lines  similar  in 
principle  to  stadia  wires.  The  interval  between  the  lines 
being  known,  angular  measurements  in  mils  are  quickly 
made  or  estimated;  and  when  the  distance  between  objects 
is  known,  the  range  may  be  quickly  estimated.  This  range 
is  set  off  on  the  gun  and  shots  fired.  The  burst  is  observed 
through  the  glasses  and  corrections  made  by  rounds,  or 
salvos,  until  the  object  is  bracketed.  Such  firing  is 
temied  "fire  for  adjustment,"  and  the  adjusted  fire  is 
tenned  "fire  for  effect." 

The  battery  commander  sets  up  his  telescope,  when- 
ever time  permits,  on  a  flank  of  the  battery  and 
at  some  little  distance  from  the  gun  on  the  right, 
which  is  known  as  the  right  or  No.  1  gun.  If  the  gun 
is  in  a  position  where  the  target  can  be  seen,  it  has  been 
■ustomary  to  use  direct  laying,  in  which  the  gunners 
^ight  on  a  portion  of  the  target  assigned  to  them.  A 
latter}'  of  fieldpieces  is  a  power  plant,  and  the  battery 
•onimander  is  the  superintendent  of  the  plant.  In  order 
0  have  it  completely  under  control  he  may,  even 
igainst  visible  targets,  use  indirect  laying,  in  which 
he  gunner  sights  on  an  aiming  point  and  sets  off  a 
leflection  to  the  target  announced  by  the  executive  officer, 
t  is  exceptional  to  nse  direct  laying,  for  ever}'  effort 
s  made  to  conceal  the  positions  of  guns,  the  battery  com- 
nander,  assisted  by  observers,  giving  all  necessary  data 
0  the  men  at  the  guns.  It  is  mainly  with  indirect 
iying  that  mathematics  enters  into  the  matter. 

Fig.  1  illustrates  the  geometrical  truth  that  when  two 
■arallel  straight  lines  arc  intersected  by  a  straight  line 
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Fig.2 


'  alteiiiatc  aiigh's  are  equal;  tlms  the  angles  marked 
are  equal.  This  principle  is  used  in  what  is  called 
"parallel  method,"  a  method  so  simple  that  any 
isted  man  can  lay  a  gun.  For  the  enlisted  man  the 
thod  is  partly  graphical.  In  Fig.  2  let  T  be  the  target, 
'he  aiming  point,  B  the  observing  station,  ar.d  G  the 
iit  gim  of  a  battery.  The  distance  from  B  to  G  will 
measured,  estimated  or  guessed,  if  B  is  exactly  in 
';  with  the  guns.  If  it  is  a  little  in  front  or  behind 
■  guns,  then  the  distance  is  taken  to  the  line  TG,  or 
-  line  produced.    The  range  from  G  to  T  is  measured, 

"mated  or  gue.ssed.     The  offset  distance  in  yards  from 


B  to  the  line  of  lire  from  tiie  gun  to  the  target  is  divided 
by  the  thousands  of  yards  in  the  range  from  the  gun  to 
the  target,  and  the  angular  result  in  mils  is  measured 
from  the  line  BT  to  the  line  BT'. 

The  telescojie  is  pointed  to  the  aiming  point  and  similar 
computations  and  measurements  made  to  the  line  BP'. 
The  angle  T'BP'  is  measured  and  the  result  given  to  the 
gunner  on  the  right  piece,  lie  sets  his  panoramic  sight 
at  the  angle  given,  and  the  trail  is  moved  to  tire  right 
or  left  until  the  vertical  wire  is  on  the  indicated  aiming 
point.  The  axis  of  the  gun  then  lies  in  the  line  GT. 
In  Fig.  3  the  aiming  jwint  is  in  front  of  the  batteiy. 
An  officer  of  experience  and  a  man  familiar  with  algebra 
will  not  take  the  time  to  set  auxiliary  aiming  points 
on  the  lines  BT'  and  BP',  but  will  compute  the  angle 
of  deflection  by  using  positive  and  negative  signs  in  con- 
nection with  the  angles  subtended.  This  is  known  as  the 
parallax  method,  formerly  used  altogether. 

The  writer  will  not  describe  the  parallax  method 
further  than  to  say  that,  the  ])arallax  for  a  platoon  front 
having  been  obtained,  the  distance  from  B  io  G  \s  given 
in  terms  of  platoon  fronts  and  the  angle  BTG  is  found 
l)y  multiplying  the  pai'allax  by  this  number  of  platoon 
fronts,  for  the  parallax  is  the  angle  subtended  by  a  chord 
of  20  yd. 

The  angle  PGT  is  the  deflection  of  the  right  piece 
only.  If  the  other  guns  set  off  this  deflection,  with 
their  panoramic  sights  on  the  aiming  point,  the  fire 
would  not  be  directed  on  the  target  by  all  the  gun? 
unless  the  target  was  quite  e.xtended.  It  is  therefore 
necessary  to  find  the  convergence  difference  in  order  that 
each  gun  will  have  the  necessary  deflection  to  fire  directly 
at  the  target.  Obtain  the  parallax  of  the  target  and  give 
it  the  positive  (  +  )  sign.  Similarly  obtain  the  jiarallax 
of  the  aiming  point,  the  sign  of  which  will  be  positive 
when  the  aiming  point  is  in  front  and  negative  when  the 
aiming  point  is  in  the  rear.  The  parallax  of  the  target 
is  subtracted  algebraically  from  the  parallax  of  the  aim- 
ing point  to  obtain  the  "convergence  difference." 

Example — Tlie  deflection  of  the  right  piece  is  3,320 
mils.  The  parallax  of  the  target  is  -|-  7  and  the  parallax 
of  the  aiming  point  is  — fi.  The  convergence  difference 
=  — 6  — (+7)  =  ■ — 13.  The  deflections  then  become 
3,320,  3,307,  3,294  and  3,281,  for  the  convergence  differ- 
ence is  applied  progressively.  These  deflections  being  set 
off  and  ilre  o])ened,  each  shot  shoidd  strike  in  the  same 
place,  provided  the  range  is  correct,  the  data  properly 
computed  and  the  materiel  is  perfect. 

Assuming  that  the  front  of  the  target  subtends  an 
angle  of  60  mils  and  it  is  desired  to  distribute  tlie  fire 
over  the  whole  front,  di\'idc  the  front  of  the  target  in 
mils  by  the  number  of  guns  firing  to  get  the  "distribution 

difference."    This  for  the  foregoing  e.xample  is  -r-  =  15 

mils.  Adding  progressively,  the  deflections  become  3,320, 
3,322,  3,321  and  3,326.  The  distribution  difference 
is  always  additive.  The  algebraic  sum  of  the  convergence 
difference  and  the  distribution  difference  is  the  "deflection 
difference." 

Having  obtained  the  deflection  and  the  deflection  differ- 
ence, and  the  ])anoramic  sight  of  each  gun  being  .set  on 
the  aiming  point,  the  battery  connnander  can  by  changes 
in  deflection,  or  deflection  difference,  open  and  close  the 
"sheaf  of  fire"  so  as  (.)  distribute  or  concentrate  the  fire 
of  the  guns  at  will.    The  cannoneers  do  not  see  thi;  target 
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and  cannot,  know  the  effect  of  the  shots.  The  observers 
on  high  points  communicate  by  telephone,  flag  or  other 
signal  system  the  result  of  each  shot  to  the  battery  com- 
mander, who  alters  his  data  as  required.  The  battery 
commander  is  presumably  seated  on  the  upper  end  of 
a  very  light  ladder  in  rear  of  the  battery,  the  better  to 
observe  the  fire  and  direct  his  power  plant.  He  is  a  good 
target  for  sharpshooters,  but  then  someone  has  to  take 
some  risk  in  battle. 

The  path  of  the  projectile  is  a  parabola,  and  the 
battery  in  action  may  easily  be  likened  to  several  fire 
engines  at  work  with  the  chief  of  the  fire  department 
in  the  place  of  the  battery  commander.  The  stream 
of  water  has  a  path  of  travel  of  the  same  form  as 
that  of  the  projectile.  The  parabola  for  all  practical 
purposes  of  the  field  artilleryman  is  rigid — that  is,  the 
range  is  the  shortest  distance  from  the  muzzle  of  the 
gun  to  the  target,  whether  it  is  horizontal  or  inclined. 
The  errors  liable  to  arise  because  of  this  assumption  are 
well  within  the  limit  of  errors  that  may  be  caused  by 
inferior  materiel  or  errors  in  the  data.  The  first  shots 
never  hit  a  target,  except  by  accident,  but  they  get  so 
close  as  to  make  the  target  feel  very  uncomfortable  and 
anxious  to  seek  cover.  Corrections  are  rapidly  made, 
and  the  data  are  set  off  on  the  sights  so  that  the  follow- 
ing shots  get  closer  to  the  target. 

In  the  example  given,  the  captain  may  have  observed 
that  the  front  had  not  been  estimated  correctly  and  it 
was  necessary  to  narrow  the  fire.  His  command  may  be 
"Close  by  10":  then  the  gunner  on  the  first  piece  makes 
no  change,  the  gunner  on  the  second  subtracts  10  mils 
and  his  deflection  becomes  3,312,  the  third  gunner  sub- 
tracts 20  and  his  deflection  becomes  3,301,  the  foui'th 
gunner  subtracts  30  and  his  deflection  becomes  3,296. 
The  deflections  are  set  off  on  the  sights  and  the  trails 
are  swung  or  the  traversing  gear  operated  to  bring  the 
\Grtical  mark  again  on  the  aiming  point,  when  the  guns 
will  be  pointed  properly  to  place  their  fire  where  wanted. 

If  the  command  had  been  "Open  by  10,"  each  gunner 
except  the  first  would  have  added  10  mils  multiplied  by 
the  number  of  his  piece  counting  from  the  first  piece. 

If  the  captain  observed  that  all  the  shots  were  falling, 
say,  40  mils  to  the  right,  he  would  command  "Add  40," 
and  each  gunner,  including  the  gunner  on  No.  1  piece, 
adds  40  mils  and  brings  his  aiming  point  on  the  vertical 
mark.  Observing  that  the  fire  is  falling  40  mils  to  the 
left  the  officer  command.s  "Subtract  40,''  whereupon  every 
gunner  subtracts  40  mils  from  his  deflection. 

These  data  are  kept  on  small  cards  l)y  chiefs  of  section. 
the  sergeants.  The  chiefs  of  platoon,  the  lieutenants, 
cannot  use  paper  and  pencil,  Init  must  do  all 
work  mentally.  Nevertheless  they  must  remember 
the  data.  It  is  thought  speed  is  sacrificed  if  time 
is  taken  to  write  down  data. 

The  angle  of  site  is  the  angle  of  slope  of  the  range 
in  mils.  It  is  set  off  when  the,  range  is  set  off,  in  order 
thiit  tiic  axis  of  the  bore  will  lie  in  the  trajectory  of 
the  projectile.  The  corrector  reading  is  the  number  of 
mils  set  off  on  the  fuse  setter  to  insure  the  fuse  burning 
until  the  shrapnel  reaches  the  projjcr  point  on  the 
trajectory.  The  fuse  setter  is  an  attachment  on  the  rear 
of  the  caisson,  consisting  of  a  movable  ring  graduated 
for  range.  The  range  being  ordered,  it  is  set  off  on  the 
fuse  setter  and  the  corrector  correction  applied.  When 
the  corrector  reading  is  30  and  the  range  is  correct,  the 


target  in  hundreds  of  vards.     Then 


shrapnel  will  burst  at  a  height  of  3  mils  above  the  groimi 
at  the  end  of  its  flight.  When  shots  are  "over*"  o 
"short,"  slight  changes  are  made  in  the  corrector  settin; 
or  in  the  angle  of  site,  or  both,  together  with  change 
in  range  until  the  shots  reach  their  mark. 

ilASKING    THE    FlEE 

It  is  necessary  to  fire  over  a  mask,  for  concealmem 
which  is  known  as  "defilade."     Dismounted  defilade  i 
when  a  man  standing  at  the  gun  can  just  see  over  th 
mask  and   observe  the  target.     In  mounted   defilade 
mounted  man  at  the  gun  can  just  see  the  target  over  th 
nuisk.     The   gun   is  perfectly  concealed  with  a  "flash 
defilade   when    the   flash    of   the   gun   is   concealed, 
defilade  of  4  yd.  is  sufficient  to  conceal  the  flash  of 
gun  by  day.     A  flashless  powder  is  now  made.     On 
fairly    uniform    reverse    slope    a    flash    defilade    may  1 
quickly  obtained  by  posting  a  dismounted  man  in  tl 
position  of  dismounted  defilade  and  in  his  rear  a  mounto 
man  where  mounted  defilade  will  be  obtained.    The  gui 
are  then  posted  in  rear  of  the  mounted  man  at  a  slight! 
greater  distance  than  that  separating  him  from  the  di 
mounted  man. 

It  is  necessary  to  know  whether  the  shot  will  clear  th 
mask.  Let  y  =  height  of  mask  in  yards,  x  =  distanr 
from  sun  to  mask,  and  R  —  .r  =  range  from  mask  t 

iy 

{B  —  .r)- 
Ivvampk — The  range  from  mask  to  target  is  2,000  yd 

height  of  mask  15  yd.;  x  =  — ^—  =  3  (300  yd.). 

By  consulting  a  range  table  it  will  be  found  that  tli 
angle  of  elevation  for  a  range  of  2,000  yd.  is  52.4  mil 
and  the  angle  of  site  to  the  top  of  the  mask  is  -'/•  = 
50  mils,  so  the  shot  will  clear  the  top  with  a  snia 
margin.  The  margin  is  so  small  that  the  mask  is 
poor  one,  for  it  is  unnecessarily  high.  The  entire  distaiu 
from  the  target  to  the  mask  is  dead  land  and  perfectl 
safe.  The  guns  should  be  close  enough  to  the  mask  t 
afford  perfect  conceal  mcTit  and  yet  be  able  to  depress  tb 
muzzles  and  cover  a  considerable  length  of  the  advani 
from  the  target,  which  is  usually  occupied  by  troop 
Tiiis  particulair  mask  should  be  not  over  12  yd.  high.  T 
fix  the  proper  height  of  mask,  use  the  formula  >S  =  H 
(K  —  1),  in  which  8  =  angle  of  site  in  mils  and  K  = 
range  in  thousands  of  yards. 

Let  the  range  from  the  gun  to  the  target  be  2,300  yd 
then  30  X  (2.3  —  1)  =  39  mils,  which  upon  referen. 
to  a  range  table  is  the  angle  of  departure  for  a  ran- 
of  1,350  yd.,  so  that  the  danger  zone  from  tiie  fir- 
position  of  the  target  will  be  950  yd.  and  the  eneni 
will  have  to  approach  within  1,150  yd.  of  the  mask  bcfor 
the  gunfire  fails  to  reach  them.  At  this  range  tli 
infantry  can  handle  the  enemy  with  machine  guns  an 
rifles,  "with  a  lower  mask,  say  of  5  yd.,  the  danger  zon 
may  be  greatly  widened. 

Readers  who  nuiy  have  liecome  interested  in  the  wor 
of  field  artillery  through  the  reading  of  this  sketch  shoul 
jnocure  "Notes  on  Field  Artillery,"  by  Capt.  Oliver  I 
Spaulding,  Jr.,  or  "Elements  of  Modern  Field  Artillor' 
ITnited  States  Service,"  by  Maj.  TIarrv'  G.  Bishop,  • 
l)olli  liooks.  The  authors  were  lecturers  on  the  subjoi 
at  the  Arniv  Service  Schools,  Fort  Leavenworth,  Kan 
and   the  Ijooks   contain   tiie  substance  of  their  lecture 
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Old  IroEa  Btridlge  Damaagedl  Iby 

The  damage  done  to  a  liridge  truss  liy  the  deraihiicnt 
of  an  electric  car  is  shown  hy  Fig.  1.  Tlie  track  is 
close  to  the  truss,  so  that  the  hlow  was  almost  longi- 
tudinal, and  the  car  evidently  struck  the  truss  post  with 
its  roof  and  body.  The  accident  occurred  recently  on 
the  middle  span  of  the  Galena  Ave.  bridge  over  the 
Ilock  River  at  Dixon,  111. 

The  post  is  the  second  from  the  south  end  of  the 
east  truss  of  the  middle  span.  The  channels  and  lacing 
liars  are  bent  and  buckled,  showing  the  toughness  of 
the  metal,  but  the  rivets  are  tight  and  only  one  of  the 
lacing  bars  seems  to  have  broken,  the  fracture  occurring 
at  the  rivet  hole.  The  post  is  about  8xl2i/j  in.,  being 
composed  of  two  8-in.  channels.  For  temporary  repairs 
a  two-pile  braced  bent  was  placed  under  the  panel  point, 
and  blocking  was  wedged  up  against  the  foot  of  the  post, 
while  a  timber  post  was  placed  upon  this  support  and 
vedged  up  against  the  top  chord.  The  bridge  carries 
two  tracks,  but  one  track  (and  half  the  roadway  on  the 
damaged  span)  is  now  closed  to  traffic.  The  damaged 
post  was  cut  away  by  torches  and  a  new  post  put  in  place, 
the  repairs  being  made  by  tire  American  Bridge  Co. 

The  Galena  Ave.  bridge  is  peculiar  in  that,  while  it 
was  built  30  years  ago  for  wagon  traffic,  it  now  carries 
a  double-track  electric  railway  for  both  city  and  inter- 
urban  cars.     The  railway  line  is  single  track,  but  pre- 
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sumably  a  track  in  the  middle  of  the  bridge  roadway 
would  have  interfered  with  street  traffic,  which  is  an 
important  consideration  as  this  is  the  only  highway 
])ridge  acToss  the  river  at  Dixon.  It  was  built  in  1S8.5 
by  the  Milwaukee  Bridge  and  Iron  Works,  of  Mil- 
waukee, Wis. 

The  bridge  consists  of  five  through-truss  spans  of 
175  ft.  The  design  is  shown  in  Fig.  2.  The  end  posts 
and  to]i  chord  are  composed  of  two  channels  and  a  cover 
plate,  witli  lacing  on  the  under  side.  The  end  posts 
have  141/4-in.  channels  and  l(j-in.  plates.  The  bottom 
(herd  for  two  panels  at  each  end  is  composed  of  two 
channels  with  top  lacing;  the  next  panel  has  two  eye- 
bars,  and  the  two  middle  panels  have  four  eye-bars  each. 

The  truss  posts  are  pairs  of  channels  with  flanges  out- 
ward, and  laced,  as  shown:  First  post,  6-in.  channels, 
ni/2  ill-  over  backs  of  channels;  second  post,  8x1 2'^  in.; 
third  post,  7x12  in.;  middle  post,  5x11  in.  At  the  bot- 
tom of  the  post  a  saddle  is  riveted  between  the  channels 
to  carry  the  end  of  the  floor-beam,  and  through  this 
saddle  passes  the  pin  connection  for  the  diagonals. 

The  collision  struts  are  4x10  in.,  with  two  4-in.  chan- 
nels having  the  flanges  inward.  The  diagonals  are  pairs 
of  eye-bars,  about  Si/oxl/g  in.,  3x1  Vs  i"-  aud  ^V2^%  i"- 
in  the  three  panels.  The  counters  in  the  two  center  panels 
are  about  1-in.  rods,  with  turnbuckles.  At  each  panel 
]ioint  there  are  a  top  strut  and  sway  bracing.  The  metal 
of  the  trusses  seems  to  be  in  good  condition  and  is  well 
jtainted. 

The  bridge  originally  had  wooden  floor-beams  and 
stringers.  When  the  electric  railway  was  laid  across  it, 
about  12  years  ago  (according  to  our  information),  the 
floor  system  was  rebuilt.  There  arc  now  plate-girder 
ffoor-bcams  on  which  are  13  lines  of  channel  stringers 
with  wooden  spiking  strips.  The  two  channels  under 
each  rail  are  placed  back  to  back  and  have  riveted  sup- 
ports for  a  timber  stringer  between  them.  Each  side- 
walk has  four  lines  of  channels.  The  flooring  is  of 
transverse  planks.  There  are  no  curb  or  wheel-guaril 
timbers.  The  longitudinals  in  the  view  are  to  keep  traf- 
fic to  one  side  of  the  roadway  of  the  damaged  s])an. 
The  rails  arc  of  tram-head  section. 

It  is  stated  that,  when  the  changes  were  made,  cal- 
culations showed  that  the  bridge  was  strong  enough  1o 
carry  the  increased  loads.  Under  the  ordinance  permit- 
ting the  railway  to  use  the  bridge  the  company  was 
charged  witii  the  duty  of  putting  and  maintaining  the 
liiidge  in  proper  condition. 

Tlie  railway  company  states  that  while  the  bridge  has 
two  tracks  (for  the  traffic  reasons  noted  above)  there  is 
a  rule  by  wliich  cars  are  not  allowed  to  pass  on  the 
bridge. 
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apart,  were  drilled  from  11  ft.  to  1.5  ft.  into  the  rock  a1 
an  angle  of  60°  with  the  vertical  at  the  level  of  the 
upper  chord  of  the  bridge  shown  in  Fig.  1.  A  gas-driven 
core  drill  (Dobbins,  Class  H-G)  was  used  in  drilling 
the  holes.  The  drilling  outfit  is  shown  in  Fig.  3,  mounted 
on  the  platform  built  on  the  iipper  chord  of  the  bridge. 
This  view  also  shows  a  completed  hole  with  a  piece  of 
casing  projecting  from  it,  and  near-by  is  a  piece  of  tlu 
core  removed  from  the  hole.     Owing  to  tlie  rough  fan 


An  almost  separated  mass  of  rock  weighing  about  6,000 
tons,  on  the  face  of  a  steep  cliff  overhanging  the  AVest 
Shore  E.R.,  was  recently  pinned  to  the  sound  rock  of  the 
cliff  by  steel  pins  as  a  precaution  against  its  sliding  and 
wrecking  a  railroad  bridge.  The  following  paragraphs 
describe  the  work  done  to  secure  the  slab. 

The  cliff  in  question  (Fig.  1)  is  located  immediately 
south  of  the  Highland  Falls  station  on  the  West  Shore 
U.K..  now  called  the  Eiver  Division  of  the  New  York 
Central  E.E.  The  rock  is  granite  of  an  inferior  grade, 
with  nearly  vertical  stratification.  The  partly  separated 
mass  is  about  200  ft.  long,  with  an  average  height  of 
100  ft.,  and  from  5  to  8  ft.  thick.  It  starts  from  about 
midway  between  the  upper  and  lower  chords  of  the  bridge 
shown  in  Fig.  1,  the  greater  portion  of  the  mass  being 
wholly  above  the  bridge. 

The  bridge  seen  in  the  figure  is  one  of  two  built  in 
close  proximity  to  each  other  in  this  locality,  both  of  the 
bridges  being  placed  close  to  the  precipitous  faces  of 
the  rock  cliffs  forming  the  shore.  These  bridges  are  pe- 
culiar in  that  they  were  constructed  to  carry  the  tracks 
over  transverse  clefts  in  the  rock  bottom  of  the  HTidson 
Eiver,  wliich  it  was  found  impossible  safely  to  fill  on 
account  of  the  steep  slope  of  the  rock  toward  the  center 
of  the  river.  Considering  the  conditions,  it  was  clear 
that  any  attempt  to  remove  the  loosened  mass  of  rock 
would  prove  extremely  dangerous  to  traffic.  Therefore, 
a  Scheme  for  supporting  the  slab  was  adopted.  Ten 
holes,    111/4    in.    in    diameter    and   from    11    to    "20    ft. 


•EngineerinK     Department,     New     York     Central     Railroad, 
Poughkeepsie.  N.   Y. 
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FIG.    1.    CLIFF    WITH  HAX(;i.N<;    KOCK,    HIGHLAND 
FALLS  N.  Y. 


FIG.    2,    PINNING    THE    ROCK    DOW.N    WITH    10-IN. 
STEEL  PINS 

of  tlic  ruck,  it  was  necessary  to  facilitate  the  starting  of 
tlio  (hill  by  building  a  wooden  box  21  in.  sf|uare,  tlu- 
box  being  made  fast  to  the  rock  by  means  of  angles  and 
expansion  bolts,  and  cementing  in  place  in  the  ccntoi 
of  the  box  a  12-in,  nipple  13  in.  long.  This  nipple  a> 
sisted  in  keeping  in  place  the  steel  shot  u.«ed  for  cuttini; 
the  rock.  The  starting  of  the  drill  was  thereby  sini- 
])]ificd  and  its  penetration  into  the  rock  greatly  aug- 
mented. The  seam  between  slab  and  cliff  was  sutces.'- 
fully  passed,  though  some  shot  was  lost. 

Upon  the  completion  of  the  drilling  of  the  holes,  10-iii- 
M>V\d  steel  pins,  made  in  various  lengths  to  suit  the  rc- 
s])pctivc  lengths  of  holes,  were  put  in  place,  to  serve  as 
support  for  the  hanging  rock.  Fig.  2  shows  the  operation 
of  ]ilacing  one  of  these  pins.  One  end  of  the  pin  was 
raised  to  the  level  of  the  hole  at  the  face  of  the  rock, 
and  the  other  end  was  then  raised  until  it  had  the  same 
inclination  as  the  hole.  In  this  position  it  was  a  coni- 
l>aratively  easy  matter  to  slide  the  pin  into  place.  A 
small  derrick  resembling  a  gin  pole  was  used. 
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FIG.    .!.     CORE-I'KILL    UUTFIT    ON    BRIDGE.    DRILLING 
HOLES  FOR  THE  PINS 

The  space  surrounding  the  pins  was  filled  with  rich 
cement  grout  by  means  of  a  %-in.  pipe  with  a  hopper  on 
one  end.  the  pipe  being  long  enough  to  reach  to  the  bot- 
tom of  the  deepest  hole.  The  pins  were  cut  1  in.  longer 
than  the  length  of  the  respective  holes,  causing  them  to 
project  1  in.  beyond  the  face  of  the  rock.  These  pro- 
jections were  treated  with  coal-tar  jjitch  and  covered  with 
a  rich  cement  mortar  applied  to  woven-wire  mesh  fastened 
to  %-in.  steel  bars  of  U  shape.  These  bars  are  held  in 
place  in  a  horizontal  position  at  the  centers  of  the  pins 
by  expansion  bolts  inserted  into  the  rock  3  in.  on  either 
side  of  each  pin.  The  surface  of  the  mortar  is  also 
covered  with  hot  coal-tar  pitch. 

For  auxiliary  support  the  foot  of  the  loose  slab  was 
underpinned  with  timber  struis.  A  shelf  was  cut  into 
jound  rock  a  little  above  the  floor  level  of  the  bridge. 
Yellow-pine  struts,  12x12  in.  in  section  and  3  ft.  apart, 
ivere  then  in.serted  imder  the  projecting  slab  and 
lield  in  place  by  expansion  bolts  set  into  solid  rock. 
The  work  was  carried  out  by  close  cooperation  between 


the  Engineering  Department  and  Mainteuance-of-Way 
Department:  G.  W.  Kittredge.  Chief  Engineer;  J.  W. 
I'fau,  Engineer  of  Construction ;  R.  E.  Dougherty,  Dis- 
iriet  Engineer;  George  W.  Vaughan,  Engineer  Mainte- 
nance-of-Way ;  and  II.  C.  Thompson,  Division  Engineer. 


©Ea  lRaaS'4wgi5'  TiracSis 

A  good-sized  job  of  geological  dentistry  is  being  per- 
formed by  the  Pittsburgh  division  forces  of  the  "Pan- 
handle" railroad  (Pittsburgh,  Cincinnati,  Chicago  & 
St.  Louis  Ry.)  in  plugging  up  the  cavities  in  the  face  of 
Mount  Washington,  across  the  Monongahcla  River  from 
Pittsburgh.  The  weathering  of  this  cliff  has  been  a 
constant  source  of  trouble  and  maintenance  expense  ever 
since  the  toe  of  the  slope  was  cut  away  to  make  room  for 
the  two  tracks  of  the  Pennsylvania  low-grade  freight  line 
detouring  around  the  heart  of  Pittsburgh. 

Immediately  above  the  track  level  there  is  a  .stratum  of 
hard  clay,  varying  from  1.5  to  30  ft.  in  thickness,  under- 
lying the  ledge  rock.  As  the  clay  sloughs  away  under  the 
action  of  the  elements,  it  becomes  necessary  to  provide 
support  for  the  overhanging  mass  of  rock  above  it.  In  the 
past  nine  years  over  800  ft.  of  wall  has  been  built  for 
ibis  purpose,  and  the  present  .season's  work  will  add  300 
ft.  to  this.  Similar  support  is  also  to  be  furnished  some 
rock  ledges  farther  up  the  cliff. 

The  work  is  being  done  by  company  forces  and  requires 
the  placing  of  a  slojiing  concrete  wall  from  firm  rock 
below  the  track  level  to  the  under  side  of  the  rock  mass 
above.  It  was  planned  to  handle  the  work  from  a  portable 
tower,  but  as  this  could  not  be  obtained  in  time  an  inclined 
skidway  was  built  up  the  side  of  the  hill.  Concrete  is 
hoisted  in  a  wooden  car,  sliding  on  skid.s,  and  dumped 
into  a  hopper  at  top,  from  which  it  is  ehuted  to  place. 


.SUPPORTING  THE   OVERHANG  OF  MT.  WASHINGTON  BY  CONCRETE  TOE-WALL 
line  (lone  hy  the  I'linhaniHe  rallwjiy.     Forms  are  In  pl.Tcc  for  the  wall,  and  a  spout  from  a  dlstrlliutlnK 
hopper  suppilcs  the  concrete 


360 


E  N  C;  I  N  R  E  R  I  N  (i     N  E  W  S 


Vol.  T(i,  No.  8 


Ctm^taim^  Clsi^  TtisiniEaell  Face 


Since  the  ingenious  application  of  a  niodified  draw- 
shave  or  dra'.vknife  to  cutting  clay  in  tunnel  work  in 
the  St.  Clair  River  tunnel  at  Port  Huron,  Mich.,  over 
twenty  years  ago,  this  tool  has  been  standard  for  use 
in  similar  operations  in  the  clay  ground  of  the  lake 
plains.  Two  tunnels  now  in  course  of  construction  at 
GLweland  are  excellent  illustrations  of  the  use  of  the 
drawkuife.  In  the  course  of  the  work 
a  change  has  been  made  in  the  tool, 
and  at  present  both  the  simple  and 
the  improved  form  are  in  use  on  the 
same  job.  The  drawknife  as  generally 
used  up  to  the  change  of  design  is  as 
shown  in  Fig.  1.  The  steel  of  the  blade 
is  about  l%xi4  ill-;  bent  hot  to  tlif 
roughly  semicircular  shape  indicated  in 
the  sketch  and  turned  at  the  ends  to 
form  eye.s.  Sawed-off  spade  handles  are 
inserted  in  these  eyes.  The  lower  edge 
of  the  knife  is  ground  on  its  inner  face 
to  a  sharp  edge  and  is  reground  here  as 
it  becomes  dull,  until  the  blade  finally 
becomes  so  narrow  that  it  is  too  weak  to 
use.  In  new  condition  the  failure  is 
apt  to  be  in  the  handles;  but  as  the 
blade  wears  narrower,-  breaks  in  the 
steel  are  likely  to  occur.  Great  muscular  effort  is  re- 
quired to  use  such  a  knife  with  full  efficiency.  Two  men 
usually  work  on  one  knife,  with  a  third  giving  a  hand  in 
entering  the  blade  and  later  receiving  the  slab  of  clay  cut 
down.  Some  suggestions  were  made  for  a  U-shaped  bar 
handle  in  place  of  the  two  straight  handles,  this  bar  handle 
to  be  made  of  strong 
pipe,  which  would  not 
only  give  more  conveni- 
ent hold  but  also  elimin- 
ate breakage  of  handles. 
The  final  design  of 
John  W.  Dolman,  engi- 
neer in  the  City  Water 
Department  is  shown 
l)y  Fig.  2.  At  first  a 
handle  length  (offset 
length)  of  18  in.  was 
thought  best;  but  it  de- 
velo])ed  at  once  that  this 
was  too  long  for  most 
effective  manipulation, 
and  it  was  .shortened  to 
12  in.,  as  indicated  in 
Fig.  2.  Fig.  1,  redrawn 
from  a  sketch  made 
from  life,  illustrates  the 
typical  manner  of  using 
the  drawknife  as  prac- 
ticed in  the  Cleveland 
tunnel  work.  This 
sketch  was  made  in  the 
West  Side  lake  tunnel — 
the  same  in  which 
tho  disastrous  accident 
of      July      2-i,      1916, 


occurred,  but  in  the  land  heading.  In  this  heading, 
knives  of  both  types  shown  in  Fig.  2  arc  used  side  bv 
side,  although  the  old  style  is  the  regular  equipment. 
The  experience  here  has  amply  demonstrated  the  greater 
robustness  and  generally  greater  serviceability  of  the 
new  knife. 

In  the  Central  Ave.  tunnel  being  driven  under  the 
Cuyahoga  River  for  a  water-main  connection  from  the 
east  to  the  west  side,  a  job  now  completed,  these  knives 
were  also  used. 


THE    NEW    CLEVELAND    KNIFE     (LEFT)    AND 
OLD-STYLE    KNIFE    (RIGHT) 


The  lake  tunnel  is  under  Gustav  C.  Van  Duzen  as 
Superintendent,  while  the  river  tunnel  is  handled  by 
Charles  Vandevelde.  John  W.  Dolman  is  in  charge  for 
the  Water  Department,  under  the  direction  of  C.  P. 
Jaeger,  formerly  engineer  and  now  commissioner. 


Emergency  work  was  necessary  to  save  the  water-supply 
of  Charleston,  S.  C,  at  the  time  the  Goose  Creek  dam  was 
breached  by  flood,  as  reported  in  Engineering  News  of 
Aug.  3.  The  ocean  tide  comes  up  to  the  dam  with  6-ft 
rise,  and  there  was  risk  of  salt  water  backing  up  into  the 
reservoir.     Fig.  1,  showing  the  breach  on  Sunday,  July 


I.    HOW   THE   DRAWKNIFE 
IS  USED  ON  A  CLAY 
TUNNEL  FACE 


PIG.  1.    BREACH  OF  GOOSE  CREEK  DAM 
West  wan  of  west  spillway  at  right 

16,  1916,  the  day  after  the  washout,  suggests  how  readily 
this  might  have  occurred.  Closure  of  the  breach  succeeded 
in  three  davs,  iJthough  the  gap  was  100  ft,  wide  and  over 
13  ft.  deep'. 

The  embankment  (the  grassy  surfiu-e  seen  in  Fig.  1) 
was  cut  through  late  Satunhiy,  July  1.").  by  water  over- 
flowing about  II  in.  d(>ep.  Material  and  tools  could  not 
be  assemblo^l  <m  the  ground  for  two  days,  however.    On 


August  24,  191G 


ENGINEERING     NEWS 


361 


SANDBAG    EMERGENCY    DAM    (IN    REAR)    AND  PILEDRIVING  FOR  CRIB  COFFER-DAM  OF 
PERMANENT  CLOSURE 


Tuesday  morning  work  was  begun  on  throwing  a  sandbag 
dam  across  tlie  break ;  operations  were  in  charge  of  W.  E. 
Bonsai,  vice-president  of  the  Seaboard  Air  Line,  working 
with  a  railway  wrecking  crew.  The  sandbag  dam  was 
completed  early  the  next  morning. 

Low  tide  setting  in  soon  afterward,  the  overflow  over 
the  bags  began  to  disintegrate  the  temporary  structure, 
and  it  was  apparent  that  some  means  of  protection  had 
to  be  found.  The  expedient  was  tried  of  covering  the 
worst  places  with  canvas,  weighted  down  on  the  upstream 
side  and  lapped  over  the  dam.  This  proved  successful,  and 
the  whole  dam  was  then  covered  similarly. 

This  temporary  dam  was  about  25  ft.  wide  on  the 
iittom,  6  ft.  wide  on  top  and  120  ft.  long.  Water 
llowed  over  it  6  in.  deep  at  the  maximum. 

Following  the  successful  emergency  closure  of  the 
breach,  pennanent  repairs  are  being  made.  Heavy  piling 
was  driven  all  the  way  across  the  breach  and  into  the  em- 
bankment on  both  sides.  Three  rows  of  piles  were  set, 
the  two  upper  rows  about  8  ft.  apart  with  piles  spaced 
8  ft.  on  centers.  On  the  upstream  side  a  line  of  4-in. 
sheetpiling  was  dri\en,  and  the  space  above  and  below 
the  shcetpile  wall  was  filled  with  clay  bags.  In  Fig.  2 
(this  as  well  as  Fig.  1  is  from  J.  W.  Ledoux,  of  Phila- 
delphia) the  pile  wall  is  shown  practically  completed,  with 
the  sandbag  dam  back  of  it  still  overflowing.  Tliis  view 
was  taken  Saturday,  July  23. 

A  fire  engine  obtained  from  the  City  of  Charleston  then 

rved  as  means  for  making  hydraulic  excavation  of  clay 
from  high  clay  banks  near  the  breach  and  sluicing  this 
day  into  the  pile  dam  closure.  The  dam  as  a  whole,  8,300 
ft.  long,  will  be  provided  with  larger  spillways. 


LOB!m« 


"Wai^oiffi  SrfOSidles' 


The  accompanying  views  show  a  rather  crude  wagon- 
loading  device,  but  at  the  same  time  an  improvement  over 
the  cruder  methods  often  met  with  at  small  gravel  pits. 
It  is  in  use  in  New  Mexico,  where  horse  power  is  cheap. 
The  designer  is  A.  E.  Saint  Morris,  County  Highway 
Director  of  Valencia  County. 

The  gravel  loader  consists  of  an  elevated  bin,  holding 
approximately  6  to  8  eu.yd.,  with  an  inclined  floor  and 
three  unloading  spouts  extended  over  the  wagon  way.  An 
elevating  hopper  is  provided  to  raise  the  gravel  to  the  bin 
from  a  pit  in  the  rear.  This  device  is  made  entirely  of 
wood.  The  arms  are  round  poles  braced  with  planks. 
The  hinges  are  merely  round  iron  pins  through  the  poles, 
and  the  bearings  are  holes  bored  in  the  square  timber 
supports.  The  motive  power  for  raising  the  loaded  hop- 
per is  two  two-horse  teams. 

The  hopper  is  loaded  from  a  ])latf'orm  on  the  edge  of 
the  gravel  pit,  which  is  provided  with  an  opening  and 
chute  discharging  into  tiie  hopper,  when  in  its  lowest 
position.  Gravel  is  brought  to  the  platform  liy  fresno 
i-crapers.    The  same  two  teams  are  used  for  the  fresnos. 

The  operating  force  at  the  pit  consists  of  only  tiie  three 
men  shown  in  the  view.  One  man  shovels  the  gravel 
from  the  platform  to  the  elevating  hopper.  The  other  two 
handle  the  teams.  There  is  no  waiting  of  wagons  to  load. 
The  teamster  does  his  own  loading  by  opening  the  gates 
of  the  bin  chutes.  With  teams  at  $3.50  to  $4  per  day, 
the  cost  at  the  plant  shown  is  about  20c.  per  cu.yd.  fur 
excavating  and  loading  the  gravel  in  the  wagons. 
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The  construction  of  concrete  fouiulatious  for  buildings 
is  the  line  of  woi'k  followed  almost  exclusively  by  the 
contracting  firm  of  F.  Johnson  &  Co.,  of  Chicago,  which 
subcontracts  this  work  from  general  mason  contractors. 
In  making  this  a  specialty  various  methods  have  been 


FIG.    1.      SECTIONAL    WOOD    FORMS    FOR    CONCRETE 
FOUNDATION   WALLS    9    FT.    HIGH 

introduced  to  increase  the  efficiency  and  economy  of 
operation,  and  employees  are  encouraged  to  offer  sug- 
gestions in  the  way  of  further  improvement. 

Among  the  important  methods  are :     The  use  of  large 
motor  trucks  for  rapid  delivery  of  materials,  simple  sec- 


good  quality  of  concrete  placed  during  cold  weather.  The 
company  owns  a  large  number  of  motor  trucks  for  dis- 
tributing materials  to  the  various  jobs.  It  has  also  ten 
concrete  mi.xers,  all  built  by  the  Standard  Scale  and  Sup- 
ply Co.,  of  Chicago.  These  mixers  are  of  the  low-charging 
jiortable  type  which  can  be  moved  as  the  work  progresses 
and  thus  enable  a  large  jjart  of  the  concrete  to  be  spouted 
directly  into  the  forms. 

Sectional  wood  forms  are  used  for  practically  all  base- 
ment walls  9  ft.  or  less  in  depth.  These  forms  vary  from 
3  ft.  6  in.  to  4  ft.  6  in.  in  width,  and  from  -i  ft.  to  9  ft. 
in  length,  depending  upon  the  requirements  of  the  foun- 
dation. For  basements  requiring  a  greater  depth  of 
forms  than  9  ft.  it  has  been  found  preferable  to  construct 
special  forms  of  loose  lumber. 

When  nsing  the  built-up  sectional  forms,  the  concrete 
footings  are  first  put  in.  The  forms  for  the  outside  of 
the  wall  are  then  set  up,  but  before  erecting  a  form  sec- 
tion, strips  of  No.  38  hoop  steel  are  nailed  at  the  bottom 
of  the  frame.  These  are  about  1  in.  wide  and  of  suffi- 
cient length  to  nail  to  the  outside  of  the  frame  of  the 
outer  form,  extend  across  the  wall  and  permit  nailing  to 
the  inside  of  the  frame  or  the  inner  form,  ^^^len  the 
inner  forms  are  set  up,  by  placing  wood  wall  gages  between 
the  side  forms  at  the  bottom,  drawing  the  steel  hoops  taut 
and  nailing  them  on  the  inside  of  the  frame  of  the  inner 
form,  the  lower  parts  of  the  forms  are  securely  held  on 
the  footing.  At  intermediate  points  between  the  bottom 
and  top  of  the  forms  wood  wall  gages,  or  spacing  pieces, 
are  inserted  and  the  forms  wired  together,  the  wires  e.\- 
tending  around  the  lateral  braces  of  the  forms. 

At  the  intersection  of  forms  the  sections  are  tied  to- 
gether by  diagonal  wiring.  Adjacent  forms  are  nailed 
together  through  the  side  frames,  the  nails  used  for  this 
purpose  being  of  such  length  that  when  dri\en  to  the 
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tional   wood  forms   that  can    be  used   many  times  and  heads  the  ]K)ints  protrude  a  considerable  distance  on  the 

require  very  little  lumber  or  bracing,  placing  the  concrete  opposite  side.     This  method  of  nailing  affords  great  hold- 

with  a  minimum  amount  of  handling,  and  the  use  of  nou-  ing  strength  and  permits  drivin;;-  back  the  nails  without 

freezing  compounds  in  winter  in  such  a  way  as  1o  insure  inj\iry  to  the   frames  when   it  is  desired  to   remove  the 
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forms.  At  the  top  the  forms  are  held  by  U-liars  of  hoop 
eteel  nailed  to  the  outer  sides  of  the  forms  on  either  side, 
similar  to  the  method  of  holding  the  forms  at  the  bottom. 

With  these  sectional  or  movable  forms  properly  set  up, 
and  with  sufficient  wall  gages  and  wired  ties  nailed  at 
the  intersections  and  secured  with  the  steel  hoop  bands  at 
top  and  bottom,  the  entire  construction  is  very  rigid  and 
iinly  a  small  amount  of  bracing  on  the  sides  is  required  to 
steady  the  forms  against  shock.  Fig.  1  shows  the  raov- 
iible  forms  9  ft.  high,  with  the  bracing.  On  the  ground 
is  the  concrete  mixing  plant.  Fig.  2  shows  the  forms, 
Lind  the  steel  holding  bands  at  the  top  may  be  seen  plainly. 
These  views  indicate  the  small  quantity  of  side  bracing 
required. 

The  work  of  erecting  forms  and  placing  concrete  begin 
practically  at  the  same  time,  and  on  many  foundations 
iif  moderate  size  a  skilled  crew  can  erect  all  forms  for  the 
Oasement  walls  in  a  few  hours. 
'M 

A  fieldbook  sheet  of  data  for  finding  true  north,  iised 
by  H.  E.  McClintock,  Assistant  Engineer,  Union  Paeifie 
R.R.,  Omaha,  Neb.,  is  reproduced  herewith.  The  upper 
table  gives  the  necessary  data  for  observing  on  Polaris 
it  elongation.  The  table  of  time  of  upper  culmination 
■an  be  used  for  anv  vear  because  the  smaL  difference  for 


DETERMINATION  OF   TRUE   MERIDIAN 


BV   POLARIS  AT   ElONGATION 

Sin  of  Azof  Star  =   Sm^  PqI?i-  Pi^t 


1  of  Az 

-Pali 


D'Sta 


,19^1 


Local    Mean   Astronomical  Time  of  Upper  Culmination, 
for  Long.  lOB'W.,  Since  Noon  of  Preceding  Day. 


Note  :    Pola 


app' 


•ars  to  move  counter  clockwise 


BY   SOLAR  OBSERVATION  — 

(Re(^uired,-Curr«nt  Epherneris) 
ObMrve  before  9  A.M.  or  after  3  P.M 
Obeer\«  Limbs  of  Son 

Correct  Altitude  by  Adding  or  Subtracting    S«mi-diam. 
Correct  Azimuth  Angle  by  Adding  or  Subtracting  Az.Cori 
True  Attitude '  (Obs.Att.)  1  (Semi  d;am)-(Refr»ct) 
Let  p- Co.  Alt. 

s  -  Co.  Lat. 

z-Co.Decl 

A-  p»s 


A-s 


Sin.  i  Z-~\/s.n(iA-p)  si^Tii 
-q»-        '         sin.p  ain.s. 

C«.  J  2-"l/s><?A)s>t(;A-t) 
I        stn.p  sin.s. 

Note:  To  .eliminate  use  of  Semi  d.am.obser 
uung  opposite  limb,  in  p»ira.  Use  mean  of  the 
I'nea  end  Ac  Angles 
Note-  Central  SlonOard  -Mean  Local  Time  at  Long  WW 
"^•icjn        ,  .,,.«„      „      99°W, 
Sonora        .,  ,..,,„„     IH'W 
On«  hour  ef  time  -  15°  Longitude 


CONVERGENCE    or    MERIDIANS 
50  MILES  oe    EASTING  on   WESTING 


FIRLDBOOK  SIIKKT   K(JK  AZIMUTH    ItKI -l\;KD  ABOLT 
ONE-FOURTH 


10  yr.,  only  about  T",  permits  of  accurate  interpolation. 
Eastern  elongation  is  (within  a  few  minutes  of  time) 
6  hr.  before,  and  ^\'estern  elongation  6  hr.  after  ujipcr 
culmination. 

In  oi-dinary  field  practice  observations  on  Polaris  are 
usually  the  most  convenient,  and  are  the  most  accurate, 
for  azinnith  determinations.  A\'hen  conditions  make  it 
impossible  to  observe  on  Polaris,  liowever,  the  sun  may 
have  to  be  used. 

The  following  notes  of  ob.servations  illustrate  the  use 
of  the  sheet : 

Notes    for    determination    of    the    true    meridian    at    Devil's 
SHde,    Utali.       Lat.    41°     01'.      Used    Mountain    standard    time, 
which  equals  mean  local  time  for  Long.   105°   W. 
BY  POLARIS  AT  ELONGATION — MORNING  OP  APR.  25,  1916 
Upper  culmination   (by  interpolation)   is  23  hr.  31 

'"in =  11:31  a.m. 

Western    tiine    is    3°    faster    than    mean    local    for 

Long.   10S° 12  min. 

Western  standard   time  of  upper  culmination        11:43  a.m. 

Eastern  elongation  is  6  hr.  earlier,  or 5:43  a.m. 

The  star  appeared  to  cease  eastward   motion   at  about  5:3.'i 

a.m.      Turned    angle    to    right    of    12S°    01'    to    semaphore    disk. 

Polar    distance    (by    interpolation)    is    1°    OSV^' 

Log  sin   1°    OSV.'  =      8.296524 

Log  sin  Lat.   41°    04'      =      9.877340 

Log  sin  az.  =      S.4191S4 

az.  -  1°  30'      =      N  1°  30'  E 
12S°  01' 

129°  31' 

180°  —  120°  31'  =   50°  29'  or  bearing  of  S  50°  29'  E  to  sera,  disk 

BY    DIRECT    SOLAR    OBSERVATIO.N — APR.    27,    1916 

1.  Observed  on  lower  left  limh 

Western  standard  time  7:10  a.m.  —  SH  17°   3S'  —  Hor.  Angle 

Rt.  42°   51'  to  sem.  disk 

2.  Observed  on  upper  right  limb 
Western  standard  time  7:14  a.m.  —  SH   18°   53'  —  Hor.  Angle 
Rt.  41°  39'  to  sem.  disk 

3.  Average  of   (1)   and   (2)   to  center  of  sun 
Western  stand.ard  time  7:12  a.m.  —  SH  18°  15 Vi'  —  Hor.  Angle 
Rt.  42°   15'  to  sem.  disk 

Solution  of  (1) 
Refraction  for  alt.  18°   =   0°  03'  Semidiam.   =   0°   16' 

True  alt.  =    17°  38'  +  0°  IC  —  0°  03'  —  17°  51' 
0°  10'  16 

Az.  correction  = =  • ■  rn  0°  17' 

Cos  17°  51'        0.95186 
Correct  az.  angle  =  42°  51'  —  0°  17'  =  42°  34' 

Western  standard   time  is   mean   local   time  for  Long.   105° 
\V.  or  7  hr.  slower  than  Greenwich  time;  7:10  a.m.  +  7  hr.    rr 
2:10  p.m.  Greenwich  time  of  observation. 
Declination  at  Greenwich,  noon  of  Ai)r.   27, 

1916     =  North  13°  49'  05" 

Hourly  change  of  47.8"    X    21  hr =  0°  01' 43" 

Correct    declination     =  13°  50' 48" 

say  13°  51' 
p  =  90°  — 17°  51'  =     72°  09' 
s  =  90°  —  41°  04'  =     48°  56' 
z  =  90°  —  13°  51' z=     76°  09' 

A  =  197°  14'      V4A  =  9S°  37' 
'/4A-P  =  98°  37'  —  72°  09'  =  26°  28' 
V^A-s  =:  98°  37'  —  48°  56'  =  49°  41' 
Using  first  formula: 

Log  sin   26°  28' =     9.649020    Log  sin  72°  09' =  9.978574 

l.iig  sin  49°  41' =:     9.882229    Log  sin  48°  56' =  9.877340 

19.531249  9.855914 

9.855914 

2)19.675335 

Log  sin    VjZ =     9.837668         '/jZ  =  43°  29'  z  =  S6°  58' 

I  inter  of  sun  at  time  of  observation  bears  N  86°  58'  E 
iiirrected    az.    angle 42°  34' 

Az.  of  sem.  disk  from  north =  129°  32'  ■=  S  50°  28'  E 

Checks   Polaris   observation   within    0°  01'. 
Solution  of  (2)  gives  S  50°  29VS'  E  and  solution  of  (3)  givoti 
111  average  of  S  50°   28%'  E. 

Using  S  50°  29'  K  aa  correct,  an  angular  tie  gives  course 
of  track  tangent  Just  east  of  the  Devll'.s  Slide  as  S  48°   30'  10. 

The  taltje  of  Convergonce  of  Mcridiiui.s  is  n.';cful  in 
(becking  transit  work  on  long  lines.  l'''or  instance  in 
Lat.  10°  N.  a  line  making  2'>  mi.  of  Westing  (or  Easting) 
would   iiave  an   error  of    liS'lO"    in   its  corrected  rourse. 
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City  Survey  Monnment,  Honston,  Tex. — On  account  of  the 
peculiar  susceptibility  to  climatic  changes  of  the  black  waxy 
soil  of  the  Gulf  coast  country,  a  monument  separate  and 
distinct  from  the  pavement  is  needed.  In  periods  of  drought 
cracks  develop  in  the  ground  as  wide  as  2  in.,  and  extending 
several  feet  deep  and  hundreds  of  feet  long.     When  the  rains 


DETAIL  OF  STANDARD  CITY  MONUMENT.  HOUSTON.  TEX. 

come  the  adjacent  soil  softens  and  settles,  carrying  the  jiave- 
ment  with  it.  On  some  of  the  older  paved  streets  in  Houston 
the  base  has  cracked  on  both  sides  along  lines  approximately 
parallel  to  and  4  ft.  from  the  curbs  extending  from  one 
end  of  the  pavement  to  the  other,  with  the  curbs  and  pave- 
ment showing  settlement  in  places  as  much  as  6  in.  from  the 
original  grade.  By  constructing  a  monument  independent  of 
the  pavement,  separating  them  by  two  layers  of  waterproof 
building  paper,  the  paving  base  is  free  to  move  in  response  to 
temperature  changes  or  earth  settlements  with  the  least  prob- 
ability of  monument  being  disturbed.  Access  to  the  bronze 
bolt  imbedded  in  the  monument  marking  the  alignment  or 
elevation  is  provided  by  a  casting  fixed  in  the  pavement, 
which  is  in  no  way  connected  with  the  monument. — J.  C.  Mc- 
Vea.  Office  Engineer,  Engineering  Department,  City  of  Hous- 
ton, Tex. 

Mowlns:  by  Machine  nt  an  AnKle  of  4S°  was  accomplished 
on  the  canal  banks  of  the  Salt  River  project,  according  to  A. 
J.  Halton,  Irrigation  Manager,  in  the  "Reclamation  Record." 
The  first  machine  to  be  purchased  required  a  certain  amount 
of  alteration  before  the  cutting  bar  could  be  dropped  down 
for  cutting  at  angles  of  30  to  45°.  This  was  in  1914.  In 
1915  the  mowing-machine  field  was  surveyed  carefully,  and 
three  new  machines  were  bought.  Experience  with  these 
h.as  established  the  following  facts: 

1.  It  Is  necessary  to  have  a  good  teamster  skillful  in 
adjusting  his  machine  so  it  will  cut  under  various  and  diffi- 
cult conditions.     A  quiet,  steady  team  is  also  essential. 

2.  It  is  practicable  to  use  mowing  machines  on  canal 
banks   where   the   slope   does   not  exceed   45°. 

3.  Machines  cannot  be  operated  on  banks  where  there  is 
trash  or  heavy  brush. 

4.  Leveling  the  banks  when  the  ditches  are  being  cleaned 
greatly   Increases   the  etllciency  of  the   machine. 

5.  Mowing  should  be  done  in  the  e.arly  p.irt  of  the  sea- 
son when  the  ginss  and  weeds  arc  tender  and  standing 
straight.  If  the  work  is  delayed  until  late  In  the  season,  the 
weeds  fall  and  make  the  work  more  difficult. 


6.  One  mowing  machine  working  unde.  normal  con- 
ditions will  do  the  work  of  from  S  to  14  men  using  scythes, 
thus  effecting  a  saving  of  from  $10  to  $20  per  day. 

7.  With  careful  driving,  machines  can  be  operated  in 
difficult  places. 

Approximate  Expression  for  Tangent — An  algebraic  ex- 
pression claimed  to  give  a  very  close  approximation  to  the 
value  of  the  tangent  of  any  angle  is  presented  by  George 
Paaswell,    2726    Creston   Ave..    New    York.      The   expression   is 

^T9 =^T' '"  which  X  is  in   radian  measure    (360°   =  6.2S32). 

It  is  said  to  be  only  0.2";^  in  error  at  45°  and  0.7%  at  60° 
An  advantage  of  the  expression,  due  to  its  simplicity,  is  that 
it  can  be  memorized  and  used  in  an  emergency  when  no 
function  tables  are  handy.  It  can  also  be  used  in  algebraic 
expressions  involving  transcendental  functions  where  a  di- 
rect solution  in  algebraic  form  is  required  in  order  to  enable 
the  mathematical  work  to  proceed. 

Burning  a  Wedged  Sledge  out  of  a  stone  crusher  by  means 
of  an  oxyacetylene  cutting  torch  was  recently  reported  at 
Middletown,  N.  Y..  by  the  "American  Machinist."  A  workman 
dropped  a  20-lb.  sledge  into  a  running  crusher  in  the  munici- 
pal stone  plant.  The  only  alternative  to  this  scheme  of  re- 
moval was  to  dismantle  the  machine  and  platform,  which 
would  have  required  a  day  or  more.  The  torch  freed  the 
crusher  in  1%   hr. 

Specifying  tlie  PrOBre8.s  on  Construction  Work  is  a  fea- 
ture of  contracts  for  the  Calumet  intercepting  sewer  at  Chi- 
cago, which  work  is  being  built  under  the  direction  of  the 
Sanitary  District  of  Chicago.  The  contractor  agrees  that  the 
progress  shall  be  such  that  a  certain  percentage  (in  value)  of 
the  whole  work  will  be  completed  by  specified  dates  during 
the  period  of  the  contract.  The  percentages  and  dates  are 
listed  in  the  contract.  Similar  practice  is  followed  on  the 
work  of  the  Little  River  Drainage  District  in  Missouri.  Here 
the  total  yardage  record  for  each  month  necessary  for  the 
completion  of  the  work  within  the  contract  time  has  been 
estimated  by  the  engineer,  and  when  individual  contractors 
fail  to  make  the  required  monthly  progress  they  are  notified 
of  the  extent  of  their  deficiency,  and  are  thus  warned  to  speed 
up  the  work. 

Pipelaylng;  nitli  a  Portable  Derrick  was  the  method  used 
in  installing  a  sanitary  outlet  sewer  at  Butte,  Mont.  Ex- 
cavation for  this  trench  proceeded  rapidly — the  daily  max- 
imum being  537 ',4  ft.  on  Oct.  17,  1914 — until  the  deeper  part 
(shown  in  the  view)  was  reached.  This  deep  part  had  to  be 
sheeted,   and   the   groundwater   proved   troublesome.     Here  30 


DERRICK   LAYING   PIPE   AT  DEEPER  SECTION  OF  SANI- 
TARY   OUTLET    SEWER    ON    B    ST.,    BUTTE 

or  35  ft.  was  a  good  day's  advance.  In  the  shallow  trench 
a  tripod  with  single  block  and  tackle  was  used  for  handling 
and  lowering  the  pipe.  The  portable  derrick  was  employed 
at  the  deeper  trench,  where  saving  of  labor  was  an  important 
item. 
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For  many  years  there  have  lieeii  sanguine  inventors 
who  believed  they  could  design  a  rock-tunneling  machine 
that  would  cut  away  rock  by  mechanical  action  at  a  lower 
cost  than  the  same  rock  can  be  excavated  in  the  ordinary 
manner  with  explosives.  None  of  these  inventors  have 
yet  succeeded  in  placing  a  commercial  machine  upon  the 
market.  The  prospects  of  the  future  in  this  direction 
must  be  judged  in  part  with  reference  to  the  performances 
of  tlie  past. 

The  most  recent  tunneling  machine,  described  in  this 
issue,  gives  evidence  of  a  high  grade  of  designing  ability. 
This  machine  is  now  cutting  a  short  rock  tunnel  for 
subway  purposes  and  in  doing  this  it  has  proved  itself  able 
to  bore  an  8-ft.  hole  in  the  hard  New  York  gneiss  at  the 
rate  of  about  9  ft.  in  24  hr. — a  mechanical  feat  of  no 
small  consequence. 

A  machine  can  show  advantage  over  the  drilling  and 
blasting  method  chiefly  in  two  ways:  First,  in  making 
faster  progress  or  lower  cost — the  two  are  likely  to  go 
together;  second,  in  making  tunneling  safer.  This  second 
])oint  is  of  considerable  importance  and  heretofore  has 
been  more  or  less  neglected  in  the  consideration  of  the 
subject.  Fissured  rock  produces  a  great  amount  of  over- 
breakage  in  tunneling  and  it  is  responsible  at  the  same 
time  for  most  of  the  dangers  wliicli  affect  the  work  of 
driving  tunnels  in  rock. 

It  frequently  happens  that  a  stratum  of  rock  is  so 
traversed  by  jointing  planes  and  seams  as  to  be  in  effect 
a  pile  of  separate  stone  blocks.  Driving  a  tunnel  through 
such  rock  by  drilling  and  blasting  inevitably  means 
disturbing  the  material  for  some  distance  from  the  excava- 
tion line.  Many  a  tunnel  worker  has  been  killed  by  rock 
falling  as  a  result  of  the  loosening  due  to  the  action  of 
the  explosive.  On  the  other  hand  a  boring  or  trepanning 
operation  in  the  same  rock  may  easily  succeed  in 
'iroducing  a  smooth  hole  witli  undisturbed  walls,  the 
separate  blocks  of  the  material  arching  together  in  mutual 
■upport  rather  than  falling  away  from  each  other. 

In  the  short  experimental  tunnel  now  being  driven,  for 
■xample,  the  conditions  are  such  as  to  make  it  seem  quite 
irobable  that  in  proceeding  I)y  the  usual  method  of 
'lasting  a  distinct  danger  from  loo.se  rock  would  have  been 
•reated  and  possibly  much  timbering  would  have  been 
■equired  to  hold  the  roof.  The  hole  produced  by  the 
unneling  machine,  on  the  contrary,  barely  shows  even 
uperficial  indications  of  the  presence  of  jointing  planes 
ind  fissures. 

But  while  this  considcratidn  may  frequently  enter  as  a 
actor  in  the  choice  of  tunneling  methods,  speed  and  ccst 
*ill  be  determinative  in  the  great  majority  of  case.s. 
Time,  and  development  by  successive  trial,  alone  can  show 
vhether  such  sjiecds  and  such  low  costs  can  be  attained  as 
o  making  a  tunneling  machine  a  fonnidnble  rival  of  the 
ock  drill  and  the  dynamite  cartridge. 

It  is  very  interesting  lo  note  that  the  new  tunneling 
nachine,  like  most  of  its  predeces.sors,  operates  by  chip- 


ping action.  Percussion  tools  of  some  kind  seem  to  have 
been  the  chief  reliance  of  tunneling-machine  inventors. 
Far  back  in  the  history  of  the  subject,  however,  trial  was 
made  of  a  rot^iry  cutting  machine,  and  later  devices  of  the 
same  type  have  been  applied  to  softer  material  such  as 
hardpan  and  hard  clay.  An  analogy  may  be  found  also 
in  the  field  of  coal-cutting  machines,  where  the  material 
dealt  with  is  something  that  might  be  considered  a  soft 
rock,  and  where  pure  cutting  action  has  been  found  the 
successful  solution. 

The  question  presents  itself,  whether  rotary  cutting- 
action  may  not  in  the  end  prove  to  be  the  effective 
solution  of  the  rock  tunneling  problem,  in  hard  rock  as 
well  as  soft  rock.  The  possibility  of  transmitting 
unlimited  amounts  of  power  to  the  point  of  use  through 
electric  transmission,  and  the  enormous  advance  made  in 
recent  years  in  tool  steel,  create  new  possibilities  in  this 
direction  as  coni|iared  with  the  situation  existing  a 
generation  ago. 


M-giiE  Tipouslbles  Hoft  ¥®tt  lEiradledl 

If  a  sure  cure  has  been  discovered  for  tlie  transverse- 
fissure  disease  of  steel  rails,  as  announced  by  Dr.  P.  II. 
Dudley  of  the  New  York  Central  Railroad  in  a  circular 
just  issued,  it  will  mean  a  great  deal  for  the  safety  of 
railway  travel.  The  strange  malady  has  each  year  caused 
hundreds  of  rail  breakages,  and  wreck  upon  wreck. 
Though  all  the  engineering  and  scientific  resources  of  the 
railway  world  have  been  brought  to  bear  on  the  problem, 
the  cause  and  prevention  of  transverse  fissures  remained 
a  mystery.  Dr.  Dudley  now  says  that  the  cause  is  an 
internal  crack  produced  by  strains  from  the  gagging  press 
in  straightening  the  rail,  and  that  such  cracks  occur  only 
in  rails  which  have  a  nonductile  core  formed  by  "delayed 
transformations."  The  cure,  he  says,  is  reheating  the 
blooms. 

The  hard-core  hypothesis  was  employed  previously  by 
others  in  a  different  way.  For  example,  J.  E.  Howard,  of 
the  Interstate  Commerce  Commission,  has  practically 
proved  the  peening  deformation  in  the  rail  head  to  be  so 
great  that  a  nonductile  or  a  weak  core,  if  it  exists,  is  bound 
to  rupture.  And  such  a  rupture,  of  course,  is  bound  lo 
grow  outward  under  repetition  of  stress.  Thus,  if  we 
once  have  the  bad  core,  the  case  is  dangerous,  gagging  or 
no  gagging.  Dr.  Dudley's  statement  that  he  finds  the 
imprint  of  the  gag  on  the  core  in  such  breaks  tciuls  to  put 
a  large  amount  of  the  blame  on  the  straightening  process. 

Wo  are  left  in  (he  dark  for  the  jiresent  as  to  how 
reheating  the  blooms  will  pre\ent  the  formation  of  a  bad 
core;  or,  for  that  nuitter,  how  a  hard  core  is  formed  at  all, 
when  wc  know  with  certainty  that  the  interior  of  the  rail 
head  cot)ls  slowly  and  therefore  can  anneal  fairly  well. 
Mr.  Howard  and  those  who  follow  similar  lines  of  Ihonght 
seem  to  blame  the  bad  core  on  two  factors,  (1)  segrega- 
tion, and  (2)  stretching  in  the  rolls,  made  worsi'  by 
.'hrinkage   strains.      Dr.    Dudley,   in    failing   to   mention 
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segregation,  practically  absolves  this  ancient  bugbear  of 
blame.  But  in  contrast,  it  is  well  to  recall,  another 
railway  pays  several  dollars  per  ton  for  special  tests  to 
limit  segregation  in  the  head. 

At  a  time  when  Dr.  Dudley's  cure  for  transverse  fissures 
may  produce  the  optimistic  belief  that  rail  troubles  are 
now  over,  along  comes  the  Interstate  Commerce  Commis- 
sion with  a  startling  accident  report.  This  deals  with  a 
derailment  at  York  Road,  on  the  Western  Maryland,  last 
January.  A  rail  broke  from  serious  interior  defects — 
extensive  longitudinal  seaming  in  the  top-of-ingot  rail, 
due  to  insufficient  cropping.  The  startling  feature  is  that 
this  break  occurred  after  ten  years  of  service  of  the  rail. 

Heretofore  the  comforting  thought  has  been  entertained 
that  defects  in  a  rail  will  show  up  soon  after  the  rail  is 
laid  in  track.  We  have  always  felt  that  after  a  rail  has 
gone  through  several  years  of  service  it  has  proved  itself 
to  be  a  good  rail.  Now  we  learn  that  such  is  not  the  case. 
A  rail  may  be  dangerous,  highly  dangerous,  and  yet  not 
betray  its  condition  until  it  has  nearly  reached  the  end  of 
its  natural  life. 

This  rail  was  smashed  up  completely  fur  an  11 -ft. 
length';'  only  66  pieces  were  recovered.  Allowing  fully 
for  the  hammefing  effect  of  the  train  after  a  first  breach 
was  made  in  the  rail,  it  yet  seems  that  most  of  the  11 -ft. 
section  must  have  been  in  almost  an  explosive  condition — 
ready  to  go  suddenly  upon  a  slight  disturbance.  On  an 
optimistic  basis  one  might  consider  that  the  condition  was 
a  good  one:  that  the  rail  held  until  worn  out,  like  the 
one-hoss  shay,  and  then  let  go  all  together.  But  in  reality 
the  condition  was  bad  indeed,  and  the  mystery  is  why  the 
rail  held  so  long. 

The  York  Road  accident  thus  tells  us  that  the  next 
generation  will  still  have  to  wrestle  with  the  problem  of 
rail  defects.  It  will  inherit  from  us  the  troubles  being 
created  for  it  today  by  present-day  lack  of  skill  in  steel- 
making  and  rail  rolling.  Even  if  we  were  to  lay  nothing 
but  perfect  rails  in  the  track  from  today  on,  our  railways 
would  not  become  wholly  safe  against  accidents  due  to  the 
lireaking  of  defective  rails  until  another  decade  has 
elapsed. 

m 
Hew  Y®r]&^s  lHIsirIbo2°  TpotmBIles 

With  considerable  flourish  of  trumpets  it  was 
announced  just  a  year  ago  that  the  City  of  New  York 
had  appointed  a  commission  of  engineers  to  investigate 
and  report  on  the  ternnnal  problem  in  New  York  harbor, 
to  study  the  various  railroad  and  steamship  terminals 
and  their  relation  to  business  centers,  in  short  to  prepare 
a  comprehensive  scheme  for  the  development  of  tlie  harbor 
as  would  befit  what  it  is  fast  coming  to  be — the  greatest 
jjort  in  the  world.  The  announcement  was  no  dream 
of  a  publicity  agent  or  commercial  boomer;  it  was  a 
carefully  considered  statement  of  a  branch  of  the  city 
government.  It  included  not  only  the  names,  of  the 
eminent  engineers  selected  to  .serve  on  the  commission 
but  an  ambitious  budget  which  involved  two  years'  work 
and  a  ipiarter  of  a  million  ex]jenditure. 

Probably .  many  of  our  readers  are  wondering  if  this 
commission  is  not  about  ready  to  issue  at  least  a  prelim- 
inary report  which  would  give  some  idea  of  the  jiroposed 
sohition  of  the  greatest  problem  before  forward-looking 
American  transportation  experts — the  conrilination  of 
New  "^'(irk   barlior.      .\iiy  such   expectations  ai'c  doomed 


to  disappointment ;  the  New  York  harbor  commission  ha? 
never  existed  for  the  simple  reason  that  the  Board  of 
Estimate  has  never  provided  any  money  on  which  it  could 
exist. 

Jleanwhile  the  numerous  antagonistic  interests  control- 
ling and  using  the  port  go  on  their  dissociated  way.  The 
State  of  New  Jersey  is  complaining  to  the  Interstate  Com- 
merce Commission  that  it  is  not  treated  as  it  should  be  in 
the  dividing  up  of  the  New  York  harbor  business.  The 
railroad,  the  city,  the  state  and  the  yellow  press  have  hard 
work  agreeing  on  the  west  side  freight  approaches.  The 
Federal  Congress  turns  down  the  necessary  Hell  Gate 
deepening  as  a  part  of  the  River  and  Harbor  Bill  but 
nearly  forgets  to  eliminate  it  from  its  hiding  place  in  the 
Naval  Bill,  where  it  was  placed  in  the  hope  that  a  mere 
half-million  would  be  overlooked  in  our  three-hundred 
million  naval  budget. 

Taking  it  by  and  large  there  are  times  when  one 
doubts  the  infallible  wisdom  of  the  founders  of  the 
republic  and  wonders  whether  a  few  yeai's — say  about  one 
generation — of  absolutism  wouldn't  settle  satisfactorily 
p  few  of  our  most  annoying  iiroblems. 


Activated-sludge  plants  from  ocean  to  ocean  and  from 
the  lakes  to  the  gulf  will  be  in  operation  within  a  few 
months  if  present  plans  are  carried  out.  Milwaukee  and 
Cleveland  have  had  in  use  for  some  months  working-scale 
units  which  are  the  beginnings  of  proposed  large  installa- 
tions. Baltimore  has  adapted  some  of  its  Imhoff  tanks  to 
the  activated-sludge  process  for  working-test  purposes. 
The  Brooklyn  sewer  engineers  are  giving  close  study  to  the 
new  process,  as  is  also  the  staff  of  the  Lawrence  Experi- 
ment Station.  Tests  at  several  different  plants  in  ChicagCj 
are  being  made  by  the  Sanitary  District  and  by  packing- 
house companies.  The  Illinois  State  Water  Survey 
experiments  at  Urbana  are  being  continued  in  a  compre- 
hensive and  promising  way.  A  plant  is  being  built  if  not 
already  in  use  at  Houston,  Tex.  Plans  for  a  plant  in  New, 
Jersey  have  been  approved  by  the  State  Department  of 
Health.  An  engineer  has  recommended  Ricnsch-Wurl 
screens  and  activated-sludge  tanks  for  Lima,  Ohio.  Most 
recent  of  all,  the  authorities  of  Hermosa  Beach,  Calif., 
have  decided  to  build  an  activated-sludge  plant. 

In  England,  progress  was  checked  at  an  early  stage  by 
the  war,  hut  the  process  has  been  studied  at  Manchester, 
Salford,  Sheffield  and  perhaps  other  places.  The 
Surrpi/vr  of  July  28  states  that  "Worcester  is  the  only 
place  in  England  where  the  most  modern  system  of  sewage 
disposal  on  a  large  .scale  can  be  seen  at  work."  At 
^\'ol•cester  half  the  sewage  of  the  city  was  being  treated 
by  Jones  &  Attwood,  of  Stourbridge,  under  a  provisional 
contract  providing  for  a  year's  test,  three  months  only 
of  which  had  been  carried  out.  .About  !).")0.()i)0  U.  S.  gal. 
of  sewage  are  being  treated  d.-iily  niidei-  this  contract, 
which  provides  that  the  effluent  shall  not  contain  more 
than  four  i)arts  ]>er  loo.diHt  of  suspended  matter  and  shiiH 
be  nonputrefactivc.  The  poorest  of  five  weekly  samples 
showed  only  ;5.8  parts  of  suspended  matter  and  the  next 
highest  one  only  1.2  parts.  None  of  the  samples  gave 
evidence  of  ]nitrel'action. 

The  attention  that  has  been  given  to  this  most  iuterest- 
in,<»'  process  of  sewage  ti'catnient  by  many  leading  sewage 
pni;-inecrs.  chcniisls  and   liaeleriolouists,  the  number  and 
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widespread  distribution  (if  ihu  experimental  and  practical 
tests  to  whicli  the  process  is  being  subjected,  and  the  fact 
tliat  municipalities  here  and  there  are  putting  in  trial 
luiits  and  even  plants  for  the  whole  city  may  well  lead 
anv  engineer  or  city  with  a  sewage-treatment  problem  in 
band  to  nive  most  careful  consideration  to  the  activated- 
sludge  process.  Should  its  highest  promises  be  realized  it 
will  fall  little  if  any  short  of  revolutionizing  sewage 
liispcsal.  As  yet,  there  is  need  for  caution.  Many  details 
i>f  design  and  of  oiieration  remain  to  be  worked  out  or, 
>vhere  already  worked  out,  chosen  from  after  further 
txperience. 

Altiiough  land  area  recjuircd  and  construction  cost  are 

low  the  cost  of  operation  under   varying  conditions  has 

not    yet    been    conclusively    determined.       The    process 

promises  to  be  very  flexible  and  adaiJtable  to  meet  local 

conditions  but  until  more  working  data  are  accumulated 

and  interpreted  those  who  have  had  little  or  no  experience 

with  the  process  will  do  well  to  go  slowly  and  thoroughly 

— following  in  this  the  example  of  those  who  have  had  the 

,  most  experience.     It  is  highly  desirable  that  trial  units 

■  ir  plants  readily  eonvertiijle  to  other  jirocesses  be  installed 

•reely  in   various   parts   of   the   country   and   that  their 

•  ration  be  studied  closely  by  trained  observers  in  order 

accumulate  and   interpret   many   and   varied   data   as 

apidly  as  is  consistent  with  thorough  work. 


Revision  of  the  proverbial  ]ilii-ase  ■"lirni  as  Ijedrock"' 
cenis  advi.<able  in  the  light  of  events  showing  that  the 
arth's  rock  strata  may  fail  either  below  the  surface,  as 
n  the  Scranton  subsidences,  or  at  the  surface,  as  in  the 
emarkable  Highland  Falls  case  described  on  another 
lage.  Seams,  cavities  and  whatnot  create  dangers  that 
lake  rock  often  more  treacherous  than  running  earth. 
bat  immense  clift'side  slab  which  hung  over  the 
ridge  at  Highland  Falls  furnished  a  striking  illustration. 
lappily,  ingenious  resourcefulness  devised  a  complete 
rotection. 

Similar  dangers  threatened  the  operation  of  the  Swiss 
-oetschberg  tunnel  railway,  opened  just  three  years  ago. 
.s  recently  described  by  one  of  tlie  engineers  of  the  line, 
le  soutli  approach,  from  Brigue  along  the  steep  mountain 
des  of  the  Rhone  valley,  had  a  jirodigious  amount  of 
ouble  with  loose  and  sliding  rock  masses.  Masonry  un- 
I'rpinning  supports  solved  the  diiliculty  in  some  locations. 
■ften,  however,  the  safest  way  was  the  simplest:  swinging 
le  railway  line  into  the  inside  of  the  mountain  for  a 
lort  distance  by  a  bypass  tunnel.  Pinning  a  loose 
ia»8  to  place,  however,  has  not  been  done  either  there  or 
sewhere.  The  railway  engineers  who  did  the  Highland 
alls  work  have  a  clear  title  to  originality. 

No  Water  Pow^es"  Le^islatioia 


The  adoption  of  an  acceptable  water-power  bill  by  the 

li-ral  Congress  during  the  jircsent  session  now  appears 

.  actically  impossible,  according  to  reports  from  Washing- 

"H  of  a  complete  deadlock  between  the  House  and  Senate 

iiference  comniittees  on  measures  accepted  by  their  re- 

'  live  bodies.    Apjiarently  there  is  uncompromising  op- 

ition  on  two  main   ideas  dominating  the  attitudes  of 

"conservationists"  and   "utilizationist.s"   who  control 

respective  committees.      On<'   is   the   annual    Federal 


charge  for  the  waterpower  rights;  the  other  is  special  leg- 
islative permission  for  each  dam  to  be  built  across  a  navi- 
gable stream.  With  complete  disagreement  holding  up 
legislation  there  can  be  no  power  development  on  public 
lands  except  under  revocable  permits  of  the  Secretaries 
of  the  Interior  and  Agriculture ;  and  there  can  be  no  dams 
at  all  on  important  waterways. 

Strangely  enough  the  major  conflict  is  on  what  to  engi- 
neers will  seem  a  vei-y  minor  matter,  in  practice  if  not  in 
principle — the  annual  Federal  charge.  Such  required 
]iayments  as  have  been  embodied  heretofore  in  the  revo- 
cable permits  have  been  trifling  sums  intended  to  cover 
the  administrative  cost  of  supervision.  It  is  probable  that 
they  would  remain  so  under  Acts  of  Congress  rather  than 
run  the  risk  of  unconstitutionality  as  a  revenue  producer. 
They  might  perlia])s  be  arranged  in  a  sliding  scale  aimed 
to  penalize  high  rates  to  consumers  and  unduly  delayed 
development — witness  the  well  remembered  agreement 
between  the  Secretaries  of  .the  Interior  and  Agriculture 
and  the  International  Power  Co..  for  the  development  of 
112,000  hp.  on  the  Pend  d'Oreille  Eiver  in  Washington, 
wherein  the  minimum  tax  was  oc.  per  horsepower-year  and 
the  possible  average  from  $1  to  $5. 

Such  a  deadlock  as  now  exists  in  Congress  is  lament- 
able, unstatesmanlike.  unpatriotic.  Failure  to  lay  down 
some  sort  of  a  program  that  will  seem  to  induce  capital 
to  enter  the  hydro-electric  industry  is  bad :  but  to  the 
engineer  even  worse  is  the  failure  to  prescribe  some  defi- 
nite terms  under  which  dams  may  be  built  so  that  the 
feasibility  of  the  many  pending  projects  can  be  deter- 
mined or  dismissed. 

Wlhiemi   Si   Wsitles'^Woii'IrS.s   S^rplims 
ClhaEa^es  tlo  si  PelScafe 

Under  ordinary  methods  of  municipal  accounting  and 
financing  as  a  city  pays  off  its  water-works  bonds  ihe 
profits  increase  year  by  year  until  important  extensions 
of  the  works  recpiire  a  large  new  bond  issue.  Thereuptni 
the  surplus  gives  place  to  a  deficit.  Such  a  deficit  faces 
New  York  City  within  a  year  or  two  on  account  of  the 
immense  outlay  for  the  Catskill  water-supply,  the  first 
unit  of  which  is  nearing  completion..  The  case,  together 
with  comments  on  meeting  the  deficit,  is  interestingly  put 
liy  William  Williams,  Commissioner  of  Water-Su])i)ly  of 
New  York  City,  in  his  report  for  the  year  1915,  just 
])ublished : 

The  estimated  value  of  the  city's  present  water-supply 
s.vstem,  exclusive  of  the  new  Catskill  system,  was  at  the  end 
of  191S  $227,000,000,  against  which  there  remained  outstanding 
at  that  date  a  debt  of  only  $91,000,000.  The  interest  and  sink- 
ing fund  charges  against  this  debt  during  lOl.'i  amounted  to 
$4,770,000,  while  the  cost  of  operating  and  maintaining  this 
system,  including  taxes,  was  $4,541,606.  Since  the  revenues  for 
191,')  exceeded  $13,000,000,  the  income  account  for  that  year 
showed  a  surplus  of  nearly  $4,000,000.  Thus  the  city  ap- 
peared to  be  in  a  very  comfortable  position  as  regards  the 
financial   side  of  its   water-supply   business. 

What  is  commonly  known  as  the  Catskill  system  is  being 
constructed  out  of  corporate  stock  (bonds).  Down  to  Dvc. 
31,  191.'),  $129.17!), 000  of  corporate  stock  had  been  issued 
for  this  purpose.  Further  Issues  will  be  required  before  this 
system  is  completed,  but  the  interest  and  sinking-fund  charges 
on  the  amount  issued  down  to  Dec.  31,  1915,  reach  $7,500,000. 
As  soon  as  the  operation  and  maintenance  of  the  new  system 
come  under  this  department,  as  will  probably  be  the  case  by 
Apr.  1,  1917,  the  department's  income  account  from  its  water- 
supply  business  will  cease  to  show  a  surplus  of  any  kind, 
and,  on  the  contrary,  will  show  an  annual  deficit  ranging 
between  $2,500,000  and  $3,000,000,  unless  a  means  can  be  found 
materially  to  increase  the  water  revenues.  When  this  hap- 
pens there  will  be  a  rude  awakening  for  many  who  have  come 
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to  regard  New  York's  water-supply  as  a  source  of  flnancial 
profit.  At  that  time  fewer  people  will  be  heard  to  demand  that 
water  shall  be  as  "free  as  air,"  and  more  will  come  to  view  it 
as  a  most  valuable  commodity,  to  be  used  with  care  and  not 
wasted,  as  now  so  much  of  it  is.  At  that  time,  also,  the  de- 
partment's efforts  to  bring  about  the  abolishment  of  the  un- 
intelligent and  discriminatory  frontage  rate  system  and  the 
installation  of  meters  on  all  services,  so  that  all  water  used 
shall  be  paid  for  at  a  proper  rate  and  that  none  shall  escape 
(as  many  now  do  escape)  their  fair  share  of  its  cost,  will 
be  more  generally  appreciated  than  they  are  at  the  present 
time. 

This  Situation  suggests  many  points,  only  a  few  of 
which  can  be  discussed  here.  First,  it  may  be  noted  that 
New  York,  like  most  other  cities,  furnishes  a  large  amount 
of  water  to  city  departments  and  to  jjublic  or  semipublie 
institutions  for  which  the  water  department  gets  no 
credit.  According  to  Mr,  Williams  this  free  water  in  New 
York,  at  current  local  meter  rates,  amounts  to  $2,000,000 
a  vear.  This  sum  might  very  iiroperly  be  added  to  the 
present  yearly  suri)lus.  It  should  just  as  properly  he 
deducted  from  the  deficit  ilr.  Williams  foresees.  Second, 
if  the  water  con.sumers  of  Xew  York  have  been  paying  not 
only  for  the  water  they  have  used  but  also  for  that  used 
by  city  departments  and  various  institutions  they  have 
either  been  overcharged  (.)r  else  there  would  have  Ijccii 
fccumulated  by  this  a  large  surplus  fund  to  offset  a  pnvt 
of  the  Catskili  water  deht.     Third,  the  Catskill   supi)ly. 


with  its  liigher  ]iressure  and  better  quality,  is  going  to  be 
Worth  more  to  the  consumers  than  the  water  they  are 
now  getting.  Fourth,  a  portion  of  the  Catskill  supply  is 
to  meet  increase  in  consumption  due  to  growth  of  popula- 
tion and  industry,  which  of  course  should  foot  the  bills; 
but  another  portion  of  the  supply  and  corresponding 
outlay  is  due  to  provision  for  the  future,  which  makes 
a  stidden  and  high  jump  in  capital  charges  with  no  im- 
mediate effect  ou  water  revenue. 

A  large  part  of  this  jump,  in  a  commercial  utility's 
financing,  would  be  made  a  burden  ou  the  future  con- 
sumers for  whose  benefit  the  excess  capacity  has  been 
secured.  This  would  be  done  in  some  cases  by  capitalizing 
the  deficit,  as  a  cost  of  developing  the  business,  with 
provision  for  later  amortization.  In  the  case  of  a  munici- 
pality the  same  result  might  be  secured  by  issuing  bonds 
to  cover  that  part  of  the  deficit  properly  attributed  to  the 
cost  of  excess  capacity. 

Finally,  coming  back  to  the  concluding  part  of  the 
quotation  from  Mr.  AVilliams'  report,  the  present  system 
of  charging  for  water  in  Xew  York  City  is  not  only 
nnti(|\iatc(l  iiut  was  never  justifiable  and  is  notoriously 
unjust.  The  frontage  charge  alone  goes  far  toward 
explaining  v.'hy  increased  water  consumption  does  not 
mean  a  jjroportionate  increase  in  revenue. 
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Sir — Apropos  of  the  editorial  on  "Concrete  and  8tone 
Masonry  for  Bridges."  in  your  is.~ue  of  July  20.  I  send 
a  ]>hiitograph  of  a  simple  highway  bridge  built  in  this 
town  a  few  months  ago. 

Here,  cement  and  broken  stone  are  obtainable  at  a  little 
more  than  average  prices,  because  of  freight  rates.  In 
this  ease  there  was  plenty  of  stone  available,  and  local 
masons  not  particularly  .skilled  in  laying  bridge  masonry. 
After  getting  a  rather  high  bid  rmiii  a  contractor,  we  de- 
cided to  do  the  work  by  force  acioiiut.  utilizing  home 
talent  and  spending  the  money  cli icily  in  the  town. 

The  span  is  28  ft.,  rise  of  arch  yi/o  ft.,  springing  lines 
5  ft.  above  the  base.  Foundations  are  of  concrete  rubhlc. 
built  behind  shallow  wooden  sheetpiles  on  gravel  lied. 
The  ahutments,  below  the  spring  lines,  are  <i  ft.  thick. 
Strong  cement  mortar  was  liberally  used  Ihnnigbdiit  tlu' 
work.  The  arch  between  ,-;toiic  facing  is  made  of  cmi- 
crete,  reinforced  with  expandi'd  metal.  Ft  is  intended  to 
carry  any  possible  load   up   to  a   loe(inioti\c 

The  concrete  is  probably  nu)re  ex])ensive  for  us  than 
stone.  Indeed  we  built  a  second  bridge,  using  the  same 
centers  across  the  .same  brook,  all  of  stone,  tlie  cost  oi 
the  two  bridges  being  less  than  $500  nmre  than  tlu-  eon- 
tract  bid  for  one. 

The  photograph  was  taken  liel'ore  tlu'  clean-up  of  the 
ground.  While  the  coursing  of  the  masonry  may  seem 
a  little  crude,  it  must  be  noted  that  not  one  passer-hy 
in  ten  thousand  ever  sees  more  than  tlie  parapets  on 
llieir  inside. 


The  selectmen  were  persuaded  to  incur  a  little  greater 
first  cost  in  order  to  have  a  bridge  needing  no  charge  foi 
maintenance,  and  one  equal  to  any  traction  engine  or 
other  future  load.     Once  for  all  they  were  rid  of  worry 
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ahout  eaiiacity  of  bridge,  repainting  (had  they  chosen  a 
jilate-girder),  replanking  floor  or  renewing  pavement,  etc 

b'oMKItT    Fi.ETrMEIi. 

Dir.'ctor.  Thaver   School   of   Civil    Engineering. 
Dartmouth  College. 
Hanover.   X.   II..  Ault.    11.    lOKi. 
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Sir — lu  the  editorial  on  the  creeping  and  heaving  of 
concrete  road  slabs,  June  22,  1916,  p.  1193,  yon  attach 
great  importance  to  proper  constrnction  of  the  snbgrade — 
something  beneath  the  concrete  and  not  an  integral  part 
thereof — which  suggests  that  it  may  not  be  irrelevant  to 
refer  to  the  snccess  achieved  by  putting  something  on  top 
of  concrete — for  example,  an  asphaltic  concrete  wearing 
■-urface. 

If  we  separate  highways  in  which  concrete  has  been 
used  into  two  classes,  those  consisting  entirely  of  con- 
crete and  those  protected  by  a  wearing  surface,  we  tind 
that  in  the  latter  type  concrete  has  given  little  trouble, 
whereas  unsatisfactory  results  are  far  more  common  in 
the  case  of  roads  constructed  entirely  of  concrete. 

According    to    Frank    AV.    Sampson's    communication, 

:)ublished   in    Engineering   News,   July   20,   p.    131,   the 

creeping  and   heaving  of  concrete  occur  when  the   slab 

.  )ecomes  saturated,  followed  by  drying.     In  discussing  the 

mbject  recently  with  Henry  H.  Qnimby,  Chief  Engineer 

if  the  Department  of  City  Transit,  Philadelphia,  I  found 

hat  his  opinion  coincides  with   the   view  expressed   by 

Mr.  Sampson,     ilr.  Qnimby  also  believes  that  a  water- 

hedding  wearing  surface  would  remedy  the  difficulty  and 

)rovide  further  desirable  protection  against  sudden  and 

xtreme  changes  in  temperatnre.     I  find  that  others  who 

lave  made  concrete  the  subject  of  careful  study  for  years 

hare  Mr.  Quimby's  convictions  as  to  the  elficacy  of  a 

■  earing  surface. 

The  proposition  involves  of  course  the  matter  of  cost. 

find  on  this  point  that  Northeast  Boulevard,  Philadel- 

hia;  streets  in  Newton,  Kan.;  a  section  of  the  Belair 

oad,  just  out  of  Baltimore ;  and  a  road  in  Monroe  Coun- 

V,  Mich.,  all  of  them  having  a  4-  or  5-in.  concrete  base 

nd  a  2-in.  asphaltic  concrete  wearing  surface,  cost  less 

■er  square  yard  than  the  present  price  of  cement  con- 

lete  roads. 

To  the  best  of  my  knowledge  the  concrete  on  these 
'loroughfares  neither  creeps  nor  heaves.  Do  we  require 
n  country  roads  a  better  type  of  pavement  than  Phila- 
elphia  put  down  on  Northeast  Boulevard  for  atx)ut  $1.25 
er  sq.yd.  ?  Has  enthusiasm  on  the  subject  of  good  roads 
aused  the  pendulum  of  high  cost  to  swing  from  the 
letropolis  to  the  country?  E.  A.  Trego, 

Barber  Asphalt  Paving  Co. 
Philadelphia,  Aug.   8,   1916. 

Ctupves  for  HiripnilsitlaoKa^lB'Mclk 

>ir — In  the  article  by  L.  R.  Douglass,  on  "Curves  for 

'  rigation-Ditch  Velocity  and  Discharge,"  in  Engineering 

ewH  for  July  13,  1916,  p.  72,  the  author  has  evidently 

ii'lertaken  a  very  difficult  task   if  he  is  attempting  to 

'•rmine  accurately  the  "maximum  velocities  and  dis- 

iiges"  for  an  old  ditch  from  computations  based  upon 

multiplicity   of   cross-sections.      Where   a   canal   is    in 

"•ration,  the  simplest  and  most  accurate  way  to  find 

maximum  capacity  is  to  turn  into  it  as  much  water  as 

tlioiiglit  safe  and  take  a  few  current-meter  measure- 

lents.     However,  conditions  were  doubtless  such   as  to 

I'nder  the  method  of  procedure  adopted  necessary  and 

'irther  discussion  will   be  limited  to  the  diagrams  pro- 


posed by  ilr.  Douglass  for  the  solution  of  the  hydraulic 
problems  involved. 

The  statement  made  by  the  author  that  his  diagrams 
are  designed  to  eliminate  the  "long  and  tedious"  compu- 
tations by  Kutter's  formula  indicates  a  lack  of  familiarity 
with  published  data  upon  the  subject.  There  are  probably 
more  curves  in  existence  for  the  solution  of  Kutter's  for- 
mula than  for  any  other  one  formula.  In  "Working  Data 
for  Irrigation  Engineers,"  by  Jloritz,  a  series  of  curves  is 
given  for  the  complete  solution  of  such  problems  as  the 
one  presented.  Having  the  dimensions  of  the  sections, 
the  slope  and  Kutter's  n  given,  the  area,  the  hydraulic 
radius,  the  velocity  and  the  discharge  are  determined  from 
Moritz's  diagrams  without  computation.  The  curves 
cover  a  wide  range  of  canal  sections  and  give  velocities 
for  all  the  commonly  used  values  of  «.  As  no  diagram 
is  given  for  n  =  0.027,  it  is  necessary  to  interpolate 
between  n  =  0.025  and  n  =  0.030.  A  value  of  «  =  0.027 
is  rarely  encountered,  and  ordinarily  the  interpolation 
method  serves  every  purpose ;  but  in  eases  like  the  one 
cited,  where  a  great  number  of  computations  involving 
an  unusual  value  of  ii  are  to  be  made,  special  diagrams 
may  be  required.  It  is  desired  to  call  attention  to  some: 
points  in  connection  with  the  curves  submitted  by  Mv- 
Douglass. 

The  diagram.  Fig.  1  (p.  72),  is  less  accurate  and  less 
convenient  than  the  slide  rule  and  is  of  little  value.  The 
upper  and  right-hand  scales  in  Fig.  2  (p.  72)  likewise 
perform  a  simple  operation  that  ordinarily  could  be  per- 
formed more  easily  on  the  slide  rule,  but  these  scales  may 
be  used  to  advantage  in  connection  with  the  other  scales 
to  obtain  both  the  velocity  and  the  discharge  from  a  single 
entry.  This  may  be  done  by  entering  the  diag'ram  with 
the  slope  and  the  hydraulic  radius,  as  directed,  to  find 
the  velocity,  thence  passing  around  the  velocity  curve  to 
intersect  the  horizontal  through  the  area,  and  thence  ver- 
tically to  the  discharge.  This  point  was  not  brought  out 
clearly  in  the  article. 

It  should  also  be  noted  that  there  is  a  small  theoretical 
error  in  the  construction  of  Fig.  2.  In  order  for  the  set 
of  velocity  curves  to  exactly  fit  both  of  the  two  sets  of 
coordinates  it  would  be  necessary  for  the  velocity  to  vary 
as  some  simple  power  of  the  slope.  This  is  not  strictly 
true,  but  it  is  ])robable  that  within  the  limits  of  the 
diagram  the  error  is  negligijjle.  The  diagram  has,  how- 
ever, one  serious  defect.  The  velocity  curves  for  almost 
their  entire  length  are  nearly  parallel  to  one  or  the  other 
of  the  coordinate  systems.  This  makes  it  dilficult  to  read 
the  diagram  accurately.  To  eliminate  this  difficulty  the 
curves  should  be  plotted  on  logarithmic  cross-section 
paper.  In  Ibis  case  the  velocity  curves  would  be  nearly 
straight  lines  and  would  intersect  the  coordinate  lines 
at  practically  a  constant  angle.  Also,  the  curves  being 
approximately  straight,  fewer  computed  points  are  neces- 
sary for  plotting.  Logarithmic  curves  give  a  greater 
range  of  values  on  a  small  area  with  an  e(|ual  percentage 
of  accuracy  over  the  whole  diagram. 

Granting  that  the  number  of  computiitions  to  be  made 
using  n  =  0.027  is  .sufficient  to  make  the  work  of  inter- 
polating between  existing  curves  or  tables  greater  than  the 
work  of  constructing  a  special  diagram,  the  arrangement 
shown  in  the  accompanying  diagram  is  suggested.  The 
two  sets  of  curves  are  separated  for  clearness  ami  to 
remove  all  doubt  as  to  accuracy.  It  will  be  noticed  that 
the  diagrams  cover  the  same  range  as  is  covered  bv  the 
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original  curves  and  that  the  angle  of  intersection  is  good 
throughout. 

Only  a  suflReient  iiumloer  of  lines  to  illustrate  the 
principle  are  shown  in  the  figure;  other  lines  can  be 
added  at  will.  The  lines  in  the  lower  diagram  are  verv 
nearly  straight  and  are  plotted  from  velocities  taken  from 
"Hydraulic  and  Excavation  Tables,"  published  l)y  the 
United   States  Reclamation   Service.     The  area   lines   in 
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the  upper  diagram  are  .straight  lines  inclined  4.5°;  and 
since  area  is  equal  to  discharge  when  the  velocity  is  1, 
they  are  readily  drawn.  The  straight  lines  and  favorable 
intersections  do  not  result  from  the  rearrangement,  but 
are  due  to  the  logarithmic  cross-sections.  Tf  the  velocities 
are  plotted  as  in  the  original  diagram,  they  will  be  \ery 
similar  to  the  slo])o  lines  shown  here. 

-llI.IAX    HlXDS, 

Asst.  Engr.,  United  States  Iiedamation  Service. 
Denver,  t'olo.,  .lulv  20,  VJUi. 
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Sir — Since  the  sul)missioii  of  Ihe  '"I'rdgrcss  lieport  on 
Floods  and  Flood  Control"  by  the  committee  of  fifteen 
appointed  by  the  American  Society  of  Civil  Engincer.s, 
there  has  been  a  great  deal  of  commenting  and  criticism 
(in  the  report  by  sundry  engineers.  The  criticisms  that 
have  l)ecn  offered,  of  an  adverse  sort,  have  been  little  more 
than  verbal  quiljliling  over  matters  of  phraseology;  and 
the  discussions  generally  have  related  to  relatively  incon- 
Boquential  features  of  the  major  ])n)bh'm. 


Piul  critics  and  cummcntators  have  all  mis.>;ed  the  ker- 
nel III'  the  matter,  whicli  is.  that  it  is  not  possible  to 
fornudatc  a  report  that  shall  meet  tlie  implied  demands 
of  these  critics,  and  cover  in  a  comprchensivo  way  what 
is  enii)odied  in  the  title  of  the  report,  as  applicable  to  the 
entire  territory  of  the  United  States. 

The  difficulties  in  the  way  of  such  a  comprehensive 
rejiort  as  the  critics  by  implication  demand,  cropped  out 
very  soon  after  the  committee  began  its  labors.  Colonel. 
Townsend,  chairman  of  the  committee,  as  an  initial  step, 
and  after  consulting  the  members  of  the  committee,  di- 
vided the  body  into  sub-committees  by  geographical  dis- 
tribution, and  requested  partial  reports  from  the  sub- 
committees to  serve  as  a  basis  of  a  general  report.  In 
response  to  that  request  came  but  one  report  from  a  sub- 
committee as  such,  that  (m  the  Ohio  River.  Several  other 
reports  were  sulimitted  by  individual  members. 

But  each  report  received  was  an  elaborate  treatment  of 
one  individval  river,  with  no  reference  to  any  other  river; 
and  in  the  nature  of  the  case  this  is  what  mtist  have  !)een 
expected. 

(ilancing  over  a  nia|)  of  the  United  State.s  and  noting 
all  of  its  drainage  systems,  it  is  seen  that  there  is  a 
large  number  of  rivers  of  sutficient  .size  and  importance 
to  engage  the  attention  of  engineers;  and  every  one  of 
these  rivers  is  strictly  individualized,  requiring  a  s])ecial 
treatment  to  fit  its  individual  characteristics,  upon  a 
plan  and  by  methuds  that  are  not  applicable  to  other 
rivers;  and  on  sou'.e  of  the  larer  rivers  different  por- 
tions of  the  same  stream  are  strongly  individualized,  dif- 
fering radically  one  ])ortion  from  another,  and  requiring 
radically  different  treatment. 

A  general  report  to  cover  all  of  these  ri\crs  with  entire 
justice  must  resolve  itself  into  an  agglomeration  of  re- 
ports on  all  the  individual  streams.  Any  report  that 
.shall  embody  basic  principles  that  are  applicable  to  all 
of  the  rivers  in  this  heterogeneous  as.^cnddage  of  highly 
difl'erentiated  tin  its,  must  perforce  be  a  meager  covering', 
consisting  of  the  few  and  obvious  ])rinci]iles  that  are  com- 
mon to  all. 

.\ii  aiial(ii;(ius  case  Mduld  be  to  demand  of  a  connnittcc 
of  the  mcilical  fiicnlty  of  the  whole  country  a  gcucrii! 
report  thai  slunild  co\cr  the  treatment  of  ail  the  dis- 
eases   in    the    >-Mtegory    of    thci-apcutics. 

T.    (i.    1>AI!XEV. 

C'larksihile,   .Miss.  Jlcmbrr  of  Conuuittee. 


ie  Tests  at 


lE-Stnalhtuia'sfe  sina 

Sir — Those  interested  in  sewagc-ti-eating  processes 
liave  doubtless  read  the  statement  relative  to  the  eleetre- 
chemical  treating  plant  at  Elmburst,  Borough  of  Queens. 
New  ^'lU'k  Cily.  in  yo\ii-  i>sue  of  July  1:!. 

The  writer  \isitrd  ihc  l';hnlini-st  ])lant  a  year  ago,  ami 
while  he  found  dciails  to  be  ci-iticized  from  an  engineer- 
ing standpoint,  the  results  that  were  being  olitaino'l 
indicated  great  possibilities  and  the  process  showed  niurit- 
woi'thy  of  very  careful  consideration. 

The  equipment  ha<l  i)een  installed  in  a  jilant  de.sigi"''' 
for  another  process  and  the  whole  installation  was  W 
what  the  process  required  for  best  restdts.  I'rices  pai" 
fiu-  electricity  and  lime  were  excessive,  and  the  plmit 
was  treating  750,000  gal.  per  day  at  a  labor  cost  suHi 
fient  to  handle  several   million   gallons. 


Au<'ust  2i.   191(; 
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The  following  results,  however,  were  evident:  The 
treatment  was  made  quickly  and  without  odor  or  nuisance. 
The  effluent  was  bright  and  clear  and  created  no  objec- 
tionable effects  below  the  plant.  The  sludge  was  in  a 
condition  to  be  pressed  while  fresh,  and  the  cakes  were 
easily  handled  and  remained  practically  inodorous. 

It  has  been  my  privilege  within  the  past  two  months 
lo  design  and  see  put  into  operation  a  demonstration 
]ilant  wherein  this  process  is  used  under  more  favorable 
conditions.  The  plant  is  located  in  the  City  of  Decatur, 
111.,  and  has  a  capacity  for  handling  1,000,000  gal.  of 
sewage  per  24  hr. 

The  sewage  is  drawn  from  the  main  sewer  of  the  city, 
;i  T-ft.  brick  sewer  that  carries  some  three  to  four  million 
ialioiis  of  very  strong  city  sewage,  including  the  trade 
.vaste  of  a  large  slaughter  and  packing  house,  a  gas  plant, 
a  starch  manufacturing  plant  and  a  zinc-plating  works. 
The  starch  works  alone  furnishes  practically  a  million 
gallons  of  waste  that  is  particularly  difficult  to  treat, 
as  It  is  strongly  impregnated  with  sul])liurous  acid  and 
is  not  susceptible  to  biological  treatment. 

The  plant  is  located  within  six  blocks  of  the  business 
(enter  and  is  housed  in  a  neat  frame  .structure  18x?0  ft. 
In  ]ilan.  In  this  is  installed  a  motor-driven  pump  to 
lift  the  sewage  some  18  ft.  into  a  feed  box,  a  1,000,000-gal. 
electrolytic  treating  machine  with  its  motors  and  special 
generating  sets,  switch  boards  and  other  equipment;  a 
motor-driven  sludge  pump,  and  (for  demonstration  pur- 
poses only)  a  crude-oil  engine  for  generating  electricity, 
thereby  giving  a  complete  self-contained  plant. 

Outside  the  building  is  a  settling  tank  18x60  ft.  in 
the  liottom  of  which  are  placed  four  conical  hopper- 
bottom  pits.  The  tank  is  lined  with  lumber  and  has  a 
total  depth  of  16  ft.  to  the  bottom  of  the  pits,  the  hoppers 
extending  from  the  bottom  to  within  G  ft.  of  the  flow  line. 
The  tank  is  not  covered,  and  sludge  pipes  are  provided 
extending  to  the  bottom  of  each  hopper  through  which 
pliulge  is  constantly  drawn  off  by  the  pump,  and  forced 
through  a  Johnson  filter  press  located  beneath  a  shed 
outside  the  building. 

Over  a  portion  of  the  building  is  a  second  story  in 
which  are  the  lime  solution  and  storage  tanks.  Outside 
and  Independent  of  the  building  are  two  small  sheds,  one 
for  storage  of  lime,  the  other  a  laboratory  for  the  use 
of  the  chemists,  the  entire  plant,  treating  1,000,000  gal. 
of  sevi'age  daily,  occupying  about  half  an  acre  of  land. 
The  sewage  is  drawn  from  the  main  sewer  through  an 
opening  in  the  bottom  so  that  the  plant  gets  its  full 
share  of  the  heavier  suspended  particles  that  are  carried 
along  the  bottom  of  the  sewer.  It  passes  into  a  pump 
j)it  In  which  a  screen  is  placed  to  remove  all  coarse  trash 
that  will  not  pass  through  Vi'in.  circular  openings.  A 
•'i-in.  centrifugal  pump  lifts  the  sewage  from  this  pit 
into  a  feed  box  containing  a  weir  and  overflow,  arranged 
to  control  the  quanti-ty  of  sewage  fed  to  the  machine. 
Owing  to  the  odors  produced  by  the  starch  wastes,  this 
i)ox  Is  sealed  tightly  in  a  separate  room  with  only  a  glass 
gage  showing  in  the  operating  room  to  indicate  tlie  height 
of  flow  over  the  weir.  Ry-pass  pipes  are  provided,  one 
m  the  feed  box,  one  in  the  entrance  trough  where  the 
treated  sewage  enters  the  settling  tank,  and  a  second  at 
the  outlet  end  of  the  tank.  These  all  connect  with  a 
tile  drain  that  carries  the  water  back  to  the  main  sewer 
iitid  disiharges  it  below  the  inlet.  A  surface  outlet  is 
lirovldcd  through  which  the  treated  effluent  mav  enter  an 


open  ditch,  and  after  traveling  some  300  ft.  down  a 
valley  entens  a  branch  sewer  through  which  it  flows  back 
to  the  main  sewer.  The  character  of  the  sewage  treated 
compares  favorahly  in  appearance  to  that  coming  from 
the  Chicago  stockyards  and  is  more  concentrated  than 
the  sewage  used  in  the  experiments  at  Milwaukee. 

The  plant  was  operated  for  some  two  weeks  In  order 
to  make  adjustments  and  such  changes  as  were  fouiul 
necessai-y  to  meet  the  requirements  of  the  sewage,  and 
was  then  turned  over  to  chemists  representing  the  city 
of  Decatur  and  the  Electrolytic  Sanitation  Co.,  of  Chicago 
(which  installed  the  plant),  for  a  determination  of  the 
results. 

To  all  apjiea ranees  the  plant  is  doing  all  that  was 
expected  of  it.  Odors  are  destroyed,  the  sludge  settles 
readily  into  the  hoppers  and  presses  into  a  cake  that 
is  easily  unloaded  from  the  press,  and  the  effluent  on 
leaving  the  tank  is  bright,  clear  and  practically  odorless. 
The  cost  has  not  yet  been  fully  determined,  but  indiia- 
tions  are  that  it  will  compare  most  favorably  with  any 
of  the  other  known  processes,  especially  when  "the  amount 
and  character  of  waste  from  the  starch  works  arc  taken 
into  consideration.  W.  S.  Shields. 

Consulting  Engineer. 

1201  Hartford  building.  Chicago,  Aug.  7,  1916. 

Sir — In  liiiiking  up  sume  information  on  rainfall.  1 
found  in  your  issue  of  .\pr.  1!),  1!)00.  p.  249,  a  note  on  the 
"Eainless  Region"  near  Payta,  Peru. 

1  spent  three  years,  1912-14,  in  Peru — about  two-thirds 
of  the  time  near  Payta.  Less  than  100  mi.  southeast  of 
Payta,  I  recorded  over  5  cm.  in  one  night,  and  on  Mar.  1. 
1915.  I  encountered  the  prettiest  little  rainstorm  one 
could  wish  for  at  Payta  antl  aljout  100  km.  west  of  there. 
It  put  out  of  commission  the  only  irrigation  canal  in  that 
vicinity  for  four  months,  on  account  of  the  caving  in  of 
the  banks. 

The  note  in  question  also  stated  that  the  average  time  be- 
tween showers  is  seven  years.  You  would  be  stretching  the 
truth  if  you  said  that  the  present  average  duration  between 
showers  is  seven  months.  During  the  time  I  was  there  1 
never    .saw    more    than    three    months    l)etween    showers. 

Several  inches  of  rain  falls  there  during  the  year,  and 
especially  during  the  rainy  season  of  December,  January 
and  February.  Walter  S.  Wheeleh. 

30  East  42nd  St.,  Xew  York  City,  Aug.  9,  1916. 

[  If  16  years  ago  we  gave  Payta  an  unwarranted  ve\n\- 
tation  for  ralnlessness  and  if  we  are  thereby  in  any 
measure  responsii)le  for  the  failure  of  the  irrigation  canal, 
we  are  sorry. — Editor.] 


NOTES  AHD  QUEIRHES 


Tile  Surveyn  fur  the  Prupoiied  Colorado  Ulver  Dnni,  de- 
scribed on  p.  306  of  "EnBlneerlng  News"  of  last  week,  me 
referred  to  a  base  line  780  ft.  long  instead  of  a  200-ft.  base, 
as  noted  In  the  article.  The  mouth  of  Diamond  Caflon  Is 
about  800  ft.  wide. 

In  n  Newx  IVote  on  p.  766  of  "Engineering  News."  Apr.  20, 
1916,  It  was  stated  that  W.  C.  Abbott,  of  the  Smithsonian 
Institution,  was  cooperating  with  a  weather  ob.scrver  In 
Houston.  Tex.,  In  research  work  which  would  make  possible 
long-range  weather  forecasts.  The  Institution  Informs  us 
fh.it    no  .Much   cofiperntlon   exists. 
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By  J.  XdiniAX  .Texsex* 

In    the   construction   of   the    New   Bancroft  Hotel    in 

Saginaw,   Mich.,  reinforced  concrete  was  used  tliroiigh- 

out.     There  were  no  unusual  structural  features  in  the 

main  portion  of  the  building,  but  the  banquet  hall,  about 

•2504  North  Sawyer  Ave.  Chicagro.  III. 
:j"'Bars,4"'C.lnC 
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^Working  Joint 


DETAILS   OF   PEAKED   CONCRETE    ROOF   AT 
HOTEL  AT  SAGINAW,  MICH. 


40xT0  ft.  in  plan  and  one  story  high,  jjresentcd  a  some- 
what novel  type  of  roof  construction. 

The  architectural  requirements  of  this  portion  of  the 
building  were  that  a  peaked  roof  should  be  used,  an 
arched  ceiling  should  extend  the  greater  portion  of  the 
hall,  and  that  any  girders  or  tie-rods  should  only  be  used 
in  the  extreme  ends  of  the  ceiling  where  they  could 
be  concealed.  It  was  also  desired  that  this  roof  should 
be  of  the  same  type  of  construction  as  the  rest  of  the 
building. 

As  the  span,  40  ft.,  was  rather  excessive  for  an 
economical  roof  slab,  and  as  any  level  slab  would  necessi- 
tate increasing  the  height  of  the  exterior  walls  owing  to 
the  arched  ceiling,  it  was  decided  to  design  a  peaked- 
roof  slab  to  span  from  wall  to  wall.  The  method  of 
design  and  computations  for  this  roof  are  given  below. 

To  find  the  load  per  lineal  foot  of  slab,  on  a  20-ft. 
S]ian   ( see  Fig.  2  )  : 

Live 25X21=  52.5                             5IS>-^ 

9-in.  slali 112X21  =  2.352                 

Roofinc 3X21=  63  ^ ] 

Ceiling    10  X  20  =  200  »<  — ZO             >J 

Total 3.140  FIG.  2 

Using  the  notation  for  reinforced  concrete  as  adopted 
by  the  Joint  Committee,  M  =  i/g  X  ;5,U0  X  20  X  12 
=  94,200.    With  fc  =  TOO.  fs  =  18,000,  A'  =  11:3,  /j  = 

0.0072,    (/    =-|    ''^•-^^'      =    8.:55   in.      <l-in.   slai)   used. 

\  12  X  Ho 
A  =  12  X  S.,J5  X  0.0072  =  0.72  sq.in.  per  ft.  of  width. 
V-i-in.  square  bars,  4  in.  c.  to  c.  were  used.  Temperature 
liars  were  placed  in  the  top  portion  of  the  slab  as  shown 
(in  the  roof  plan  and  section  in  Fig.  1.  In  order  to 
insure  that  each  half  of  the  roof  should  act  as  inde- 
])eiKlent  slabs,  a  construction  joint  was  left  in  the  peak 
of  the  roof. 


KIG.  3.     VIEW  OF  UNDHH  SIDE  OF  ROCjF  BKFOHH  ARCHED  CEII.I.VG  WA.S   I'L.XCEU 


Uisust  24,  1916 
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laving  designed  the  slab,  the  next  step  was  to  design 
tl  roof  considering  it  as  a  simple  truss,  in  which  tlie 
t(  chord  was  the  concrete  slab,  and  the  Ijottom  cliord 
tl  tie-rods  at  each  end  of 
tl  hall.  On  this  basis  the 
tl  ist  per  lineal  foot  of  slab 

5,110  X  23        -  .-„  „ 

—  =  S.loO  lb., 

2  X  II. T 
ill    tension  ]iit  lineal   foot 
3,110   X   21 


Hew  Y®ip11^  Sftsitt® 


of  lab  = 


2X0. 


4,  0  lb. 

ince  the  walls  were  not  designed  to  take  the  ttuiist 
fr  1  the  roof  slab,  it  was  necessary  to  consider  the  roof 
Ai  as  a  lateral  girder,  of  a  depth  equal  to  the  distance 
fr- 1  the  peak  of  the  roof  to  the  wall,  of  a  width  equal 
to  16  total  thickness  of  the  slab,  and  of  a  span  equal  to 
\,  le  distance  between  the  two  sets  of  main  tie-rods. 
0]  this  as.sumption,  total  load  of  lateral  girder  =  51 
X  .150  =  278,000  lb.  M  =  Vg  X  278,000  X  51  X  12 
=;  2,500,000.     Since  &  =  0  in.  and  d  =  21  ft.,  solving 

22, .500, 000 

=  10.     /f  =  350,  js  =  1  <5,000, 


fo;  r,  K 


9(21  X  12)  •■ 

/;  0.0027.  .1  =  9  X  21  X  12  X  0.0027  =  6.15  sq.iii. 
f c  •  IVfe-in.  and  two  1-iii.  square  bars  were  supplied  iu 
eai  set  of  tie-rods. 

378,000  ,,        .       , 

•  =  3X9X21X12X0.91  =  ««  "'•     ^^^  *'-  -'^ 

.'k  was  a  little  higher  than  is  allowable  on  plain  con- 
cre  the  two  1-in.  square  bars  were  bent  up  as  shown 
on  le  plan  to  provide  additional  shear  reinforcement. 
'.  ch  set  of  main  tie-rods  carries  about  32  lin.ft.  of 
roc  Total  tension  in  rods  =  32  X  1.920  =  157.000 
157,000 
16,000 

H^  n.  round  rods,  with  u])set  ends  and  turnljuckles  were 
pre  fled. 

bring  the  load  rroiu  tiie  top  chord  into  the  tie- 
lod  bearing  plates  were  necessary.  Using  400  II).  as 
the  llowable  unit  bearing  stress  on  the  1:2:4  concrete 

157,000  „   ^ 

=    392    sq.m. 


lb.  Area   required 


9.82 


Eitrht 


use    bearing  area    required 


100 

(I  laru'cr  liearinj,''  area 


Th«  wo  40-11).  T-rails  shown  ga 
tha  required. 

1  ■  analysis  will   not   be   quite   coinijicte   without   an 

inr  igation  as  to  the  combined  compression  due  to  the 

"■     compression   of   the   slab   acting  as   a   top   chord, 

"   the  compression   due   to   flexure  in  its   action 

'>rdinarv  slab. 


Lb. 


5.150 
9  X  12 


Diicft  coliiprciw 

FIciural  camprcBSion  700 

Total 748 

I  s  total  value  is  not  excessive  for  the  concrete  used. 

A  iew  of  the  completed  roof  is  shown  in  Fig.  3.  Tiie 
at  one  end  of  the  building  can  be  seen.  These 
'I  not  been  fiiei)roofed  at  the  time  of  the  taking 
|)ictiire,  but  were  afterward  wrapi)ed  with  wire 
lid  jilastercd  with  cement  mortar.  The  writer 
'ed  to  the  architects.  Schmidt,  Garden  &  ilartin, 
iLrr).  for  the  information  concerning  this  unusual 


The  Xew  York  State  Barge  Canal  has  been  under 
construction  for  over  ten  years.  It  extends  from  the 
Hudson  at  Waterfonl  to  Touawanda  on  the  Niagara  Eiver 
with  side  canals  from  Three  Rivers  up  to  Lake  Ontario 
at  Oswego,  from  Waterford  to  Lake  Champlain  and  from 
Cayuga  and  Seneca  Lakes  to  the  main  canal  near 
Montezuma.  Progress  towai-d  completion  has  been  con- 
siderably slower  than  was  at  first  anticipated  but  appar- 
ently the  end  is  now  in  sight.  The  Barge  Canal  Bulletin 
gives  the  following  statement  of  the  sections  of  the  canal 
wliich  are  under  operation  during  this  summer. 

From  the  eastern  terminus  at  Waterford  the  new  Erie  is 
now  open  as  far  as  Jacksonburg.  Throughout  this  extent  the 
new  channel  lies  chiefly  in  the  Mohawk  River.  The  short 
portions  of  land-line  in  this  stretch  have  no  towing-path  and 
of  course  the  river  sections  have  none.  .Accordingly  all  tow- 
age must  be  by  tug.s.  unless  the  canal  boat  has  its  own  power. 
Through  this  new  section  the  State  does  the  towing,  an  ap- 
propriation having  been  made  therefor  by  the  last  Legislature. 
At  Jacksonburg  the  old  canal  is  entered  and  must  be  fol- 
lowed until  Newark  is  reached.  Here  again  the  new  channel 
is  in  use,  extending  as  far  west  as  Pittsford. 

With  the  exception  of  the  new  line  to  the  south  of  Roches- 
ter, most  of  the  Barge  Canal  west  of  Newark  consists  of  a 
widening  and  deepening  of  the  old  channel.  The  Barge  Canal 
scheme  does  not  contemplate  the  use  of  animal  power  for 
towage  and  therefore  no  towing  paths  are  provided.  How- 
ever, along  most  of  this  enlarged  channel  in  the  western  part 
of  the  state  the  old  towing  path  has  been  retained,  and  raised 
or  lined  if  necessary.  This  has  been  done  for  the  purpose  of 
maintaining  navigation  during  the  period  of  construction,  in 
accordance  with  the  mandate  in  the  Barge  Canal  Law.  The 
section  between  Newark  and  Wayneport  is  an  exception  to  this 
rule  and  here  tugs  are  necessary.  The  state  is  providing 
towage  here  this  year,  the  same  as  in  the  Mohawk  River  chan- 
nel. From  Wayneport  west,  however,  the  boatmen  must  pro- 
vide their  own  power. 

The  old  line  through  Rochester  is  employed  this  year, 
since  the  new  alignment,  which  circles  the  city  on  the  south, 
cannot  be  utilized  until  certain  deferred  work  on  it  has  been 
completed  and  also  until  there  has  been  built  in  the  Genesee 
River  the  dam  which  will  provide  both  the  pool  on  which 
boats  may  cross  the  river  and  also  the  spur  and  harbo!-,  by 
means  of  which  the  city  may  be  reached  from  the  new  canal. 
From  the  point  where  the  old  and  new  lines  meet,  near  Oreece, 
west  to  Tonawanda,  the  new  canal,  which  is  almost  entirely 
the  enlarged  old  canal,  is  open  to  trafllc.  A  towing-path 
borders  this  channel  and  animal  power  may  be  used.  .4. 
quarter-mile  stretch  from  Tonawanda  to  the  Niagara  River  is 
still  to  be  built  to  complete  the  Barge  Canal,  but  this  year 
boats  will   follow  the  old  waterway  to  Buffalo. 

The  new  Champlain  and  Oswego  canals  are  open  this  year 
throughout  their  entire  lengths.  Each  branch  is  largely  a 
river  canalization,  on  which  tugs  or  power-boats  are  needed. 
The  St.ate  is  not  providing  the  towage  here.  The  Oswego 
canal  as  it  exists  this  year  includes  two  sections  which  event- 
ually will  not  belong  to  it.  One  is  the  canalized  Seneca  River 
from  Three  River  Point  to  .Mud  Lock,  near  the  foot  of  Onon- 
daga Lake,  which  is  really  a  part  of  the  Erie  Canal,  and  tiie 
other  is  the  old  Oswego  Canal  from  Mud  Lock  to  the  Junc- 
tion with  the  old  Erie  in  Syracuse. 

Only  the  eastern  portion  of  the  Cayuga  and  Seneca  Canal 
T\*as  opened  at  first  this  year.  The  old  channel  from  the  Erie 
junction  into  Cayuga  Lake  was  used.  In  the  section  opened 
later  the  route  extends  through  the  new  canal  from  Cayuga 
Lake  to  Seneca.  Lake,  but  the  full  depth  of  12  ft.  has  not 
yet  been  provided  at  all  places.  From  the  outlet,  at  the  north- 
eastern extremity  of  .Seneca  Lake,  to  Geneva,  the  course  fol- 
lows the  old  canal,  which  extends  some  two  miles  and  a  half 
around   the   foot   ot   the   lake. 

The  sections  of  Barge  Canal  which  are  being  used  this 
year  are  not  the  only  portions  which  arc  ready  for  oper- 
ation. There  are  certain  parts  (and  they  embrace  most  ot 
the  sections  not  already  In  use)  which  can  be  thrown  open  as 
soon  as  a  few  uncompleted  pieces  of  work  are  finished.  The 
new  channel  between  Sylvan  Beach,  at  the  eastern  end  of 
Oneida  Lake,  and  Newark  is  thus  ready  for  operation,  with  th-; 
exception  of  three  short  stretches.  One  of  these  lies  between 
Clyde  and  Lyons,  another  Is  situated  near  Montezuma,  and 
the  third  extends  from  Three  River  Point  to  Onondaga  Lake 
and    Is   now    In    use.    serving   as   a    part    of   the    Oswego    Canal. 
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Clay,  quicksand  and  gas-carryiuK  strata  gave  much 
trouble  in  sinking  a  shaft  for  the  new  Central  Ave. 
water-main  tunnel  under  the  Cuyahoga  Eiver  in  Cleve- 
land recently.  The  sinking  was  effectively  stopped  at 
a  little  over  100  ft.  depth  below  surface.  However,  since 
a  satisfactory  level  for  the  tunnel  was  found  above  this 
point,  the  tunnel  work  was  able  to  proceed  and  has  just 
been  completed  with  entire  success. 

The  difficulties  were  met  in  sinking  the  east  shaft  of 
the  tunnel,  which  is  located  on  Stone's  Levee  on  the  line 
of  Central  Ave.  The  west  shaft,  on  the  opposite  side  of 
the  river,  was  sunk  later  and  did  not  go  to  such  depth, 
thereby  avoiding  similar  trouble  in  all  probability. 

TJie  shafts  were  originally  designed  to  go  down  to 
121    ft.   below  river  level,  this  being  just  below  the  de- 


an air  drill  and  put  a  chain  around  the  log,  by  which 
was  hoisted  out. 

At  76-ft.  depth  quicksand  and  gas  were  struck, 
doubts  at  once  arose  as  to  whether  the  sinking  should 
continued  or  the  shaft  bottom  sealed.  There  was  si 
days'  delay  in  trying  to  reach  a  conclusion  as  to  the  b 
procedure,  and  then  the  decision  was  to  go  on  with  i 
sinking.  Excavating  continued,  but  it  developed  tl 
the  shaft  had  frozen  in  place  during  the  stoppage. 
^veek's  work  did  not  start  it.  Meantime  pig-iron  loi 
ing  was  being  put  on,  which  finally  reached  the  amoi 
of  300  tons.  Then  the  shaft  suddenly  dropped  17 
in  a  few  seconds,  forcing  a  large  amount  of  material 
the  bottom  up  into  the  shaft.  (See  accompanying  view 
However,  the  drop  did  no  damage,  but  on  the  coiitr; 
cut  off  the  gas  and  the  quicksand. 

When   100-ft.  depth  was  reached,  there  was  no  m<^ 
steel  shell  available,  and  it  was  decided  to  go  dowa 


Sl'DDEN  DROP  OP  SHAFT  UNDER  300  TONS  PIG-IRON  LOADING 
■\vs  were  taken  a  few  minutes  apart;  the  drop  took  only  a  few  seconds 


.signed  level  of  the  tunnel.  The  east  shaft  was  started 
inside  an  18-ft.  square  pil  within  slieeting  driven  li!  ft. 
deep.  The  steel  shell,  i:'>  ft.  in  diameter,  was  built  to- 
gether in  16-ft.  lengths  that  were  erected  successively  as 
the  shaft  was  sunk.  At  the  start  the  cutting-edue  sec- 
tion was  turned  ujiside  down  and  concreted  with  beveled 
inner  edge;  then  turned  over  and  the  next  section  con- 
nected on,  and  sinking  started.  I-lach  section  as  it  was 
joined  on  was  lined  with  the  13-in.  concrete  lining. 

Digging  was  done  with  an  Owen  bucket  having  spe- 
cially wide  teeth.  The  material  in  the  upper  strata  was 
dry.  liard  clay  for  the  most  i)art,  liut  lower  down  num- 
erous sand  seams  were  encountered.  Only  one  shift  was 
worked,  a  day  shift,  and  ])robal)ly  in  consequence  of  this 


or  ;50  ft.  farther  by  excavating  and  underpimiing.  Slu 
ing  was  driven,  inclined  outward  over  a  ring  of  tiniln 
This  sheeting  was  a  6-ft.  length.  A  similar  length  \ 
driven  below  it;  and  below  this  a  third,  as  the  dig;: 
by  pick  and  shovel  went  down. 

At  113  ft.  the  bottom  blew  up  with  a  large  inriit^h 
natural  gas  and  water,  there  being  apparently  a  gas-car 
ing  s])ring  of  some  size.     Conditions  looked  so  threat 
ing  that  the  shaft  was  promptly  filled  with  water  In' 
hose  to  stop  further  disturbance  of  the  bottom. 

A  ])i]H'  was  put  down  from  the  surface  to  a  dei>i' 
l:!0    ft.   to   find  hard   strata.     This   pipe   indicatHl 
reasonably  hard  ground  would  be  found  at  130  ft.,  «" 
was  some  feet  lower  than  originally  ex])ected.     ITowi'' 


there  was  frequent  trouble  from  the  cylinder  hanging  the      on  studying  the  record  of  the  strata  penetrated  it  ^ 


next  day,  due  to  the  clay   squeezing  and  gripping   the 
shell. 

About  40  ft.  down,  a  lO-in.  log  was  cncountei-t 
straight  across  the  cutting  edge.  There  was  no 
handling  this  from  above.     A  diver  cut  it  throu 


1  lying 
way  of 
;h  with 


decided  to  raise  the  elevation  of  the  tunnel  about 
to  El.  — 7fi.  The  attempts  to  carry  the  shaft  down  ih'^' 
were  therefore  al)andoned,  and  the  shaft  was  bottom 
To  seal  the  shaft,  5  ft.  of  concrete  was  depositiMl 
the  bottom  throuijh   100  ft.  of  water.     The  concrete 
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course  was  lowered  down  tlinniirh  the  water  in  a 
om-opening  bucket.  On  pumping  out  the  shaft  the 
concrete  was  found  to  be  unsatisfactory,  gas  havino- 
led  a  bad  porous  spot  in  it.     To  remedy  this  condi- 

a  3-ft.  funnel  was  placed  over  the  gas  pocket  and 
ft.  course  of  concrete  was  deposited  around  the  fun- 
lowering  the  concrete  through  10  or  15  ft.  of  water. 
•eupon  a  hole  was  discovered  just  outside  the  funnel, 
igh  which  gas  discharged.  This  hole  was  calked  with 
m  and   another  4-ft.   depth   concreted,   making   the 

depth  of  concrete  about  13  ft. 

16  water  and  gas  inflow  were  now  under  control, 
)t  for  what  came  through  the  funnel  and  was  piped 
le  surface.  Operations  then  started  on  the  tunnel, 
Qg  the  final  finishing  and  grouting  of  the  shaft  hot-' 
for  a  subsequent  time. 
[8  west  shaft,  started  later  than  the  other,  was  sonie- 

behind  and  was  in  the  neighborhood  of  70  ft.  down 

the  decision  was  reached  in  the  case  of  the  east 

to  locate  the  tunnel  with  flow  line  at  El.  — 76. 
this  reason  the  west  shaft  was  stopped  at  — 75. 
iighout  its  sinking  no  difficulties  were  encountered, 
he  shaft  went  down  without  sticking.  Within  6  in. 
e  bottom,  however,  a  strong  cold  spring  broke  in. 

88  in  the  case  of  the  east  shaft,  gave  trouble  by 
ig  the  concrete  seal  porous  and  leaky,  but  it  was 
jlled  by  catching  the  spring  in  a  funnel  and  con- 
g  the  bottom,  and  at  the  completion  of  the  tunnel 
ing  the  bottom  imder  pressure. 
■  work  was  done  under  the  direction  of  C.  P.  Jaeger, 
-ioner  of  Water,  with  John  W.  Dolman  in  charge 
It  ions.  It  was  carried  on  by  force  account.  Charles 

VL'lde  was  superintendent. 


By  Joh.v  W.  CrxxixfiHAM* 

'  ity  of  S])okane.  Wash.,  has  fer  the  past  six  years 

ind  operated  a   municipal   asphalt-paving  plant. 

■'11'  primary  u.se  of  this  plant  is  for  repair  and 

ince  work  and  the  policy  of  the  city  has  not  been 

-  e  ainate  entirely  the  contract  system  of  doing  paving, 

m  iber  of  jobs  have  been  done  by  the  citv  forces,  and 

lioi  Igh  cost  records  have  been  kept.     This  work  has  in 

'•n«  1  shown  a  sul)staiitial  saving  under  contract  work. 

also  given  the  city  engineering  department  under 

n  Macartney,  City  Engineer,  a  close  idea  of  the  cost 

'laltic  pavements  under  local  conditions  and  a  more 

basis  for  engineering  estimates  of  street-improve- 

Tork. 

municipal  plant  has  also  been  a  means  of  reducing 
^t  of  paving  through  selling  the  asphaltic  mixture, 
t  Stuff,"  to  contractors  at  nearly  a  cost  price.  The 
tic  mixture  is  delivered  to  the  contractors'  wagons 
plant.  Under  this  method  the  contractor  is  relieved 
ing  the  most  expensive  and  least  flexible  part  of  his 
"^■nt,  which  enables  smaller  contractors  having  less 

'  ixpense  to  bid  u])oii  work  and  has,  in  the  case  of 

•,  resulted  in  a  suiistantial  reduction  in  costs. 

Department  of  I'liblic  Works  of  Spokane  has 
'1  as  standard  an  asphaltic  concrete  pavement  con- 
g  closely  to  the  Tofieka  specifications  and  known 

nultlriK   EnKlneer,   I'ortland,  Ore. 
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locally  as  ".Spokane  bituminous."  A  considerable  amount 
of  this  pavement  has  been  laid  with  verv  satisfactorv 
results,  either  as  a  topping  upon  a  coarser  m'ixed  asphaltic 
base  or  upon  a  concrete  base. 

The  accompanying  detailed  costs  are  for  the  "Spokane 
Intuminous"  pavement  laid  by  the  citv  forces.  The  first 
tabulation  is  for  pavements  of  5-in.  total  thickness,  made 
up  of  a  2-in.  asphaltic  concrete  top  on  a  3-in.  asphaltic 
base  and  requiring  two  spreadings,  rakings  and  rollings. 
The  second  tabulation  is  for  2  in.  of  asphaltic  concrete 
laid  upon  a  concrete  base,  the  cost  of  base  not  included. 
It  will  be  noticed  that  the  costs,  $0.88  and  $0.41  respec- 
tively, show  a  rough  relation  to  the  thickness.  Another 
piece  of  pavement  upon  which  costs  are  available  is  3  in. 
thick,  laid  upon  a  concrete  base.  The  cost  of  laying  this 
was  .$0.62  per  sq.yd.,  or  about  50%  more  than  for  the 
2-in.  pavement. 

In  all  asphaltic  pavements  the  most  exjiensive  single 
item  will  usually  be  the  asphaltic  cement.  Since  the 
other  materials  and  the  plant  and  labor  costs  will  vary 
but  slightly  with  a  change  in  the  mixture,  a  general  rule 
may  be  stated  that  the  coarser  the  mixture  the  less  asphalt 
will  be  required  and  hence  the  less  the  total  cost.  Under 
similar  conditions  a  fine  mix,  such  as  a  sheet  asphalt, 
would  be  more  expensive  than  the  "Spokane  bituminous" 
pavement,  and  the  coarser  mixed  asphaltic  concretes  would 
be  less  expensive. 

TABLE   1.    COST  OF  A   5-IN.   ASPHALTIC   PAVEMENT    C-IN 

ASPHALTIC  CONCRETE   TOP  ON  A   3-IN.   ASPHALTIC 

CONCRETE  BASE),  CITY  OF  SPOKANE.  WASH.* 

Plant   Cost 

Asphalt  top,  233.34  tons   Ig)   $lS-$22 $4  309  15        $0  IfiO^. 

Asphalt  base.    177.92   tons    @    $l?-$22.  3  274  15  1290 

Aggregate  top,  1.779  cu.yd.    @    $1,25 2  223'75  OS'S 

F^?rP'''  "''^''i  ^•^'^'^"■J'''-    @    *l-25 2  905.00  ,1082 

Fuel,   power  and   supplies  at   plant 1.120  00  0417 

''^°°''    2,462.70  .0917 

Total  cost  out  of  plant $16,294  75  SO  6069 

Haul  by  teams  and  motor  trucks.  length  of  *^''-''-''"  tu.butia 

haul    not    available 2,563.50  .0955 

Street  Cost 

Labor,    laying    pavement 2,744.30  .1022 

r..       Total  of  plant  cost,  haul  and  .street  cost   $21,602.55        SO  8046 
1  lua  10',    overhead  and   depreciation .0805 

Grand  total  cost  per  sq.yd "ioisSsT 

•Average  of  two  jobs;  total  yardage,  26,847. 

TABLE     2.     COST     OP     2-IN,     ASPHALTIC  CONCRETE     TOP 

L.A.ID   O.V  A    CONCRETE    RASE    BY  THE   CITY 

OF  SPOKANE,  WASH.* 

Plant  Cost 

Asphalt,    401.012   tons    (§>    $16-$16.50 $6,491.50        $0.1418 

Sand,   2.:)94   cu,yd.    (&    Jl ■>  rqj  nn             ncRr 

Rock,  777  cu.yd.  ®   $1.30-$1.45 I'lOSgs            ■o'42 

Coal.  79.95   tons   (3)    $6 47970             oTo^ 

f°^:fi .■.■;;.■:     189:95     :oo4i 

1"*"'°'^    1.708,71  .0373 

Total   cost   out  of  plant $12,669.81        $0.2746 

Haul    from    1.25    to    2.10    mi.      Both    motor  »v/.iiHi. 
trucks  and   wagons   used,   costs  not   seg- 
regated.    With  wagons,  .snap  teams  wore 
used  on  heavy  grades.     Average  cost  per 

ton-mile    was    $0.232 1.836.03           .9401 

Street  Cost 

Paint,   12,25  bbl,    (§)   $7,50 $91  90        SO  flO'o 

Wood,  13.25  cords  ®   $6 79  50             0017 

Coal,  7.95  tons   fi)   $6.    4770             0010 

Top  sand,  19  cu,yd.   ®   $1.375 26.15              OOOfi 

Labor    2,436.93            ,0532 

Total   cost   of  laying  on   street $2,682.18        $0,0585 

Total  of  plant  cost,  haul  and   laying  per  sq.yd $0  373'' 

Plus  10';    overhead  and  depreciation ',  !o373 

Grand  total  cost   per  sq.yd "$o!Tl05 

•Average  of  three  Jobs;  total  yardage,  45,802. 

K 

Flrr-lleMlntlng  Mntrrlnln  for  use  In  constructing  the  deck 
structures  of  excursion  and  passenger  steamers  are  to  be 
Investigated  by  the  Bureau  of  Standards.  The  Bureau  has 
issued  a  circular  inviting  manufacturers  of  such  materials 
to  submit  samples  for  investigation  and   test. 
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The  following  notes  describe  the  extension  of  the 
"mass"  diagram  to  water-supply  and  power  problems  of 
a  somewhat  more  complex  nature  than  is  usual  witii  this 
graphical  device.  The  simple  mass  diagram  for  the  study 
of  storage  and  water-supply,  known  as  the  '"Rippl"  dia- 
gram from  the  name  of  its  originator,  is  too  familiar  to 
require  lengthy  explanation.  The  original  method  con- 
sisted in  the  construction  of  a  mass  curve  showing  the 
summation  day  by  day,  or  month  by  month,  of  the  net 
accumulated  quantity  of  water  resulting  from  the  differ- 
ence between  the  runoff  and  an  assumed  draft  during  the 
period.  From  such  a  diagram  a  graphical  study  of  the 
required  storage  to  maintain  on  an  assumed  draft,  the 
length  of  time  storage  will  l>e  drawn  upon  an<l  other 
factors  may  be  determined. 

This  method  was  simplified  by  John  R.  Freeman,  who  in 
studies  for  the  X^ew  Yorlv  water-supply'  adopted  the  idea 
of  plotting  the  accumulated  runoff  directly  and  without 
first  assuming  and  deducting  a  certain  draft.  This  not 
only  lessens  the  preliminary  work,  but  widens  the  scope 
of  the  diagram.  It  usually  occurs  in  water-supply  prob- 
lems that  the  storage  re.servoir  is  located  at  the  point 
where  the  runoff  is  calculated,  and  the  previously  men- 
tioned devices  have  been  applied  to  this  condition. 

The  following  explains  the  extension  of  the  idea  to 
include  another  class  of  problems  where  it  is  desired  to 
obtain  the  conditions  of  flow 
that  may  be  maintained 
at  some  point  downstream, 
due  to  storage  reservoirs  at 
the  headwaters  or  at  other 
points.  Such  problems  arise 
in  water-power  and  pollu- 
tion considerations  and  in 
the  matter  of  log-driving 
and  other  cases.  A  mode  of 
treatment  of  these  latter 
problems  is  given  in  Water- 
.Su])ply  Paper  198  of  the 
United  States  Geologica 
Survey,  as  developed 
Walter  H.  Sawyer;  but  tiic 
procedure  described  later, 
while  very  simple,  does  not 


This  scheme  consists,  in  brief,  in  the  coustruction  o 
number  of  mass  diagrams  on  a  single  sheet,  each  stoi, 
reservoir  and  its  watershed  being  treated  as  an  isol.; 
case,  but  tile  sum  of  all  of  them,  including  the  reniai: 
portions  of  tlie  watershed  tributary  at  the  point  \\ 
conditions  are  to  be  studied,  amounting  to  the  total  wai 
shed  under  consideration. 

The  starting  point  for  the  calculation  is  chosen  : 
time  when  from  an  inspection  of  the  runoff  records 
seen  that  the  reservoirs  will  be  full  and  overflowing,  i 
accunndated  amounts  of  ruiioffi  at  the  end  of  each  d, 
or  monthly  period  are  then  determined  for  each  of 
separate  portions  into  which  the  watershed  has  i 
divided,  and  tlie  results  are  plotted  as  mentioned,  ( 
single  sheet. 

The  method  may  perhaps  be  best  understood  from  1; 
on  by  an  explanation  of  the  steps  taken  in  an  actual  st 
The  situation  was  as  follows:  On  a  stream  having  a; 
1(K)  sq.mi.  of  watershed  it  was  desired  to  ascertain 
nuiximum    flow    that    could    be    maintained    during 
sunnner  months  of  a  dry  year.     On  the  stream  at  wid 
so|iaratcd   jioints  there  were  two  storage   reservoirs  t 
could  be  regulated  to  suit  conditions.     Another  reserv 
was  used  as  a  source  of  water-supply  for  a  town  on 
watershed;   and   it  was  assumed  that,   except  when 
records  indicated  that  this  reservoir  would  be  overflowi 
a  constant  quantity  equal  to  the  average  water  consul 
tion  would  be  contributed  from  this  source. 

One  year's  record  of  runoff  of  the  stream  was  in  ex 
ence,  also  complete  information  as  to  the  area  of  w; 
surface  and  storage  conditions.     From  this  infornia 
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I^Ib-  1 — Diagram  sliowiiiK  close  aKreement   in  runoff  of  land  of    two    adjacent    streams.      PiB.    2 — General    mass    curve   ( 
determination    of   critical    periyd;    reservoirs    No.    i    and    No.    2  have   capacities  of   1,350  and    200   million   gallons  respectlvi' 
"        studying    In    detail    the    effect    of  storage 


Fig.    3 — Mass    diagram    for 


jeem  to  have  been  previously  used  and  is  ])olieved  to  be 
somewhat  simpler  than  the  method  already  mentioned 
and  of  wider  a])plication. 

•With  Metcalf  &  Eddy,  14  Beacon  St..  Boston,  Mass. 
'Report  on  New  York  Water-Supply.  1900. 


it  was  possible  to  calculate  the  yield  of  1  sq.mi.  of  1 
surface,  which  was  compared  with  the  yield  per  s<l' 
mile  of  land  during  tlie  samn  ])eriod  of  a  stream  near 
(oncerning  which  records  of  runolf  covering  a  great  i" 
vears  were  in  existence. 
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The  agreement  in  the  runoff  per  square  mile  of  land 
surface  was  mmarkably  close  during  the  year  in  which 
comparable  records  were  available,  and  the  stream  having 
r  lou'^-term  record  was  adopted  as  indicating  results  that 
mi^ht  be  oljtained  on  the  stream  under  consideration 
during  similar  periods. 

In  this  connection,  while  having  no  particidar  Ijearing 
on  the  matter  of  mass  diagrams,  it  is  interesting  to  notice 
what  close  agreement  the  runoffs  from  certain  streams 
may  bear  to  each  other  when  as  many  as  i)ossible  of  the 
uncertain  factors  are  removed.  Siuh  a  result  is  shown  in 
Fig.  ],  which  needs  no  comment  except  to  say  that  the 
unusual  divergence  at  low  flows  was  examined  and  found 
lo  be  due,  in  whole  or  in  part,  to  errors  in  meter  measure- 
ments of  one  of  the  streams  at  very  low  flows.  One  sees 
so  many  examples  of  the  opposite  result  that  the  fore- 
going has  a  double  interest. 

Having  then  tlie  long-time  record  in  hand,  it  was  found 
that  there  were  three  or  four  consecutive  dry  years  during 
which  the  condition  of  the  reservoirs  conld  not  be  defin- 
itely known,  without  treating  the  period  as  a  unit.  So, 
for  the  purpose  of  determining  the  critical  period,  the 
runoff  for  each  separate  reservoir  and  for  the  remaining 
)iortion  of  the  watershed  was  determined  and  summed  up 
beginning  Avitli  June,  1912,  and  running  through  1915. 
A  perusal  of  the  runoff  records  left  no  doubt  that  all 
reservoirs  would  be  full  and  the  whole  watershed  acting 
as  a  unit  on  June  1,  1912.  The  runoff  for  each  reservoir 
fl'as  determined  in  the  usual  way,  by  calculating  the  yield 
of  the  land  surface  and  water  surface  and  adding  together 
for  each  month. 

After  the  monthly  yield  from  the  beginning  was  added 
up,  the  results  were  plotted  on  a  small  scale  for  the  purpose 
of  getting  a  general  idea  of  the  situation  and  to  make  it 
|)ossihle  to  pick  out  the  critical  period  to  be  afterward 
treated  in  more  detail.  This  operation  is  shown  in  Fig.  2. 
On  account  of  the  small  area  of  watershed  tributary  to 
(•ach  reservoir  in  comparison  with  the  remaining  portion 
the.se  latter  figures  are  plotted  on  a  -f^  scale. 

Beginning  now  at  the  left-hand  corner,  the  separate 
crdinates  at  the  end  of  each  month  are  summed  up  and 
[dotted  directly  above,  forming  a  new  curve  re])resenting 
the  combined  flow  of  all  the  separate  portions.  This  is 
reitrcscntcd  by  line  .1.  As  already  ex])laincd,  the  flow 
from  Reservoir  Xo.  3  is  not  the  natural  flow  of  the  watcr- 
-hed,  but  is  regulated  to  give  a  continuou.s  flow  of  lnd.ooi) 
L'al.  daily  except  when  overflowing,  aiul  a  "rate"  line  gov- 

iiing  this  condition  is  drawn  on  Reservoir  Xo.  3  curve, 

'  nrding  to  well-known  mass-curve  methods,  before  the 
1  Miming  up  is  started. 

.Vs  the  season  of  low  flows  approaches,  the  line  rcprc- 

-enting  the  total   flow  tends  to  become  more  and   more 

nearly  horizontal,    representing  a   lower  and   lower   rate 

'  flow.     When  this  condition  occurs,  an  arbitrary  line 

drawn  from  a  summit,  as  at  .V,  having  an  incliiuition 

lat  represents  a  rate  which  it  is  assumed  may  be  main- 

lained  by  the  use  of  the  available  storage.     The  vertical 

listance  then  at  any  point  between  the  curve  showing  the 

»■  of  the  river,  without  the  subsidiary  watersheds,  and 

'•  line  just  mentioned  as  having  been  drawn  measures 

iie  additional  accumulated   flow  that  must  be  obtained 

iiiin  the  subsidiary  watersheds  in  order  that  the  assumed 

jiite  may  be  maintained.     In  the  example  under  consid- 

I  ration  the  additional  accumulated  flow  necessary  .at  the 

^•'■tion  AH  amounts  to  C,,Hai)  million  gallons.     The  nat- 


ural accumulated  flow  from  Reservoirs  Xos.  1,  2  and  3 
amounts  to  5,250  million  gallons,  as  measured  by  their 
respective  ordinates,  leaving  1,550  million  gallons  addi- 
tional to  be  supplied  from  storage,  as  shown  by  the  new 
curve  of  runoff  from  Reservoir  No.  1  and  Reservoir  Xo.  2, 
plotted  at  ('  and  A'. 

If  the  assumed  maximum  rate  of  flow  that  can  be 
maintained  is  too  high,  the  rate  must  be  reduced  by  draw- 
ing a  more  nearly  horizontal  line,  until  the  necessary 
accumulated  flow  just  exhausts  the  storage  available,  as 
shown  at  D  ami  /■'. 

When  the  rate  of  flow  from  the  river,  without  subsid- 
iary watersheds  aiul  storage,  becomes  greater  than  the 
maximum  flow  that  has  been  maintained  with  the  aid  of 
storage  during  the  previous  month,  which  fact  is  indi- 
cated by  a  convergence  of  the  two  lines  indicating  total 
flows,  the  supply  from  the  subsidiary  watersheds  is  cut  off, 
as  shown  by  the  horizontal  lines,  and  the  reservoirs  begin 
to  fill.  While  the  reservoirs  are  filling,  the  sum  of  the 
ordinates  to  the  lines  representing  the  accumulated  flow 
of  the  subsidiary  watersheds  remains  a  constant  quantity 
excejit  as  slightly  affected  in  this  particular  case  by  the 
flow  from  Reservoir  Xo.3.  This  results  in  the  two  curves  of 
total  flows  remaining  parallel  until  the  reservoirs  are  full, 
when  they  begin  to  diverge  owing  to  overflows  from  the 
reservoirs.  Practically,  it  can  generally  be  determined 
by  inspection  at  what  point  the  greatest  depletion  in 
storage  will  take  place.  The  maximum  storage  lines  can 
then  be  drawn,  the  ordinates  summed  up,  added  to  the 
flow  of  the  main  river  and  a  maximum  flow  line  extended 
backward  to  a  point  of  tangency  with  the  curve  of  natural 
flow,  as  X-Y.  The  rate  that  this  line  represents  can 
then  be  calculated,  no  preliminary  trials  being  necessary. 

This  small-scale  diagram  having  been  completed,  it  is 
observed  that  the  minimum  conditions  occur  during  the 
late  fall  of  1915.  With  this  information  in  hand,  a  new 
curve  on  a  larger  scale  is  plotted  beginning  Apr.  1,  1911, 
when,  according  to  Fig.  2,  all  reservoirs  will  be  overflow- 
ing. This  curve  is  shown  in  Fig.  3  and  is  on  a  large 
enough  scale  to  make  a  detailed  study.  For  the  purpose 
of  representing  the  adaptability  of  the  diagram  the  fol- 
lowing conditions  may  l)e  noted:  First,  when  Reservoir 
Xo.  1,  which  has  a  storage  capacity  of  1,350  million 
gallons,  and  Reservoir  Xo.  2,  which  has  a  storage  cajiacitv 
of  200  million  gallons,  may  be  completely  drawn  off  dur- 
ing a  dr}'  year;  under  those  conditions  a  maximum  flow  of 
34  million  gallons  per  day  can  be  nuiintained  during  the 
dry  season.  Second,  when  owing  to  local  conditions  it  is 
not  advisable  to  draw  more  than  800  million  gallons  from 
Reservoir  Xo.  1,  200  million  gallons  still  being  available 
from  Reservoir  Xo.  2  ;  under  these  conditions  the  nuixi- 
mum  su])])ly  that  can  be  maintained  in  a  dry  season  is 
29.3  million  gallons  per  day. 

In  the  particidar  case  under  consideration  it  was  de- 
sired to  ascertain  what  increased  flow  might  be  obtained 
during  a  dry  .season  by  the  addition  of  another  storage 
reservoir  of  a  capacity  ecpial  to  Reservoir  Xo.  1.  .\s  this 
suggestion  was  a  tentative  one  it  was  assumed  that 
the  reservoir  to  be  constructed  would  be  exactly  similar, 
as  to  area,  ea])acity  and  contributary  watershed,  to  Reser- 
voir Xo.  1.  This  assumption  results  in  a  new  line  rejirc- 
senting  the  mass  curve  for  this  tentative  reservoir  exactly 
su|)erimf)osed  on  the  mass  curve  of  Reservoir  Xo.  1,  which 
fact  must  not  he  forgotten  in  considering  the  possibK) 
conditions  if  this  new  reservoir  were  in  existence. 
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It  also  results  iieeessaiily  iu  tlie  construction  of  a  new 
line  representing  the  flow  of  the  main  stream,  e.vchisive 
of  (.'ontributary  watersheds,  as  noted  on  the  diagram. 
Following  through  one  of  the  sets  of  conditions — that  in 
which  the  two  existing  reservoirs  can  be  completely 
drawn  off — we  find  that  in  order  to  maintain  in  a  year 
similar  to  1914-15  a  flow  of  at  least  34  million  gallons  per 
day  at  all  times  the  following  procedure  wouki  he  neces- 
sary : 

During  August  the  flow  of  the  watershed  would  be  less 
than  the  required  amount,  necessitating  the  addition  of 
water  from  storage  in  Reservoir  Xo.  1  to  the  amount  of 
about  50  million  gallons.  During  the  next  month  the 
amount  required  is  still  larger;  and  on  Xov.  1  this  reser- 
\oir  is  completely  drawn  off  and  a  further  quantity  is 
drawn  from  Reservoir  Xo.  2,  the  gates  of  Xo.  1  still 
remaining  open  in  order  to  utilize  whatever  water  natur- 
ally flows  from  the  watershed  of  Xo.  1  during  this  period. 

During  January,  1915,  on  account  of  increased  flow  it 
is  seen  that  neither  water  from  storage  nor  the  natural 
flow  from  the  subsidiary  watersheds  is  necessary  in  order 
to  maintain  a  flow  of  34  million  gallons  per  day,  and  all 
gates  are  closed,  resulting  in  the  line  of  accumulated  flow 
from  reservoirs  liecoming  horizontal.  The  progress  of 
filling  may  be  measured  at  any  point  by  the  ordinate 
between  the  line  of  natural  flow  of  the  watershed  and  the 
horizontal  line  representing  no  outflow.  It  will  be  seen 
that  Xo.  1  failed  to  fill  entirely  during  the  spring  of  1915, 
that  a  slight  draft  was  again  required  during  September, 
1915,  and  that  the  reservoir  did  not  entirely  refill  until 
December,  1915. 

In  this  method  of  treatment  there  are  three  factors  of 
more  or  less  importance,  which  are  not  taken  into  ac- 
count: First,  the  changing  area  of  water  surface  as  the 
reservoirs  are  drawn  down.  Tliis  factor  is  not  considered, 
in  view  of  indeterminate  features  of  such  an  investigation, 
as  of  great  importance.  Second,  losses  by  evaporation  or 
otherwise  in  the  passage  of  water  from  the  reservoirs  to 
the  point  under  consideration.  There  are  no  available 
data  on  this  point.  In  the  particular  investigation  under 
consideration  gagings  at  the  outlet  of  the  re.servoir  and  a 
point  several  miles  downstream  showed  no  losses  from  this 
cause.  Third,  no  account  is  taken  of  the  time  necessary 
for  the  passage  of  water  from  the  reservoirs  to  the  place 
under  consideration.  Except  in  the  very  largest  drainage 
;(reas  no  apprecial)le  error  would  be  due  to  neglect  of  this 
factor 

DesngEa  of  a  Wsitteff-  BifgiMe* 
By  Wi.vslow  II.  IlKusciiEi.t 

The  writer  was  recently  called  upon  to  design  a  500- 
kv.-a.  100-per  cent,  power  factor,  or  745  b.hp.,  turbine 
with  50-per  cent,  overload  capacity.  The  maximum  biad 
to  be  measured  on  test  was  somewhat  over  1,100  b.li|>. 
As  no  generator  was  available,  it  was  necessary  to  design 
a  dynamometer  of  sufficient  capacity  to  absorb  this  load. 

When  it  is  a  question  of  small  amounts  of  power  and 
^low  speeds,  a  fi-iction  brake  may  be  employed  in  which 
the  load  is  applied  by  brake  shoes,  ropes  or  bands  bearing 
on  the  circumference  of  a  wheel.  If  the  heat  developed 
is  considerable,  the  wheel  must  be  water-cooled,  but  this 
becomes   impracticable    for   very    large   loads.      The    fan 

•From  "Power."  July  25.  1916. 
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dynamometer    is   also   useful   for  small    powers   and   has 
been  used  to  some  extent  for  testing  automobile  engines. 

Xot  every  dynamometer  that  will  measure  large 
amounts  of  power  is  suitable  for  use  with  steam  turbines. 
The  torsion  dynamometer  could  not  be  used,  because  it 
measures  but  does  not  ab.sorb  the  power,  though  this  type 
of  transmission  dynamometer  is  well-adapted  for  use  on 
steamers  where  a  long  propeller  shaft  is  available.  The 
Alden  dynamometer  will  also  measure  very  large  powers, 
but  not  at  the  high  speeds  used  with  steam  turbines. 
A  cast-iron  disk  is  mounted  on  the  shaft  and  is  sur- 
rounded by  a  casing  to  which  are  attached  copper  plates 
that  lie  one  on  either  side  of  the  disk.  The  friction 
between  the  copper  plates  and  the  disk  is  varied  by  the 
pressure  of  the  water  admitted  to  the  casing.  Since  the 
disk  must  be  of  cast  iron,  the  peripheral  speed  is  limited 
to  about  7.000  ft.  per  min.  The  power  is  limited  by 
the  heat  that  can  pass  through  the  copper  plates,  so  that 
the   large-capacity   brakes   require   more   than   one   disk. 

The  simplest  water  brake,  the  only  type  of  dyna- 
mometer left  to  consider,  consists  of  one  or  more 
smooth  disks  mounted  on  a  shaft  direct-connected  to 
the  turbine  shaft  and  inclosed  in  a  casing.  In  our  brake 
the  tendency  of  the  casing  to  revolve  was  resisted  by  a 
lever  fastened  to  the  casing  and  acting  on  an  ordinary 
platform  scales,  in  place  of  the  spring  used  in  Froude's 
dynamometer.  For  convenience  in  calculating  the  horse- 
power the  length  of  lever  from  the  center  of  the  water- 
brake  shaft  to  the  point  where  the  lever  acted  on  the 
Scales  was  made  5  ft.  3  in.,  so  that  the  power  could  be 
calculated  Ijy  the  formula, 

W{2-Ji)n  _    W>i 
33,000     ~  1,000 
where 
11 


B.Iip. 


(1) 


Reading    of    [ilatform    si-alcs,    in    lb.; 
11    =  Revolutions  per  minute,  of  turbine  and  brake, 

from  tachometer ; 
7?  =  Length  of  lever. 
In  any  water  brake  the  water  must  be  supplied  to  the 
space  between  the  rotor  and  tlie  casing  in  sufficient  quan- 
tity to  prevent  the  formation  of  steam  in  any  consider- 
alde  amount.  The  required  rate  of  feed  of  water  may  be 
calculated  from  the  formula. 


Q  =  ir. 
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where 

'?  = 

I..  = 
"8  = 
To  fin 


Rate  of  feed  of  water,  in  1'.  S.  gallons  ])er  min.: 

Temperature  of  water  at  inlet,  in  degrees  F.: 

Tenqierature  of  water  at  outlet,  in  degrees  F. : 

The  mechanical  equivalent  of  heat. 

the  rate  of  feed  in  (uir  case,  we  must  assume 

values     for    the    tem]>eraturcs.       If    we    take    the    inlet 

temperature   as   80  and  the  outlet  temijerature  as  180, 

so    as    to   avoid    the   boiling   point   of   water   by  a  safe 

margin,  we  shall  have  a  rise  of  temperature  of  100  deg. 

F.      Introducing  this   value   and  that  of    1,100  for  the 

power  into  equation  2,  we  have 

1,100  X  33.000  ^„       , 

O  =  -  — =  5     r/iil.  per  mill. 

*-       778  X  100  X  8.32  ''       ' 

This   shows  that  care   must  be   taken   to   jirovide  l"i' 

an  am]ile  supply  of  water.     Furthermore,  since  the  roter 

acts   like   a    centrifugal    pump,    the   water   must  l)e  a"'' 

mitted    to   the   com]>artment    containing   the  rotor  at  " 

piiint    near   the   axis   of   mtaiiiin.   where   the   pressure  i'^ 
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ow.  The  power  absorbed  i.s  iiiereascd  by  throttling  the 
vater  as  it  escapes  fi-om  the  casing,  tlius  increasing  the 
ridth  of  the  ring  of  water  that  is  tlirown  to  the  circum- 
erence.  The  limit  of  jjower  is  reached  when  tlie  casing 
s  full  of  water  and  the  rate  of  flow  is  not  sntlicient 
o  prevent  the  formation  of  steam. 

The  water  brake  designed  to  meet  these  requirements 
onsisted  of  six  smooth  disks  24  in.  in  diameter,  such  as 
re  used  for  cutting  slate.  I']ach  rotated  in  a  separate 
ompartment.  with  a  V^-n^.  clearance  between  the  sides 
f  the  disk  and  the  walls  of  tlie  compartment.  Between 
ach  pair  of  disk  com])artments  was  an  annular  space 
14  ill-  wide  througii  wjiich  water  was  admitted,  entering 
trough  the  narrow  clearance  between  the  side  walls  of 
le  compartments  and  the  hubs  of  the  disks.  The  casing 
as  supported  on  roller  bearings  so  as  to  be  free  to  move 
ith  a  change  of  load.  To  equalize  the  supply  to  the 
mular  cells,  the  water  was  i}iinipcd  into  a  tank  placed 
irectly  above  the  casing  and  supjx)rted  on  it,  and  there 
as  a  pipe  connection  from  this  tank  to  each  cell. 
:   Proude  stated  in  his  paper  that  of  two  dynamometers 

different  size,  "their  respective  moments  of  reaction, 
ith  the  same  speed  of  rotation  in  each,  should  be  as  the 
'th  powers  of  their  respective  dimensions."     This  rule 

mid,  however,  not  suffice  to  calculate   the  dimensions 

a  dynamometer  of  a  new  type.     Tiic  cmniileto  formula, 

nation  3,  is  given  by  Eoetscher. 

7)5. 366,, 2  CO 


4.704  X  101 
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B.hp.  =    Maximum   pow<T  whieh   can   lie  absorbe 
one   disk: 
D  =  Diameter  of  disk  in  centimeters: 
n  =  devolutions  per  minute. 
This  formula  w  as  derived  from  tests  made  wiiii  a  ijrake 
ving  perforated   disks,   while  our   disks   were    without 
rforations,  .so  that  it  seemed  jiossiljle  that  equation  .'5 
'iild  give  a  power  somewliat   in   excess  of  what  could 
obtained  with  our  water  brake.     If  we  take  D  equal 
24   in.,  or  (il    centimeters,  and  n  equal  to  3.()00.  the 
nnal  S])eed  of  our  turbine,  the  equation  gives  230  hp. 
■  one  disk,  or  ].:3S0  b.h]).  for  the  si.x  disks.    The  excess 
■r  1,110  l).lip.  .-ieemed   suflicient  to  allow  for  any  lack 
power  of  tlu-  brake   oi-  superal)un(bince  of  jK)wer  of 
•  turbine. 

The  centrifugal    puiii|i  (^-nploycd  to  circulate  the  con- 

•  ising  water  as  well  as  to  raise  water  to  the  water-brake 

ik  was  su]>|josed   to   run  at    110  r.p.m.,   but  owing  to 

1  eaky  suction  pipe  and  lack  of  a  foot  valve  it  was  found 

1  -cssarj'  to  increase  the  speed   to  540  r.i>.m.     The  dis- 

<  irge  pipe  from    the  condenser   was  throttled   from   8 

<  ^rn  to  4  in.  in  diameter  at  the  end  where  it  discharged 
i  0  the  open  air.  After  the.se  changes  had  been  made, 
I  proved  po.^sible  to  raise  the  water  through  a  2io-in. 
I  le  to  tlie  water-brake  tank. 

The  ai)sence  of  a  loot  valve  and  the  impracticability 
c  applying  one  below  low  tide  caused  considerable  trouble 
1  ore  a  method  was  foiuiil  for  starting  the  centrifugal 
I  nip.  A  piston  pump  b(;longing  to  a  steam-engine 
I  ulenser  was  connected   with   the  suction   pipe  of   the 

<  itrifugal  pump  at  a  fxiint  a  few  feet  nearer  the 
ijake.  Futile  attempts  were  made  to  start  the  flow 
i|  the  suction  pipe  by  means  of  the  jjiston  pum|)  and 
tin  keep  the  water  flowing  by  means  of  the  centrifugal 
Unip  after  the   jtistori   iiuniii  was  stopfied.      .\n   ejector 


proved  successful  as  a  means  for  starting  the  centrifugal 
pump,  but  it  was  discarded  as  too  wasteful  of  steam. 
The  final  solution  was  to  place  a  flap  over  the  4-in.  end 
of  the  discharge  pipe,  already  mentioned,  and  e.xhaust 
the  air  through  a  pipe  attached  at  one  end  to  the 
priming  hole  of  the  centrifugal  pump  and  at  the  other 
to  the  exhaust  pipe  of  the  turbine. 

The  supply  of  water  to  the  water  brake  was,  to  the 
end,  somewliat  unreliable,  owing  to  the  increase  in  suc- 
tion head  at  low  tide.  Wien  at  times  the  supply  would 
entirely  fail,  the  water  in  the  water  brake  would  turn 
to  steam,  and  when  the  turbine  was  run  without  a 
governor,  the  consequent  racing  was  a  real  source  of 
danger.  When  the  tachometer  showed  a  rapid  increase 
of  speed  and  the  needle  appeared  to  be  about  to  start 
around  on  a  second  lap,  we  knew  that  there  was  no 
time  to  be  lost  in  closing  the  throttle. 

Considerable  trouble  was  experienced  with  the  water- 
brake  thrust  bearings,  which  were  replaced  first  by  ball 
bearings  and  finally  by  roller  bearings  similar  to  those 
that  had  given  satisfaction  on  the  turbine  from  the 
beginning.  Otherwi.se  the  water  brake  gave  complete 
satisfaction.  Trouble  was  experienced  at  times  in  trying 
to  weigh  large  loads  at  low  speeds,  but  as  long  as"  the 
normal  speed  of  3,600  r.p.m.  was  maintained  there  was 
no  difficulty,  although  the  load  varied  from  49  to  1,326 
b.hp.  It  will  be  noticed  that  the  maximum  power  meas- 
ured was  very  close  to  the  calculated  maximum  cajiacity 
of  the  brake,  1,380  b.hp.  Xo  measurements  were  made 
of  the  temperature  or  amount  of  cooling  water  used, 
but  it  is  safe  to  say  that  a  considerable  saving  was 
effected  by  using  salt  water  instead  of  city  water. 

In  the  cour.se  of  the  tests  the  question  arose  as  to 
the  proper  method  of  taking  observations.  It  is  of  course 
impossible  to  keep  the  readings  of  the  scales  and  of  the 
tachometer  absolutely  constant  by  adjusting  the  load  on 
the  water  brake.  There  will  be  unavoidable  variations 
in  boiler  pressure,  and  it  is  safe  to  assume  that  readings 
of  steam  conditions  at  regular  intervals  of  time  will 
give  the  best  average  values.  The  question  to  be  decided 
is  whether  readings  for  horsepower  must  be  made  at  the 
same  instant  as  readings  for  steam  conditions.  It  is 
evident  that  readings  of  W  and  n  in  equation  1  must 
be  taken  simultaneously.  But  to  take  readings  of  speed 
and  torque  at  regular  intervals  involves  taking  them 
during  changes  of  speed,  and  it  seems  preferable  to  take 
readings  only  when  the  scales  and  tachometer  are  steady 
and  the  speed  is  normal,  although  this  necessitates  taking 
readings  at  irregular  intervals  of  time.  Apparently  the 
reason  why  this  method  appears  wrong  to  many  engineers 
is  that  they  a.-isunie  that  the  consumption  will  vary  with 
the  speed  as  with  the  steam  engine  or  hydraulic  turbine. 
Yet  it  has  been  proved  by  theory  and  by  test  that  the 
weight  of  steam  that  will  pass  through  a  steam  turbine 
is  independent  of  the  speed  of  revolution. 

The  objection  to  taking  readings  at  regular  intervals 
of  time  is  that  when  the  speed  is  changing,  the  horse- 
power indicated  would  be  too  small  by  the  amount 
ex|)eiuled  in  aci-eleratiiig  the  rotor  on  a  rising  speed,  and 
too  large  by  the  amount  given  out  l>y  tlie  rotor  on  a 
falling  speed.  Although  tlie  few  tests  made  by  both 
methods  failed  to  indicate  any  substantial  dilfcrcnce  in 
result,  the  method  of  taking  readings  at  regular  intervals 
was  abandoned  on  account  of  being  less  convenient,  as 
well  as  lia\ing  no  Ibi'oi'ctieal  advantage. 
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TtuiKairaeE  MesidlaEa^  CSesiS'edl  Aftteir 

Recovery  on  Aii<;'.  20  of  four  bodies,  the  lai-t  of  nine 
killed  in  the  crib  heading  of  the  Cleveland  water  intake 
tunnel  on  July  24,  1910,  closes  the  account  of  the  serious 
accident.  Excavation  of  the  muck  in  the  heading  started 
a  few  days  after  the  accident,  and  after  the  recovery  of 
the  bodies  of  ten  rescuers  who  were  killed  by  gas  pois- 
oning when  they  entered  the  tunnel.  The  nuick  tilled 
the  heading  for  about  2To  ft.  back  from  the  face.  Work 
had  to  proceed  very  carefully,  as  concrete  lining  l)locks 
were  found  in  the  mass. 

On  Aug.  5,  after  about  35  ft.,  two  bodies  were  found. 
No  more  were  recovered  until  within  30  ft.  of  the  face; 
on  Aug.  18  two  were  found,  and  the  other  five  were  taken 
out  during  the  next  two  days.  One  of  the  last  two, 
lying  against  the  shield,  was  S.  H.  Yokes,  the  civil  en- 
gineer who  was  serving  as  acting  foreman  of  the  shift. 

Evidences  found  in  the  tunnel  prove  that  the  accident 
of  July  24  was  a  powerful  explosion.  Some  of  the  bodies 
found  near  the  face  exhibited  burns.  Violent  disturb- 
ance of  muck  cars,  rails,  and  the  concrete  block  lining 
showed  the  action  of  great  force.  As  to  conditions  at  the 
face  itself  nothing  coidd  be  learned  from  the  water-de- 
partment officials. 

Present  intentions  in  the  water  department  are  to 
abandon  the  heading  for  some  distance  back  of  the  face. 
There  has  been  talk  of  carrying  on  all  further  work  from 
the  land  heading,  which  is  now  about  2,000  ft.  from 
junction.  This,  however,  wonld  delay  completion  of  the 
tunnel  by  several  months,  and  correspondingly  postpone 
the  date  of  putting  into  service  the  new  West  Side  filter 
plant,  to  be  supplied  with  raw  water  through  the  new 
intake. 

On  account  of  the  divergence  of  the  land  heading  from 
true  line  (noted  in  an  item  in  another  column),  and  the 
desirability  of  bypassing  the  present  face  of  the  crib  head- 
ing with  its  gas  streak,  it  has  been  i)roposed  to  bring  the 
hind  heading  into  the  side  of  the  crib  heading,  making  this 
junction  well  back  of  the  present  face  of  the  crib  head- 
ing. Tf  fills  ])lan  is  followed  the  work  can  be  carried  on 
from  lioth  lu'adings. 


ami  tllhe  Foirest  Sttsites 

Secretary  Houston  of  the  I'liited  States  Department  of 
Agriculture  has  made  the  tentative  allotments  of  the 
$1,000,000  fund  for  Federal  aid  in  road  building  to  those 
states  containing  national  forests.  This  fund  is  separate 
and  distinct  from  those  created  by  the  Federal-aid  road 
act,  noted  in  Engineering  News.  Aug.  3,  p.  238. 

The  method  followed  in  apportioning  the  money  was 
as  follows:  Ten  per  cent,  of  the  amount  available  each 
year  will  be  withheld  as  a  contingent  fund.  One-half 
of  the  remainder  will  lie  allotted  to  Ihe  states  in  amounts 


which  will  be  based  on  the  area  of  national  forest  land 
in  each  state.  The  other  half  will  be  apportioned  on  a 
basis  of  estimated  value  of  timber  and  forage  resources 
which  the  forests  contain.  Amounts  apportioned  but  un- 
expended within  three  years,  and  any  iDalance  of  the  con- 
tingent fund  which  remains  unapportioned  at  the  end 
of  each  year,  will  be  reapportioned  on  the  same  basis  as 
the  original  allotments. 

The  tentative  allotments  to  the  principal  national  forest 
states  and  territories  are  as  follows:  Alaska,  $46,280; 
Arizona,  $59,795;  Arkansas,  $11,294;  California,  $140,- 
:63:  Colorado,  $62,335;  Idaho,  $108,010;  Montana^ 
$69,901:  Nevada,  $19,195;  New  Mexico,  $42,622;  Ore- 
gon, $127,794;  South  Dakota,  $8,115;  Utah,  $40,982; 
Washington,  $91,739 ;  Wyoming,  $40,566.  In  addition,  a 
total  of  $9,552  has  been  tentatively  assigned  to  Florida, 
Michigan,  ilinnesota,  Nebraska,  North  Dakota  and  Okla- 
homa, while  the  Eastern  States — Maine,  New  Hampshire,, 
Virginia,  West  Virginia,  North  Carolina,  South  Caro- 
lina, Tennessee  and  Georgia — in  which  the  government  is 
purchasing  lands  for  national  forests,  have  been  allotted 
a  total  of  $21,057. 

Tn  general  statei  and  counties  must  be  prepared  to 
lurnish  cooperation  equal  to  at  least  50%  of  the  esti- 
mated cost  of  surveys  and  construction.  This  cooperation 
may  be  in  the  form  of  money,  labor  and  materials,  or  the 
construction  of  roads.  Where  other  factors  are  equal, 
the  approval  of  a  project  may  be  determined  upon  the 
relative  amount  of  cooperation  offered. 

Acftnvsit©dl=SEmdlge  Pls\Ea(l  for 


The  first  racific  Coast  city  to  project  an  activated- 
sludge  plant  for  the  treatment  of  its  sewage  is  Hermosa 
Beach,  Calif.  C.  R.  Sumner  states  that  on  Aug.  1,  1916, 
the  trustees  of  that  city  authorized  the  construction  of  a 
"Brosius  system  of  activated  and  aerated-sludge"  treat- 
ment, a  sewage-ejector  plant,  and  an  ocean  outfall,  and 
that  it  is  expected  bids  will  be  received  on  Oct.  15.  191'i- 

The  activated-sludge  plant  will  consist  of  eight  coiicreti' 
tanks,  each  121/2  ft.  in  diameter  and  13  ft.  deep,  an 
electric  motor  and  a  high-pressure  blower. 

There  will  be  two  sewage  ejectors,  each  with  a  capacitv 
of  100  gal.  per  min.,  operated  by  electric  motor-driven  au 
compressors.  These  ejectors  will  force  sewage  tlirougli 
an  8-in.  cast-iron  force  main  1,800  ft.  long  against  ;i 
static  head  of  43  ft.  to  the  treatment  plant.  From  tlu- 
plant  there  will  be  an  ocean  outfall  consisting  first  of  83(' 
ft.  of  12-in.  vitrified  pipe,  then  1,380  ft.  of  12-in.  rein- 
forced-concrete  pipe  extending  to  the  shore  line,  and 
beyond  this  1.300  ft.  of  10-in.  cast-iron  ])ipe  laid  on  tli' 
ocean  bed. 

The  force  main  for  the  'lOO  ft.  length  nearest  to  tin 
treatment  plant  and  the  first  830  ft.  of  the  outfall  sewor 
will  be  laid  in  a  5y2x7-ft.  tunnel  lined  with  timber.  Tin 
estimated  cost  of  the  improvement  described  is  $27.00IK 


August  24,  1916' 
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Twe3rat5^°Fa^e  Mai©  Cs'^as© 

On  Aus:.  16  the  Ohio  State  Buihtinji-  of  the  Panama- 
Pacific  Exposition  was  placed  on  two  harges  and  started 
in  a  25-mi.  cruise  down  San  Francisco  Bay. 

The  structure  is  a  wood  frame,  stucco  covered  building, 
131.5  ft.  long,  80  ft.  wide  and  43  ft.  high.  It  was  placed 
it  low  tide  on  a  skidway  biiilt  out  over  the  bay,  and  two 
jOO-ton  barges  lashed  together  were  floated  into  position 
mderncath  it.  When  the  tide  rose  one  of  the  Exposition's 
argest  State  buildings  was  a  temporary  ark  of  gigantic 
limensions.    It  is  licina-  floated  to  San  Carlos,  San  Mateo 


of  the  action  of  the  Dejiartment  of  Agriculture  in  inviting 
the  states  to  assist  in  this  important  feature  of  the 
Federal-aid  work,  a  feature  in  which  the  law  gives  com- 
plete authority  to  the  Secretarj'  of  Agriculture,  as  a 
matter  of  fact. 


StaM   Few 

"Westl  Vair^aEiia©. 

Up  to  Aug.  21  the  United  States  Weather  Bureau  had 
few  data  on  the  rainfall  in  West  Virginia  from  Aug.  8 
to   10  further  than   those   included   in   the  mcacer  enrlv 
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!oimt)',  where  it  will   be  used  a; 
'cninsula  Country  Club. 

F.  S.  Buckuian  superintended  the  loading  of  the  Imild- 
ag  on  the  barges.  Three  tugs  moved  it  tlii-ough  the 
ater  at  the  rate  of  7  mi.  per  hr.  Captain  II.  P.  Ilurlburt 
as  in  charge  of  the  navigation. 

Stlafte  Rosidl  OlHfiicas5.Es  Conaifes' 

On  Aug.  IG  representatives  of  th.e  highway  departments 
f  37  states  and  of  the  governors  of  states  without  highway 
epartments  met  at  Washington  at  the  invitation  of 
)i rector  L.  W.  Page  of  the  Office  of  Public  Roads  and 
!ural  p]ngineering  to  consult  with  him  regarding  the 
hninistration  of  the  new  Federal  law  for  cooperative 
lad  building  by  the  nation  and  the  states.  The  law 
■quires  the  Secretarv'  of  Agriculture  to  draw  up  regula- 
ons  under  which  Federal  money  is  spent  by  the  stsites  on 
leir  roads.  Secretary  Houston  explained  the  purposes 
fid  significance  of  the  law  in  an  address  which  was 
eartly  ajtplauded  by  the  delegates.  Director  Page  stated 
lat  the  fundamental  object  of  Congress  was  not  to 
istribute  Federal  funds  to  the  .states,  but  rather  to  help 
jie  latter  to  organize  efficient  state  highway  departments 
]>  that  the  road  work  in  each  would  be  conducted  in  the 
jiost  economical  manner.  A  set  of  tentotive  regulations 
as  read  and  discussed,  and  the  report  of  the  discussion 
ill  be  used  by  Secretary  Houston  in  drafting  the  ap- 
roved  regulations.  At  the  close  of  the  meeting,  the  dele- 
ates  adopted  a  resolution  expressing  their  appreciation 


reports  not('(l  in  Kiiiiiiiccriiif/  A'''/r\  of  last  week.  A  co- 
o])erati\e  oljscrver  at  Madison,  Boone  County,  a  short 
distance  from  tlie  watershed  of  Coal  Creek,  reported  a 
rainfall  of  about  fi  in.  on  that  watershed  from  Aug.  f) 
to  17. 

The  hitcr  reports  to  the  United  States  Geological  Sur- 
vey are  only  slightly  more  informing.  The  gage  keeper  at 
McCorkle,  W.  Va.,  reports  that  the  flood  which  did  so 
much  damage  in  Coal  River  Valley  only  slightly  injured 
the  gaging  station  at  that  point.  The  stay  wire  was  caught 
by  drift  and  taken  out ;  the  cable  was  also  caught  by  drift 
but  it  did  not  break  and  he  thinks  it  was  not  injured. 
Gage  was  reported  uninjured.  The  highest  point  of  the 
rise  was  6  ft.  over  the  top  of  the  gage,  which  had  been 
placed  at  the  previous  high-water  mark.  At  Fuqua,  W. 
Va.,  which  is  below  the  confluence  of  the  Coal  and  Little 
Coal  Rivers,  the  gage  readings  jumped  from  3.73  at  7 :  30 
a.m.,  Aug.  9  to  +30  at  5  p.m.  of  that  day,  which  latter 
reading  was  4  or  5  ft.  higher  than  the  record. 

;*} 

An  InveNtiKatlon  o»  Gnrbnicr  LriclHlntlon  has  been  ordered 
by  the  State  Board  of  Health  of  Kansas.  S.  J.  Crumblne.  Sec- 
retary, C.  A.  Ha.skln!<,  Engineer,  and  the  Attorney  of  the 
Board  will  study  the  subject  and  prepare  for  submission  to 
the  next  Legislature  a  bill  designed  to  give  the  State  Board 
of   Health   control    of   garbage   disposal. 

The  Intorniitloniil  IVIckel  fo.  has  recently  filed  Incor- 
poration papers  at  Ottawa,  which  is  to  have  $5,000,000  capital 
stock,  and  is  to  have  its  headquarters  in  Canada.  This  is  the 
first  step  taken  by  the  International  Nickel  Co.  to  carry  out 
Its  agreement  with  the  Dominion  Government  for  the  estab- 
lishment of  a  nickel  reflning  plant  In  Canada. 

A  New  City  with  a  prospective  population  of  25,000  In  th. 
near  future  is  to  be  built  at  .Sparrows  Point,  Md.,  Just  outside 
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of  Baltimore,  in  connection  with  the  many  changes  and 
enlarg-ements  contemplated  there  by  the  Bethlehem  Steel 
Co.  interests,  which  have  recently  acquired  the  property  nt 
the  Maryland  Steel  Co.  As  a  preliminary  to  the  enlarged  city 
a  new  sewerage  system  and  disposal  plant  is  to  be  designed 
and  built  under  the  direction  of  Ezra  B.  Whitman,  of  the  firm 
of  Norton  Bird  &  Whitman,   Chicago  and  Baltimore. 

-V  Tunnel  Far  Out  of  Line  and  (irade — The  Cleveland  water 
intake  tunnel  is  said  to  diverge  165  or  170  ft.  from  true  line, 
and  to  be  10  ft.  above  true  grade.  These  figures  apply  to  the 
land  heading,  now  over  13.000  ft.  long  from  its  starting  point 
at  Crib  3,  7,800  ft.  out  from  shore.  The  divergence  from  line 
is  not  so  important  with  respect  to  the  use  of  the  tunnel  as 
the  divergence  from  grade,  since  the  latter  will  result  in 
making  a  summit  in  the  tunnel.  The  heading  driven  landward 
from  Crib  5  started  at  the  designed  elevation  of  the  intake 
end.  and  will  therefore  have  to  rise  in  order  to  join  with  the 
other  heading. 

A  Lons  Sea  Wall  is  to  be  built  by  the  City  Commission, 
Longport,  N.  J.,  which  is  at  the  southwest  end  of  the  island 
in  which  Atlantic  City  is  located.  Taking  advantage  of  the 
law  passed  last  year  by  the  State  Legislature  permitting 
municipalities  to  build  sea  walls  for  the  protection  of  beach 
fronts,  plans  and  specifications  are  to  be  prepared  for  the 
construction  of  a  concrete  sea  wall  more  than  a  mile  long. 
These  plans  will  be  prepared  by  the  Case  Coast  Construction 
Co.,  of  New  York  City.  It  is  estimated  that  the  approximate 
cost  of  the  sea  wall  will  be  $275,000.  The  wall  will  cover 
almost  the  entire  beach  front  of  Longport.  It  will  begin  at 
a  point  on  the  neck  of  the  island  in  Great  Egg  Harbor  Inlet 
and  run  for  a  distance  of  more  than  6,000  ft.  along  the  ocean 
front  of  Longport,  covering  all  of  the  improved  property  of 
that  municipality. 

Courses  of  In.structlon  for  Concrete  Foremen  and  Contrac- 
tors are  to  be  started  by  Wentworth  Institute  in  Boston.  The 
work  is  for  boys  and  young  men  and  is  given  with  the  idea 
of  training  them  for  a  future  along  these  lines.  The  institute 
has  set  aside  one  of  its  best  laboratory  rooms  for  this 
concrete  course  and  is  fitting  it  up  with  modern  testing 
machinery  and  other  necessary  equipment  to  make  possible 
various  determinations  that  will  illustrate  the  technical  as 
well  as  the  practical  sides  of  the  applications  of  concrete. 
The  first  sessions  will  begin  Sept.  IS.  This  work  has  been 
made  possible  largely  by  the  cooperation  of  the  Portland 
Cement  Association,  the  work  having  been  planned  by  its 
Extension  Division.  J.  C.  Donaldson,  Field  Engineer  of  the 
Extension  Division,  will  be  located  at  Wentworth  Institute 
for  some  time,  assisting  in  the  necessary  preliminaries  and 
afterward  in  starting  and  directing  the  course  along  the  lines 
planned. 

Calumet  Harbor  Development  at  Chicago  is  in  its  initial 
legislative  stage.  The  city  proposes  to  acquire  the  Lake 
Calumet  riparian  rights  from  shore  owners  before  under- 
taking to  determine  the  nature  of  development,  and  tentative 
contracts  for  the  acquisition  of  these  rights  have  been  nego- 
tiated. Ordinances  based  upon  these  contracts  have  been 
drafted,  but  before  further  action  is  taken  it  is  the  intention 
of  the  Council  Committee  on  Harbors,  Wharves  and  Bridges 
to  hold  meetings  for  the  discussion  of  the  contracts  and  or- 
dinances with  the  shore  owners.  These  meetings  will  be  held 
in  the  fall.  One  plan  proposed  provides  for  a  central  basin 
about  3,000  ft.  wide  and  2  mi.  long  (north  and  south),  with  an 
area  of  536  acres  and  6  mi.  of  waterfront.  The  south  end  of 
this  would  be  connected  with  the  Calumet  River  by  a  channel 
300  ft.  wide  and  2,000  ft.  long,  with  a  turning  basin  at  its 
junction  with  the  river.  The  harbor  basin  would  be  sur- 
rounded by  city  land  having  a  width  of  about  2,150  ft.,  with 
an  area  of  1,608  acres,  and  around  the  boundary  of  this  muni- 
cipal property  would  be  a  roadway  and  a  harbor  belt  railway. 
the  latter  having  spur  connections  to  the  various  industries 
and   main   lines. 


T.  K.  Leierare.  former  Assistant  City  Engineer  of  Columbi.i, 
S.  C,  has  been  made  City  Engineer. 

Robert  C'aldnell.  for  the  past  14  yeais  City  Engineer  of 
Beloit,  Wis.,  has  become  City  Engineer  of  Richland  Center, 
Wis. 

Charles  M.  Edwards,  Resident  Engineer,  New  York  State 
Highv/ay  Department,  has  been  promoted  to  be  Division 
Engineer. 

Charles  D.  Snead,  recently  Bridge  Engineer  of  the  State 
Highway  Commission  of  Virginia,  is  now  Bridge  Engineer  of 
the  State  Highway  Departnieni  of  Kentucky. 


Donald  S.  Dixon  has  been  appointed  Indu.strial  Agent  of 
the  Chicago  Great  Western  R.R.,  with  headquarters  in  the 
Continental  and  Commercial  Bank  Bldg.,   Chicago,  111. 

C.  B.  Sadler,  Assoc.  M.  Am.  Soc.  C.  E.,  has  been  made 
Pitometer  Engineer  of  the  Baltimore,  Md..  water  department. 
He  was  formerly  Assistant  Engineer  of  the  City  Sewerage 
Commission. 

Edmund  (ieUvix,  Assistant  Engineer  of  the  St.  Louis  &  San 
Francisco  R.R.,  Springfield,  Mo.,  has  been  appointed  Valuation 
Engineer  of  the  Kansas  City,  Clinton  &  Springfield  Ry., 
Springfield.   Mo. 

Alberto  J.  Pant,  a  Mexican  member  of  the  international 
commission  appointed  to  adjust  the  present  differences 
between  the  United  States  and  Mexico  is  a  prominent  civil 
engineer  and   railway  manager. 

Kenneth  H.  Osborn,  Assoc.  M.  Am.  Soc.  C.  E.,  Structural 
Engineer  of  the  Cleveland,  Ohio,  Board  of  Education,  has 
resigned  to  become  Chief  Engineer  of  the  Osborn  Engineering 
Co.,    740    Engineers'    Bldg..    Cleveland. 

La  Vera  J.  Charles,  M.  Am.  Soc.  C.  B.,  Construction  Engi- 
neer of  Elephant  Butte  dam,  New  Mexico,  has  resigned  frota 
the  United  States  Reclamation  Service  to  become  Assistant 
State  Engineer  of  New  Mexico,  in  charge  of  hydrographic  and 
stream   gaging  work. 

Henry  W.  Thornton,  former  General  Superintendent  of  the 
Long  Island  R.R.,  who  went  to  England  in  February,  1914.  as 
General  Manager  of  Great  Eastern  Ry.,  has  been  made  an 
honorary  lieutenant  colonel  of  the  engineering  and  railway 
corps   of  the    British   territorials. 

E.  E.  Hart,  Chief  Engineer  of  the  New  York.  Chicago  & 
St.  Louis  R.R.  (Nickel  Plate),  has  been  made  Chief  Engineer 
of  the  Cleveland  &  Youngstown  R.R.  also.  The  Superintendent 
of  Track  Maintenance  and  Construction  of  the  Nickel  Plate 
now  reports  to  the  chief  engineer,  instead  of  to  the  general 
manager,    as    formerly. 

Frank  J.  En^el  and  Herman  P.  Hevenor  announce  the 
formation  of  the  firm  of  Engel  &  Hevenor,  Engineers  and 
Contractors,  220  Broadway,  New  Y'ork  City.  Mr.  Engel  was 
recently  with  the  Boston  &  Albany  R.R.,  and  Mr.  Hevenor  has 
been  with  the  New  York.  New  Haven  &  Hartford  R.R.  and 
the   Brooklyn   Rapid  Transit  Co. 

YBuaeio  BonllIa.s,  M.  Am.  Inst.  M.  E.,  Mining  and  Civil 
Engineer  .and  Subsecretary  of  Communications  and  Public 
Works,  City  of  Me-^ico,  is  a  Mexican  member  of  the  inter- 
national commission  appointed  to  adjust  the  present  differ- 
ences between  the  United  States  and  Mexico.  He  is  a  graduate 
of  Massachusetts  Institute  of  Technology,  as  is  also  his  son, 
Y.  S.  Bonillas.  of  the  Copper  Queen  Consolidated  Mining  Co., 
of  Bisbee,   Ariz. 

H.  H.  Braun  has  been  appointed  General  Superintendent  for 
M.  P.  &  J.  T.  Davis  in  charge  of  building  the  government  dry 
docks  and  ship  yard  at  Quebec.  He  was  graduated  from  the 
University  of  California  in  1908.  He  was  Superintendent  of 
Construction  for  the  Arizona  Power  Co..  leaving  to  become 
Construction  Engineer  for  the  Mexican  Light  and  Power  Co. 
Later  he  became  Chief  Engineer  for  the  Mexican  division  of 
the  United  States  Smelting.  Refining  and  Mining  Co.  In  Janu- 
ary. 1912.  he  went  to  work  in  Spain  on  the  plants  for  the 
56,000-  and  36,000-kw.  hydro-electric  developments  of  the  Ebro 
Irrigation  and  Power  Co.  Since  the  outbreak  of  the  war  Mr. 
Braun  has  been  Engineer  for  E.  W.  Moir,  Representative  o( 
the  Ministry  of  Munitions  of  Great  Britain,  engaged  in  organ- 
izing the   munitions  supply  for  the   British   government. 

A.  B.  Fleteher,  M.  Am.  Soc.  C.  E.,  Highway  Engineer  and 
executive  officer  of  the  California  State  Highway  Commission, 
has  been  granted  a  temporary  leave  of  absence  in  order  to 
become  c:hiet  Engineer  of  the  U.  S.  Office  of  Public  Roads 
and  Rural  Engineering.  His  experience  as  the  Secretary  for 
many  years  of  the  Massachusetts  Highway  Commission 
brought  him  into  close  touch  with  road  work  in  the  Eastern 
States,  Later  he  was  in  charge  of  the  road  work  of  San  Diego 
County.  Calif.,  and  then  organized  the  state  highway  work 
of  California,  which  he  has  since  directed.  It  was  believed 
that  his  wide  experience  in  both  engineering  and  adminis- 
tration would  be  of  much  assistance  at  the  outset  of  thi- 
eooperative  road  work  of  the  nation  and  the  states,  and  his 
temporary  appointment  to  the  position  of  chief  engineer  Is  the 
result. 

Frank  Rhea,  M.  Am.  Soc.  C.  E.,  District  Engineer,  Eastern 
District.  Division  of  Valuation.  Interstate  Commerce  Commis- 
sion, has  been  appointed  Special  Agent  of  the  Bureau  "t 
Foreign  and  Domestic  Commerce,  United  States  Department 
of  Commerce.  He  will  undertake  an  investigation  of  the  field 
tor  American  railway  equipment  in  the  Far  East.  Australia 
and  South  Africa.  Mr.  Rhea  was  born  in  180,7  and  Wfts 
graduated    from    the    University    of    Pittsburgh    In    1886.      He 


Aiu-ni.'^t  24,  1910 


E  X  G  I  X  E  E  R  I  X  (I     X  E  AV  S 


383 


serve",  all  apprf ntlceship  with  the  Union  Switch  and  Signal 
70.,  Swissvale,  Penn..  and  after  spending  a  year  on  the  recon- 
struction of  the  signal  system  of  the  Pennslyyania  R.R.  at  the 
Broad  St.  station,  Philadelphia,  he  was  appointed  Gener.il 
F'oreman  of  Signals  of  the  Philadelphia  Terminal  division  of 
he  Pennsylvania  R.R.  He  was  subsequently  with  the 
:'lamond  Telephone  and  Manufacturing  Co..  of  Philadelphia, 
tnd  was  in  charge  of  the  railway  signal  department  of  the 
;eneral  Electric  Co.  when  this  business  was  transferred  to  the 
Jnion  Switch  and  Signal  Co.  in  1911.  His  later  experience 
vas  as  Assistant  and  Division  Engineer  of  the  Pennsylvania 
t.R. 

Clarence  D.  Pollock  and  Georee  A.  Tnber,  M.'s  Am.  Soc. 
■.  E.,  announce  the  formation  of  the  firm  of  Pollock  &  Tabcr, 
"onsulting  Engineers,  Park  Row  Bldg.,  New  York  City.  Mr. 
•oUock  has  for  some  time  maintained  an  office  at  this  address 
s  a  consulting  expert  on  paving  and  municipal  work.  He  was 
.irmerly  in  charge  of  paving  for  the  Boroughs  of  Manhattan 
nd  Brooklyn,  New  York  City:  Havana,  Cuba;  and  San  Antonio. 
'ex.  Mr.  Taber  has  been  engaged  in  water-supply  engineer- 
iig  for  over  15  yr.  He  has  successively  been  in  charge  of 
he  designing,  maintenance  and  construction  work  of  the 
)epartment  of  Water  Supply  in  various  Boroughs  of  New  York 
'ity,  and  for  three  years  was  engineer-in-charge  of  the  main 
fflce  of  the  Croton  Aqueduct  Commission,  during  which  time 
everal  large  masonrj-  dams  on  the  Croton  watershed  wei'e 
onstructed.  He  has  also  had  extensive  e.xperience  in  eonnec- 
'  on  with  the  development  of  water  power,  fire  protection, 
treet  cleaning  and  sewage  disposal,  and   in  the  valuation   of 

rivate    water    companies    for    municipal    and    state    purchase. 

e  will  retain  his  connection  -with  the  Polytechnic  Institute 
f    Brooklyn    as    consulting    professor    of    water-supply    and 

•wage  disposal. 

R.  A,  LnndqniKt.  Assoc.  Am.  Inst.  E.  E.,  Consulting  Engineer 
f  Minneapolis.  Minn.,  has  been  selected  by  the  Bureau  of 
oreign  and  Domestic  Commerce,  United  States  Department 
'  Commerce,  as  a  Special  Agent  to  study  markets  for 
ectrical  goods  in  China,  India,  Australia,  and  a  number  of 
her  oriental  countries  and  South  Africa.  Mr.  Lundquist's 
ork  will  be  to  ascertain  the  types,  qualities  and  costs,  of 
ectrical  apparatus  with  which  American  goods  come  into 
>mpetition,  as  well  as  to  look  into  the  general  opportunities 
•  r  the  sale  of  such  goods.  Before  leaving  on  the  trip  he  will 
lend  some  weeks  in  the  principal  business  and  manufactur- 
g  centers  conferring  "with  manufacturers,  exporters  and 
islness  houses  on  the  scope  of  the  investigation.  Mr. 
jndquist  was  graduated  from  the  University  of  Minnesota 
ISOo  with  the  degree  of  Electrical  Engineer,  following 
hich  he  spent  six  years  with  prominent  electrical  houses. 
nee  1911  he  has  been  in  business  for  himself  in  Minneapolis, 
lecializing  In  hydro-electric  and  transmission-line  work.     He 

the  author  of  "Transmission  Line  Construction — Methods 
id  Costs,"  and  has  contributed  numerous  articles  to  the 
chnical  press.  He  is  chairman  of  the  Minnesota  section  of 
e  American  Institute  of   Electrical   Engineers. 


*.  C.  Read,  President  of  the  Read  Railroad  Construction 
,  Philadelphia,  Penn.,  died  Aug.  18  from  pneumonia.  He 
18  formerly  Vice-President  and  General  Manager  of  the 
>lumbla  Construction  Co.,  of  Pittsburgh.  He  was  46  years 
age  and  was  a  graduate  and  trustee  of  Pennsylvania  State 
'"ege.  He  is  survived  by  a  widow,  one  son  and  two 
ughters. 

HonnrC  L.  Fieldini;,  employed  by  the  Plinn-O'Rourke  Co., 
c,  contractors  for  the  Ea.st  River  tunnels.  New  York 
bways,  as  engineer  in  charge  of  soundings,  was  drowned  on 
n?.  l*  while  on  duty.     His  body  has  been  recovered  and  will 

returned  to  his  home  in  New  Paltz,  N.  Y,  He  was  26  years 
I  and  had  been  employed  as  .Vssistant  Field  Engineer  on  the 
il«kl11  Aqueduct,  both  by  the  State  of  New  York  and  by  the 
Klion  Contracting  Co.  on  sections  up-state,  and  by  Booth  & 
Inn,  Ltd.,  on  New  York  City  sections. 

RrneHt  P.  Tnbor,  M.  Am.  Soc.  C.  E.,  Project  Managrer  for  the 

ilted   States  Reclamation   Service   of  the   Flathead   project, 

'itana.   died   on    Aug.    20,      Mr.   Tabor   was   born    in    1866   and 

heen  engaged  in  engineering  work  for  the  past  .lO  years. 

'he    Reclamation    Service    he    conducted    important    work 

•>  number  of  Western  States  and  had  charge  of  the  Flathead 

j"Ject    practically    from    Its    Inception,    Including    the    design 

|d   construction    of    irrigation    works   costing    upwards    of   a 

lllon  and  a  half  dollars. 


EHGIH^ERENG  SOCIETIES 


INTERNATIONAL,  AS.SOCIATION  OP  FIRE   ENGINEERS. 
Aug.    29-Sept.    1,      Convention    in    Providence,    R.    I.      Secy.. 
James  McFall,  Roanoke,  Va. 
ASSOCIATION  OF  EDISON  ILLUMINATING  COMPANIES. 
Sept.  4-7.     Convention  in  Hot  Springs,  Va.     Asst.  Secy.,  E.  A. 
Baily,   360   Pearl    St..   Brooklyn,   N.   Y. 
THE    TRAVELING   ENGINEERS'    ASSOCIATION. 

Sept.  5-S.  Annual  meeting  in  Chicago,  111.  Secy.,  W.  O. 
Thompson,  care  General  Offices,  N.  Y.  C.  R.R.,  Cleveland. 
Ohio. 

AMERICAN    FOUNDRYMENS   ASSOCIATION. 

Week     of    Sept.     11.       Annual     meeting     in    Cleveland,    Ohio. 
Secy..  A.  O.  Backert,  li'th  and  Chestnut  St.,  Cleveland,  (ihio. 
THE  AMERICAN   INSTITUTE  OP   METALS. 

Week  ot  Sept.   11.     .Meeting  in  Cleveland,  Ohio.     Secy.,  W.  .M. 
Corse,    106    Morris    .\ve..    Buffalo.    N.    Y. 
NATIONAL  ASSOCI.ATIOX  OF  STATIONARY  ENGINEERS. 
Sept.  11-16.     Convention,  Minneapolis,  Minn.     Secy.,  Fred  W. 
Raven,  417   S.    Dearborn   St.,  Chicago. 
MASTER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCIATION. 
Sept.    12.      Convention    in    Atlantic    City.      Secy.,    A.    P.    Dane, 
Reading,  Mass. 
RAILWAY  SIGNAL  ASSOCIATION. 

Sept.    12-14.      Convention    in    Mackinac    Island.      Secy.,    C.    C. 
Rosenburg,   Myer.s  Building,   Bethlehem,   Penn. 
NEW  ENGLAND  WATER-WORKS  ASSOCIATION. 

Sept.    13-1.5.      Convention     in     Portland,    Me.      Secy.,    Willard 
Kent,   Narragansett   Pier,    R.    1. 
ILLUMINATING    ENGINEERING   SOCIETY. 

Sept.   lS-20.     Convention   in   Philadelphia,   Penn.     Asst.   Secv., 
C.  D.  Fawcett,  29  West  39th  St..  New  York,  N.   Y. 
-ASSOCIATION    OP    IRON    AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 
Sept.  lS-22.     Convention  in  Chicago.     Secv.,  W.  O.  Oschmann, 
Oliver   Iron   and   Steel   Co..    Pittsburgh,    Penn. 
ROADMASTERS    AND    MAINTENANCE    OP    WAY    ASSOCI.A- 
TION   OF   AMERICA. 
Sept.  19-22.     Convention  in  New  York  City.     Secy.,  P.  J.  Mc- 
Andrews. 
.VMERICAN    PEAT    SOCIETY. 

Sept.    21-23.      Annual    meeting    in    Washington,    D.    C.      Secy., 
.Tulius  Bordollo,    Kingsbridge,   N.    Y. 
AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS. 

Oct.    9-13.      Convention    in    Newark,    N.    J.      Secy.,    Charles    C. 
Brown,   Indianapolis,   Ind. 
AMERICAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.    9-13.      Convention    at   Atlantic    City,    N.    J.      Secy.,    E.    B. 
Burritt,    S    West   40th   St.,    New   York   City. 
.AMERICAN    RAILWAY    BRIDGE    AND    BUILDING    ASSOCIA- 
TION. 
Oct.   17-19.      Convention   in  New  Orleans.   Secy.,   C.   A.   Lichtv, 
C.  &  N.  W.   Ry.,  Chicago. 
AMERICAN   GAS   INSTITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  G.  G.   Rams- 
dell,  New  York.  N.  Y. 
AJIERICAN  PUBLIC  HEALTH  ASSOCIATION. 

Oct.    24-27.      Convention    in    Cincinnati,    Ohio.      Secy..    I'lof. 
Selskar  M.  (5unn.  Boston.  Mass. 
The  American   rhemical    Society  at   its  annual   meeting,    to 
be  held  in  New  York  City,  Sept.   2.')-30.  will  conduct  a  sympo- 
sium on  "Occupational   Diseases." 

The  >'en'  Yorii  .State  AMNOciation  »(  County  Superlnteiiilriit  ^ 
of  Hiiihn-ayH  will  hold  its  annual  meeting  at  the  Court  llou.se, 
Syracuse,  N.  Y.,  Sept.  14  and  15.  There  will  be  morning  sessions 
onl.v.  The  chairman  of  the  executive  committee  is  George  >^. 
Tibbits:   the  secretary  is  Dwight   B.  Coleman. 

The  Iowa  and  lllinoiN  .Sections  of  the  American  Water- 
Works  Association  will  hold  joint  meetings  Oct.  10  and  11, 
in  Davenport.  Iowa,  and  Moline  and  Rocli  Island,  111.  In 
Davenport  the  headquarters  will  he  the  Hotel  Blacli  Hawk. 
The  final  business  session  on  Oct.  10  will  be  held  at  7:30  p.m. 
and  will  be  adjourned  In  time  for  the  smoker  at  9.  The  next 
day,  at  9:30  a.m.,  the  members  of  both  sections  will  assemble 
at  the  filter  plant.  Rock  Island  Arsenal,  going  thence  to  the 
main  pumping  station  of  the  Davenport  Water  Co.,  where 
lunch  will  be  served.  There  will  be  a  number  of  other  inspec- 
tion trips.  Jack  J.  Hinman.  Jr.,  ot  Iowa  City,  Is  secretary  of 
the  Iowa  section. 

The  American  InKtitute  of  Klcvtrleal  BnKineerH,  at  a  meet- 
ing of  the  Hoard  of  Directors  In  New  York  City  on  Aug.  S, 
voted  to  rename  some  of  the  existing  technical  committees 
as  follows:  Committee  on  Transmission  to  be  renamed  Trans- 
mission and  Distribution;  Rallwa.v,  to  Traction  and  Transpor- 
tation: Industrial  Power  to  Committee  on  Electricity  for  In- 
dustrial and  Domestic  Use;  Electric  Lighting  to  Lighting  ami 
Illumination;  Protective  Apparatus  to  Protective  Devices; 
Electrochemical  to  Electro'diemlatry  and  Electrometallurgy: 
Records  and  Appraisal  of  Properties,  to  Committee  on  Econo- 
mics of  Electric  Service.  Upon  recommendation  of  President 
Buck  and  the  Meeting  and  Papers  Committee,  it  was  decided 
to  liold  the  October  Institute  meeting,  In  Philadelphia,  omit- 
ting the  usual  New  York  meeting.  The  December  meet  In 
will    be    held    in    Boston. 
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impeller;  these  allow  i-e.storing  initial  tightness  of  stage  joii 
without      fitting.        There      is      a      hydraulic      thrust-balan0 
device  consisting  of  a  revolving  disk  at  the  high-pressure 
in   a   cylinder  supplied    with   water  at   high   pressure.      Stufl 


Electric-Motor-Driven    Diaphraf^m    Pumps 

For  contracting  work  in  large  cities  electric  power  is  often 
found   to    be   cheaper  and   more   convenient   than    either   steam 
or  air.     To  meet  the  demand   for  motor-driven  equipment   the 
Domestic    Engine    and    Pump    Co..    of   Shippenburg,    Penn..    has 
produced   a  line   of   electric-motor-driven 
pumps.     On  account  of  variation  in  volt- 
age   requirements,    make    of    motor,    etc.. 
prices  are  quoted  only  on  the  pump  and 
mounting.     Prices  range  from  JSO  to  $120 
for  single-diaphragm   pumps,   to   $190   for 
doui)le   diaphragm. 

Air  Lift   for  Injector 

A  foot-piece  for  air-lift  pumping  from 
deep  wells,  known  as  the  "Baker  In- 
jector," is  being  made  by  the  Chicago 
Pneumatic  Tool  Co.,  and  is  shown  in  the 
accompanying  view.  The  air  is  injected 
into  the  water  through  a  small  nozzle  at 
high  velocity.  It  is  claimed  that  no 
"booster"  (vented  separation  chamber)  is 
required  to  raise  the  water  above  the 
surface  level,  as  to  a  tank. 


ato 


Feed   for  Concrete  Mixers 

tic    device     for    delivering 


BAKER  INJECTOR 


water  to  a  concrete  mixer  is  shown  in 
the  accompanying  sketch.  The  supply 
hose  is  attached  to  the  1-in.  bottom 
pipe,  where  a  three-way  valve  is 
fitted.  When  the  handle  is  pulled 
down,  the  valve  is  opened  to  the 
d  water  will  enter  the  tank,  a  float  valve 
utomatically    when    the    tank    is    full.      When 


supply    pipe 
being    closed 

the  handle  is  pushed  up,  the  three-way  closes  the  supply  con- 
nection and  opens  the  discharge  connection,  allowing  the  wa- 
ter to  flow  from  the  tank  to  the  mixer.     In  the  discharge  pipe 


AUTOMATIC    WATER   FEEDER 


is  a  U-shaped  loop  of  2-in.  pipe  with  swivel  Joints,  and  the 
amount  of  water  discharged  from  the  tank  can  be  adjuste<l 
or  varied  by  shifting  this  loop  to  different  angles,  the  amount 
discharged  being  that  between  the  top  of  the  tank  and  the 
top  of  the  loop  pipe.  In  the  vertical  position  the  amount  sup- 
plied is  at  its  minimum,  but  if  the  loop  is  horizontal  the  full 
contents  of  the  tank  will  be  discharged.  This  device  is  .a 
specialty   of   the   l.,akewood   Engineering  Co.,   Cleveland,   Ohio. 


Hlsh-Spced   Centrlfiiii-'al   Pump 

A  new  high-speed  multi-stage  boiler-feed  centrifugal  pump 
is  being  manufactured  by  the  Cameron  Steam  Pump  Works,  of 
New  York  City.  It  is  designated  as  their  "BT"  type.  Ade- 
quate vane  length  with  an  impeller  of  small  external  diam- 
eter has  been  secured  by  bringing  the  vanes  well  down  into 
the  hub.  The  shaft  is  protected  with  bronze  sleeves  wherever 
11  would  be  in  contact  with  the  water  pumped.  The  impellers 
(Inclosed  type)  are  one-piece  castings.  Surrounding  each  hub 
are  a  pair  of  rings,  one  attached  to  the  casing  and  one  to  the 
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boxes  are  deep  and  water  sealed  by  lantern  glands  connectei 
to  the  pump  discharge.  The  bearings  are  self-aligning  ring 
oiling  and  horizontally  split.  This  type  is  intended  for  steam 
turbine   drive. 


Lon-I'riccd   Motor  Car 

A  low  priced  ($540)  commercial  motor  car  having  a  ca- 
pacity of  1,000  lb.  burden  has  been  announced  by  the  Sheridan 
Commercial  Car  Co.,  1509  South  Michigan  Boulevard,  CljJ' 
cago.  The  motor  (22  hp.  at  1,800  r.p.ni.)  has  four  3%x4-;" 
c,\'lin(lers  and  thermo-siphon  cooling  system.  The  wheel  ba_ 
is  104  in.;  tread.  36  in.;  road  clearance.  10  in.;  weight.  1,50C  T 
lb.  The  chassis  carries  a  sliding-gear  transmission  with  thro 
speeds  forvi-ard  and  one  reverse.  The  clutch  is  a  multiph: 
disk  type.  The  drive  is  through  shaft  and  bevel  gears  will 
the  pinion  shaft  in  a  housing  on  two  roller  bearings.  Tlu 
frame  is  of  pressed  steel  channels.  Forward  spi'ings  are  semi 
pllililionl:    rear   springs    three-quarters.      Wheels   are    30x3  in 


.sniOKlDAN    l.OOO-I.B.    CAR 

of  hickory  and  fitted  with  ball  boaring-s  front  and  roller  beat- 
ings rear.  Wiie  wheels  are  optional.  Oversized  non-skiil 
31x3i.L,  in.  tires  are  fitted.  The  body  is  of  hardwood  and  sheii 
steel,  44x56  in.  The  top  is  made  of  matched  strips  covere.l 
with  waterproofed  cloth;  side  and  rear  curtains  are  of  tl"' 
same  material.  There  are  two  acetylene  headlights,  two  c" 
side  lamps  and  one  oil  tail  lamp. 

(iaNoilne   !<witcbinK    Liocomotive 

A  22-ton  gasoline  switch  engine  has  been  made  by  th>' 
Haldwin  I.ocomotlve  Works  for  the  Erie  R.R.  In  Chicago.  A 
four-cylinder  engine  gives  500  tons  hauling  capacity. 


BlpOT^I 
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:rgiig'Ihitt( 


BimtL  h)Y  Flloodl 


The  complete  reconstruction  of  the  Susquehanna  River 
•idge  of  the  Cumberland  Valley  R.R.,  at  Harrisburg, 
enn.,  is  being  carried  on  from  a  working  trestle  built  on 
le  rock  floor  of  the  river  and  extending  alongside  the 
idge.  The  trestle  consists  of  timber  bents  set  on  sills 
1  the  river  bottom,  the  rock  preventing  the  driving  oi 
,  les.    Tlie  sti'iking  feature  of  the  stiur-ture  is  the  use  of 


In  order  to  build  another  trestle  it  was  necessary  either 
to  buy  more  beams  or  straighten  the  ones  recovered. 
Economy  urged  the  latter  course,  and  the  blacksmith  of 
the  Robert  Grace  Contracting  Co.  was  called  upon  to 
perform  this  dilficult  task. 

The  views  and  sketch  sIkuv  tli<'  nictliod  used  to 
straighten   tlie   lieanis.     Tun  aiii-poli's   wim-c  eriM-ti'il   and 


TRK.STI.r;    STRINGERS    BKNT    BY    FLOOD,    AWAITING   STRAIGHTBNI.NCJ    BY    FIKE,   HAKKISBURG   BRIDGE, 

CUMBERLAND  VALLEY  R.R. 


ft.  l.")-]!!.  T-bcanis  for  stringers.  These  are  not  drilled 
I  would  have  brought  a  good  price  at  the  end  of  the 
•ion.  However,  an  unexpected  and  disastrous  flood  in 
le  wa.shed  out  the  trestle  and  wrapped  the  I-beams 
und  the  concrete  pier  noses.     Fig.  1  irives  .■iome  idea  of 

deformation. 

'   wa,s  ini[)(Tative  that  a  new  trestle  be  erected  just 

on  as  tlie  water  went  down  sufficiently.    In  the  mean- 
recovery  of  the  beams  went  forward.     A  Browning 

",  witii  (10-ft.  boom,  running  on  top  of  the  bridge 
ifd  up  tlie  beams  from  the  river  and  transported  them 
in  island  tliat  is  crossed  by  the  Susquclianna  bridge. 

there  was  but  one  track,  this  fishing  ha<l  to  be  done 
.veen  trains,  so  as  nnt  Id  interrupt  traffic 


guyed,  and  one  of  the  deformed  beams  was  .su.si)endcd 
between  the  poles,  with  the  convex  side  toward  the  ground. 
Under  the  curved  portion  a  (ire  was  i)uilt  of  waste  from 
the  wood  forms. 

As  the  bend  iieated,  the  two  ends  of  the  beam  iiegan  to 
lower.  The  beam  was  then  guyed  to  deadnien  so  tliat  it 
would  straighten  true  to  its  original  line.  It  dropped 
down  on  rails  ])laced  to  receive  it.  The  work  was  accom- 
plished in  a  very  satisfactory  manner.  Some  of  tiic 
straiglitened  ix'ams  are  shown  in  the  foreground  of  Kig.  1. 
These  i)eams  are  now  ein|)loyed  in  the  new  trestle  built 
since  the  flood.  They  are  I'litirely  satisfactory  for  this 
service,  although  minor  kinks  remained  and  they  could 
liardlv  have  bcfii  used  in  a  structural   frame. 
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The  trestle  consists  of  sis-post  bents  on  four  plumb 
posts  and  two  batter  posts,  23  ft.  apart  on  centers :  12x12- 
in.  caps;  2x6  sash  timbers  and  bracings;  four  stringers, 
lo-in.  I-beams  under  each  rail.  The  ;0-ft.  I-beams  alter- 
nated with  24-ft.  lengths,  the  long  ones  in  each  case  facing 
an  arch  span,  while  the  short  length  is  at  the  pier.     The 


FIG.  4.    SETUP  FOR  STRAIGHTENING  A 


0-FT.  I-BEAM 


lengths  lapped  each  other  without  connection,  no  rivets 
or  bolts  being  used.  Rail  spikes  held  the  beams  down  on 
the  caps.  Midway  between  them  the  beams  were  braced 
by  bridging  consisting  of  plank  diaphragms  cut  in  between 
the  beams  and  a  pair  of  transverse  clamping  strips  above 
and  below  the  beams,  tied  together  at  the  ends  by  bolts. 

The  trestle  carried  two  tracks,  the  two  inner  rails  being 
of  standard  gage  to  permit  the  operation  of  a  locomotive 
crane.  The  dinkeys  and  concrete  cars  run  on  the  two 
narrow-gage  tracks.  There  is  a  double  turnout  from  these 
narrow-gage  tracks  into  the  mixer  siding.  The  trestle 
is  extended  around  the  mixing  plant  and  material  trestle 
so  that  the  cars  can  be  drawn  out  on  the  main  portion 
of  the  trestle  and  then  backed  around  the  mixing  plant  to 
a  position  convenient  to  the  island  spans.  These  spans 
are  concreted  by  the  Bro^vning  crane  noted. 

The  new  bridge  at  Harrisbiirg,  as  described  in  Eiigi- 
neering  News,  ilar.  23,  1916,  p.  537,  is  a  two-track  rein- 
forced concrete  viaduct,  made  up  of  45  arch  spans 
averaging  76  ft.  each.  It  is  being  built  in  two  longi- 
tudinal halves,  the  first  having  been  completed  in  1015 
and  the  second  now  approaching  completion.  F.  P. 
Kemon  is  superintendent  for  the  contractor,  while 
Crosby  Tappan  supervises  the  work  for  the  Cumberland 
Valley  R.R.,   under  the   direction  of   T.   H.   Kennedy. 


tac  vu.oiacir'euainig 
Its  DevelopsiaeEat 

By    J.    11.    GliAHAM* 

Some  eight  or  nine  years  ago,  several  engineers  separ- 
ately conceived  the  idea  of  conveying  concrete  througli 
pipe  by  means  of  compressed  air  or  steam.  The  first 
attempts  were  to  convey  concrete  made  up  of  compara- 
tively small  stone  (1  in.)  through  4-in.  pipe.  The  great- 
est difficulty  encountered  was  the  constant  clogging  of 
the  pipe,  owing  to  arching,  or  toggle-like  packing  of  the 
concrete.  The  natural  inclination  was  to  enlarge  the  pipe 
and  not  to  hunt  for  the  cause  of  the  clogging.  Experi- 
ments were  made  first  with  4-in.  pipe,  then  6-in.  and  fin- 
ally 8-in.  pipe,  with  only  imperfect  success. 

When  the  writer  first  came  in  touch  with  the  pnetnuatic 
process,  some  five  years  ago,  tlie  tendency  was  to  increase 
the  size  of  pipe  to  10  in.,  to  relieve  the  clogging.  The 
writer  took  issue  with  this  theory  at  once,  on  account  of 
the  cost  and  difficulty  of  moving  large-size  pipe,  and  the 
waste  of  power  or  compressed  air. 

The  first  pneumatic  conveyors  consisted  of  a  cast-iron 
hopper  with  air-worked  door,  capable  of  handling  a  charge 
of  about  12  cu.ft..  the  bottom  of  this  hopper  being  funnel- 
shaped  and  entering  into  a  conveying  pipe.  It  was  found 
that  it  was  necessary  to  apply  compressed  air  at  the  top 
of  the  hopper  or  above  the  mass  of  concrete  in  order  te 
feed  it  into  the  pipe,  and  also  inject  compressed  air  at 
the  bottom  of  the  pipe,  acting  in  the  direction  of  the  pipe 
line,  this  bottom  feed  being  the  means  of  propulsion 
through  the  pipe  line.  At  Tallulah  Falls,  Ga.,  the  writer 
found  that  by  properly  balancing  the  pressures  at  top  and 
bottom  inlets,  concrete  could  be  fed  into  the  pipe  without 
clogging,  liut  this  balancing  of  pressure  depended  entirely 
upon  the  skill  of  the  operator.  Properly  operated,  the 
machine  gave  very  good  results,  conveying  concrete  at 
Tallulah  Falls  (in  1912)  to  a  maximum  distance  of  some, 
1,100  ft. 

I'xperience  showed  that  cast-iron  hoppers  are  unsai^ 
as  on  occasions  they  would  explode  from  high  pressure, 
and  later  a  sheet-metal  hopper  was  designed,  (|uick-acting 
valves  being  placed  on  the  air  inlets. 

♦President.  Pneumatic  Placing  Co.,  2  Rector  St.,  New  Tor 


FIGS.   2   AND   3.    TWO  VTKW.'?   OF   BEAM-STRAIGHTENING    PROCESS 
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Various  facts  were  learned  during  the  early  worlc : 
The  rehitive  size  of  stone  had  no  elt'ect  upon  clogging; 
i-mall  stone  would  clog  as  quickly  and  as  easily  as  large 
stone.  Gravel  would  clog  easier  than  crushed  stone,  and 
small  gravel  easier  than  large  gravel  (this  in  8-in.  pipe). 
If  a  clog  occurred  and  was  found  to  be  absolutely  air-tight, 
it  would  be  impossible  to  remove  it  l)y  any  amount  of 
pressure  applied.  On  the  other  hand,  with  even  the  very 
smallest  opening  through  the  mass  of  concrete  for  a  whis- 
per of  air  to  pass,  tapping  of  the  pipe  when  pressure  was 
iippliod  would  remove  the  clog. 

Where  hopper-type  conveyors  have  been  employed  they 
have  also  been  used  as  mixers,  there  being  a  mixing  action 
ivhile  the  materials  were  blown  through  the  pipe.  The 
nixture  has  generally  passed  the  requirements  of  engi- 
leers  throughout  the  country. 

During  1913  and  1914  successful  work  attracted  a 
;reat  deal  of  attention  to  the  pneumatic  mixer,  notably  on 
oundations  for  the  Ontario  Power  Co.  at  Niagara  Falls: 
•n  the  0.  K.  Creek  sewer  tunnel  in  Kansas  City,  Mo. :  a 
,  unnel  under  the  Interborough  power  house  at  74th  St., 
'  New  York  City;  an  abutment  wall  at  Akron,  Ohio ;  foun- 
lations  for  the  Otis  Steel  Co.  at  Cleveland,  Ohio,  etc. 
'liese  were  for  one-bag  batches,  except  that  on  the  Ontario 
'ower  Co.  work  the  first  two-bag  l)atch  or  20-cu.ft.  mi.xer 
•as  tried,  and  after  a  few  slight  changes  in  the  ho))per  was 
uceessful. 

During  191.5  the  pneumatic  process  proved  itself  as 
-pecially  adapted  for  lining  tunnels — the  Kennerdell  tun- 
I'l :  the  Mill  Creek  sewer  tunnel,  St.  Louis :  Mile  Rock 
inncl.  San  Francisco;  aqueduct  tunnels,  Los  Angeles; 


I'li;,    1.     lidTARY    CCJ.NCKKTli   JIIXEU   .VTTACHHD   TO 
I'NEUJIATIC    DISCHARGE 

imly  Ridge  tunnel.    .\s  much  as  $2  per  cu.yd.  wa.s  saved  ; 
e  labor  cost  in  many  instances  was  not  more  than  10c. 

cu.yd. 

'Ill  outside  work  I  hi'  conveyors  did  not  prove  so  succcss- 

l)ecanse    of    the    large    amount    of    compressed    air 

•<«ary  and  the  difficulty  of  moving  the  8-in.  pipe. 

Ml   the   theory   that  tlic   process   should   be   made   of 

'Tsal  application  on  all  kinds  of  concrete  work,  the 

"T  placed  it  on  every  type  of  work  on  which  the  engi- 

r  or  contractor  would   allow  it  to  lie   ])laced.      More 

latile  data  and  experience  were  gained  from  the  fail- 

■  than  from  the  successes.     Several  years  of  both  suc- 

-   and    failure    left   the    following    deductions:      (1) 

jiialier  pipe  is  necessary  in  order  to  give  flexibility  of 


<listril)ution.  (2)  The  amount  of  compressed  air  wasted 
in  the  ojieration  should  be  conserved,  as  the  compressed 
air  used  was  not  doing  its  maximum  amount  of  work. 
(3)  The  possibility  of  clogging  should  be  eliminated,  and 
the  process  should  lie  made  fool-proof.  (4)  Extreme  care 
in  the  manif)ulation  should  not  be  necesssary;  the  opera- 
tion ought  to  be  put  upon  the  plane  of  ordinary  lalior. 
(."))  Tlie  flow  of  the  concrete  through  the  pipe  should 
be  unifdi'm  and  under  uniform  pressure,  eliminating  the 


FTO.    2.    SEPTIOX    THROrOTI    MIXER 

kick  or  jar  in  the  pi]ic  line  ihic  to  the  uneven  distribu- 
tion of  pressures  within  the  batch  of  concrete  as  it 
passes  through  the  liiiic. 

Two  years  ago  it  was  found  possible  to  convey  concrete 
through  pipe  the  diameter  of  which  equaled  twice  .the 
diameter  of  the  stone;  in  other  words,  li-^-in.  stone  would 
require  3-in.  pipe,  2-in.  stone  4-in.  pipe.  This  decrea.se 
in  the  size  of  the  pijw  from  8  in.  decreases  the  amount  of 
air  necessary.  Further,  by  a  mechanical  arrangement  de- 
veloped recently,  the  flow  of  the  concrete  in  the  conveying 
pipe  can  be  controlled.  These  two  developments  have  re- 
sulted in  the  design  of  a  radically  new  machine.. 

;\li\i:i;  WITH  .\ii;  Discii.viiGK  for  FNivKiisAt.  Sehvici: 

The  nuichine  is  a  unit  which  combines  tlu>  action  of 
iiiechanical  mixer  and  pneumatic  conveyor.  Tlie  outlet 
|;)ipe  is  nuulc  to  .suit  the  quantity  of  concrete  desired  per 
liour  or  per  day,  the  size  of  stone  used  being  oidy  a  minoi- 
factor.  The  construction  is  such  that  the  flow  of  the 
concrete  into  the  ))ipe  is  uniform. 

It  has  been  found  that  the  time  i-equinnl  for  conveying 
a  given  amount  of  concrete  is  practically  the  same  foi- 
small  pipe  as  for  large  pipe.  Tlius,  by  varying  the  flow 
the  velocity  of  outflow  can  be  regulated  to  suit  location 
and  purpose. 

One  form  of  the  machine  is  shown  by  the  ])hotograi)h. 
The  air  inlet  here  is  at  the  right,  discharge  at  the  left, 
through  the  trunnion.  The  charging  door  is  at  the  left, 
outside  the  trunnion  box.  In  the  interior  are  two  circles 
of  mixing  blades  and  a  small  middle  hop]ier,  with  con- 
trollable connection  to  the  discharge.  Air  can  be  ad- 
mitted both  below  and  al)()ve  the  hopjier. 

Changed  design,  indicated  in  liie  sketch,  includes  com- 
bining air  iidet  and  discharge  at  the  same  end  of  the 
machine,  and  using  a  central  charging  door  in  the  other 
end.  This  door,  operated  !)y  air,  makes  it  possible  to 
(■harg(!  while  the  machine  is  running. 
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E-isgasaeeiPBini^  Be  Avoadled? 
By  W.  M.  Wilson* 

In  discussing  the  efficiency  of  engineering  schools,  it 
ia  well  to  remember  that  a  university  is  about  the  only 
factoiy  that  attempts,  to  produce  a  high  grade  finished 
product  without  adequate  control  of  its  raw  material. 
If  metal  is  to  be  used  for  a  coimterweight,  it  needs  only 
one  requirement,  weight;  but  if  it  is  to  be  used  for  a 
bridge  it  must  meet  each  of  a  dozen  or  more  require- 
ments as  to  chemical  composition,  heat  treatment, 
strength,  ductility,  etc.  In  the  manufacturing  world, 
the  more  refined  the  product  the  more  searching  is  the 
selection  of  the  raw  material.  Yet  the  specifications  for 
the  raw  material  from  which  engineers  are  to  be  made 
contain  but  one  requirement;  that  they  shall  be  grad- 
uates of  an  accredited  high  school.  A  boy  having  qual- 
ified in  this  one  respect,  our  universities  agree  to  make 
him  into  an  engineer  with  absolutely  no  regard  for  his 
fitness  for  or  his  interest  in  engineering  work. 

Different  products  require  different  qualities  in  the 
raw  material  from  which  they  are  made.  A  high  grade 
of  steel  is  satisfactory  for  watch  springs,  but  it  is  worth- 
less for  a  chemist's  crucible.  Both  require  the  very 
best  material  of  its  kind,  but  they  require  different  kinds 
of  material.  Likewise  for  the  so-called  learned  profes- 
sions,, the  requirements  are  not  only  high,  but  they  are 
also  specific.  A  man  who  would  make  a  good  minister 
might  be  a  poor  engineer,  or  a  man  who  could  succeed 
as  a  lawyer  might  fail  as  a  doctor,  not  because  the  qual- 
ifications are  necessarily  higher  in  the  one  case  than  in 
the  othep»  but  because  the  qualifications  are  different. 

Scientistii  have  taught  the  manufacturer  to  use  steel 
where  steel  is  needed,  copper  where  copper  will  best  serve, 
etc.,  but  no  ono  has  yet  shown  how  to  select  good  lawyer 
material  for  making  lawyers,  or  doctor  material  for  pro- 
ducing doctors.  In  general,  a  youth  in  America  is  al- 
lowed the  greatest  freedom  in  selecting  his  profession, 
and  this  must  continue  to  be  the  case.  It  is  not,  how- 
ever, necessary  that  he  should  continue  to  select  his 
profession  without  knowledge  of  the  qualifications  for 
success  in  the  profession  selected  or  the  nature  of  the 
work  involved. 

The  e.\])ression,  "continue  to  select  his  profession  with- 
out knowledge,"  has  been  used  advisedly,  for  it  nuist  be 
admitted  tliat  there  is  but  little  knowledge  of  the  quali- 
fications required  for  or  of  the  relative  opportunities  for 
success  in  the  difi'crent  professions.  Everybody  knows 
that  tlio  Mississi])pi  Valley  is  more  fertile  than  the  New 
England  hills,  and  that  the  economic  conditions  for  the 
poor  are  better  in  America  than  in  Eurojje;  but  who 
knows  the  relative  average  income  of  the  lawyer,  doctor, 
farmer,  editor,  merchant,  manufacturer,  etc.? 

Among  the  American  people,  knowledge  of  the  rela- 
tive agricultural  resources  of  the  different  states  is  quite 
universal;  but  of  llie  knowledge  nnich  more  important 
to-  them — the  relative  opportunities  in  the  various  trades 
and  professions — the  great  masses  of  American  ])eople 
are  totally  ignorant. 

In  this  age  of  specialized  university  courses  in  which 
college  training  is  provided  for  all  lines  of  commercial 
as  well  as  professional  activities,  enrollment  in  a  college 


course  usually  means  the  selection  of  a  life's  activities. 
Statistics  show  that  85%  of  the  graduates  of  the  Col- 
lege of  Engineering  of  the  University  of  Illinois  are 
following  some  line  of  engineering  work.  This  mean^ 
that  for  the  most  part,  college  gradimtes  soon,  if  not 
innnediately,  upon  graduating  from  the  high  school  sel 
the  line  of  work  which  they  are  to  follow  through  IIIb. 
The  decision  at  this  age  is  often  governed  by  a  mae 
whim  or  fancy,  and  is  seldom  based  upon  a  knowledge 
of  the  opportunities  offered  or  of  special  qualifications 
to  meet  the  requirements  of  the  work  to  be  followed. 
Under  these  conditions  it  is  no  reflection  upon  the  uni- 
versities that  their  engineering  schools  graduate  many  a 
man  who  is  not  an  engineer,  never  will  be  and  never 
should  be  an  engineer.  He  has  not  the  qualifications  of 
an  engineer,  he  does  not  like  the  environment  in  whieli 
engineering  work  is  done,  and  he  loathes  the  work  itself. 
These  are  facts  which  vitally  affect  a  man's  entire  life, 
yet,  imder  our  present  system,  he  does  not  learn  them 
in  many  cases  until  after  he  has  been  out  of  college  a 
number  of  years.  Thus  are  wasted  many  of  the  b 
years  of  life,  a  tragedy  for  which  some  one  is  responsible 
and  which  shoidd  be  prevented. 

In  order  to  end  this  evil  the  writer  proposes  that 
students  in  our  universities  and  colleges  shall  not  be 
permitted  to  decide  upon  the  course  they  are  to  take 
until  they  have  completed  one  year  of  college  work;  and 
that  a  considerable  portion  of  the  freshman  year  should 
be  devoted  to  a  thorough  study  of  the  characteristic? 
of  the  professions. 

This  will  delay  an  important  decision  a  year  at  the 
age  when  a  boy  is  developing  very  rapidly.  A  large 
number  of  boys  have  seen  but  little  of  the  world  when 
lliey  enter  college.  In  most  cases  the  freshman  yew 
is  the  first  year  spent  away  from  home.  It  is  the  stu- 
dent's first  opportunity  to  meet  others  of  his  own  age 
away  from  the  influence  of  his  parents  and  the  provincial- 
ism  of  his   home   town. 

The  fact  that  tlie  student  is  about  to  select  his  course 
should  give  him  an  interest  in  a  study  of  the  character- 
istics of  the  professions.  He  should  learn  of  the  relative 
opportunities  which  the  professions  offer:  their  mental 
and  physical  requirements ;  the  environments  in  which  the 
professional  work  is  conducted ;  the  amount  and  kind  of 
work  which  they  require,  etc.  With  this  knowledge  fresh 
in  the  student's  mind  at  the  time  he  selects  liis  course. 
tlie  number  of  misfits  should  be  materially  reduced. 

The  establishment  of  courses  in  which  the  profes.sion? 
are  studied  will  lead  in  a  more  exact  knowledge  of  the 
relative  merits  of  the  professions.  The  facts  being  at 
hand  they  will  be  eagerly  sought  by  the  interested  publie. 

The  fact  that  courses  are  not  selected  until  the  be- 
ginning of  the  second  year  in  college  should  present 
no  great  administrative  difficulties.  It  is  true  that  all 
freshmen  would  have  to  take  substantially  tlie  same  work, 
but  it  should  be  possible  to  select  at  least  one  year's 
work  which  will  be  beneficial  alike  to  men  of  all 
]irofessions. 

The  selection  of  a  cullcgc  course,  after  a  study  of  the 
relative  op])ortunitics  offered  and  the  qualities  required 
by  the  different  professions  and  trades,  would  come  as  n 
real  decision,  not  something  drifted  into,  and  wouM 
therefore  command  some  thought.  Furthermore  the  de- 
cision would  come  at  a  time  when  the  sludent  possesses 
facts   governing   the   decision.     An   intelligent   selection 
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of  the  line  of  work  to  be  followed  should  result  in  a 
much  smaller  number  of  misfits  than  exist  under  the 
present  system. 

The  present  system  makes  the  student  narrow.  His 
rourse  being  selected  before  he  has  much  knowledge  of 
anv  profession,  his  mind  is  wrapped  up  in  the  one  thing 
that  he  is  studying  to  the  exclusion  of  all  others.  His 
foUege  course  is  made  up  of  subjects  closely  related  to 
iiis  special  field.  Upon  graduation  he  will  join  a  pro- 
fessional society  devoted  to  his  specialty,  and  he  will 
issociate  with  men  in  the  same  line  of  work.  The  further 
18  goes  the  deeper  is  his  rut,  and  it  is  only  by  an  almost 
mperhuman  effort  that  he  is  able  to  check  this  tendency 

0  become  narrow.  The  result  is,  if  he  is  an  engineer, 
le  dies  knowing  nothing  but  a  single  line  of  engineer- 
ng :  or,  if  a  doctor,  he  will  know  of  nothing  but  medicine, 
f  he  has  selected  the  line  of  work  for  which  he  is  pre- 
minently  fitted,  he  is  fortunate ;  if  not,  he  is  so  hedged 
n  with  ignorance  and  prejudice  that  he  can  see  nothing 
f  the  opportunities  in  other  fields. 

There  is  a  work  in  the  world  for  every  man  and  every 
lan  should  search  diligently  for  his  particular  job. 

Scotistiinig  fr©r  WatetP  Fo^wer 

By  D.  N.  Showalter* 

Most  water  powers  are  developed  by  capitalists  who  have 
leir  attention  called  to  the  project  Ijy  a  promoter,  who 
-ually  gets  a  good  fee  for  his  work.     Most  electric  com- 
inies  operating  in  a  certain  territory  like  to  keep  well  in- 
irmed  concei-ning  all  jx)ssible  water  power  in  that  terri- 
■ry,  both  with  an  eye  to  future  expansion  and  with  a  de- 
re  to  control  all  strategic  situations,  thus  keeping  com- 
■titors  out.     Then  also  there  are  the  large  chemical, 
eetrochemieal   and   pulp   companies,   which   must  have 
leap  power.  These  companies  search  for  large  water  pow- 
s,  remote  from  ordinary  markets.    Such  powers  can  usu- 
ly  be  had  and  developed  cheaply.     Lastly,  there  is  the 
gineer  who  has  become  a  promoter,  or  the  business  man 
10  has  made  a  successful  power-project  promotion  by 
me  happy  chance  and  is  looking  for  another  similar 
eject.    All  these  scout  lor  water  power. 
The  way  in  which  the  problem  is  approached  is,  first,  by 
tting  a  fair  idea  of  the  areas  where  the  general  elevation 
the  country  changes  and  where  there  is  a  fair  or  good 
infall ;  and,  secondly,  to  study  thoroughly  all  available 
ivemment  topography  sheets  of  the  region. 
In  rough  country,  where  are  found  the  headwaters  of 
earns,  there  are  two  types  of  water  power — (1)    the 
lall  stream  with  a  high  head,  and  (8)  the  large  stream 
th  a  steep  slope,  flowing  through  a  valley  or  gorge  before 
reaches  the  lowlands.     There  is  also  usually  a  large 
lount  of  power  in  the  lower  courses  of  rivers,  but  it  is  so 
'  pensive  to  develop  that  it  generally  is  not  attractive 
less  there  is  an  excellent  market  near. 
Of  the  foregoing  powers  the  one  with  the  high  head  and 
>  all  flow  is  usually  mo.st  attractive,  for  it  can  be  devel- 
lyi  with  a  low  dam  and  small  pipe  line,  and  it  can 

1  lally  be  made  to  yield  nearly  all  primary  power  by 
I  'derate  storage.  'I'his  storage,  being  small,  does  not 
'  'rflow  nuich  land,  and  the  land  is  usually  inexpensive. 

en,  too,  with  the  headwaters  of  a  stream  regulated,  the 

ler  water-power  sites  farther  down  become  more  valu- 

He  and  can  be  developed  later.     '!'h<'  disadvantage  of 
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power  develofied  on  tlie  headwaters  of  a  stream  is  that  it  is 
usually  far  from  a  market;  but  this  is  not  a  great  draw- 
back, since  long-distance  transmission  is  not  too  ex- 
pensive. 

When  the  scout  has  found  from  the  nuip  a  good  pros- 
]ieetive  power  on  the  headwaters  of  a  stream,  he  takes  a 
reliable  contour  sheet  (most  recent  Government  topog- 
raphy sheets  are  suiliciently  accurate)  and  with  one  leg  of 
a  comj)ass  at  the  storage-dam  site  he  draws  a  series  of 
circles.  The  lowest  contour  within  reasonable  distance  of 
the  storage  dam  is  a  possible  power-house  site.  It  is 
not  necessarily  on  the  same  river,  but  caution  has  to  be 
used  in  diverting  water  from  one  watershed  to  another, 
particularly  if  the  \\'ater  is  diverted  from  one  county  to 
another  or  from  one  state  to  another.  Theoretically,  mill 
owners  downstream  must  prove  damage,  which  of  course 
they  cannot  easily  do,  if  floods  are  lessened  and  minimum 
river  stages  are  increased.  In  reality,  mill  owners  imagine 
damages,  and  public  opinion  is  nearly  always  against  a 
water-power  corporation. 

Having  found  the  l^est  power-house  site,  the  topograjihy 
is  investigated  for  "backbone"  ridges  out  which  to  lead 
the  pipe  line,  so  that  it  will  he  under  low  pressure  as  far 
as  possiiile.  It  is  aimed  then  to  plunge  down  a  uniform 
slope,  as  steep  as  possible  (up  to  say  ■i-i")  to  the  power 
house. 

Having  thus  iocatetl  a  possible  water  power  on  paper, 
the  scout  journeys  to  the  pi-o posed  site.  It  has  been  a  safe 
rule  to  talk  "timbei'''  when  looking  for  water  power  and 
vice  versa.  Nowadays  one  can  even  be  looking  for  a  place 
to  take  moving  pictures,  when  hard  pressed  for  an  excuse 
for  being  in  a  sparsely  settled  country.  After  having 
arrived  at  the  village  nearest  the  site  and  inquired  the 
ownership  of  timber  lands  in  that  vicinity,  the  scout 
ti'avels  in  the  neighborhood  a  little  while,  acquiring  all 
the  infonuation  he  can  as  to  land  values,  titles  and  pend- 
ing lawsuits  regarding  titles.  He  generally  then  repairs 
to  the  office  of  the  register  of  deeds  at  the  county  seat 
and  there  gets  from  the  deed  books  sufficient  information 
to  plot  out  a  rough  map  of  the  property  owners  in  the 
storage  basin.  In  some  states  the  value  of  the  jjroperties 
at  the  last  sale  is  also  recorded  in  the  deed.  In  the  adjoin- 
ing office  of  the  clerk  of  the  courts  he  finds  records  of  all 
suits  in  progress  concerning  title  to  land  in  the  county. 
In  some  Southern  states  land  titles  are  so  poor  and  there 
are  so  many  conflicting  grants  that  no  capitalist  will  risk 
large  amounts  of  money  until  the  title  is  proved  to  be  ab- 
solutely clear.    Capitalists  do  not  like  to  buy  lawsuits. 

Xow  the  scout  investigates  the  available  market.  The 
large-scale  post-office  maps  of  the  Government  are  excel- 
lent for  this  purpose.  The  power  house  is  plotted  on  one 
of  these  maps,  and  circles  are  struck  with  it  as  a  center. 
These  circles  are  variously  of  25-mi.,  50-mi.  radius,  and 
so  on.  The  power  consumed  in  the  different  towns  in  the 
zones  is  found  by  visiting  them  or  from  the  directories  of 
the  various  industries,  as,  for  instance,  the  "Textile  Di- 
rectory," which  gives  exhaustive  information  concerning 
cotton  mills.  After  having  made  several  gagings  of  the 
stream,  the  scout  is  ready  to  nuike  his  preliminary  rejioi't. 

In  cases  when  tiiis  report  has  been  favorably  acce|)te(I 
and  capital  raised  to  promote  the  project,  the  next  step 
has  been  to  purchase  the  land.  Possibly  the  scout  was 
lucky,  and  all  the  Howage  is  on  one  or  two  big  timber 
tracts.  Timbermen  may  usually  be  dealt  with  easily,  they 
reserving  tlie  tindier  and  mineral  rights  and  deeding  the 
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walor  riijlits.  W'lnm  siuli  a  dccil  is  ilrawn,  tlicro  is  soiiie- 
tiiiies  put  in  a  jcikor  clausi',  in  wliidi  (lie  owiut  of  mineral 
risrlits  is  alidweil  to  use  all  the  water  neeessai-y  for  niin- 
iiijl.  In  a  liijrli-head  development,  wlieiv  water  is  searre. 
this  could  he  so  interpreted  as  ahsohitrly  to  ruin  the  ]io\ver 
i-ompany.  The  kind  of  minin.u-  should  lie  speeified,  as 
shonld  also  tlic  maximum  amount  of  water  io  he  diverted. 

If  there  are  a  nuniher  of  small  farms  or  lots  ia  the  stor- 
age hasin,  the  scout  at  once  tries  to  find  an  intelligent 
resident  of  the  viciuity,  whom  he  hires  at  a  small  monthly 
salary  as  a  land  agent.  A  local  man  can  nearly  always 
buy  land  chea]ier  and  quii-ker  than  an  outsider.  Before 
this  iriove  is  made,  however,  the  scout  makes  absolutely 
sure  that  there  are  no  mills  with  waterwheels  of  any  kind, 
nor  any  water  or  power  rights  on  his  stream.  If  any  are 
discovered,  they  are  bought  up  first,  before  there  is  any 
talk  concerning  the  new  project.  It  is  usually  cheaper 
and  easier  to  buy  whole  famis  than  only  flowage  rights. 
A  local  attorney,  of  course,  examines  titles  and  draws  up 
papers  for  all  sales. 

To  forestall  gossip,  the  scout  sometimes  has  stationery 
printed  for  a  large  orchard  company  and  actually  sets 
out  some  "cull"  trees,  or  he  has  formed  a  hunting-preserve 
company  and  starts  to  stock  the  land  with  game.  The 
whole  idea  has  been  to  prevent  people  from  knowing  that 
one  certain  area  is  required. 

It  generally  pays  when  most  of  the  land  has  been  pur- 
chased, to  have  the  selected  flood  contour  run,  to  make 
sui-e  that  no  land  has  been  omitted.  Especial  care  is  then 
taken  to  locate  the  contour  in  tributary  stream  valleys  and 
with  two  or  three  feet  in  height  allowed  all  around  for 
waves  and  seepage.  If  all  the  land  is  not  liouglit  when 
the  contour  is  run,  two  or  three  false  lines  are  run  also, 
to  mislead  the  residents.  All  stakes  are  well  concealed. 
In  fact,  on  a  preliminary  survey  of  this  kind  stakes  are 
often  not  used.  All  fences,  streams,  houses,  etc.,  near  the 
contour  are  located  and  mapped.  In  a  high-head  develop- 
ment it  usually  has  paid  to  make  the  reservoir  large 
enough  to  equalize  the  stream  over  several  years  instead  of 
only  one.  The  slight  extra  expense  of  the  reservoir  dam 
is  small  compared  with  the  dependable  annual  primary 
power  output. 

It  is  sometimes  thought  best  to  option  pi'operty  before 
buying,  but  tlie  writer  has  found  that  most  small  farmers 
do  not  understand  options  and  are  afraid  of  them.  On 
the  other  hand,  money  is  usually  scarce  and  a  payment  of 
several  hundred  dollars  in  cash  is  (]uite  attractive.  It 
has  been  found  well  to  make  the  balance  of  the  payments 
on  the  properties  in  three  to  six  annual  installments.  This 
has  not  only  given  the  i)roposition  a  chance  to  get  on  its 
feet  and  earning  befoix'  final  payments  are  made,  but  also 
it  sometinuw  has  luip|)ened  that  a  jiroperty  is  not  needed 
or  title  is  pool-,  in  which  case  the  bargain  may  be  thrown 
out  if  only  a  small  first  payment  has  been  made. 

■•'iiially,  after  the  rights-of-way  for  the  ])ipe  liiu>  and  the 
"fee  simjile"  lands  for  the  power  liouse  have  been  bought, 
a  completi-  and  accurate  boundai'y  aiui  contour  survey  is 
made  and  |)lotted.  The  outside  boundaries  of  the  whole 
ti'act  bought  are  well  marked  with  stime  monuments.  Such 
a  nui|J  is  now  ready  to  be  turned  ovci-  to  the  engineers  for 
final  design  and  construction. 

The  water-power  scout  always  bears  in  mind  that  the 
value  of  water  power  on  the  lower  reaches  of  a  stream 
depends  on  the  variation  of  flow  of  the  stream,  on  the 
available  inarkot  and  on  the  price  of  coal.    There  usually 


has  been  little  nr  no  |inilit  in  seeondai'v  |iower  alone:  it  is 
only  in  connection  with  a  fair  amount  of  primary  power 
that  it  is  valuable. 

Til  defei'mine  the  most  pi-obalile  minimum  flow  of  a 
sti'cam  is  usually  a  long  and  complicated  pi'ocess.  In 
most  cases  the  ab.solute  primary  output  is  based  on  at  le 
a  ">0-yr.  period.  Commonly  the  stream-flow  records 
recent  years  are  su]ipli>mented  hy  rainfall  records  running 
back  from  20  to  "iO  yr.,  so  that  the  probable  minimum 
flow  has  been  safely  predicted. 

There  are  hundreds  of  thousands  of  horsepower  on  avail- 
able streams  still  going  to  waste  in  both  the  eastern  and 
western  parts  of  the  United  States,  but  with  the  decreas- 
ing cost  of  electric  power  produced  in  large  steam  units,  it 
is  only  the  most  attractive  of  these  powers  that  can  now 
be  financed. 


In  tnun-sheds  lia\ing  a  series  of  s])ans  su])ported  by 
intermediate  I'olumns  the  almost  universal  plan  in  this 
country  has  been  to  place  the  columns  in  the  center  of  the 
platforms.  The  columns  are  sometimes  serious  obstruo- 
fions  when  the  platforms  are  crowded. 

The  train-shed  of  the  new  Lehigh  A'alley  liR. 
]nisscnger  terminal  at  Buffalo,  N.  Y.,  is  notable  in  having 
its  supporting  columns  placed  between  the  tracks,  thus 
leaving  the  platforms  unobstructed.     This  arrangement 
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Flu.     1.    Sb:CTION    AND    ELEVATION    OF    TRAIN-SHED 

AT  BUFFALO,  N.  Y. 
Note  tliiU  the  supporting  columns  are  between  the  tracks 

liermits  an  effective  skylight  idant,  and  it  also  gives  .i 
roof  of  greater  height,  since  its  lower  portions  come  ovci 
the  ti-ncks,  where  ](i-ft.  clearajice  is  required.  Om 
obvious  objection  to  this  location  of  the  columns  is  tin 
possibility  of  damage  by  a  derailed  train,  but  in  a 
terminal  station  derailment  is  imi)robable. 
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This  train-shed  is  of  the  low-roof  tyjie  patented  by- 
Lincoln  Bush,  consulting  engineer.  New  York,  and  was 
designed  by  him.  E.  B.  Ashby  is  Chief  Engineer  of 
the  Lehigh  Valley  R.R. 

The  general  design  of  the  train-shed  is  shown  in 
Fig.  1.  It  consists  of  five  spans,  or  bays,  covering 
ten  tracks  and  five  platforms.  At  present,  however,  the 
tenth  track  will  be  omitted,  and  the  north  bay  will 
be  narrower  thaji  the  others.  The  reason  for  this  is 
that  the  track  and  outer  columns  would  be  directly  over 
the  old  Hamburg  sewer,  costly  reconstruction  of  which 
would  be  necessary.  In  fact,  additional  expense  is  in- 
I'urred  by  a  cantilever  construction  necessary  to  carry 
the  present  columns  clear  of  the  sewer. 

The  columns  are  spaced  transversely  38  ft.  10%  in. 
•.  to  c,  the  platforms  being  14  ft.  wide  and  the  tracks 
-paced  alternately  34  ft.  2%  in.  and  14  ft.  8  in.  c.  to  c. 
ihey  are  connected  by  the  roof  girders,  forming  trans- 
erse  bents.  The  clear  headway  is  16  ft.  from  the  rails 
0  the  lower  sides  of  the  smoke  ducts  and  about  18  ft. 


of  the  train-slicd  have  six  angles.  The  girders  have 
%-in.  webs,  with  two  fiange  angles  and  three  cover 
]ilatcs  on  each  chord.  Where  the  girders  pass  through 
the  smoke  ducts,  they  are  cased  with  concrete  and  fitted 
witli  cast-iron  deflectors  on  the  under  side  to  protect 
them  from  the  cinders  and  blast  of  the  engines. 

Cantilever  girders  support  the  present  columns  along 
the  north  side,  as  foundation  pedestals  could  not  lie 
provided  without  interference  with  the  sewer.  Tlie 
arrangement  is  shown  in  Fig.  3.  The  girders  are  pairs 
of  20-in.  T-beanis,  having  the  inner  ends  embedded  in 
anchor  lilocks  of  com-rete  (forming  pedestals  for  the 
next  row  of  columns).  Near  the  outer  end  each  girder 
rests  on  a  base  plate  and  grillage  on  a  concrete 
liloek.  The  distance  l)etween  supports  is  21  ft.  9%  in., 
and  the  cantilever  projection  is  5  ft.  3  in.  to  center  of 
column.  A  line  of  30-in.  I-beams  along  the  ends  of 
tlie  cantilevers  serves  to  support  the  curtain  wall. 

The  concrete  roof  slab  is  3  in.  thick,  with  curb  walls 
to  carry  the  skylights,  whicli  arc  continuous  between  the 
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FIG.   2.     DKTAILS  OF  TH.\lN-SHI';i  >;   LEHIGH    VALLKY   R.U. 
The  cantilever  support  for  the  temporary  iioi-th   waH   and   columns  is  to  avoid   interferenc 


^  I  \     C.L.of  I 

Piles     I  \Nambur^  Sewer -^ 


ith  a   larj?e  sewer 


the  center  of  the  platform.  Longitudinally  the 
lunins  are  spaced  33  ft.  c.  to  c.  There  are  2(5  bents, 
aking  a  length  of  825  ft.,  the  total  length  being  in- 
eased   to   8421/^    ft.    by   a   short   cantilever   projection 

each   end. 

The  bents  are  connected  by  lines  of  lattice  girders; 
ese  arc  placed  over  the  columns,  in  the  smoke-duet 
ills  and  at  the  sides  of  the  skylights.  Expansion 
arings  are  i)rovided  at  each  fifth  bent.  The  track  and 
of  have  a  descending  grade  of  0.33%  from  the  head- 
use  end.  Eoof  drains  are  provided  at  the  expansion 
nts,  with  dowTispouts  on  the  columns  and  leading  to 
e  sewer. 

The  columns  are  of  H-section,  composed  of  a  web 
ite  and  four  angles,  the  web  plate  (and  greater  dimen- 
•n)  being  parallel  with  the  track  in  order  to  get 
nimum  width.    The  outside  columns  on  the  south  side 


roof  expansion  joints,  1().5  ft.  apart.  These  skylights 
have  heavy  trough-shaped  glass  panes  set  in  reinforced- 
concrete  ribs  and  are  made  by  the  Keppler  Glass  Con- 
structions, of  New  York.  For  ventilation  of  the  space 
over  the  platforms  there  is  at  each  bent  a  cast-iron  flue 
with  a  12-in.  copper  siphonage  ventilator  made  by  tlie 
Kernchen  Co.,  of  Chicago. 

Tiie  smoke  ducts  are  of  special  design,  liaving  the  faces 
curved  inward  instead  of  being  vertical.  The  base  widtli 
is  3  ft.,  which  is  ample  to  allow  for  lateral  motion  of 
the  engines.  The  21-in.  top  width  is  designed  to  prevent 
driving  rain  from  reaching  the  platforms,  while  at  the 
same  time  giving  free  exit  for  the  blast,  so  that  there 
will  be  no  back  pressure  causing  smoke  and  cinders  to 
escape  inside  the  roof.  The  sides  of  the  train-shed  have 
concrete  curtain  walls.  Large  wire-glass  windows  pro- 
vide light  and  have  movable  .sash  for  ventilation. 
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Cosastls'^ctlaoEt  aim  Mnclraagaiinv 

By  Fkan'k  F.  Rogehs* 

The  i)(i|)iiliiritv  of  frravel  roads  in  Mifhi,L;;iii  i<  imlicated 

liy  tlio  fact  tliat  tin's  type  comprises  2,535  mi.,  or  G0% 

of  tlie  toliil  im])ro\('(1  road  mileage  of  the  state,  and  this 

is  due  to  tlie  rollowiiig  reasons: 

1.  (ira\i'l  roads,  construeted  nfcordins  to  the  spei-ili- 
rations  of  the  State  ITiirlnvay  Deimrlnieiit.  ilrnw  a  rchi- 
tively  larger  state  reward — frequently  ono-third  or  more 
of  their  cost. 

2.  Suitahle  gravel  is  usually  available  locally,  the  ex- 
pense is  chiefly  for  labor,  and  all  money  spent  in  con- 
struction is  kept  at  home. 

3.  Gravel  roads  are  easily  built  and  repaired,  requiring 
no  expensive  machinery. 

4.  The  first  cost  is  low. 

5.  They  are  durable  and  can  be  maintaii^"-^"'  satisfac- 
torily at  a  low  cost  in  sections  -wh-^m  ic  \olunie  of  the 
traffic  is  not  beyond  the  capacity  ot  the  type  of  road. 

Under  the  highway  laws  now  in  force  in  Michigan, 
state  aid  is  extended  to  counties  and  townships  in  the 
shape  of  rewards  paid  to  the  local  authorities  on  each 
mile  of  road  built  according  to  the  specifications  of  the 
State  Highway  Department.  There  are  seven  classes  of 
roads,  varying  from  earth  roads  of  a  certain  standard  to 
concrete  and  l)rick-paved  roads.  The  rewards  vary  from 
$250  to  $1,700  per  mi.,  which  amounts  are  doubled  if 
the  road  built  forms  a  part  of  the  state  trunk-line  system. 
The  minimum  width  of  road  that  it  is  permissible  to  build 
is  0  ft.  A  gravel  road  built  m  •_.  '•-^r'-lance  with  the 
state's  specifications  can  command  a  reward  k,.  "roni  $500 
to  $1,700  ])er  mi.,  depending  upon  its  width  and  location. 
Why  Guavel  Roads  Are  Favored 

It  should  not  be  inferred  that  the  Michigan  State  Hiijh- 
way  Department  is  in  favor  of  any  one  type  of  road.  In 
a  system  so  large  as  to  serve  a  whole  state,  every  type  of 
road  has  its  place.  However,  large  deposits  of  gravel 
suitable  for  road  metal  exist  throughout  the  state,  and 
its  utilization  in  localities  where  the  traffic  is  not  so  ex- 
cessive as  to  cause  liigh  maintenance  expense  is  in  ac- 
cordance with  the  best  engineering  practice. 

The  bank  gravels  of  ^lichigan  are  of  glacial  origin  and 
vary  widely  in  character  from  those  in  the  upper  penin- 
sula and  northern  part  of  the  state,  which  contain  a 
large  proportion  of  limestone  pebl)les,  to  the  gravels  in 
the  southern  part,  which  are  largely  derived  from  such 
igneous  rocks  as  granite  and  trap,  and  quartzite.  Ex- 
perience has  shown  that  Michigan  gravels  are  valuable 
for  road  purposes  as  follows: 

1.  Almost  in  direct  proportion  to  the  percentage  of 
pebbles  constituting  the  mass. 

2.  In  direct  proportion  to  the  value  as  road  nuiterial 
of  the  rock  fragments  constituting  the  pebbles. 

3.  In  direct  proportion  to  the  value  as  a  cementing 
material,  under  all  conditions  of  weather,  of  the  finer 
particles  of  earth  matter  constituting  the  filler  or  binder. 

There  is  a  tendeiuy  to  place  too  much  stress  upon  the 
immediate  packing  qualities  of  the  gravel,  and  the  fact 
is  lost  sight  of  that  the  only  thing  which  makes  a  gravel 
road  better  than  an  earth  road  is  the  pel)bles,  or  stone, 
that  it  contains.  The  material  most  songbt  after  as  a 
binder  in  road  gravel  is  clay.     If  tliis  is  ])resent  nnicli 

•State  ItiBhwiiy  Commissioner.  I^ansitiK.  Mich. 


in  excess  of  \0'/c.  however,  the  road  will  become  nuiddyH 
whenever  thei'e   is  a   prolonged  wet  ])erio(l.     Ideal   clii\ 
gi-avel  should  contain  only  enough  clay  to  coat  the  peb- 
bles with  no  Free  hnups. 

Conforming  to  these  ])rin<'iples  the  ii'quirenient  in 
the  specifications  is  that  at  least  (iO%  by  weight,  a  larsci 
percentage  if  ]iossible,  of  the  gravel  shall  be  jiebbles  moh 
than  Yfi  in.  in  size,  with  no  ]>ebbles  in  the  bottom  lavi 
that  will  not  ])ass  tln'ough  a  21/2-in.  screen,  none  in  tli' 
to|)  layer  that  will  not  i)ass  through  a  U/4-in.  screen,  aii' 
that  not  more  than  10^?  of  the  mass  shall  be  clay,  urn 
formly  mixed  and  having  no  free  lumps. 

SPECII'ICATION'S    1--0I!    GiiAVEL    RoADS 

The  specifications  of  the  ilichigan  State  Highway  De- 
partment for  state-reward  gravel  roads  provide  for  the 
construction  essentially  as  follows:  Before  buildin';  an\ 
state-reward  road,  the  plan  and  profile  of  the  road  nnist 
be  submitted  to  and  approved  by  the  State  Highwav 
Commissioner.  No  grades  may  exceed  (i%.  Tlie  road  if 
graded  to  conform  strictly  to  the  plans  and  specifications, 
with  due  attention  given  to  drainage.  Shoulders  an 
formed  on  either  side  of  the  roadway  to  retain  the  gravel 
within  the  width  and  depth  specified.  The  subgrade  if 
rolled  until  it  is  firm,  and  is  8  in.  below  and  possess© 
the  same  crown  as  the  finished  grade. 

The  gravel,  the  specifications  for  which  have  alreafh 
been  gi\'en,  is  spread  in  two  courses,  the  bottom  and  tof 
courses  being  respectively  6  in.  and  4  in.  deep,  loose 
measure,  forming  a  total  compacted  depth  of  8  in.  In 
both  courses  all  depressions  and  ruts  that  form  during 
construction  are  filled,  and  each  course  in  turn  is  thor- 
ouLdily  harrowed  and  rolled  until  it  is  everywhere  hard 
and  smooth,  and  the  finished  surface  conforms  to  tin 
proposed  grade  and  cross-section.  The  im]iortaiice  of 
complete  harrowing  is  emphasized.  The  ordinary  spiked- 
toothed  barrow  is  a  tool  .second  to  none  for  compactiu.n 
the  gravel.  The  rolling  is  done  after  the  gravel  hu 
been  thoi'oughly  wetted  by  sprinkling  or  rains. 

Turning  now  to  a  discussion  of  the  cost,  we  finft  t 
great  diversity  of  plant  used  and  a  wide  range  of  con- 
ditions from  suburban  streets  to  roads  through  uncul 
forests.  An  average  cost  based  on  59  jobs,  aggregatin;; 
i:S.  12  mi.  of  9-ft.  gravel  roads  is  about  $2,500  per  ml. 
With  a  quarter-mile  haul  the  cost  was  $2,340,  and  with  a 
5-nii.  haul,  $2,850. 

No  matter  how  ]iaiiistaking  the  work  of  coustnii'tior 
may  be,  the  final  set  of  the  gravel  on  the  ordinary  counti" 
I'oad  will  come  only  under  travel,  and  to  insure  a  gw" 
surface  the  road  must  be  kept  smooth  during  the  forma- 
tive period.  For  this  purpose  the  most  effective  toob 
ai'e  the  plank  and  log  drags,  or  some  of  the  various  typi'> 
of  steel   drags  that  accomplish  the  same   ]iurpose. 

These  drags  should  be  systematically  used  after  raiii- 
wlien  the  gravel  is  in  a  ])acking  condition,  and  in  tli' 
sub.sequent  maintenance  of  the  road.  When  once  com 
pacted  and  maintained  in  a  manner  that  gives  perfci' 
surface  di-ainage  a  gravel  i'oad  may  be  expected  to  earn 
fi-om  200  to  500  vehicles  per  day  with  an  annual  main 
tenance  charge  of  from  $100  to  $200  i)cr  mi. 

To  conclude,  the  experience  in  Michigan  has  been  tlin' 
gravel  is  a  satisfactory  road  material  from  many  staml 
points  for  roads  of  moderate  traffic.  It  would  seem  tlw' 
there  are  many  locations  thi-oughout  the  country  where  :i 
pi-operly  constructed  gravel  I'nail  wdiild  fuKill  the  require- 
nn'iits  of  a  truly  economical  i'oad. 
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Si'XOPSIS — Tahulatiaiis  ami  (liagraiiis  uf  the 
New  York  CUij  rainfall  for  flic  years  IS(i!)  to 
1913  inclusive,  were  made,  vo  slorms  heiiiy  used 
ill  ivltich  the  rate  of  precipitation  was  less  than 
1  in.  per  hour  for  a  period  of  10  niin.  The  tabu- 
lations were  made  both  by  the  "averac/e-raie"  and 
the  "uniforni-intensity"  methods.  The  object  is 
to  show  the  widely  different  results  obtained  by 
the  two  methods  and  to  point  out  that  the  "aver- 
age-rate" method  is  seriously  misleading  when  ^ised 
in  sewer  design. 

The  data  here  clis;eussud  weru  taken  i'runi  the  rainfall 
■harts  of  the  Central  Park  obsenatory  in  New  York 
7it)',  for  the  period  from  April,  1869,  to  December, 
013.  The  apparatus  used  was  the  Draper  recording 
aiu  gage  in  wliich  the  charts  are  seeiired  to  a  vertical 
I  mm  that  makes  one  revolution  in  24  hr.  and  the  re- 
ording  pen  is  attached  to  a  tipping  bucket  which,  as  it 
ills,  carries  the  pen  down  across  the  chart  against  the 
ction  of  a  spring  until  the  bucket  contains  14  in.  of 
ainfall.  It  then  tips  and  the  spring  brings  back  the 
nipty  bucket  to  its  original  jwsition  for  a  repetition 
f  the  operation.  Each  line  across  the  chart  made  In' 
le  pen  indicates  I/2  in.  of  rainfall,  while  the  rotation 
f  the  drum  gives  the  i)eriod  during  which  this  half  inch 
r  fraction  of  it  fell.  The  vertical  motion,  514  in.,  is 
itficiently  great  clearly  to  indicate  the  quantity,  but 
le  time  space  of  a  little  less  than  14  in.  for  an  hour  is 
ither  short  for  exact  reading.  However,  some  study 
'  the  charts  permitted  readings  of  sufficient  accuracy  to 
ake  the  records  of  great  value. 

The  charts  for  every  day  of  the  whole  45  yr.  were  care- 
illy  examined,  and  those  which  indicated  a  rate  of  in- 
nsity  of  1  in.  per  hr.  for  10  min.  were  selected  for  a 
elimiuary  study.  These  showed  that  the  lower  inteu- 
ties  for  short  periods  were  so  frequent  that  they  need 
it  be  considered  in  sewer  design,  and  a  series  of  rnini- 
imi  intensities  was  selected  that  were  believed  to  be 
fely  within  the  requirements  of  the  purpose.  These 
ill  be  given  later  on.  In  this  article  the  word  "rain- 
11"  indicates  the  quantity  of  rain  that  fell  in  any  given 
■riod  and  the  word  "rate"  means  the  rate  in  inches  per 
'UP  at  which  it  fell. 

Figures  above  the  minimum  were  taliulated  by  two 
IFerent  methods — the  "average  rate"  and  tlie  ''uniform 
tensitv."  I  will  first  give  the  one  that  has  been  most 
A. 

"Avkuaoe-R.v'ie"  ]\lK'rii()i)  ok  Tadulation 

Table    1    shows   maximum    accumulations    of    rainfall 

r  selected  periods,  with  average  rates  for  such  periods 

I  tlie  dates  on  which  the  storms  occurred.     Accumu- 

d   rainfall   for  whole  storms  was  not  .sought  except 

■  it  met  the  conditions  of  the  tabulation.     The  figures 

i  this  table  were  obtained  by  .selecting  from  the  record 

•AsBlHtant  KnKlnecr.  Conaultini?  Engineer's  OtTlce.  Borough 
'  Manhattan.  Municipal  Building,   New   York  City. 


chart  (if  each  storm  the  maximum  rainfall  for  periods 
beginning  with  5  min.  and  ending  with  120  min.  From 
tlie  5-  to  the  20-min.  periods,  5-min.  intervals  were  used : 
from  20  to  (iO  min.,  10  min.;  and  from  fiO  to  120  min., 
20-niin.   intervals.     The    rate   was   obtained   by  dividing 
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FIG.    1.    FREQUENCY    AND    RATES    OF    RAINFALL.    NEW 
YORK  CITY,  1S69  TO  1913;  "AVERAGE-RATE"  METHOD 

the  tdtal  (iiiantity  of  rainfall  for  the  selected  period  by 
the  time.  Fur  the  shortest  period  (5  min.),  rates  below 
3  in.  per  hr.  are  omitted;  for  10  and  15  min.,  below  2 
in.;  for  20  min.,  ]l/^  in.;  and  for  tlie  others  1  in.  per 
hr.  is  the  minimum,  the  rates  below  these  figures  oc- 
curring too  fre(|uently  to  need  considiM-ation.  The  table 
shows  a  gradual  increase  in  quantity  of  rainfall  for  the 
successive  periods  in  each  storm,  but  these  periods  need 
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T.^BLE  1.     STUDY  OF  RAINF.iLL  AT  NEW  YORK  CITY.  IStiO  TO  1913,  BY  "AVERAGE  RATE"  METHOD 
Maximum  .\ccumulation.s  of  Rainfall  in  Inches  for  Periods  from  .5  to  120  Min..  with  Average  Rates  in  Inches  per  Hour  and  Dates  of  Occurrence 


5  Mil 
Rain- 
Date  Year  fall  I 
June  21  1869 
.\ug.  13  1869  0.49  .= 
Aug.  15  1869  0  49  ; 
June  27  1870     .  . 

Julv  28  1870  0,36 
Juno  7  1871  0,35 
Julv  16  1871  0  25 
Aug.  16  1871  ,  -  , 
Sept.  26  1871  , , , 
Oct.  11  1871  0  54 
Oct.  26  1871  0  27 
July  25  1872 
Julv  5  1873  0.33 
Julv  27  1873  0  27 
Aug.  21  1873  0.25 
July  10  1874  0.25 
Julv  12  1874  0  35 
June  22  1875  . 
July  26  1875  0  41 
Aug.  18  1875  0.31 
May  26  1876 
.Vug.  16  1876  0.28 
June  21  1877  .... 
July  3  1877  0.28 
Julv  17  1877  0.27 
Aug.  14  1877  - 
Aug.  25  1877  0  23 
Oct.      4  1877   ... 

June  21   1878   

Julv  10  1878  ... 
Julv  21  1878  . . . 
July  31  1878 
Aug.  1  1878  .  .  , 
Aug.  5  1878  0.75 
Sept.  4  1878  0.30 
Nov.  27  1878  . 
.\ug.  25  1878  0.25 
Julv  12  1880  0  50 
July  27  1880  0.36 
Aug.  10  1880  0  25 
Aug.  20  1880  0  45 
May  22  1881  0  42 
July  4  1881  0.35 
.\ug.  7  1881  0.35 
June  15  1882  0  33 
June  19  1882  0  33 
June  26  1882 
Sept.  11  1882  .... 
Sept.  20  1882  0.33 
Sept.  22  1882  0.25 
Sept.  23  1882  0  25 
May  21  1883  0  25 
June  6  1883  0  37 
July  13  1883  0  43 
June  25  1884 
July  4  18.S4  0.25 
July  12  18S4  0.25 
Aug.  5  1884  0.35 
Aug.  22  1884  0  31 
.\ug.  30  1884  0  25 
June  5  1885  0  25 
July  29  1885  0  29 
.\ug.  3  1885  0  30 
Nov.  18  1886  0.28 
May  31  1887  0  28 
June  17  1887  0.28 
June  20  1887  0  35 
June  22  1887  0.26 
.\ug.  18  1887  0,41 
.\ug.  21  1887  0,30 
Aug.  22  1887  .  , 
Aug.  24  1887  0  25 
May  28  1888  ... 
May  29  1888 
June  26  1888  0  27 
July  19  1888  0  25 
Aug.  4  1888 
Aug.  21  1.S88  0  23 
Sept.  8  1SK,S 
Sept.  20  1SS8  0  25 
June  11  ISSH 
June  15  1H,S9 
July  27  1889 
July  30  1SN9  0  .30 
Julv  31  l.S,S9  0.25 
Aug,  2  1889  0,25 
Sept,  17  1889  0,27 
June     6   1.S90  0.30 

July  17  1890  

Aug,  22  1890  0.29 
Sept.  16  1890  0.24 
Sept.  17  1890  .  . 
Apr.  23  1891  0.26 
June  17  1891  0  24 
July  23  1891  0  25 
Aug.  23  1891  .... 
Sept.  5  1891  .... 
June  9  1892  0.25 
July  3  1892  0  62 

Aug.  9  1892  

.Sept  13  1892  0  31 
June  8  1893  0  32 
July  26  1893  0.32 
Aug.  19  1893  0.42 
Aug.  20  1893  0  50 

Aug.  23  1893  

Sept.  7  1893  

Oct.  27  1893  0  25 
Julv  29  1894 
.\ug.  3  1894  0  40 
Sept.  8  1894  0.30 
Sept.  18  1894  0  30 


4  32 
4.20 
3.00 


0.37 
0.37 
0.45 
0.59 


0.38 
0  73 
0.49 


Rate 

2  10 

3  12 
2.22 


20  Mi 
Rain- 
fall     Rate 
0  50     1  50 
0  57     1  71 


30  Mil 
Rain- 
fall     Rate 
0  60     1  20 


fall      Rate 
0.68     1.02 


50  Min  60  Min  80  Min.  100  Min.  120  Mu 

Rain-  Rain-  Rain-  Rain-  Rain- 

fall     Rate      fall      Rate      fall      Rate      fall      Rate      fall      Rale 


0.50     2  00     0  .59     1  77     0  70     1.52 


2.28  0.57  2.28 
4.38  0  90  3.60 
2.94     0.72     2.88 


0.68  2.04 
1.06  3.18 
0.87     2  61 


3.96 
3.24 
3.00 

3  00 

4  20 
3  48 
5.00 
3.72 

3  36 


0.41  2.46 
0  37  2  22 
0  50     3.00 


0.89     1.34 

0  82     1  23 

0  84     1.26 


■1 


0.86     1  03 


0.85     1  04     0  98     0  98 


3  00     0  96     2. 


1  16     1.74 
0  68     1.02 


1.22     1.47     1.25     1.25 


2.58     0.50     2.00 

3.18     0.78     3  12 

0.50     2.00 

2  58      

2  00     0.50     2.00 


1  00     1  20     1  09     1  09     1.38     1.04 


0  37  2  22 
1.37  8  22 
0 . 48     2 . 88 


0  54  2  16 
2  00  8.00 
0  52     2  08 


0  50 
0  61 
2  31 
0  64 


3  00 
6,00 
4.32 
3  00 


4.20 
4  20 
4  00 
4  00 


0.40  2.40  0  50 

0.79  4.74  0.86 

0.50  3  00  0.51  2  04 

0  48  2.88  0^49  1.96 

0.75  4.50  1   17  4  68 

0.43  2.58  0  48  1  92 

0.38  2.28  


1  50  0  74 

1  83  0  86 

6  93  2  61 

1.92  0.86 

.  0.50 

1  53  0  54 


1.72 
1  00 
1.08 


1  39 
1.59 
3  93 
1  59 


101     121     1   12     1.12      .. 

2.64     3  17     2.66     2.66     .. 
1.43     1.72     1.50     1.50     1. 


1.35     2.00     1.20     2  20     1.10 


0.87     2.61     1.02     2.04     1 


1  62     1   16     1  39     1   17     1   17     1  23     0.92     1.85     1.11 


3  96 
3  00 
3  00 
3  00 
4.44 
5  16 

3  00 

3  00 

4  20 
3  72 
3  00 
3  00 
3.48 
3.60 
3  36 
3  38 
3  36 
4.20 
3,12 
4.92 
3.60 


2  76 

3  00 


0  35 
0.46 
0  47 
0.50 
0.42 


2  10 
2.76 
2.82 

3  00 
2.52 


0.48 
0.48 
0.52 
0.67 
0  66 
0  58 


1.92 

1  92 
2.08 

2  68 
2  64 
2  32 


0  50     1  50 


0.62 
0.58 
0.85 
0.82 
0  77 


162     0  92     1.38     1.01     1.21     1   10     1   10     1  25     0.94 


2.55 
2  46 
2  31 


1.28     1.53     1.34     134  

1.58     1.90     1  74     1  74     2  16     1  62     2  27     1  36     2.62     1.31 
1.18     1.42      151      151      193      144      


0.75     2.25     0.78     1.56     0  81      1   21 


0  78     1  56     1  00     1  .50     1   10     1 .  32     1 .  IS     1 .  18 


0.38 
0.53 
0  59 
0  48 
0  36 
0  35 
0  52 


0.46  1   84  0.50  1.50  0  71  1   42 

0.62  2.48  0.65  1.95  0  68  1.30     0  71 

0  81  3.24  1.06  3.18  1  .35  2  70 

0.68  2  72  0.88  2  64  0  95  1  90     0  97 


0  73     0.88 

1   45     1  45 
0  99     1   19     1  01      1  01 


2  56 
2  52 


0  53  3  18     0  63 

0.43  2^58     0.46      1   84 

0.42  2.52     0.51      2  04 

0.43  2  58 

0.35  2   10 


0  75     2  25     0  92     1  82     0  93     1  .39 
0  71     2  13     0  77     1  54     1    12     T  68 


0  50  1  00  0  64  0  96 


0  96  1  15  108  108 
0.80  0  96  092  0  92 


0.47 
0  41 
0.42 
0  40 


2  08 
2.40 
2  28 


0.78  2.34  0  89 

0.54  1.62  0  ,56 

2.13  1  10 

1.98  0.81 

1  .50  0  77 

2  13  0  88 


0.71 
0.66 
0.50 
0  71 


1.78 
1.12 
2  20 
1  82 
1.54 
1  76 


1  03  1  54  1  10  1  32  1  21  1  21 


3  60 
3.00 
3  00 
3  24 
3  60 


0  55  1  10 
1  .50  0  60  1.20  0  71 
1  71  0.68  1  36  0  83 


i 


0  34  2  04 


3  12 
2.88 
3.00 


0.54  1.62  0.60  1  20  0  67 

'.'.'.'.      '.'.'.'.     0^50  KOO  '/.'/. 


0  38  2.28 

0  44  2.64 

0  38  2 . 28 

0  36  2  16 


0.50  1.00  

0.50  ISO  0  60  120 

0.50  1.50  0  01  1  22  0  67  1  00 


0  95  1.14  1.04  1.04 
091  i  09  I'is    i.l3 


3.72 
3.84 
3  84 
5.04 
6.00 


4  SO 
3  60 
3  60 


0  74  4  44  0  76  3.04  0.77  2.31  0.77  1.54  0.85 
0.53  1.06  0.65  0  97  

0.55  1.65  0.50  1.12   

0.62  1.86  0.64  1.28  0  65  0  97  1  05  1.26  1  08  1 


0  45  2.70  0.54 

0  60  3.60  0  81 

0  40  2.40  .. 

0  02  3.72  0.69 

0  85  5.10  1.20 


0.75  2.25  0.87  1.74  0.94  1.41 
1.45  4  35  1.05  3  30  1.66  2  49 
0.60  120  0  70  1  14 

OiSO  i!50  0  54  l!08  '.'.'/. 


100  1.20  107  107   ^■ 

1  67  2  00  1  68  1  68  1  76  1  17  1.79  1  07  1  84  0  92 
0  90  1.08  1  05  1  05  I  30  0  97  1  57  0  94  1.74  0  8< 


100  1  20  103  1  03 


AuLMist  :ii.  liju; 


!•:  X(;  1  X  K  K  IM  >J  (I     X  KWS 
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TABI.K  I.  STUDY  OK  RAINFALI,  AT  NEW  Y 
1  Acruiiiulations  of  Rainfall  in  Inches  for  Periods 
.-)  Min.  10  Min.  15  Min.  20  Min. 

in-  Rain-  Rain-  Rain- 

Rate      fall      Rate      fall      Rate      fall      Rate 
i.64     0  62     3.72     0.65     2  60     0  67     2  01 


fall 


Date 

June    5  1895  0.47 

Aug.  4  1895 

\u(!.  6  1895  0.53  6.35  0  66  3  96  0.78 

\ug.  31  1895  0.33  3.96  0  57  3.42  0  70 

May  2S  1896 

June  10  1896  0.36  4.32  0.44  2  64  0  50 

Julv  6  1896  0.35  4.20  0,45  2.70  0  66 

July  15  1896  0.30  3  60  0  33  2  00 

July  20  1896  0.25  3  00  0  35  2,10 

luly  22  1896  0.27  3  24  0  34  2  04  0  50 

luly  30  1896 0  40  2  40 

Sept.  3  1896  0.30  3.60  0  65  3.90  0  73 

Sept.  15  1896  0.30  3.60  0  34  2  04 

Sept.  18  1896  0.39     4.68     0,44     2  64 . 

May  24  1897  0.46     5.52     0  62     3  72     0  81     3  24     101     3  03 

fune    9  1897  0.24    2.88    0  35    2  10     

ruly  21  1897  0.25     3.00       

luly  23  1897  0.27     3.24     0  42     2  52     0.67     2.68     0.79     2  37 

luly  28  1897 

Vug.  23  1897  0.25     3.00     0  50     3  00     0  69     2  76     0  85     2.55 

^pt.    1  1897  0  35     4.20     0  50     3  00     0  .iS     2  32     0.65     1  95 

Vpr.  24  1898  0  30     3  60     0  38     2.28  

uly     4  1898  0.35     4.20     0  50     3.00     O.iO     2  00     0.51      1.53 

unc  15  1899 

une  28  1899  0.25     3.00     

uly  12  1899  0.35    4.20     0  53     3.18     0  54     2  16 

vug.  10  1899  0.44     5.28     0.46     2.76     0  49     196 

epl.    1  1899 

ept.    3  1899  0.40     4  SO     0  50     3  00 

lay  19  1900  

.UK.  12  1900  0.25     3.00 

"  .ug.  26  1900  0  32     3.84     0  55 

ulv     5  1901  0.29     3.48     0.48 

uly     6  1901  0.36     4.32     0.61 

ug.  24  1901 

une  21  1902 

uly  20  1902 0  35 

■jly  28  1902  0.50     6  00     0  86 

5  1902  0.50     6  00     0.86 


ORK  CITY,  1869  TO  I'.U.i, 
from  5  to  120  Mill.,  with  . 

,30  Min  40  Min, 

Rain-  Rain- 

fall Rate  fall  Rate 
0.69  1.38  0  71  1  06 
0.58     1.16 


BY  ■•AVEl!AC;i;-UATK"  METHOD— Contiimivl 
U-pra.t-o  Rates  in  In.hea  per  Hour  an.l  Dates  of  Oi-rurnnie 

.50  .Min,  60  Min.  .SO  Min,  100  Min.         120  Min 

Rain-  Rain-  Rain-  Rain-  Rain- 

fall     Rate      fall      Rate      fall      Rate      fall      Hate      fall      Rate 


2  SO  0 , 79  2 , 37 

2"00  

2  64  0  82  2  46  1  06  2.12  1  38  2  07 

0  50  1.50  0.52  104  0  65  0  97 

0.61  1.22  0.71  1  06 

2  00  0  58  1.74  0  60  1  20  0  66  0  9S 

292  077  2,31  085  1,70  0  90  1  33 


0  89   1  07  0  92  0  92 
0  92   1  10  0  94  0  94 


0  86 
0  50 
1.11 
0  72 


1.28  0.84  1  26 

1  72  0.92  138 

1  00 

2  22  1  40  2 , 10 
1,44  0  76  1  14 


1  02   1  22   1  06   1  06 

1  70  2  04  1  74  1,74  1  78  i!33  i'82  1.09  1  92  0: 


3.66 


0.52  1  56 

0  50  1  50 

2  SO  0.82  2.46 

1  92  0.62  1.86 


2  82 
2  25 
2.28 
1.68 


3  00 


4  60   1  40 


0  33 


eb.  28  1903  0.34 

ine   14  1903 

ine  21  1903  0.26  3.12 

ine  29  1903  0.24  2.88  0.45 

ily  2  1903 0  40 

ily  22  1903  0.30  3  60  0  48 

>pt.  16  1903 

■pt.  17  1903 0  33 

ct.  8  1903  0.25  3.00  0  40 

ct.  9  1903 

ay  30  1904  

ily  11  1904 

ily  28  1904  0.27  3.24 

ag.  4  1904  0.25  3.00 

Jg.  19  1904  0.31 

pt.  14  1904 

.ne  22  1905  

ig.  13  1905  ... 

.-t.  19  1905  .... 

ay  5  1906  0.31 

ay  27  1906  0.42 

ly  10  1906  0  22 

ly  17  1906  0  27 

pt.  13  1906  0 


1  13 


0.33   1.98  0  50  2  00  0  65   1.95 


0.59  1.18   

0.71  1.42  0.90 

0.85  1.70  0.87 

0.79  1.58  0.83 

1  15  2.30  1  23 

1.03  2  10  1  18 

0,77  1,54  ,. 

0  77  1  54  0  96 

0,30  1  00  0,67 


0,71   1,42  0,85 
0,91   1,82   1  04 


1  35 

1  30 
1  24 


1  27 
1  56 


100  120  120  120  127     0,95     1.50     0.90     

0 "  88  I  06  1  04  1 .  04                        ..'.'.      '.'... 

1  26  1  31 

1,45  1.74  160  160  181   136  2.40   1.44  2,65  1.32 

r  03  1  24  1  08  1  OS                  '.'..'.       '..'.'.      '.['.'. 


127  1  ij2  1.55  1,55  1,85  1  36  2.00  1.20  2.10  1.05 


.00  0.50  1.50 


1  05  0  95  1  14   1  03   103   1  26  0.94 


40  0.60  2.40  0  68 


3.72 


2  64 
3.24 
3.00 


0,39  3, .54  0.82 

0.40  2.40  0.48 

0.41  2.46  0..55 

0  45  2  70  0  61 


0.68 
0.45 
0.61 


3  28  1  07  3  21 

1.92  0.54  1.62 

2.20  0.68  2  04 

2.44  0  65  1  95 


1.38  2.76  1.60 

O.^S  1.26    . 

0.98  1  96  1  11 

0.70  1  40  0  76 


.40  1  66  1.99  1.72  1.72  1  96  1,47  2,05  1.23  2.15  1.07 


2.44  0.70  2.10 


0  70   1  40  0.72   1. 


60  0.80  2.40 
20  0  61   1  83 


pt.  11  1907  0,23  3.0Q  0.50  3.00  0.64  2.56  0.69  2.07 
ly  14  1908  0.40  4  80  0.53  3.30  0.65 

pt.  28  1908 

ne  28  1909 0  40  2  40  0.33 

ig.  4  1909 

ig.  13  1909  0.25  3.00  0.35  2.10  0.55 

ly  31  1910 I  00 

If.  27  1911  0.27  3.24  0  33 

ne  10  1911 0.42 

nc  U  1911  0.25  3.00  0.40 
ly  20  1911  0.32  3.84  0  60 

ig.  IS  1911 0  40  2,40 

«.  24  1911 0  50  1  50 

t.  19  1911 0.50  2  00  0  57  1  71 

b.27  1912  0.30  3.60  0.50  3  00  0.57  2  28  0  63  1.89 


0.65 
0.76 
1.10 
0  .33 
0.65 
0  66 
0  60 


0  97 

1  00 
1  02 
1.00 


1  00   1  20   1  13   I  15  1.30  0.97 
1  15   1  38   1  16   1  16  [.'/. 


2  .52  0.60  2.40  0  63  1,89 

2.40  0.65  2.60  0  68  2.04 

3.80  0.65  2.60  0  66  1.98 

0.52  2  08  0  62 


ly  30  1912  0  55  6.60  0.88 

ne  17  1912  0  28  3  36  0  .38 

y  21  1912  0  27  3.24  0  .36 

-■  10  1912  0.25  3.00  0,34 

12  1912 0,41 

.'0  1913  0,37  4,44  0  44 


5  28  1.03  4.12 

2  28  0  53  1.59 

2  16  0  62  2  48  0.77  2.31 

2.04   0.56  1.68 

2.46  0  60  2  40  0  70  2.10 

2.64  0.49   1.96  0.50  1  .50 


0.77 
0  67 
0  78 
0.68 
0.67 
0  67 
1.08 


1  34 
1  34 
2.16 


1  20 
1.31 
1  13 
1  00 


1.04 

1.25 

1.28 

1.28  \ 

1  40 

1.05     

0.82 

0  98 

1.02 

1  22 

1  08 

1.08 

i  23 

0.92     

0.85 

1.02 

1  00 

1.00 

1,25 

0.93     

0.89  1.78  0  91  1  36  0.94  1.13  0.90  0.' 

0.62  1.24  

0.81  1  62  1.07  1  61 

0  87  1.74  0.93  1  .39 


7  1913  0  25  3.00  0  40  2.40  0.53  2.12 
•  1913  0  60  7.20  118  0.90  1.60  6.40 
11913  0  56  6.72  0.75  4.30  0.93  3.72 


1.58  3.16  1  80  2  70 

0.67  1.34  0.76  1.14 

2.56  5.12  2.05  4  42 

1.49  2.98  1.73  2. ,59 


2.40  2.88  2.68  2.68  2.94  2.20 


I  necessarily  be  connected.  The  iiiaxiiiuiiii  quantity  for 
min,,  for  in,stanco,  may  liave  fallen  at  one  point  of  a 
)nn,  that  for  10  min.  at  another  and  that  for  15  min. 

8  third,  and  in  none  of  them  need  the  rainfall  have 
en  uniform,  the  rate  fi;iven  always  being  the  average 
r  the  whole  period.  Or  all  of  the  foregoing  may  be 
nneeted  to  make  the  30-min.  period,  and  then  the  rate 
ven  would  be  the  average  of  the  total   quantity  that 

II  in  the  three  jieriods  at  different  rates. 

In  addition   to  the   data   dcscriiied    in   the   jireceding 
ii,'rai)h,  it  is  neee.ssar}'  to  knrnv  how  often  tiie  various 


intensities  occurred.  This  information  is  given  in  Tai)le 
2,  whicii  shows  how  often  each  intensity  occurred  in  each 
of  the  selected  periods.  In  order  to  give  a  general  view 
of  the  frequency,  Fig.s.  1  and  2  have  been  prepared  for 
every  period  from  5  to  120  min.  for  the  whole  '15  yr.  On 
these  the  rates  have  been  plotted  in  the  order  of  their 
occurrence,  .so  that  the  frequency  of  any  rate  for  the 
period  can  be  found  by  inspection.  These  diagrams  also 
show  a  fa<t  tiiat  is  generally  overlooked — namely,  thai  a 
.■'-in.  nite  for  5  min.,  for  instance,  instead  of  occurring 
only  ■'!!•  times,  iis  nn  inspection  of  the  table  would  seem 
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TABLE  2.     STUDY  OF  RAINFALL  AT  NEW  YORK  CITV,  ISiiH  TO  1913,  BY  "AVERAGE-RATE"  METHOD 
Number  of  Recurrences  of  Rainfall  and  Rates  for  Periods  from  5  to  120  Min.,  Arranged  in  the  Order  of  Increasing  Intensities 


5  Min. 

10  Min.              15  Min. 

20  Mi 

30  Min. 

40  Min. 

50  Mil 

60  Min.              80  Min. 

100  Min 

120  .Min. 

Uate,  3   In. 

Rate.  1.80  In.   Rate,  1.60  In.   Rate.  1.44  In. 

Rate,  1  In.      Rate.  0.63  In.    Rate.  0.96  In.    Rate,  0.90  In.    Rate,  0.83  In.    Rate,  0.79  In. 

Rate,  0.70  In. 

and  Over 

and  Over           and  Over 

and  Ov 

er 

and  Over 

and  Over 

and  Ov 

?r          and  Over          and  Over 

and  Over 

and  Over 

Itain- 

Rain-                     Rain- 

Rain- 

Rain- 

Rain- 

Rain- 

Rain-                  Rain- 

Rain- 

Rain- 

No.  fall    Rate  No.  fall    Rate  No.  fall    Rate  No.  fall 

Rate  No.  fall    Rate  No.  fall    Rate  N 

o.  fall 

Rate  No 

fall    Rate  No.  fall    Rate  No.  fall    Rate  No.  fall    Rate 

39  0  25  3  00 

2  0,30  1,80     3  0,40  1,60 

1  0,48 

1,44 

8  0  50  1  00 

1  0  63  0  94 

2  0  80  0  96     1 

0  92  0  92      1    1    12  0.83 

1  1.32  0 

79 

2  I.-IO  0  7(1 

4  0.26  3  12 

3  0  32  1  92     2  0.42  1  68 

17  0  50 

1.50 

3  0  52  1  04 

4  0  65  0  97 

2  0  82 

0  98     1 

0  94  0  94      1    1.16  0  87 

1   1   34  0 

80 

1   1   41   1)  7(1 

10  0  27  3  24 

9  0  33  1  98     1  0  43  1  72 

3  0  51 

1.53 

2  0  53  1  06 

1  0.96  0  99 

1  0  85 

1  02     1 

0  96  0  96      2   1    IS  0  89 

1  1  36  0 

82 

1   1  42  0  71 

7  0  28  3  36 

4  0,34  2.04      2  0.44   1,76 

1  0.52 

1  56 

2  0  54  1  08 

3  0  67  1  00 

1  0  87 

1  04     1 

0  97  0  97     2  1  23  0  92 

1   1  ,38  0 

83 

1    1   43  U  71 

3  0  29  3  48 

11  0.35  2  10     3  0.45  1  80 

1  0  53 

1  59 

2  0.65  1   10 

2  0,68  1  02 

1  0  88 

1  06     3 

1   00   1  00     2   1   25  0  94 

1    1  42  0 

85 

1  1.58  0  79 

10  0  30  3  60 

3  0.36  2.16     1  0.46  1  84 

4  0.54 

1   62 

1  0.66  1   12 

1  0.70  1  05 

1   0  89 

1  07     2 

1   02   1   02      1    1   26  0  95 

1    1   50  0 

90 

1    1  74  0  87 

1   0  31   3  72 

3  0.37  2  22     1  0.47  1  88 

2  0  55 

1   65 

1  0  58  1  16 

4  0,71   1,06 

1  0  91 

1  09     1 

1  03  1  03     1   1  27  0  96 

1   1   56  0 

94 

1    1.75  0  87 

2  0  32  3  84 

9  0  38  2  28     6  0  48  1  92 

1  0  56 

1,68 

1  0.59  1   18 

1  0,72  1.08 

3  0  92 

1   10  ■  1 

1   04    1  04      2   1   30  0  97 

1   1   67  0 

94 

1    1 , 76  0  88 

2  0  33  4  00 

11  0.40  2  40     4  0  49   1   96 

2  0.57 

1   71 

5  0  60  1  20 

1  0  75  1   13 

2  0  94 

1   13      1 

1  07  1  07     1   1  38  1.04 

1    1   67   1 

00 

1   1  92  0  9K 

1   0  34  4  08 

3  0.41  2  46  12  0  50  2  00 

3  0  58 

1   74 

2  0,61   1,22 

4  0  76  1   14 

3  0  95 

1   14     3 

1  08  1  08     1   1  40  1  05 

1    1  71    1 

03 

1    1   93  0  96 

8  0  35  4   20 

6  0  42  2.62      2  0  51   2.04 

4  0,59 

1.77 

1  0  63  1,26 

3  0  80  1  20 

1  0  96 

1   15     1 

1   09   1  09      1    1   46   1  09 

1    1   82   1 

09 

1  2  03  1  01 

2  0  36  4  32 

4  0,43  2,58     4  0.52  2.08 

1  0  61 

1.83 

1  0,64  1  28 

2  0  83  1,25 

1  0  97 

1  16     1 

1   10  1.10     1   1  50  1  12 

1   1  85  1 

11 

1   2   10  1  05 

3  0,37  4.44 

5  0  44  2  64      1  0.53  2.12 

4  0,62 

1,86 

1  0  65  1  30 

1  0,84  1  26 

4  1  00 

1  20     1 

1   11   1.11      1   1,64  1,23 

1   1  89  1 

.13 

2  2  15  1  07 

1   0  38  4.56 

7  0.45  2.70     1  0.54  2.16 

2  0  64 

1   92 

1  0,66  1  32 

3  0.86  1  27 

1   1  01 

1,21      1 

1   13  1   13     1   1  70  1.28 

3  2.00  1 

,20 

1  2  20  1.10 

1  0  39  4.68 

1  0  46  2  76     2  0.55  2.20 

5  0.66 

1   95 

5  0,67  1  34 

1  0  86  1.29 

2  1.02 

1  22     1 

1   15  1   15     1   1  73  1  30 

1  2.05  1 

.23 

1    .242  1  21 

5  0  40  4.80 

2  0,47  2,82     2  0,56  2,24 

4  0,66 

1  98 

3  0  68  1  36 

3  0 , 89  1  34 

1   1  03 

1,24      1 

1  16  1  16     1   1  78  1.33 

1  2  15  1 

29 

1    .262  1  31 

2  0  41   4.92 

4  0,48  2,88     2  0.57  2.28 

1  0  67 

2  01 

1  0  69  1  38 

2  0  90  1  35 

1   1  04 

1,26      1 

1   17  1   17     1   1  81  1  36 

1  2.27  1 

,36 

1  2  65  1  33 

3  0  42  5  04 

1  0  49  2  94     4  0  58  2  32 

3  0  68 

2  04 

3  0,70  1  40 

1  0  91   1  37 

1   1  05 

1,26     1 

1.18  1   18     1   1,82  1,37 

1  2.40  1 

-44 

1   0  44  5.28 

10  0  50  3  00     4  0  60  2  40 

2  0,69 

2,07 

2  0  71   1  42 

2  0  92  1  38 

1   1  06 

1,27      1 

1  20  1  20     1   1  85  1  39 

1  3.14  1 

.88 

1   0  45  5.40 

3  0  52  3   12      2  0  61   2  44 

3  0  71 

2   13 

2  0  72   1  44 

4  0  93  1  40 

1   1  08 

1  30     2 

1  21   1  21      1   1  92  1,44 

1  0  46  5.52 

4  0  53  3  18     10  62  2  48 

1  0,72 

2   16 

1  0  74  1,48 

1  0  94  1  41 

1   1   10 

1  32     1 

1  28  1  28     1   1  95  1,46 

1   0.47  5.64 

2  0  54  3  24     2  0.63  2  52 

1  0,74 

2.22 

1  0,75  1  50 

3  0  96   1   44 

1   1   15 

1  38     1 

1   30   1   30      1    1   96  1  47 

1   0  49  5.88 

2  0  55  3  30     3  0.64  2  56 

3  0,75 

2.25 

1  0,76  1,52 

1    1,00   1   50 

2   1    16 

1  39     1 

1  35  1  35     1  2  16  1,62 

7  0  50  6.00 

2  0  67  3  42     6  0  65  2.60 

4  0,77 

2.31 

5  0,77  1,54 

2  1.03  1  65 

1    1    18 

1.42     1 

1  44  1,44     1  2,20  1,65 

1  0.53  6.36 

1  0  .is  3  48     3  0  66  2.64 

3  0.79 

2.37 

1  0.78  1  56 

1   1.04  1  66 

1   1.19 

1.43      1 

1   46   1   45      1   2  94  2  20 

1  0.54  6.48 

1  0  59  3  54      2  0.67  2  68 

2  0  80 

2.40 

2  0.79  1  58 

1   1.06  1  59 

1   1  22 

1  46     1 

1  50  1  50     1  3,60  2.70 

1  0.58  6.96 

3  0  60  3  60     2  0  68  2  72 

2  0  82 

2  46 

5  0  81   1  62 

1   1  07  1  61 

2  1  27 

1   52      1 

1  51  1  51 

1   0.62  7.44 

3  0.62  3  72      1  0  69  2  76 

1  0  83 

2  49 

1  0  82  1  64 

1   1  08  1  62 

1   1  32 

1   58     2 

1  65  1.65 

1   0  65  7  80 

1  0  65  3  90     2  0,70  2,80 

2  0,86 

2  65 

1  0  85  1,70 

1   1  09  1  64 

1   1  36 

1   63      1 

1  60  1.60 

1   0,67  8,04 

1  0,66  3  96     1  0,71  2,84 

1  0.88 

2.64 

3  0,86  1,72 

1   1   11   1  66 

1   1,41 

1.69      1 

1,68  1.68 

1  0  75  9.00 

1  0.70  4.20     1  0.72  2.88 

1  0  92 

2  76 

2  0  87  1,74 

1   1   12  1  68 

1   1.43 

1.72      1 

1.72  1.72 

1  0.73  4  38     2  0.73  2.92 

1  0.96 

2,88 

1  0.88  1,76 

1   1,14  1.71 

1   1,45 

1  74      1 

1.74  1.74 

2  0.75  4  50     1  0.75  3  00 

1   1  00 

3  00 

1  0,89  1.78 

1   1.15  1,72 

1   1  58 

1  90      1 

1  85  1.85 

1  0.77  4  62     1  0.76  3.04 

1   1  01 

3  03 

1  0  90  1  80 

1   1,16  1  74 

1   1  66 

1  99      1 

1  90  1  90 

1  0.78  4  68     4  0.78  3.12 

1  1,06 

3  18 

2  0  91   1  82 

1   1.18  1  77 

1   1  67 

2  00     1 

2.66  2.66 

1  0.79  4.74      1  0  81  3  24 

1   1.07 

3  21 

2  0  92  1  84 

2  1.25  1  88 

2  1  70 

2  04     1 

2  68  2.68 

1  0.83  4  98     1  0.82  3.28 

1   1  15 

3.45 

1  0.93  1  86 

1   1  36  2  04 

1   1,78 

2.14     1 

3  02  3.02 

2  0.86  5  16     1  0.86  3  44 

1   1  26 

3.78 

1  0  98  1  96 

1   1.38  2.07 

1  2.40 

2.88     1 

3.40  3.40 

1  0.95  5.70     1  0.90  3,60 

1   1.27 

3.81 

2  1  00  2  00 

1   1  40  2.10 

1  2  64 

3  17 

1   1.00  6  00     1  0.93  3.72 

1   1.31 

3.93 

1   1,02  2  04 

1   1  45  2  18 

1  2  77 

3  32 

1    1   02  6   12      1   1  03  4    12 

1   1.35 

4.05 

1   1  05  2.10 

1    1   60  2  40 

1  3,20 

3,84 

1    1.20  7  20      1   1  05  4  20 

1   1.40 

4.20 

1   1  06  2  12 

1    1   6li   2  49 

1  1.37  8  22     1  1.13  4  52 

1   1,46 

4  35 

3   1   10  2  20 

1    1   73   2  60 

1    1.14  4   .56 

1  2  00 

6  00 

2   1.11   2,22 

1    1,80  2,70 

1    1.15  4  60 

1   2.31 

6.93 

1    1.14  2,28 

1  2,46  3.69 

1    1.17  4.68 

2  1.15  2,30 

1  2  62  3.93 

1   1  22  4.88 

1   1.46  2,90 

1  2.95  4.38 

1  1.25  5.00 

1   1.49  2  98 

1  1.60  6.40 

1  1.50  3  00 

1  2.00  8.00 

1  1.58  3.16 
1  1  66  3.30 
1  2.04  4.08 
1  2.56  5.12 
1  2.61  5.22 

TABLE  3.     STUDY  OF  RAINFALL  AT  NEW  YORK  CITY,  1869  TO  1913,  B> 

■  "AVERAGE-RATE"  METHOD 

Nine  Maximum  Rates  from  Which  "Rainfall  Cur 

ves"  Were  Plotted  with  Interpolated  Points  for  "10-Yr.  Curve" 

Date  of  Storm 

5  Min.         Date  of  Storm    1 

5  Min. 

Date  of  Storm   30  Min.        Date  of  Storm 

50  Min. 

Date  of  Storm  80  Min 

Date  of  Storm  120  Min- 

Aug.    5,  1878. 

9.00         Aug.     5,  1878.. 

8.00 

Aug. 

5,1878..     5 

22         Sept.    4 

1913.. 

3,84 

Sept.    4,  1913..     2,70 

July 

5,1901..         1.33 

Sept.    4,  1913. 
July     3.  1892. 

8.04         Sept.    4,  1913,. 

6,40 

Sept. 
July 

4,1913..     5 

12         July   28 

1902.. 

3  32 

July   28,  1913..     2,20 

Sept.  23,  1882..         1.31 

7,80          Aug.     4,  1893.. 

6.00 

28,  1902..     4 

08         Aug.     5 

1878.. 

3.17 

Oct.      1,1913..      1.65 

Oct. 

9,1903..         l.ZI 

May  30.  1912. 

7   44          Julv   28.  1913,. 

4,88 

Aug. 

20,1893..     3 

30         July   28 

1913.. 

2,88 

Sept.  23,  1882..      1.62 

Sept. 

4, 

878..         MO 

Interpolated   10                      Interpolated   10 

Interpolated   10 

Interpol 

ited   10 

Interpolated   10 

Interpolat 

ed    10 

Yr 

7  17             Yr 

4  76 

Vr 

3 

32             Yr... 

2  47 

Yr 1.64 

Yr. 

l.C!" 

July  31,  1912. 

6.96         May  22,  1881.. 

4,68 

July 

28,1913..     3 

16         Oct.      1 

1913.. 

2,14 

Aug.  19,  1904..      1.47 

Oct. 

4. 

877..         1.0^ 

Oct.    11,  1871. 

6.48         July   28,  1902.. 

4,60 

Aug. 

19,1904..     3 

00         Aug.  23 

1897.. 

2,04 

July     6,1896..      146 

Aug. 

9. 

904..       i.o: 

Aug.    6,  1893. 

6  36         July   26,  1876.. 

4,56 

Oct. 

1,  1913..      2 

98         July     6 

1896. . 

2,04 

May  21,  1883..     1  44 

June 

29, 

903..         1.0.1 

July  12,  1880. 

6,00         Aug.     5,1902.. 

4,52 

Aug. 

5,1902..     2 

90         Aug.  20 

1893.. 

2,00 

June  29.  1903.  .      139 

Aug. 

4, 

888..         1.01 

Oct.      1,  1913. 

6,00          July    31.  1910.. 

4,20 

Sept . 

23,  1882..      2 

30         Aug.  19 

1904.. 

1  99 

Oct.      9.  1903..      1   37 

Oct. 

23, 

912..         0.96 

10  Min.                                        1. 

0  Min. 

40  Min. 

60  Min. 

100  Mil 

Aug.    5,  1.S78. 

8,22          Aug,     5,  1878.. 

6.93 

Sept 

4.1913..      4 

38          Sept.     4 

1913.. 

3  40 

Oct.      1,1913..      188 

Sept.    4,  1913. 

7.20          Sept.    4.  1913.. 

6.00 

Aug. 

5,  1878..      3 

93          July    28 

1902.. 

3  02 

July     6,  1901..      1.44 

May. 30,  1912. 

6   12          Aug.  20,  1893.. 

4.35 

July 

28,1902..     3 

69         Julv   28 

1913,. 

2.68 

Sept.  23,  1882..      1.36 

July  31.  1910. 

6.00         July   28.  1902.. 

4.20 

July 

28,  1913..     2 

70         Aug.     5 

1878. . 

2.66 

Oct.      9,1903..      1.29 

Interpolated  10                    Interpolated   10 

Interpolated   10 

Interpol 

ited   10 

Interpolated   10 

Yr 

5.83             Yr 

4.12 

Yr 

2 

64             Yr... 

2,24 

Yr 1.26 

July  28.  1913. 

.     5.70         Aug.     5,1902.. 

4.05 

Oct. 

1,1913..     2 

60         Oct.      1 

1913.  ■ 

1,90 

Aug.  19.  1904..      1.23 

Aug.     5,  1902. 

.     5.16         July   28,  1913.  . 

3.93 

Aug. 

20,1893..     2 

49         July     6 

1896. . 

1.85 

June  29,  1903..      1.20 

July  28,  1902. 

.     5  10         July   26.  1875.. 

3.81 

Aug. 

19,1904..     2 

40         Aug.  23 

1897.. 

1  74 

Oct.      4,1877..      1.20 

1 

July  26,  1875. 

.      4.98          Aug.  22,  1884.. 

3.78 

Sept 

23,  1882..     2 

18         Sept.  23 

1882.. 

1.74 

Oct.    23,  1912..      1.13 

July   12,  1880. 

.      4.74          Oct.      1,1913.. 

3.45 

Aug. 

23,1897..     2 

10         Aug.  19 

1904.. 

1,72 

July    12,  1880..      1.11 

to  show,  really  occurs  123  times,  because  a  3-in.  rate 
and  more  occurred  with  every  higher  intensity  of  the 
period;  and  that  a  4-in.  rate,  instead  of  occurring  only 
two  times,  occurred  47  times,  etc.  By  counting  the 
storms  that  cross  the  ortlinate  for  the  rate  required 
(Pig.  1)  the  number  of  times  when  that  rate  was  reached 
or  exceeded  in  that  period  can  be  found.  Tlic-^e  diagrams, 
together  with  the  tables,  give  a  complete  compilation 
of  the  rainfall  records  according  to  tlie  "average  rate" 
method. 

From  the  data  so  obtained  rainfall  curves  are  dcvelojied 
which  are  supposed  to  show  the  frequency  of  ma.xiiiium 
storms  based  on  tlicir  jiast  occurrence. 


Fig.  2  shows  such  curves  for  intervals  of  from  5  to 
4.5  yr.  and  for  storms  of  from  5  to  120  min.  duration. 
The  curves  are  constructed  in  the  following  manner: 

Table  3  shows  the  nine  highest  rates  selected  from  each 
of  the  periods  in  Table  1.  These  were  plotted  into  a 
lii<e  number  of  curves  on  coordinate  pajwr,  the  abscises 
representing  time  up  to  120  min.  and  the  ordinates  rate.* 
ill  inches  ])er  hour.  The  highest  rates  recorded  for  eai'li 
of  the  eleven  periods  from  5  to  120  min.  form  what  is 
called  the  "l.'i-Yr.  Curve,"  because  they  occurred  but 
once  in  that  period.  The  second  higliest  are  similarly 
treated,  and  because  they  occurred  twice  in  45-yr.,  be- 
come  the   "221^-Yr.    Curve";   the   third   because  thcv 
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occurred  three  times  fonii  the  "15-Yr.  Curve"  and  so  on 
to  the  ninth,  which  is  supposed  to  give  the  intensities 
that  occur  once  in  5  yr.  To  the  nine  curves  so  obtained 
from  the  tables  another  is  added  by  interpolation,  which 
is  supposed  to  represent  a  "lO-Yr.  Curve."  The  equa- 
tions opposite  some  of  the  curves  represent  the  curves 
drawn  through  them  in  broken  lines. 

From  this  series  of  curves  one  is  selected  as  a  basis 
of  sewer  computation.  If  it  is  desired  to  construct  sew- 
ers that  will  carry  oft"  the  water  from  storms  that  occur 
every  5  yr.,  the  figures  supplied  by  the  "o-Yr.  Curve"  are 
used;  if  the  10-yr.  period  is  selected,  that  curve  is  used; 


-!,\,,)S.  Zin4f  Years'tlY^rCuive" 
i^  '-fHB 

Ak;    3in4iyeaa"/SrmraTye'' 

r.JSL 
*   rtn 

Al*     4in4SYi!a.'s"ltiYmrCiirve" 
p^        In-hrpolcrfedlofearCuri^ 

._  ISO 
'     TfIS 

\%,^'\     5 in  45  Years  "9  Year  Curve* 


[AifA   k m 45  Yean '7i)^r Curve" 


J^r    7  m  4i  Years  "B^Year  Curvf 

Qin4S  Years  'S^YearCvrve" 

Jjife    SintS  )ian  "l  Year  Curve' 


10    to   30    40    50    60    10    80   90   lOO    IK)   ItO 
Duration     in     Minutes 

IG.    2.    NEW    YORK    RAINFALL    CURVES    BY    "AVERAOK- 
RATE"  METHOD  FOR  INTERVALS  OF  .5  TO  45   YR. 

if  it  is  desired  to  provide  for  the  heaviest  storms  re- 
irded,  the  figures  from  the  "45-Yr.  Curve"  are  applietl. 

Tlie  reasoning  on  which  these  curves  are  based  is  that 

orms  tiiat  have  occurred  but  once  in  45  yr.  will  prob- 

ily  not  occur  again  in  a  shorter  period ;  those  that  have 

I'curred  twice  in  4.")  yr.  may  be  expected  to  occur  every 

'!%  yr. ;  those  that  have  occurred  three  times  will  occur 

<T\  l.'j  yr.,  and  .«o  on.    It  is  an  application  of  the  aver- 

metliod  to  the  frequency  as  well  as  to  the  rates. 

liave  carefully  described  this  method  of  average  rates 

'd  on  accuniulated   rainfall   for  selected   jK'riods  and 

'■n  all  till'  data  on  which  its  reasoning  is  based  i)ecause 
idesire  to  point  out  some  of  its  pecidiaritics.    But  before 
ido  that  I  will  give  all  tiic  data  in  aiiotiier  form. 
(Tu  he  continued) 


IBoiPosmglh.  IRevasedl 

The  following  excerpts  from  the  recently  issued  report 
of  Eugene  W.  Stern,  Chief  Engineer  of  the  Bureau  of 
Highways,  Borough  of  ^lanhattan.  New  Y'ork  City,  are 
of  interest  to  paving  engineers.  Of  the  adequacy  of  6-in. 
concrete  foundation  he  writes: 

The  question  is  often  raised  as  to  the  desirability  of  in- 
creasing this  depth  on  account  of  heavy  trafBc  and  to  provide 
sufficient  strength  in  the  base  to  span  settlements,  cave-ins 
and  shrinkage  in  the  subgrade.  Investigation  of  the  failures 
in  concrete  foundations  in  this  city  shows  that  unless  there 
is  reason  to  believe  that  the  subgrade  is  a  recent  fill,  fi  in.  is 
adequate  and  is  able  to  support  the  pavement  under  normal 
loads. 

In  regard  to  the  treatment  of  creosoted  wood  paving 
blocks,  ilr.  Stern  says : 

To  avoid  bleeding,  besides  the  ordinary  treatment  when 
being  creosoted,  the  blocks  have  a  final  steaming  and  vacuum 
treatment,  and  the  amount  of  oil  has  been  reduced  from  IS  to 
16  lb.  per  cu.ft. 

He  has  experimented  with  night  work  to  expedite  pave- 
ment construction  in  congested  thoroughfares,  and  writes : 

One  of  the  more  important  streets  paved  during  the  year 
was  32nd  St.  between  .Tth  Ave.  and  Broadway.  This  is  a  very 
busy  street,  connecting  Fifth  Ave.  with  the  Pennsylvania 
Station.  The  work  was  expedited  as  much  as  possible,  night 
and  day.  the  contract  providing  that  the  contractor  should 
work  16  hr.  a  day,  and  it  is  believed  that  a  record  was  made 
in  its  completion,  which  took  IS  days  from  start  to  finish, 
during  which  time  the  street  was  closed  to  traflic  for  only 
eight  days. 

The  result  of  handling  the  work  in  this  manner  proved 
so  satisfactory  in  every  way  that  it  is  proposed  in  the  future 
to  require  night  and  day  work  on  all  streets  in  congested 
districts  where   there  could   be   no  objection   to   night   work. 

It  seems  that  .Mr.  Stern  has  definitely  abandoned  the 
sand-cushion  method  of  granite-block  pavement  construc- 
tion, and  has  substituted  asphalt  for  tar  as  a  joint  filler, 
lie  states  that: 

A  l-in.  mortar  bed,  consisting  of  1  part  Portland  cement  to 
.1  parts  sand  has  been  substituted  for  the  sand  bed,  or  so- 
called  cushion.  This  has  proved  entirely  satisfactory,  and 
the  resulting  improvement  in  the  pavement  has  fully  justified 
the  change. 

For  some  time  it  has  become  apparent  that  the  paving 
pitch  for  filling  the  joints,  made  of  coal  tar,  was  not  giving 
satisfaction.  At  the  end  of  even  one  year  the  joints  would 
not  remain  filled.  This  was  due  to  the  fact  that  in  warm 
weather  the  coal-tar  filler  would  soften  and  leave  the  joints, 
and  in  cold  weather  it  would  chip  out.  When  the  joint  does 
not  remain  filled,  the  paving  blocks  quickly  wear  round  on 
the  edges  and  soon  a  noisy  rough  pavement  is  the  result. 

To  improve  this  condition,  early  in  the  year  1915  asphaltic 
joint  filler  was  adopted,  for  the  reason  that  it  had  greater 
ten.acity,  was  less  brittle  in  cold  weather  and  not  so  soft  in 
warm  weather.  The  asphaltic  filler  has  justified  expectations; 
a  comparison  of  those  streets  laid  last  year  with  asphaltic 
and  coal-tar  filler  proves  conclusively  the  superiority  of  the 
former. 


A  Rall-and-Uond  lOlertrIf  Tar  has  been  built  by  C.  .1. 
Spencer,  manager  of  the  Bradford  (England)  Tramways.  The 
velficle  consists  of  a  modified  stamlard  motor-truck  chassis, 
provided  with  a  battery,  enabling  It  to  leave  the  tramway 
rails  and  operate  as  an  ordinary  self-contained  vehicle  when 
the  occasion  demands.  In  addition  to  being  self-contained 
for  special  work,  it  is  also  equipped  with  electric  street-car 
equipment,  Including  a  trolley.  Contact  with  the  rails  i.s 
made  by  means  of  a  cast-Iron  block  connected  to  the  steer- 
ing gear  and  automatically  steering  the  vehicle.  The  motors 
are  of  20  hp.,  oi)eratlng  normally  at  500  volts  on  the  usual 
series-parallel  system  of  control.  When  the  vehicle  leaves  the 
tramway  the  rail  contactor  Is  lifted,  the  trolley  pole  pulled 
down,  and  a  switch  thrown  to  bring  the  batteries  Into  action. 
Owing  to  the  batteries  having  lower  voltage  than  trolley  wire, 
the  speed  free  running  Is  lower  than  when  on  rails,  but  the 
vehicle  Is  able  to  climb  any  ordlnar.v  road  gradients.  The 
batteries  can  be  oharjfed  while  running  on  the  tramway 
route."). 
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Ill  enlarging  a  fi?-ft.  eartli  dam  I'ouiided  partly  on  the 
silt  lied  oi'  the  Sevier  River  in  Juab  County.  Utah,  a 
novel  method  was  employed  to  prevent  seepage  under 
and  through  the  dam.  Parts  of  th?  dam.  the  two  ends, 
where  rock  is  found  at  moderate  depth  (see  Fig.  1).  are 
j)rovidod  with  reinforced-concrete  core-walls,  which  in' 
])]an  follow  api)ro.\imately  the  contour  of  the  underlying 
ledge.  Tiie  middle  |):irt  of  the  dam  rests  on  30  to  40 
ft.  of  silt  o\erlyii!g  tlie  ledge,  and  here  steel  sheetpiling 
was  driven:  1o  tlie  top  of  the  jiiling  a  sheet-steel  dia- 
]>liragm  was  fastened  and  carried  aiiove  the  water  le^el  of 
the  reservoir.  The  ends  of  the  steel  piling  and  diaphragm 
were  incased  in  the  ends  of  the  concrete  core-walls,  form- 
ing a  water-tight  curtain  from  bedrock  to  (5  ft.  above 
the  high-water  line  of  the  re.servoir.  Construction  has 
been  in  progress  since  1912  and  is  now  about  completed. 

The  original  dam,  having  about  a  1.000-ft.  crest,  was 
designed  to  store  a  fiO-ft.  head  of  water  with  7-ft.  free- 
board. The  new  dam,  with  a  1,300-ft.  crest,  completely 
incloses  the  old  one  and  stores  80  ft.  of  water  with  13- 
ft.  freeboard.  The  base  of  the  old  dam  was  widened 
from  300  to  700  ft.,  at  the  maximum  cross-section,  and 
the  surface  area  of  the  reservoir  was  increased  from  3,630 
to  10,000  acres.  The  capacity  of  the  reservoir  has  been 
increased  from  104,000  to  3.50,000  acre-ft.  In  order  to 
accommodate  the  increased  base  of  the  dam,  the  outlet 
tunnel  was  extended  upstream   20"2  ft.  as  a   reinrorced- 


S+eel    Shee+piling 


DETAIL    OF    WATER-TIGHT    CONNECTION    OF 
STEEL    I'lLING   A.N'D    DIAPHRAGM 


c(,increte  conduit,  and  a  gate  tower  with  gates  at  eleva- 
tions 0.  30,  40  and  50  ft.  was  added  for  better  control  of 
the  outflow.  A  spillway  is  cut  in  solid  rock  at  the  nortli 
end  of  the  dam,  with  gate-controlled  outlets  at  fiO-  and 
.sO-ft.  elevations. 


El.86^^ 
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FIG.  1.      PLAN  ANIJ  LONGITUDINAL  SECTION  OF  SEVIER    URIDCJIE   DAM.   .lUAB   COl'NTY.    UTAH 
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FIG.    3.     CONSTRUCTION"   VIKWS    OF    SEVIKR    BRIDOR    DAM.    .ir.^^B   COUNTY.   UTAH 


The  old  dam  contained  about  200,000  cu.yd.  of  mate- 
rial. The  additional  material  on  the  down.stream  side 
of  the  center  line  amounts  to  140,000  cu.yd.  and  on  the 
upstream  side  340,000  cu.yd. — in  all.  the  new  dam  con- 
;  tains  about  680,000  cu.yd.  of  earth.  The  new  fill  was 
made  with  a  mixture  of  clay  and  gravel,  the  gravel  being 

GJiT£  WELL 

Hydraulic  Fill 


Oldlfiver  f/ockFill 
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FIG.    4.      CROSS-SECTION    OP    SEVIER    BRIDGE    DAM, 
SHOWING    STEEL    DIAPHRAGM 

luiced  and  carted  from  the  north  end  of  the  dam  and 
he  clay  carted  from  the  opposite  end.  The  carts  were 
Iriven  across  the  dam,  loading  alternately  on  opposite 
ides,  which  provided   for   about  the   right   mixture   of 


gravel  and  clay  and  at  the  same  time  assisted  in  com- 
pacting the  material.  The  hydraulic  fill  is  on  the  up- 
stream side.  A  temporary  hydraidic  power  plant  fur- 
nished tlie  power  for  the  ])umps  tliat  supplied  the  monitors 
for  sluicing,  electric  power  for  ligliting  and  the  air  com- 
pressors for  furnishing  air  to  tlie  pneumatic  riveters. 

Previous  to  adding  any  new  fill,  the  reinforced-concrete 
core-walls  were  extended  as  shown  in  Fig.  1,  leaving  a 
gap  of  about  240  ft.  for  the  steel  diaphragm.  For  the 
steel  sheetpiling  a  trench  was  dug  near  the  upstream 
toe  of  the  old  dam,  as  shown  in  the  cross-.section.  Fig.  4. 
Approximately  11.000  lin.ft.,  or  200  tons,  of  12V2-in. 
•IS-lb.  United  States  steel  sheetpiling  was  driven  to  bed- 
rock in  lengths  of  from  20  to  40  ft.  The  cost  of  driving, 
including  plant  and  preliminary  work,  was  about  35c. 
per  lin.ft.  The  actual  driving  occupied  about  30  days, 
two  shifts,  five  to  eiglit  men  in  a  .«hift.  The  totfll  cost 
of  the  sheetpile  cutoff,  including  the  connections  with 
the  concrete  wing  core-walls,  was  about  $21,000. 


FIG.    S.     RRECTION   OF   .SHF.KT-.STERL   DIAPHRAGM.   SEVIER  BRIDGE  EARTH  DAir.  JUAB  COUNTY.  UTAH 
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Tlie  top  of  the  sheetpiling  is  at  aboiit  the  elevation  of 
the  bottom  of  tlic  reservoir  (zero).  To  the  piling  were 
attached  4xlO-ft.  plates  of  copper-bearing  Keystone  steel. 
No.  10  gage,  fabricated  by  the  American  Bridge  Co.  A 
detail  of  the  water-tight  connecting  joint  is  shown  in 
Fig.  4.  The  ends  of  the  plates  lapped  over  on  the  up- 
stream face  and  were  riveted  with  %-in.  rivets,  with 
1%-in.  spacing.  Every  five  plates,  or  at  intervals  of  fiO 
ft.,  expansion  joints  made  of  U-shaped  pieces  of  tbe  same 
steel  were  placed  (see  Fig.  5). 

The  diaphragm  was  carried  up  vertically  to  an  eleva- 
tion of  (SI  ft.,  then  bent  in  on  a  1:1  slope  to  an 
elevation  of  8G  ft.  (see  cross-section.  Fig.  4).  About 
30,000  sq.ft.  of  metal  was  used  in  the  diaphragm.  Besides ' 
the  shop  coat  of  red  lead,  the  metal  was  given  two  coats 
of  asphaltic  paint,  applied  hot.  Experience  with  steel 
drills  left  in  holes  in  the  outlet  tunnel,  constructed  in 
1905,  leads  io  the  Wief  that  little  deterioration  will  oc- 
cur, for  the  river  water  is  strongly  impregnated  with 
lime,  which  is  precipitated  and  forms  a  protective  coating 
on  exposed  iron  and  steel.  The  cost  of  the  steel  deliv- 
ered at  the  dam  was  ahoiit  $6,500  and  the  cost  of  erec- 
tion about  $4,500.  making  a  total  of  $11,000. 

The  core-walls,  which  contain  approximately  3.000 
cu.yd.  of  concrete,  cost  complete,  including  excavation, 
about  $30,000.  The  total  cost  of  the  water-tight  cur- 
tain, steel  sheetpiling,  diaphragm  and  core-walls  was 
about  $62,000,  or  87^;  of  the  total  cost  of  enlarging  the 
old  dam,  including  land  damages.  Experiments  show 
that  the  seepage  through  the  fill  has  been  practically 
stopped,  but  there  exist  some  small  springs  ou  the  down- 


stream side  whose  flow  is  prol)iil)ly  through  fissures  in 
the  underlying  rock. 

The  dam  is  known  as  the  Sevier  Bridge  dam  because 
its  crest  carries  a  highway.  It  is  part  of  the  reservotr 
and  water-supply  system  of  four  large  irrigation  com- 
panies, namely,  the  Delta  Land  and  Water  Co.  the  DeserSt 
Irrigation  Co..  the  .Melville  Irrigation  Co.  and  the  Sevier 
TJivei*  Land  and  Water  Co.  whose  several  projects  cover 
more  than  100,000  acres  of  land  in  eastern  Millard  Coun- 
ty. Ulah.  The  last  named  company,  with  offices  in  Salt 
Lake  City,  has  administered  the ,  business  detail  of  the 
enlargement  of  the  dam  and  reservoir.  J.  R.  Harsch  is 
secretary  of  the  Sevier  River  Co.  The  following  engi- 
neers have  been  connected  with  the  work :  Charles 
llardy,  chief  engineer,  1905  and  1906;  R.  R.  Lyman, 
chief  engineer,  1907  to  1913,  and  consulting  engi- 
neer to  date;  D.  G.  Martin,  resident  engineer,  1914; 
C.  A.  Tush,  consulting  engineer,  1913  to  1916;  and 
Clarence  S.  Jarvis,  chief  engineer,  1914  to  date. 
The  late  James  D.  Schuyler  made  a  study  and  a 
report  on  the  enlargement  of  the  dam  and  insisted  on 
the  necessity  of  a  cutol?  wall  to  at  least  30  ft.  above 
the  bed  of  the  river,  ilr.  Jarvis  first  suggested  the  steel 
diapliragm  in  1914,  originally  intending  it  to  be  of 
corrugated  ingot  iron,  but  owing  to  the  experience  with 
Sevier  River  water  already  referred  to,  he  changed  to 
cop]ier-bearing  steel.  Associated  with  Mr.  Jarvis  during 
1915  and  1916  has  been  L.  H.  Kimball  in  direct  ehai^ 
of  the  construction  of  the  diaphragm.  A  precedent  for 
the  metal  diaphragm  is  the  Avalon  dam  on  the  Peew 
River,  New  Mexico. 
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.-^)'.\()I'SIS — .1  sliidi/  ill  depreciation  and  oh- 
solesrenre.  Anah/sis  of  (■oiidition.  of  the  45-i/pnr- 
old  cast-iron  and  irrouf/lit-iroii  bridge  across  the 
Mississippi  at  Keolcuk.  Metal  sliows  vp  remarlc- 
(ihlij  well  after  niani/  i/ears  of  service. 

During  the  past  year,  the  old  iron  toll-bridge  whicli 
spanned  the  Mississippi  River  at  Keokuk,  Iowa,  for  near- 
ly half  a  century,  has  been  dismantled  and  replaced  by 
a  modern  double-decked  structure,  descriptions  of  which 
appeared  in  Engineering  News  of  Aug.  5,  1915,  and  Apr. 
13,  1916. 

The  old  structure  carried  a  narrow,  combined  highway 
and  single-track  railway  floor.  The  decision  to  replace 
it  was  partly  responsive  to  the  popular  demand  that  the 
highway  and  railway  floors  be  separated,  in  order  to 
relieve  the  congestion  and  provide  a  safe  crossing  for 
the  rapidly  increasing  automobile  traffic.  It  was  due 
primarily,  however,  to  the  fact  that  the  old  bridge  was  too 
light  to  sustain  with  safety  the  increased  loading  from 
Ihe  modern  rolling  stock  of  its  tenants,  the  AVabash  Ry. 
and  the  Toledo,  Peoria  &  Western  Ry. 


•ConstructinK    Engineer,    Keokuk.    Iowa;    Resident    Enpri- 
neer   of   the   Keokuk   and   Hamilton    Brldpe. 


HlXOKLICY* 

In  these  respects  the  old  structure  presents  an  interest- 
ing and  typical  e.xample  of  obsolescence,  due  to  inadequftit) 
in  the  face  of  an  increasing  volume  of  traffic,  and  to  itf 
inability  safely  to  sustain  modern  loads.  But  it  is  tlu 
purpose  hei'e  to  record  the  conditions  of  actual  wear  ai^d 
deterioration  due  to  nearly  50  yeai's  of  use  and  exposure. 
and  the  degree  to  which  the  strength  and  stability  of  tht 
structure  have  been  effected  thereby.  Reliable  informa- 
tion of  this  kind  is  of  value  aside  from  its  purely  enfri- 
neering  value,  in  view  of  the  widely  divergent  opinion 
and  practices  now  existing  with  respect  to  the  assume 
"normal  service  life"  of  railway  structures,  and  consc- 
i|ucntly  to  the  assignment  of  corresponding  depreciation 
reserves  and  sinking  funds,  and  to  the  establisiiing  i' 
valuation  rules  and  precedents. 

The  old  bridge  was  a  wrought-ii'on  and  cast-iroi 
structure,  designed  by  J.  II.  Linville  for  a  live-lom 
approximating  Cooper's  E-20,  and  built  by  the  Keysiom 
Bridge  Co.  in  1869  and  1870.  It  consisted  of  a  380-ti 
drawspan,  two  256-ft.  and  eight  165-ft.  fixed  spans.  .M 
of  these  were  skewed  through-trus.s  spans  of  a  niodifii' 
Whipple  type,  otherwise  known  as  the  Linville-PriH 
truss,  with  vertical  end-posts,  and  double-intersection  wd 
systems,  giving  panel  lengths  of  12  to  15  ft. 

The  combined  highway  and  single-track  railway  fl""' 
was  su])])orted  upon  Douglas-lir  stringers  I'csting  at  tli' 
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lanel  points  ujwn  iron  floor-beams,  'riusi'  wimx'  Iniilt  up 
loni  two  wrouglit  channels  with  cast-iron  separators, 
lul  stiffened  by  means  of  queen-post  trusses  consisting 
f  wrought  eye-bars  and  cast  posts.  The  floor-beams 
ere  hung  from  the  lower  chord  pins  by  two  short 
rought  loop-rod  hangers  at  each  end.  These  passed 
own  between  the  channels  throixgh  cast  yokes  l)eneath. 
le  connections  being  held  more  or  less  rigidly  by  means 
t'  cast  saddles,  fitting  between  the  floor-beams  and  the 
iwer  chord  pins,  so  that  when  the  nuts  on  tlie  lower 
lids  of  the  hanger  rods  were  tightened,  the  beams  were 
aniped  tightly  to  the  pins.  Xo  floor-beams  were  pro- 
ided  between  the  end-posts  over  the  piers,  these  posts 
Mng  spaced  laterally  at  their  bottoms  by  cast  struts  and 
itig  holt-rods. 

The  bott(mi  lateral  system  consisted  sini[)ly  of  adjust- 
i\e    wrought    loop-rods    fasteneil    to    the    sides    of    the 
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|i;.   1.      IJKT.MI.S  (JF  TRUSSES  OF   THK   Ol.I)   KIIOKUK 
BRIDGE 

or-beaitis.     '{'be  lower  chords,  excejit  on  tlie  drawspan. 

"•  composed  of  wrought  eye-bars,  the  end  ]>aiu'ls  being 
>>'■']  by  loop-rods  bolting  through  the  cast  bases  of 
'•nd-posts  anil   stift'ened   by   cast   struts,     'i'he   truss 

igonals  were  all   square   wrought   loop-rods  extending 

nil  the  lower  chord  pins  diagonally  up  through  the  top 
■  ard  just  over  the  posts  where  they  were  fastened  by 
!  -ans  of  large  nuts  .screwed  down  against  cast-iron  chairs 

ting  on  top  of  the  upper  chord. 

The  intermediate  posts  were  built  u[)  of  four  rolled 
I  i|M's  fastened  together  edgewise  by  rivets  and  spacers 
1  form  ojien  hollow  Phfenix-like  columns,  tajiering  from 
I  ■  center  toward  the  ends,  around  which  were  molded 
1' cast-iron  tops  and  bottoms.    This  is  shown  in  Fig.  1. 

le  cast  to[)s  abutted  on  the  top  chord  without  any 
J^tening  whatever.  The  bottom  castings  were  weiibeil 
111  chanibereil  to  engage  the  upper  half  of  the  lower 
•lird  pins  and  act  as  spacers  for  the  eye-bars.     .Ml  the 


<t8  were  set  in  loosely  between   the  chords  and   were 
mped   to   secure   positions   by   the   tightening   of   the 
tn  on  top  of  the  diagonals  and  by  the  action  of  the 
t  iS8  under  load. 


The  uppei-  chords  were  composed  of  sections  of  one- 
panel  length,  made  up  of  two  channels  and  two  I-beams 
each,  to  which  was  ri\-eted  a  single  top  cover-plate.  These 
sections  abutted  over  (he  intermediate  posts  but  were  not 
spliced,  being  held  in  position  by  the  diagonals  and  the 
action  of  the  loaded  bridge.  The  vertical  end-posts  were 
linilt-u])  hollow  wrought  coluinns  around  which  were 
molded  cast-iron  tops  and  bases.  The  upper  chords 
simply  rested  u])on  the  end-posts,  being  held  down  by  the 
diagonals  which  pas.sed  up  through  the  cast  tops.  The 
end-post  bases  rested  either  directly  upon  pier  pedestal 
castings  or  upon  expansion  bearings  consisting  of  nests 
of  2-in.  rollers  for  the  short  spans  and  3-in.  rollers  for 
the  two  long  spans.  Portals  were  all  made  up  of  cast- 
iron  sections  bolted  together  and  to  the  posts.  The  to[) 
lateral  system  consisted  of  cast  struts  at  the  panel  points 
aiul  wrought  adjustable  loop-rod  diagonals. 

The  drawsjian  was  of  similar  design  except  that  the 
upper  chord  sections  were  spliced  to  form  a  continuous 
bow-shaped  member.  The  lower  cliords  were  stiff,  being 
built  up  and  spliced  similar  to  the  upper  chords.  There 
being  no  pins  in  the  bottom  chord,  the  diagonal  rods 
and  counters  extended  down  through  the  chords  to  cast 
chairs,  being  held  by  nuts,  precisely  as  at  the  upper 
chord  points,  while  the  internu»diate  posts  were  held  in 
place  between  the  chords,  both  at  the  top  and  bottom, 
by  the  tension  in  the  diagonals.  The  drawspan  trusses 
were  provided  with  full  systems  of  adjustable  counters. 
The  intennediate  floor-beams  on  the  draw  were  similar 
to  those  of  the  lixed  spans  and  were  similarly  suspended 
from  the  lower  ilionl  liv  hanger  bolts.  The  end  floor- 
beams  were  built  u|i  li-dui  two  I'haunels  with  top  and 
bottom  vowf  plates,  and  were  similarly  hung  from  the 
lower  chords. 

The  drawspan  was  a  I'ldl  ct'iitei'-l)eiiring  structure  foi' 
all  loads  and  positions,  the  live-ring  i-ollei-s  under  the 
drum  simply  acting  to  steady  the  motion.  The  load  was 
carried  on  a  wrought-iron  drum  built  up  as  a  curved 
box  girdiM-  with  two  webs.  This  was  hung  on  the  center 
bearing  Ity  means  of  adjustable  radial  rods  extending 
inward  and  upward  from  the  bottom  of  the  drum  to  a 
large  forged  spider  I'esting  on  an  ingeniously  designed 
double  cone-roller  l)eanng  in  the  center  casting.  It  was 
operated  by  a  small  reversible  steam  engine  of  approxi- 
nuitely  1"^  hp.,  operating  through  the  usual  gear  reduc- 
tions to  two  opposite  pinions  on  the  drum  engaging  a 
cast-iron  rack  which  was  bolted  with  the  lower  roller- 
tread  castings  to  the  jiicr.  The  ends  of  the  drawspan 
were  raised  hy  means  of  a  centrally  ojierated  pair  of 
hvdraulic  jacks  aiul  w^ere  wedged  by  a  hand-operated 
mechanism.  The  engine  and  operating  machinery  were 
built  about  ISd.")  by  William  Sellers,  of  Philadelphia. 
Penn. 

The  substructure  consisted  of  the  a!)utments  at  either 
end  of  the  bridge  and  11  river  pieis,  including  the  pivot 
pier  of  the  draw-span.  Of  these,  all  but  five  of  the 
smaller  ones  were  built  directly  upon  tlie  rock  bottom 
of  the  river,  which  at  low  water  nowhere  exceeds  S  or 
10  ft.  in  de|)tli.  The  remaining  five  piers  were  founded 
upon  shallow  timber  grillages  resting  on  the  rock 
bottom.  The  pier  masonry  was  quarry-faced  ashlar, 
except  that  the  upstream  nose-stones,  starlings  and 
copings  were  hammer-dressed,  and  were  laid  up  in 
mortiir  probably  made  from  ['ti<"i   (III.)   natural  eeinenl. 
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and  backed  witli  large  stones  laid  at  random  in  spalls 
and  mortar.  All  the  stone  was  a  local  magnesium  lime- 
stone. The  pivot  pier  was  a  hollow  structure  with  a  solid 
center  pier  connected  by  four  radial  walls  to  an  outer 
masonry  ring. 

During  it.s  46  years  of  service  the  old  superstructure 
was  repainted  five  times,  always  with  either  red  or  white 
lead  and  oil.  The  original  pine  floor  stringers  were 
replaced  with  another  sot  of  pine  timbers  after  ten  years" 
service,  and  these  were  again  replaced  ten  years  later 
hv  Douglas  fir  stringers.  These  remained  in  service  for 
tlie  remarkable  period  of  22  years  and  were  then  found 
to  be  perfectly  sound,  e.xcopt  for  dry-rot  at  their  ends. 
Tn  1889.  a  new  centei'  casting  was  installed  at  the  draw 
to  rejilace  the  original  one.  wliirli   lind  Ijct'n  cracked   by 


^ 


rockers,  fixed  at  their  bottoms  and  carrying  the  spaiu 
on  their  tops.  Temperature  stres.ses  in  the  bottom  chords 
had  i-esnitod  in  many  cracked  end-post  bases,  haviij 
caused  the  end  chord  members  to  be  pushed  entireh 
through  these  castings  in  several  cases.  It  is  fortunab 
that  in  this  type  of  truss  the  end  sections  of  the  botton: 
chord  are  not  required  to  carry  live-load  stresses,  u 
otherwise  the  conditions  described  above  must  have  b 
attended  with  very  serious  consequences. 

Upon  dismantling  the  expansion  bearings,  they  wen 
found  to  be  badly  rusted  without  exception,  and  in  soint 
cases  the  rollers  were  incased  in  solid  masses  of  rttsi 
and  sliowed  no  evidence  of  having  moved  for  severa! 
years.  AVhile  this  condition,  which  was  the  worst  en- 
countered so  far  as  rust  was  concerned,  can  be  attributec 
in  a  measure  to  the  fact  that  the  roller  nests  were  toe 
compact  and  inaccessible  for  proper  cleaning  and  aii 
circulation,  it  was  caused  principally  by  water  accumu- 
lating in  the  bottoms  of  the  hollow  end-posts  and  t 
castings,  which  in  freezing  probably  cracked  the  bases  and 
gradually  seeped  down  onto  the  rollers,  keeping  then" 
continually  wet. 

Excepting  the  roller  bearings,  the  structure  was  found 
to  be   remarkablv   free   from   rust.     The   onlv   instanc 


FIC;.   2.      DISMANTLING   THE  OLD  KKOKUK    KKIDCE  ACROSS  THE  MISSISSIPPI 
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unequal  settling  t\w  to  Ihe  disinlc^ralion  of  tin-  ccnlcr 
coping  stones. 

Aside  from  the  above,  there  has  \nv\\  praetieally  no 
further  outlay  rec|uii-e(l  for  snperstruclnre  maintenance, 
except  for  the  occasional  replacing  of  a.  (racked  yoke 
casting  on  the  floor-beam  hangers  and  Inr  small  curi'cnt 
repairs  to  the  operating  nuu'hinery.  On  fcnii-  or  live  oT 
the  piers,  including  the  center  of  the  pivot  pier,  the 
copings  and  top  cotirses  had  become  so  cracked  and 
loosened  that  it  became  necessary  several  yeai's  ago  to 
reinforce  their  tops  by  means  of  cast-iron  jackets  set 
in  grout  and  clamped  on  by  long  bolts.  Tlie  piers  liave 
been  repointed  once  and  some  patching  has  been  necessary 
from  time  to  time  in  order  to  repair  stones  broken  by 
floating  ice. 

Observations  covering  a  long  period  prior  to  the  dis- 
mantling of  the  bridge  disclosed  the  fact  that  several 
nf  the  expansion  bearings  were  not  acting,  but  instead, 
that  the  vertical  eiid-iiosts  of  the  trusses  were  acting  as 


noteil  that  are  worthy  of  mention  were  at  some  of  lli' 
roiilacis  lii'lween  the  ii|i|iei'  eholil  ami  the  lo|i  ra.stui,. 
nf  intermi'diate  posts,  where  the  chord  flanges  liail  bivi: 
i-educi'd  about  /,.,  in.,  corresponding  to  less  than  -t^  <^l 
the  'chord  section  area.  .Vlso  a  few  instances  where  ni^l 
had  expanded  under  the  edges  of  the  ehord  cover  plat<"^. 
causing  them  to  buckle  between  rivets  whieh  were  h" 
wid(!ly  spaced,  but  not  seriously  i-educing  the  sectional 
area.  The  threads  on  pins  and  Iianger  and  diagonal  n»\> 
were  found  in  perfect  condition,  no  difficulty  wliatcvc 
being  experienced  in  removing  tlie  nuts.  There  were  H' 
signs  of  serious  deterioration  where  the  exhaust  gases  "i 
locomotives  had  come  in  contact  with  the  portals  and  tii|i 
laterals,  a  condition  largely  due  to  the  fact  that  tlic!^<' 
members  wore  mostly  of  cast  iron. 

On  the  whole,  the  lower  chord  pin  eoniieetions  wei' 
found  to  be  in  uniformly  excellent  condition  both  as  t" 
wear  and  rusting.  The  pins  themselves  were  practicnll\ 
free  from   I'ust  ])itting  and  no  instance  was  noted  wliciv 
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'he  wear  from  tlic  cluinl  liars  m-  iliairniuiU  hail  cxcixmUhI 
'.,  in.,  corresponding  to  about  2'}^  of  tlip  pin-soction 
rea.  Tlie  pin  holes  in  sonic  of  the  chord  liars  showed 
little  pitting-,  Imt  no  oxidencc  of  wear  worth  mentioning, 
'he  pin  holes  of  the  diagonal  loop-roils,  on  account  of 
!ieir  elongated  shape,  allowed  of  motion  on  the  pins 
arallel  to  the  axes  of  the  diagonals.  Such  a  movement 
!ust  have  occurred  in  several  eases,  as  many  of  tliese 
in  holes  were  found  to  he  worn  down  as  much  as  14  i'l- 
!i  their  upper  sides,  where  they  lay  on  the  pins,  thereby 
•suiting  in  area  reductions  up  to  almut  '>':'(  of  the  elVec- 
ve  section  of  the  diagonal. 

This  wear  was  obviously  the  result  of  the  sliding  nf  the 
ns  down  into  the  bottoms  of  the  eyelets  upon  application 
the  live-load,  a  fanlt  due  to  loop-rod  members  which 
ive  not  been  kept  in  good  adjustment.  The  pin  bearing 
irfaces  on  the  cast  bases  of  the  intermediate  posts  were 
it  noticeably  worn,  nor  was  any  evidence  of  serious 
far  noted  in  the  eyelets  of  the  floor-lieani  hangers. 
Considering  the  large  percentage  of  cast  iron  in  the 
'  (1  structure,  there  were  surprisinglv  few  cracked  castings 
icountered,  aside  from  those  mentioned  in  connection 
Ah  the  e.xpansion  bearings.  At  the  ends  of  tlie  draw- 
an  the  pedestal  castings  on  the  piers  were  found  so 
dly  cracked  as  to  be  worthless,  a  condition  no  doubt 
le  to  impact  with  the  closing  drawspan,  which  had 
ttled  below  its  end  clearance.  Other  instances  of 
icked  castings  were  confined  to  an  occasional  top  chord 
air  casting  and  a  few  floor-beam  hanger  yokes. 

No  Crystallizatiox  Found 

In  view  of  its  long  tenn  of  service  and  the  heavy 
'•rloading  which  the  old  bridge  had  been  sustaining  in 
•ent  years,  it  was  expected  that  evidence  of  crystalli- 
tiou  would  be  found,  especially  in  the  diagonal  tie-rods 
il  floor-beam  hangar  rods.  It  is  reliably  reported,  how- 
■r,  that  during  the  past  3"i  years  no  failures  whatever 
ve  occurred  which  could  be  attributed  to  crystallization, 
th  the  possible  exception  of  tbi'cc  oi-  four  broken 
inte"s  and  one  main  diagonal  which  had  snapped  olf 
der  the  nut  while  it  was  being  adjusted.  The  counters 
re  ."aid  to  have  been  adjusted  too  tightly,  a  condition 
■•inently  encountered  on  railway  bridges  whose  adjust- 
■iits  iiave  been  left  to  bridge  foremen  unfamiliar  with 
•  elements  of  truss  action. 
The  absence  of  crystallization  was  further  demonstrated 

•  ring  the  process  of  wrecking  the  structure,   when   the 

•  igonal  rods  were  burned  off  near  tlieir  tops  and  wcic 
i  owed  to  fall  or  swing  down  onto  the  lower  chords  and 

>r-heams  in  such  a  manner  that  nearly  all  the  rods 
re  bent  and  some  were  bent  almost  double.  Moreover. 
!  of  the  wieckage  was  piled  indiscriminately,  and  in 
'  doing  a  nuMilier  of  the  chord  liars  and  other  wroughl 
iml)ers  were  badly  bent  and  twisted.  Xotwithstanding 
<  s  severe  bending  not  an  instance  was  noted  wherein 
>  rod  or  otiier  wrought  meniln  r  bad  been  broken  or 
licked.  Considering  this  behavior  under  treatment 
»itly  more  .severe  than  the  standard  drop  and  bending 
Its,  it  must  be  admitted  that  crystallization,  if  present 
1  all  in  the  structure,  had  not  reached  a  stage  approach- 
•1:  the  dangerous. 

Practically  all  of  the  original  operating  machinery  was 
"ill  in  u.se  on  tlie  bridge  when  it  was  dismantled,  'i'lie 
'  boiler  had  passed  stale  ins[)ection  for  the  current  year 
■  I  was  iti  fair  condition.     The  engine  showed  consider- 


able racking  and  lost  motion,  as  did  the  gear  train,  where 
the  teeth  liad  liecn  worn  off  an  average  of  about  one-third 
their  thickness.  The  friction  clutches,  hvdraulic  jacks 
and  other  inacbiuery  were  in  Fair  wiirkable  condition. 
On  the  whole,  it  niav  be  fairly  said  of  the  nuu-hinery. 
tliat  it  had  readied  that  stage  of  ilepreciation  when  its 
future  efhciencv  could  not  have  been  relied  upon  without 
constant  and    iclativelv  expensive   repairs. 

CliMIITIIIX    III-    M.\S(1.\I{Y 

As  the  rebuilding  nl'  the  lii-idge  involved  the  I'eiiloval 
of  the  to]i  live  (ir  six  courses  of  lua.sonry  from  all  the 
old  piers,  in  oidei-  that  new  concrete  copings  could  be 
substituted,  the  condition  of  the  upper  parts  of  the  piers 
could  be  ascertained  with  accuracy.  Below  the  new  copings 
the  piers  were  given  a  careful  surface  e.xamination,  the 
cracks  and  open  joints  being  probed  as  well  as  possiide, 
and  the  grillages  and  foundations  being  examined  with 
the  aid  of  a  diver's  outfit.  On  practically  all  of  the 
piers  the  coping  stones  under  the  bridge  seats  were  found 
to  be  cracked,  while  in  some  cases  they  were  badly 
shattered  and  loose  on  their  beds.  That  this  condition 
must  have  existed  several  years  ago  on  four  or  five  of 
the  piers,  is  evidenced  by  the  cast-iron  jackets,  already 
mentioned,  which  wore  jilaced  at  that  time. 

This  same  condition  was  found  generally  true  for  the 
first  few  courses  below  the  old  copings,  where  the  face 
stones  were  found  to  be  loose  and  the  backing  more  or 
less  disintegrated,  but  except  in  one  or  two  instances, 
this  condition  did  not  seem  to  extend  below  the  starling 
coping  courses.  Several  of  the  piers  showed  small,  closed 
vertical  cracks  extending  down  from  the  bridge  seats, 
sometimes  to  jielow  the  water  line,  hut  onlv  in  the  case 
of  one  pier  were  they  considered  nf  enough  moment  to 
wai-i'ant  rebuilding  below  the  starling. 

Between  the  high  and  low  water  lines  at  several  of  the 
channel  piers,  the  nose  stones  showed  the  effects  of  ice 
c^rosion.  some  cases  being  noted  where  parts  of  stones  were 
missing  and  their  openings  sometimes  patched  with  con- 
crete. This  damage  was  not  found  to  be  extensive,  except 
on  one  of  (he  long  sjian  piers,  where  the  entire  nose  had 
been  wrec-ked  and  several  of  the  stones  carried  awav. 
Below  the  water  line  both  the  masonry  and  timber 
grillages  were  observed  to  be  in  unifoiinly  good  condition. 

Considering  the  above  details  of  deterioration  with  a 
\iew  to  their  eft'ect  upon  the  ability  of  the  structure 
safely  to  continue  performing  the  functions  and  sus- 
taining the  Idiiils  lor  which  it  was  originally  conceived 
and  designed,  the  one  manifestly  important  conclusion 
to  be  drawn  is  that  it  had  not  nearly  approached  a  state 
of  general  depreciation  serious  enough  to  ini|)air  its  use- 
fulness. Willi  an  expenditure  estimated  at  less  than  0% 
of  the  structure's  value,  to  cover  pier  repairs,  new 
expansion  bearings,  and  partial  renewal  of  operating 
iiiachinery,  there  was  no  reason  deducible  from  the  fore- 
going data,  why  an  additional  :;iO  or  ."iO  years  of  service 
could  not  conservatively  have  been  expected  of  the 
structure.  This  would  be  attended,  perhaps,  by  slightly 
increasing  annual  outlays  for  maintenance,  and  provided 
of  course,  that  the  weight  and  volume  of  (lie  tralfic  should 
ii'inain  within  the  liinit.s  imposed  by  the  original  design. 

The  Strobel  Steel  Construction  Co.,  of  Chicago,  had 
tile  contract  for  the  removal  of  the  old  bridge  and  the 
construction  of  the  new  bridge.  The  latter  structure 
was  designed  by  Ralph  Modjeski,  Consulting  Engineer. 
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A  concrete  reservoir  wall  at  Winfield,  Kau.,  failed  on 
June  6  under  about  the  full  head  of  the  reservoir.  The 
escaping  water  caused  quite  a  flood  in  the  neighborhood 
of  the  near-by  St.  Johns  College,  but  little  material  dam- 
asre  was  done  to  anvthing  l)ut  the  structure  itself.     The 


the  natural  rock  bottom.  In  1914  the  need  for  additional 
storage  led  the  city  to  design  a  new  wall,  increasing  the 
depth  of  the  reservoir  6  ft.  This  consisted  of  a  thin  cofl- 
crete  lining  reaching  from  the  bottom  of  the  basin,  whi^ 
was  floored  with  plain  concrete,  to  the  top  of  the  oGl 
wall,  and  with  slightly  increased  thickness  extending 
the  required  6  ft.  as  a  buttressed  concrete  wall.  The 
buttresses,  as  shown  in  the  views,  rested  on  an  outside 


FIGS.   1   AND   2.      ENLARGED   RESERVOIR  AT  WINFIELD,   KAN.,   BEFORE  AND   AFTER   FAILURE 


wall  was  of  crude  design,  and  its  failure  is  interesting 
because  of  that  fact  and  l)ecause,  too,  the  city  officials 
had  been  warned  of  the  in.sufficiency  of  the  design. 

About  40  years  ago  an  emergency  reservoir  was  built  on 
a  slight  height  of  land  in  Winfield,  by  inclosing  a  rectan- 
gular area  in  a  masonry  wall  and  filling  outside  to  a 
noi'mal  slope.    This  basin  was  ahimt  10  ft.  dec])  and  had 


platform  of  concrete  poured  on  top  of  the  stone  wall.  The 
new  reservoir  was  to  have  a  capacity'  of  about  4.000,000 
gal. 

'i'iie  concrete  in  the  new  section  was  not  reinforced  in 
the  original  design.  In  an  effort  to  persuade  the  city  to 
l)uild  a  more  secure  addition,  a  reinforcing-steel  company 
>ubniitted  to  the  citv  the  plans  for  a  similar  design,  in 
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rthieh  the  floor  was  I'einfonerl  and  the  walls  and  lining 
ivere  carried  up  as  a  reinforced-concrete  slab  tied  into  the 
door,  bnt  depending  for  stability  on  the  restraint  given 
iy  the  stone  wall  against  which  this  slab  backed.  This 
lesign  was  made  by  a  consulting  engineer  at  the  instance 
)f  the  steel  company  and  on  the  representation  that  the 
lid  wall  was  very  carefully  built  of  dimension  stone 
ind  laid  up  in  cement  mortar — in  short,  that  it  was  a 
cry  good  s])ecinien  of  stone  masonrv. 

The  steel  company  submitted  its  design  together  with 

bid  for  $1,500  for  the  reinforcement,  but  it  was  rejected 
ly  the  city  on  account  of  the  extra  cost  and  because  of  the 
pinion  that  the  original  design  was  fully  strong  enough. 
Vs  a  concession  to  the  views  expressed,  however,  a  con- 
rete  floor  was  added  (but  it  was  not  reinforced),  and 
orizontal  reinforcement  was  placed,  extending  about  3  ft. 
ach  side  of  the  corners  in  the  vertical  walls.  The  con- 
tniction  was  carried  out  on  this  plan,  the  resulting  reser- 
oir  appearing  as  showni  in  Fig.  1. 

The  failure  of  June  li  washed  out  jiractically  all  of  one 

;  de  of  the  wall   (Fig.  2).  carrying  the  sections  of  con- 

rete  and  old  stone  wall  down  the  slope  and  washing  out 

ractically  all  the  old  earth  slope  opposite  the  break.     It 

thought  that  the  first  break  occurred  between  the  new 
)ncrete  floor  and  the  new  concrete  lining  and  that  the 
ater  thus  released  easily  passed  through  the  stone  wall, 
hich  was  anything  but  good  masonry.  Fig.  3  shows 
M-y  well  the  section  and  condition  of  the  old  masonry  and 
le  general  form  of  the  concrete  addition.  At  ]ilaces  there 
)pears  to  be  evidence  of  reinforcement,  but  the  sections 
■  rods  are  very  light  and  the  distribution  most  general. 


The  city  government  of  New  York  has  just  put  into 
Feet  by  a  virtually  unanimous  vote  of  the  Board  of 
stimate  and  Apportionment  the  radical  and  nnich  talked 
zoning  restrictions.  All  future  buildings  will  be  re- 
ricted  as  to  their  height,  size  and  use,  and  the  restrictions 
11  be  different  in  different  parts  of  the  327  sq.mi.  of 
e  city. 

In  general,  the  law  will  limit  the  height  of  buildings 

proportion  to  the  widths  of  the  streets  on  wdiich  they 

ce,  all  the  way  from  2y^  times  the  w-idth  of  the  street 

the  financial  district,  through  two  times  the  width  of 

e  street  in  central  ]\Ianhattan,  with  fi/;  times  in  the 

mainder  of  Manhattan   and  in  small  portions  of  the 

lier  boroughs,   down   to  once  the   width   of   the  street 

roughout  all  the  rest  of  the  city.     A  future  Equitable 

lilding  could  only  be  a  third  as  high,  becau.se  it  faces 

narrow  streets;  but  a  tower  in  the  center  of  it,  half 

large  again  as  the  Woolworth  tower,  might  rise  to  any 

ight.     The  Woolworth    Building,   on   the  other   hand, 

facing  on   a   ])ark,  might  be  very  nearly  duplicated. 

le   sho])ping    district    on    Fifth    Ave.    will    consist    of 

ildings    not    much    higher   than    Tiffany's,    but   along 

lid  St.  buildings  may  rise  about  as  high  as  the  Hotel 

inhattaii  or  the  Knickerbocker.     Twelve-  and  M-story 

'artnients  will  continue  to  go  u])  on  the  main  avenues 

•  '\  eight  and  nine-story  apartments  on  the  side  streets, 

It  no  building  of  any  kiml  can  go  any  higher  except 

Ij  being  .set  back  from  the  street.  Througliout  most  of  the 

•J,  however,  four  oi'  live  stories  will  be  the  limit.   Towers 

J  'J^oni  a  statement    by   Georse    B.    Ford.   Con.suUant   to   the 
«  Timl»8lon  on  nulldlriK  Districts  and  Restrictions.  New  Yorlt 


may  be  built  to  any  height,  but  they  can  not  cover  more 
than  a  quarter  of  the  lot.  Man.sards,  dormers  and  terraces 
are  encouraged — anything  that  will  open  up  the  sti-eets 
and  bring  light  down  into  them  by  setting  the  upper 
part  of  the  buildings  back  from  the  street  above  a  reason- 
able height. 

The  size  of  buildings  will  be  controlled  by  the  fact 
that  the  law  requires  just  so  mucli  open  space  on  each 
lot.  This  again  ranges  all  the  way  from  the  warehouse 
districts  along  the  commercial  waterfront  and  along  the 
freight  railways,  where  a  building  may  cover  the  whole 
of  its  lot.  through  the  B,  C  and  D  districts  .so  called,  in 
each  of  which  in  succession  a  building  has  to  provide  for 
larger  and  larger  yards  and  courts,  down  to  the  villa 
districts  where  a  house  can  cover  only  30%  of  its  lot 
and  must  be  widely  .separated  from  its  neighbor  on  at 
least  one  side.  Throughout  Manhattan  and  the  deuscly 
built-up  portions  of  the  other  boroughs,  yards  and  courts 
in  office  buildings,  factories,  lofts,  hotels,  apartments,  in 
fact  all  buildings,  would  have  to  be  as  large  as  tho.sc 
that  have  been  required  for  the  last  U  years  in  tenement 
and  apartment  houses.  Everywhere  the  yards  and  courts 
have  to  l)e  increasingly  larger  at  the  top  as  a  building 
goes  up  ill  height,  .so  much  so  that  these  requirements 
tend  to  limit  the  ])racticablc  economic  height  of  build- 
ings even  more  clfectively  than  do  those  directly  affecting 
height.  This  is  ])articularly  true  in  the  outlying  boroughs. 
One  important  feature  of  the  law  is  the  encouragement 
it  gives  to  ]ilaygroun(ls,  for  material  concessions  are 
allowed  to  anyone  who  will  jn-ovide  adequate  recreational 
space  in  coniun-tion  with  his  buildings. 

Right  here  it  is  desirable  to  sound  a  note  of  warning. 
It  would  Ih>  most  unfortunate  if  the  law  were  applied 
as  it  stands  to  other  cities,  for  it  is  full  of  unduly  liberal 
provisions  in  the  way  of  height  and  size  that  tend  strongly 
to  defeat  the  objei-t  of  the  law,  but  which  were  necessitated 
by  the  exceptional  economic  conditions  of  New  York. 

As  to  the  use  of  buildings  there  are  only  two  general 
classes  of  restrictions:  (1)  The  districts  which  are 
restricted  against  business  and  industry  of  all  sorts,  the 
so-called  "residence"  districts,  and  (2)  the  tracts  wdiich 
are  restricted  only  against  manufacturing  and  public 
stables  and  garages,  the  so-called  '"business"  districts. 
In  the  former  almost  any  kind  of  building  that  people 
live  in  is  allowed,  also  churches,  schools,  hospitals  and 
various  institutional  buildings.  In  the  business  districts 
any  residence  use  is  allowed  and  even  a  certain  small 
])roportion  of  the  unobjec'tionable  types  of  manufacturing. 
The  use  districts  have  been  laid  down  street  by  street 
and  in  fact  block  liy  block,  de])ending  on  existing  con- 
ditions and  tendencies.  The  result  has  been  that  about 
two-fifths  of  Manhattan  and  about  two-thirds  of  the 
whole  city  liave  been  set  aside  for  all  time  for  strictly 
residential  use,  while  the  main  thoroughfares,  the  transit 
streets  and  all  other  streets  that  are  or  might  be 
npi)ropriately  used  for  stores  or  showrooms  are  set  aside 
as  business  streets.  Many  streets  which  are  now  seriously 
invaded  by  factories  or  garages  are  restricted  against  them 
from  now  on,  because  it  was  felt  that  they  were  a  distinct 
hai-m  to  the  street.  On  this  gi'oiind  all  of  the  central  jiart  of 
.Manhattan  above  23!'d  St.  was  nunle  a  business  district 
despite  the  fact  that  there  were  already  hundreds  of 
factories  employing  in  all  upward  of  30,000  operatives 
within  the  district.  This  law  will  not  touch  the  existing 
factory  lofts,  as   it  is   in   no  sense  retroactive;  but  the 
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"Saving  Xew  York"'  nioveiiifiit,  in  which  most  of  th€ 
merchants  along  Fifth  Ave.  combined  to  oust  the  factories 
in  the  neighborhood,  has  already  .succeeded  in  persuading 
almost  all  the  manufacturer,';  to  move  away.  It  was  a 
remarkable  and  timely  vindication  of  the  economic  need 
of  this  law. 

All  the  rest  of  the  city  which  is  not  in  one  or  the 
other  of  these  two  kinds  of  districts  is  left  unrestricted. 
It  includes  all  the  land  appropriate  for  industry  along 
the  navigable  waterfront  and  along  the  -freight  railways. 
as  well  as  most  of  the  territory  which  is  now  given  over 
to  manufacturing.  It  includes  also  scattered  throughout 
the  citv  a  number  of  blocks  which  are  already  invaded  by 
public  garages  or  which  are  appropriate  for  that  use. 
Certain  other  areas,  especially  around  Jamaica  Bay  and 
along  the  shores  of  Staten  Island,  are  left  entirely  im- 
determined  in  their  use  jiending  the  working  out  of  the 
plans  for  the  port  and  terminal  facilities  of  Xew  York. 

The  law  will  be  administered  by  the  city  superin- 
tendents of  buildings  in  each  of  the  five  boroughs;  and 
in  so  far  as  it  affects  tenement  houses  the  law  will 
be  administered  by  the  tenement-house  commissioner, 
while  the  following  up  of  buildings  after  they  are  com- 
pleted will  be  under  the  jurisdiction  of  the  tire  com- 
missioner. In  any  case,  wherever  there  is  any  question 
about  the  application  of  the  law  in  a  specific  case,  the 
matter  can  be  taken  to  the  newly  constituted  Board  of 
Appeals,  which  is  the  board  of  review  for  all  matters  that 
relate  to  the  construction  or  use  of  buildings.  In  addition, 
the  law  has  in  it  a  number  of  specific  clauses  giving  the 
Board  of  Appeals  discretion  in  allowing  exceptions  to 
the  law. 

The  law  itself  can  be  changed  only  by  the  Board  nf 
Estimate  and  Apportionment,  which  created  it.  and  this 
body  can,  after  due  notice  and  hearing,  make  amendments 
at  any  time :  but  if  in  any  case  20%  of  the  property  owners 
affected  by  a  change  object,  the  Board  of-  Estimate  can 
make  the  change  only  Ijy  a  unanimous  vote.  There  is 
also  a  clause  which  says  that  if  on  any  street  or  district 
50%  of  the  property  owners  sign  a  petition  for  a  change 
in  the  map  as  affecting  that  district,  then  the  Board  oT 
Estimate  must  act  on  it  in  one  way  or  another  within 
30  davs. 


islLsidlellplhiaa  Fieirs 
By  Henry  J.  Edsali.* 
In  order  to  facilitate  to  the  greatest  ])ossibIe  degree 
the  handling  of  freight  on  the  new  Southwark  ])iers  in 
Philadelphia,  it  was  the  aim  of  the  designers  to  jirovide 
the  most  modern  types  of  c(iui])mcnt.  The  ])iers  are 
therefore  liberally  provided  with  idatform  elevators,  con- 
tinuously operating  ]iackagc  elevators,  chutes,  electric 
winches  and  automatic  electric  freight  trucks.  These 
pier.s,  described  in  Eugineriny  News,  Aug.  2(i.  1!)].').  p. 
121,  are  at  the  foot  of  Queen  and  Christian  St.  and 
front  on  Delaware  Ave.,  which  is  a  very  wide  street  along 
this  part  of  the  Deleware  River  waterfront.  Each  pier 
is  550  ft.  long  by  180  ft.  wide,  and  the  docks,  on  each 
side,  are  200  ft.  in  width.  At  the  inshore  ends  there 
are  bulkhead  sheds  30  ft.  wide,  extending  along  Delaware 
Ave.,  thereby  increasing  the  cargo  storage  space  and  i)r()- 
viding  additional  platform  room  for  loading  and  unload- 

•Engineer.   Link-Belt   Co.,   Nlcetown,   Philadelphia,   Penn. 


iiig  trucks.  The  sulistructures  of  the  piers  arc  of  a 
permanent  construction  with  massive  concrete  ws 
supported  by  groups  of  piles.  The  shed  of  each  pier, 
of  fireproof  steel  and  concrete  construction,  is  built  with 
an  upper  deck  26  ft.  6  in.  above  the  main  deck. 

The  continuously  operating  package  elevators  are  of 
more  than  usual  interest,  since  they  are  of  the  latest 
improved  design  and  are  probably  the  largest  installation 
of  this  kind  in  existence.  These  machines,  of  which  there 
are  four  on  each  of  the  two  piers,  are  arranged  to  handle 
bales,  barrels  and  boxes  and  are  automatic  in  their  opera- 
tion, it  being  necessary  only  to  load  the  package  onto 
the  loading  fingers,  after  which  one  of  the  trays  picks 
it  up  and  discharges  it  at  either  the  upper  or  lower 
deck  as  desired. 

E.ssEXTiAL  Elements  of  Elevators 

These  elevators  consist,  essentially,  of  two  strands  of 
heavj-  steel  strap  chain,  with  steel  trays  attached  to  the 
chains  at  intervals,  by  means  of  hangers  at  the  ends, 
these  hangers  being  hung  on  pins  extending  out  from 
the  chains.  The  chains  travel  around  .sprocket  wheels 
at  head  and  foot,  but  the  hangers  of  the  trays  always 
haiiir  verticallv  and  the  trav  bottoms  alwavs  rcnuiin  hori- 
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I'lOUSPECTIVK    VIEW    OF    CONTINUOrS    OPERATINO 
P.\CKA(3K    ELEVATORS,    SdUTHVVAlIK    PIERS 

/ontal.  These  trays  are  made  with  1-licams  cxtcmiin- 
ncross  centrally  between  the  hangers  and  witii  fingoi- 
iiiade  of  Hat  irons  on  edge  attjiched  1o  the  beams  .ii 
intervals  and  extending  across  them  at  right  angles.  Tin 
construction  forms  a  tray  bottom  with  slots  between  tli 
lingers  ,so  that,  at  the  loading  and  nnloa<ling  jioinfs,  otln 
lingers  can  extend  into  the.se  slots  and  either  liolil  tii 
package  until  it  is  picked  u]i  by  a  tray  at  the  loadin- 
point  or  remove  it  from  a  trav  at  tlic  unloading  poiiit. 
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Wliile  machines  of  this  type  operate  at  slow  speetl  ami 
•equire  little  power,  because  of  the  slow  speed,  and  also 
)ecause  the  up-and-down  sides  balance  each  other, 
■xcept  for  any  excess  of  load  on  one  side  or  the  other, 
till  their  handling  capacity  is  great  since  the  trays  move 
onstantlv  in  one  direction  and  come  along  at  close 
ntervals.  In  this  case,  the  speed  is  only  30  ft.  per  min. 
nd  the  trays  are  spaced  a  little  over  14  ft.  apart  so  that 
liey  come  along  at  the  rate  of  about  2  per  min.,  or  120 
-er  hr.     There  are  four  of  these  machines  on  each  pier 

0  that  the  combined  capacity  is  over  480  packages  per 
our.  Tlie  detail  construction  of  these  machines  is  as 
■Hows : 

FUAMING    OF  MaC-IIIXES 

The  framework  of  each  machine  is  built  o!"  steel 
lapes,  the  corner  members  being  6xfixi/^-in.  angles, 
iistead  of  the  headshaft  running  through  from  one  side 

1  the  other  there  are  two  studshafts.  These  studshafts 
•e  supported  in  heavy  bearings,  or  brackets,  attached 
'tween    two    vertical    10-in.    channels,    these    channels 

•  aniing  into  one  of  the  girders  of  the  upper  deck  on 
le  side  and  into  one  of  the  deck  I-beanis  on  the  other 
dp.  The  footshaft  runs  through,  and  each  takeup 
■aring  for  this  shaft  is  bolted  to  a  Y^-in.  plate  attached 
two  3x2xi/4-in.  angles  that,  in  turn,  are  attached  to 
I'  main  frame.  At  intervals  there  are  3x3xi/4-in. 
igles  forming  girts  around  the  frame.  These  girts  are 
veted  to  the  corner  angles.  In  between  the  ascending 
id  descending  trays  there  are  double  2%x2i/2x3/i-in.  tie 
igles  and  at  the  loading  and  unloading  points  heavier 
?s  of  double  8-in.  channels  and,  in  one  ease,  an  8-in. 
beam,  these  ties  also  forming  supports  for  the  inside 
iding  and  unloading  fingers. 

For  the  ascending  and   descending   chains   there   are 

iible  4x3xj^ir-in.  angles  to  form  guides.     These  angles 

attached  to   the   girt  angles.     There   are   also   two 

v'4-in.  vertical  angles  on  each  side  that  are  riveted 

the  girt  angles  and  to  the  crossties.     At  the  front 

d  back  of  both  the  ascending  and   descending  trays 

2re  are  %-in.  guide  plates  extending  all  the  way  across 

that  the  packages  going  up   or   down    are   confined 

tween   these   plates   which   are    riveted    to    3x2xy;-in. 

rtical  angles  that,  in  turn,  are  attached  by  moans  of 

p  angles  to  the  girt  angles  for  the  outside  plates  and 

crossties  for  the  inside  plates. 

The   girt  angles   around    the    top    of    the    frame    are 

<)X%-in.  angles.     These  support  the  bearings  for  two 

untershafts  and  also  the  motor,  which  is  bolted  to  a 

lie  that  is  riveted  to  the  angles.    There  is  an  unload- 

;  ?  platform  1 5  in.  above  the  upper  deck  and  one  3  ft. 

in.  above  the  lower  deck.     These  are  built  of  angles 

■  d  channels  with  steel-plate  bottoms.    At  the  outer  end 

ire  are   hinged   stop   fingers   keyed   to   a   shaft   and 

i  ranged  to  be  raised  or  lowered  by  means  of  a  lever. 

lese  stops  are  designed  to  keep  the  packages  from  going 

•  ?r  the  edge  of  the  table  when  they  are  discharged 

« to  it. 

D>;taii.s  of  TiiAV  Coxsthuctio.v 

i'lie  trays  are  built  as  follows:  The  hangers  are  built 
'  "'-in.  channels  and  have  a  drop  of  3  ft.  8  in.  from 
' '  center  of  the  pin  to  the  top  of  the  cross   I-beam. 

iom  out  to  out  of  hangers  it  is  5  ft.  8  in.,  which  leaves 
>ut  5  ft.  4  in.  clearance  between  the  hangers  for  the 
ckages.    At  the  top  of  each  hanger  there  is  a  casting 


througli  which  the  1%-in.  ]iins  extend.  This  casting 
is  also  designed  to  travel  between  the  vertical  guides. 
At  the  bottom  of  each  hanger  there  is  another  casting 
that  travels  between  the  guides  and  prevents  the  trays 
from  swinging  when  they  are  ascending  or  descending. 
The  I-beam  across  between  the  hangers  is  a  6-in.  beam 
and  the  fingers  across  the  top  of  this  I-beam  are  made 
of  3x%-in'.  fiats.  These  flats  are  bent  down  in  the  center 
so  that  a  l)arrel  will  rest  in  the  center  of  the  trays  and 
not  roll  out  sideways.  The  clearance  between  the  flats 
is  (ii4  in. 

The  cliaius  tiiat  awvy  the  trays  arc  built  of  2x%-in. 
fiats  and  arc  1'2-in.  pitch  c.  to  c.  of  joints.  These  chains 
have'  %-i"-  P'ns.  ;)i/,-in.  diameter  rollers  and  case- 
liardeiied  steel  bushings  at  the  joints. 

The  loading  and  imloading  fingers  that  extend  intu 
the  slots  of  the  trays  are  built  of  steel  angles,  the  ones 
at  the  uidoading  point  on  the  lower  deck  being  fixed 
in  position  and  the  others  being  hinged  so  that  they  can 
be  thrown  back  out  of  the  way.  ^^^^en  sending  packages 
from  the  lower  deck  to  the  upper  deck,  the  lower-deck 
loading  fingers  and  upper-deck  unloading  fingers  would 
1,0  in  position,  and  the  iippcr-dec'k  loading  fingers  woidd 
be  thrown  back  out  of  the  way  so  that  packages  could 
pass  this  point,  as  it  is  necessary  for  tht;  packages  to 
travel  up  and  over  the  head  so  that  the  imloading  fingers 
can  remove  them  from  the  trays  as  they  are  descending. 
AMien  sending  packages  from  the  upper  deck  to  the  lower 
deck,  the  reverse  is  the  case — that  is,  the  upper-deck 
loading  fingers  would  be  thrown  into  position  and  the 
upper-deck  unloading  fingers  would  have  to  be  thrown 
Iiack  out  of  the  way  so  that  the  packages  could  travel 
up  over  the  head  and  down  through  the  unloading  point 
on  the  upper  deck  until  they  reach  the  unloading  point 
on  the  lower  deck,  where  the  fingers  are  always  fixed  in 
position.  In  order  to  hinge  the  fingers,  the  angle-irons 
are  attached  to  cast-iron  hubs  that  are  keyed  to  shafts. 

Each  of  these  machines  is  driven  by  a  5-hp.  motor, 
operating  at  900  r.p.m.  and  wound  for  a  220  volt,  three- 
jihase,  sixty-cycle,  alternating  current.  Each  motor  is 
ccpiipped  with  a  solenoid  brake  so  that  the  machine  can 
be  stopped  quickly  when  desired.  The  drive  from  the 
motor  to  the  first  countershaft  is  by  means  of  silent  chain 
and  wheels,  this  countershaft  being  geared  to  the  next 
countershaft  by  means  of  cut  spur  gears.  The  second 
countershaft  is,  in  turn,  geared  to  the  headshafis  by 
means  of  cut  spur  gears,  these  gears  being  cast  as  rings 
without  arms  or  hubs  and  the  rings  being  bolted  to 
the  sprocket  wheels  on  the  headshaft*.  The  sprocket 
wheels  are  bushed  with  bronze  bushings  and  run  loose 
on  the  headshafts.  The  countershaft  next  to  the  motor 
is  2/,T  in.  in  diameter,  the  other  one  2-^j;  in.  in  diameter, 
and  the  headshafts  are  4/ij  in.  in  diameter.  The  electric- 
control  system  is  arranged  with  push  buttons  for  starting 
and  stopping  the  machine. 

This  equipment  makes  a  very  efficient  sy.stem  for 
handling  packages  of  various  kinds.  The  machines  terul 
to  act  as  pacemakers  for  the  stevedores  and  keep  them 
constantly  at  work  on  one  deck  without  the  necessity 
of  their  going  back  and  forth  from  one  deck  to  another. 
The  machines  were  installed  by  the  Link-Belt  Co.,  under 
the  direction  of  John  Meigs,  at  that  time  Director  of 
Wharves,  Docks  and  Ferries.  George  W.  Norris  was 
director  at  the  time  the  piers  were  designed,  and  George 
8.  Webster  is  the  present  director. 
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By  I).  A.  A\'att* 

In  the  constniction  of  the  new  lock  and  dam  across 
the  Hudson  River  at  Troy.  X.  Y.,  a  part  of  the  river  was 
laid  dry  behind  a  coffer-dam  made  np  of  steel  sheetpilos 
driven  to  form  cells  which  were  filled  hydraulically  with 
sand  and  gravel  from  the  river  channel.  The  pockets, 
or  cells,  had  a  width  of  241/2  ft.,  a  lengtli  of  24  to  32  ft. 
and  a  depth  varying  from  20  to  40  ft.  Aljoiit  3,170  piles 
were  used,  and  when  the  coifer  had  served  its  purpose 
they  all  had  to  be  drawn.     The  piles  were  of  the  United 
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RIG   USED  IN  JACKIXr;   LOOSK  STEEL  SHEETPILES   FROM 
TRI>Y   ('(iKKKR-DAM 

States  section,  made  by  the  Carneaie  Sleel  Co.  of  Pitts- 
burgh, Penn. 

In  this  operation,  owini;'  I0  the  tension  in  tin-  inter- 
locks, each  pocket  had  to  be  "liroken"  by  raising  one 
pile  with  hydraulic  jacks  until  its  friction  became  re- 
duced enough  to  allow  the  removal  to  be  completed  with 
shear  legs.  The  latter  were  mounted  on  the  bow  of  a 
derrick  boat  and  were  ca])ai)le  of  exerting  a  pull  of  per- 
haps 40  or  oO  tons.  They  were  used  to  lift  out  the 
remaining  piles  until  some  were  reached  where  the  fric- 
tion became  com[)aratively  negligible,  whereupon  the  rest 
were  pulled  by  a  derrick  boat  with  ordinary  rigiring. 

The  pile  .selected  for  .jacking  had  to  lie  on  the  outer 
face,  so  that  the  ])ulling  boat  could  reach  i1  later,  and 
the  closure  piles  were  avoided  as  it  was  I'oiniil  that  the 
friction  on  them  was  excessive. 


•Principal     Assiytaiii.     Enb'i.icir,     United     Stales     Entjineer 
Office,  Alban.v,  iN    Y 


The  pulling  device  is  shown  in  the  acconi])ai)yiug  ■! 
drawing.  Two  hydraulic  jacks  of  150-ton  cajiacitv  each 
were  used,  mounted  on  heavy  bar-iron  brackets  resti 
one  on  each  adjoining  pile.  Across  the  jacks  a  strong- 
back  was  placed  with  a  short  extension  pile  pas.sing 
through  it,  bolted  to  the  pile  below.  After  each  lift  of 
the  jacks,  blocking  was  placed  under  them  and  another 
lift  made ;  if  the  blocking  became  too  high  before  the 
pile  became  "easy,"  it  and  the  exten.sion  pile  were  re- 
moved, the  jacks  were  put  back  on  the  brackets,  the  1x8- 
in.  bearing  plates  were  attached  to  the  main  pile,  and 
the  jacking  was  resumed. 

The  jacking  of  these  key  piles  took  from  one  to  several 
days  (including  the  time  for  fitting  up,  drilling,  etc.), 
depending  on  their  obstinacy.  In  several  instances  the 
pile  chosen  had  to  be  abandoned  and  another  one  tried, 
as  the  bolt  holes  would  elongate  in  the  web  and  some- 
times tear  out  its  end.  The  limiting  pulls  for  starting 
varied  from  25  to  190  tons  per  pile;  but  in  a  few  cases, 
where  the  driving  had  been  tight,  the  ])ockets  could  be 
broken  by  the  shear  legs,  and  no  jacks  were  used.  A 
flux  of  kerosene  and  engine  oil  was  frequently  poured 
down  the  interlocks  in  order  to  assist  the  jacking. 

Several  other  methods  for  removing  the  piles  were  ex- 
perimented with,  but  that  described  above  was  found  to 
be  the  most  satisfactory.  Thus,  an  inverted  steain- 
hanuiu'r  hung  from  a  derrick  was  used  in  several  cases; 
liut  the  breakages  of  the  hammer  rendered  the  method 
slow  and  expensive,  and  with  obstinate  piles  no  effect 
could  be  produced.  A  toggle  arrangement  was  also  tried 
in  order  to  avoid  having  to  drill  the  webs  for  the  1x8- 
in.  plates,  the  toggles  being  hinged  to  side  bars  that  strad- 
dled the  pile  and  rested  on  the  jacks,  following  them 
up  or  down.  The  toggles  gripped  the  piles  satisfactorily; 
but  under  a  heavy  strain  they  tended  to  crush  their  tool- 
steel  faces,  and  their  use  was  finally  abandoned.  With 
piling  driven  for  deep  sheeting  and  out  of  the  reach  of 
the  l)oats,  the  most  sati.sfactory  results  were  obtained  by 
using  the  jiovverful  shears  taken  off  the  derrick  boat  ami 
set  on  the  ground.  Where  these  failed  to  get  a  pili'. 
as  happened  in  a  few  cases,  it  was  abandoned.  In  ])ull- 
ing  the  piles  the  best  record  for  one  boat  in  S  hr.  was 
58,  and  the  general  average  for  one  boat  in  8  hr.  was  12. 

Oo'iiflfcille^Oes'B'acIfe  FSsiftlfoa'am  for 

In  sinking  a  large  oix'U-drcdging  caisson  lor  the  sub- 
structure of  the  Lifton  pumping  station  of  the  Utah 
Power  Co.  at  Hear  Lake,  Utah,  the  Jarrett-Chanibers  Co., 
contractor,  used  two  sets  of  double  derricks  for  the  tiiiii)t'r 
erection  and  excavation.  As  the  caisson  is  high  out  of 
the  ground  at  the  start  and  when  the  second  build-uji 
is  added,  the  derrick  ]ilatforms  are  placed  15  ft.  aiwvc 
ground.  Tliis  height  permits  running  a  material  track 
under  the  ])latfornis.  Timber  for  the  cais.son  was  brought 
in  on  the  track,  and,  later,  excavation  spoil  was  carried 
awav. 


August  ol,  1916 
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PLATFORM    F«R   TWO   DERRICKS   FOR    FRAMIKl',   AXD  SINKINI 
Designed  and  liuilt   by  Jarrett-Chamljeis  Co.  for  substructure  caissim   of  Liftt 


OPRN-nREDGINO 

1    PumpinfT  Station. 


CAISSON 

Bear  Lal^e,   Utali 


The  drawiiifr  sIkjus  the  construction  of  a  phitt'oriu 
or  two  derricks,  witii  three  weifiht  pockets  to  tie  down 
lie  stiff-lejrs.  The  mast  load  is  taken  by  a  four-pile  tow-er, 
iraced  by  diagonals.  This  tower  being  very  close  to  the 
ide  of  the  caisson,  flows  of  ground  during  the  sinking 
iroduced  settlement  of  the  tower  on  one  or  two  occa- 
ions.  Except  for  this  the  derrick  structure  was  stable 
nd  satisfactory  throughout.  The  soil,  a  fine  sand  tightly 
acked,  was  able  to  carry  large  pile  loads. 


The  Cotahato  h'lvcr  in  the  Pi'ovincc  of  Cotabato.  I'.  1., 
t  low  stages  is  from  10  to  20  ft.  below  banks,  and  the 
verage  velocity  of  the  current  is  3  mi.  per  hr.  A  water- 
heel  built  cheaply  and  intended  to  serve  as  a  pattern 
ir  the  Moros  was  recently  placed  at  Kudarangan.  The 
irrent  is  used  to  raise  water  to  irrigate  land  belonging 
'  the  agricultural   school    of  the  district.     This   wheel 


is  described  by  .\.  E.  llalcy.  District  Engineer,  in  the 
Qimrlcrhi  Hii'Icliii  of  the  Bureau  of  I'ublir  Works, 
Manila. 

When  tlu^  wheel  was  first  ei'ccted,  it  revolved  so  rajiidlv 
that  spokes  were  torn  from  the  hubs  and  a  large  amount 
di'  bracing  was  necessary  to  pi'event  its  being  destroyed. 
The  wheel  is  set  on  A-frame.s  that  rest  on  rafts  anchored 
in  the  ii\'ei-  in  sucli  a  uay  that  the  wheel  revolves  in 
flowing  watci'  between  tliciii.  The  wheel  consists  of  two 
])arts.  each  having  Hi  bamboo  spokes  set  in  a  hub  S-i  in. 
in  diameter.  The  hubs  are  set  9  ft.  apart  on  a  6-in.  a.xle, 
and  the  spokes  are  nearly  8  ft.  apart  in  the  perimeter  of 
ihe  wheel.  The  paddles  are  formed  of  12x%-in.  boards 
8  ft.  long.  The  buckets  are  of  bamboo  set  diagonally 
and  alternately  between  the  ])addles,  .so  that  there  ai'e 
eight  in  the  wheel. 

Measurement  showed  that  the  wheel  lifts  about  25  gal. 
per  mill,  or  -10.000  gal  per  day,  when  ojwrating  in  water 
tiowing  at  .')  mi.  per  lir.  Each  bucket  carries  4  gal.  of 
water,  and  the  wheel  makes  a  complete  revolution.  A 
revolution    i-ctiuiies   TO  sec. 
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Experitnu-p  liai<  denioiist rated  tliat  fuluix'  wheels  I'ur 
I  his  service  must  be  more  strongly  constructed.  A  baiii- 
lioo  wlieel  is  soon  torn  to  pieces  by  the  current.  The 
uheel  sliowu  in  the  sketch  is  of  more  substantial  design 
tiiaii  tiie  one  described,  and  is  recommended  to  rice 
growers.  It  has  eight  buckets,  is  strong  enough  t" 
stand  a  ;i-mi.  current  and  should  irrigate  about  -1  hectares 
of  land  on  a  10-i't.  lift  instead  of  1.5  hectares  on  a  IT-ft. 
lift,  as  did  the  older  wlieel. 


iiilcrsection  of  tangents  at  reverse  curve,  near  the  shafts. 
The  center  line  was  first  established  in  the  tunnel  bv 
means  (if  (wo  plumblines  in  the  shaft  and  maintained  by 
means  of  screw-eyes  set  in  plugs  in  the  roof  of  the  tuniiei. 
When  the  heading  had  been  driven  about  300  ft.  from 
the  shaft,  the  center  line  was  again  established  by  settiu" 


Mill  C5P®©lfe  Se^yyeff"  T^imim©Il 

Bv  Vx.  ('.  Cans* 

The  Mill  Creek  relief  sewer  in  St.  Eduis,  just  com- 
pleted, is  a  IGi/o-ft.  lined  tunnel  thnuigh  solid  rock.  Fol- 
lowing an  irregidar  street  layout,  it  is  very  tortuous,  hav- 
ing in  its  18,000  ft.  of  length  a  total  curvature  of  DO.")'' 
with  radii  varying  from  S.")  to  Hhi  I't..  most  of  them  less 
than  200  ft. 

The  shafts  on  tins  tunnel  vary  from  l.Wi)  to  -l.noo  li. 
apart,  and  the  length  of  shaft  in  the  direction  of  the 
tunnel  was  rarely  over  12  ft.  It  was  therefore  necessary 
to  employ  unusual  precautions  to  secure  accuracy  of  align- 
ment. 

The  dual  sur\ey  was  made  in  .Vugust,  Septemlier  and 
October,  ISIH.  The  survey  party  consisted  of  the  engi- 
neer in  charge,  an  iustrumentnian,  three  tapemeu  and  a 
helper.  The  transit  used  was  a  Buff  &  Butf  theodolite, 
the  vernier  reading  to  10".  The  lOO-ft.  steel  tape  was  a 
Keuffel  &  Esser  flat-wire  "standard"  tape  without  inter- 
mediate graduations.  The  tape  was  always  made  level, 
and  passed  over  adjustable  sujjports  at  the  middle  and 
i|uarter  points.  Temporary  station-marking  tables  were 
used.  These  were  4-lb.  cast-iron  disks  on  three  short 
supporters  and  bearing  an  adjustable  point.  After  the 
head  table  was  set,  the  rear  table  was  carried  forward  and 
used  as  the  head  table. 

.  In  order  to  obtain  an  unbiased  check  'measurement  a 
stationary  point  was  set  only  every  1,000  ft.,  or  at  a 
change  of  direction.  After  trial  an  allowable  error  in 
chainage  of  0.03  ft.  in  1,000  ft.  was  adopted,  and  we  hail 
comparatively  little  difficulty  in  keeping  within  this  limit. 
At  curves  the  work  was  checked  by  triangulation.  In 
many  instances  the  center  line  passed  under  buildings  or 
car  tracks,  thus  making  important  ]M)ints  inaccessible, 
which  required  extra  checks. 

The  survey  was  marked  by  permanent  monuments 
(Fig.  1)  placed  at  convenient  intervals,  such  as  summits, 
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:  Cast-Iron 
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\<       16"  Square 


or  Copper 


•Assistant  Engineer.  Department  of  President  of  Board  of 
Public  Service,  St.  Louis,  Mo. 


FIG.  1.  PERMANENT  SURFACE  MONUMENT 

one  phtmbline  in  the  shaft  and  one'  in  a  drillhole  lU'ar  the 
heading,  which  had  lieen  previously  diilled  for  tills 
]uirpose.  Fig.  4  shows  tlie  relative  location  of  shafts  aud 
drillholes.  Fig.  3  shows  two  views  of  the  plumbing  device 
and  reel  as  placed  at  a  drillhole.  At  a  shaft  they  were 
usually  placed  on  the  shaft  timbers.  The  plumb-bobs 
were  111/2-lb.  cast-iron  weights  siis])ended  in  oil.  The 
plumbline  was  No.  12  piann  wire.  For  underground  work 
a  transit  of  Berger  &  Sons  manuractiire  was  employed. 

The  drillholes  above  mentioneil  were  12-in.  cased  to 
solid  rock,  and  10  in.  uncased  through  the  rock.  The 
coidract  for  these  holes  required  that  they  clear  a  jiliiml'- 
line.  Seventeen  holes  were  ordered  drilled  ;  the  contractor 
lost  three  through  failure  to  meet  the  above  requirenieut. 
and  two  others  were  abandoned  on  account  of  failure  te 
shut  out  water  with  the  casing.  The  holes  were  tested  In 
suspending  a  candle  in  a  funnel  reflector,  or  a  flashlight, 
near  the  bottom  of  the  hole. 

The  results  shown  in  the  adjoined  table  of  survey-line 
closures  prove  the  value  of  the  precautions  taken. 


SURFACE  MEASUREMENT  FOR  MILL  CREEK 
SEWER  TUNNEL.  ST.  LOUIS 


PLUMBING    DEVICE   WITH   SCREW   AD-IUST- 
MENT  USED  AT  DRILLHOLES 
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SL'KVEY-LI.VE  CLOSURES  AT  jr.NCTKi.X  OF  HEAUINC5S 


Lent'th.s  of 
Tunnel,  Ft. 
1,400        1,400 


En- 


at  Meeting  Point.  Ft. 
In  Line     In  Distance 
0.002     Not  measured 
0.03 
O.OS 
Not  measured 
Not  measured 
0.005 
0.03. 
0.035 
Theresa    shaft    an 


0.01.^ 


0.1(i» 


Headings 
Sixth  St.  and  12th  St..  . 
12th  St.  and  .Armstrong 

Armstrong  and   Ohio 1.300           600 

Ohio  and   Montrose 500        1.100 

.Montrose  and  Theresa.  .  .  1,500        1,500 

Theresa  and  Tamm 1,900        1,900 

Tamm  and   Rock   Spring.  270           130 

Rock  Spring  and   Duncan  40           SOO 

•In    the    heading    south  and    east    fro 
error    was    known    to    exist    when    we    passed    a    drillhol 

Rutger  east  of  Theresa.  This  error  was  not  expected  to 
••xceed  0.2  ft.  at  the  meeting  point,  and  no  attempt  was  made 
to  eliminate  it. 


Metlhiodls  ©IT  lE-iroEa^irgesimermd  WotpfiS 

By  II.  P.  Ti;.V(  V- 

The  inwenion.'i  rlrillinj,'  ami  hlastiiiir  system  usod  in  tin 
lUigers  Pa.ss  tunnel  of  the  Canadian  Pacific  Rv.  had  nnu  li 
to  do  witli  tlie  phenomenal  s])eed  of  advance  attained 
l)y  the  enlarjsrenient  excavation.  The  following  descri])- 
tion  supplements  the  accounts  of  the  Rogers  Pass  work 
.U'iven  in  Ett/jineerinfj-  News  of  Nov.  11,  1915,  p.  920. 
•Ian.  (i,  191(5.  ],.  12 :  Feh.  24.  19U),  p,  382;  June  1. 
HMG,  J).  lO.'U.  in  which  articles  the  u.se  of  the  pioneer 
tunnel  and  crosscuts  to  the  line  of  the  main  tunnel  was 
fuUy  set  forth. 

The  tunnel,  now  Hearing  comi)lelii)n,  is  2(i,IOO  ft.  long 

'I  provides  for  two  tracks.  Pioneer  tunnels  were  driv- 
■  1  from  each  end  .")()  ft.  to  one  side  of  the  main  line 
ind  were  stoi)i)e<l  wher.  tiiey  were  5.202  ft.  apart.  From 
Iheae  small  pioneer  drifts,  crosscuts  were  run  to  the 
iinain  line  at  intervals  of  1.500  to  2,000  ft.,  thus  affording 
'  inmerous  points  of  attack   along  the  main-tunnel   line. 

ri.ni    the   cro.s.scuts    a    hcaiiing    11     f|.    wide    and    !t    ft. 

,di  was  opened  up,  on  a  lc\cl  li  ft.  ahove  tlic  coiu- 
I'leted  tunnel  floor.  From  this  heading  the  work  of 
I'nlnrging  to  full  size  was  conducted. 

•Denver  Hock    Drill    .MatuifacturiMK   (;«i..    Di-nver.  Colo. 


in  the  cidargcmenl  tlie  mi'thod  followed  was  to  drill 
a  ring  of  holes  (Fig.  2).  the  rings  heiiig  drilled  5  l.i 
6%  ft.  apart.  To  determine  the  correct  angle  for  drill- 
ing the  iioles,  a  clinometer  was  employed  when  pointin  . 
the  drills.  This  clinometer  lioard,  or  "clock,"  as  it  is 
called  by  the  drillers,  is  made  of  v'ir-in.  sheet  iron  12 
in.  square,  with  a  handle  ri\eted  on  the  upper  ctlge. 
As  shown  in  the  sketch,  there  is  a  pendulum  hanging 
from    one    of    the    upper    corners,     (rraduations    on    the 


FTC.     I       RI.Vi:    DRILI.I.N'C,    IN    MAI.V    HEAPINd 

hoard  show  the  angle  at  which  each  hole  must  he  drillcil. 
and  at  the  lower  end  of  each  graduation  is  a  iniinher  show- 
ing the  length  of  steel  to  he  used  in  finishing  that  hole. 
.\fter  setting  the  l)oard  on  tlie  shell  or  drill,  the  drill  was 
lilted  until  the  ])eniliiliini  reached  the  projier  angle,  when 
the  drill  was  clampecl.  .\  rlilfereiit  hoard  was  used  for  each 
arm  of  the  drill  column.  When  eidargement  work  was  first 
started,  the   rings  were  drilled   <i   ft.  apart.     It   recpiired 
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FIG.  2.     COIAIMN  AND  DRILI^  SETTING  IN   RI.N'G   DRILLING. 

ROGERS   PASS   TUNNEL 

The  use  of  the  clinometer  board  is  an   essential   feature 

a  great  deal  of  powder  to  spring  the  holes,  and  there- 
fore the  distance  between  rings  was  reduced  to  51/^  ft. 
This  necessitated  less  springing;  when  later  on  they  re- 
duced the  distance  between  rings  to  5  ft.,  they  found 
they  could  dispense  with  springing  entirely,  mth  a  cor- 
responding large  saving  in  powder. 

One  of  the  clinometer  boards  in  use  is  .shown  in  Fig. 
1.  The  drill  runner  with  the  niachine  on  the  second  rol- 
nnin  in  the  foreground  is  shown  jjointing  his  drill  with 
the  aid  of  one  of  these  hoards.  Denver  "Dreaduaught" 
valveless  water  hammer  drills  were  used. 

This  method  of  enlarging  permits  the  cmployinenl  of 
a  large  battery  of  drills  all  along  the  line  of  the  tun- 
nel. It  has  resulted  in  remarkably  rapid  progress,  not 
only  as  to  drilling,  but  also  as  to  mucking,  for  it  facili- 
tates the  use  of  the  .^^hovel  by  blasting  out  the  tunnel 
to  full  section  with  every  ring  of  holes  fired. 

The  funnel  being  large  enough  to  accommodate  two 
standard-gage  tracks,  the  shovel  operated  from  one 
track  Avhile  the  muck  cars  wero  backed  in  alongside  on 
the  other.  Two  high-pre.ssurc  compressed-air  locomotives 
in  eac'h  end  took  care- of  the  haulage.  They  have  a  stor- 
age capacity  sufficient  to  carry  them  one  mile  with  a 
regular  load,  and  2-in.  iiigh-pressurc  air  innins  in  the 
tunnel  provide  air  stations  about  2,000  ft.  npart. 


The  lorcc  I'cir  mncking  out  each  end  is  as  follows  for 
each  shift:  G  men  scaling,  trimming  and  loafliiig  rouii(Jg 
ahead  of  shovel;  1  engineman  and  f  craneman  on  tlj^ 
mucking  shovel;  10  to  12  pitmen  at  the  shovel;  1  gdfe 
(H-al  ioreinan;  1  foreman  and  12  to  15  laborers  for  w 
dump  and  track  work;  engineers  and  brakcnien,  1  fii*- 
man.  1  steam  conductor  and  2  repair  carmen  for  the 
liauling  locomotives  and  cars. 

'I'hc  contractors  for  the  tunnel  are  Foley  Brothers, 
\\(l(  li  \'  Stewart,  of  Winnipeg;  A.  C.  Dennis  is  their 
Superintendent.  The  work  is  under  the  direction  of 
.lohn  (i.  Sullivan,  Chief  Engineer,  Canadian  Pacific  Ey., 
aiul   W.  A.  James,  Engineer  of  Construction. 


l<'lnt-CiirH  with  False  Floors  for  Dumpiuf;  have  been  used 
in  K'adina:  an  extension  of  tile  logging  railway  of  the  Crossett 
Lumber  Co.,  at  Crossett,  Ark.  The  arrangement  was  devised 
by  J.  R.  Horton,  Roadmaster  for  the  company.  The  construc- 
tion train  consisted  of  three  flat-cars,  the  middle  one  carrying 
a  light  revolving  steam  shovel  or  railway  ditcher.  Each  of 
the  other  cars  had  a  14-ft.  floor  built  up  in  two  longitudinal 
seitions  7  ft.  wide.  Timbers  on  the  bottom  raised  the  plat- 
form clear  of  short  stakes  in  the  stake  pockets,  and  on  each 
side  one  of  these  timbers  rested  just  inside  the  line  of  stakes. 

1'lunib-l.iiie  Reflector — A  useful  and  easily  constructed  re- 
fleitor  for  use  in  underground  surveys  or  for  night  work  can 
lie  ma<le  as  follows:  Take  a  piece  of  an.y  good  strong  wire  and 
lienfl  it  in  the  form  of  a  circle  with  a  handle  attached,  and 
fasten  a  piece  of  tracing  cloth  over  it,  after  the  manner  of 
a  drum  head.  This  device,  when  held  back  of  a  plumb  bob 
and  string  with  a  lamp  behind  it,  will  diffuse  the  glare  of  the 
light  and   give  a  perfect  shadow   for  a   sight. — "Coal  Age." 

A  Hood  ^\'u}-  to  BlitNt  Pole  Holes  is  to  put  down  a  borehole 
almost  as  deep  as  the  pole  hole  is  to  be,  and  tie  small  charges 
of  dynamite  at  intervals  of  several  inches  to  a  straight  stick 
or  lath,  which  is  placed  in  the  borehole.  The  topmost  charge 
is  primed  with  a  blasting  cap  or  fuse.  Forty  per  cent,  or 
stronger  dynamite  should  be  used.  It  is  preferable  to  spade 
out  the  surface  to  a  depth  of  several  inches  before  firing, 

V  Koail-PutrbiiiB;  Maehine  is  used  by  the  Los  .\ngeIos 
Ciiunty  Highwa.v  Commis.<iion  for  repairing  bituminous-paved 
roads.  The  machine  consists  of  a  tank  and  firebox  for  keep- 
ing tlie  oil  at  such  temperature  that  it  can  readily  be  pumped 
and  sprayed  with  a  small  hand  pump.  Three  men  operate  this 
machine;  one  pulls  it,  one  operates  the  small  hand  pump  al 
the    rear    and    the    third    handles    the    spray    hose.      The   oil  Is 


I'ATCHLVG    .MACHl.Vi:    FOR    l!ITl'Ml.\'OUS    PAVEMENTS 
USED    I3Y    LOS    ANGELES    COUNTY 

first  heated  in  a  large  vat  and  carried  in  buckets  and  poured 
into  the  front  end  of  the  machine.  Wherever  a  patch  is 
required  the  road  surface  is  picked  out  to  a  depth  of  4  or  6  In 
and  the  hole  thoroughly  cleaned.  Broken  stone  is  then  placed 
in  the  patch  and  rolled  with  a  steam  roller.  Oil  Is  sprayed 
over  the  surface,  covered  with  screenings  and   rerolled. 
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Eia^ainieers  Csiia  V©tiJic1h   for  Tlhas 

When  a  prixate  concern  wishes  to  enuaue  an  enijineer 
its  main  concern  is  to  get  the  hest  man  he  can  find  for 
the  job.  With  most  cities  other  considerations  come  first. 
Only  one  of  those  will  be  considered  here  and  that  but 
liriefly.  This  consideration,  which  is  one  of  the  worst 
iti  the  lot,  is  the  local  residence  requirement.  How  this 
makes  for  inefficiency,  not  merely  in  the  particular  city, 
but  also  througliout  the  whole  conntry,  is  set  forth  under 
five  heads  in  a  recent  number  of  "The  Public  Servant." 
Says  Prof.  Clyde  L.  King  of  the  University  of  Penn- 
-ylvania : 

'  The  local  residence  requirement  for  public  office  (1)  tends 
-O  perpetuate  mediocre  technical  and  expert  service,  (2)  means 
:he  continuation  of  party  spoils,  (3)  makes  impossible  ade- 
luate  training  for  all  experts  and  (4)  a  national  supply  of 
xperts.  and  (S)  is  therefore  one  of  the  biggest  obstacles  to 
he  American  ideal  of  an  efficient  democracy. 

Even  a  large  city,  with  an  abundance  of  technical  men 
0  draw  from,  makes  a  mistake  in  barring  non-residents 
rom  public  office,  because  it  lessens  its  range  of  choice 
iud  deadens  the  ambition  of  local  men,  whether  in  or 
spiring  to  municipal  positions.  The  case  grows  worse 
s  the  size  of  cities  diminishes.  It  is  for  the  interest 
•f  good  government  and  of  the  engineering  and  other 
Tofe.ssions  as  well  that  the  dwarfing  effect  of  local  resi- 
ence  requirements  be  al)olishod  and  that  every  city  be 
ree  to  select  the  best  man  the  country  all'ords  for  each 
o.sition  to  ije  filled. 

Mnglh  a  Firac©? 

The  nation  has  witnessed  an  unprecedented  spectacle 
uring  the  'tast  fortnight.  There  have  Ijeen  assembled  at 
Washington  the  iicads  ni'  the  brotherhoods  of  railway 
'ainnien  and  over  a  Jiundred  railway  presidents  and 
lanagers,  discussing  with  the  President  of  the  United 
tates  the  demand  made  by  the  brotherhoods  for  an 
icrease  in  wages. 

The  issues  at  stake  are  great  for  both  of  the  parties  to 
le  controversy,  but  they  are  greater  for  the  public  at 
irge.  The  sums  immediately  involved  in  the  controversy 
re  va.st.  Estimates  vary  from  $50,000,000  to  .$100,000,"- 
00  per  annum  ;  but  this  sum  is  small  in  coini)arisoii  with 
le  amount  which  the  ))ublic  will  have  eventually  to  pay 
a  result  of  the  precedent  established  if  the  present 

iiiands  are  granted. 

lor  if  the  railway  engine-drivers  and  firemen  and  con- 
tors  and  brakenien,  merely  by  the  threat  to  bring 
■nt  a  nation-wide  railroad  .strike,  can  add  $50,000,000 
their  wages,  while  they  refuse  to  debate  tlic  question 

liether  they  are  fairly  entitled  to  such  an   increase  or 

it,  it  is  .safe  to  say  that  similar  action  will  be  taken  by 
j  her  bodies  of  railway  emijloyees.     Sucli  action  would 

!  justified,  moreover,  since  the.sc  other  cni])loyees  are 
'ceiving  lower  rates  of  wages  in  proportion  to  the  work 

■ne  and  the  responsibility  carried  than  are  the  trainmen. 


It  has  been  plainly  evident  in  the  negotiations  at  Wash- 
ington that  the  chief  party  in  interest — to  wit,  the 
public- — is  largely  ignored.  The  railway  presidents  have 
been  reported  as  willing  to  grant  the  demands  of  the 
trainmen,  provided  they  could  receive  absolute  assurance 
from  the  President  and  Congress  that  a  rate  increase 
would  be  permitted  sufficient  to  repay  the  companies  for 
their  added  outlay  in  wages.  In  other  words,  if  they  were 
allowed  to  collect  from  the  public  the  sum  demanded  by 
the  trainmen,  they  were  willing  to  give  in.  They  should 
not  be  too  severely  blamed  for  this,  for  they  have  been 
fighting  the  ]>ulilir's  liattles  a  good  while  and  i-cceiving  no 
tlianks. 

For  one  thing  the  railway  officers  cannot  be  too  highly 
commended,  and  that  is  for  their  strong  support  of  the 
principle  of  arbitration  of  industrial  disputes.  The  broth- 
erhood officers,  on  the  other  hand,  deserve  the  severest 
condemnation  for  their  absolute  refusal  to  submit  their 
case  to  arbitration. 

The  responsibility  of  defending  the  interests  of  the 
public  in  this  great  controversy  has  fallen  u])on  President 
Wilson ;  and  apparently  because  of  his  belief  that  a  strike 
mu.st  be  prevented  at  any  cost  he  has  failed  to  realize 
that  peace  may  be  purchased  at  too  high  a  price.  When 
the  railway  presidents  urged  him  to  accept  and  apply  the 
principle  that  all  industrial  disputes  .should  be  submitted 
to  arbitration,  be  could  not  of  cour.se  deny  the  soundness 
of  the  principle,  but  he  declared  that  arbitration  was 
impossible  because  the  brotherhoods  would  not  accept  it ! 

It  is  time  for  men  to  stop  and  inquire  seriously  where 
we  stand,  when  an  organization  demands  that  the  jniblic 
hand  oxer  to  its  members  a  rouiiil  fifty  million  dollars  a 
year,  refuses  to  arbitrate  the  question  whether  it  has  any 
just  cUiim  on  such  a  sum  ami  announces  its  intention  of 
.stoj)))ing  railway-trans])ortation  lines  throughout  the 
country  unless  its  demands  are  granted  forthwith.  Where 
shall  the  interests  of  the  ])ublic  find  a  defender  when  the 
President  of  the  United  States  insists  that  this  demand 
must  be  granted,  not  liecause  it  is  just,  but  because  of  the 
dire  results  that  will  follow  if  the  threat  is  carried  out? 
Can  any  right-thinking  man  justify  su<'h  a  threat?  It 
differs  from  the  threat  of  the  highway  robber  only  that 
it  is  made  on  a  vastly  larger  scale,  for  it  is  a  hundred 
million  persons  who  are  held  up  instead  of  one. 

Eni/ineeririj/  Nfiirs  has  for  more  than  liO  years  been 
a  jirominent  and  outspoken  advocate  of  better  ecoiioini<' 
conditions  for  the  gieat  mass  of  the  people,  and  especially 
for  those  who  labor  with  their  hands.  It  has  taken  a 
leading  ])art  in  the  long  struggle  to  establish  (iovernment 
control  of  public  utilities  and  measures  to  prevent  ])ublic 
oppression,  monojioly  ami  other  abuses  by  combinations 
of  capital.  It  recognizes  the  right  and  the  necessity  of 
labor  organizations  to  protect  labor  from  injustice  and 
oppression ;  but  it  unhesitatingly  condemns  the  attempt 
of  combinations,  either  of  labor  or  of  capital,  to  exact 
from  the  public,  under  threat  of  violence,  anything  to 
which  they  are  not  willing  to  jirove  their  right  before  an 
impartial  tribunal. 
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Undoubtedly  a  liirire  part  of  tlio  ])ulilic  lia>;  a  falsi' 
idea  of  the  controver.-iy.  Thcv  view  it  as  inerely  an  at- 
tempt of  a  certain  group  of  workingnien  to  get  higher 
wages  from  their  employers,  the  railway  companies.  But 
while  there  may  be  temporary  loss  of  railway-i-ompany 
nrofits  if  this  and  other  demands  for  higher  wages  arc 
granted,  it  is  certain  that  the  railways  must  continue  to 
be  operated,  and  the  public  must  pay  the  entire  cost  of 
operating  them,  with  enough  profit  besides  to  induce 
people  to  invest  their  savings  in  additional  railway  facil- 
ities. In  the  long  run,  therefore,  it  is  the  public  and  not 
the  railway  stoc'k  and  bond  holders  who  nnist  give  u])  the 
millions  which  the  trainmen  demand,  if  the  railway  ]iresi- 
dents  yield. 

The  public  is  sadly  astray,  too,  on  another  aspect  of 
the  controversy,  and  for  this  also  President  Wilson  is 
chieilv  responsible.  It  is  he  who  has  beclouded  the  ]niblic 
mind  with  the  idea  that  what  the  men  are  fighting  for  is 
the  eight-hour  day.  He  said  in  his  statement  to  the  pulilic 
on  Aug.  19 : 

I  have  recommended  the  concession  of  the  eight-hour  day 
because  I  believe  the  concession  right.  The  eight-hour  day 
now  undoubtedly  has  the  sanction  of  the  judgment  of  society 
in  its  favor,  and  should  be  adopted  as  a  basis  for  wages. 

In  this  statement,  destined  to  be  widely  quoted  every- 
where for  years  to  come,  whenever  a  controversy  over  the 
hours  of  labor  arise,  the  President  says  in  irords  that  he 
supports  the  eight-hour  day  in  order  to  settle  the  dispute ; 
but  the  proposition  wbii'h  he  has  asked  the  railroads  to 
accept  has  nofliinr/  irludever  in  it  to  estahlish  the  eight- 
hour  daij.  What  he  asks  the  railways  to  do  is  to  increase 
the  hourly  rate  of  wages  so  that  they  would  pay  as  much 
wages  for  eight  hours'"  work  as  they  now  pay  for  ten 
hours.  He  omitted  the  brotherhoods'  original  demand 
for  a  time-and-a-half  rate  for  overtime  work.  Hence 
under  the  arrangement  which  he  jjroposes,  the  railways 
would  have  no  incentive  whatever  to  reduce  the  present 
working  hours  of  the  trainmen. 

An  elementary  arithmetical  computation  shows  that 
increasing  the  hourly  rate  so  that  a  man  earns  as  muih 
in  eight  hours'  work  as  he  formerly  earned  in  ten  hours' 
work  is  equivalent  to  an  increased  wage  rate  of  25%. 

If  President  Wilson  believes  that  the  eight-hour  day  is 
the  real  question  at  issue,  then  he  must  believe  that  a 
large  proportion  of  the  trainmen  who  are  making  these 
demands  are  working  much  longer  than  eight  hours  and 
would  therefore  be  entitled  to  this  large  increase  in  their 
wage  rate.  Yet  he  deinaiided  that  the  railways  should 
put  his  proposition  in  force  and  give  it  a  trial  because, 
forsooth,  no  one  is  wise  enough  in  advance  of  such  a  trial 
to  determine  whether  the;  cost  to  the  railways  would  be 
material ! 

President  Wilson  declares  that  society  favors  the 
eight-hour  day.  If  ho.  means  by  that  statement  that  the 
majority  of  voters  favor  tiie  general  i)rinci]>le  of  the 
eight-hour  day  as  a  movement  toward  licttering  llie  con- 
ditions of  the  workiiigman  generally,  be  is  vimv  likely 
right.  It  is  true  also  that  the  best  (experts  on  etliciency 
in  ])raduction  are  generally  agreed  that  where  employees 
are  working  day  in  and  day  out  the  year  round,  in  indus- 
tries requiring  intense  use  of  nerves  and  muscles,  such  as 
factory  work  under  modern  high-pressure  industrial  con- 
ditions requires,  eight  Innirs  is  as  long  a  working  day 
as  the  average  employee  can  stand  and  continue  efficient 
work.  But  the  railway  brakeman,  while  he  is  on  duty, 
has  little  or  nothing  to  do  so  long  as  the  train   is  in 


motion.  lie  has  not  as  strong  a  claim  for  tlie  eight-hour 
day  as  the  workman  in  the  car  shoj)  or  the  laiwrer  in  the 
section  gang. 

If  President  Wilson  means  that  society  favors  thi 
universal  eight-hour  day  as  a  practical  working  proposi 
tion,  he  is  on  unsafe  ground.  Everyone  concedes  th^ 
desirability  of  a  shorter  working  day  if  the  greater  leisure 
it  affords  is  rightly  used ;  bixt  most  people  prefer  to  work 
longer  hours  in  order  to  earn  more  money  and  be  able' 
to  buy  more  of  the  things  they  want.  The  railway  train- 
men themseh^es  do  not  want  shorter  hours,  but  larger 
wages  for  their  present  working  hours. 

In  deciding  the  momentous  question  whether  or  not  to 
grant  the  demand  of  the  railway  brotherhoods  it  is  proper 
of  course  to  forecast  the  results  if  the  demand  is  refused. 
The  body  of  railway  officials  in  Washington  is  best 
qualified  to  judge  as  to  the  extent  of  the  difficulties  which 
will  result  if  the  brotherhoods  carry  out  their  threats.  It 
is  very  doubtful  whether  other  classes  of  railway  em- 
i)lo\ees  would  symjiatliize  with  and  support  such  a  strike. 
The  Pennsylvania  R.R.  claims  to  have  a  list  of  volunteers 
from  other  classes  of  its  employees  sufficient  to  fill  the 
vacancies  in  the  train  service  twice  over  if  all  the  men 
threatening  to  strike  should  go  out. 

There  is  some  reason  to  believe,  also,  that  a  large  pro- 
portion of  the  members  of  the  trainmen's  brotherhoods 
have  regarded  the  whole  matter  as  a  big  game  of  blutf  on 
the  part  of  their  officials  to  get  something  for  them,  which 
of  course  they  would  be  very  glad  to  have ;  but  when  it 
actually  comes  to  the  pinch,  they  will  be  slow  to  actually 
forfeit  the  lucrative  positions  they  have  so  long  held. 

If  the  strike  conies,  there  will  be  in  all  probability,  for 
a  few  days  and  perhaps  for  weeks,  much  disorgani/^ation 
of  train  service  and  resulting  hardships  and  sutt'ering  of 
innocent  persons.  Yet  is  not  the  sacrifice  justified? 
Shall  any  organization  be  permitted  to  exact  contribu- 
tions from  the  public  in  proportion  to  its  ability  to  cause 
disaster  if  its  demands  are  refused?  That  way  lies 
anarchy. 

Mow  ftlhi®  MnsiS^s  aira  PtfolTessioinial 

^laiiy  readers  will  recall  the  admirable  aiticic  con- 
dcniniiig  iiMM'-spccializalion  in  engineering  education. 
written  by  I'rof.  \V.  .V.  Wilson,  of  the  University  of 
Illinois,  and  pnlilishcil  in  l-Jiifjiiieeriny  Xni's  uf  Uec.  2.'i. 
191.).  KIsewbcrc  in  flie  present  issue  Professor  Wilson 
discusses  tlii'  question  of  how  professional  niistits  in 
engineering  may  bo  avoided. 

it  is  unfortunately  the  case,  as  most  engineerin;: 
(ertchers  of  experience  are  aware,  that  a  very  consideralilf 
percenlage  <if  tlic  boys  now  studying  in  engineering 
sihools,  Mitliongli  tliey  may  go  tliio\igli  the  prescribod 
routine  of  .studies  and  ]iass  the  required  examinations, 
are  not  naturally  litted  for  engineering  work.  This  ii^ 
of  course  no  new  condition :  but  in  the  eaidy  days  of 
engineering  education  it  could  be  said  with  a  fair 
approach  to  truth,  that  if  the  youth  did  not  follow  engi- 
neering he  was  getting  a  good  training  and  educiition 
which  would  be  of  advantage  to  him  in  any  occupation 
lie  might  take  up. 

It  must  be  admitted  that  this  is  not  true  at  the  jirescnt 
day.  Engineering  courses  have  become  more  technieiu 
and  specialized.     The  demand   for  the   inclusion  of  tlu' 
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tefhnif-al  and  the  special  lias  resulted  in  rutting  down 
the  time  devoted  to  culture  studies.  For  these  reason.s 
it  is  difficult  to  believe  that  the  boy  who  spend.?  four 
vears  in  a  first-class  engineering  school  but  does  not 
thereafter  follow  .some  branch  of  engineering  uses  his 
time  to  the  best  advantage. 

Professor  Wilson  calls  attention  to  a  grave  defect  in 
lur  educational  system,  but  it  is  doubtful  if  the  remedy 
le  proposes  for  it  is  sufficiently  radical.  So  long  as 
lie  American  public  implicitly  holds  to  the  belief  that 
he  business  of  higher  education  is  to  impart  specialized 
nforniation  on  every  subject  under  the  sun,  from  com- 
luting  bridge  stres.ses  by  the  latest  short  cut  to  training 
hen  to  lay  200  eggs  a  year,  or  writing  advertisements  for 
iver  pill.s — so  long  will  the  higher  education  prove  a  huge 
'isappointment  to  many  of  those  who  invest  time  and 
;ionev  in  it.  This  does  not  mean  that  there  is  not  room 
nd  place  for  the  vocational  school,  but  that  the  first 
im  of  higher  education  should  be  to  fit  the  student  for 
■hatever  occupation  he  may  have  to  follow  in  life,  and 
-  ot  for  the  one  particular  niche  that  he  may  never  be 
l)!e  to  fit. 


^ocsittao'sas   f©ir  tllhe   (Go'^irtginniffinieEiitl 


A  number  of  cities  located  in  different  parts  of  the 
luntry  are  each  bringing  to  bear  all  the  influence  they 
n  command  to  secure  the  location  in  their  vicinity  of 
e  Government  nitrate  plant  authorized  by  the  Xational 
efense  Bill  which  became  a  law  on  June  3.  Apparently, 
iwever,  the  selection  of  a  site  or  sites  for  the  plant  is  not 
iely  to  be  made  for  some  time  yet.  The  Bureau  oi 
i-dnance  of  the  War  Department,  in  conjunction  with  a 
mmittce  of  the  Xational  Academy  of  Sciences,  is  inves- 
;ating  the  different  processes  for  the  jiroduction  of 
trate  and  the  final  selection  of  the  process  may  infiuence 
e  choice  of  a  site. 

At  the  out.set  it  ajijieared  to  be  generally  assumed  that 
e  Government  would  concentrate  the  entire  nitrate 
eduction  authorized  hy  ('(jiigrcss  ;il  one  |ilant.  Further 
icly  of  the  jiroblem,  however,  indicates  that  there  would 
material  advantage  in  scattering  the  ])rodnctiou  among 
numiier  of  ])lants  located  in  d liferent  parts  of  the 
initry.  The  ])rimary  object  of  the  plants  is  national 
fense,  and  there  would  he  an  obvious  advantage  in 
ving  a  sufficient  miniber  of  these  i)lants  so  that  the 
|)ture  of  one  or  two  of  them  by  an  invading  enemy,  or 
iix  accidental  or  premeditated  destruction,  would  m)t 
sufficient  to  entirely  destroy  the  country's  facilities  for 
rthicing  explosives. 

While  the  production  of  material  for  explosives  I'oi-  use 
national  defense  is  the  primary  purpose  of  these  plants, 
1  'y  will  have  sufficient  capacity  so  that  except  in  the 
'snt  of  actual  war  at  least  nine-tenths  of  their  output 
'II  probably  be  marketed  in  the  form  of  artificial  fertil- 
'  r.  In  this  form,  however,  the  price  at  which  the 
t  idnct  can  he  sold  will  be  largely  governed  by  the  cost 
<:  transportation  to  the  final  users,  and  half  a  dozen 
ints  in  dilferent  jiarts  of  the  country  each  .supplying 
tj!  farms  in  the  territory  surrounding  it,  would  yield  a 
'•  better  commercial  return  and  would  he  far  more 
I  lefieial  to  the  agricultural  interests  than  if  the  entire 
iQ  put  of  nitrati'  were  produced  at  one  plant. 


There  is  indeed  a  i)ossibility  that  such  considerations  as 
liroximity  to  raw  materials  or  to  markets  which  could 
lake  the  product  for  use  in  connection  with  other  fertilizer 
materials  or  other  chemical  indu.sfries  might  determine 
the  location  of  the  plant  at  a  site  where  power  could  he 
developed  from  chea]i  fuel.  The  more  likely  supposition, 
however,  seems  to  be  that  a  site  or  sites  will  be  chosen 
where  the  Government  owns  water  power  produced 
through  the  im]irovemenf  of  rivers  for  navigation. 


<a>m.  Tlhirotis^fiTi  I^®tuiftes 

In  Emjiiiceriiii/  Xcirs  o[  .Tuly  20  an  explanation  was 
given  of  the  fight  which  cities  on  the  New  Jer.sey  side 
of  the  North  Rwcr  are  making  before  the  Interstate 
Commerce  Commission  against  being  compelled  to  pay  for 
lightering  freight  across  the  North  River,  as  shippers  in 
New  York  City  have  to  do. 

Through  the  courtesy  of  Frank  L.  Neall,  of  Philadel- 
jiliia,  we  have  been  favored  with  a  copy  of  a  letter  wi'itten 
in  1889  by  the  late  Col.  Josejib  C.  Potts,  of  Philadelphia, 
a  prominent  civil  engineer  and  financier  of  that  day,  to 
Hon.  James  A.  Logan,  at  that  time  Assistant  General 
Solicitor  of  the  Pennsylvania  R.P.  In  this  letter  Colonel 
Potts  reviewed  the  gradual  elimination  of  transfer  charges 
on  through  east  and  west  traffic  as  follows : 

There  was  a  time  when  all  goods  movement  between  New 
York  and  the  West  passed,  necessarily,  through  the  hands 
of  forwarders  at  Buffalo,  and  when  all  similar  movements 
between  Philadelphia  and  the  West  had  a  similar  experience  at 
I'ittsburgh.  Forwarder.s  at  both  points  were  originally  im- 
provements. They  effected  transfers  and  dispatching  of  good.s. 
with  less  cost  and  friction  than  the  owners  of  the  goods 
could  themselves  have  done.  But  as  carriers  advanced  in  skill 
and  scope,  they  combined  their  operation.?,  so  that  transfers 
with  their  delays  and  outlays  began  to  disappear.  A  new 
economy  arose,  and  the  forwarder  at  many  transfer  points 
lost  his  value  .and  became  a  co.stly  excrescence.  His  busi- 
ness had  been  honorable,  profitable  and  useful.  He  looked 
upon  its  excision  as  an  oppressive  outrage,  and  fought  against 
such  an  issue  with  all  his  power.  This  contest  has  ended  at 
Pittsburgh,  and  so  far  as  traflic  carried  all-rail  is  concerned 
it  has  also  ceased  at  Buffalo. 

At  Erie,  Penn.,  it  was  not  the  forwarder,  but  the  whole  pop- 
ulation, who  fought.  In  this  case  it  was  ostensibly  to  pre- 
serve a  difference  in  gage,  but  really  to  preserve  the  small  in- 
crement of  profit  arising  from  the  services  which  the  transfer 
enforced  by  this  break   ot  gage   made   necessary. 

It  still  rages  to  some  extent  in  Chicago,  and  virulently  now 
in  New  York.  To  the  latter  city,  tratlic  passing  between 
foreign  countries  and  this  has,  for  many  year.s,  flowed  with- 
out much  municipal  effort  and  without  much  effective  op- 
position to  heavy  local  taxation  in  wharf  hire,  cartage  and 
in  numberless  other  forms,  not  Illegitimate  but  fast  becoming 
unnecessary. 

As  inland  .and  ocean  carriers  have  now  commenced  the 
same  forms  of  beneficent  union  which  have  grown  uj)  within 
the  limits  of  this  country,  and  with  the  .same  useful  results, 
the  forwarder  and  all  who,  while  really  merchants,  aie  also 
quasi-forwarders,  naturally  wage  the  same  sort  of  fight  which 
inland  transfer  points  have  witnessed.  But  this  new  phase  in 
New  iork  is  no  reflection  upon  the  past  of  those  who  now  op- 
pose the  change.  They  lived  useful  lives  and  earned  well  their 
profits 

Through  rates  and  through  bills  of  lading,  however,  are  in 
the  nature  of  new  inventions.  It  they  make  commerce  easier 
and  cheaper,  and  thus  lessen  barriers  to  movement,  they  arc 
valuable  Inventions,  and  the  old  methods  must  end.  Their 
close  will  not  be  sudden:  the  two  methods  always  work  for  a 
while  side  by  side,  but  the  Improved  method  will  Increase, 
while  the  poorer  one  must  decrease.     This  Is  inevitable. 

It  is  t»  be  hoped  the  Interstate  Commerce  Commission  will 
not  Ignore  this  great  and  controlling  tendency.  It  cannot  help 
but  prevail.  One  of  the  most  valuable  functions  of  this 
commission  Is  to  perceive,  sooner  and  more  clearly  than  others 
who  look  from  lower  planes,  the  lending  facts  and  motives 
around  which  all  regulations  ot  commerce,  and  the  transporta- 
tion branch  of  commerce,  must  shape  and  (It  themselves. 
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L®adl    DaSCtUlSSaOEIi  Tlie  writer  floes  not  in  any  respect  rlisauroe  with  vour 

(oninients.  He  believes  that  there  should  be  more  ()peii 
|iiiblioation  and  chanr-e  for  discussion  on  mistakes,  as 
well  as  on  good  work,  but  he  believes  also  that  there  is 
]iiuch  in  general  matters  not  sufficiently  standardized  to  bo 
still  open  for  debate  and  to  contain  elements  for  discussion 
at  future  road  conferences. 

The  suggestion  made  by  your  correspondent  in  the  issue 
of  Aug.  10  as  to  the  importance  of  papers  directed  toward 
the  standardizing  of  asphalt  specifications  is  very  timely 
and  brings  attention  to  the  fact  that  if  it  were  possible  for 
those  interested  in  such  types  of  pavement  as  sheet  asphalt 
and  wood  block  to  get  together  and  spread  scientific  in- 
formation in  the  way  it  is  done  by  those  interested  in 
the  construction  of  brirk  and  concrete  pavement,  there 
would  be  less  possibility  for  some  of  the  accusations  that 
have  been  made  in  the  past  in  regard  to  the  relations 
between  paving  interests  and  pavement  designers. 
Hexky  Welles  Durham, 
County  Engineer,  Bergen  County,  Xew  Jersey. 

Uackeusack/X.  ,L,,  Aug.  14.  lilK). 


Sir — Hearty  approval  must  lie  accorded  your  recent  edi- 
torial coiniiiciit  and  the  letter  of  on(>  of  your  conespoii- 
ilcuts  on  tlic  Failure  of  many  of  the  pa]jers  i-ead  at  road 
i-ongi'esses  to  do  more  than  deal  with  generalities. 

At  these  meetings,  whose  great  usefulness  in  many  re- 
s])ects  nmst  be  acknowledged,  one  can  frequently  jiredict 
from  an  inspection  of  the  program  the  contents  of  manv 
i)f  the  papers.  There  is  always  the  discussion  which  be- 
gins with  the  statement,  "The  importance  of  good  roads 
to  a  connnunity  is  now  very  generally  recognized,"'  fol- 
lowed by  an  ajipeal  to  the  engineers  present  to  discover 
the  perfect  road  which  shall  not  wear.  There  is  ne\er 
mi.-jsing  the  ingenuous  soul  who  proclaims  his  discovery 
that  maintenance  is  equally  as  important  as  care  in  orig- 
inal construction,  and  somewhere  in  the  program  is  the 
practical  man  who  casts  ridicule  on  all  written  knowledge. 

Last  year,  in  outlining  to  a  meeting  of  engineers  .some 
of  the  problems  of  paving  in  large  cities,  the  writer  com- 
mented on  the  difficulty  of  finding  a  higliway  discussion 
that  did  not  start  with,  "Great  changes  have  been  effected 
by  the  introduction  of  the  automoliile.  which  has  apparent- 
ly come  to  stay." 

Returning  from  an  enforced  pedestrian  inspection, 
under  the  auspices  of  our  War  Department,  of  the  possi- 
Ijilities  of  protecting  our  national  Southern  frontier,  where 
.streets  are  paved  with  only  mud  and  cactus,  the  writer 
casually  took  up  coj)ies  of  the  proceedings  of  .some  recent 
road  congresses  and  opened  them  at  random.  On  the 
earliest  pages  turned  over  were  his  old  acquaintances, 
the  standard  platitudes;  and  in  the  first  part  of  one  vol- 
ume, maiidy  devoted  to  serious  discussion  of  construc- 
tion methods,  was  our  old  inunoidable  friend,  "There  is 
no  longer  any  question  but  tliat  the  motor  vehicle  has  come 
to  stay." 

But  admittitig  the  truth  oT  your  destructive  criticism, 
it  does  not  seem  as  if  your  constructixc  conclusions  are 
as  complete.  It  must  be  renuMnberi'd  that  most  of  the 
Kiad  congresses  serve  at  least  two  piii  poses.  They  are 
not  only  gatherings  of  technical  iiicii,  interchanging  ideas 
on  road  construction,  but  they  dc])cnil  very  largely  for 
their  support,  outside  i>(  that  which  they  get  from  the 
supplymen,  on  the  nontechnical  |)ublic  interested  in  good 
roads.  Consequently  there  is  justification  for  a  good  many 
of  the  generalities  which  strike  the  technical  man  as  uii- 
nece.ssarj'.  The  pa|)eis  of  the  latter  should  undoubtedly 
be  improved  by  the  elimination  of  the  long  statements  of 
elementary  principles  of  which  you  complain,  but  they 
should  not  thereafter  lie  limited  merely  to  a  discussion 
of  comparative  details,  valual)lo  as  these  are. 

There  is  plenty  of  room  left  for  improvement  in  mat- 
ters of  organization,  the  larger  policies  of  road  construc- 
tion and  general  questions  of  comparative  merits  of  differ- 
ent types  of  pavement,  and  nnich  of  the  very  technical 
matter  which  would  be  all  that  wcmld  remain  under  your 
edito'-ial  restriction  is  of  a  nature  too  difficult  to  discuss 
in  open  meetings  and  more  suitable  for  written  comment. 


IBaft-affimairaoias  Mm^^es'asiEs  Testis  foy 

Sir — In  ^!r.  Forrest's  connnents  on  my  article  entitled 
"Bituminous  Materials  Tests  for  Sheet  Asphalt,"  which 
appeared  in  your  issue  of  Aug.  ;i,  191(3,  he  states  that 
he  fails  to  find  any  reference  to  .solubility  in  carbon  di- 
sulphide  in  the  American  Society  of  Municipal  Improve- 
ments' sheet  asphalt  specifications  under  the  head  of 
Refined  Asphalt.  Clause  b  of  paragraph  t  of  these  .•spe- 
cifications reads  as  follows: 
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IJitnniens  are  nii.xturos  of  native  or  pyrosenous  hydrocar- 
lions  and  their  nonmetalUc  derivatives,  which  may  be  gases. 
liquids,  viscous  liquids  or  solids,  and  which  are  soluble  in 
carbon  disuiphide. 

The  method  adojited  by  the  A.  S.  T.  M.  for  the  deter- 
mination of  bitumen  calls  for  the  use  of  <'arbon  disulphiilc 
as  a  sdhcnt.  which  of  course  accords  with  their  deiiuitioii 
and  also  accords  with  the  standard  practice  throiighoiit 
the  country  and  in   j\lr.   Forrest's  laboratoiy. 

In  other  words,  Clause  b  of  the  A.  S.  M.  I.  specifica- 
tions (.ills  for  the  determination  of  the  total  bitunu'ii 
(which  must  be  and  always  is  made  by  determining  tlu' 
solubility  of  the  material  in  rarhon  dmiliihide)  and  also 
the  determination  of  the  percentage  soluble  in  carbon 
frfrarliloricle.  otherwise  the  relation  between  the  two  a> 
called   for  by  this  clause  could  not  be  established. 

Paragrapl'i  22  n\'  the  A.  S.  M.  I.  specifications  describes 
the  method  lor  the  determination  of  total  bitunicii  i" 
refini'fl  asplialls  and  asphalt  cements  and  specifics  the  u^f 
of  rarhon  disuljili'uJe.     (The  italics  arc  mine.) 


Aiuiust  31,  1916 
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It  appears  strange,  in  view  of  the  foregoing,  tliat  anyone 
with  ]Mr.  Forrest's  experience  in  asphalt  analysis  should 
have  been  imable  to  see  that  this  clause  called  for  a 
solubility  test  in  carbon  disulphide. 

I  fail  to  fathom  the  conneciion  l)et\veen  my  article 
and  the  special  committee  (of  which  I  am  a  member) 
appointed  by  the  A.  S.  M.  I.  to  investigate  and  develop 
methods  of  testing  paving  bitumens,  but  as  JMr.  Forrest 
has  referred  to  it  I  may  be  pardoned  for  quoting  from 
pages  768  and  769  of  the  "Proceedings"  of  the  1914  Con- 
vention of  the  A.  S.  M.  I. 

Mr.  TiUson:  I  have  a  resolution  I  would  like  to  present.  I 
was  asked  to  present  it  by  Mr.  Smith,  of  the  Asphalt  Com- 
mittee. 

Moved:  That  a  technical  committee  be  appointed  by  the 
president,  consisting  of  five  members,  whose  function  it  shall 
be  to  invite  and  direct  the  cooperation  of  all  chemists  dealing 
with  bituminous  materials  for  the  purpose  of  further  stand- 
ardizing present  methods  of  testing  and  for  the  purpose  of 
encouraging  and  developing  additional  methods  and  appli- 
ances for  valuating  paving  bitumens.  This  committee  shall 
be  permanent  for  a  period  of  four  years  and  shall  report  to 
the  general   organization   at   each   meeting. 

Mr.  Tillson:  I  believe  this  is  a  good  resolution,  and  would 
'  move  its  adoption. 

Mr.  Howard:  I  will  second  tliat.  Asphalt  testing  has  prac- 
tically stood  still  for  seven  years,  and  I  think  this  is  a  splen- 
did thing. 

Carried. 

The  thought  beliind  this  resolution  was  that  the  Society 
should  endeavor  to  promote  research  along  the  lines  in- 
licated,  to  the  end  that  whenever  new  tests  of  value  were 
.'stablished  they  might  be  incorporated  in  the  various 
specifications  for  bituminous  materials  adopted  by  the 
society. 

By  his  statement  that  it  was  appointed  "despite  the 
■pecifications  which  Mr.  Smith  .'Supports  so  feelingly," 
>Ir.  Forrest  would  seem  to  intimate  that  this  committee 
vas  suggested  by  some  one  outside  of  the  Sheet  Asphalt 
Committee.  F.   P.   Smith. 

131  E.  23rd  St.,  A\nv  York  City,  Aug.  11,  1916. 


Pale  F©irBim^Ila  for  D©tiflIbSe° 
^ctlnim^  InlaffimBimeir 

•Sir — 111  an  article  entitled  "Pile  Formula  ilodified  for 
•ipuhle-Acting  Hammer,"  appearing  in  your  issue  of  July 
.  a  rule  is  stated  for  a  general  guide  in  determining 
■  numerator  of  a  formula  for  a  double-acting  hammer, 
lived  from  the  Engineerinfj  Newf;  pile  formula  for  a 
ravity  drop  hammer,  as  follows: 

Ascertain  as  nearly  as  possible  the  foot-pounds  represented 
the  blow  delivered  b.v  the  hammer.  This  can  be  done  by 
linK  to  the  foot-pounds  represented  by  the  free  fall  of  the 
iimer  the  foot-pounds  obtained  by  multiplying  the  mean 
I  active  pressure  by  the  area  of  the  piston  and  the  length 
I  stroke  in  feet.     The  result  is  the  numerator  of  the  formula. 

While  this  statement  in  itself  is  entirely  logical,  it  is  not 
-y  to  apply  with  so  high  a  degree  of  accuracy  as  one 
ight  infer  after  casually  reading  it.  The  formula  given 
I  the  conclusion  of  the  article,  if  stated 

8  +  0.3 

'lie  2  in  the  iiuinerator  was  proliably  omitted  uiiiuten- 
■iially),  is  exactly  what  I   had   in   mind  in   my  letter 

iil)lislie(l  in  your  issue  of  Feb.  24,  1916. 
The  values  of  the  terms  p  and  h  more  than  likely  vaiT 

'iisiderably  at  ditTerent  times  under  different  conditions 

'I'  the  .•^anie  haninier,  and  it  would  therefore  seem  iinwise 


to  arbitrarily  use  the  .same  value  for  these  tenns  under 
these  circumstances  on  account  of  variable  conditions  of' 
practice. 

The  actual  mean.effef:t!ve  steam  pressure  in  tliacylinder 
of  the  hammer  depends  upon  the  steam  pressure  at  the 
boiler  and  the  loss  in  the  steam  line  during  transmittal, 
the  adjustment  of  the'  steam  valves  in  the  hammer  and 
the  back  pressures  allowed  in  order  to  have  a  slight  lead 
to  the  valve  to  maintain  the  maximum  number  of  strokes 
per  minute,  etc.  On  account  of  the  last  condition  stated, 
there  must  be  a  variation  in  the  actual  length  of  the  stroke 
of  the  ram  for  various  speeds  of  operation. 

It  is  assumed  in  the  article  in  your  issue  of  July  6 
that  the  mean  effective  steam  jiressure  in  the  cylinder  is 
25  lb.,  which  may  be  approximately  right,  although  most 
manufacturers  rate  their  hammers  on  the  pressure  of  60 
lb.  The  only  means  of  determining  what  the  actual  effec- 
tive pressure  is  is  by  indicator  card  readings,  and  it  would 
not  be  practical  to  take  these  readings  when  driving  piles 
in  actual  practice  or  to  determine  the  actual  stroke  of  the 
ram. 

If,  however,  the  effect  of  the  combination  of  the 
steam  pressure  and  length  of  stroke  of  the  ram  and  the 
fall  of  the  weight  of  the  ram  could  be  observed  in  some 
■way,  it  would  serve  the  same  pur])ose. 

It  is  evident  that  the  work  done  by  a  double-acting 
steam  hammer  per  blow  or  per  minute  in  driving  a  pile 
should  vary,  not  considering  the  effect  of  the  fall  of  the 
weight  of  the  moving  parts,  directly  as  the  mean  effective 
pressure ;  and  upon  the  mean  effective  pressure  and  the 
weight  of  the  ram  depend  the  number  of  blows  per  minute, 
length  of  stroke  and  the  velocity  of  the  moving  parts  at  the 
end  of  the  stroke. 

It  would  seem  thcrclVu-e  that  if  the  rating  of  a  hammer 
(work  per  blow  or  jier  minute)  was  established  by  tests 
which  would  include  the  effect  of  the  weight  of  the  ram, 
either  by  some  means  of  measuring  the  work  done  or  cal- 
culating it  from  actual  effective  steam  pressure  shown  by 
an  indicator  diagram,  and  the  number  of  blows  ))er  min- 
ute or  the  velocity  of  the  striking  parts  recorded  for  vari- 
ous .speeds  of  operation  of  the  ram,  all  it  would  Ije  neces- 
sary to  do  to  determine  the  actual  work  done  on  any  pile 
by  that  particular  hammer,  provided  its  adjustments,  etc., 
were  the  same  as  when  rating  wa,s  established,  would  be 
to  count  the  strokes  of  the  ram  per  minute  which  would 
correspond  with  an  established  amount  of  work  done  for 
that  particular  hammer,  which  divided  by  factor  of  safety 
six  would  represent  the  numerator  in  the  formula. 

Although  the  constant  used  in  the  denominator  depends 
somewhat  on  the  character  of  the  soil  through  which  the 
pile  is  driven,  it  also  is  supposed  to  depend  on  the  rapidity 
with  which  the  blows  are  delivered.  If.  therefore,  in  the 
steam  gravity  drop-hammer  formula  a  constant  0.3  is 
considered  proper  as  compared  with  1  foi  an  ordinary  drop 
hammer,  then  it  would  seem  entirely  logical  and  jjroper  to 
coiicetle  that  a  still  lower  constant  should  be  used  for 
the  double-acting  steam  hammer,  since  the  douijle-aoting 
steam  hammers  deliver  from  100  to  500  blows  per  minute, 
not  allowing  the  pile  to  stop  moving,  while  the  gravity 
drop  steam  hammer  delivers  only  about  60  to  100  blows 
per  minute.  How  much  this  constant  should  be  reduced 
could  only  be  determined  by  comparative  tests. 

A.  M.  Knowlks, 
Asst.  Engineer  of  Bridges,  Krie  U.R. 
50  Church  St.,  Xew  York  City,  Aug.   18,   1916. 
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The  recent  iutroduc-tion  of  round-topped  girder  rail 
s-eetions  on  some  large  street-railway  systems  calls  atten- 
tion to  interesting  developments  in  the  problem  of  the 
I'elation  of  wli'eel  tread  to  rail  head  nnder  street-railway 
L-onditions. 

A  few  years  ago  the  American  Electric  Railway  Engi- 
neering Association  adopted  for  grooved  rails  a  flat-top 
head.  Bnt  instead  of  making  this  level  and  nsing 
cylindrical  wheels  (as  has  been  proposed  for  railway 
T-rails),  it  gave  the  top  of  the  rail  head  an  inclination 
of  1%°  (ascending  from  the  gage-line  corner)  in  order 
to  approximate  that  of  the  standard  wheel  tread :  1  to 
35.  Among  the  reasons  for  this  were  the  claims  of  the 
manufacturers  that  it  was  difficult  to  roll  large  grooved 
girder  rails  with  curved  heads,  except  at  increased  cost, 
and  that  it  was  difficult  to  make  this  curve  when  grinding 
rail  joints. 

Results  very  different  from  those  exjjected  have  been 
obtained  in  somei  cases,  though  it  cannot  be  stated  just 
how  extensive  these  conditions  are.  On  the  BrookhTi 
Eapid  Transit  Ry.,  trouble  developed  with  early  corru- 


zontal  flange  formed  by  the  groove  and  gaiard  of  a  girdei 
rail ) ,  is  more  flexible  and  is  free  to  move  binder  the 
lateral  movements  and  blows  of  the  wheels. 

As  a  result  of  the  investigation,  the  rail  manufie- 
turers  agreed  to  roll  curved-head  rails  without  iner^ 
in  cost,  no  other  change  being  made  from  the  stand 
section.  The  mills  have  had  no  difficulty  in  rolling  it 
rails  with  a  unifonii  head  contour,  nor  has  there  beei 
difficulty  in  grinding  the  joints,  even  at  comproiniK 
joints  where  the  curved-head  rails  connect  with  flat-heaci 
rails. 

The  rail  head  thus  adopted  is  .shown  in  the  aceom- 
])anying  drawing.  According  to  a  statement  receivec 
from  Mr.  Cram,  it  was. designed  to  reproduce  as  nearh 
as  possible  the  average  curved  contour  of  the  worn  rai: 
heads  of  this  company's  lines.  Tn  the  first  place,  tht 
object  was  to  secure  a  greater  range  in  the  contact,  witt 
the  view  of  spreading  it  out  more  quickly  over  the  entin 
width  of  the  rail  head,  and  preventing  its  concentratior 
continuously  along  definite  areas. 

It  was  also  desired  to  have  the  wheel  contact  so  la( 
eated  on  the  rail  head  that  it  would  be  farther  back  froir 
the   gage   line   and   approximately   over   the   center  line 
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gation  in  new  rails,  and  particulars  of  the  investigation 
have  been  made  public  by  R.  C.  Cram,  Assistant  Engi- 
neer. It  appeared  that  instead  of  uniform  wear  from 
the  approximately  identical  contours  of  rail  and  wheel, 
the  wear  was  concentrated  along  the  inner  edge  of  the 
head,  adjacent  to  the  to]i  corner.  A  careful  study  of 
wheels  then  showed  that  the  avci-age  tread  was  hidlow, 
with  a  curve  of  almut  Ki  in.  radius  on  an  incline  of 
about    1°. 

The  rail  head  heing  inclined  oidy  li/^°,  the  wlieel  was 
[iractically  clear  of  the  rail  excc|3t  for  a  narrow  strip 
along  the  gage  side.  The  concentration  of  load,  under 
heavy  cars,  resulted  not  so  much  in  ordinary  wear  as 
in  a  cold-rolling  which  caused  the  metal  to  flow,  this 
flow  being  both  longitudinal  and  transverse.  The  latter 
movement  was  assisted  by  the  angular  pressure  of  the 
wheel  tending  to  force  the  metal  out  on  the  corner  and 
on  the  unsupported  gage  side  of  the  head,  where  it  was 
cut  or  ground  oil"  iiy  the  wheel  flanges.  This  irregular 
displacement  of  the  metal  resulted  in  the  development 
of  corrugation  of  the  rail  head. 

While  similar  loading  and  flow  occurs  on  T-girder 
rails  and  ordinary  T-rails  it  does  not  appear  to  cause 
corrugation,  as  in  grooved  rails.  The  explanation  of 
this  is  that  in  T-rails  the  head  is  centered  over  the  webs, 
while  the  head  (not  being  stiffened  laterally  by  the  hori- 


of  the  web.  The  object  of  this  was  to  prevent  the  flow-  li 
ing  of  metal  over  the  gage  line  at  the  fillet  or  top  coriii 
of  the  head  on  the  groove.  It  was  thought  that  witl 
this  design,  rail  corrugation  would  not  make  its  appeiii 
ance  so  soon  and  might  be  prevented  entirely.  So  f" 
these  objects  seem  to  have  been  attained,  but  as  yet  H' 
definite  conclusion  can  be  made,  since  these  rails  ha^i 
been  in  use  only  eight  months,  and  rails  are  sonietiim- 
in  service  for  two  years  before  corrugation  begins  t 
develop. 

As  a  result  of  his  investigations,  Mr.  Cram  arrivo' 
at  the  conclusion  that  the  design  of  the  inclined-plam 
form  of  rail  head  was  based  on  a  misconception  of  tin 
conditions,  and  that  the  curved-head  design  meets  tli' 
coiulitions  by  j)roviding  a  wider  zone  of  contact  and  -• 
avoiding  excessive  pressure  adjacent  to  the  unsupporti' 
metal  at  the  gage  side  of  the  rail  head.  The  curved  heiv 
will  also  eliminate  the  unnecessary  wear  which  otlif 
wise  takes  place  while  the  rail  and  wheel  are  coming  '' 
a  |)roper  bearing.  It  is  of  special  interest  to  note  tliii' 
lie  suggested  that  wheels  might  be  made  with  a  holl"" 
tread  to  approximately  fit  the  curved  rail  head.  This  \ 
an  interesting  variation  from  the  older  suggestion  of  ■ 
cylindrical  or  fiat-tread  wheel  to  fit  a  flat-topjK'd  rail. 

A  rail  of  the  same  type,  but  dift'ering  in  some  detail 
has   been    introduced   for  similar  reasons   by  tlie  Uniti'l 
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l{aihvays  and  Electric  Co..  of  Baltimore.  This  also  is 
sliowii  ill  the  acf-ompanyiiig  drawiii<r.  and  inf(>rniation  re- 
garding.' it  has  been  furnished  by  .Mason  D.  Pratt,  Chief 
flnojiiieer.  The  earh-  experience  was  that  owing  to  the 
caning  of  the  wheel  treads  (about  21/2° ),  the  new  wheels 
on  most  rails  had  a  bearing  only  adjacent  to  the  gage 
line.  Consequently  the  wear  was  excessive  for  the  first 
two  Or  three  years,  or  until  the  wiieels  and  rails  were 
worn  to  a  Avider  bearing. 

To  overcome  this  difficulty  the  top  of  the  rail  was  in- 
clined to  fit  the  wheel  tread,  but  the  i^lope  was  about 
'ly^  ~  instead  of  11/4°  as  in  the  design  jireviously  de- 
scribed. This  inclined  surface  was  flat,  in  accordance 
xrith  the  standard  of  the  American  Electric  Railway  As- 
sociation. It  was  then  found  that  owing  to  the  fact 
that  a  large  percentage  of  traffic  on  the  suluirban  lines 
was  carried  by  T-rails,  the  tendency  of  tlie  wheel  wear 
on  the  girder  rails  of  the  city  lines  was  to  slightly  hol- 
low the  tread.  This  objection  was  mot  liy  giving  a 
i-iirved  surface  to  the  inclined  top  of  the  rail.  This  is 
shown  in  the  drawing,  which  represents  the  company's 
present  standard  7-in.  girder  rail.  The  wheels  now  have 
full  bearing,  and  there  is  a  material  lessening  of  the 
■arly  occurrence  of  corrugation  which  was  due  to  iiisutli- 
■ient  bearing  of  the  wheel  upon  the  rail.  There  will  be 
ilso  some  increase  in  the  life  of  the  rails. 

In  this  Baltimore  rail  the  top  radius  is  20  in.  (instead 
>f  12  in.  for  the  Brooklyn  rail),  on  an  inclination  of 
il/^"  (instead  of  1%°),  and  the  top  corner  radius  is 
('%  in.  (in.stead  of  %  in.).  The  Baltimore  rail  also  has 
t  14-in.  web,  514-in.  base  and  8°  slope  for  the  gage  side 
if  the  head.  The  Brooklyn  rail  has  a  i%-in.  web,  6-in. 
>ase  and  5°  slope  on  the  rail  head.  Both  rails  are  7  in. 
ligh  and  weigh  10.5  lb.  per  yd.  The  A.E.R.A.  standard 
-ill.  rail,  which  is  also  shown,  has  a  6-in.  base  and 
/2-in.  wcl),  but  the  wider  guard  to  the  groove  increases 
be  weight  to  122  lb.  The  horizontal  distance  from  the 
age  line  to  the  center  line  of  the  web  is  •%  in.  in  the 
v.E.R.A.  rail,  %  in.  in  the  Baltimore  rail  and  only  1/2 
n.  in  the  Brooklyn  rail;  one  of  the  special  objects  in 
he  design  of  this  last  rail  was  to  reduce  this  distance 
s  a  means  of  checking   rail  corrugation. 

Efiectls'ac  Pumiiriipaimg  Plsiimft  fos' 


'I'lie  electrification  of  a  steam  pumping  plant  is  an 
iteresting  development  on  the  Spring  Lake  Drainage  and 
Aivee  District,  in  Illinois.  The  district  has  an  area  of 
liout  12, .500  acres,  with  18  mi.  of  leveed  frontage  on  the 
llinois  l{iver  and  with  a  width  of  1/^  mi.  to  3  mi. 

The  drainage  water  is  pumped  over  the  levee  to  the 

^cr  by  a  ])lant  at  the  lower  end  of  the  district,  about  1.5 
from  Canton,   111.     Thi.s  was  installed  in   !!)()!).     It 

.-isted  of  two  R.  D.  Wood  48-in.  centrifugal  pumps 
irect-coniiected  to  two  Russell  cross-compound  engines, 
!i'l  a  24-in.  Worthington  pump  direct-connected  to  a 
ngle-cylinder  Russell  engine.  The  s])eeds  were  170  to 
'•">  r.p.ni.  for  the  large  pumps,  and  250  r.p.m.  for  the 
nail  pump.  Steam  ejectors  were  used  for  priming  the 
limps.  There  were  two  water-tube  hand-fired  boilers  of 
t  '0  hp.,  with  a  steam-driven  induced-draft  outfit.  The 
Itticiiltics  ill  obtaining  coal,  keeping  gooil  operators  and 

'Krom    Information    furnished    bv    the     WestlnKhoust-     l)o- 
inient   of   Publicity.   Eiist   PIttsburKh.   Penn. 


making  emergency  rejiairs  led  the  commissioners  of  the 
district  to  ado])t  electric  power. 

Each  of  the  large  pumps  is  now  driven  by  tw'o  25-iii. 
silent-chain  belts  from  a  Westinghouse  440-volt  induction 
motor  of  300  hp.  The  small  pump  is  driven  by  a  10-iii. 
chain  from  a  similar  motor  of  100  hp.  The  sprocket 
wheels  are  placed  on  the  pump  shafts  in  the  positions 
occupied  originally  by  the  flywheel  and  eccentrics.  The 
controlling  equipment  consists  of  auto-transformers  and 
three  oil  circuit-breakers  of  the  switchboard  type.  For 
priming  the  pumps  there  is  a  small  eompres.sor  used  as 
a  vacuum  puni]). 

Power  is  furnished  by  the  Canton  Gas  and  Iillectric  Co. 
over  a  3-phase  60-cycle  13,000-volt  transmission  line. 
The  wires  are  carried  across  the  river  (about  2,000  ft.) 
on  four  steel  towers  having  four  posts  on  concrete  piers, 
the  base  of  the  tower  being  3  ft.  above  high-water  line. 
The  substation  at  the  pumping  plant  consists  of  four 
2.5-ft.  poles  with  lightning  arresters,  disconnecting 
switches,  choke  coils  and  fuses. 

The  specifications  required  that  the  pumps  should  be 
capable  of  being  operated  at  two  different  speeds.  This 
condition  is  met  by  providing  two  sets  of  motor  sprockets 
to  be  fitted  to  the  shaft  in  accordance  with  changes  in  the 
head  against  which  the  pumps  have  to  work.  The  lower 
f-l^ed  is  used  with  low  heads,  and  the  high  speed  when 
the  lift  is  near  its  maximum.  (Two  other  chain-driven 
pumping  plants  for  drainage  work,  in  which  speed-chang- 
ing devices  are  used,  were  described  in  Eng'meennij  Xeirs. 
Sept.  23  and  Nov.  11,  191.5.) 

The  Spring  Valley  plant  does  not  operate  continuously, 
its  work  depending  largely  on  the  season  and  the  rainfall. 
Heavy  pum])ing  is  required  for  only  about  three  months, 
6.5  to  75%  of  the  annual  work  being  done  between  .Mar.  1 5 
and  June  15.  The  remaining  work  is  distributed  alidiit 
evenly  through  the  other  months.  The  usual  load  on  the 
plant  is  250  kw.,  and  during  a  part  of  the  year  this  load  is 
on  the  lines  about  10  or  12  hr.  per  day.  During  the  time 
of  heavy  ])iiinping  the  motors  are  operated  sometimes  is 
to  20  hr.  daily.  In  extremely  wet  periods  all  the  punip,~ 
have  been  in  simultaneous  operation  for  a  few  houis, 
taking  about  600  kw. 

The  preliminary  work  on  the  electrification  project  was 
done  by  Hoppin  &  Rich,  engineers,  of  Peoria,  111.,  who 
made  an  investigation  for  the  Canton  Gas  and  Electric 
Co.  At  that  time  the  company  had  no  schedule  of  rates 
which  could  be  applied  to  this  class  of  service,  and  the 
schedule  now  in  effect  was  devised  by  the  engineers  after 
r  study  of  existing  rates  and  the  cost  of  power  at  the 
company's  switchboard.  The  power  is  sold  at  a  rate  )ier 
kilowatt-hour  per  acre  per  month,  depending  on  the 
amount  of  land  served  and  the  amount  of  power  used. 
The  cost  of  operation  is  said  to  compare  favorably  with 
that  of  the  former  steam  operation,  while  the  certainty 
and  freedom  from  interrujition  have  made  the  serviie 
satisfactory  to  the  commissioners. 


'W'arnlnR  SliirnnlH  at  (/irnde  CrnMHlnKH  consisting  of  banjo 
signals  tied  Into  the  main  track  circuit  are  being  Installeii 
by  the  New  York,  New  Haven  &  Hartford  R.R.  at  numerous 
crossings  In  Connecticut.  Following  a  recent  wreck  the 
State  Public  Utilities  Commission  ordered  the  removal  of  a 
number  of  these  signals  from  the  track  signal  system  and 
they  are  now  being  utilized  as  highway  warnings.  While 
these  are  at  present  lucalfd  at  the  track  it  Is  thought  prob. 
able  that  In  some  locations,  where  specially  dangerous  con- 
ditions exist,  they  will  be  Installed  as  distant  warning  MlKnal.<. 
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Derails  Cossipfie'Sedl 


r.Y  A.  J.  MEYKIi.s* 


SYXOPSIS — Outline  of  proyrani  and  details  of 
equipment  for  fioating  to  position  and  hoisting  into 
place  heiu-een  cantilever  arms  the  GJiO-ft.  n.OOn-tnn 
suspended  span  of  the  Quebec  Bridge. 

The  detailed  arrangements  for  floating  the  great  sus- 
])euded  span  of  the  Quebec  Bridge  are  now  practically 
finished,  and  the  completion  of  this  task  rests  on  favorable 
meteorological  conditions.  This  span  is  640  ft.  long, 
88  ft.  wide  and  weighs,  in  floating-in  condition,  about 
,5,000  tons.  It  was  erected  at  Sillery,  about  3  mi.  below 
the  jjridge  site,  over  the  shallow  waters  of  Victoria  Cove. 
During  erection  it  was  supported  on  staging  under  each 
panel  point ;  afterward  the  intermediate  supports  were 
removed.  As  shown  in  Fig.  1,  the  suspended  span,  after 
it  had  been  completely  assembled  and  riveted  up,  rested 


wave  at  the  bridge  site  is  about  40  ft. ;  the  wave  height  is 
4  ft.  This  unevenness  of  the  surface  of  the  river  produces 
unequal  upward  pressures  at  the  four  corners  of  tlie  span 
and  consequent  stresses  in  the  sway  and  lateral  bracing. 
The  unequality  of  pressure  is  proportional  to  the  hori- 
zontal cross-section  of  the  loaded  scows  near  the  surface 
of  the  water.  To  reduce  wave  effect  as  much  as  possible, 
long,  narrow  scows  with  a  deep  draft  would  preferably  be 
used.  With  the  design  of  scow  adopted  the  oscillation  of 
the  span  from  wave  action  produces  only  stresses  in  the 
sway  and  lateral  l)racing,  which  these  systems  are  well 
able  to  resist. 

The  scows  as  built  are  33  ft.  51/^  in.  wide,  1(54  ft.  (5  in. 
long  and  11  ft.  7i/^  in.  draft  over  bilge  timbers.  Each 
has  a  steel  frame  made  up  of  three  longitudinal  trusses, 
spaced  10  ft.  6  in.  c.  to  c.  and  liraced  transversely  by  four 
water-tight  steel  bulkheads  with  intermediate  cross-frames 


XF  he-3 


Cross  Frames 

Ik-tK    (Enlarged) 


Yalye 


^  Half    Side     Eleva+ioo 


End      Elevo+ion 
Flir   1.    AURAXIIEMEXTS  FOR  FLOATING  THE  SUSPENDED  SPAN   OF   THE    QUEBEC   BRIDGE 


cm  the  end  staging  bents  at  LO  and  TjIS.  The  scows  for 
floating  the  span  to  the  main  bridge  site,  about  3  mi.  u|) 
the  river,  were  floated  into  the  positions  shown  in  the 
diagram  under  panel  points  LI,  L2,  L3,  L15,  L1G  and 
L17,  and  as  the  tide  lowered  they  came  to  a  bearing  on 
their  concrete  and  tinii)er  beds.  In  tlie  bottom  of  these 
scows,  valves  are  provided  which  were  opened  and  will  be 
left  open  until  the  span  is  to  be  floated,  so  that  the  scows 
and  file  span  will  not  lie  distnrlicd  by  the  daily  rise  and 
fall  of  the  tide. 

Scows    I'Oli    l'"LOATlN(i-lN' 

The  design  of  the  scows  was  governed  by  the  arrange- 
ment and  requirements  of  loading  and  the  possible  condi- 
tion of  the  surface  of  the  river  during  fioating-in  opera- 
tions; also  so  that  they  might  have  some  commercial  value 
after  their  work  of  floating-in  the  suspended  span  was 
completed.     The  average  length    from   crest  to  crest   of 
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between  the  bulkheads,  s]iarcMl  S  I't.  I  m.  c.  to  c.  Xo 
special  longitudinal  bracing  in  the  horizontal  planes  i^ 
provided,  as  the  lli/2x5i'^-in.  cross-timbers,  spaced  2  ft. 
9  in.  e.  to  c,  are  bolted  directly  to  the  steel  framework  of 
the  scow ;  and  the  4-in.  timljer  covering  is  spiked  to  these 
cross-timbers  with  8xfg-in.  boat  spikes,  three  at  eaeli 
inter.section,  providing  an  efTicient  resistance  to  any  trans- 
verse or  longitudinal  horizontal-shearing  and  bending 
forces  that  ntay  arise. 

The  load  of  the  suspended  span  is  transferred  to  tlu- 

•  bulkheads    by    means   of   the   cross-girders   and    l-beanis 

shown  in  Fig.  1.    The  bulkheads  transfer  this  load  to  tiii' 

longittidinal  trnsses,  which  distribute  it  over  the  lengtli 

of  the  scows. 

In  addition  to  the  scows  iieing  designed  to  ciirty  tiic 
load  of  the  suspended  sjian,  in  order  tliat  they  may  be  uscil 
for  freight-carrying  ]iurposos  after  their  work  of  Hoatin).'- 
in  the  span  is  completed,  they  are  built  to  carry  a  lo«il 
of  1,400  tons  uniformly  distributed  over  a  length  of  12-' 
ft.   and   symmetrically   jdaced   alxnit    the   transverse  fli"' 
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loncitudiual  center  lines  of  the  scows,  or  a  load  ol'  Ifi'^a 
tons  uniformly  distributed  over  a  length  of  50  ft.  at  each 
end  of  the  scow  and  symmetrically  placed  about  its  ceiiffer 
lines.  These  two  conditions  of  loading  give  the  largest 
stresses  in  the  web  members  of  the  three  longitudinal 
trusses.  The  largest  stresses  in  the  chords  of  these  trusses 
iire  caused  by  a  loading  of  280  tons  uniformly  distributed 
over  a  length  of  50  ft.  on  either  side  of,  but  immediately 
adjacent  to,  the  transverse  center  line  of  the  scow,  or  a 
load  of  180  tons  uniformly  distributed  over  a  length  of 
r.O  ft.  at  the  center  of  the  scow  and  symmetrically  placed 
\bout  its  center  lines. 

It  was  assumed  that  the  weight  of  the  scow  itself 
)roduped  no  stresses  in  the  longitudinal  scow  trusses  and 
;hat  the  total  superimposed  load  was 
■arried  equally  by  these  three  trusses. 
[n  calculating  the  maximum  bending 
:tresses  in  the  chords  of  these  trusses  a 
■oefficient  of  0.75  was  used  to  allow 
or  continuity  over  the  panel  points. 
The  allowable  unit  stresses  provided 
or  a  safe  unit  stress  in  these  trusses 
.ith  the  suspended  span  carried  on 
our  instead  of  six  scows.     The  scows 

re  placed  under  the  suspended  span 
nd     shimmed     against     the     bottom 

anges  of  the   floor-beams.     To   make 
lire   of   favorable   weather    conditions 

hile  the   span   is   floating,   it   should 
e  lifted  from  its  supports  at  LO  and 

il8  only  immediately  before  its  jour- 

ey  to  the   bridge   site.     In   order   to 

revent  the  lifting  of  the  span  by  the 

•ws  when  the  weather  conditions  are 

favorable,  there  are  a  number  of 

111.  disk  bottom  valves  in  each  scow, 

id  these  are  left  open.    The  elevations 

'  the  beds  of  the  scows  were  so  chosen 

lat  the  scows  will  be  emptied  through 

lese  bottom  valves  during  the  last  low 

de  before  beginning   the   journey  to 

le  site  of  the  main  span.     The  valves 

ive  a  total  area  of  one  five-thousandth 

le  clear  area  of  the  scows.  All  interior 

•eas  of  the  scows  are  given  unobstructed  access  to  some 

le  of  the  valves,  and  it  is  estimated  that  the  water  will 

rain  out  practically  as  fast  as  the  tide  falls. 

Scow  Loading 

.Vs  illustrated  in  Fig.  1,  the  load  of  the  suspended  span 

transferred  from  the  floor-beams  at  each  of  the  jiauel 
lints  LI,  L2,  L3,  L15,  LI (5  and  LI 7  to  the  bulkheads 

the  scows  by  means  of  eight  24:-in.  80-11).  I-beam  track 
ringers,  with  their  end-connection  angles  interlocked  at 
le  ends,  and  four  track  girders  braced  together  by  sway- 
■acing  frames  and  top  laterals.  These  I-beam  stringers 
id  track  girders  are  part  of  tiie  permanent  floor  material 

the  span — all  the  floor  steel  and  tiie  railway  track  floor, 

••|>t  the  main  floor-beam.s,  being  left  oft'  the  span  during 

operation   of   floating-in   and  hoisting.      (This   floor 

I'Tial   will   lie  jilaced  afterward  by  means  of  derrick 

i-i.)  The  total  load  carried  by  one  scow  under  these 
I'nditions  is  !)70  ton.s,  distributed  over  four  bulkheads. 
|he  draft  of  the  unloaded  scow  is  ]   ft.  6  in.,  and  when 

Trying  the  loarl  of  !)r0  tons  the  draft  is  8  ft.  2  in. 


The  stresses  in  the  truss  members  of  the  span  while  it 
is  being  supported  entirely  by  the  scows  are  such  that  a 
tension  conheetion  had  to  be  provided  at  the  joint  U2; 
and  the  bottom-chord  eye-bars  between  the  panel  points 
I;0-L4  and  L14-L18  had  to  be  stifl:'ened  temporarily,  as 
indicated  in  Fig.  1,  with  longitudinal  timbers  and  trans- 
verse blocking  and  bolts;  The  subtension  verticals  and 
the  subcompression  diagonals  directly  over  the  scows  had 
also  to  be  specially  designed  and  stiffened  to  take  reversal 
of  stress  while  floating  the  span. 

The  three  scows  at  each  end  of  the  span  are  braced  and 
connected  together,  as  shown  in  Fig.  1,  by  using  the  inside 
staging  posts  from  the  falsework  of  the  anchor  arm  as 
(ontiniious  cntniecting  girders.      Four  of  these  posts  are 


The  two  1,000- 
platform — Mes.srs 
Lawrence  Bridge 


AND  LOWER  JACKING  GIRDERS   FOR   HOISTING    QUEBEC 

SUSPENDED  SPAN 
ton  hydraulic  jacks  and  operating    platforms    in    jilace.      On    the 
.    Duggan,    Mitchell,    I'orter,    John.son    and    Uoitujic,    of    the    St. 

Co. 

used  for  each  set  of  three  scows  and  are  spaced  42  ft. 
c.  to  c.  These  posts  were  connected  to  the  scows  by  means 
of  a  pair  of  cross-channels,  pin-connected  to  vertical 
angles  which  were  in  turn  bolted  to  the  transverse  bracing 
frames  of  the  scows.  Wedges  were  driven  between  the 
posts  and  the  .scow  decks.  These  connections  and  the 
connecting  girders  were  calculated  to  resist  the  bending 
and  shearing  stresses  arising  from  the  action  of  a  4-ft. 
wave. 

Just  before  the  span  is  lifted  off  the  .supports  at  LO  and 
LI 8  the  load  is  nearly  all  taken  by  the  scows,  and  the 
s])aii  could  be  easily  displaced  from  its  position  by  the 
current  and  wind,  unless  it  is  anchored  against  their 
combined  effect.  It  is  desirable  to  prevent  this  shifting 
olf  before  the  actual  moment  of  starting  arrives,  inasinucli 
as  it  may  hajipen  that  after  deciding  to  raise  the  span 
preparatory  to  moving  out,  a  change  in  the  weather  condi- 
tions may  make  it  desirable  not  to  proceed  on  the  journey 
and  the  span  would  have  to  be  returned  again  to  its 
bearings  on  the  staging  bents,  to  await  the  next  favor- 
able o])p<irt unity  for  making  a  trial. 
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FIG.   3.    GEXERAI^  .SCHEME   F<iR   Hi  )l.STI.\i ;   THIC   gL'EBEC    liKIUCE   SI '.SI 'EXnED  SI'AX 


To  keep  the  .span  in  its  po.sitiou  until  the  final  decision 
to  float  away  ha.s  been  made.  tin)i)er  bents  will  be  placed 
between  the  points  LO  and  L18  and  the  adjacent  scows 
and  also  bents  on  the  shore  side  of  the  span,  against  which 
the  scows  will  guide  themselves  as  the  span  is  raised  or 
lowered  on  its  supports. 

We.VTHICI!  .\.\T)  TlDI- 

The  bottoms  of  the  scows  are  placed  at  El.  R").  where 
they  re.st  on  lieariug  timbers.  The  bed  of  the  river  over 
which  the  .scows  must  pass  will  he  cleared  off  to  El.  82. 
The  draft  of  the  loaded  scows  will  be  8  ft.  2  in.  In  order 
to  float  the  span,  a  high-tide  elevation  of  at  least  !)3  ft. 
will  be  required,  and  in  order  to  drain  the  scows  at  the 
previous  low  tide  an  elevation  of  low  tide  of  not  more  than 
S2  ft.  would  i)e  expected.'  Inasmuch  as  elevations  of  high 
and  low  tide,  as  calculated  from  the  tide  tables,  may  vary 
■it  the  erection  site  of  the  span  ±:  214  ff--  'ii  order  to  be 
sure  of  floating  oft',  a  tide  must  be  chosen  whose  elevation, 
as  given  by  the  tide  tables,  will  correspond  to  a  high-tide 
elevation  of  34.5  ft.  and  a  low-tide  elevation  of  79.5  ft., 
giving  a  range  of  tide  of  15  ft. 

Four  or  five  days  in  succession,  when  the  elevations  and 
lange  of  tide  would  be  suitable  for  draining  the  scows  and 
floating  the  span,  occur  at  intervals  of  about  two  weeks' 
time.  The  first  favorable  tide  period,  after  the  prepara- 
tions for  floating  the  span  are  complete,  is  about  Sept. 
12.  If  the  weather  conditions  are  not  favoral)le  during 
this  period,  it  will  be  necessary  to  await  the  next  favor- 
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able  height  and  range  of  tide,  and  so  on  until  siiitaiilc  tide 
and  weather  conditions  coexist. 

A  full  daily  statement  of  the  meteorological  conditions 
throughout  the  country  giving  the  position  of  high-  and 
low-pressure  centers  at  S  a.m.  and  8  p.m.  will  be  received 
Irom  the  Canadian  Meteorological  .Service  at  Toronto. 
These  statements  will  be  telephoned  at  about  11  a.m.  and 
11  p.m.  respectively,  with  a  ])rediction  of  the  possible 
wind  velocity.     By  barometric  observations  at  the  bridge 

'In  order  to  obtain  the  relation  between  the  Quebec  eleva- 
tions of  tide,  as  given  in  the  Dominion  Naval  Service  tables, 
to  the  elevations  used  .Tt  the  liridfre  site,  it  Is  neces.sary  to  add 
to  the  hiBh-tide  elevations  SO  ft.,  and  to  the  low-tide  eleva- 
tions 7U.2!)  ft.  Observations,  extending  over  a  considerable 
time,  have  shown  that  the  deviation  from  the  elevation  for 
the  bridge  site  of  high  tide  will  amount  to  a  maximum  of  ±2 
ft.  for  high  tide  and  for  low  tide  ±2,0.'j  ft.  .-^t  the  erection 
site  of  the  suspended  span  the  deviation  from  the  elevation  as 
calculated  from  the  tide  tables  is  ±2 ',4  ft.  for  high  and  low 
tides. 


site  it  can  be  cstiiiiati'd  whether  any  ihreatening  centers 
of  low  pressure,  indicating  strong  winds,  at  a  great 
distance  on  the  previous  day,  have  moved  morequickly  or 
slowly  than  was  expected.  The  appearance  of  the  sky, 
the  velocity  and  direction  of  the  wind  just  before  starting 
anil  the  indications  on  an  electric  storm  detector  will  also 
be  wi'U  considei-ed  licfore  deciding  whether  or  not  to  start. 
It  is  estimated  that  any  winds  which  will  exert  a  greater 
])i'essurc  than  2  lb.  )ier  s(|.ft.  can  lie  foreseen,  and  in  that 
event  no  start  will  be  made.  The  current  velocity  at  tlir 
!)ridge  site  is  a  niaxinuiin,  one  hour  before  high  tide,  ami 
is  (lowing  westward  at  a  rate  of  6.3  to  7.3  mi.  per  hr.  in 
a  direction  which  will  carry  the  span  toward  the  main 
briilge  site.  .\t  higii  tide  the  current  velocity  is  less  by 
about  1  mi.  ))cr  hi-.  The  change  of  current  from  a  west- 
ward to  an  eastward  direction,  when  the  velocity  is  zi-ro. 
occurs  aliout   1  hr.  after  the  time  of  high  tide. 

Towing  tiii;  Sp.vx 

The  s))an  on  its  journey  to  the  bridge  site  will  be  towed 
and  controlled  by  twgs.  assisted  by  the  westward  current 
and  influenced  by  the  coexisting  wind  of  unknown  direc- 
tion, but  exerting  a  force  of  not  more  than  2  lb.  per  sq.ft. 
With  tugs  having  a  pulling  capacity  of  100,000  lb.  in  a 
1-nii.  current,  a  \elocity  of  the  span  of  4  mi.  per  hr.  can 
be  iirodiut'd  relative  to  the  water,  and  at  the  same  time 
overcome  the  effect  of  a  2-lb.  wind  on  the  span. 

About  50  niiii.  before  high  tide  the  span  will  be  floated 
away  from  its  erection  site,  with  a  westward  current 
having  a  velocity  of  about  6  mi.  per  hr.  At  first  the  tugs 
will  be  used  mainly  for  guiding  the  span.  While  on  its 
journey  to  the  bridge  site  the  rate  of  progress  will  be 
•  ■bservcd  liy  means  of  a  series  of  ranges  placed  0.2  mi. 
j'part  within  1  mi.  of  the  bridge  and  i/G  mi.  apart  from  1 
t(  3  mi.  distant  from  the  bridge.  The  s])an  should  arrive 
at  the  bridge  with  a  velocity  of  current  of  about  4  mi.  pei' 
hr.  With  such  a  current  and  a  wind  velocity  of  not  more 
than  2  mi.  per  hr.  the  tugs  will  have  no  difficulty  in  stop- 
ping the  span  before  coupling  up  to  the  mooring  trus.<es. 

The  time  of  arrival  will  be  controlled  by  the  tugs  sn 
iliat  the  span  will  be  in  ])osition  about  half  an  hour  after 
high  tide,  when,  for  a  ])eriod  of  ]  hr.,  the  current  does  iinl 
exceed  3  mi.  per  hr.  and  during  which  it  changes  direc- 
tion. The  tugs  will  hold  the  span  against  the  wind  and 
current  while  the  ll/j^-in.  steel  mooring  lines  are  l)eill^' 
connected,  as  shown  in  Figs.  4  and  5.  The  span  will  then 
be  pulled  directly  under  its  final  position  in  the  bridge  l>.v 
means  of  these  114-iu.  mooring  ropes,  eight  in  number- 
two  connecting  at  eacdi  corner  of  the  s]ian.  At  the  end 
of  each  rope  is  a  loop  which,  as  soon  as  the  .span  has  eonu 
within  reach  and  the  speed  is  controlled,  will  be  thrown 
o\cr  a  double-headed  cast-steel  snubbing  block  or  towiiif: 
bitt.  bolted  to  a  seat  provided  at  the  joint  XLO  of  the 
suspended  span.  Each  l''i-in.  rope  is  calculated  to  taki' 
a  jMill  of  r.'i.OOO  lb.     The  ropes  jiass  through  sheaves  n' 
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lie  lower  coruers  of  the  mooring  trusses  ami  fi'oiu  there 
un  vertically  to  the  trusses,  where  they  connect  to  a  nine- 
lart  -I'^-in.  wire-rope  tackle,  which  leads  back  to  the 
rums  of  the  derrick  hoists,  situated  on  the  floor  at  the 
luls  of  each  cantilever  arm. 

With  one  line  out  on  each  end,  the  load  for  a  7-mi. 
iirrent  and  1-lb.  wind  (77,500)  would  bo  carried.  With 
vo  lines  cut  (second  position.  Fig.  4)  the  upstream  pull 
t'  145,01(0  lb.  would  provide  for  a  7-mi.  current  and  a 
-lb.  wind  (145,000  lb.).     With  all  four  out  at  each  end, 

220,000-lb.  force  could  be  exerted  to  overcome  a  7-mi. 
irrent  plus  an  lli/o-mi.  wind  (219,000  lb.).  In  final 
listing  position  the  upstream  force  becomes  121,000  lb., 
hieh  is  good  for  a  7-mi.  current  and  a  4-lb.  wind.  By 
ansferrinir  line  1   tn  bitt  ?  in  the  third  position  a  7-nii. 


chords  (if  the  cantilever  arms,  by  means  of  a  nine-part 
%-in.  wire-rope  tackle  leading  from  the  lower  corners 
of  the  trusses  to  the  connection  to  the  floor  between  ])auel 
points  CFo  and  CF6  of  the  cantilever  arms  and  from 
there  to  the  main  hoists,  situated  at  the  floor  level  of  the 
cantilever  arms  and  on  the  center  line  of  the  bridge. 
These  trusses  and  their  connections  throughout  were 
designed  to  take  a  transverse  pull  from  the  suspended 
s]ian  of  300.000  11). 

Woi!i\;  OF  Hoisting 

As  soon  as  the  span  is  pulled  into  position,  before  being 
lifted  from  the  scows,  the  hanger  chains  will  be  swung 
down  and  connected  through  the  slotted  holes  at  the  lower 
I  ml  to  the  pins  at  the  top  of  the  short  hanger  link,  shown 
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rrent  and  a  17-lb.  wind  ( •^i).i,iii)()  11,.)  would  be  over- 
ine;  by  transferring  line  4  to  bitt  2  in  the  final  i)ositioii 
:7-mi.  current  and  a  9-lb.  wind  (186,000  lb.)  could  i)e 
iivided  for. 

The  mooring  frames,  as  shown  in  Figs.  3  and  5,  are 
ide  of  two  steel  trusses  with  bracing  and  ar(!  sus|)ended 
")m  the  cantilever-arm  fioor-beams  at  panel  point  CFl. 
I  ley  are  hung  at  the  upper  ends  so  that  they  can  be 
ijung  back,  in  order  not  to  obstruct  the  channel!  unneces- 
irily.   j)raetieally   up   tUgainst  the   plane   of   the   bottom 


in  Kig.  (i,  connecting  to  the  supi)orting  girders  under  llie 
joint  XLO. 

These  hanger  chains  at  each  corner  of  the  span  an' 
made  up  of  four  strings  of  slabs  to  each  chain.  Kach 
slab  is  built  up  of  two  30xll/^-in.  carbon-steel  plates.  The 
allowable  working  erection  unit  stress  through  the  pin 
holes  was  20,000  lb.  per  sq.in.,  which  included  the  stress 
from  20%  of  the  lifted  load  as  imjiact.  No  reinfondng 
pin  plates  were  used  around  the  iiin  holes,  and  special  tests 
made  showed   that  this  apparently   high   working  stress 
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through  the  pin  holes  was  perfectlj'  safe  for  this  type  of 
connection.  The  slabs  were  manufac,turecl  and  shipped  in 
lengths  of  about  30  ft.  c.  to  c.  of  end  pin  holes.  They 
were  controlled  after  being  suspended  from  the  jacking 
girders  by  means  of  a  two-part  tackle  connecting  to  the 
cantilever-arm  trusses  at  panel  point  CL2. 

The  hanger  chains  connect  at  the  lower  end  to  support- 
ing girders,  shown  in  Fig.  6.  These  supporting  girders 
are  6  ft.  111/2  in.  back  to  back  of  angles  and  25  ft.  long. 
They  are  built  up  of  two  plate  girders,  connected  together 
by  bearing,  stiffening  and  pin  connection  diaphragms  and 


The  total  load  carried  by  the  hanger  chains  while 
lifting  the  span  is  5,147  tons.  The  supporting  girders,, 
hanger  chains,  jacks  and  jacking  girders  and  all  their 
connections  are  designed  throughout  to  carry  this  lifted 
load  plus  20%  impact. 

As  shown  in  Eig.  6,  the  jacking  girders  are  located 
at  the  same  elevation  as  the  floor  of  the  cantilever  arm. 
They  are  hung  from  the  upper  supporting  girders  by  stiff 
liangers  that  are  pin-connected  at  the  upper  and  lower 
ends.  At  the  lower  ends  these  stiff  hangers  are  attached 
to  guides  built  of  plates  and  angles  that  pass  through 
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FIG.    6.    JACKIN'G    EQUIPMENT    FOR    HOISTING    THE  QUEBEC  SUSPENDED  SPAN 


also  by  cover-plates.  The  load  of  the  suspended  .-^pan  is 
transmitted  to  the  girders  by  means  of  a  cast-steel  rocker 
joint,  designed  to  allow  turning  about  the  transverse  and 
longitudinal  axes  of  the  bearing. 

The  upper  supporting  girders  at  the  CUO  joint  of  the 
cantilever  arm  are  designed  in  a  similar  manner  to  the 
lower  supporting  girders,  the  rocker  bearing  for  the 
girders  and  the  pin  connection  for  the  vertical  liangers 
allowing  turning  about  both  the  transverse  and  longitud- 
inal axes  of  the  supporting  girders.  With  bearings  of  this 
design  the  suspended  span  may  move  in  any  direction 
under  the  influence  of  whatever  external  forces  from  wind 
or  current  may  act  on  it  during  the  hoisting  of  the  s]ian. 


\\w  upper  jacking  girders  and  are  riveted  into  the  lower 
jacking  girders.  The  position  of  the  lower  girders  is 
therefore  fixed,  and  their  distance  from  the  panel  point 
CUO  does  not  change  during  the  jacking  operation.  The 
upper  girders  are  the  movable  girders,  and  they  slide  up 
and  down  the  guides  as  the  1,000-ton  jacks  are  operated. 
These  jacks  are  placed  between  the  upper  and  lowi-r 
jacking  girders,  two  at  each  corner  of  the  span,  and  lU' 
the  work  of  lifting  the  span.  Tn  order  to  avoid  bimliii,!; 
of  the  jacks,  due  to  the  deflection  of  the  jacking  girders 
under  load,  the  jacks  are  provided  with  rocker  seats  at 
Iheir  upper  and  lower  bearings.  They  are  located  at  the 
extreme   ends    ..r   the   jacking  girders,   where   they   bear 
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against  transverse   (lia|ilirM,uins   riveted   into   the   jaekiug 
girders. 

In  addition  to  llie  hydraulic  jacks,  following-up  screw 
jacks  are  provided  as  a  safety  device  iu  case  anything 
should  go  wrong  with  the  pumping  system  for  the 
hydraidic  jacks  or  the  jacks  themselves,  so  that  they 
should  fail  to  maintain  the  pressure  of  about  4,500  lb. 
^er  sq.in.  necessary  to  hold  the  weight  of  the  suspended 
span  white  being  lifted.  These  screw  jacks  also  react 
against  cross-girder  diaphragms  in  the  jacking  girders. 
The  screw  itself  is  couuterweighted  so  that  practically  all 
the  friction  due  to  its  own  weight  is  eliminated,  and  the 
operator  of  the  screw  jacks  will  be  able  to  turn  the  screw 
without  difficulty  and  follow  the  operations  of  the  hydrau- 
lic jacks  with  equal  speed  and  very  little  exertion. 

The  hanger  lifting  chains  are  guided' between  cross  pin- 
hearing    diaphragms    riveted    into    the    jacking    girders. 
These  chains  are  bored  every  6  ft.  c.  to  e.  to  receive  a 
12-in.  pin  while  the  cross-diaphragms  have  holes  for  the 
-ame  diameter  of  pin  bored  at  2-ft.  centers.    The  clearance 
;  )rovided  in  the  pin  holes  of  the  hanger  chains  is  14  ^'^■ 
ransversely   and   %   iu.  longitudinally,  and  in  the  pin 
loles  of  the  cross-diaphragms  1  iu.  transversely  and  1-^4 
n.  longitudinally.     This  clearance  is  considered  ample  to 
How  the  pins  to  be  driven,  no  matter  what  position  the 
pan  may  take  while  hoisting,  due  to  the  action  of  current 
nd  wind.    Having  the  pin  holes  in  the  cross-diaphragms 
t  2-ft.  centers  enabled  the  pin  holes  in  the  hangers  to 
e  bored  at  6-ft.  centers  and  at  the  same  time  accommo- 
ated  the  2-ft.  stroke  of  the  jacks. 
Each  operation  of  the  jacks  will   lift  the  span  3  ft. 
•uring   the   lifting   or   upward    stroke,    the    12-in.   pins 
igage  the  hanger  chains  through  the  diaphragms  in  the 
pper  jacking  girders.     At  the  finish  of  the  stroke  the 
US  are  entered  in  the  diaphragms  of  the  lower  jacking 
rders  to  engage  the  hanger  chains.    The  upper  pins  are 
len  removed,  the  jacks  and  upper  girders  lowered,  the 
>per  pins  again  entered,  the  lower  pins  removed  and  the 
cks  again  operated.     As  each  30-ft.  length  of  hanger 
lain  passes  up  through  the  upper  jacking  girders  it  is 
sconnected  and  removed.    The  jacking  pins  are  eounter- 
;ighted  and  balanced  to  enable  them  to  be  handled  with 
eility  by  the  men  on  the  operating  platform. 
The  jacks  are  supplied  with  water  under  pressure  of 
out  4,-500  lb.  per  sq.in.  by  a  pair  of  direct-acting  double- 
unger  pumps,  operated  by  compressed  air  and  located 
the  center  line  of  the  bridge  floor  at  the  ends  of  the 
iitilever  arm.     By  means  of  a  pair  of  control   valves 
-tailed  in  front  of  the  pumps  the  supply  of  water  sent  to 
■h  corner  of  the  span  can  be  regulated,  and   in   tliis 
inner  with   the  aid  of  a  simple   counterweighted-lino 
licator  in  front  of  the  valve  operator,  which  will  show 
M'  difference  in  level  between  the' lifting  girders  on  each 
•  of  the  bridge,  the  two  corners  of  each  end  of  the  span 
lie  kept  at  the  same  elevation.     Another  set  of  valves 
'  li  a  similar  indicator  is  placed  on  the  operating  plat- 
1  m  in  front  oC  each  .«et  of  jacking  girders  to  control  the 
^  ter-8upply  to  each  sejiarate  jack,  so  that  the  ends  of  the 
J  king  girders,  during  jacking  operations,  can  bo  kept 
I  el.     The  feed-pipe  line  is  connected   to  the  jacks  by 
liana  of  two  %-in.  copper  pii)es  which  are  sufficiently 


iible  to  allow  for  any  swaying  motion  of  the  si)an  while 
ng  hoisted. 

rests  of  the  complete  water-feed  pipe  lines  and  hydnui- 
jacks  were  made  uiwler  a  pressure  of  6,000  lb.  per  sq.in. 


The  jacking  girders  were  tested  with  a  load  on  the  jacks 
equal  to  .5,000  lb.  i)er  sq.in.  pressure.  The  working  load 
on  these  jacks  woidd  he  al)out  4,.5O0  lb.  per  sq.in.  Each 
individual  scow  was  tested  for  leakage  after  the  scows  were 
in  place,  by  closing  the  liotloin  valves  of  one  scow  at  a 
time  and  allowing  it  to  react  against  the  weight  of  the 
span  as  the  tide  rose. 

The  vertical  distance  through  which  the  spau  will  bo 
hoisted  depends  ujion  the  varying  elevation  of  the  water 
level,  but  will  be  ajiproxiniaiely  It.")  ft.  Each  operation 
of  the  jacks  hoists  the  span  2  ft.,  and  a  cycle  will  take 
about  1.5  min.  to  complete.  Altogether  there  will  be 
approximately  7^  separate  lifting  operations,  and  the  time 
consumed  from  the  moment  of  coupling  u])  to  the  hanger 
lifting  chains  to  the  moment  of  dri\ing  the  last  pins 
connecting  the  two  portions  of  the  jjermaneiit  eve-bar 
suspenders  will  be  ai)proximately  2(1  hr.,  provided  no 
unforeseen  delays  occur. 

The  work  is  being  carried  out  under  the  sui)orvisioa  of 
the  Board  of  Engineers,  Quebec  Bridge,  composed  of 
C  X.  Monsarrat  (Chairman  and  Chief  Engineer),  Ralph 
Modjeski  and  11.  P.  Borden.  The  St.  Lawrence  Bridge 
Co.  is  the  contractor  i'or  the  superstructure,  of  which 
company  Phelps  Johnson  is  President;  G.  H.  Duggan, 
Chief  Engineer;  George  P.  Porter,  Engineer  of  Construc- 
tion :  S.  P.  .Mitchell,  Consulting  Engineer  of  Krection  ; 
and   AV.   B.   Fortune,   Erection   Superintendent. 


The  August  I'roicrdiiu/."  of  the  .Vinerican  Society  of 
Civil  Engineers  contains  the  final  agreement  between  the 
governing  board  of  that  society  and  the  United  Engineer- 
ing Society,  under  which  the  former  becomes  one  of  the 
founder  societies  and  acquires  the  ownership  of  a  one- 
fourth  interest  in  the  Engineering  Societies'  Building  at 
29  West  .39th  St.,  New  York  City,  with  the  grou.nl  on 
which  it  stands. 

The  building  is  to  be  enlarged  by  the  addition  of  three 
more  stories,  making  a  total  height  of  15  stories.  The 
building  committee  in  charge  of  this  work  is  made  up  of 
one  member  from  each  of  the  constituent  societies,  Messrs. 
H.  IT.  Barnes,  Jr.,  H.  (i.  Stott.  Charles  Warren  Hunt 
and  Charles  F.  Rand.  The  committee  has  awarded  the 
contract  for  the  preliminary  structural  work,  and  the 
contractor  began  work  on  Aug.   1. 

The  American  Society  of  Civil  Engineers  is  to  ])ay  tlie 
cost  of  adding  these  three  additional  stories,  provided  the 
cost  is  not  in  excess  of  •$250,000,  in  wliich  case  the  balance 
will  be  paid  by  the  United  Engineering  Society.  'I'lie 
library  now  owned  by  the  American  Society  of  Civil 
Engineers  is  to  be  added  to  the  Engineering  Societies' 
library,  the  whole  to  be  conducted  as  one  public  library 
imder  the  management  of  the  United  Engineering 
Society.  The  representatives  of  the  American  Society  of 
Civil  Engineers  in  the  United  Engineering  Society  are 
Clemens  Ilerschel,  Charles  Warren  Hunt  and  J.  \'. 
Davies.  Suitable  changes  have  been  made  in  the  constitu- 
tion and  bylaws  of  the  United  Engineering  Society  so  that 
the  four  societies  stand  on  an  equal  footing  in  it,  exactly 
r.s  would  have  been  the  case  had  the  American  Society  of 
Civil  Engineers  joined  the  other  three  societies  in  the 
building  enterprise  twelve  years  ago. 
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All  traffic,  botli  freight  aud  ]>asseuger,  entering  San 
Francisco  from  the  east  has  to  be  transferred  across 
San  Francisco  Bay,  a  body  of  water  nearly  five  miles 
in  width.  The  cities  of  Oakland.  Alameda,  and  Berkeley, 
situated  on  the  east  side  of  the  bay,  contain  the  residences 
of  maiiy  thousands  who  woVk  in  San  Francisco.  The 
steady  growth  of  traffic  across  the  bay  has  caiised  the 
agitation  of  jilaus  for  constructing  bridges  or  tunnels  to 
give  direct  pa.ssage  across  the  bay.  On  account  of  possible 
interference  with  navigation,  the  construction  of  such  a 
bridge  requires  the  approval  of  the  War  Department. 

A  public  hearing  was  held  at  San  Francisco  Aug.  15 
aud  16  and  in  Oakland  on  Aug.  IT  by  a  Board  of 
Engineers  made  up  of  Col.  Thomas  H.  Eces  of  San 
Francisco,  Col.  Charles  L.  Porter  of  Portland,  and  Major 
George  B.  PillsliuiT  of  Los  Angeles.  Three  plans  for 
bridging  the  bay  were  presented.  The  first  was  offered  by  a 
firm  known  as  the  Associat-cd  Bridge  Engineers,  composed 
of  Willmr  J.  Watson  &  Co.  of  Clevela^id.  Wm.  Bussell 
Davis  of  Albany,  and  Harlan  D.  Miller  of  Albany,  N.  Y., 
;ind   Oakland,  Calif.     A  photograph  of  the  design  sub- 


would  carry  two  railway  tracks  for  overland  trains  aiul 
two  railroad  tracks  for  interurban  trains. 

On  the  eastern  side  of  the  bay  the  water  is  very  shallow 
for  a  long  distance  out  from  the  shore.  The  present 
terminals  on  the  eastern  side  of  the  bay  for  the  ferries 
running  to  San  Francisco  are  located  between  one  and 
two  miles  out  from  the  mainland,  being  carried  partly 
by  a  fill  and  party  by  pile'  trestles  across  the  mud  flats 
and  shallow  water.  The  Associated  Bridge  Engineers 
base  their  estimates  for  the  bridge  on  pier  foundations 
made  by  driving  piles,  cutting  them  off  below  the  clay 
line  so  that  they  would  be  in  no  danger  from  the  teredo, 
sinking  interlocking  cellular  caissons  of  reinforced  con- 
crete upon  the  cluster  of  piles  and  filling  the  chambers 
of  the  caissons  with  concrete  deposited  through  a  tremie. 
Where  the  sjians  are  placed  high  above  the  water  this 
construction  would  be  varied  by  constructing  steel  towers 
on  piers  carried  10  ft.  or  more  above  high  water. 

The  estimated  cost  of  construction  of  the  bridge  is 
$18,700,000,  and  the  estimated  cost  of  land  damages, 
interest  during  construction,  engineering  and  incidentals 
is  $5,200,000  making  a  total  of  $23,900,000. 

The  plan  for  financing  the  Associated  Bridge  Engineers' 
project  is  to  organize  a  bridge  assessment  district,  made 


•'ASSOCIATED    BRIDGE    ENGINEERS'  "    BRIDGE    ACROSS    SAN   FRANCISCO   BAY 


mitted  is  reproduced  herewith.  These  engineers  propose 
to  cross  the  hay  at  a  ]ioint  farther  south  than  the  bridge 
sites  hitherto  considered.  Practically  all  the  piers  on  the 
San  Francisco  water  front  used  by  ocean  shipping  are 
located  north  of  the  line  of  the  bridge  so  that  the  inter- 
ference with  navigation  would  lie  a  minimum.  The  bridge 
is  therefore  placed  at  a  comparatively  low  level,  the 
vertical  clearance  above  mean  high  water  being  20  to 
90  ft.  Near  the  San  Francisco  shore  there  are  two  575  ft. 
spans  with  a  vertical  clearance  of  115  ft.  To  admit 
the  jiassage  of  occasional  vessels  which  might  require  even 
a  greater  height,  a  drawspan  is  located  about  one  mile 
from  the  San  Francisco  shore  having  a  length  of  250  ft. 
This  could  be  of  either  the  bascule  or  the  direct-lift  type, 
and  in  the  latter  case  a  clear  height  of  200  ft.  would  he 
afl'orded.  A  similar  provision  would  be  made  for  the 
benefit  of  navigation  where  the  bridge  crosses  the  Oakland 
ciiannel.  The  span  here  would  have  a  vertical  clearance 
of  at  least  60  ft.  above  high  water  when  the  bridge  was 
closed  and  at  least  200  ft.  with  the  bridge  open. 

The  total  length  of  the  structure  would  be  approxi- 
mately 30.200  ft.,  of  which  17.400  ft.  would  be  of  steel 
spans.  There  would  be  sixty  steel  .spans  250  ft.  long 
and  twenty-three  100  to  200  ft.  long.  As  designed,  the 
bridge  would  have  a  double  deck,  the  upper  one  carrying 
two  roadways  for  slow  moving  vehicles  and  a  double-track 
roadway  for   higli   speed    autom()l)ilcs.      The   lower   deck 


up  of  San  Francisco  and  the  cities  on  the  western  side 
of  the  bay  which  would  assume  responsibility  for  the  cost 
of  construction.  It  is  estimated  that  by  charging  a  toll 
of  214c.  per  passenger  and  suitable  rates  for  trains, 
automobiles,  etc.,  the  bridge  would  earn  an  annual 
revenue  sufficient  to  meet  operating  expenses,  maintenance, 
interest  and  sinking  fund  charges. 

Plans  for  a  long  span  cantilever  bridge  were  presented 
by  Charles  E.  Fowler  of  Seattle.  The  site  on  which  he 
proi>osed  a  bridge  is  from  Telegraph  Hill  in  San 
Francisco  to  Goat  Island,  and  thence  to  Oakland.  He 
proposed  a  clear  height  of  150  ft.  and  steel  spans  of  a 
total  length  of  2,950  ft.,  with  one  cantilever  sjian  800  ft. 
long.  The  estimate  of  cost  was  $75,000,000.  .Mr.  Fowler 
pro[)osed  that  a  coqx) ration  be  organized  to  build  the  briilgi' 
and  operate  trains  over  it  in  connection  with  the  oi)cratioii 
of  the  street  railways  on  the  east  side  of  the  bay.  rian> 
for  a  suspension  bridge  with  2,000  ft.  span,  and  a  heigiil 
of  180  ft.,  were  presented  by  Alan  C.  Push.  The  estimate 
of  cost  was  $32,000,000. 

On  the  following  day  plans  for  tunnels  under  the  bay 
were  presented  by  Taggart  Aston,  Jerome  Newman,  Jolm 
G.  Little,  and  Carl  F.  Renter.  A  serious  objection  to  tho 
tunnel  plan  is  that  a  tunnel  would  not  be  satisfactory 
for  automobile  traffic  across  the  bay,  whiih  is  very  heavy 
constantly  increasing,  and  which  will  stand  a  high  rnU 
of   toll    and    therefore   be    very   i)rofit^ible   for  a  bridge 


Aii-ust  31.  191«i  ENGINEERING     NEWS  42; 

;l|IIIIIIIIIIIIIIIIIIIIIIIINIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIINllllllltllllllllllllllllllUIIIIIIIIIIIIIIIIIIIIIIIIIIIIII»llllllllllllllllllllllllllllllllin^ 


^W3  of  itlhe  EimMinieeriiniS 


o 


fiiiiiniiiiiiiiiiiwiNiiiiiiiiiiiiniiiiniiiiiiiniiNiiiininiiiiiiiiiNiiiiiniiiiiiiiiiiiiiiiiniiiiiiiiiuiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiNiiiiiiiiiiiii^ 


^ 


l'l;ins  for  filteriiiE;  the  new  watei-supiily  of  Providfiice. 
I!.  1..  prepared  by  Frank  E.  Wiusor,  Chief  Engineer, 
rtcre  a(l()])ted  by  the  Providence  Water  Supply  Board  on 
AufT-  2:!.  The  question  lias  been  under  consideration 
Tor  some  time  whether  the  water-supply  should  be  filtered 
it  the  outset,  or  whether  the  site  of  the  new  Scituate 
•e.scr\()ir  should  be  stripped  of  surface  soil  before  it  is 
iiled.  Reports  on  the  matter  have  been  submitted  by 
he  consulting  engineers,  Allen  Hazen.  F.  P.  Stearns, 
iiid  Samuel  M.  Gray. 

;  Cliicf  Engineer  Winsor  in  his  report  to  the  board 
tateil  that  "while  it  might  be  possible  to  obtain  water 
■r  fairly  satisfactory  quality  from  the  Scituate  reservoir 
litliout  filtration,  he  was  strongly  of  the  opinion  that 
t  shoidd  be  the  aim  to  procure  the  best  water  reasonably 
btaiiial)le  and  that  this  cannot  be  secured  in  any  other 
ray  than  by  efficient  filtration."  The  reservoirs  in  which 
he  water  is  stored  after  filtration  will  be  covered  to 
xclude  the  light  and  prevent  the  growth  of  algae. 

Concerning  the  proposal  to  strip  the  bed  of  the  reservoir 
f  surface  soil,  Mr.  Winsor  stated  that  the  cost  of  strip- 
ing the  bed  of  the  entire  reservoir  has  been  estimated 
t  not  less  than  $700,000,  and  might  very  likely  be  a 
jusiderably  larger  sum.  In  his  opinion  the  advantage 
)  the  quality  of  the  water  to  be  gained  from  stripping 
le  reservoir  would  not  be  sirfficient  to  justify  such  an 
>:penditure,  since  after  a  period  of  uncertain  duration  the 
ater  conditions  in  an  unstripped  reservoir  become 
le  same  as  if  the  reservoir  had  been  stripped.  He 
,'commended  therefore  that  the  area  stripped  should  be 
Mifined  to  that  necessary  to  obtain  a  proper  amount 
c  impervious  material  for  use  in  building  the  dam.  Such 
rea  may  be  from  10  to  25%  of  the  total  area  of  the 
'servoir.  The  height  of  flow  line  of  the  new  reservoir 
as  been  fixed  at  El.  284. 
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The  dis])osal  of  i)acking-house  wastes  and  stockyards 
•wage  at  Chicago  has  become  a  serious  problem,  owing 
1  the  enormous  amount  of  such  material  and  the  large 
roportion  of  water  required  for  the  dilution  of  this 
lecial  class  of  refuse  as  now  discharged  into  the  Drain - 
re  Canal.  Experiments  have  been  conducted,  including 
recning  and  the  activated-sludge  process,  and  some 
?finite  action  is  soon  to  be  taken.  At  a  recent  confer- 
ice  between  the  packers  and  the  Sanitary  District  of 
jhicago  a  commission  was  appointed,  consisting  of  W. 
.  Richardson,  chief  chemist  of  Swift  &  Co.,  and  Lang- 
>n  Pearsc,  of  the  engineering  dei)artment  of  the  Sani- 
ry  District.  They  were  instructed  to  determine  whether 
18  wastes  originating  in  the  stockyards  and  jjacking 
puses  can  be  practically  treated  by  tiie  activated-sludge 
"Mciws,  at  one  plant  or  a  coiumunity  plant,  so  as  to  pro- 


duce an  effluent  proper  to  be  discharged  into  the  channels 
of  the  Sanitary  District.  If  their  conclusion  is  affirma- 
tive, they  are  to  report  what  works  and  appliances  arc 
necessary  for  collecting  and  treating  the  wastes;  where 
these  works  should  be  located;  and  what  will  be  the  a]i- 
proximate  cost  for  installation,  operation,  maintenance 
and  repair  of  such  a  plant. 

Moiiatltresv.Il   i^qj-vuiedltmctt   Cosimlbainiedl 


Three  large  Stoney  gates  and  a  highway  bridge  com- 
bined in  one  structure  form  Contract  3  of  the  Aqueduct 
Enlargement  of  the  Montreal  Water-Works,  for  which 
bids  are  to  be  opened  on  Sept.  6.  Each  of  the  Stoney 
gates  will  be  SSy,  ft.  long  by  18  ft.  high,  overall,  and  wiil 
have  a  lift  of  17  ft.  under  a  23-ft.  head.  They  will  !»■ 
made  up  of  five  horizontal  girders  and  two  vertical  end 
girders,  properly  braced,  and  a  %-in.  steel  skin  plate  on 
the  water  side.  Each  gate  will  have  a  clear  waterway  nt 
57  ft.  between  the  bridge  piers  and  abutments  and  the 
latter  will  be  carried  up  as  towers  to  house  the  lifting 
mechanism  of  the  bridge.  The  jackshafts  will  be  inclosed 
in  horizontal  members  of  the  combined  structure. 

The  bridge  will  be  251  long,  including  abutments,  and 
wiil  liave  a  roadway  36  ft.  wide  (designed  for  street- 
railway  tracks  ultimately)  and  two  5-ft.  sidewalks.  Tin- 
combined  structure,  except  for  the  gates,  will  be  of 
reinforced  concrete. 

The  detailed  plans  for  the  headgates  were  madq  by  the 
Dominion  Bridge  Co.  and  of  the  bridge  by  L.  G.  Mouchcl 
and  Partners,  l)oth  of  Montreal.  Frederick  E.  Field  is 
resident  engineer  and  Frank  Dorrance  is  assistant 
engineer  of  the  filtration  and  aqueduct  works,  and  T.  \\'. 
Lesage  is  engineer  and  superintendent  of  the  Montreal 
water-works. 

The  latest  (lcvclo])ment  in  the  long-standing  controversy 
over  the  raising  of  the  Allegheny  River  bridges  in 
Pittsburgh  is  the  rcjiort  of  Gen.  William  M.  Black.  Chief 
of  Engineers,  to  the  Secretary  of  War,  concurring  in  new 
recommendations  made  by  Lieut. -Col.  Francis  R.  Shunk. 
These  recommendations  reduce  the  final  clearance  under 
the  bridges  by  4  ft.,  thereby  reducing  the  ajjproach  grades. 
They  also  allow  the  changes  to  be  made  at  the  rate  of 
one  bridge  every  two  years,  until  1029.  On  receipt  of 
Gen.  Black's  report  Secretary  of  War  Baker  set  Aug.  31 
for  a  hearing  at  Washington  on  this  report. 

The  city  authorities  of  Pittsburgh  and  the  Allegheny 
County  officials  are  unaninu)usly  opposed  to  the  order, 
which  would  mean  the  rebuilding  of  the  six  publicly 
owned  structures.  It  was  their  contention  during  the 
hearings  that  the  bridges,  which  arc  many  of  them  main 
arteries  of  traffic,  could  not  be  reconstructed  with  the  5% 
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grades  needed  by  the  clearance  originally  suggested  liy 
the  U.  S.  Engineers,  and  that  the  damages  consequent 
to  moderate  grade  approaches  in  the  Pittsburgh  down- 
to\\Ti  district  would  add  several  millions  to  the  cost  of 
reconstruction  of  the  crossings  tliemselves.  The  War 
Department  does  not  agree  with  this,  and  in  his  report 
Lieut.-Col.  Shunk  stated : 

It  is  my  opinion  that  the  aUeged  cost  of  $13,752,049  simmers 
down  to  the  foHowing-:  The  county  will  be  requiied  to  spend 
?2, 814,717  (which  I  think  a  liberal  estimate),  for  which  it  will 
get  full  value  in  new  bridses.  and  will  be  out  of  pocljet  a  sum 
not  to  exceed  $1,091,559,  which  is  already  paid.  To  offset  this, 
improved  navigation  on  the  Allegheny  River  will  be  a  benefit. 
To  sum  up,  it  is  my  opinion  that  these  bridgres  are  obstruc- 
tive to  navigation;  that  the  improvement  of  the  Allegheny 
will  be  nullified  unless  they  are  modified,  and  that  the  advan- 
tages which  will  result  from  the  modifications  will  outweigh 
the  disadvantages.  I  therefore  recommend  that  the  necessary 
modifications  be  ordered  by  the  Secretary  of  War.  In  consid- 
eration of  the  expense  entailed  upon  the  county  it  seems  just 
to  give  them  plenty  of  time  to  do  the  work. 


West  Viif^iiraia  Fl@©dl  D^smigig® 

It  is  now  very  doubtful  if  any  complete  meteorological, 
data  will  l)e  obtained  from  the  Aug.  9  floods  in  the  Coil 
River,  Cabin  Creek  and  Paint  Creek  watersheds  in  West 
Virginia,  notes  on  wliich  have  appeared  in  the  last  few 
issues  of  Encjineering  News.  It  has  been  established  that 
there  were  no  rain  gages  in  the  district,  and  so  far  no 
determinations  have  been  made  of  the  discharge  of  any 
of  the  three  streams,  so  that  it  is  impossible  to  state 
accurately  the  rainfall  and  runoff.  All  manner  of  esti- 
mates as  to  the  amount  of  rain  have  been  given,  but 
none  of  them  are  at  all  reliable  except  possibly  one  that 
was  taken  by  a  retired  mine  fireboss  at  Kayford,  who 
claims  that  he  measured  the  rainfall  in  an  ice 
cream  freezer  and  that  in  three  and  a  half  hours  5.8 
in.  fell.  While  the  water  was  higher  on  Coal  Eiver, 
property   damage  was  less  as  it  is  less  thickly  settled. 


FIGS,    1    TO   5.     PAMAOIO    To   S'l'lU'CTOUES    IN    I'"I.O()I>.S    IN   WI-:.ST    VIIiOlNTA 

Fig,  1 — Heavy  locomotive  holding  short  bridge  in  place.     Fig.     2 — Cut    through    dC-bris    in    railway    yard.      Pig.    3 — Concrete 
bridge  which  withstood  flood.     Fig-.  4 — Steel  bridge  which  failed,     fig,  5 — Typical  railway  washout 
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The  estimates  of  the  damage  are  still  somewhat  inae- 
nirate,  but  it  appears  now  that  520  houses  were  washed 
iut  and  destroyed  on  Cabin  Creek  alone.    The  damage  io 
railroad  property,  including  rights  of  way,  rolling  stock, 
■tc,  will  probably  be  not  less  than  $500,000.    The  county 
•oads  on  both  Coal  River  and  Cabin  Creek  have  been  en- 
irely  washed  out.  and  a  considerable  amount  of  money 
nust  be  expended  to  build  new  roads.    Some  of  the  min- 
ng  towns  are  so  completely  destroyed  that  the  coal  com- 
)anies  may  stop  running  entirely.     The  majority  of  the 
owns,  however,  will  be  rebuilt  and  the  mines  put  in  op- 
ration  again  as  rapidly  as  possible.     Labor  will  be  scarce 
,s  there  has  been  a  general  e.xodus  from  the  creek  on 
ecount  of  the  flood.     It  is  estimated  that  there  is  less 
han  one-third  the  normal  population  on  Cabin  Creek  at 
he  present  time. 
The  flood  damage  to  bridges  and  railway  embankments 
as   almost   complete.     The    accompanying    views    show 
Dme  of  the  conditions  after  the  flood.     The  reinforced- 
oncrete  bridge  in  the  view  is  only  300  ft.  npstream  from 
;  le  Chesapeake  &  Ohio  Ry.  bridge  destroyed  as  shown  in 
'ig.  4.     The  concrete  bridge,  however,  stood  intact  al- 
lough  it  had  to  take  the  tull  head  of  the  flood.     The 
ashout  of  railway  embankments  is  well  illustrated  in 
ig.  5.     There  are  miles  of  railway  track  taken  out  in 
lis  manner.     In  many  places  the  creek  has  shifted  its 
'd  100  yd.,  leaving  the  bridges  high  and  dry.     Fig.  1 
lows  a  large  JIallet  compound  engine  which  was  on  a 
•idge  at  Cane  Fork  to  prevent  the  bridge  from  being 
ished  out  and  to  deflect  the  water  away  from  the  ma- 
liue  shops  there.     The  shops  were  saved  by  this  method 
the  river  broke  through  and  formed  a  new  channel 
id  great  damage  was  caused  to  the  town  of  Eskdale  by 
e  extremely  high  water  thus  occasioned.     The  railway 
rds  at  Cane  Fork  were  covered  5  or  6  ft.  deep  with 
e  debris  from  the  flood  and  the  tracks  had  to  be  ex- 
vated  as  shown  in  the  view  in  Fig.  2. 
The  State  Department  of  Health,  under  the  direction 
\layo  Tolman,  Director  of  the  Division  of  Sanitary 
-iiieering,  was  very  active  in   sanitary  regulation  of 
district  after  the  flood.     Immediate  .steps  were  taken 
levent  the  outbreak  of  typhoid  fever  from  polluted 
iicT  and  all  wells  were  disinfected  as  soon  as  possible  and 
sted  with  a  sign  ''This  well  probably  safe  for  drinking." 
iti-tj'phoid  vaccine  was  furnished  free  to  doctors  in  the 
od  district  and  it  is  estimated  that  nearly  5,000  persons 
•eived  the  treatment.     Several  carloads   of  lime  were 
;  ipped  into  the  district  so  the  people  could  have  all  they 
<ired   for  sprinkling   about   their   homes.      Coal    com- 
i's  were  very  quick  to  appreciate  the  cooperation  of 
-late  and  did  everything  in  their  power  to  alleviate 
-iiffering  among  the  miners'  families. 


tllhie  Mi     '      '       ' 


111"  hitest  addition  to  the  bridges  spanning  the  Jlis- 
^>|ii  River  will  be  a  cantilever  bridge  at  Burlington, 
I.  There  is  a  low-level  railway  bridge  at  that  point, 
the  new  bridge  will  be  for  highway  traflic,  and  will 
its  channel  span  at  such  a  height  as  to  give  50  to 
-  ft.  clearance  above  high  water.  This  will  allow  for 
L'ation  and  thus  avoid  the  necessity  of  a  draw  span, 
iiiniroaches  will  have  4%  grades.  The  main  part  of 
bridge  consists  of  cantilever  trusses  giving  a  channel 


s])an  of  480  ft.  c.  to  c.  of  piers,  and  two  shore  spans  of 
260  ft.,  or  a  total  length  of  1,000  ft.  over  the  trusses. 
The  central  busi)ended  span  is  to  be  216 1  ft.' long,  car- 
ried by  132-rt.  mu'lior  arms.  At  the  west  (Burlington) 
end,  there  will  be  eight  deck  I-beam  and  plate  girder 
approach  spans  on  steel  bents,  and  a  140-ft.  deck-truss 
s]ian  to  the  shore  arm  of  the  cantilever.  At  the  east  end 
tiiere  will  be  six  ]ilate-girder  spans  and  four  truss  spans 
of  120  to  175  ft.;  all  these  will  be  deck  spans  on  cylin- 
der piers. 

The  total  length  of  steelwork  will  be  2.4(53  ft.,  with 
a  masonry  abutment  and  short  fill  at  the  west  end,  and 
a  short  fill  at  the  east  end  to  connect  with  a  river-front 
levee  on  which  a  highway  is  located.  The  foundations  of 
the  main  piers  are  of  concrete,  on  piles  driven  into 
hardpan.  The  bridge  connects  the  city  with  a  county 
road,  and  tolls  will  be  charged.  The  project  is  being  fi- 
nanced jointly  by  the  city  and  the  Commercial  Club,  the 
latter's  interests  to  be  bought  out  eventually  by  the  city. 
There  will  be  a  21-ft.  roadway  and  a  single  5-ft.  side- 
walk, and  provision  is  made  in  the  floor  system  for  a 
future  track  for  an  electric  railway.  The  bridge  was  de- 
signed and  is  being  built  by  the  Wisconsin  Bridge  & 
Iron  Co.,  of  Milwaukee,  Wis.  Work  is  now  in  progress  on 
the  substructure  and  the  approaches. 


The  Boston  Dry  Dock  ColTcr-Uiiiii.  which  tailtd  some  weeks 
ago,  as  noted  in  "Engineering:  News,"  is  to  be  reported  on  by 
Joseph  Ripley  and  Mortimer  G.  Barnes,  Consulting  Engineers, 
of  Albany,  N.  T. 

A  New  ITnlon  Station  at  Jacknonville,  Fla.,  is  to  be  started 
soon.  The  Jacksonville  Terminal  Co.  under  an  arrangement 
just  completed  will  erect  a  station  which  will  cost  with  the 
trackage  change  necessary  for  its  erection  about  $3,000,000. 
Definite   plans   for  the   station   are   still    under   discussion. 

Damase  to  Roads  and  Bridees  in  the  recent  floods  in  North 
Carolina  is  estimated  by  Dr.  Joseph  Hyde  Pratt,  State  Geolo- 
gist and  head  of  the  .State  Highway  Department  to  amount 
to  $1,500,000.  In  some  instances,  it  is  stated,  the  road.'  will 
have  to  be  entirel.v  relocated.  Surveys  are  already  under  way. 
Efforts  are  being  made  by  the  counties  to  salvage  parts  of 
bridges  which  remain  intact,  and  Dr.  Hyde  estimates  the  sav- 
ing will  be  from  2.5  to  60'7r    in  this  way. 

A  Comiietition  for  IMnnx  for  the  rebuilding  of  Dublin. 
Ireland,  has  just  been  completed.  Announcement  was  made 
that  the  first  of  $2,000  offered  by  Lord  Aberdeen  for  the  best 
set  of  plans  for  the  building  and  grounds  of  the  city  govern- 
ment of  Dublin  has  been  awarded  jointly  to  Prof.  Patrick 
Abercrombie,  of  Liverpool  University,  and  Sydney  A.  Kelley 
and  Arthur  J.  Kelley,  both  of  Liverpool.  F.  A.  C.  Smith. 
Assistant  Director  of  the  Civic  Extension  Service  of  the 
Massachusetts  Agricultural  College,  the  only  American  con- 
testant, received  honorable  mention. 

Cirade-CroMHlne  M'ork  at  Detroit  Ix  About  To  Be  Undertaken 
— An  agreement  has  been  signed  between  the  city  odlcials 
and  the  railways  contemplating  the  separation  of  grades  on 
the  west  side  of  the  city.  This  work  will  involve  an  expendi- 
ture of  about  $2,000,000.  and  will  be  started  as  soon  as  possible. 
The  present  grade  separation  work  is  nearing  completion  at 
Holden,  Lincoln,  Trumbull  and  Commonwealth  Ave.,  and 
work  has  just  been  started  at  KIrby  and  Wabash  Ave.,  12th 
St.,  so  it  is  not  regarded  as  probable  that  the  west  side  work 
will   be   taken   up   before   next   spring. 

.\  Neiv  Bridec  AeroHH  tlie  Knw  River  at  Osage  Ave.,  Kansas 
City.  K.Tn.,  is  contingent  on  the  acceptance  b.v  the  railroads 
involved  of  the  200-year  franchise  recently  voted.  This  bridge 
is  for  the  Kansas  City  Terminal  Railway  Co.  It  the  franchise 
is  acceptable  to  all  the  railroads,  construction  work  amount- 
ing to  $.';,000,000  or  $fi,000,000  -will  be  started  Immediately. 
The  first  piece  of  work  will  be  the  building  of  a  four-track, 
two-deck  bridge  over  the  Kaw  River  to  replace  the  present 
single-track  structure.  The  new  bridge  will  be  built  on  the 
present  piers  and  have  a  300-ft.  center  truss  span.  The 
upper  deck  will  not  be  used  until  after  completion  of  the 
new  high  line  viaduct  crossing  the  bottomland  on  each  side 
of  the  river.  Contract  will  be  awarded  for  the  construction 
as  soon  as  the  new  franchise  Is  assured. 

A  Tropical  Storm  Stvept  Over  the  Coant  of  Texaa  on  the 
night  of  .Aug.  IS  and  caused  considerable  damage  to  property 
and   kllli'd  a  number  of  people.     The  storm   seemed  to  center 
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at  Corpus  Chiisti.  where  the  intensity  of  wind  and  tide  height 
were  unprecedented  there  or  elsewhere  on  the  Texas  coast. 
At  some  distance  inland  from  the  gulf  all  timber  .structures 
along  the  water  front,  including  the  pleasure  piers  and 
wharves  at  San  Antonio  and  the  Aransas  Pass  trestle,  and  the 
cheap  cottages  along  the  beach  were  all  badly  damaged  or 
destroyed.  The  causeway  at  Corpus  Christi,  which  was 
described  in  "Engineering  News."  Mar.  30,  1916,  p.  628,  was 
also  affected.  About  two-thirds  of  the  fill  approaches  were 
destroyed,  but  the  concrete  bridge  section  is  absolutely 
undamaged  although  swept  by  waves. 

A  Five-Story  Tenement  under  construction  on  Marion  Ave. 
and  187th  St..  the  Bronx.  New  York  City,  collapsed  on  Aug.  23 
and  carried  down  in  the  fall  a  number  of  workmen,  two  of 
whom  were  killed  and  15  were  injured.  The  structure  was  of 
the  brick  and  frame  wall  bearing  type,  and  from  testimony 
before  a  preliminary  coroner's  and  district  attorney's  exam- 
ination was  a  fine  example  of  jerry-building.  The  contractor, 
for  instance,  testified  that  he  had  heard  there  was  such  a 
thing  as  a  Building  Code,  but  that  he  had  never  had  time 
enough  to  read  it.  Violations  of  the  code  and  of  the  design 
were  made  in  substitution  of  stone  for  cast-iron  templets, 
reduction  in  the  strength  of  the  mortar  and  in  the  general 
quality  of  the  construction.  As  a  result  of  the  preliminary 
investigation  three  members  of  the  contracting  firm  and  three 
inspectors  iit  the  building  department  of  the  Bronx  were 
arrested   on   a   charge   of   criminal    negligence. 

Failure  to  Submit  Falsework  DrnwingN  for  the  approval 
of  the  United  States  Engineer  Office  at  Pittsburgh,  in  advance 
of  starting  construction  of  a  reinforced-concrete  arch  bridge 
across  the  Allegheny  River  at  Warren.  Penn.,  will  cause  a 
delay  in  completion  of  several  months  and  an  estimated  added 
cost  to  Warren  County  of  $20,000  in  a  $125,000  structure.  The 
contractor,  the  C.  H.  Fath  Construction  Co.,  of  Cleveland, 
Ohio,  had  practically  finished  driving  piles  according  to  the 
arch  centering  layout  shown  on  the  design  drawings  when  the 
Engineer  Office  reminded  it  that  falsework  plans  had  not  been 
sent  for  approval,  and  after  receiving  them,  issued  an  order 
calling  for  two  50-ft.  openings.  This  was  later  modified  to 
two  30-ft.  openings,  of  20  ft.  height,  for  the  maintenance  of 
navigation  under  the  River  and  Harbors  Act  of  1899.  Local 
papers  state  that  no  craft  requiring  openings  of  this  size  have 
been  seen  on  the  river  there  for  20  years  and  that  a  mile 
below  the  bridge  a  boy  can  wade  the  shallow  stream. 

The  Joint  Conference  Committee  representing  the  National 
engineering  societies  adopted  several  weeks  ago  a  resolution 
urging  legislation  by  Congress  to  enable  the  development  of 
water  power  ("Engineering  News."  June  29,  p.  125-1).  A  copy 
of  the  resolution  was  sent  to  President  Wilson  and  he  has  just 
sent  the  following  reply  to  the  Secretary  of  the  Joint  Confer- 
ence  Committee.   Charles  Warren   Hunt: 

The  White  House.  Washington,  Aug.  25.  191t;. 
My  Dear  Mr.  Hunt: 

1  find  to  mv  great  chagrin  that  1  have  omitted  to  acknowl- 
edge your  communication  of  June  28  conveying  to  me  the 
resolution  adopted  by  the  Joint  Conference  Committee  ot 
National  Engineering  Societies  at  its  meeting  held  on  June  15, 
with  regard  to  the  development  of  the  water  power  of  the 
country.  1  the  more  regret  the  oversight  because  the  resolu- 
tion in"  fact  made  a  deep  impression  upon  me  as  the  declara- 
tion of  a  body  whose  opinions  carry  the  greatest  weight,  and 
1  can  only  beg  that  you  will  present  my  apologies  and  also 
an  expression  of  my  sincere  appreciation. 

Cordially   and   sincerely   yours, 

WOO n ROW   WILSON. 

The  Project  for  a  Kailnny  Tunnel  under  the  E;nglish  Chan- 
nel at  the  Straits  of  Dover  is  again  receiving  attention  in 
Oreat  Britain.  A  committee  made  up  of  members  of  the 
House  of  Commons  who  favor  the  construction  of  the  tunnel 
entertained  a  party  of  distinguished  French  visitors  on  July 
28.  The  length  of  the  tunnel  would  be.  with  api)roaches.  about 
25  mi.  According  to  "The  Engineer"  of  London.  Baron  Emile 
D'Krlanger,  in  a  speech  at  the  conference,  stated  that  the 
estimated  cost  of  constructing  the  tunnel  was  £16,000,000.  The 
probable  revenue  from  the  tunnel  is  estimated  as  follows: 
Taking  the  annual  passenger  traffic  across  the  Channel  in 
both  directions  at  2,000.000  passengers,  it  is  estimated  that 
eH'/r  would  use  the  tunnel  route,  and  at  an  average  charge 
of  10s.  this  would  produce  an  income  of  £650,000.  To  this  is 
added  £65,000  for  baggage.  £40,000  for  postal  service,  and 
£800,000  for  freight  trafflc.  Prom  the  total  gross  earnings  of 
£1.555,000,  the  operating  expenses  estimated  at  £420,000  are 
deducted,  leaving  net  earnings  of  £1,135,000,  or  a  little  over 
7%   on   the   investment. 

SewnKC  I'oliution  of  I'hIcnKo'M  Wnter  Supply  due  to  Hooding 
of  some  of  the  pumping  stations  on  the  south  side  with 
sewage  last  spring  is  to  be  investigated.  The  Department  of 
Public  AVorks  and  the  Health  Department  have  claimed  that 
this  pollution  was  caused  through  improper  operation  of  the 
sewage  pumping  plant  which  handles  sewage  from  the  inter- 
cepting  sewers.      It   is   thought,   however,   that   one   prominent 


reason  for  this  trouble  may  be  found  in  the  rapid  growth  of 
that  part  of  the  city  since  the  interceptors  were  built,  so  that 
.these  may  be  overtaxed  during  heavy  storms.  The  SanitBiry 
District  of  Chicago,  which  has  charge  of  the  operation  of  the 
sewage  pumping  stations,  has  appointed  a  special  commission 
to  make  an  investigation  of  the  6Sth  St.  and  39th  St.  pumping 
stations  and  the  south-side  intercepting  sewer  system.  This 
commission  is  composed  of  the  following  members:  George  G. 
Earl,  Chief  Engineer  and  General  Superintendent  of  the 
Sewage  and  Water  Board  of  New  Orleans,  La.;  Isham  Ran- 
dolph, Consulting  Engineer,  of  Chicago;  and  Lyman  E.  Oooley 
and  Langdon  Pearse,  of  the  engineering  department  of  the 
Sanitary  District  of  Chicago.  Mr.  Randolph  was  for  many 
years  Chief  Engineer  of  the  Sanitary  District,  and  Mr.  Cooley 
has  been  connected  with  the  Drainage  Canal  project  since  Its 
inception. 


PEIRSOMALS 


tieorse  H.  Ruhling,  of  Pittsburgh,  Penn  .  has  Juined  the 
staff  of  E.  C.  Shoecraft,  City  Engineer  of  Flint,  Mich. 

T.  R.  Ratlin  has  been  appointed  Engineer  of  Maintenance- 
of-Way  of  the  Indianapolis  Union   Ry.,   Indianapolis,   Ind. 

M.  P.  Northani,  Assoc.  M.  Am.  Soc.  C.  E..  Office  Engineer, 
Southern  Ry..  Washington,  D.  C,  has  been  promoted  to  be 
Supervising   Engineer. 

F.  B.  Tapley,  Assoc.  M.  Am.  Soc.  C.  E.,  has  been  appointed 
Assistant  Engineer  of  the  Canadian  Government  Rys.,  with 
headquarters  at  Moncton.  N.  B. 

Nelson  F.  Tift  has  been  made  Superintendent  of  the  Water, 
Electric  Light  and  Gas  Departments  of  the  City  of  Albany, 
Ga.  He  has  served  as  Mayor,  member  of  the  Council  and 
member  of  the  Police  Commission  of  the  city. 

Harry  S.  McKililien,  Assoc.  M.  Am.  Soc.  C.  E.,  City  Engineer 
of  Warren,  Ohio,  has  resigned.  Mr.  McKibben  is  reported  to 
have  said  that  his  resignation  was  made  because  he  lacked 
sufficient  authority  to  make  his  department  efficient. 

Ira  Ci.  Hedrick  and  Victor  H.  Cochrane,  M.'s  Am.  Soc.  C.  E., 
Consulting  Engineers,  Kansas  City,  Mo.,  have  dissolved  part- 
nership, and  the  firm  of  Hedrick  &  Hedrick  has  been  formed. 
The  junior  member  of  the  new  firm  is  A.  L.  Hedrick. 

Hudson  F.  Layton,  M.  Am.  Soc.  C.  E.,  Consulting  Engineer. 
Pittsburgh,  Penn.,  has  retired  from  active  practice  and  has 
sold  all  his  plans,  notes  and  records  to  Blum,  Weldin  &  Co.. 
Engineers  and  Surveyors,  St.  Nicholas  Building,   Pittsburgh. 

P.  J.  Freeman,  Assoc.  M.  Am.  Soc.  M.  E.,  has  resigned  .1.^ 
Assistant  Professor  of  Applied  Mechanics  at  the  Kansas  .Stati- 
College,  Manhattan,  Kan.,  and  is  now  with  the  Pittsburgli 
Testing   Laboratory,   Pittsburgh,   Penn..   as   Engineer   of  Te.s(.>i 

R.  J.  Looknood,  Assoc.  M.  Am.  Soc.  C.  E..  Vice-President 
and  General  Manager  of  the  New  Iberia  &  North  R.R.,  New 
Iberia,  La.,  has  been  appointed  Vice-President  and  General 
Manager  of  the  Apalachicola  Northern  R.R.,  with  office . .11 
Port  St.  Joe,  Fla. 

F.  !»I.  Masters,  Assoc.  M.  Am.  Soc.  C.  E..  for  several  years 
Chief  Inspector  in  the  Pittsburgh  (Penn.)  district  for  Mod]e.skl 
&  Angler.  Consulting  Engineers.  Chicago  and  Portland.  Ore. 
has  resigned  to  enter  private  practice  as  Inspecting  Engineer. 
with   headquarters  at   Harrisburg,   Penn. 

Dr.  >Villiani  Mcriellan,  F.  Am.  Inst.  E.  E.,  Consultlnt: 
Engineer,  New  York  City,  has  been  appointed  Dean  of  tlit 
Wharton  School  of  Finance  and  Commerce  of  the  Unlversil.v 
c,f  Pennsylvania.  Dr.  McClellan  is  a  native  of  Philadelphia 
and  was  graduated  from  the  University  of  Pennsylvania  In 
1900.  For  two  years,  1911-13,  he  was  Electrical  Engineer  of 
I'ulillc  Service  Commission  of  the  Second  District,  New  York 
.state. 

(iforii'p  F.  MelBhanlt,  Assistant  Engineer  of  the  Pi-nnsyl- 
vania  State  Water  Supply  Commission,  has  resigned  to  becomr 
Assistant  Water  Engineer  for  the  City  of  Baltimore.  Md.  Mr. 
Welghardt  became  connected  with  the  Pennsylvania  Commis- 
sion in  1913  and  was  stationed  at  Cotesville,  where  he  super- 
vised construction  of  a  large  dam.  He  succeeds  Robert  I. 
Clement,  who  resigned  after  being  connected  with  the  Balti- 
more water  department  for  30  years.  Mr.  Welghardt  Is  :' 
graduate  of  Cornell  University.  He  assumes  his  new  ilutlos 
Sept.   3. 

The  American  ludustrlal  Commission  to  France,  organlld 
by  the  American  Manufacturers'  Export  Association,  includf" 
several  men  prominent  in  engineering;  among  them  are:  John 
R.  MacArthur.  of  MacArthur  Brothers,  General  Contrnetnrs. 
of    New    York    City;    Dr.    C.    O.    Mailloux.    F.    Am.    Insi     K    •■•■ 
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Consulting-  Engineer,  New  York  City;  N.  P.  Hoggson,  Presi- 
dent of  Hoggson  Brothers,  Inc.,  Contractors,  New  York  City; 
Ambrose  Swasey,  M.  Am.  Soc.  M.  E.,  President  of  Warner  & 
Swasey.  Cleveland,  Ohio;  George  B.  Ford,  of  George  B.  Post  & 
Sons,  Contractors,  New  York  City,  and  James  E.  Sague.  M.  Am. 
Soc.  M.  E.,  Poughkeepsie,  N.  Y.,  former  Vice-President  of  the 
American  Locomotive  Co.  The  Chairman  of  the  commission 
is  William  W.  Nichols,  M.  Am.  Soc.  M.  E.,  Assistant  to  the 
Chairman  of  the  Board  of  Directors  of  the  Allis-Chalraers 
Manufacturing  Co..  of  New  York  City.  The  commission  sailed 
.\ug.  26  for  France  where  it  will  make  a  scientific  study  of 
the  industrial  conditions,  to  determine  the  most  advantageous 
method  of  assisting  in  the  reconstruction  that  will  follow  the 


the  Coast  and  Geodetic  Survey  was  of  a  varied  nature.  II.. 
served  with  Prof.  George  Davidson  in  Alaska  when  that 
Territory  was  transferred  to  the  United  States  by  Russia  in 
1S67.  He  served  on  both  the  Atlantic  and  Pacific  coasts  and 
in  Porto  Rico  in  charge  of  parties  engaged  in  triangulations, 
topographic  and  hydrographic  work.  The  last  fleldwork  upon 
which  he  was  engaged  was  a  revision  of  the  surveys  in  the 
vicinity  of  Oyster  Bay.  Long  Island,  N.  Y.  For  a  time  he  was 
in  charge  of  the  engraving  division  of  the  Coast  and  Geodetic 
Survey  office. 


EHQHHEEIRSHQ  SOCIETIES 


Henry  Clay  Malott,  a  retired  civil  engineer  and  contractor, 
lied  recently  at  his  home  in  Bedford,  Ind.,  aged   72  years. 

.Vrohiliald  Case,  a  young  civil  engineering  employee  of 
■inare  &  Triest,  contractor  for  the  completion  of  the  concrete 
ower  tops  of  the  Hell  Gate  arch  bridge.  New  York  Connecting 
i.R.,  was  killed  Aug.  25  by  a  box  falling  upon  him  from  the 
iridge  superstructure. 

Ednard  Canfield,  M.  Am.  Soc.  C.  E.,  General  Superintendent 
if  the  New  York,  Ontario  &  Western  R.R.,  died  Aug.  19,  at  his 
lome  in  Middletown,  N.  Y.  He  was  born  in  1848  and  was 
rraduated  from  Hobart  College  at  Geneva.  N.  Y.,  in  1S69.  He 
legan  his  engineering  experience  with  the  Erie  &  Genesee 
alley  R.R.  the  same  year.  He  served  as  Assistant  Engineer 
nd  as  Division  Engineer  of  various  Eastern  railways  until 
882,  when  he  entered  the  operating  department  of  the  New 
'ork,  Ontario  &  Western  R.R.  as  Division  Superintendent, 
'or  seven  years,  1SS7  to  1895,  he  was  Chief  Engineer  of  the 
ailway,  and   since   then   General   Superintendent. 

Sinclair  J.  Johnson,  a  civil  and  mechanical  engineer,  died  at 
is  residence  in  Montclair,  N.  J.,  on  .\ug.  11,  aged  64  years, 
fter  a  lingering  illness.  He  was  a  native  of  Wayne  County, 
hlo.  After  graduation  from  Wooster  College  he  studied 
'vil  engineering  at  the  Thayer  School  of  Dartmouth  College, 
'anover,  N.  H.  He  was  engaged  for  a  number  of  years  in 
vil  engineering  work,  including  "neater-works  construction 
nd  the  design  and  erection  of  steel  buildings.  He  had  much 
riginality  as  an  inventor  and  developed  a  number  of  devices 
hich  he  patented  for  use  in  railway-car  construction  and  a 
ydraulic  system  of  power  transmission.  A  wife  and  five 
aughters  survive  him. 

John  Dran,  a  retired  civil  engineer  and  contractor,  died 
ug.  17,  at  his  home  in  Chicago,  111.  He  received  his  engineer- 
ig  education  at  Owens  College,  Manchester,  England.  He 
ime  to  this  country  in  1885  and  was  engaged  in  engineering 
ork  for  several  Middle  Western  railways.  Later  he  was 
ngineer  of  Parks  of  St.  Louis,  Mo.  As  a  contractor  he  did 
(tensive  work  in  grading  and  concrete  bridge  building 
jring  the  early  nineties.  Afterward  he  had  construction  con- 
acts  on  the  Grand  Trunk  Ry.  and  for  the  cities  of  St.  Louis. 
o.,  Mani.stee,  Mich.,  and  Des  Moines,  Iowa.  He  was  for  many 
•ars  a  member  of  the  Engineers'  Club  of  St.  Louis  and  of 
le  American  Railway  Engineering  Association.  He  is  sur- 
ved  by  a  widow  and  one  son,  Stanley  Dean,  Assoc.  M.  Am. 
>c.  C.  E.,  a  civil  engineer  of  Chicago. 

John  .Voey.  one  of  the  pioneers  of  the  Pennsylvania  steel 
idUBtry,  died  Aug.  23,  aged  65  years.  The  following  is  from 
le  Pittsburgh   "Gazette-Times"  of  Aug.   25: 

He  was  born  in  Johnstown,  Penn.,  a  son  of  John  Noey,  Sr., 
id  came  naturally  by  his  skill  in  mechanics,  hi.s  father 
ivlng  been  one  of  the  pioneer  employees  of  the  old  Cambria 
on  Co.'s  plant  at  Johnstown,  now  the  Cambria  Steel  Co. 
)hn  Noey.  Jr..  entered  the  employ  of  the  Cambria  Steel  Co. 
>d  was  a  protege  of  the  late  (!.apt.  William  R.  Jones,  the 
illder,  with  .\ndrew  Carnegie,  of  the  Edgar  Thomson  Works 
id  Mr.  Carnegie's  first  partner  in  the  steel  business.  When 
iptain  Jones  went  to  Braddock  in  1874  to  build  the  Edgar 
homson  mills  he  took  Mr,  Noey  with  him.  At  the  time  of 
B  death  Mr.  Noey  was  superintendent  of  the  boilei-s  and  of 
oUve  power  at  the  Thomson  steel  works  and  blast  furnaces, 
'hen  Andrew  Carnegie  established  his  "junior  partners'  " 
ind  16  or  17  years  ago,  before  his  retirement.  In  recognition 
the  loyalty  and  service  given  by  his  employees  at  the  first 
:int,  Mr.  Noey  was  made  one  of  the  "Junior  partners." 

Stehman  Fomry,  an  officer  of  the  United  States  Coast  and 
eodetic  Survey  since  1865  and  a  veteran  of  the  Civil  War, 
ed  In  New  York  City,  Aug.  S,  In  the  71st  year  of  his  age. 
U  was  born  at  Lancaster,  Penn.,  Apr.  22,  1846,  and  was 
[lucated  at   Lebanon,   West   Chester  and   Lltltz  academies,   in 

Ienniylvania.  He  entered  the  Coast  Survey  as  Aid,  Jan.  1, 
■  tS;  was  promoted  to  Subasslstant  July  1.  1868,  and  was 
>POlnted   an   Assistant   Apr.   1,    1871.      Mr.    Forney's  service    In 


INTERNATIONAL  .ASSOCIATION  OF  FIRE  ENGINEERS. 
Aug.    29-Sept.    1.      Convention    in    Providence,    R.    I.      Secv., 
James  McFall,  Roanoke,  Va, 
ASSOCIATION  OF  EDISON  ILLUMINATING   COMPANIES, 
Sept,  4-7.     Convention  in  Hot  Springs,  Va.     Asst.  Secy.,  E.  A. 
Baily,   360   Pearl   St„   Brooklyn,   N.    Y. 
AMERICAN    FOUNDRYMEN'S   ASSOCIATION. 

Week    of    Sept,     11,       Annual    meeting    in    Cleveland,    Ohio. 
Secy,,  A.  O.  Backert,  12th  and  Chestnut  St.,  Cleveland,  Ohio 
AMERICAN  INSTITUTE  OP  METALS, 

Week  of  Sept,  11.     Meeting  in  Cleveland,  Ohio.     Secv.,  W.  M. 
Corse,    106    Morris   Ave..    Buffalo.    N.    Y. 
NATIONAL  ASSOCIATION  OF  ST.ATIONARY  ENGINEERS. 
Sept.  11-16.     Convention,  Minneapolis,  Minn.     Secy.,  Fred  W. 
Raven,  417  S.   Dearborn   St.,  Chicago. 
MASTER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCIATION, 
Sept,    12.     Convention    in   Atlantic   City.      Secy.,   A.   P.   Dane, 
Reading.   Mass. 
RAILWAY  SIGNAL  ASSOCIATION. 

Sept.    12-14.      Convention    in    Mackinac    Island.      Secy.,   C.    C. 
Rosenburg,  Myers  Building,  Bethlehem,  Penn. 
NEW    YORK    STATE    ASSOCT.ATION    OF   COUNTY    SUPERIN- 
TENDENTS OP  HIGHWAYS. 
Sept.     13-14.       Meeting     at     Syracuse.       George     S.     Tibbit;^, 
Chairman     of    Executive    Committee,     Oneida,    N.    Y, 
NEW  EXGL.A.ND  WATER-WORKS  ASSOCIATION, 

.Sept.    13-l."i.      Convention    in    Portland,    Me.      Secy.,    Willard 
Kent,   Narragansett  Pier,    R.    I. 
ILLUMINATING    ENGINEERING    SOCIETY. 

Sept.   18-20.      Convention   in  Philadelphia.  Penn.     Asst.  Secy., 
C.  D.  Fawcett,  29  West  39th  St.,  New  York,  N.  Y. 
ASSOCIATION    OP    IRON    AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 
Sept.  18-22.     Convention  in  Chicago.     Secy.,  W.  O.  Oschniann. 
Oliver   Iron  and    Steel    Co.,    Pittsburgh,   Penn. 
ROADMASTERS    AND    MAINTENANCE    OP    WAY    ASSOCIA- 
TION OP   AMERICA. 
Sept.  19-22.     Convention  in  New  York  City.     Secy,,  P,  J,  Mo- 
Andre^vs. 
AMERICAN    PEAT    SOCIETY, 

Sept,    21-23,      .Annual    meeting    in    Washington,    D.    C.      Secy,, 
Julius  BordoUo,   Kingsbridge,   N,   Y, 
AMERICAN   CHEMICAL   SOCIETY. 

Sept.    25-30.       .Annual    meeting    in    New    York    City.       Secy., 
Charles  L.   Parsons.  Washington,   D.  C. 
AMERICAN  SOCIETY  OP  MUNICIP.AL  IMPROVEME.N'TS. 

Oct.    9-13.      Convintion    in   Newark,    N.    J       Secy.,    Charles   C. 
Brown,  Indian.ipolis,   Ind. 
AMERICAN    ELECTRIC    RAILWAY    ASSOCI.ATION. 

Oct.    9-13.      Convention    at    Atlantic   City.    N.    J.      Secy.,    E.    B. 
Burritt,   S   West    40th   St.,   New   York   City. 
AMERICAN    RAILWAY    BRIDGE    AND    BUILDING    ASSOCIA- 
TION. 
Oct.   17-19.     Convention   in   New  Orleans.   Secy.,  C.  A.   Lichty, 
C.  &  N.  W.   Ry.,  Chicago. 
AMERICAN   GAS   INSTITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  G.  G.  Rams- 
dell,  New  York,  .N.  Y. 
AMERICAN  PUBLIC  HEALTH  ASSOCIATION. 

Oct.    24-27.      Convention    In    Cincinnati,    Ohio.       Secy.,    Prof. 

Selskar  M.  Gunn,  Boston,  Mass. 

The  New  York  State  .tssoclatlon  of  County  Superintendents 

of   Highways   will    hold    its  annual   meeting   in   Syracuse.   Sept. 

13  and  14.     The  chairman  of  the  executive  committee  is  George 

S.  Tibbits.     The  secretary  is  Dwight   B.  Coleman. 

The  Traveling  KniclnrerH'  AsHociation  has  decided  to  post- 
pone Its  convention  scheduled  for  Sept.  5  to  8  on  account  of 
the  serious  labor  conditions  on  the  railways.  The  secretary 
is  W.  O.  Thompson,  general  offices.  New  York  Central  R.R,. 
Cleveland,   Ohio. 

A  Oood  Hoads  CunKrenn  in  San  .\nt«nlo,  Tex.,  was  held 
Aug.  17  to  19,  under  the  auspices  of  the  Texas  Good  Roads 
.Association.      D.   E.   Colp.  secretary. 

National  I'avlng  lirlelc  Manufacturers  Associntion  has  ar- 
ranged the  details  necessary  for  a  study  and  conference  of 
brick-pavement  construction,  to  take  place  Friday,  Oct.  6,  at 
Paris,  111.  The  headquarters  of  the  conference  will  be  the 
Demlng  Hotel,  Terrc  Haute,  Ind.,  from  which  place  those 
participating  will  go  via  the  Interurban  Ry.  to  Paris — an 
hour's  ride — where  a  demonstration  of  construction  will  take 
place.  This  demonstration  Is  designed  to  show  the  economy 
of  building  a  brick  pavement  by  laying  the  brick  In  green 
mortar    (so-called    monolithic    (.onstructlon).      Members    of    the 
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American  Society  of  Municipal  Improvements  on  their  way 
to  the  annual  meeting:  of  the  Society  at  Newark,  X.  J.,  can 
spend  Oct.  6  at  this  conference  and  reach  Newark  the  follow- 
ing Monday.  All  those  expecting-  to  take  part  In  this  confer- 
ence are  requested  to  notify  the  Secretary  of  the  National 
Paving  Brick  Manufacturers  Association.  Will  P.  Blair,  Cleve- 
land. Ohio,  in  order  th.at  they  may  be  fully  informed  Of  the 
program,  arrival  and  departure  of  trains,  etc. 


as.!nvces  ®.mi<! 


i, 


Mun 


ip-tars 

A  contractor's  utility,  known  a.s  the  "Johnson  C;u-  Ke- 
placer,"  is  now  made  by  the  Johnson  Wrecking  Frog  Co.,  of 
Cleveland.      It    is   intended    particul;irly   for   putting   dump-ears 


JOHNSON     CONTR.\CTOR'S    CAR     REPLACER 

back  on  the  track.  The  use  is  obvious  from  the  accompany- 
ing view.  The  device  is  an  openhearth-steel  casting,  ground 
smooth  at  the  places  of  contact  with  the  rails.  It  is  sold 
by  Clapp,  Norstrom  &  Riley,  12  South  Canal  St.,  Chicago. 

X  Traotor  for  l^i^ht  Contract  AA'ork 

The  tractor  illustrated  herewith  is  guaranteed  to  develop 
20  hp.  on  the  belt  and  12  hp.  on  the  drawbar.  It  is  manufac- 
tured by  the  Tom  Thumb  Tractor  Co.,  of  Minneapolis,  bears 
the  same  name  as  the  company  and  is  designed  primarily  for 
farm  work.  The  motor  is  of  Waukesha  make,  having  four 
verticil    cylinders,    a   4Vj-in.    boi-e.    a-'^i-in.   stroke    and    a    speed 


TOM  THl'MP.  TRACTOR    FOR   SM.M.L  CONTR.VrTni: 
AND    FARMER 

of  800  r.p.m.  The  tank  can  contain  20  gal.  of  gasoline.  The 
speed  of  the  tractor  is  2.7  ml.  per  hr.  on  high  and  2.1  mi.  on 
low  gear.  The  steering  wheels  are  42  in.  in  diameter  with 
Sx%-in.   tires. 

The  machine  complete  weighs  .5,000  lb.,  which  figures  to 
about  Ti'i  lb.  per  sq.in.  of  contact  surface.  The  machine  can 
be  turned  either  way.  both  backward  and  forward,  in  a  Uy-tt. 
circle. 


Portable 

new    A-tent    frame 


Tp:i«     an<l     Ite<l     Outfit 

:  with  two  hanging  bunks  i.<  being 
made  by  the  Gosso  Co..  of  Chicago,  for  survey  and  con- 
struction camps.  The  tent  is  s '^  ft.  long,  11  ft.  wide  and  G'/i 
ft.  high.  The  frame  consists  of  angle-iron  A-ends  connected 
by    an    angle    ridge    and    fitted    with    round    knee    braces    and 


GOSSO    TE.NT    WTTll    BUNKS 

wire  ties  around  the  bottom.  Canvas  bunks  are  swung  by 
wires  and  springs  fiom  the  end-frame  legs.  They  fasten 
back  ag.iinst  the  sides  when  not  in  use.  Legs,  ridgepole  and 
bottom  sides  are  hinged,  so  that  all  can  be  folded  to  4  ft. 
S  in.   in  length, 

"DajllBht"    Kleetrio   l.amuH 

For  special  service  where  a  color  qualit>'  of  illuminatiOQ 
approximating  daylight  is  required,  as  in  displa\'s.  color  print- 
ing shops,  textile  mills,  etc.,  small  nitrogen-tilled  tungsten- 
filament  electric  incandescent  lamps,  requiring  40  and  60 
watts  input,  £;re  being  made  with  "Lunar"  blue  glass  bulbs. 
They  are  being  put  out  by  the  Lux  Manufacturing  Co.,  Ho- 
hoken,   N.   J. 

I'oner  Hoist   for   .Vttai-hmrut   to  Hand   (;ny   lirrrickN 

Hoisting  outfits  for  taking  the  place  of  manual  labor  on 
guy  derricks  are  sold  in  three  sizes — 3%.  5  and  7  hp. — by  the 
Domestic  Engine  and  Pump  Co.  of  Shippenburg.  Penn.  The 
unit    consists    of   engine,    jack-shaft    with    clutch,    two   winch- 
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heads  and  a  platform  that  can  be  attached  to  the  mast  a."  :' 
mounting  for  the  hoist.  The  outfit  can  erect  both  itself  ami 
the   derrick. 

The  smallest  unit  is  intended  for  use  with  derricks  having 
12-in.  or  14-ln.  masts;  the  larger  units  with  14-  or  16-in.  maste 
The  prices  of  the  coniplele  ritrs  are  $372.  $112  and  $462  ro- 
spectively. 
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ARTISTIC  TREATMENT  OF  STEEL  WATER  TANK:  COMPLETED    BELLEVUB    RESERVOIR   OF    THE    METROPOLITAN 

WATER-WORKS,  BOSTON,  MASS. 


vent  and  t'xhaust  pijjps  slimvii  in  tlie  j'oregrouml.  This 
jjiunpiiiii  station  is  40x'^0  ft.  and  lias  an  interioi-heiiiht  of 
115  ft.  front  floor  to  wall  plates.  Concrete  foundations  are 
provided  for  two' units  of  300  gal.  per  niin.  each.  The  eoh- 
blestone  walls  are  18  in.  thick,  laid  in  1  :  3  cement  mortar. 
The  mortar  was  mixed  with  one  part  lam|)black  and  5% 
hydrated  lime.  The  interior  face  of  tiie  walls  is  finished 
with  a  smooth  coat  of  cement  mortar,  waterproofed  I)y 
the  addition  of  hydrated  lime.  Window  sills  are  dressed 
granite.    The  roof  is  covered  with  green  asi)estos  shingles. 

The  second  illustration  shows  another  field  for  art  in 
water-works  construction,  and  one  which  has,  in  various 
instances,  received  considerable  attention.  In  the  case 
of  water  tanks,  towers  and  stand])ipes,  however,  archi- 
tectural treatment  always  means  extra  expense,  which 
may  or  may  not  be  Justified,  depending  on  the  prominence 
of  the  structure  and  the  neighborhood.  Concrete  for 
such  structures  is  quite  often  used  in  the  hope  of  increas- 
ing artistic  effect  at  small  increase  of  expense,  and  the 
hope  is  sometimes  realized. 

The  2,500,000-gal.  steel  tank  on  Bellevue  hill,  in  the 
West  Eoxbury  district  of  Boston,  is  periiaps  the  last  word 
in  this  branch  of  hydraulic  architecture.  The  work  of 
inclosing  this  structure  in  granite  ma.^^onry  was  described 
in  Engincerintj  News,  Jan.  20,  IDlfi.  .Since  then  the 
granite  covering  has  been  cleaned  by  sand  lilast  and  the 
adjoining  observatory  has  been  removed,  so  that  the  gran- 
ite cylinder  with  its  conical  roof  is  now  the  most  prom- 
inent and  pleasing  feature  in  the  landscape. 

The  late  Dexter  Bracket  was  chief  engineer  of  the 
Metropolitan  Water-Works  when  this  tank  was  designed 
and  the  work  begun.  It  was  finished  under  the  direction 
of  the  present  chief  engineer,  William  E.  Foss. 


AspSaallS  Fsivaia^  SSastory 

Were  the  average  paving  engineer  asked  the  origin  of 
the  present  method  of  constructing  liituminous  macadam 
liavements — a  layer  of  macadam  coated  with  hot  asphalt, 
a  layer  of  stone  chips  rolled  in,  another  coating  of  hot 
asphalt  (seal  coat)  and  a  surfacing  of  .screenings  roiled 
in — it  is  pretty  safe  to  assume  tiiat  lie  would  say  it  was 
of  very  recent  date,  probably  not  more  than  ten  years 
old,  anyway.  An  engineering  antiquarian  finds  the  fol- 
lowing item  in  the  Jounuil  of  the  American  Institute, 
ilarch,  1839.  No  record  can  he  found  of  the  effect  of 
the  communication  on  the  Common  Council. 

Mr.  Walter,  architect.  Just  returned  from  Europe,  has  ad- 
dressed a  letter  to  the  committee  of  the  Philadelphia  Common 
Council  on  the  subject  of  pavements.  .  .  .  Mr.  Walter  pre- 
sents an  interesting  paper  on  the  use  of  asphaltum  pavements, 
which  Iiave  only  been  recently  introduced  in  Europe  for 
carriageways.  About  80,000  ft.  have  been  made  on  a  road  to 
Versailles  and  in  several  courtyards. 

Two  experiments  made  in  Liverpool,  England,  are  thus 
described  by  Mr.  Walter:  The  first  consisted  in  malting  an 
ordinary  M'Adamized  road  having  its  surface  regulated  about 
one  inch  below  the  intended  finish  of  the  street.  This  surface 
was  then  covered  with  asphalte  in  semi-fluid  statfe  and  before 
the  material  had  time  to  cool  a  layer  of  finely  broicon  stone 
was  strewed  over  it  and  brought  to  an  even  surface  by  means 
of  a  large  iron  roller.  Another  thin  coat  of  asphalte  was  then 
put  on  and  the  surface  covered  with  fine  gravel  stone,  well 
sifted  and  washed,  after  which  it  was  again  rolled.  This  un- 
questionably makes  a  beautiful  road  and  there  can  be  no  doubt 
of  its  durability. 

Here,  then,  is  an  asphaltic  macadam  road  constructed 
by  the  most  approved  modern  methods  more  than  three- 
quarters  of  a  century  ago.  It  would  be  interesting  to 
determine  if  during  the  latter  part  of  that  78  years  a 
pavement  of  this  type  had  been  patented  in  our  <)«'ii 
United  States. 
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Supplying  arid  desert  land  with  water  obtained  from 
tlie  melting  snows  of  a  neighboring  mountain  range  and 
stored  in  old  volcanic  craters  utilized  as  reservoirs  is  an 
interesting  engineering  work  now  being  carried  out  in  Ari- 
zona. The  district  to  be  served  is  in  Coconino  County,  and 
extends  nearly  oO  mi.  south  from  the  Grand  Canon  of  the 
Colorado.  The  Atchison,  Topeka  &  Santa  Fe  crosses  it 
(east  and  west)  about  50  mi.  from  the  caiion.  The 
country  is  almost  entirely  waterless,  except  for  a  light 
rainfall  averaging  only  10  in.  per  year.  It  is  good  graz- 
ing country,  except  for  scarcity  of  water. 

'i'o  tile  east  of  this  district  is  San  Francisco  Mountain. 

whose  slopes  are  heavily  timbered  below  timber  line  and 

whose  summit  is  about  12,000  ft.  above  sea  level.     It  is 

always  covered  with  snow,  Imt  the  water  flowing  down  its 

slopes  is  lost  in  the  dee])  beds  of  light  soil  which  form 

the  plains.     At  an  elevation  of  about  .s,.")00  ft.,  however, 

an  impermeable  stratum  of  clay  and  cemented  gravel  a])- 

proaches  the  surface,  ami  here  a  collecting  ditch  has  been 

'.xcavated  to  intercept  the  flow,  the  bottom  being  in  the  im- 

H?rnieal)le  stratum.    This  ditch  is  about  a  mile  in  length 

aid  has  branches  at  elevations  of  8,(i.')()  to  S.SOO  ft.     It 

s  4  ft.  wide  on  the  bottom,   I  to  (i  tt.  dcci>.  w  itii  a  slo]ie 

)f  2  on  1  for  the  upper,  or  mountain,  side  and   \y^  on  1 

or  the  lower  side.    The  excavated  material  is  thrown  out 

in  llie  lower  side.     A  larger  ditch  8  to  12  ft.  deep,  of 

.bout  the  same  length,  will  extend  around  the  northern 

lope.     The  drainage  area  serving  these  ditches  is  about 

2,000  acres  on  the  west  and  0,000  acres  on  the  north- 

.•est  side  of  the  mountain.     The  annual  preci])itation  on 

his  area  is  36  in.,  with  33%   runotf,  occurring  nuiinly 

Q  the  spring.     The  three  months  of  spring,  therefore, 

•ould  give  a  runoff  of  4,000  acre-ft.  and  2,000  acre-ft.  for 

he  two  sides,  or  about  1,900,000,000  gal.  in  all. 

Within  about  a  mile  from  the  ditch  is  Crater  Lake,  an 

Id  volcanic  crater,  which  normally  has  a  little  water.    It 

as  decided  to  utilize  this  as  a  reservoir,  and  a  pipe  line 

3,000  ft.  long  was  laid  to  it  from  the  collecting  ditch. 

'his  is  of  8-in.  sheet-iron  pipe  in  20-ft.  lengths,   with 

eaded  joints.    Each  length  of  pipe  has  a  bead,  or  ridge, 

tamped  around  each  end.    The  end  of  one  pipe  is  heated 

1  a  mixed  gasoline  and  coal-oil  furnace  .so  that  it  will 

ip  over  the  adjacent  pi])e,  its  hollow  bead  fitting  over  the 

idge  of  the  other,  so  that  when  cool  the  pipes  are  locked 

)gether.     This  pipe  is  made  by  the  Western  Pipe  and 

toel  Co.,  of  l^os  Angeles,  Calif.    The  pipe  line  is  about 

ft.  below  the  surface. 

The  li])  of  the  crater  rises  50  ft.  aijove  the  surround- 
ig  ground,  and  the  pipe  line  is  in  efl'ect  an  inverted 
plio'n.  There  is  an  outlet  tunnel  from  the  crater  reser- 
)ir.  'I'iiis  is  000  ft.  long,  4x0-ft.  .section,  and  is  driven 
trough  clay,  volcanic  a.sh  and  basalt. .  The  crater  is  2,000 
in  circumference  and  00  ft.  deep,  forming  a  reservoir  of 

t  2S(),(ii)0,000  gal.  capacity  at  8.:!00-ft.  elevation.    The 

"W  in  the  ditch  was  about  22  ft.  per  sec.  until  the  reser- 
)ir  was  (iiled,  this  being  completed  (after  !)0  days'  flow) 
May,  1!)16. 

I'roni  this  reservoir  it  is  proposed  to  lay  a  pipe  line  to 
clleniont  (0  mi.)  and  then  along  the  railway  east  to 
iagstafr  (12  mi.)  and  west  to  Williams  (20  mi.).  Be- 
des  the  towns  and  the  railway  there  will  he  numerous 
m-'hes  to  be  supj)lied. 


A  lunlier  ilc\cl(i|)m('nt  of  the  ])roject  provides  for  an 
other  IcS-iii.  pi])e  line.  0  mi.  long,  to  Walker  Lake  (El. 
8.521).  Tliis  is  anotlier  but  larger  crater,  100  ft.  deep, 
with  a  capacity  of  about  040,000,000  gal.  at  8,4()0-ft.  ele- 
vation. From  this  a  supply  pi|)e  line  is  proposed  to  El 
Tovar  (at  the  Grand  Canon),  aljout  50  mi.  This  resort 
lias  a  large  number  of  tourists  and  employees,  and  the 
railway  company  has  to  haul  in  water  by  tank-cars  for  the 
supply  of  the  liotel.  station  and  grounds  and  also  for  the 
locomotives  and  cars.  This  water  is  brought  nearly  100 
mi.  either  from  Del  l?io  or  Flagstaff.  The  cars  deliver  the 
water  into  a  track  pit  from  which  it  has  to  be  pumped  to 
an  elevation  aliout  100  ft.  higher  than  tlie  railway.  The 
new  pipe  would  eliminate  this  costly  method  of  su|)plying 
water  and  would  deliver  an  ample 
gravity  su]iply  at  the  required  el(>va- 
tion.  The  two  I'eservoirs  have  an 
aggregate  ca]iai-ity  of  900,000,000 
,;  but  if  (iiled  in  the  spring  and 
repleiii.-slied  by  the  fall  ruiiolf.  they 
will  afrord  a  supply  509^*  greater. 
The  railway  company  made  extensive 
explorations  Cor  water  some  years  ago, 
but  could  licit  liiid  any  supply.  Later, 
some  raiuiinicn  iliscoNcrcd  water  near 
t.lie  surface  on  the  mountain  slo])es, 
where  it  caiiu'  ti]i  against  the  c-lay  and 
gravel  stratum.  I^lie  plan  of  develop- 
ing this  supply  and  utilizing  the  old 
craters  as  storage  reser\'oirs  was 
worked  out  iiy  W.  H.  Rosecrans,  con- 
sulting  engineer,    of    Chicago.      The 


I'L.V.V  OK  WATER-.STOHAijn;  .\ND  niSTRIBUTION  SYSTIOM 
F()U  AN  ARID  niSTRICT  IN  ARIZONA 

work  is  being  carried  out  under  iiis  diiwtion  For  Charles 
II.  Spencer  and  Herbert  A.  I'arkyii,  of  Chicago. 

The  work  is  being  done  on  day-labor  account,  with 
about  30  men  and  teams  on  the  ditch  excavation  and  aboiil 
the  same  outfit  on  the  pipe  line.  The  ])ipe8  are  hauled  to 
the  site  on  wagons  and  handled  iiy  derricks  at  the  trench. 
At  present  the  Crater  liske  reservoir  has  been  filled,  al 
a  cost  of  about  $50,000.  Work  is  in  progress  for  the 
Walker  Lake  reservoir,  whicluwill  cost  about  $20,000,  and 
this  will  he  filled  in  the  fall.  The  cost  of  the  pipe  line  to 
Williams  and  Flagstaff  is  estimated  at  $50,000  and  that  of 
the  line  to  El  Tovar  at  $130,000. 
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By  CllAKLES  C.  HURLBUT* 

The  Lehigh  Valley  ])asseuger  terminal,  now  nearing 
completion  at  Buffalo,  N.  Y.,  is  built  over  a  large  drain- 
age channel,  the  case  being  somewhat  similar  to  that 
of  the  Werder  Iniilding,  which  was  built  over  a  railway 
tunnel  in  Pittslnirgh,  as  described  in  Engineering  News 


heavy  steel  girders.     The  latter  are  placed  on  the  lines 
of  columns,  which  cross  the  sewer  diagonally  18  ft.  oil 
centers  and  support  the  walls,  floors  and  columns  of  the 
building.     The  girders  which  support  the  columns  are 
T  ft.  81/^  in.  deep  (back  to  back  of  flange  angles)  while 
those  which  support  only  floors  are  4  ft.   i/^  in.     Th^ 
girders  are  all  set  flush  on  the  bottom  a  few  inches  abovJ; 
the   top  of  the  sewer,   and   the  bottom   flanges   suppom 
reinforccd-concrete  slabs.     The  first  floor-beams  and  thrf 


FIG.    1.     SITE    OF    Ni:w    PAS.SEX(;EK    TERMINAL    OF    THE   LEHIGH  VALLEY  R.R.   AT  BUFFALO,  N.  Y. 
F'hotogmph   taken   July   15,    1916;   sheetpiling   in    place   and  concrete  piles  in  their  forms 


of  June  8.  The  Leiiigh  terminal  has  four  stories  with 
self-supporting  walls  of  limestone  ashlar  and  lirick,  and 
fireproof  floors  supported  on  steel  columns. 

The  old  Hamburg  canal,  which  some  years  ago  was 
roofed  over  and  converted  into  a  sewer,  flows  directly 
across  the  site,  as  indicaled  in  Eig.  3.  The  sewer  is 
Ifi  ft.  wide  inside  and  has  rubble  mastmry  walls  (i  ft. 
thick.  It  is  roofed  over  with  steel  beams  and  concrete 
and  supiwrted  on  a  floor  of  concrete  laid  on  a  stone  bed. 
Two  walls  of  the  building  cross  the  sewer  and  several  of 
the  interior  colunins  an'  located  over  it.  The  top  of  the 
sewer  is  level  with  the  l)asement  floor,  being  al)out  10 
ft.  l)(!low  the  surface  of  the  ground. 

Owing  to  the  very  pocn-  workmanship  of  the  sewer 
walls  (Fig.  3)  and  the  poor  tpiality  of  the  ground,  it 
was  deemed  inadvisable  to  put  any  additional  load  on 
the  construction.  The  building  itself  is  foundeti  on 
concrete  jiiles  driven  to  rock  and  the  oxi)edient  was 
adopted  of  liuilding  concrete  piers  on  piles  as  close  to 
the  sewer  walls  as  possii)le  and  spanning  the  sewer  with 


columns  rest  on  the  ,ops  of  the  girders.  In  the  case 
of  the  shallow  girders  there  is  a  strut  under  the  ends 
of  each  pair  of  l)eains. 

.■Concrete 

'  Wire  Mesh 


•With    Kenneth    M. 
York  City. 


.Minchison,    Architects    Building,    New 


'  ',  *.  ■^  V  •  '*  L  '    Concrete  ,  >  *,  ,'  •  Hemhck  Plank 

FIG.    2.    CROSS-SECTION   OF    HA.MKrRG    SEWER. 
BUFFALO.   N.   Y. 


September  7,  1916 
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The  rubble  walls  of  the  sewer  are  porous  and  the  water 
passes  through  them  freely.  As  the  top  of  the  tunnel 
is  below  the  high-water  level  of  the  Buffalo  River,  into 
which  it  flows,  it  was  necessary  to  waterproof  the  cellar 
floor  against  a  head  of  several  feet.  Tliis  was  done  with 
6-ply  tar  and  felt,  which  was  secured  against  upward 
pressure  by  reinforced-concrete  slabs  spanning  Ijetween 
the  bottom  flanges  of  the  plate  girders  and  held  down 
bv  brick  casing.  The  waterproofing  and  reinforced- 
concrete  slab  construction  extends  over  the  entire  base- 
ment floor  as  well  as  over  the  sewer, 
but  in  the  other  parts  of  the  build- 
ing the  reinforcement  is  laid  diagonally 
and  is  held  down  by  the  brick  column 
casing.  Before  driving  any  piles  a 
sheeted  exploration  pit  was  sunk  close 
to  the  sewer.  The  condition  of  the  sewei- 
wall  and  the  unstable  condition  of  the 
ground  under  it,  made  it  seem  un- 
safe to  drive  piles  close  to  the  wall  as 
;  was  originally  contemplated,  especially 
as  the  piles  were  to  be  jetted.  It 
was  therefore  decided  to  isolate  the 
■iewer  section,  wliich  was  done  l)y  driv- 
ing steel  sheetpiling  on  both  sides  of 
the  sewer.  The  piling  was  driven  as 
?Iose  as  possible  to  the  bed  of  riprap 
inderlying    the    sewer,    without    dis- 

urbing  the  riprap.     Considerable  dif- 
iculty  was  experienced  in  driving  the 

heeting  and  also  the  piles.  The  line  of 

he    sewer    foundation    was    somewhat 

rregular  and  had  to  be  felt  out.     In 
ome  places  the  line  of  sheeting  was 

nterrupted    by   obstructions    and    tlie 

ication    of    pile    groups    had    to    be 

hifted.     Tlie    main    obstruction    un- 

oubtedly  was  the  remains  of  the  orig- 

nal  canal  wall,  and  tliis  gave  trouble. 

IS  it  would  have  been  difficult  to  re- 

love  this  ruin,  the  locations  of  .some 

f  the  piers  were  shifted  to  suit  the 

onditions.     Consequently,  the  girders 

fiuld   not  be  ordered   until   the   piles 

■ere  in  place  and  in  some  cases  sev- 

ral  feet  liad  to  be  added  to  the  length 

f  the  girders.     The   length   as   built 

firied  from  42  ft.  6  in.  to  44  ft.  3  in. 

'hree   of   tlie   stone    portico   columns, 

hich  are  41/2  ft.   in   diameter,   came 

•  er  the  sewer.     Instead  of  on  ])lato  girders,  the.se  were 

ipported  on  three  ;iO-iii.  180-11).  girder  beams  421/2  ft. 

The  work  was  carried  out  under  the  direction  of  E. 

Asliby,  Chief  Engineer  of  the  Lehigh   Valley   R.R., 

-isted  by  F.  E.  Schall,  Bridge  Engineer.    Tlie  arcliitect 

the   Ijuilding  was   Kenneth    .M.    .Murchi.son,   of    New 

ork  City.   The  steelwork  and  foundations  were  designed 

;  the  architect's  office  by  the  writer.    Tlie  contractor  was 

Henrj-  .Miller,  Inc.,  of  Baltimore,  Md. 


j   The  Output  of  Liquid  Chlorine  In  the  United  States  in  1914 

U«  12,217,000  11).,  valutil  at  $472.83C.  according  to  the  United 

ates  Census  Bureau.     It  was  made  at  seven  plants,  of  which 

'6   were   located    In   New   York,    two   in    Michlsan   and   one 

'i  in  IllinolH  and  Georgia. 


IEi£a^aini®®2'''s  OlBSce 

The  Alton  (111.)  Teleyraph  heads  an  article,  "The  City 
Kicking  Post:  An  Observer  Thinks  the  Engineering 
Department  lias  Much  to  Do  to  Keep  Temper,"  and 
summarizes  the  observations  of  a  citizen,  who  has  been 
in  the  office  of  the  city  engineer  frequently,  as  follows: 


If    you've    got 
and    make    the    ki 


kick    a-coming,    go    tliither   without    fear, 
a    lusty    one — at    the    City    Engineer.      No 
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matter  what  it  Is  about,  or  If  as  mud  as  clear,  the  man  to 
blame  and  cu.ss  a  few  is  the  City  Engineer. 

According  to  a  citizen,  the  City  Engineer's  ofBce  appears 
to  be  the  official  kick-receiving  bureau  of  the  city,  and  many 
of  the  complaints  made  have  no  more  to  do  with  the  Engi- 
neer's ofllce  than  Teddy  Roosevelt  just  now  has  to  do  with  the 
Bull  Moose. 

They  kiclt  about  neighborhood  disputes  as  to  line  fences; 
about  chickens  running  at  large;  about  catchba.'iins  catclilng 
everything  but  overflow  water;  about  telephone  poles  being 
plastered  with  election  posters;  about  the  river  water  getting 
muddy  when   it  should  be  clear. 

If  a  neighborhood  has  too  many  dogs  and  the  dogs  have 
too  many  fleas  and  the  fleas  have  the  wanderlust  and  leap 
savagely  upon  human  beings,  why  should  not  the  City  En- 
gineer be  blamed  for  it?  The  dogs  ought  to  be  chaini'd  up, 
and  the  Engineer  uses  chains  in  his  business;  the  fleas  ought 
to  be  Impressed  some  way  that  they  must  not  go  beyond  tlie 
"dead-line"  fixed  by  the  City  Engineer.  The  City  Engineer 
should  be  the  one  to  remedy  any  existing  wrong  or  cause  of 
complaint. 
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By  T.  I).  L.  Coffin* 


S}\\OPSIS — The  largest  chlorine-control  plant 
in  the  world  is  that  used  for  the  wuter-supphj 
of  the  City  of  New  York.  Use  of  multiple-unit 
equipment  and  duplicate  lines;  details  of  injection 
apparatus.  Daily  output  1V1>  ions  of  chlorine  per 
day — for  400  million  gallons  of  water.  Control 
within  1%  of  desired  quantities.  Bacterial  reduc- 
tion to  12  per  c.c:  B.  coli  in.  only  10%  of  10-c.c. 
sanuili's. 

Besides  being  the  largest  installation  of  liquid  chlorine 
control  apparatus  in  the  world,  the  Dunwoodie  chlorinat- 
ing plant  of  the  New  York  City  Department  of  Water 
Supply,  Gas  and  Electricity  is  of  unusual  interest  because 
of  novel  methods  of  application  and  the  arrangement 
of  duplicate  apparatus  and  distributing  lines.  Installed 
to  treat  a  maximum  of  400,000,000  gal.  of  water  daily 


FIG.  1.     LAYOUT  OF  DIINWOODIF.  CHLORINATINCz  PLANT 

flowing  through  the  old  and  new  Crotoii  aqueducts 
this  plant  has  a  total  output  caimcity  "f  a  ton  and  a 
half  of  chlorine  per  24  hr. 

In  1911  the  advisability  of  installing  some  means  of 
water  purification  to  offset  a  iiossible  pollution  of  the 
Croton  supply  was  evident  and  a  plant  to  apply  calcium 
hypochlorite  as  a  sterilizing  agent  was  erected  at  the 
Croton  Gale  House.  This  jilant  was  subsequently  moved 
to  shaft  No.  9  on  the  new  aqueduct  and  then  to 
Dunwoodie,  New  York,  where  a  permanent  b\iilding  was 

•A.ssistant  Kngineer,  New  York  Depiii'tincnt  of  Watei-  Sup- 
ply,  (;as  and   Electricity.   Katonah.   N.    Y. 


erected,  provision  being  made  for  applying  the  sterilizing 
chemical  to  both  the  new  and  the  old  aqueducts  froit; 
the  same  structure.^  The  marked  increase  in  the  price  of' 
hvpochlorite.  during  the  late  summer  and  fall  of  1915J 
suggested  the  necessity  of  installing  a  liquid  chlorine 
plant,  as  under  the  conditions  then  existing  a  saving  in 
the  cost  of  operation  would  result  and  a  shortage  of 
either  material  would  not  prevent  the  treatment  of  the 
Croton  supply.  Contract  for  the  necessary  apparatv^B 
and  accessories  was  awarded  to  Wallace  &  Tiernan  Coii 
Inc.,  of  New  York  City.  In  planning  the  equipment 
consideration  was  given  to  the  construction  of  speciai 
apparatus  with  capacity  much  greater  than  the  standard 
chlorijiator.  It  was  decided,  however,  to  install  the 
manufacturer's  standard  equipment  so  that  any  repair  or 
renewal  parts  required  could  be  taken  from  stock  and 
a\oi(l  the  necessity  of  carrying  a  supjdy  of  special  iiarts 
just  for  this  installation. 

Tlie  problem  was  presented  of  having  one  set  of 
ai)[iaratns  for  the  new  aqueduct,  a  second  set  for  the 
old  aqueduct  and  reserve  units  so  connected  that  they 
coidd  be  used  either  on  the  new  or  old  aqueduct  88 
required.  The  whole  installation  was  to  be  in  duplicate 
to  eliminate  any  inteniiption  in  the  flow  of  eblcn-ine. 

The   existing   hypochlorite   house   at   Dunwoodie   pre? 
sented  an  excellent  location  for  the  chlorinators  and 
nuuuudly    controlled    direct-feed    units    were    in.stall^ 
Eaih    unit    has    a    maximum    capacity    of    325    lb. 
chlorine  per  24  hr.     One  unit  is  normally  in  service 
the  old  aqueduct,  five  units  in  sen'ice  for  the  new  aquedii 
and   the   remaining  three  are  held  in   reserve,   the 
tributing  lines  being  so  arranged  that  they  are  applicaH 
to  either  aqueduct  as  required.     The  chlorinatoi-s,  beij 
built  on   the  unit  system,  are  intcrcliangcable  and  cS 
be  transferred  from  one  location  to  another  simply  | 
removing  the  supporting  screws.     In  order  to  feed  B 
required  amount  of  chlorine  without  too  rapid  withdraw 
fnmi  the  chlorine  cylinders  and  the  consequent  refrigera- 
tion and  resulting  drop  in  pressure  of  tlie  gas,  manifoiil^ 
wei'c  ]m)vided  for  connecting  ten  cylinders  of  rblorine  t" 
each  ap|iaratus. 

I'ach   aiiparatns  was   provided  with   a   sejiarate  check 
valve  to   maintain   constant   back   jiressure  and   uiiii'oriii 
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density  of  the  chloriiu',  anil  these  valves  were  fastened 
directly  to  the  apparatus  panel.  The  usual  procedure  of 
liaving  one  check  valve  for  each  distributing  line  would 
not  have  been  sufficient  for  the  Dunwoodie  installation 
on  account  of  the  large  volumes  of  chlorine  required. 
The  accompanying  sketches  and  views  indicate  the 
arrangement  of  the  d liferent  units  and  show  the  dis- 
tributing lines  and  valves  and  cross  connections.  There 
is  a  common  blowoff  or  ''chlorine  relief  line"  to  wliich 
each  unit  is  connected. 

The  chlorine  is  conducted  from  tlie  apparatus  room  tt) 
the  aqueducts  through  %-in.  extra-heavy  galvanized  iron 
pipe,   the   lines   being   in   duplicate,   passing   tlnougli    a 


in  jilacc  to  withstand  the  very  considerable  velocity  of 
wiitei-,  and  at  the  same  time  to  provide  means  for  the 
ready  I'cinoval  of  a  defective  dilfusor  without  internipting 
tJu^  flow  of  chlorine  called  for  unique  features  of  design. 
The  drawings  presented  herewith  iiulicate  the  adopted 
arrangement.     The  dilTusors,  ranged  across  the  aqueduct 


at    the    invert 
rlilorine   with    th 
halllcs. 

in    the    new    a(iui'du 
(lill'nsdrs,  were  installed 


ery    complete    mixture    of    the 
water,    eliminatinij   all    nei-essitv 


liirce  grids,  each  holding  15 
The  grids  were  made  of  IV^xi/i- 
iron  with  a  yoke  of  2x%-in.  and  a  pulling  bar 
~(|uarc    blaik    iron,    galvanized   after   assemlilv. 


I.\'Ti:i:l(iR  OF  nUNWOODIK  APJ'ARATX'S   UOOM 


rete  pipe  vault  as  indicated.     This  arrangement  of 

ilicate  lines,  readily  accessible,  is  a  further  safeguard 

ainst  any  enforced  interruption  in  the  flow  of  clilorino. 

le  line.s  were  laid  with  extra-heavy  fittings  and  litliarged 

'ts,  and  were  tested  with  ddorine  under  pressure  at 

|iient  intervals  during  construction.    In  each  aqueduct 

ious  concrete  manholes  were  con.structt^d  at  the  end 

'!ie  pipe  trenches.     Heavy  iron  covers  were  provided, 

I  subst^mtial  locks  to  close  the  opening.s. 

hlorinc  dilfusors,  composed  of  a  special  carborundum 

L'e  in  an  earthenware  casing,  were  used  to  apply  the 

rinc  txi  the  water.     Forty-five  of  these  diffu.sors  are 

ontinuous  service  in   the   new  aqueduct  and   ten   in 

oil).     Tlie  necessity  of  holding  tiie  diffusors  rigidly 


Each  yoke  is  littc'il  wilh  a  "i-in.  bronze  roller  1  in.  tliick 
which  slides  on  a  ;!xl-in.  blai-k-iron  bar  set  with  least 
dimension  exjiosed  to  the  current.  These  bars  are  fast<^'ned 
at  the  base  in  the  concrete  fouiulation  of  the  aqueduct 
and  are  rigidly  held  in  the  concrete  manhole  at  the  top, 
thus  .serving  as  guide's  for  the  diffusor  grids.  To  the 
pulling  bars  %-in.  extra-heavy  galvanized  iron  pipe  is 
fastened  by  a  •J/j-in.  union  and  serves  both  as  a  rod  to 
pull  up  tlie  grids  and  as  a  protection  for  the  silver 
chlorine-distributing  tubing.  This  construction  may  be 
soon  from  Eig.  .'{. 

From  the  galvanized  distributing  lines  in  the  manholes 
the  chlorine  passes  through  auxiliary  valves  into  '/i-in. 
sihcr  tnbing  which  is  threaded  through  the  vertical  ]jipe 
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Section   B-B 


Section    D-D 


Section   C-C     Detail  of  Support 


Section    K-K 
FOR       NEW       CROTON       AQUEDUCT 


FOR       OLD       CROTON       AQUEDUCT 
FIG.    4.     DETAILS   OF  DIFFUSOR    ARRAXGEMEXT   AT  DUNWOODIE.  X.  Y. 


rods  supporting  the  grids.  At  the  grid  the  Y^-m.  tubing 
connects  with  a  manifold  of  i\-in.  silver  tubing,  there 
being  one  connection  to  each  dili'nsor.  At  the  top  of  each 
pipe  rod  is  a  valve  controlling  the  flow  of  gas  to  the 
attached  grid  and  these  valves  are  connected  b}'  flexible 
tubing  to  shut  off  valves  in  the  galvanized  distributing 
lines.  In  this  manner  any  grid  can  be  instantly  cut 
out  of  service  or  connected  to  either  gas  line  as  desired. 
Normally  all  three  grids  are  in  service.  The  multiple 
valves  and  connections  make  it  possible  to  shut  off  a 
grid,  draw  it  up  to  the  manhole  platform  and  make 
such  examinations  or  adjustments  as  may  be  required, 
continuing  the  application  of  gas  during  this  period 
through  the  other  two  grids.  Fig.  4  shows  the  arrange- 
ment with  the  ditfusors  withdrawn  for  examination  at  the 


DIFKF.SOR    GRIDS    RAISED,    NEW    Al.i 


manhole  platform.  The  arrangement  in  the  old  aqueduc 
is  similar,  but  on  a  smaller  scale — only  two  grids  o 
five  diffusors  each  being  in  service. 

The  apparatus  room  is  constructed  of  %x3i/4-iE 
tongued-and-grooved  yellow  pine  on  2x4-in.  spruce  stii 
and  is  24  ft.  6  in.  long  and  20  ft.  9  in.  wide,  construcfei 
with  ceiling,  and  is  entirely  within  the  former 
chlorite  house.  It  is  heated  by  a  hot  water 
system  and  lighted  by  110-volt  alternating  curr^ 
Ample  storage  capacity  is  provided  for  heating . 
cylinders  prior  to  service.  Six  platform  scales, 
platforms  41x32  in.,  each  with  capacity  for  ten  cylind 
of  gas  are  provided  to  check  up  the  delivery  of  i 
clilorinators.  The  booth  is  fitted  with  a  14-in.  disk] 
driven  by  a  220-volt  motor,  discharging  to  the  outer' 
and  controlled  by  a  switch  outside  of  the  Iwoth  so  tlia 
the  apparatus  room  can  be  readily  ventilated. 

The  installation  has  been  in  service  since  Apr.  4,  191 1 
Tiie  apparatus  was  guaranteed  to  deliver  within  5%  ( 
tlic  indicated  weight  of  chlorine.  On  actual  test  it  w;i 
found  to  have  less  than  1%  error.  Between  the  diU' 
of  Apr.  4  and  June  30,  the  newly  installed  liqn 
chlorine  plant  has  treated  2!),r)ll  million  gallons,  usin 
18,590  lb.  of  liquid  chlorine  or  slightly  less  than  0." 
parts  per  million  of  chlorine.  The  water  after  trcalmci 
has  averaged  13  bacteria  per  cubic  centimeter  as  (lett' 
mined  ujjon  gelatine  plates  at  37°  C.  and  V>.  coli  lias  biv 
absent  in  the  0.10-c.c.  and  1.0-c.c.  samples,  ami  i)re.«i'i 
in  only  10%  of  the  10.0-c.c.  samides.  The  apparan: 
was  installed  under  the  direction  of  Merritt  II.  Smii 
Chief  Engineer,  and  T.  C.  Culyer.  Engineer,  Watersli.' 
Division,  acting  for  the  Bureau  of  Water  Sup])ly.  C.  I 
Wallace  directed  the  installation  for  Wallace  &  Tieniiii 
Co.,  Allan  jM.  E.  Johnstone  being  the  resident  engineiT 


CuiistruotiiMi  Muti-riiil  ill  Soulli  Ainorlrn — The  Buieau 
Foreign  and  Domestic  Commerce  or  the  Department  of  Con 
merce  and  Labor  is  sending  William  W.  Kwing,  M.  Am.  S' 
C.  E.,  to  visit  the  principal  cities  of  the  United  States  tor  H 
purpose  of  conferring  with  manufacturers  of  construction  w< 
lerials  and  machinery.  This  work  is  in  preparation  tor  -'^ 
exhaustive  report  on  the  markets  for  these  products  in  Sout 
America,  and  Mr.  Ewing  after  talking  with  the  Amerli''' 
manufacturers  will  make  a  tour  of  all  the  southern  republn 
for  a  thorough  study  of  conditions  in  this  branch  of  trade. 


September  T,  lOlG 
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The  City  of  Lewiston,  Maine,  about  40  mi.  north  of 
Portland,  has  one  of  the  most  interesting  water-works 
pumping  stations  in  New  England.  This  plant  is 
probably  one  of  the  largest  all-water-power  pumping 
stations  in  the  country.  The  average  daily  pumpage  is 
j,000,000  gal.,  but  the  plant  has  a  capacity  of  about 
louble  this  amount. 

The  city  is  on  the  Androscoggin  River,  which  furnishes 
rater  power  for  practically  all  tlie  manufacturing  indus- 
ries  of  a  city  of  30,000.    The  water  rights  are  controlled 


111  1914  the  two  old  Worthington  pumps  were  rebuilt 
liy  the  Deane  Steam  Pump  Co.  These  are  now  driven 
from  a  single  shaft  by  two  380-hp.  33-in.  Hercules 
turbines,  one  a  right-hand  and  the  other  a  left-hand.  The 
teeth  in  the  pinions  of  the  old  pumps  were  wood.  In  the 
rebuilt  pumps  they  are  cloth — "Fabroil,"  a  patented 
product  of  the  General  Electric  Co.' — and  at  the  time  of 
their  installation  in  the  fall  of  1914  were  claimed  to  be  tlie 
largest  gears  of  this  tyi)e  in  e.xistence. 

The  pinions  are  29.G  in.  outside  diameter,  li/4  in. 
diameter  pitch  and  have  IS',4  in.  of  cloth  face  between 
.shrouds.  They  transmit  225  hp..  at  80  r.p.m.  The 
jjressure  on  each  tooth  amounts  to  about  16,200  lb.    The 


WATER-WORKS    PUMPING    STATION,    LEWISTON.    MAINR 


i  tlie  In  ion  Water  Tower  Co.,  from  whicli  the  city 
)  rchased,  several  years  ago,  G(iO  hp.  The  wheels  are 
ft.  below  the  level  of  the  power  canal  and  iiave  draft 
I  .es  of  10  ft.,  making  a  total  iiead  of  25  ft. 
The  original  plant  was  built  in  1878  and  consisted  of 
lu  Wortliingli.n  duplex  pumps  of  3,0()(»,000  gal.  daily 
<)acity  each,  driven  at  14  to  IG  r.jj.m.  by  liisden  turbines. 
t  bsequently  a  3,000,000-gal.  Deane  riiiple.x  pump  was 
ijtalled,  driven  by  a  Ifercules  turbine.  Originally  the 
liable  water-suf)ply  was  taken  from  the  river  above  the 
|wer-canal  inlet.  The  water  now  used  comes  from 
i  burn  Lake,  abo\it  3  mi.  north  of  the  city,  and  is 
C  ivered  to  the  pumj)  well  by  gravity. 


rebuilt  pumps  have  a  cajiacity  of  4,000,000  gal.  daily  and 
have  been  in  continuous  operation  for  nearly  two  years. 
The  ])Iant  is  one  of  the  (piictcst  to  be  fouiul  where  gear- 
(Iiiven  [)nmps  are  in  u.sc. 

The  new  driving  gears  arc  1131/,  in.  outside  diameter, 
and  eaeli  has  1  10  steel  (eelli.  They  weigii  approximately 
8  tons  each.  They  are  designed  to  be  driven  at  24  r.p.m., 
while  the  fastest  the  old  pumps  could  be  driven  was  1!) 
or  20  r.i).m.  In  actual  operation  the  speed  of  the  old 
pumps  seldom  exceeded  14  or  16  r.p.m.,  as  the  din  and 
racket  above  this  speed  was  unbearable.  The  Deane  jminu 
m  the  foreground  of  the  accompanying  view  is  still  driven 
by  ii  |)inion  wi!ii  wood  teetli.    Its  capacity  is  about  a  third 


443 


E  X  (i  I  X  E  E  i;  I  X  (I     X  E  W  S 


Vol.  70,  No.  10 


less  than  that  of  either  rebuilt  Worthington.  The  recon- 
struction of  the  pumps  and  the  installation  of  "Fabroil" 
gears  are  estimated  to  have  increased  the  capacity  of  the 
station  50%  without  altering  the  power  equipment. 

The  water  is  pumped  into  the  mains  and  to  a  14,000,- 
000-gal.  distributing  reservoir  under  a  pressure  of  100  lb. 
per  sq.in.  The  normal  consumption  of  the  city  is  about 
6,000,000  gal.  daily.  The  minimum  meter  rate  is  ^2^- 
per  1,000  gal.,  which  the  superintendent  of  water-works, 
,T.  B.  Longley,  estimates  is  about  the  operating  cost  of  the 
plant.  There  are  few  meters,  and  the  use  of  water  is 
generally  unrestricted. 

The  United  States  Circuit  Court  of  Appeals,  Ninth 
Circuit,  recently  handed  down  a  decision  (229  Federal 
Reporter,  5r)2)  which  laid  down  the  principle  that  the 
contracting  of  typhoid  fever  by  employees  as  the  result 
of  drinking  imiDure  water  furnished  by  the  company  is  an 
accident  arising  out  of  the  conduct  of  the  business.  The 
main  parts  of  the  decision,  liy  Judge  Eoss,  are  as  follows : 

The  defendant  in  error,  the  Paciflc  Gas  and  Coke  Co..  beins 
engaged  in  the  construction  of  a  gas  plant  and  having 
employed  in  the  work  a  large  number  of  men,  secured  from 
the  Aetna  Life  Insurance  Co.,  the  plaintiff  in  error,  a  policy 
entitled  by  the  latter  "contractor's  employers'  Hability  policy." 
by  which,  in  consideration  of  certain  premiums  which  the 
case  shows  the  defendant  in  error  paid,  it  agreed  to  indemnify 
the  assured  (within  certain  amounts  within  which  the  present 
case  falls)  against  loss  and  expense  arising  or  resulting  from 
claims  upon  the  assured  for  damages  on  account  of  bodily 
injuries  or  death  accidentally  suffered,  or  alleged  to  have 
been  suffered,  by  an  employee  or  employees  of  the  assured 
by  reason  of  the  business  as  descTibcd  and  conducted  at  the 
locations  named  in  the  policy,  with  certain  exceptions  not 
applicable  here.  In  the  course  of  the  work  certain  of  the 
employees  of  the  Gas  and  Coke  Co.  contracted  typhoid  fever 
from  the  water  furnished  them  by  the  latter,  on  account  of 
which  that  company  was  compelled  to  pay  damages  to  such 
injured  employees,  to  recover  the  aggregate  amount  of  which 
from  the  insurance  company  the  present  action  was  brought. 
And  the  sole  point  here  presented  is  whether  the  harm  so  done 
to  the  workmen  constituted  a  bodily  _  injury  accidentally 
received  or  suffered  by  them,  within  the  meaning  of  the  policy 
In  question. 

Of  course  it  is  not  and  cannot  be  doubted  that  the  workmen 
were  bodily  injured  by  the  drinking  of  the  water  in  the  course 
of  the  work,  for  it  contained  typhoid  germs,  which  gave  them 
typhoid  fever;  but  it  is  insisted  on  the  part  of  the  plaintiff  in 


error  that  in  drinking  the  water  they  were  but  satisfying  a 
natural  want,  and  that  in  doing  so  there  was  no  accident 
about  it.  It  is  readily  conceded,  of  course,  that  there  could 
be  no  accident  in  merely  drinking  water;  but  it  is  just  as 
certain  that  the  men  would  not  have  drunk  it  had  they  known  JJ 
that  the  water  contained  typhoid  germs.  The  accident  con- 
sists in  that  unexpected  happening.  Among  the  deflnitions  01 
the  word  "accidental,"  in  most,  if  not  in  all.  of  the  dictionaries; 
is  the  happening  of  "something  unexpectedly,  unintention- 
ally." Suppose,  instead  of  containing  typhoid  germs,  as  in 
the  present  case,  the  water  that  the  employees  of  the  assured 
consumed  had  contained  some  of  the  most  virulent  poisons, 
would  anyone  contend  that  the  injuries  resulting  therefrom 
could  not  be  properly  held  to  have  been  accidently  inflicted? 
^'e  think  not,  and  yet,  in  our  opinion,  there  is  no  substantial 
distinction  between  the  case  supposed  and  the  case  at  bar. 

The  policy  involved  in  the  case  of  H.  P.  Hood  &  Sons  vs. 
Maryland  Casualty  Co.  (206  Mass.,  223,  92  N.  E.  329)  was 
similar  to  that  involved  in  the  present  case.  There  one  Barry, 
who  was  employed  by  the  plaintiff  in  that  action  as  a  hostler 
in  its  stables,  had  the  care  of  horses  which  were  afterward 
found  to  have  been  suffering  from  glanders,  and  Barry  was 
directed  to  assist  in  cleaning  up  the  stalls;  no  notice  being 
given  him  that  the  horses  had  suffered  from  glanders.  Subse- 
quently he  was  attacked  by  that  disease,  and  recovered 
judgment  against  the  assured  in  that  case  for  damages,  which 
the  assui'ed  paid,  and  sued  the  insurance  company  to  recover 
the  amount  so  paid,  with  costs  and  expenses  of  suit. 


He^yy  Y(Dip]k  Stmlb^y^a^^* 

By  S.  1).  BLEiCHf 

Willi  the  completion  of  the  present  Xew  York  subway 
contracts,  20  inverted  sewer  siphons  will  have  been  built 
Of  these,  11  are  now  in  actual  service,  4  are  nearing  com- 
jijetion  and  5  will  be  completed  within  aliont  one  year. 

These  siphons  are  distributed  in  the  different  boroughs 
as  follows :  Manhattan,  3  ;  Brooklyn,  13  ;  Bronx,  4.  Five 
liave  overflows  crossing  through  the  subway  roof.  The 
dimensions  of  these  siphons  are  given  in  the  accompany- 
ing table. 

A  typical  inverted  siphon  on  a  combined  sewer  is  shown 
by  the  drawing  here  reproduced.  This  crosses  under- 
neath a  two-track  subway  station  at  Xostrand  Ave.  and 
Beverly  Road.  The  complete  separation  of  the  dry- 
weather  flow  and  the  storm  flow  is  affected  at  both  cham- 
bers.   Tlie  drv-wcather  flow  is  confined  to  the  14-iu.  pipe. 


•Slightly   condensed   from    "Public   Service    Record,"   April 

laie. 

lAssistant    Division    Engineer,    Public   Service    Commission 
for  the  First  District,  120  Broadway,  New  York  City. 


DETAILS  OK   I.WERTED  SIPHONS.   NEW    YORK  SUBWAY 


Location 

149th  St.  and  Railroad  Ave.,  Bronx...  2- 
Fourth  .\ve.  and  Dean  St..  Brooklyn.  2- 
Fourth  Ave.  and  7th  St.,  Brooklyn...  2- 
Kourth  Ave.  and  2(;th  St..  Brooklyn..  2- 
Fourth  Ave.  and  Butler  St..  Brooklyn  2- 
Fourth  Ave.  and  3Gth  St.,  Brooklyn..  1- 
Lexington  Ave.  and  106th  St.,  Man- 
hattan        2- 

Lexington   Ave.   and    110th    St.,    Man- 
hattan        2- 

Fulton   St.   and  Hudson   Ave.,   Brook- 
lyn    2- 

•20th  Ave.  between  fi3rd  and  64th  St..  1- 
•Or.th  St.  between  21st  and  22pd  Ave..  1- 
Southcrn  Blvd.  and  144th  St.,  Bronx.  2- 
Southern  Blvd.  and  Longwood  Ave...  2- 
Southern  Blvd.  and  14!lth  St.,  Bronx.  2- 
Scventh  Ave.  and  ISth  St.,  Manhattan   2- 

Nostrand  Ave.  and  Hortense  St 2- 

Nostrand  Ave.  and  Beverly  Rd 2- 

Nostrand  Ave.  and  Clarendon   Rd 2- 

Nostrand   and  Foster  Ave 2- 

Nostrand  Ave.  and  Farragut  Rd 2- 

•Bullt    under    P.    S.    C.    supervision. 
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4-&  Circu/ar  ReirrffConcrefs 

^  (S^rm) Pipes ^  ^     .^-dx^-a'Re/nfbrcec/ConcreMOyerr/Oiv 


Longitudinal         Seo+ion 
TYPICAL,    INVERTED    SEWER    SIPHON.    NEW    YORK  SUBWAY,  AT  NOSTRAND  AVE. 


Sec+ion     B-B 
AND  BEVERLY 


ind  when  a  storm  oc'Ciir.s,  the  flow  fises  above  the  dam  at 
lie  intake  chamber  am!  enters  the  two  4%-ft.  storm 
)ipes.  The  dam  at  the  outlet  chamber  prevents  the  sani- 
ary,  or  dry-weather,  tiow  from  getting  into  the  storm 
lipes. 

Two  clean-out  manholes  are  provided,  one  at  each  end 
\  the  horizontal  stretch  of  14-in.  pipe.  At  the  bottom 
f  each  of  these  mardio'es  and  on  a  line  with  the  14-in. 
ipe  i.<  a  split  pipe,  the  upper  section  of  which  can  be 
■■moved,  when  necessary,  for  more  eifectually  cleaning 
lid  rodding  the  small  pipe. 

A  bypass  is  provided  at  each  chamber  for  temporarily 
iverting  the  dry-weather  fiow  from  the  small  pipe  into 
le  outer  storm  pipe.    This  would  be  done  at  a  time  when 

is  found  necessary  to  clean  the  small  pipe  thoroughly. 
and-bag  dams  would  then  be  hiid  across  the  chambers 
I'tween  the  walls  of  the  ])crmanent  dams,  and  the  sluice 
lies  at  the  bypas.ses  opened.  The  sanitary  flow  would 
len  enter  through  the  bypass  into  the  outer  414-ft.  storm 
ipe  and  through  the  second  bypass  pipe  at  the  outlet 
lambers  into  the  sower  beyond,  thus  cutting  ofT  the  flow 
om  the  14-in.  siphon  pipe.  This  pipe  could  then  be 
invenieiitly  unwatered,   the  upper  section  of  the  split 

pe  at  the  cleanout  manhole  removed  and  thoroughly 
I'aned  of  all  accumulations  and  obstructions. 

The  overflow  crossing  through  the  subway  roof  will  act 

•tmes  of  very  heavy  storms  and  also  at  such  times  as 
-iphon  pipes  are  obstructed. 

Louis   D.    Fou(|uet   is    Division    Engineer   of    Sewers, 

iblic  Service  Commission,  and  the  writer  is  in  charge  of 
office  work  and  design. 

:« 


lev^  Horla  SJttaue  IRosidl  IProgipess 

State  roa<l  construction   in  New  York  during  1915  is 

'ramarized  in  a  report  by  the  First  Deputy,  II.  Eltinge 

'■e'l,  to  Coniniissioncr  Eilwin  Duffoy,  just  made  jiubllc. 

re  were  on  Jan.  1,  191.J,  a  total  of  719  mi.  of  .state 

'I  under  contract  and  not  completed.    During  the  year 

it73  mi.  additional  wore  put  under  contract,  and  7C0 
.  were  completed  and  accepted  while  324  mi,  were 
npleted  too  late  for  acceptance.  Of  the  1,073  mi. 
arded,  .i8l   mi.  are  of  -watcrbound  macadam;  17G  mi. 


of  waterbound  macadam,  surface  treatment;  347  mi.  of 
bituminous  macadam,  penetration  method;  2.2  mi.  of 
bituminous  macadam,  mixed  method;  II. 3  mi.  of  cement 
concrete  pavement;  31  mi.  of  brick;  23  mi.  of  other  types. 
The  average  co.st  of  construction  of  different  classes  of 
road  was  as  follows: 


Total  Cost 
per  Mile  of 
Highway — 
16  to  26  Ft. 
Wide 

fio.2.';o 


Cost 

per  Sq.Yd. 

Pavement 

Only 

Waterbound    macadam    $0.G4S 

Bituminous    macadam    871  12,»70 

First-clas.s  concrete.  6  in.  thicls 1.121  15.320 

Brick   pavement  on   .l-in.  concrete   foun- 
dation            2.(11.'.  25.7.')0 

In  all  construction  the  .state  has  been  widening  the  pave- 
ment proper  on  curves  and  banking  it  in  order  that  the 
fast  moving  motor  traffic  might  be  belter  safeguardcMl 
against  accident.  The  slopes  have  been  cut  back  and  the 
clearing  carried  far  enough  along  the  inside. of  the  curve 
to  insure  better  sight  distance  for  users  of  the  i-oad. 
Greater  radius,  wherever  possible,  has  been  given  to  the 
curve,  in  many  cases  to  the  extent  of  jiurchasing  addi- 
tional right  of  way. 

During  the  past  year  the  depth  of  pavements  has  been 
increased  because  of  the  large  increase  in  the  use  of 
motor  vehicles.  There  were  208,087  pleasure  cars  licensed 
in  the  state  in  the  past  year,  and  23,585  commercial  cars. 
The  increased  use  of  commercial  trucks  and  the  damage 
done  by  them  to  highways  is  alarming.  Many  of  the 
old  roads  which  were  built  only  G  in.  in  thickness  have 
already  begun  to  break  up  under  this  traffic,  particularly 
at  sea.sons  of  the  year  when  ground  water  seeps  through 
the  soil  under  the  pavement  making  it  wet  and  unstable. 
At  these  times  the  vibratorj'  action  caused  by  the  jioundiiig 
from  impact  and  by  shifting  of  the  heavy  moving  loads 
ci-cates  a  shear  in  the  pavement  such  as  to  break  its  bond. 
Raveling  follows,  and  unless  immediately  taken  care  of 
the  pavement  rapidly  disintegrates  and  failui'e  is  the 
result.  As  a  factor  against  this,  the  state  has  been  in- 
creasing the  use  of  cut-off  drain  tile  and  designing  roads 
of  greater  thickness,  i.e.,  from  0  to  12  in.  of  stone 
according  to  the  soil  and  traffii'  conditions  to  be  en- 
countered. It  has  also  been  the  policy  to  build  qiiile 
a  number  of  miles  of  concrete  roads,  as  these  seem  UKn'e 
adequately  to  meet  this  class  of  traflic. 
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Yoi.  :(),  No.  10 


Now  that  it  has  awakened  to  the  importance  of  con- 
sidering its  city  plan,  Sacramento,  Calif.,  finds  that  it 
is  greatly  hampered  by  overwide  streets  where  narrower 
ones  would  serve  much  better,  that  it  lacks  a  satisfactory 
circulatory  street  system,  due  in  large  part  to  the 
adoption  of  the  common  gridiron  plan,  and  that  its 
industrial,  business  and  residential  sections  need  to  be 
separated   and   kept   distinct   in   accordance   with    some 


and    groods    and    increase    the    income    of    the    city    from    local 
taxes,  because  more  property  could  be  used  productively. 

Taking  up  first  the  general  character  and  the  widtii. 
of  some  of  Sacramento's  streets,  attention  may  be  eallef , 
to  the  five  photographs  presented  herewith  and  th& 
descriptive  notes  beneath  them  (Figs.  1  to  5).  A  study 
of  tliese  views  and  notes,  together  with  an  examination 
of  the  plan  of  the  city  (Fig.  6),  shows  in  general  that 
the  tiresome  gridiron  layout  of  streets  was  followed  in 
the  old  city.  The  views  empliasize  the  fact  that  the 
excessive  width  of  streets  has  tended  to  crowd  the  houses 


FIGS.  1  TO  5.  TYPICAL.  STREET  SCENES  IN  OLD  AND  NEW  RESIDENTIAL  DISTRICTS  OP  SACRAMENTO.  CALIF. 
Fig.  1 — Narrow  lots,  residences  crowded,  in  old  city.  Fig.  2 — A  cool-looking  old  street;  compare  with  treeles.s  streets  In 
annexed  bungalow  territory.  Fig.  3 — 11th  St.  State  Capitol  in  the  distance  (which  is  lost  in  this  view)  justifies  a  wide 
street,  but  the  width  is  nevertheless  accidental  and  is  found  in  many  Sacramento  streets  where  not  needed.  Fig.  4 — A  row 
of  crowded  bungalows  on  an  unnecessarily  wide  street  in  the  annexed  district.  Fig.  5 — Near  view  of  bungalows  on  narrow 
lots  in  annexed  district,  with  land  to  burn  in  the  unnecessarily  wide  street 

well-conceived  plan.      Sacramento  has   liceii  helped   to  a      close   together   on   lots   witli   narrow    frontage.     This  is    I 
clear  vision  of  all  tliis  l)y  a  study  and  report  made  by      strikingly  evident  in  the  newer  sections  of  the  city,  wliere 
John   Nolen,   landscape   architect   and   city   ])lanner.   of      residences  of  the  bungalow  type  almost  touch  eacli  other 


(Figs.    4    and    5)    and    have    their    fronts    close    upon 
needlessly  wide  streets. 

The  general  principle  of  zoning  or  districting  cities, 
which  has  for  some  time  been  common  abroad  and  is 
lieing  urged  more  and  more  in  this  country,  is  too  well 
known  to  need  description.  The  city  cominissioners  of 
Sacramento  have  adopted  the  three-zone  jilaii,  shown  by 
Fig.  G.  The  industrial  zone  has  railway  connections 
number  of  plazas,  provide  three  or  four  blocks  for  a  liberal  or  el.se  they  Can  be  readily  provided,  and  it  is  also  near 
ivic  center  and  at  least  two  blocks  for  each  public  school.      ^,^^   waterfront.     As  there   arc   DOW   comparatively  few 

industries  in  this  section,  it  can  readily  be  laid  out  with 


Cambridge,  Mass. 

As  to  the  large  part  of  the  area  of  Sacramento  given 
up  to  streets,  Mr.  Nolen  said  in  a  recent  report: 

More  than  50%  of  the  area  of  the  old  city  Is  taken  up  in 
streets  and  alley.s,  whereas  30%  would  be  a  liberal  allowance 
for  a  city  of  the  character  of  Sacramento.  This  means  that 
at  least  20%,  of  the  3,000  acres  of  the  old  city,  or  about  600 
acres  of  the  mo.-st  valuable  land  In  Sacramento,  is  worse  than 
wasted.  These  GOO  acres  would  give  the  city  many  streets 
100   ft.   wide   for   transportation   puri)Oses,   double   the   present 


Furthermore,  it  would  reduce  the  cost  of  street  upkeep  many 
thousand  dollars  a  year,  save  time   in  transit   for  both  people 


September  T,  lOtfi 
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FIG.  6.    MAIN  THOROUGHFARE  AND  THREE-ZONE  MAP 
ADOPTED  BY  CITY  OF  SACRAMENTO 

Ireets  of  sm-h  a  width  anil  such  a  character  of  pavement 

nd  with  such  other  improvements  as  may  be  required 

■.meet  the  needs  of  an  industrial  zone. 

The  proposed  business  zone  is  already  devoted  to  that 

iirpose.     Fig.  7  shows  how  frontage  for  business  pur- 

ises  may   be   provided  in   a   neighborhood   center  and 

the  same  time  provision  be  made  for  open  spaces  and 

iblic  and  semipublic  buildings.     It  is  proposed  to  have 

ch  neighborhood   centers   as  this  at   important   street 

tersections,  a   fourth-mile  or  so  apart,  each  complete 

itself. 

A  portion  of  the  residential  district  is  located  close 
the  industrial  zone.  The  land  thus  set  aside  for 
sidences  is  of  low  value.  Studies  designed  to  improve 
ick  and  lot  arrangements  and  to  vary  the  width  of 
eets  according  to  sectional  needs  are  shown  by  Fig.  8. 
irious  restrictions  for  the  three  zones,  including  pos- 
ile    regulations    of    the    height    of    buildings    in    the 
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business  section  and  possible  subdivisions  of  the  residence 
zone  into  private-residence,  tenement  and  apartment- 
house  districts,  are  being  given  consideration  by  Mr. 
Xolen,  in  order  to  furnish  a  s^uide  for  future  ordinances. 


EEagflEaeeirs  iim  PoUnitacs 
V>\  Tiiii.MAs  C.  Desmond* 

A  good  deal  lias  been  written  and  said  recently  in  re- 
gard to  the  unfortunate  fact  that  so  few  engineers 'ever 
occupy  important  administrative  and  executive  positions 
in  life  as  compared  with  men  of  other  professions — law- 
yers, for  instance,  many  of  whom  secure  such  positions. 
The  point  of  this  article  is  to  suggest  that  engineers  take 
more  interest  in  politics  .and  by  so  doing  not  only  fulfill 
their  plain  duty  and  help  the  communities  in  which  they 
live,  but  also  sup])lement  their  technical  experience  with  a 
broad  understanding  of  men  and  affairs.  There  would 
be  more  engineers  rightfully  in  prominent  positions  both 
in  public  and  in  private  business  life  if  more  engineers  had 
taken  supplementary  courses  in  the  great  graduate  school 
(if  American  politics. 

By  engineers  in  politics  is  meant  engineers  active  in 
city,  .state  or  national  political-party  organizations — that 
is,  engineers  who  take  the  time  necessary  to  study  the  po- 
litical issues  of  the  day,  wlio  familiarize  tiiem.selves  with 
the  machinery  of  popular  government,  who  belong  to  local 
jiolitical  clubs,  who  attend  political  meetings  and  party 
conventions  and  strive  continually  in  a  practical  way  to 
make  their  beliefs  effective  as  regards  good  candidates  for 
office  and  good  party  programs  of  legislation.  I'^ngincors 
active  in  politics  in  this  way  will  benefit  greatly  the  com- 
munities in  which  they  live  and  will  tiiem.selves  be  bene- 
fited.    Let  us  consider  this  personal  side  first. 

Activity  ill  politics  will  benefit  an  engineer  greatly 
because  it  will  bring  him  into  close  and  friendly  rela- 
tionships with  other  men  of  entirely  difrereiit  outlooks  on 
life.  It  will  give  him  a  broader  sympathy  and  understand- 
ing with  men  of  other  businesses  and  professions.  It 
will  strengthen  his  place  in  the  community  as  a  citizen 
and  a  man  and  not  merely  as  a  technical  machine.  By 
greatly  enlarging  his  personal  acquaintance  it  will  give 
him  the  opportunity  of  learning  to  be  a  quick  and  accu- 
rate judge  of  men,  which  is  a  qualification  necessary  for 
the  man  who  would  hold  many  an  important  position. 
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Activity  in  politics  will  lu'lp  to  teacli  the  piifjinocr  lunv 
to  express  his  ideas  in  terms  that  will  he  understood  by 
other  men.  It  will  help  to  develop  in  him  the  power 
of  forceful  expression,  the  ability  to  persnade  other  men 
of  the  truth  of  what  he  says. 

Activity  in  politics  will  also  teach  the  engineer  some- 
thing he  seldom,  if  ever,  learns  from  his  technical  expe- 
rience— to  judge  of  shifting  data.  Mo.st  engineers  have 
learned  to  reason  correctly  from  data  which  are  fixed  and 
determinate,  as  is  usually  the  case  in  purely  engineering 
problems;  but  few  engineers  ever  get  so  that  they  can 
fulfill  that  qualification  which  is  so  often  required  as 
vitally  imjrortant  in  high  administrative  positions — the 
ability  to  find  quickly  the  approximate  truth  from  a  com- 
plex problem  not  capaiile  of  exact  solution  where  the  data 
are  changing  even  while  a  conclusion  is  being  reached. 
Experience  in  studying  political  problems  and  in  making 
decisions  in  political  matters  will  help  to  develop  this  qual- 
ification in  the  engineer.  Such  experience  would  help  to 
qualify  for  the  presidency  of  a  great  corporation  many  a 
man  who  is  now  just  a  good  chief  engineer. 

Few  good  engineers  ever  get  beyond  the  chief  engineer 
stage.  They  remain  in  a  state  of  mind  where  they  woiild 
be  almost  lost  in  dealing  with  the  indefinite  problems 
continually  coming  before  an  administrative  executive, 
problems  in  which  only  a  few  moments'  time  can  l)e  gi\'en 
to  consideration  before  a  decision  must  he  made ;  problems 
which  no  slide-rule  or  mathematical  tables  can  solve  and 
affairs  is  necessary  for  a  correct  solution.  Engineers 
would  occupy  more  executive  positions  of  prominence,  in- 
stead of  letting  the  lawyers  have  most  of  them,  if  like  the 
lawyers  they  songht  more  experience  in  politics  of  the 
kind  which  helps  to  give  the  training  prerequisite  to  the 
proper  filling  of  such  positions. 

In  general,  it  will  be  a  great  benefit  to  the  community 
in  which  the  engineer  lives  to  have  him  give  part  of  his 
time  to  political  work.  It  could  easily  be  shown  that  most 
of  the  failures  of  our  democracy — and  we  are  far  from 
having  in  America  a  very  successful  democracy — are  due 
to  the  fact  that  a  great  many  of  our  best  qualified  citizens 
do  not  attend  properly  to  their  political  duties.  On  this 
ground  alone  it  would  be  well  to  have  engineers  active 
ill  politics.  But  above  this  general  reason  there  are  sev- 
eral special  reasons  why  the  influence  of  engineers  in 
j)olitics  would  produce  much  good. 

In  the  first  ])lace,  the  average  engineer  would  bring 
with  him  into  politics,  regardless  of  everything  else,  a 
straight,  clean  character.  In  spite  of  the  many  faults 
and  deficiencies  of  engineers  as  a  class  there  is  little  ques- 
tion that  association  with  engineering  work  does  tend  to 
bring  out  all  there  is  of  truth  and  honesty  in  a  man.  Just 
trying  to  design  and  build  things  strong  and  straight  is 
what  an  engineer  does  all  the  time,  and  a  little  more  of 
that  spirit  and  influence  in  American  politics  would 
answer  many  of  (mr  governmental  problems.  There  has 
been  too  much  of  the  worst  kind  of  the  second-rate  lawyer 
spirit  of  equivocation  and  specious  pleading  in  American 
politics  and  too  little  of  the  straightforward,  constructive, 
honest,  unselfish  work  done  by  men  to  whom  that  kind  of 
work  is  a  matter  of  course. 

While  acknowledging  the  patriotism,  the  devotion  and 
the  vision  of  many  of  the  lawyers  who  have  borne  the 
burden  of  public  service  and  political  work  in  the  past 
when  men  of  other  professions  and  businesses,  including 


engineers,  were  shirking  this  burden,  one  cannot  help  but 
think  that  it  would  be  a  very  good  thing  for  the  country 
if  the  places  of  many  lawyers  now  in  public  life  were 
taken  by  engineers.  The  lawyer  has  essentially  an  analyti- 
cal mind  and  is  primarily  a  critic,  while  the  engineer  ii= 
essentially  a  builder  and  is  accustomed  to  driving  through 
constructive  programs,  of  planning  things  definitely  and 
then  completing  them. 

The  special  familiarity  of  engineers  with  many  of  the 
functions  of  a  government  is  another  reason  why  their  in- 
fluence in  politics  would  be  for  the  good  of  the  community. 
City  governments  in  particular  have  largely  to  do  with 
engineering  matters,  such  as  the  building  and  care  of 
streets  and  pavements,  sewers,  water  and  lighting  system.-, 
etc.  State  and  national  governments  also  are  largely  coih 
cerned  with  the  administration  of  engineering  niatter>. 

"Will  engineers  forever  be  content  to  remain  techuica! 
subordinates  and  let  others  manage  their  government  r 
This  is  a  time  of  a  great  world  crisis.  New  proljleras. 
many  of  them  resulting  from  the  war  in  Europe,  are  con- 
stantly coming  up  for  solution  by  our  political  leader^ 
and  the  electorate.  After  the  war  is  over,  America  wil 
have  to  solve  many  other  governmental  problems,  niosth 
domestic.  During  this  vital  period  of  national  adjust- 
ment, when  democracy  as  never  before  will  be  on  trial 
shall  engineers  keep  giving  their  best  thought  to  theii 
blueprints,  with  never  any  visions  beyond  such  things  a- 
the  strength  of  materials  ?  Let  it  rather  be  said  that  engi- 
neers who  live  in  this  great  democracy  will  fulilU  theii 
duty  as  American  citizens  by  taking  an  active  part  ii 
politics,  by  lending  their  strength  in  any  way  they  can  I 
assist  in  making  our  ideals  of  democracy  successful,  h; 
helping  to  prove  that  it  is  not  necessary  to  have  a  despotic 
militaristic  state  in  order  to  have  efficient  city  and  iia 
tional  government. 

And  this  is  the  great  reason  why  engineers  should  hi 
in  politics,  because  America  needs  them.  Activity  ii 
politics  will  benefit  an  engineer  personally  and  make  hiii. 
more  capable  of  holding  an  import<uit  administrative  oi 
executive  position;  but,  much  more  than  that,  it  will 
give  him  a  great  opportunity  for  doing  good  for  others. 
In  the  old  days  of  chivalry  there  was  a  phrase  current— 
noblesse  oblige.  To  the  modern  American  engineer  thi 
interpretation  of  this  might  be:  ''If  you  have  good  judir- 
nicnt  and  clear  vision  enough  to  know  how  parties  ami 
governments  should  be  run  in  a  democracy  and  have  soiiu 
ideals  of  public  service,  it  is  your  duty  and  your  privilegi' 
to  do  your  share  in  political  work  and  strive  to  make  your 
work  effective  for  the  good  of  all."' 


Severn!  MlnlnB-Ex|icriment  Stntlonii  and  three  mine-safety  ( 
stations  have  been  located  under  the  provisions  of  an  aci 
passed  last  year  by  Congress  and  appropriated  for  at  th« 
present  session.  The  first  of  the  experiment  stations  is  to  1)«  ^ 
at  Fairbanks.  Alaska,  the  second  at  Tucson,  Ariz.  The  safety 
stations  will  be  at  Butte,  Keno,  and  at  Rapon,  N.  M.  The  suit 
of  $2.'). 000  is  appropriated  for  each  of  the  experiment  statlonf 
and  $101,500  for  the  three  safety  stations.  The  purpose  of  j 
the  stations  is  to  make  investiRations  with  a  view  towaro 
Improving  conditions  in  the  mining,  quarrying,  metallurgical 
and  other  mineral  industries,  safeguarding  life  among  em- 
ployees, preventing  unnecessary  waste  of  resources  and  other- 
wise contributing  to  the  advancement  of  these  industries 
Each  of  the  safety  stations  is  to  be  equipped  with  an  all-steoi 
mine-rescue  car  of  special  design.  When  not  employed  at  tl" 
scene  of  a  mine  disaster,  these  cars  will  be  sent  to  the  varlo"? 
mining  camps  for  the  purpose  of  training  the  miners  in  rescui 
work. 
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SetttaEsg  IIObOOO  Wafteir  Meters 

In  ilay,  1914,  the  City  of  Wilmington,  Del.,  began  in- 
.-talling  water  meters  on  all  services.  About  half  of  the 
■^0,000  services  had  been  metered  up  to  that  time. 

The  first  question  confronting  the  Water  Department 
ivas  to  decide  between  curb  and  cellar  settings.     After 


;    1    .-^iiiii'  \\  Ai.ii;.  1    >i.  i.\sTAi,i.i.\(.;  water  meters, 

WILMINiiToN,    DEL. 

lefully  considering  tlie  advantages  of  curb  installations 
il  the  additional  expense  necessitated,  the  problem  was 
ved  by  adopting  the  following  policy:  (1)  Water 
•ters  to  be  set  at  curb  on  all  new  properties;  (2)  meters 
be  set  at  curb  on  properties  without  cellars,  excejjt 
■  ere  the  probable  life  and  nature  of  the  building  did 


not  warrant  tlie  expense  of  a  curb  setting;  (3)  meters 
to  be  set  at  curb  when  requested  by  property  owner;  (4) 
meters  to  be  set  at  curb  where  danger  of  freezing  ex- 
isted, if  installed  in  cellar  or  where  cellar  did  not  permit 
convenient  location  from  the  meter  reader's  standpoint; 
(.5)  all  meters  not  covered  by  the  foregoing  stipulations 
to  he  installed  in  cellars.  The  practical  results  of  the 
above  policy  have  been  entirely  satisfactory  to  the  Water 
Department  and  to  the  property  owners. 

OliGAXIZATIOX   AXD  EQUIPMENT 

The  first  step  in  estal)lishing  a  working  program  was 
lo  subdivide  the  city  into  five  installation  districts  and 
to  work  systematically  in  one  district  at  a  time.  The 
lorce  engaged  varied  from  time  to  time  in  the  number 
of  laborers,  but  conformed  on  an  average  to  the  following 
schedule-:  1  plumber;  7  pipe  fitters;  8  helpers;  2  pavers; 
2  drivers  and  from  10  to  20  laborers.  The  equipment 
included  a  cart  and  horse,  motor  truck  and  a  wagon  shop 
(see  Figs.  1  and  2). 

The  meter  installations  v/ere  made  under  the  direct 
supervision  of  S.  N.  Van  Trump,  Assistant  Engineer 
and  Superintendent  of  tlie  Water  Department.  The 
l)iuml)cr    (.'m1/^c.   per  hr. )    acted  as  foreman  of  the  in- 
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stallation  gang.  All  employees  repo.rted  each  morning  at 
the  wagon  sliop,  which  was  located  at  the  point  of  start- 
ing the  day's  work.  The  necessary  equipment  of  tools 
and  supplies  was  contained  in  this  wagon.  Depletions  of 
stock  were  filh'd  cacli  day  from  the  main  storeroom  by 
use  of  the  niiitnr  tnu-k. 

W'oiiKiNc;  ^Ietiiods  ix  Field 

Slips  were  ])repared  each  day  at  the  main  olTice,  con- 
taining the  street  number  of  every  house  in  the  district 
in  which  the  force  was  Avorking,  and  a  notation  as  to 
wlietlicr  or  not  the  house  was  already  metered.  The.'sc 
slips  were  distribuied  to  the  fitters  at  the  start  of  the 
day's  work  and  were  turned  in  to  the  foreman  as  the 
meters  were  installed.  They  were  then  approved  by  him 
and  returned  to  the  main  office  for  the  pur])()se  of  per- 
manent entry  in  the  Water  Department's  books.  In  ad- 
dition, each  fitter  was  required  to  enter  on  a  printed 
form  a  report  of  each  meter  installed,  with  its  location, 
or  notation  of  any  service  conipli<'ations  or  other  reason 
preventing  its  installation. 
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Wlien  sxifh  ooiiipliration?  existed,  the  fitter's  report  was 
returned  to  tlie  Eiigiiieering  Department,  and  the  jirop- 
erty  owner  was  notified  b_y  letter  to  remedy  the  condition 
within  30  days.  At  the  expiration  of  this  time  an  in- 
spection was  made;  and  if  the  situation  had  been  cor- 
rected, the  meter  was  ordered  installed.  For  this  purpose 
two  men  w^ere  employed  who  worked  indei^endently  of 
the  main  force,  in  order  that  the  progress  of  the  latter 
might  not  be  held  up. 

In  cases  where  the  property  owner  failed  to  comply  with 
the  requirements,  the  contract  for  a  supply  of  water  to 
such  property  was  canceled.  Service  complications  ex- 
isting between  the  main  and  curb  line  were  taken  care  of 
by  the  Water  Department,  while  those  existing  between 
the  curb  and  building  line  were  corrected  by  the  property 
owner.  Before  any  meter  was  installed  and  prior  to 
making  an  inspection  for  such  purpose,  the  tenant  of 
each  house  was  supplied  with  literature  explaining  the 
nature  of  the  work  and  the  benefits  to  be  derived. 

Pkogkess  axd  Cost  of  Wouk 

From  May  8  to  June  30,  1914,  1,233  meters  were 
placed,  of  which  239  were  curb  and  994  cellar  installa- 
tions. From  June  30,  1914,  to  July  1,  1915,  the  numljer 
of  installations  was  9,180,  of  which  4,055  were  curb  and 
5,125  cellar  settings.  Throughout  the  winter  the  work 
was  continued  without  interruption,  the  working  force 
being  confined  to  cellar  installations  during  periods  of 
bad  weather. 

The  average  cost  of  installing  %-in.  meters  at  the  curb, 
including  meter,  meter  box,  top,  pipe  and  fittings  as 
shown  in  Fig.  3,  was  $12.84.  This  price  includes  the 
cost  of  repaving,  but  not  the  cost  of  the  curb-stop  box 
or  the  curb  stop.  The  average  cost  of  installing  meters 
in  the  cellar  or  other  inside  location  was  $8.55,  including 
all  necessary  labor  and  material. 

The  standard  meter  box  is  of  cinder  concrete.  These 
boxes  were  maniTfactured  in  large  quantities  by  the  ^^'ate^ 
Department,  and  to  their  iise  is  due  largely  the  low  cost 
of  curb  installations.  Experiments  conducted  by  the 
Water  Department  have  demonstrated  that  there  is  no 
danger  of  freezing  in  this  climare  from  such  compara- 
tively shallow  settings. 

The  work  of  installing  meters  disclosed  an  enormous 
amount  of  service  complications  and  bad  plumbing.  The 
system  of  notices  by  .letter,  as  well  as  frequent  inspec- 
tions, has  resulted  in  correcting  such  conditions.  The 
value  of  this  work  in  reducing  the  water  consumption, 
aside  from  the  installation  of  meters,  is  dillicult  to 
estimate. 

The  foregoing  data  are  taken  from  the  recent  annual 
report  of  the  Board  of  Water  Commissioners  of  Wilming- 
ton, of  which  Edgar  ]\I.  Iloopes,  Jr.,  is  chief  engineer. 

Pish  ScrconM  for  the  Iiead-gatcs  of  irrieation  flitches  arc 
desired  Ijy  the  Federal  Forest  Service.  The  Government  an- 
nually expends  large  amounts  in  stocking  with  trout  the 
streams  in  the  National  Forest  Reserves.  The  water  from 
many  of  these  streams  is  used  for  irrigation,  and  unless 
screens  are  placed  at  the  head  gates,  many  of  the  trout  go 
down  the  Irrigation  ditches  and  are  washed  onto  the  fields  to 
die.  Most  of  the  Western  states  have  laws  requiring  that 
screens  be  placed  at  the  head  of  irrigation  intakes.  Because 
of  trouble  from  the  clogging  of  the  screens  with  floating 
drift,  the  Irrigators  oppose  their  use  and  the  laws  are  not 
enforced.  Unless  a  practicable  screen  can  be  devised  which 
will  eliminate  the  trouble  from  clogging,  the  Government  is 
likely  to  restrict  its  work  of  stocking  the  headwaters  of 
streams  used  for  irrigation. 


F.  F.  Forbes,  superintendent  of  water-works  of  Brook- 
line,  Mass.,  is  chief  engineer  and  general  superintendent 
of  construction  of  an  interesting  iron-removal  filti-ation 
plant  for  that  town,  now  nearing  completion.  Construc- 
tion work  is  all  being  done  by  day  labor,  under  Mr.  Forbes' 
personal  supervision,  the  original  purpose  being  to  fur- 


fig.  1.  construction  plant:  brookline  iro.\- 
removaij  plant 

nish  employment  to  the  town's  unemployed  during  tli 
then  prevailing  hard  times.  Mr.  Forbes  is  the  practioii 
designer  of  the  plant,  the  detail  plans  of  which,  mad^ 
by  the  town  engineering  department,  commonly  ioWow 
construction. 

The  general  layout  of  the  plant  is  shown  in  the  ac 
companying  plan.  Fig.  3.  The  water  from  the  pumpiiiL 
statii:)n  is  distributed  to  the  six  31-ft.  concrete  cvlindoi- 
which  form  the  coke  tricklers  or  prefilters.  The  depth 
of  coke  is  to  be  lli/^  ft.  The  water  will  be  sprayed  over  j 
the  coke  from  perforated  pipes  laid  over  the  surface  ol  | 
the  beds. 

Fi-om  the  coke  prefilters  the  water,  which  has  thus  been] 
thoi-oughly  aerated,  flows  to  the  covered  settling  or  coagu- 
lation basin,  on  the  end  of  the  first  row  of  sand-filt*-! 


beds.  This  basin  is  of  similar  construction  and  of  tin 
same  size  as  one  of  the  sand  filters.  It  is  divided  into 
five  compartments  or  channels  by  8-in.  brick  walls,  ^ 
that  the  water  traverses  the  length  of  the  basin  five  timcf 
before  reaching  the  outlet.  The  object  is  to  continue  tin 
aeration  of  the  water  and  give  a  inaxiinuiu  time  for  it- 
elfeet. 
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FIG.  3.    GENERAL  PLAN  OF  IRON-REMOVAL  PLANT;  F.  F.  Fc  lUBES.   SUPERINTENDENT  OF   WATER-WORKS. 
BROOKLINE,   MASS..    ENGINEER   AND   SUPERINTENDENT  OF  CONSTRUCTION 


From  the  coagulation  basin  the  water  ma)'  be  drawn 
off  through  the  gate  house  to  the  clear-water  reservoir 
at  the  left  of  the  filters,  Fig.  3,  or  it  may  be  pas.sed  into 
any  one  or  all  of  the  six  filters,  which  have  a  combined 
area  of  one  acre,  and  are  designed  for  a  daily  capacity 
of  10,000,000  gal.  The  filter  drains  are  unusual.  The 
filter  floor  adjacent  to  the  drains  is  depressed  and  the 
ilrains  are  built  in  the  form  of  concrete  boxes  entirely 
above  the  floor,  the  object  being  to  make  all  parts  of  the 
drains  easily  accessible. 

The  dear-water  reservoir  holds  a  day's  suj)ply.  The 
water  flows  from  it  by  gravity  back  to  the  iiumping  sta- 
tion, where  it  is  re])umped  into  the  mains.  The  gate  house 
is  built  alongside  the  second  row  of  filters.  The  cflluent 
pipe  from  each   filter   bed   is   equipped   with   a   venturi 


FIG.  4.    SAND-WASHING  DEVICE  FOR  FILTER  SAND 


meter.  Two  open-end  overflow  pipes  are  provided,  one 
on  the  filter  lino  and  one  on  the  reservoir  line.  These  are 
so  placed  that  they  will  waste  the  entire  flow,  if  necessary, 
and  make  it  impossible  to  get  pressure  on  the  filter  or 
reservoir  roofs,  which  has  been  the  cause  of  failure  in 
one  or  more  filtration  plants. 

The  construction  plant  was  simply  and  economically 
arranged.  A  gravel  bank  is  adjacent  to  the  plant.  The 
concrete  mixer  was  set  up  under  the  screened  gravel  bins 
(see  Fig.  1)  and  the  aggregates  chuted  into  the  mixer 
hopper.  The  concrete  was  distributed  to  the  various 
parts  of  the  work  from  a  tower  by  means  of  chutes.  The 
same  screening  plant  and  bins  are  used  for  separating 
the  sand  for  the  filter  bed-s  although  sand  from  another 
bank,  some  distance  away,  was  used. 

The  sand-washing  device  for  the  filter  sand  is  shown  in 
Fig.  2.  This  consists  of  a  trough  built  out  from  the 
sand  spout  of  the  bins.  There  is  sufficient  water  in  this 
sand  as  it  comes  from  the  screen  to  make  it  flow  into 
iliis  trough.  Along  tiie  bottom  of  the  trough  is  a  i)erl'o- 
ited  pipe,  which  also  admits  water  under  considerable 
lessurc.  Two  overflow  spouts  are  provided  on  the  sides 
I  the  trough,  which  carry  off  the  dirty  water.  A  baffle 
l^  built  just  beyond  the  second  waste  spout,  under  which 
the  clean  sand  is  carried  into  the  end  conij)artment,  where 
it  is  drawn  off  through  an  ordinary  pipe  gate-valve. 
Water  is  admitted  tn  the  compartment  containing  the 
clean  sand  from  the  pipe  on  the  bottom,  in  order  to  keep 
the  sand  in  suspension  and  make  it  flow  readily  through 
the  outlet  valve.  By  varying  the  size  of  the  holes  in  the 
liottom  water-inlet  pipe  just  tiic  right  size  sand  could 
\>r  saved  and  the  mud  and  small-sized  material  washed 
away.    The  sand  used  is  rather  coarse. 
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SYNOPSIjS — Tabulations  and  diagrams  of  the 
Xew  York-  City  rainfall  for  the  years  1869  to 
1913  inclusive,  lieiny  a  continuation  of  those  in  the 
issue  of  Aug.  31. 

In  the  issue  of  Aug.  :51,  lOlfi,  p.  .lOS,  the  first  part  of 
this  artiele  was  devoted  niainly  to  the  "Average-Kate" 
method  of  talmlating  tlie  45-yr.  of  rainfall  availahle  in 
New  York  City.  In  this  issue  the  "Uuiform-Intensity" 
method  will  be  taken  uji. 

UXIFOKM    IXTE.VSITIES    OF    PuECIl'ITATION 

In  the  "uniform-intensity"  method  the  rates  of  i)rc- 
cipitation  above  the  minimum  previously  described  are 
compiled  for  periods  during  which  they  were  uniform. 
This  method  consists  in  giving  the  intensities  and  their 
duration  as  they  actually  occurred.  For  instance,  a  3-in. 
rate  for  15  niin.  means  that  it  rained  at  that  rate  for 
every  minute  of  the  15,  wliile  in  the  other  method  it 
generally  means  that  the  average  of  several  rates  for 
that  period  was  2  in.  per  hr. 

Table  4  gives  the  date,  duration,  quantity  of  rainfall 
and  rate  of  uniform  intensities  for  the  years  from  1869 
to  1913.  Table  5  gives  the  same  figures  arranged  by 
time  from  3  to  70  min.,  the  latter  being  the  longest  period 
during  which  a  uniform  intensity  of  a  sufficient  rate 
occurred.  Fig.  3  shows  the  frequency  and  rate  arranged 
in  the  order  of  their  occurrence,  beginning  at  5  min. 
These  tables  and  this  diagram  correspond  to  Tables  1 
and  3  and  Fig.  1  of  the  first  method.  Fig.  4  substan- 
tially corresponds  to  Fig.  3,  showing  the  frequency  curves, 
except  that  it  shows  all  the  recorded  intensities  for  the 
whole  45  yr.^ 

The  two  methods  give  widely  different  records  for  the 
same  storm,  and  it  will  be  interesting  to  compare  them. 

Preliminary  to  siich  a  comparison  it  will  be  necessary 
to  get  a  clear  under.standing  of  the  word  "average"  as  it 
is  used  here.  Average  is  the  mean  of  a  number  of  points 
of  a  known  value  without  a  limitation  as  to  the  distance 
these  points  are  apart.  When  all  the  data  and  the  time 
to  analyze  them  are  available  an  average  should  not  be 
misleading;  when  this  is  not  the  case  it  may  be  very 
misleading.  An  illustration  may  simplify  my  meaning. 
If  24  cars  pass  a  given  point  in  24  hr.  the  average  is 
one  car   per  hour,   even   if  all   the   24   pass   in   5   min. 


•Assistant  Engineer,  Consulting  Knuincer's  Office,  Borougli 
of  Manhattan,  Municipal   Buiiding,  New   Yorlt  City. 

'In  Fig.  4  I  have  drawn  a  dotted  line  tliat  may  be  consid- 

72 

ered  a  maximum  curve  with  an  equation  I  =  .     I  have 

t-l-1 
experimented  with  other  curves  on  this  diagram,  and  if  it  is 
thouKht  desirable  to  lay  down  curves  for  use  I  would  suggest 
that  the  numeral  in  the  divisor  be  increased  by  1  (t  -|-  1,  t  +  2, 
t  -|-  3)  until  the  desired  curve  is  obtained;  if  this  is  done  to 
t  -I-  to  the  curve  obtained  will  just  come  within  the  dated 
points.  Such  curves  have  naturally  no  relation  to  any  period 
of  frequency  like  that  claimed  for  those  of  the  other  method, 
but  will  show  what  points  an-  enveloped  and  which  are 
omitted,  while  the  dates  will  show  when  they  occurred.  Such 
a  curve  is  a  simple  guide  with  all  the  data  upon  which  it  is 
based    before   the   engineer. 


The  average  is  correct,  but  misleading ;  again,  if  the 
cars  passed  at  regular  intervals  of  an  hour  and  carried 
a  total  of  600  passengers  daily,  the  average  would  be 
35  per  hr.,  even  if  six  of  tlie  cars  carried  all  the  passen- 
gers in  6  hr.  and  not  one  in  tlie  other  18.  Such  an 
average,   like   the  preceding  one,   would   be  misleading. 


■«f|i4/!*U^£- 
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FIG.    3.     RATES    AND    FREQUENCY    OP    "UNIFOHM    INTEN- 
SITIES" OF  RAINFALL  AT  NEW  YORK  CITY,  1869-1913 

Now  if  it  was  necessary  to  transfer  these  passengers  it 
is  clear  that  any  transfer  system  that  could  carry  only 
25  passengers  an  hour  w^iuld  be  hopelessly  flooded  on  the 
arrival  of  the  first  car  with  passengers  or  idle  if  the 
empty  cars  arrived  first.  The  application  is  obvious.  The 
only  excuse  for  such  a  system  would  be  the  lack  of 
knowledge   as   to   the   time   and   rate   of   arrival   at  the 
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transfer  point.  A  similar  lack  may  have  been  the  reason 
for  the  common  use  of  the  "averafce  rate"  of  rainfall  in 
sewer  design.  But  the  possession  of  such  knowledge  re- 
quires an  analysis  that  may  throw  a  new  light  on  the  use 
uf  rainfall  records. 

The  value  of  any  theory  for  determining  the  quantity 
of  water  to  be  carried  off  by  storm  sewers  must  depend 
upon  the  correct  use  of  the  data.  Let  us  see  if  the  "aver- 
age rate"  method  provides  such  a  use. 

In  the  year  1913  three  heavy  storms  occurred.  Tlie 
exceedingly  large  quantity  of  rain  that  fell  in  a  short 
period  would  favor  the  apidicatiou  of  the  '"average  rate" 
method  to  these  storms  rather  than  to  longer  ones  with 
less  rain  and  will  therefore  furnish  a  fair  illustration. 
These  storms  were  accurately  recorded  on  July  28,  Sept. 
i  and  Oct.  1  of  that  year  at  the  Central  Park  observa- 
tory by  a  Frieze  self-recording  rain  gage,  under  the  super- 
vision of  the  United  States  Weather  Bureau,  and  are 
■arefully  plotted  in  a  cumulative  form  in  Fig.  5.  Lines 
Irawn  through  the  plotted  points  show  each  of  the  as- 
umed  "uniform  intensities"  of  rainfall.  Directly  al)ove 
1  hese  are  plotted  diagrams  showing  these  rates  in  the 
)rder  of  their  occurrence,  their  relation  to  each  other 
:ud  their  duration.  On  the  same  diagram  are  tabula- 
tions of  the  "average  rates"  for  the 
three  storms 
lasted  80I4 
2.98   in.    of 

"average  rate"  of  2.09  in 
Such  a  rate  occurred  at  no  time 
during  the  storm,  the  nearest  being 
three  widely  separated  periods,  to- 
gether   I8I4    min.,    during   which 
the   rate  was  about  2.50   in.     Of 
the  other  "average  rates"  not  one, 
even  ap))roximately,  corresponds  to 
an  actual  occurrence.  Out 
of  the  total  of  851/^  min., 
for  ;50  min.  the  rate  was 
less  tiian  0.7  in. ;  for  22 
min.  it  was  less  tlian  1.5 
in.;  for  181A  min.  it  was 
in.;    for    ly^ 
in. ;    and    for 
it  was  6.3  in. 
"average"  for 
8514  min.  of  such 
rates  is  grossly  nus- 


Tlie  July  28  storm 
min.,    during    which 
rain    fell    giving    an 
per 


leading.  The  storm  of  Sept.  4  lasted  80  min..  during  wliich 
3.()2  in.  of  rain  fell;  and  for  this  an  "average  rate"  of 
C.70  in.  per  hr.  is  given.  The  nearest  approach  to  such 
a  figure  is  a  rate  of  3.84  in.,  which  lasted  21^  min.,  the 
next  being  two  periods  of  10  and  12  min.,  for  which  the 
rate  was  1.80  in.  Between  these  there  was  an  interval 
of  3  min.  when  it  did  not  rain  at  all.  For  24  min.  of 
the  total  80  it  rained  at  the  rate  of  0.75  in.  per  hr. ;  for 
51/2  imn.,  1.53  in.;  for  22  min.,  1.80  in.;  for  21^  min., 
3.84  in.;  for  11  min.,  5.18  in.;  for  12  min.,  the  rate 
was  7  in.,  and  for  3  min.  no  rain  fell.  In  the  first  31 
min.,  2.65  in.  of  rain  fell,  which  would  gi\e  an  "average 
rate"  of  5.16  in.  In  the  last  49  min.  0.97  in.  fell,  giving 
an  axcrage  rate  of  1.20  in.  An  average  of  2.70  in. 
per  hr.  for  the  whole  80  min.  approaches  the  limits  of 
absurdity.  Would  a  sewer  designed  to  carry  off  2.70 
in.  of  rainfall  in  an  hour  carry  off  2.65  in.  in  31  min.? 

The  third  storm  occurred  on  Oct.  1  and  lasted  lO'.i 
min.,  for  wliich  the  "average  rate"  is  l.';7  in.  per  hr. 
Of  this  total  of  109  min.,  for  8  min.  it  did  not  rain  at 
all;  for  511/^  min.,  at  less  than  1.05  in.  per  hr. ;  (I 
n;in.,  1.30;  10  min..  1.50;  8  min..  1.115;  1)  min.,  2.80: 
10  min.,  4.50;  and  61/^  min,  6.66  in.  per  hr.  The  two 
last  ])eriods  of  high  intensity  but  short  duration,  10  and 
61/2  min.  respectively,  were  61  min.  apart,  for  which 
interval  the  average  rate  of  rainfall  was  0.94  in.  The 
"average  rate"  method  would  call  for  a  sewer  able  to 
carry  off  1.77  in.  per  hr.     This  requires  no  comment. 

The  three  storms  illustrate  three  conditions.  In  the 
first  the  maximum  rainfall  was  near  the  center;  in  the 
second,  near  one  end;  and  in  the  third,  both  ends  gave 
high  points.  This  analysis  of  the  three  storms  shows  to 
what  extent  "average  rates"  are  misleading.  In  not  one 
of  the  cases  could  the  actual  occurrence  be  even  approxi- 
mately understood  from  the  data  this  method  provides. 
Four-fifths  of  the  rates  never  occurred,  nor  is  the  rela- 
tion of  the  periods  to  each  other  such  that  the  iise  of  an 
■'average  rate"  would  be  justified  in  sewer  design. 

It  remains  but  to  say  that  the  three  storms  used  were 
representative  of  the  whole  period  as  proved  by  a  larger 
study  of  the  rain  cliarts.  A  rearrangement  of  the  in- 
tensities of  any  of  these  storms  so  that  all  the  heavy  ones 
came  at  one  end  of  the  storm  and  all  the  light  ones  at  the 
other,  or  that  both  ends  be  light  and  the  middle  heavy, 
would  show  no  change  in  the  "average  rate,"  although 
the  effec't  on  the  sewers  would  Ije  different  in  each  case, 
it  being  well  known  that  a  high  rate  at  the  beginning 
of  a  storm  will  not  give  as  great  a  runoff  as  it  would 
at  the  end. 

The  nine  rainfall  curves,  Fig.  2,  intended  to  show  the 
maximum  rates  that  may  be  expected  in  certain  intervals, 
are  plotted  from  these  "average  rates."  As  previously 
described,  those  that  form  the  45-yr.  curve  occurred  but 
once  in  that  period;  those  tiiat  form  the  22i/^-yr.  curve 
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"UNIFOKM    INTE.VSITIE.S"    OK    KAINP'ALL,    NEW  YORK  CITY,  1869  TO  1913.  INCLUSIVE 
A  tot.'il  of  235  storms  and  -irjS  points  wuru  plotted 
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T.\BLE  4.  STUDY  OF  RAINFALL  AT  NEW  YORK  CITY,  1869  TO  1913,  BY  "UNIFORM-INTENSITY"  METHOD 

Dates,  Duration  in  Minutes,  Together  with  Totals  for  Each  Rainfall  and  Rates  per  Hour  in  Inrhes 

Rain-  Rain-  Rain-  Rain- 
Date      Year     Min.        fall        Rate  Date      Year      Min.  fall        Rate  Date      Year      Min.        fail  Rate  Date      Year     Min.  fall  Rate 
June   21  1869         12  0  13  0  65  17  0  40  1.41  June     9  1892           4  0  24  3  66  75  0  66  4.04 
12  0  18  0.90  Sept.  22  1882           7  0.35  3.00  11  0  30  164  10  0.50  3.00 
8  0  32  2.40  13  0.50  2.31  8  0.24  1  80  21  0.37  1.15 
20  0  18  0.54  14  0.30  1.56  July      3  1892          .3  0.50  10.00  .\uc.      5  1002           S  0.30  2. 25 
20  0  09  0.27  Sept.  23  1882           3  0  14  2  80  4  0.22  3  30  5  0  50  6.00- 
Aue     13  1869           5  0  49  5  88  22  0  50  137  Aug.      5  1892         17  0  41  1.51  7  0.50  4.2g. 
^'                            10  0.07  0  42  8  0  20  1   50  .4ug.      9   1892            6  0.24  2  40  Aug.    19   1902          10  0  50  2. 30' 
Aue     15  1S69         10  0.37  2.22  9  0  17  1   18  20  0.50  1  .50  8  0  25  1.88. 
Time   27  1870         12  0  45  2  25  4  0  20  3  00  Sept.  13  1892           2  0.23  6.90  Feb.    28  1903           S  0.34  4.08 
23  0  41  1  08  2  0  12  3  GO  10  0.30  1.80  June    14  1903         26  0.74  1.70 
Tnlv    -'S  1S70         10  0.45  2.70  2  0.08  2.40  M.iy     3  1893         15  0.39  1.56  June    21   1903         10  0.38  2.28 
Iiine    "7   1871            7  0  48  4.11  16  0.35  1.32  June      6   1893          11  0.58  3.16  June    29   1903          33  0.40  0.73 
'                                   9  0  34  2.22  27  0  50  1    11  9  0  41  2  73  8  0.35  2.62 
29  0  13  0  27  4  0.18  2  70  July    20  1893           3  0  28  5  60  18  0.83  2  77 

8  0  05  0  38  5  0.12  1  44  Aug.  19  1893  10  0  60  3  60  July  2  1903  11  0.44  2.40 
.Tiilv  16  1871  18  0  45  1  50  8  0  30  2  25  Aug.  20  1893  6  0  40  4.00  July  22  1903  8  0.47  3  52 
"    ^                           10  0  50  3  00  11  0.55  3  00  5  0  50  6  00  July    30  1903         15  0  36  1.44 

12  0,15  0.75  25  0.80  1.92  7  0.50  4.30  12  0.35  1.75 

20  0  15  0  45  23  0  50  1  30  7  0  23  1.96  15  0  40  1.60 
Ann  4  1871  9  0  25  1.62  May  21  1883  15  0.40  1  60  Aug.  23  1893  66  1.09  1.00  .Sept.  17  1903  10  0,33  1.98 
Aue  16  1871  15  0  50  2.00  12  0  50  2  .iO  Sept.  7  1893  13  0.42  1.94  Oct.  8  1903  3  0  23  4  60 
Sent     26   1871          14  0  49  2   10  3  0  20  6  00  Oct.     27   1893            5  0  25  3  00  16  0  30  1.12 

^                              3  0  15  3  00  12  0  33  165  16  0  27  1.00  11  0  50  2.73 

11  0  15  0  80  June      6  1883  4  0  31  4  65  July    29  1894         10  0  40  2.40  12  0.30  1  50 

12  0  10  0  60  July    13  1883  2  0  06  1  80  Aug.      3  1894           5  0  40  4.80  8  0  25  1.88 
27  0   11  0.25  '                              5  0  43  3.96  Aug.    15  1894         14  0  33  1  40  29  0  85  17? 

Oct            1S71          13  0  46  2.12  8  0.25  1,88  Sept.     8  1894         15  0.72  2.88  Oct.      9  1903         47  1.07  1.36 

4  0.50  7.50  June    25  1884  6  0.18  1.80  21  0.87  2.50  May   30  1904          11  0.40  2.10 

2  0  09  2.70  4  0.16  2  40  Sept.  16  1894  11  0.32  2.10  60  0.87  0.87 
Oct     ■'«  1.S71           3  0  IS  3.60  11  0.31  1  70  May    27   1895           4  0  20  3  00  July    28  1904           5  0.27  3  24 

11  0.50  2  73  July    12  1884         11  0.40  2  20  June      5  1895           U  0  60  4  00  Aug.    19  1904         19  0.30  0.95 

6  0  19  1  90  Aug.  5  1884  5  0  35  4  20  July  27  1895  S  0  23  1  73  19  1.20  3  80 
July  4  1872  20  0  57  1.71  4  0  16  2  40  July  30  1S95  14  0  30  1  29  9  0.28  1.87 
July  25  1872  00  1,00  1,00  Aug.  22  1884  10  0.46  4.60  Aug.  4  1895  9  0.22  1.47  Sept.  14  1904  10  0.47  2.82 
July      5  1873         14  0.45  1.92  8  0.50  3.75  13  0.33  1,52  12  0  33  1.65 

3  0  20  4  00  9  0  30  2  60  10  0.17  1.02  June  22  1905  11  0.45  2.45 
July    27  1873         IS  0.34  1   13  Aug.    30  1884           3  0.22  4  40  Aug.      6  1895           5  0.50  5.00  35  1  07  1  83 

7  0  32  2.72  5  0  25  3  00  10  0  27  1.62  July  29  1905  10  0.35  2  10 
Aue     21   1873         13  0  12  0.55  22  0  47  1  28  Aug.    31   1895           7  0  50  4.30  Aug.    13  1905           7  0  39  3.34 

*■                            9  0  40  2  40  June     5  1885           8  0.35  2  63  13  0.30  1  38  9  0.22  1.47 

July    10  1874           8  0  27  2  02  July    29  1885           5  0  29  3  48  Feb.      6  1896         26  0  50  1.15  Oct.     19  1905         18  0.60  2.00 

6  0  24  2  40  Aug.      3  1885  7  0.13  1   12  May    ?s  1S96         14  0  45  1.93  May     5  1906         12  1.00  5.00  ■ 

5  0  15  1  80  9  0  50  3  33  June    10   1.S96  3  0.34  6.80  May   27  1906           8  0.19  1.42 

6  0  30  3.00  12  0.27  1.35  June    21    1896         10  0.27  1.62  12  0.34  1.70 
16  0  38  1.40  Nov.   18  1886           5  0.28  3.26  31  0.95  1.84  7  0.25  2.14 

July    12  1874         15  0  24  0  96  May    31   1887           5  0  12  1  44  16  0  70  2  62  .Inly    10  1906         20  0  58  1.74 

'                             2  0  26  7  80  "                              7  0  30  2  60  July     15  1896           6  0  36  3  60  July    17  1906         10  0.62  3.72 

11  0  31  1.70  9  0  50  3  33  6  0  .30  3  00  Aug.  9  1907  5  0.25  3.00 
June  22  1875  10  0  .35  2  10  2  0  07  2  10  8  0.26  2  10  .\ug.  24  1907  54  1.10  1.22 
July    26  1875         13  1  05  4  81  June    17  1887           5  0.28  3  36  July    12  1.S96           5  0.20  2.40  Sept.  11   1907           9  0.49  3.27 

4  0  18  2  70  June  20  1887  6  0.41  4  10  6  0.20  2  00  11  0  25  1.36 
Aue     18  1875         26  0.41  0  95  June   22  1887           8  0.25  1.88  14  0.50  2.14  July    24  1908         16  0.72  2.70 

^'                            8  0  .50  3.75  3  0.20  4  00  July    20  1896         16  0.27  1.01  16  0.41  1.54 

12  0  27  1  35  6  0  20  2  00  7  0  32  2.75  Sept.  28  1908  3  0.20  4.00 
May  22  1876  10  0  45  2  70  Aug.  18  1887  5  0  41  4  92  July  27  1896  12  0  33  1.65  35  0.45  0.77 
July  11  1876  12  0.30  1.50  Aug.  21  1887  5  0  30  3  60  July  30  1896  10  0.40  4.00  June  28  1909  15  0  55  2.20 
Aug     16  1876           7  0  12  1  02  Aug.    22  1887         16  0  41  1  60  Sept.     3  1896         11  0  70  3.82  40  0  84  1  26 

12  0  50  2  50  23  0  38  1  00  Sept.   15  1896           4  0  .30  4  50  Aug.    13  1907         13  0.48  2  21 

9  0  50  3  33  Aug.  24  1887  7  0.35  3.00  Sept.  IS  1896  6  0.47  4.70  Mar.  27  1910  5  0.27  3.24 
June  21  1877  70  1.18  1.02  May  28  1888  27  0.59  1.31  May  24  1.S96  5  0.46  5.28  June  10  1910  13  0.55  2.54 
July  3  1877  7  0.40  3.40  May  29  1888  14  0.37  1  60  12  0.50  2.50  17  0.40  1.41 
July  9  1877  19  0.45  1.42  .lune  26  1888  13  0  40  1  85  June  9  1897  9  0  32  2.10  June  11  1910  18  0  71  2  36 
July    17  1877           8  0  24  1  80  7  0  38  3  70  19  0  43  1  36  32  0.50  0  94 

3  0  08  160  July    19  1888           9  0  40  2  67  .July    12  1897         10  0.30  1.80  July    30  1911          13  0.60  2  78 

9  0  45  3  00  July    31   1888         25  0  36  0  86  July    21    1897           8  0.39  2  93  Aug.    15  1911            1  0  20  12.00 

7  0  38  3  27  Aug.      4  1888         20  0  38  1    14  July    23  1897         20  0  78  2.34  7  0.25  2.14 
3  0  U  2  20  9  0  28  1  86  July    28  1897         23  0  42  1.10  10  0  30  1.80 

Aug     14   1877           8  o:.30  2.25  12  0,50  2.50  20  0,42  1.26  Aug.    24  1911           8  0.25  1.88 

Aug.    14  1877         12  0.34  1.70  Aug.      4  1888         15  0.50  2.00  Aug.      4  1897         15  0.31  1.24  40  0.78  1.17 

Aug    25  1877         10  0.43  2.58  Aug.    21   1.S.8S         35  0.50  0.86  Aug.    23  1897         13  0.47  2.17  Oct.     19  1911          17  0.52  1.84 

Oct       4  1877         15  0  16  0.64  15  0  50  2.00  12  0.45  2.25  Feb.    27  1912          11  0.53  2.W 

25  0  .50  1  20  32  0  40  0  75  11  0.55  3  00  May   30  1912           8  1.00  7. SO 

15  0  .50  2  00  20  0  35  1  05  5  0.13  1.56  June    17   1912           5  0  39  4.68 

21  0  ,53  1  50  18  0.50  1.67  Sept.     1    1897  7  0.35  3.00  July    21   1912         20  0.78  2  34 
23  0  25  0  65  .Sept.     8  1888         19  0  47  1  .50  16  0  33  1  24  38  0.30  2.25 

June   21   1878         15  0,27  1.08  .Sept.   12  1888           7  0  27  1.60  Apr.    24IS9S           5  0,30  3.60  8  0.25  88 

23  0.58  1.51  Sept.  17  1888         22  0.47  1.28  July      4   1S98           7  0.40  3.93  Oct.     23  1912         19  0,50  1.58 

July    10  1878           9  0.33  2  16  Sept.  20  l.SSS         13  0  66  3.05  Aug.    24   1898           6  0.22  2.20  21  0.50  1  4J 

July    211878         10  0.35  2  10  April  12  1889           3  0  20  4  00  June    15I.S99         28  0.80  1,36  6  0.24  .'40 

July    31   1878         20  0.48  1.44  June    11   1889         12  0.40  2.00  Juno   2s   IS99           6  0  30  3  00  13  0.30  1  38 

22  0,50  137  June  15  1889  8  0  29  1.78  .Inly  12  1899  16  0.30  112  Oct.  24  1912  21  0  44  126 
Aug       1   1878         14  0  47  2  01  July      4  18,89         30  0.45  0.90  5  0.25  3  00  Mar.   26  1913           7  0.35  3  00 

15  0  39  1.56  July    19   18.89         14  0.31  1.33  Aug.    10  1899           4  0.47  7.05  June   30  1913           2  0.25  7  50 

Aug.      5  1878           8  O.TO  3,75  July    27  1889         35  0.45  0.75  Sept.     1   1899           5  0,50  6.00  3  0.12  2,40 

12  1.50  7,50  21  0,53  1,50  11  0.35  1.91  6  0.30  3  00 

3  0.50  10,00  July    30  1889           4  0,25  3,75  Sept.     3  1899           7  0.45  3.86  July       1    1913         IS  0.42  1  40 

Sept.     4   1878         12  0  24  1  20  13  0  30  1  38  8  0.32  2.40  2  0.17  5.10 

2  0  20  6  00  60  1.00  100  May    19  1900  8  0  27  2.02  July    24   1913           0  0.15  150 
36  0  80  1  33  July    31   1.S89           6  0.30  3.00  19  0.50  1.58  2  0  35  10  50 

3  0  15  3  00  Auk.  2  1SS9  6  0  30  3.00  June  8  1000  30  0.60  1.20  8  0  18  1  3j 
Nov.  27  1878  .30  0  ,50  1  00  Aug.  13  I8S9  19  0  40  1  26  June  27  1900  22  0  38  1.04  4  0.32  4  80 
June  15  1879  14  0.50  1  28  Sept.  13  18S9  5  0  20  2  40  Aug.  12  1900  4  0  20  3.00  July  28  1913  10!  1  10  0  J" 
Aug.  25  1879  11  0  45  2  45  Sept.  17  1889  14  0.53  2  27  Aug.  15  1900  7  0.25  2.14  2i  0.10  i  *« 
July    12  1880           3  0.40  8  00  May      4  1890           3  0.25  5.00  Aug.    17   1900         20  0.43  1.29  8  0.33  2  46 

2  0.10  3  00  June      6  1890  7  0.35  1.80  Aug.    26  1900           7  0  45  3.86  81  0  20  Jl 

3  0  12  2   to  3  0  25  5  00  7  0.40  3.43  4}  0  .33  4  « 
3  0  35  7  00  June    11    1890           4  0.21  3.15  July      5   1901           3  0  25  5  00  8  0  34  2  5j 

8  0  ,50  3  75  June  13  1890  4  0.19  2  85  12  0  42  2  10  13!  0  28  1  24 
.July  27  1879  7  0  ,50  4  29  21  0.38  1  13  7  0  27  2.31  Aug.  6  1913  9  0  40  2OT 
Aug  10  1879  5  0.24  2  88  July  17  1890  10  0.38  2.28  3  0.18  3.60  U  0  25  1.38 
Aug.  2  1879  S  0.40  6  00  Aug.  22  1890  17  0  50  1  77  15  0  40  1.60  Sept.  4  1913  ,8  0  30  2.2S 
Aug.    25  1879           5  0.15  1  80  Aug.    29  1890           9  0  25  1.68  3  0  21  4.20  2  1  40  7.00 

^                           19  0.45  1  41  Sept.   16  1890           5  0.24  2  88  16  0.72  2.70  II  0.95  6.18 

May   22  1881           6  0,50  5  00  9  0.31  2.07  July      6   1901          14  0  75  3.21  12  0  35  1.80 

7  0  ,50  4  29  Sept.    17    1890          20  0.40  1.20  July     17    1901          10  0  32  1.92  10  0  30  l.BU 
2  0.17  5  10  Oct.     10   ISOfl          10  0  24  1.44  Aug.    24  1901          17  0.34  1.20  Oct.       1   1913         16  0  28  l.W 

July      4   1881          12  0  45  2  25  April  IS  1S91          II  0.30  1.64  25  0  68  1  63  9  0  42  2.W 

Aug.      7  1881           7  0,38  3  26  April  23   1891           5  0.26  3.12  «  0.20  2  00  10  0.75  4.SU 

June    15  1882           4  0  26  3  90  June    17  1891          14  0  40  1.72  12  0  36  1  80  8  0  20  }■»» 

June    19  1882         17  0.45  1  60  .luly    23   1891          11  0.48  2.62  June   21   1902           4  0  30  4.50  •>  0  13  l^ 

June   26  1882           9  0  40  2  67  Aug.    23  1891           4  0.20  3.00  13  0.26  1.20  10  0  2j  I. a" 

Sept.   11   18*f2         15  0  40  I   60  24  0  76  1,90  July    20  1902         10  0.35  2.10  bj  0.72  O.oo 

10  0  35  2  10  15  0  33  132  July    28  1902         13  1.31  6  06 

Sept.  20  1882           2  0  13  3  90  Sept.     5  1891          11  0  36  198  3  0.25  5.00 
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RAINFALL  STUDIES  AT  NEW  YORK  CITY,  1869  TO  lfll3,  BY  "UNIFORM-INTENSITY"  METHOD 


L^niform  Intensities  from  2  to  70  Min.  Duration  with  Dates  of  Their  Occurrence 


2  Min. 

Date       Year 

Dct.   11     1871 


ily  12  1880 

ay  12  1880 

ay  12  1880 

•pt.    3  1882 

ay  21  1883 


y  28    1913 

4  Min. 

..   11     1871 


Rate 

2  70 
7.80 

0  00 

3  00 

5  10 
3  90 
3  60 
2  40 

1  80 

2  10 

6  90 
7.50 
5.10 

10.50 

3.00 
3.60 
4,00 

1  00 
2.20 

10  00 

3  00 
8  00 

7  00 
2.40 

2  80 
6  00 
4,40 

4  00 
4,00 

5  00 
5.00 


5  00 
4  (M) 
4.00 
2  40 


1  I  27  1895 
t  :.  15  1896 
i  .  10     1899 


J  24  1913 

5  Min. 

/  .  13  1809 


10  1878 
10  1S80 
25  1»80 


A 

18 

1887 

A 

21 

1887 

B< 

13 

1889 

ft 

16 

1890 

A 

23 

1S91 

A 

20 

18113 

0 

27 

1K93 

7  50 

2  70 

3  90 
3.00 
2  70 
4.65 
2.40 
2.40 
3.75 
3.15 
2.85 
3.00 
3.66 
3.30 
3.00 

4  50 
7.05 
3.00 
4.50 
4.80 


1.80 

2  88 
1.80 

3  96 
1,44 

4  20 
3  00 
3.48 
3  26 
1.44 

3  30 

4  92 
3.00 
2.40 

2  88 
3.12 
6  00 

3  00 
4. SO 


5  Min 
Date 
Aug.  6 
July  12 
May  27 
Aug.  23 
Aug.  24 
July  12 
Sept.  1 
Aug.  5 
Feb.  28 
July  28 
Aug.  9 
Mar.  27 
June  27 
July  28 

Oct.  26 
Oct.  26 
July  10 
July  10 
May  22 
June  15 
June  25 
June  20 
June  20 
July  21 
Aug.  2 
Aug.  9 
Aug.  20 
July  15 
July  15 
July  22 
Sept.  18 
Aug.  24 
June  28 
Aug.  24 
Oct.  23 
June  20 
July  24 
Oct.   1 

June  7 
June  27 
Aug.  16 
July  3 
July  17 
July  27 
May  12 
Aug.  7 
Sept.  22 
Aug.  3 
May  31 
Aug.  24 
June  26 
Sept.  12 
June  6 
Aug.  20 
Aug.  20 
Aug.  31 
July  20 
Sept.  1 
July  4 
Sept.  3 
Aug.  25 
Aug.  25 
Aug.  25 
July  5 
Aug.  5 
Aug.  15 
May  27 
Aug.  15 
Mar.  26 
Oct.  1 


June  21 
July  10 
Aug.  28 
July  12 
Aug.  14 
Aug.  5 
July  12 
Aug.  2 
Sept.  23 
Sept.  23 
July  13 
Aug.  22 


Continued 
Rate 


Year 
1895 
1896 
1897 
1897 
1898 
1899 
1899 
1902 
1903 
1904 
1907 
1910 
1912 
1913 
6  Min. 
1871 
1871 
1874 
1874 
1881 
1882 
1884 
1887 
1887 
1889 
1889 
1891 
1893 
1896 


1901 
1912 
1913 
1913 
1913 

7  Min. 
1871 
1873 
1876 
1877 
1877 
1880 
1S81 
1881 
1882 
1885 
1887 
1887 
1888 
1888 
1890 
1893 
1893 
1895 
1896 
1897 
1898 
1899 
1900 
1900 
1900 
1901 
1902 
1911 
1906 
1911 
1913 
1913 

8  Min. 
1809 
1874 
1875 
1877 
1877 
1878 
1880 
1880 
1882 
1882 
1883 
1884 


2.40 
5.28 
1  56 
3  60 
3.00 
6  00 
6  00 
4.08 
3.24 
3.00 
3  24 
4.68 
4.40 


3  GO 
1  90 
2,40 
3.00 
5.00 

3  90 

1  80 

4  10 

2  00 

3  00 
3  00 

2  40 
4.00 

3  00 

3  60 
2  00 

4  70 
2.2U 
3.00 
2  00 
2  40 
3.00 
1  50 
1.30 


4.11 

2  72 
1.02 
3.40 
3.27 
4  29 
4  29 
3.26 
3.00 
1.12 
2.60 
3.00 

3  70 

1  00 
1.80 
4.30 
1.96 

4  30 

2  75 

3  00 
3.93 
3.86 

2  14 
3.80 

3  43 
2  31 
4.28 
2  14 
2.14 

2  14 

3  00 
0.06 


2  40 
2.02 
3.75 
1.80 
2.25 
3.75 
3 ,  75 
6.00 

1  50 

2  25 
1.88 
3.75 


SMit 
Date 


June  27 
July  15 
July  21 
Sept.  3 
May  19 
July  28 
Aug.  5 
Aug.  19 
June  19 
June  22 
Oct.  8 
May  27 
Aug.  24 
May  30 
July  21 
July  21 
July  24 
July  28 
July  28 
Sept.  4 
Oct.   1 


— Continued 

Year   Rate 


1.78 


1897 
1899 
1900 
1902 
1902 
1902 
1903 
1903 
1903 
1906 
1911 
1912 
1912 
1912 
1913 
1913 
1913 
1913 
1913 


.\ug.  4 
Aug.  21 
Aug.  0 
July  17 
July  10 
June  26 
Sept.  23 
Aug.  2 
Aug.  2 
May  31 
July  19 
.\ug.  4 
Aug.  29 
Sept.  16 
June  0 
June  5 
Aug.  4 
June  9 
Aug.  19 
Aug.  13 
Sept.  11 
July  28 
Aug.  0 
Oct.      1 


Aug.  13 
Aug.  15 
July  25 
July  16 
June  22 
May  22 
Aug.  25 
July  21 
Sept.  11 
Aug.  22 
July  17 
Oct.  10 
Sept.  13 
Aug.  19 
July  29 
Aug.  4 
Aug.  0 
June  21 
July  30 
July  12 
July  17 
July  20 
July  28 
Aug.  19 
June  21 
Sept.  17 
Sept.  14 
July  29 
July  17 
Aug.  15 
Sept.  4 
Oct.  1 
Oct.      1 


1 

1  73 

2  10 
2  93 
2  40 
2  02 
4  04 
2  25 
1,88 


9  Min. 
1871 
1871 
1873 
1876 
1877 
1878 
1882 
1882 
1884 
1885 
1887 
1888 
1888 
1890 
1890 
1893 
1895 
1895 
1897 
1904 
1905 
1907 
1913 
1913 
1913 

10  Min. 
1869 
1869 
1870 
1871 
1875 
1876 
1877 
1878 
1882 
1884 
1890 
1890 
1891 
1893 
1894 
1895 
1895 
1896 
189G 
1897 
1901 
1902 
1902 
1902 
1903 
1903 
1904 
1905 
1906 
1911 
1913 


2  22 
1.62 

2  40 

3  33 
3  00 
2  16 
2,67 
1,18 

2  60 
3.33 

3  33 
2  67 
1  86 

1  68 

2  07 
2  73 
4.00 
1.47 
2.10 
1.87 
1  47 
3.27 
1  41 
2,67 


0  42 
2,22 
2  70 
3,00 
2  10 
2,70 
2.58 
2.10 
2.10 
4  60 
2,28 
1.44 
1.80 
3.60 
2  40 

1  02 
1  02 
1.62 
4  00 
1  80 

1  92 
2.10 
3.00 
2.50 

2  28 
1.98 
2,82 

2  10 

3  72 
1.80 
1.80 


oi  irred  twiie,  the  15-yr.  curve  three  tinie.«,  etc.,  ci-vn 
'/  II  of  the  .storms  had  occurred  in  the  same  year.  The 
<li  :s  of  the  stomis  used  to  construct  these  curves  are 
m  illy  omitted,  and  like  the  avcra<;es  of  whicli  they  are 
'cned  must  he  taken  on  faith.  I  have  sup])lied  these 
iDiing  dates,  Iiowever,  and  liave  thcrcliy  given  an  op- 
|X  unity  to  study  tlie  reasoninfr  upon  which  the  curves 
■«  based.  Of  the  9!)  points  througli  which  the  nine 
<*e8  covering  the  whole  45  yr.  are  dra^vn,  35  occurred 
It*  in  65  days  in  (lie  year  1013,  57  in  the  last  15  yr. 
■■^  only  42  in  the  preceding  30  yr. 

Igain,  overlooking  these  facts,  these  curves  represent 
mtimum  rainfalls  that  are  supposed  to  re-occur  in  a 
i'e:liin  interval  of  years.     They  are  obtained  by  dividing 


11  Mil 
Date  Yeai 
Sept.  26  1871 
Oct.  26  1871 
July  12  1874 
Aug.  25  1879 
Sept.  23  1882 
June  25  1884 
July  12  1884 
Apr.  11  1891 
July  23  1891 
Sept.  5 
June  9 
June  6 
Sept.  16 
Sept.  3 
Aug.  23 
Sept.  1 
July  2 
Oct.  8 
May  30 


22 


1891 
1892 
1893 
1894 
1896 
1897 
1899 
1903 
1903 
1904 
1905 
1907 


Sept.  11 
Feb.  27 
July  28  1913 
Aug.  G  1913 
Sept.  4  1913 
12  Mil 
June  21  1869 
July  21 
June  27 
July  16 
Sept.  26 
Aug.  18 
July  11 
Aug.  16 
Aug.  14 
Aug.  5 
Sept.  4 
July  4 
May  21 
May  21 
Aug.  3 
Aug. 


1869 
1870 
1871 
1871 
1875 
1876 
1876 
1877 
1878 
1878 
1881 
1883 
1883 


11 

July  27 
May  24 
Aug.  23 
July  5 
Aug.  24 
July  30 
Oct.  8 
Sept.  14 
May  5 
May  26 
Sept.  4 
Sept.  4 


Oct.  11 
July  26 
Aug.  22 
June  26 
Sent.  20 
July  30 
Sept.  7 
Aug.  4 
Aug.  31 
Aug 


1888 
1889 
1896 
1897 
1897 
1901 
1901 
1903 
1903 
1904 
1906 
1906 
1913 
1913 
13  Min 
1871 
1875 
1882 
1888 
1888 
1889 
1893 
1895 
1895 


July  28 
Aug.  13 
June  10 
July  20 
Oct.  23 


21      1002 


1902 


1909 
1910 
1911 
1912 
14  Mil 

.Sept.  26     1871 

July     5 

Aug.     1 

June  15 

Sept.  22 

May  29 

July   19 

Sept.  17 


17 
Aug.  15 
July  30 
May  28 


1873 
1878 
1879 
1882 
1888 
1889 
1889 
1891 
1894 
1895 
1890 


Rate 

0  80 
2  73 

1  70 

2  45 

3  00 

1  70 

2  20 

1  M 

2  62 

1  98 
1,64 

3  16 

2  10 

3  82 
3  00 

1  91 

2  40 
2  73 
2   10 


0  75 

0  GO 

1  35 
1   50 


1  70 
7  00 
I   .SO 


2  12 
4  SI 

2  31 
1 ,  85 

3  05 
1,38 
1  94 
1  52 
1   38 


2 ,  .'.4 
2  7S 
1,38 


14  Min 

Date 

July    12 

July     6 

July   28 


.^ug.  10 
July  12 
Oct.  4 
Oct.  4 
June  21 
Aug.  1 
Sept.  U 
May  21 
Aug.  4 
Aug.  21 
Aug.  23 
M.iy  3 
Sept.  8 
Aug,  4 
July  5 
July  30 
July  30 
June  28 


— Continued 
Year      Rate 


1890 
1901 
1913 


1871 
1874 
1877 
1877 
1878 
1878 
1882 
1883 


1891 
1893 
1894 
1897 
1901 
1903 
1903 
1909 


2.14 
3  21 
1  24 


2,00 

0  96 
0,64 
2  00 

1  08 
1.56 
1.60 
1  GO 
2.00 
2.00 
1.32 
1  56 
2.88 
1  24 

1  60 
1.44 
1.60 

2  20 


July 

10 

1874 

1   40 

Sept 

23 

1882 

1   32 

Aug. 

22 

1887 

1  60 

Oct. 

7 

1893 

1   00 

June 

21 

1896 

2  62 

July 

20 

1896 

1  01 

Sept 

1 

1897 

1   24 

July 

12 

1899 

1    12 

July 

5 

1901 

2  70 

Oct. 

S 

1903 

1    12 

July 

14 

1908 

2  70 

July 

14 

1908 

1   54 

Oct. 

I 

1913 
7  Min. 

1 ,  05 

July 

19 

1.SS2 

1   60 

Sept 

10 

1,S.S2 

1   41 

Aae. 

22 

1S90 

1   77 

Aug. 

5 

1891 

1,51 

Aug. 

24 

1901 

1,20 

June 

10 

1910 

1,41 

Oct. 

19 

1911 

1.84 

21  Mi 
Date 
June  13 
Sept.  8 
July  28 
Oct.  23 
Oct.  24 


July  31 
Sept.  23 
Aug.  30 
Sept.  17 
June  27 


Sept.  23 
.\ug.  22 
July  28 


Oct.  4 
Sept.  23 
July  31 
Aug.  24 

Aug.  18 
Feb.  6 
June  14 


Q.— Conti 
Year 
1890 
1894 
1902 
1912 
1912 

22  Min. 
1878 
1882 
1884 
1888 
1900 

23  Min. 
1870 
1877 
1878 
1882 
1887 
1897 

24  Min. 
1891 

25  Min. 
1877 
1882 
1888 
1901 

26  Min. 
1875 


Sept.  23 
May  28 


Nov.  27 
July  4 
June    8 


July  16 
July  27 
Aug.  21 
July   29 


1S71 
1873 
1888 
1903 


Rate 
1.13 
2,50 


1.28 
1.28 
1.04 


1.20 
1.92 
0.86 
1.63 


27  Min. 

1882 

1888 

28  Min. 
i  1898 

29  Min. 
'  1871 

i  1903 

30  Min. 

1878 

1889 

1900 

31  Min. 
I  1896 

32  Min. 


Oct. 

19 

1905 

2  00 

Aug. 

21      1888 

0  75 

July 
July 

11 
1 

1910 
1913 
9  Min. 

2  36 
1.40 

June 
June 

11      1910 

33  Min. 
29     1903 

0.94 
0.73 

July 

9 

1877 

1.42 

Aug. 

25 

1880 

1.41 

35  Min. 

Sept 

8 

1888 

1  50 

Aug. 

21     1888 

0  80 

Aug. 

13 

1889 

1,26 

July 

27     1889 

0  75 

Juno 

9 

1897 

1,36 

June 

22     1905 

1  83 

May 

19 

1900 

1  58 

Sept 

28     1908 

o.;7 

Aug. 

19 

1904 

3  80 

Aug. 

19 

1904 

0  95 

36  Min. 

Oct. 

23 

1912 
20  Min, 

1..58 

Sept 

4     1878 
40  Min. 

1.33 

June 

21 

1869 

0  .54 

June 

28     1909 

1.26 

June 

21 

1869 

0.27 

Aug. 

24     1911 

1.17 

July 

16 

1871 

0.45 

47  Min. 

July 

4 

1872 

1.71 

July 

31 

1878 

1.44 

Oct. 

9     1903 

1.36 

Aug. 

4 

1888 

1   14 

54  Min. 

Aug. 
Sept 

21 
17 

1888 
1890 

1,05 
1.20 

Aug. 

24     1907 

1.22 

Aug. 

9 

1891 

1   .50 

GO  Min. 

July 

23 

1 897 

2  34 

July 

25     1872 

1  00 

July 

28 

1897 

1.20 

July 

30     1889 

1.00 

.Aug. 

17 

1900 

1.29 

May 

30     1904 

0.87 

July 

10 

1906 

1.74 

July 

21 

1912 

2.34 

CO  Min. 

21  Min. 

Aug. 

23     1893 

1  00 

Oct. 

4 

1877 

1  .50 

70  Min. 

July 

27 

1889 

1.50 

July 

21     1877 

1.00 

the  total  ])crio(l  oliserved  by  the  number  of  times  certain 
rates  occurred  in  that  period.  This  gives  a  definite  re- 
sult that  must  either  be  suh.stantially  right  or  totally 
wrong.  If  it  is  correct,  it  should  coincide  with  a  siniihir 
curve  based  on  any  ])crio(l   of  observation. 

In  doing  this  work  tlie  writer  began  with  only  25  yr. 
of  rainfall  observations,  and  the  rainfall  curves  produced 
from  a  25-yr.  jjcriod  by  this  method  varied  widely  from 
those  he  obtained  later  from  a  •15-yr.  period;  and  it  is 
safe  to  predict  that  curves  ba.sed  on  00-  or  100-yr.  obser- 
vations would  vary  widely  from  both. 

Again,  these  curves  should  be  an  average  of  ma-ximiim 
stoniis  for  their  designated  periods.  JiCt  us  take  the 
15-yr.  period  for  an  example.     In  the  45  yr.  under  dis- 
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cussion  there  are  ihirti/  15-yr.  periods,  the  first  from 
1869  to  1883,  the  second  froiii  1870  to  1884,  etc.  What 
relation  does  the  15-yr.  curve  bear  to  the  storms  in  all 
of  these  15-yr.  periods?  Obviou.sly,  none  whatever.  The 
same  reasoning  will  apply  to  all  the  other  curves. 

Eainfall  curves  constructed  in  this  way  of  misleading 
"average  rates"  are  not  a  safe  guide  for  designing  engi- 
neering work.  Not  only  docs  the  theory  upon  which  they 
are  based  seem  illogical,  but  an  examination  of  the  facts 
does  not  bear  out  any  of  its  assumptions. 

The  "average-rate"  method  for  the  45  yr.  examined 
provides  934  intensities  above  the  adopted  minimum  for 
11  periods  beginning  at  5  min.,  very  few  of  which  actually 
occurred,  while  the  ''uniform-intensity"  method,  recorded 


Time   Rate   per    hour 
AVERA5E    J   Km  eW'       iO  Mm  no' 
RATE        10  Min  6  30_         50  Mm  1 6 


T'me  Rate  per  Hour 
5  Mn  720  30  Mm  BIZ' 
10  Mm  6  90  40  Mir  4  41' 
15  Mm  640,  SO  Mm  3.84 
10  1m  6  00  60  Min  340' 
BO  Mm   ?J0' 


Time    Rate  per    Hour 

5  Mm.  6 12'  40  Mm  ?S9' 

10  Mm  450'  SOMm  1 14 

15  Min-  312'  60  Min  190 

20  Min  3  45'  SOMm  165 

30 Min  2.96'  100 Mm  IBS 

l09Min.  ur 
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witii  equal  care  froni  the  same  storms,  finds  only  394 
for  37  periods  of  5  min.  and  over,  every  one  of  which 
records  an  actual  occurrence.  An  examination  of  the 
diagrams  and  tables  will  disclose  some  other  significant 
variations.  The  first  shows  280  intensities  of  over  30 
min.  duration,  the  second  only  18.  The  first  gives  50 
of  80  min.  duration  and  over  and  the  second  only  one 
as  high  as  70  min.  Fig.  4  (uniform  intensities)  wnll 
also  show  that  94%  of  them  have  a  duration  of  25  min. 
or  less  and  that  only  4%  exceed  30  min.  in  duration. 

Another  test  of  the  rainfall  curves  of  the  "average- 
rate"  method  is  furnished  i)y  an  examination  of  Fig.  4. 
It  will  be  seen  that  I  have  affixed  dates  to  Gl  of  the 
highest  intensities  of  a  duration  of  5  min.  and  over. 
Arranging  these  dates  by  years,  we  find  that  17,  or 
261/2%,  occur  in  the  first  22  yr.  between  1869  and  1890 
and  that  17,  or  73%,  occur  in  the  following  23  yr.  be- 
tween 1891  and  1913,  which  demonstrates  that  dividing 
the  whole  period  of  45  yr.  by  the  number  of  occurrences 
to  find  average  frequencies  is  unwarranted. 

Whatever  value  the  "average-rate"  method  of  compiling 


able  variation  of  the  rate.  Wliile  this  is  the  most  con- 
sistent way,  it  is  well  to  remember  that  very  short  period* 
with  high  precipitation  give  very  high  rates  per  hour 
and  consequent  high  points  in  the  rate  diagram.  Now 
it  is  well  known  that  very  high  intensities  for  short  peri- 
ods are  apt  to  be  confined  to  small  areas  and  mav  nut 
affect  the  whole  drainage  area.  Nor  is  it  certain  that 
the  high  intensities  even  for  the  longer  periods  begin 
and  end  over  the  whole  area  at  the  same  time.  Unfor- 
lunately  there  are  no  data  on  which  the  area  covered  bv 
the  storms  can  even  be  estimated. 

A  further  study  of  the  subject  of  uniform  intensities 
may  disclose  that  certain  lower  intensities  for  very  short 
periods  preceding  and  following  the  higher  ones  may  be 
added  in  certain  eases,  resulting  in 
slightly  lower  rates  and  a  correspond- 
ing slight  increase  in  duration.  An 
interesting  study  by  Professor  Wey- 
rauch  in  the  Gesundheits  Ingenieur 
for  "March,  1912,  discusses  the  prob- 
lem without,  however,  gi\'ing  a  final 
determination.  Whether  future  inves- 
tigations will  result  in  formulatijig  a 
generally  applicable  rule,  I  doubt ;  but 
with  an  intelligent  use  of  the  records, 
"uniform  intensities"  will  furnish  safer 
guides  to  the  engineer  than  the  sys- 
tem of  complicated  "average  rates." 
This  reference  to  a  departure  from  a 
hard-and-fast  application  of  the  ruk 
must  not  be  assumed,  however,  to  be 
an  approach  to  the  old  system,  but  is  an 
attempt  to  eliminate  unnecessary  re- 
finement and  a  dogmatic  precision  from 
a  suljject  as  variable  as  thunder  storms 
and  to  apply  the  axiom  "that  no  com- 
putation need  lie  more  accurate  than  the  data  uijou  which 
it  is  based." 

While  the  writer  must  dissent  from  the  application 
of  the  unsound  "average-rate"  theory,  he  regrets  tluit  at 
])resent  he  can  olTer  no  substitute  other  than  the  primi- 
tive one  of  examining  the  rainfall  diagrams  that  show  the 
actual  frequency  of  high  intensities  and  from  them  select- 
ing the  storms  that  in  the  engineer's  opinion  should  be 
carried  olT  by  the  sewers  he  intends  to  design.  This 
v.'ill  of  course  require  some  study  of  the  rainfall  and 
good  judgment  in  applying  the  knowledge  gained,  but 
will  lia\e  the  advantage  of  being  based  on  simple  facts 
without  the  interposition  of  any  tlieory.  Nor  docs  such 
a  study  involve  the  expenditure  of  more  time  than  is 
warranted  in  the  construction  of  a  drainage  system  where 
a  consideration  of  the  rainfall  is  necessary. 

In  order  that  the  tw^o  methods  may  be  compared  and 
also  that  adherents  of  the  "average-rate"  method  may 
find  this  comjiilation  useful  the  data  have  been  carefulK 
presented  in  both  ways.  Rut  whichever  method  is  fol- 
lowed, one  imimrtant  question  will  remain  to  be  answered 
after  the  freqiumcy  of  certain  intensities  is  determined. 
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rainfall  data  has,  is  confined  to  recording  the  maximum 

quantity  of  rain  that  accumulates  in  certain  periods,  but  What  frequency  shall  be  provided  for?    Shall  storms  that 

deductions  based  on  a  factitious  "average   rate"   com-  occur  once  in  20  yr.,  once  in  10  yr.  or  that  occur  ever) 

puted  from  such  an  accumulation  mu.st  prove  fallacious,  year  be  the  measure,  or  will  some  other  rule  than  "the 

even  if  the  averaging  in  the  other  stages  of  the  method  relation  of  original  cost  to  probal)le  damage  from  flood 

were  ju.stified.  be  more  broadly  economical?     Here  the  theorists  of  the 

In  the  compilation  of  "uniform  intensities"  given  hero  old  sdiool  have  another  pons  asinorum  that  may  have  to 

the  \vriter  has  confined  himseU'  closely  to  every  notice-  lie  rebuilt  in  the  near  future. 


gepti'iiiber  r.  lOlG 
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By  D.  a.  Thomas* 

The  Michigan  State  Highway  Department  was  recently 
'.■ailed  upon  to  inspect  an  interesting  bridge  failure  caused 
by  the  failing  of  the  stringers  in  one  panel,  which  turned 
over  and  buckled  under  the  weight  of  a  traction  engine, 
ptruiitting  the  engine  to  drop  through  into  the  river. 
Had  the  stringers  remained  upright,  the  engine  would 
have  undoubtedly  crossed  in  safety,  although  a  subsequent 
:-omputation  of  the  stresses  showed  that  the  floor  system 
srould  be  30%  overloaded  with  a  10-ton  traction  engine — 
:he  size  of  the  engine  which  caused  the  failure.  Three 
)f  the  stringers  in  the  panel  adjoining  the  one  which  the 
■ngine  went  through  were  turned  down  througli  part  of 
heir  length  (see  accompanying  illustration). 

The  bridge,  which  is  typical   of  many   old  highway 

iridges,  is  of  the  througli  Pratt  type  and  was  erected  in 

<  880.    It  has  six  panels  14  ft.  8  in.  long,  making  a  total 

'  pan  length  of  88  ft.    The  roadway  is  14  ft.  wide.    The 


sTi:iNi;i;i;s  OF  HIGHWAY  Bnnii;i-:  Tri:x  iivi;f> 

I  stringers  are  five  lines  of  I-bcanis  and  two  lines  of 
iiinels,  ail  5  in.  deep,  spaced  'i   ft.  4  in.  apart.     The 

I  3r-beanis  are  of  quite  Iieavy  section,  10%  in.  deep.  The 
:  ir  planks,  laid  directly  upon  the  stringers,  are  not 
1  tened  to  tlicm. 
The  cause  of  the  turning  of  the  stringers  may  be  traced 
1  some  movement  of  the  engine  which  had  a  tendency  to 
t  ise  a  sidewise  motion,  due  in  part,  perhaps,  to  the  fact 
t  t  the  floor  planks  were  not  fastened  down.  It  should 
I  have  been  possible  for  the  stringers  to  turn  over, 
\  vever,  liad  they  been  properly  attached  to  the  floor- 
fa  ms.  The  stringers  were  secured  to  the  floor-beams  by 
fc  one  bolt  through  the  flange  at  eacli  end,  and  botli 
b  Ls  were  on  the  .«ame  side.  Thus  comparatively  little 
r  stance  to  overturning  was  offered  in  one  direction. 

II  the  report  on  the  failure  the  State  Ilighway  Depart- 
ri  it  advised  that  the  present  stringers  be  rejilaced  by 

1  lines  of  7-in.  l.'j-lb.  I-beams  and  that  the  following 
'•ntiv,'  measures  be  taken  to  guard  against  tlie 
ft-'tition  of  a  similar  failure:  First,  the  stringers  should 
b«)bolted  to  the  floor-beams  l)y  two  bolts  at  each  end, 
<»  on  eadi  side  of  the  web,  and  connected  by  fishplates; 
*l'nd,  furring  strips  should  be  attached  to  the  stringers, 
MJ  the  floor  planks  nailed  to  these. 
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Mati®i?a  gills  §  Mew  York 

So  few  data  exist  on  the  cost  of  testing  construction 
materials  that  the  accompanying  table  and  explanations 
from  the  1915  report  of  Henry  E.  Breed,  Deputy  Com- 
missioner of  Highways  of  New  York,  are  noteworthy. 

The  New  York  State  Highway  Department  Bureau  of 
Tests  is  divided  into  three  divisions — a  physical  testing 
laboratory,  which  makes  field  examinations  and  laboratory 
tests  of  stone,  gravel,  slag,  cement,  sand  and  concrete ; 
a  chemical  laboratory  for  testing  asphalts,  tars,  paints, 
oils,  brick,  etc. ;  and  an  office  of  record,  which  compiles 
and  tabulates  records  of  tests  of  both  laboratories  for 
use  in  the  Highway  Department. 

During  the  year  1915  the  physical  laboratory  tested 
and  examined  the  following  number  of  samples:  94? 
samples  of  stone;  9:3  samples  of  sand  and  gravel; 
1,444  concrete  cubes;  8G7  samples  of  cement,  which  rep- 
resented 840,317  bbl.  of  cement.  For  sand  testing,  2-in. 
mortar  cubes  are  now  ui^ed,  being  broken  at  7  and  28  days. 

Concrete  Cubes  of  Field- :Made  Concrete 
Making  C-in.  concrete  cubes  in  the  field  and  testing 
them  in  the  laboratory  have  proved  valuable  in  detei" 
mining  more  accurately  the  quality  of  the  concrete  in  the 
work.  The  following  tabulation  of  the  1,444  test  cubes 
is  given  to  show  the  average  results  obtained  : 

Aver.age 

f, ,     ,,.  Compression,  Number 

Concrete  Mix  Lb.  per  Sq.In.  of  Cubes 

1  :  1  ^^  :  3    3  6*^0  7Qr 

1  :  2>/2  :  5   (crushed  stone) '.'.'.'.'.'.'.'.'.         ]'935  299 

1  :  214  :  5    (gravel) [•-^U  iil 

1  . ;2i,(.  :5   (all  cubes) i;875  Xll 

1  !  3'"  ;  41/,.  )  ("'°-''"y    s'ag) 2.140  BC 

Cubes  failing  below  3,000  lb.  per  sq.in.  for  1:11/2:3 
concrete  and  1,800  lb.  per  sq.in.  for  \:2\/.2:5  concrete 
Wire  considered  below  the  desirable  grade.  There  were 
10.95%  of  these  in  1915.  All  cubes  showing  a  breaking 
strength  below  3,000  lb.  per  sq.in.  were  carefully  in- 
spected to  determine  to  what  the  low  strength  was  due. 
Any  of  them  which  showed  indicati(ms  of  carelessness 
in  mixing  were  returned  to  the  division  office  with  labora- 
tory comments. 

The  following  is  a  tabulation  of  the  low-strength  cubes 
during  1915  and  reasons  which  seemed  to  have  caused  the 
low  breaking  strength,  with  percentage  of  the  whole 
number  of  cubes: 

Cause  of  Low  Break  • ; 

.Sand  dirty,  containing  loam  and  also  dirt  from  subgrade  35.4 

Stone  or  gravel   coated 35.0 

Sand    too    fine S.5 

Poor  quality  of  stone  or  gravel S.2 

Poor  manipulation    in    making   cubes 4.7 

Lack  of  proper  mixing 3.5 

Miscellaneous,  too  wet,  etc 4.7 

All  concrete  cubes  previous  to  1915  were  tested  28 
days  after  casting.  This  period  was  chosen  because 
comparative  data  were  available  on  compression  for  con- 
crete at  this  age.  During  1915  enough  cubes  were  broken 
at  an  age  of  7  days  to  give  sufficient  data  to  be  able  in 
future  to  judge  the  quality  of  tiie  material  when  broken 
at  this  age. 

Tests  of  Paving  Brick 

There  were  209  lots  of  paving  brick  submitted  for 
test,  representing  22  different  brands,  or  a])proximate!y 
27,000,000  brick.  Each  sample  consisted  of  30  iirick, 
representing  hard,  medium  and  light  burned  brick.  These 
difFerent  grades  of  brick  were  tested  sejiarately,  and  tjie 
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results  obtained  served  as  a  guide  in  culling  whure  culling 
was  necessary. 

The  brick  were  subjected  to  the  following  tests:  (1) 
General  inspection  to  cover  burning,  kiln  marks,  size,  lugs, 
grooves,  etc.;  (2)  abrasion  tests  (each  test  on  10  brick)  ; 
(3)  modulus  of  rupture  or  cross-breaking  (10  brick  being 
broken):  (4)  absorption  (5  brick  being  used).  Of  the 
538  abrasion  tests  made  ?3,  or  13.6%  of  the  brick  tested, 
failed  to  meet  the  standard  required  by  the  specifications. 
There  were  269  tests  (each  on  an  average  of  10  brick) 
made  for  cross-breaking  strength.  Of  these  269  tests 
14  tests,  or  5.3%  of  the  brick,  failed  to  meet  the  required 
standard.  Of  the  269  absorption  tests  (each  on  an 
average  of  5  brick)  4  tests,  or  1.5%,  failed  to  meet  the 
required  standard. 

Tests  of  Bituminous  Mateeials 

Under  the  head  of  bituminous  materials  there  were 
1,368  samples  tested  during  1915.  According  to  the 
type  of  construction  under  which  they  were  used,  these 
materials  and  the  quantities  represented  were  classified  as 
follows: 

Samples  Gal. 

Asphalt: 

Type  No.  1 23  334.219 

Type  No.  2 27  357.948 

Penetration    473  S,02S./30 

Tars: 

High-carbon  binder    1S7  1,27S,2S.2 

High-carbon    hot  application 33  181,536 

High-carbon    cold    application 345  2,630,328 

liow-carbon    binder 4  23.087 

Low-carbon    hot    application 10  25.462 

Low-carbon   cold   application 32  205,405 

Paving    pitch 11  16,750 

Hot    application    oil 35  342,914 

Cold  application  oil ISS  2,571,981 

Total    15.996.642 

tChe  other  materials  tested  included  glutrin,  crude  tars, 
rocmac,  mixed  paint,  motor-cylinder  oil,  premolded  joint 
and  miscellaneous  oils. 

TABLE  OF  UNIT  COSTS  OF  TESTING  S.\MPLES  OF  ROAD- 
BUILDING  MATERIALS,  NEW  YORK  STATE 
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By  ,T.  B.  Thornell* 

The  use  of  hydrated  lime  at  the  settling  basins  of  the 
Council  Bluffs  water-works  as  an  aid  to  aluminum  sul- 
phate in  tiie  coagulation  of  suspended  matter  in  the 
water  was  commenced  in  February,  1915. 

The  snowfall  in  tlie  Jlissouri  River  valley  during  the 
winter  of  191  1-15  was  very  heavy  and  it  lay  on  tlio  ground 
until  late  in  I'Y'bmary.  Then  came  a  sudden  rise  in 
temperature  and  several  days  of  drizzling  rain.  A  large 
volume  of  soft  water  was  suddenly  thrown  into  the  river, 
flushing  the  ground  and  carrying  with  it  much  vegetal)le 
matter  and  silt  and  many  bacteria.  The  alkalinity  of 
the  river  water  was  reduced  50%  and  the  organic  con- 
tent increased  300%.  A  marked  reduction  in  the  alka- 
linity and  increase  in  the  organic  content  and  turbidity 

•Chemist    in   Charge   of   Water   Treatment,   Council    Bluffs, 


of  the  river  water  occurs  every  spring,  but  so  great  am] 
so  sudden  a  change  as  that  of  1915  is  very  unusual. 

The  low  alkalinity  and  the  presence  of  the  organic 
matter  were  immediately  shown  in  the  action  of  the  alum 
solution  used  as  coagulant,  or  rather  in  its  failure  to 
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SKETCH    PLAN   OF   LIME    AND    IRON    PIPES. 
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act  as  it  should.  The  alum,  instead  of  forming  a  floccii- 
lent  precipitate  of  aluminum  hydro.xide,  was  combiniiu 
with  tlie  organic  matter  in  the  water  and  passing  un 
through  the  settling  basins  in  solution.  In  other  words, 
little  or  no  coagulation  was  taking  place.  The  suspendoil 
matter  in  the  water  was  e.xceedingly  tine  and  very  litth 
of  it  was  removed  by  natural  sedimentation.  Tiie  tai 
water  became  very  turbid.  The  fine  particles  of  sus- 
pended matter  carried  bacteria  and  it  became  necessarv 
to  add  an  excess  of  calcium  hypochlorite  to  make  sun 
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RESULTS  WITH  ALUM  ALONE  AND  WITH  LIME  AND  ALUM  AS  COAGULANTS,  COUNCIL  BLUFFS  WATER  SEDIMENTATION  BASINS 

Presumptive  Test  for 

. —  Suspended  Matter  — .                                 ,  „              ,  B.  Colit                      Coagulants  Used          Cost   of  Coagulants   per 

Parts  per  Million                  Total  Bacteria* (%  Positive)                  (Grains  per  Gal.)              1.000  Gal.  Treatedll 

Raw          Basin                                                                      %  Based  on  1914 

Month                   Water        No.  1{       Tap             Raw       Settled§     Removed  **              Raw            Settled               Alum          Lime             Actual          Alum  Price 
1914 

April 2,345          1.271         6  9            27,440        1,017              96,4  SO               41                      2  3             0                 SO  00.32           $0  0032 

May 3,45S           1.175          5  4             54,041         1,291               97  7  100              lOO                       2  9              0                          0040                   0040 

Average 2,901          1,223         6  1            40.740        1,154              97.0  90               70  5                 2.6             0                      .0036                .0036 

1916 

.\piil 3.400           2,223          17             40.270            329               99.2  100                50                       24               11                    .0048                   003S 

May 3,200              945          10             16.000            490               97.0  100                  0                       1,3               13                     0029                   0024 

Average 3.300          1,5S4          14            28,135           409              98.1  100               25                      1.9              1.2                  .00.39                .0031 

*  Nutrient  agar,  room  temperature,  72  hr. 

+  Lactose  broth,  37°  C,  48  hi. 

X  Samples  taken  at  weir  at  point  of  application  of  lime  and  alum. 

§  Clear  water  samples  taken  just  hefo'-e  treatment  with  sterilizing  reagent. 

II  Cost  of  alum  per  1,000  lb.:     1914,  $9.75:   1916,812.50.     Cost  of  lime,  1916,  $3.50. 

•*  By  coagulation  and  sedimentation  combined,  but  not  including  chlorination. 

conditions  then  existing  to  make  the  application  of  the  about  more  uniform  and  thorough  mixing  with  tlic  water 

lime  in  the  place  where  it  would  do  the  most  good.    The  before  it  comes  in  contact  with  the  alum  solution, 

only  way  in  which  it  could  be  applied  at  that  time  was  The  amount  of  lime  used  is  varied  with  the  condition 

to  inject  the  lime  solution  into  the  intake  pipe  of  the  of   the   raw   water.     During   April    and    May,    1916,    it 

low-service  pumps  that  lift  the  water  from  the  river  into  ranged  from  0..5  to  l.,5  grain  per  gallon  of  water  treated, 

the   settling  basins.     There   were   two    disadvantages   in  The  amount  of  alum  required  varied  between  1   and  3 

applying  it  at  this  point.     First,  it  was  too  far  from  the  grains  per  gallon.     During  this  period  the  average  tur- 

point  where  the  alum  solution  was  applied,  and  second,  bidity  of  the  raw  water  was  3,300  p.p.m.  and  the  turbiditv 

the  lime  was  going  into  the   water  before   any  of  the  of  the  water  at  the  point  of  application  of  the  lime  and 

heavier  suspended  matter    (sand  and  mud)    had  settled  alum  was  1,.584  p.p.m. 

out.^  The  accompanying  table  shows  the  comparative  results 

The  application   of  lime   in   the  suction  of  the   low-  in  the  removal  of  suspended  matter  and  bacteria  by'  the 

service  pumps  brought  the   turbidity  of  the  tap  water  coagulants  in  April  and  May,  1914.  and  in  April  and 

down  to  the  zero  mark  within  two  weeks  and  did  very  May,    1916.     The   year    1914   is    taken   for    comparison 

effective  work  during  the  high-river  stage;  but,  under  the  because  no  hydrated  lime  was  used  at  that  time  and  the 

conditions  described,  it  was  necessary  to  u.se  about  twice  condition  of  the  river  water  was  verv  noarlv  the  same 

as  much  lime  as  would  have  been  required  with  better  then  as  two  years  later. 

means  of  applying  it.  The  use  of  lime,  therefore,  was  The  number  of  bacteria  and  the  ])ercpntage  of  positive 
discontinued  about  July  15,  and  our  attention  was  turned  tests  for  B.  coll  in  the  settled  water  have  been  consider- 
to  contriving  better  apparatus  for  carrying  the  lime  solu-  ably  lowered  since  hydrated  lime  was  ])ut  into  use.  Witli 
tion  to  a  more  advantageous  point  of  application.  This  the  use  of  alum  alone  as  the  coagulant  it  seemed  almost 
was  effected  after  several  months  of  experimenting.  impossible  to  remove  all  the  suspended  matter.    A  barely 

The  lime  solution  is  now  added  to  the  water  through  a  visible  smokiness  remained  in  the  tap  water  most  of  the 

perforated  pipe  extending  over  the  entire  length  of  the  time — even  when  the  alum  was  working  at  iis  heai.  That 

weir  between  the  first  and  second  settling  basins.    (See  this   suspended   matter   carried    bacteria    is   seen    in   the 

sketch  plan,  Fig.  1,  and  view,  Fig.  2.)     The  water  flows  column  showing  total  bacteria  in  the  settled  water.     The 

over  this  weir,  which  is  45  ft.  long,  in  a  sheet  about  3  in.  water,  after  clarification,  is  further  treated  with  liquid 

deep.     The  alum  solution  is  added  in  the  same  manner  chlorine  for  the  removal  of  bacteria.     It  is  obvious,  how- 

iinmcdiately   after   the   lime   solution,   the   two   lines   of  ever,  that  the  increased   removal  of  bacteria,   especially 

application   being  only  about   18   in.  apart.     The  water  those  of  the  colon  type,  which  has  been  brought  about 

then  passes  through  an   iron   baffle  and  into  the  second  by  the  use  of  lime  in   clarification  has  greatly  lessened 

basin.  the  chance  for  harmful  bacteria  to  enter  the  mains. 

The  lime-feeding  apparatus  is  located  in  the  gate-house  The  last  column  shows  that  the  use  of  lime  with  alum 

near  the  weir.    The  lime  is  placed  in  a  large  iron  hopper  is  more  economical  than  the  use  of  alum  alone, 

in  the  bottom  of  which  is  a  worm  that  feeds  the  dry  We  regard  our  experience  with  the  use  of  hydrated  lime 

lime  into  another  smaller  hopper  below,  where  it  meets  a  as  highly  satisfactory.     We  have  obtained  treated  water, 

stream  of  water  and  is  carried  out  through  a  2-in.  pipe  the  sanitary  and  esthetic  qualities  of  which  were  much 

to  the  weir.     The  feeding  device  is  driven  by  a  small  better  and  the  cost  of  which  was  less  than  could  have 

electric  motor  and  is  so  constructed  that  it  can  be  run  been  procured  by  the  use  of  alum  alone.     The  main  fac- 

at  six  different  speeds,  according  to  the  amount  of  lime  tors  in  the  success  of  the  treatment  are: 

required.     The  same  motor  that  drives  the  feeding  de-  1.  Natural     sedimentation     before     the     additinn     of 

vice  al.so   drives   a   small   centrifugal   pump   that   draws  coagulants. 

from  one  of  the  settling  basins  the  water  needed  to  dis-  2.  Points  of  application   of  lime  and  alum   solutions 

solve  the  lime  and  carry  it  to  the  weir.     A  large  volume  near  together — but  far  enough  apart  to  allow  thorough 

of  water  is  used  with  the  lime  so  that  it  is  carried  to  the  mixing  of  the  lime  .solution   with  the  water  l)cforo   rc- 

weir  completely  dissolved  and  not  as  a  sludge.  The  use  of  cciving  the  alum. 

plenty  of  water  with  the  lime  is  important  as  it  not  only  3.  Uniform  feed  of  the  lime  and  alum  solilions. 
prevents  clogging  of  the  feed-pipes,  but  it  also  brings  4.  Thorough   baffling  of  the  water  immediately   after 
application     of    the    coagulants    but    not     too     violent 

'In   reirard  to  this  second  point,  we  have   found  by  experi-  .itrit'ifion 

inent  and  actual  experience  that  the  eftectlveness  of  lime  and  <ir-n-aiiwii. 

alum   In   removlni?  suspended   matter  from    the   Missouri    River  ,5.    Larjro    volume   of   Water   to    carrv    the   limC. 

I  water   Is   more    than    deiubled    bv    allowint;    the    heavier    matter  '^                         .                       .     .          •, 

I  (which  usually  amounts  to  about  vor;  of  the  total  suspended  fi.  Constant  carc  in  determining  the  amounts  of  linio 

matter)    to    be    removed    by    natural    sedimentation — that    is,  ,      ,                    •      , 

'before  the  addltbm  of  coagulants.  and   aliim   required. 
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SpottBira^  Fires  ami  2^ 


The  Southern  Pacific  Ey.  lias  nearly  28  mi.  of  con- 
tinuous snowshed  on  its  line  over  the  summit  of  the 
Sierra  Nevada  Mountains,  between  Blue  Canon  and 
Truckee,  Calif.,  just  west  of  the  Nevada  state  line.  The 
elevation  of  Blue  Canon  is  -1,700  ft.  and  that  of  the 
eastern  end  of  the  sheds  near  Truckee  is  6,000  ft.  Tlie 
average  annual  snowfall  in  this  zone  e.xceeds  200  in. 

There  are  29  mi.  of  suowsheds  in  all,  one  mile  being 
in   detached  sections    130  to   1,.500   ft.   in  k-ntrth.     The 


in  the  shed.  Each  of  these  trains  consists  of  a  standard 
10-wheel  locomotive  and  two  water  cars.  Each  engine 
carries  a  duplex  fire  pump  of  300  gal.  per  min.  capacity, 
and  an  inspirator  of  100  gal.  per  min.  capacity.  The 
total  water-supply  of  each  train  is  20,000  gal.  Each  train 
has  1,000  ft.  of  2y2-in.  fire  hose. 

Unique  Fire-Alarm  System 

A  mountain  top — the  summit  of  Eed  Mountain — 7,860 
ft.  high,  was  selected  for  an  observatory.  The  mountain 
is  on  the  north  side  of  the  main  caiion,  while  the  rail- 
way winds  about  on  the  south  side  about  1.800  ft.  below. 


FIRE-PROTECTION  OBSERVATORY  FOR  29  MILES  OF  SNOWSHEDS  ON  THE  SOUTHERN  PACIFIC  RY.  IN  CALIFORNIA 
Fig.    1 — Outside    of    observatory.      Fig.    2 — Looking    out   through    the    observation    window.      Fig.    3 — The 


present  distribution  of  the  sheds  is  77%  west  and  23% 
east  of  the  summit.  Those  arc  all  wooden  sheds  and 
represent  an  investment  of  97  million  feet,  board  meas- 
ure, of  rough  pine  lumber,  valued  at  $2,326,000. 

During  the  summer  season  there  is  a  period  of  nearly 
five  months  with  no  rainfall,  hence  the  fire  hazard  is 
great  and  the  railway  has  sustained  large  losses.  Fire- 
fighting  trains  have  been  in  .service  since  1870.  At 
present  the  sheds  are  protected  by  four  fire  trains, 
located  one  at  each  end  and  two  at  points  of  vantage 


so  tliat  with  the  excei)tion  of  two  points  in  near  'parts 
of  the  shed,  which  are  cut  off  from  view  by  intervening 
mountain  tops,  the  whole  of  the  line  df  Ihe  shed  is 
visible  from  the  observatory.  The  two  hidden  parts  are 
watched   from   another  observatory. 

To  readily  locate  the  position  of  any  fire  or  suspicious 
smoke  a  surveyor's  transit  is  mounted  on  a  fixed  pier 
in  the  center  of  the  bay  window  of  the  observatory.  On 
a  shelf  in  front  of  the  instrument  is  a  silver-coated 
copper  plate  on  which  the  line  of  the  shed  is   shown 
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in  black.     The  station  points,  tunnels,  mileposts,  signal 
boxes,  etc.,  are  shown  on  this  plate. 

Attached  to  the'  transit's  lower  plate  is  a  bracket 
carrying  a  knife-edge  pointer,  which,  when  the  transit 
is  pointed  to  some  station  on  the  shed,  intersects  the 
corresponding  station  on  the  copper-plate  map.  The  map 
was  constructed  in  place,  the  transit  and  pointer  being 
used  to  fix  the  desired  points.  The  sheds  are  not  shown 
on  the  map  as  the  arc  of  a  circle,  which  would  answer 
were  the  track  on  a  tangent,  but  are  shown  as  they 
appear  in  perspective  from  the  window,  for  the  line 
doubles  back  on  itself  in  a  number  of  places. 

The  copper  plate  was  first  covered  with,  wax  and 
knife-marks  were  scratched  on,  as  were  the  station  num- 
bers and  lettering.  The  marks  were  then  etched  with 
dilute  nitric  acid.  When  the  wax  had  been  removed 
the  etchings  were  trued  with  an  engraver's  tool  and  the 
entire  plate  was  silver-plated,  but  not  jiolished,  so  that 
it  has  a  clear,  white  mat  surface.  The  plate  was  then 
tainted  with  transparent  lacquer,  the  marks  having  been 
,  illed  with  colored  enamels.  The  whole  is  protected  from 
■cratches  by  a  plate-glass  cover. 

Wliere  the  line   of   collimation   in   following  the   line 
if  the  shed  cuts  the  plate-glass  window  of  the  observatory 
n  front  of   the   instrument,  a  line  was   etched  on  the 
cindow  glass,  so  that  the  observer  may  readily  follow 
he  line  of  the   shed  in  the  darkness  or  twilight.     At 
light  a  small  battery-operated  electric  light  is  turned  on, 
■hich   illuminates   the   map,   and  the   reflection   on   the 
late-glass  window  makes  visible  the  etched  line  and  the 
ross-hairs  of  the  instrument,  so  that  it  is  easily  possible 
)  set  the  instrument  on  a  fire,  or  other  light. 
The  milepost  and  location  of  any  fire  are  telephoned 
I  the  points  where  the  fire  trains  are  stationed.     The 
heme  has  worked  to   such    perfection    that  a  tramp's 
unp-fire  18  mi.  from  the  observatory  has  been  spotted, 
also  was  a  forge  fire  which  a  foreman  was  using  to 
rpen  drills.     This  fire  being  apparently  in  the  shed. 
If  fire  train  was  called,  ran  2  mi.,  and  stopped  exactly 
)posite  the  forge,  which  of  course  w^as  outside  the  shed. 
I  the  case  of  an  actual  fire  in  the  .shed,  or  an  exposure 
I  if  magnitude,  when  fire  trains  are  called,  the  ones 
iresi;  the  fire  go  to  the  reported  scene,  and  the  otliers 
ose  in  as  in  regular  fire-department  service. 
The  photographs  and  data  for  this  article  were  fur- 
shed    by    Niles    Searls,    general    fire    inspector   of   the 
jutheru  Pacific  Eailway  Co.,  San  iVaueiseo,  Calif. 


In  the  construction  of  a  power  dam  crossing  Black 
Eiver  at  Black  River  Tillage,  N.  Y.,  it  was  found  that  a 
considerable  quantity  of  water  was  lost  by  underground 
diversion,  the  water  flowing  out  of  the  pond  through  a 
gully  located  a  few  hundred  feet  upstream  from  the  dam. 
There  is  a  second  dam  across  the  Black  River  at  a  point 
about  one  mile  downstream.  Between  these  two,  the  river 
is  of  crescent  shape,  bowing  outward  to  the  north,  as 
shown  in  the  accompanying  sketch  (Fig.  1).  Extending 
in  an  irregular  curved  line  from  the  gully  described  to  a 
point  Just  above  the  lower  dam,  is  a  series  of  sink  holes 
averaging  about  20  ft.  in  depth.  Trenton  limestone,  the 
underlying  rock  formation,  is  in  nearly  horizontal  beds 
and  lies  near  the  surface. 

About  100  ft.  u|istn'ani  from  the  lower  dam  is  the 
mouth    of    an    undfrurmiud    channel,    throug-h    which    a 


FIO.    1.  COURSE   OF   XATURAL   UXDERGKOUND    CHANNELi 
OX    BLACK    KIVER 

considerable  volume  of  water  entered  the  pond  above  the 
lower  dam,  this  (puintity  being  estimated  rougiily  at 
15  to  25  cu.ft.  per  sec.  in  high  water.  A  small  stream 
coming  off  the  Jiills  from  the  southeast  drains  into  one  of 
the  sink  holes.  Apparently  the  water  lost  from  the  pond 
above  the  upper  dam  traverses  an  underground  channel, 
following  approximately  the  route  indicated  by  the  dotted 
lino  on  the  sketch.  The  water  can  be  seen  flowing  across 
the  bottoms  of  the  sink  holes  in  various  places. 
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FIG.    3.     BOTTOM    OF    OXE    OF    THE    SIXK    HOLES 

Under  the  conditions  described  the  lower  dam  caught 
all  of  the  water  of  the  river  but  the  upper  dam  lost  au 
appreciable  volume.  To  prevent  this  loss  of  water  and 
power,  a  concrete  wall  was  constructed  across  the  head 
of  the  gully  at  AB  (see  sketch).  The  length  of  the 
wall  is  about  180  ft. ;  top  thickness  1  ft. ;  average  height, 
8  to  10  ft.  Considerable  difficulty  was  experienced  in 
stopping  the  underground  flow.  However,  the  work  was 
finally  successful  and  suljsequently  the  outflow  of  the 
imderground  channel  above  the  lower  dam  has  diminislied, 
being  now  an  amount  about  equal  to  the  inflow  from 
the  stream  tributary  to  one  of  tlie  sink  holes. 

The  work  was  done  under  the  direction  of  S.  A.  Staege, 
consulting  engineer,  Watertown,  X.  Y. 


Old  Bs^ncSi  Simtsilfee  TtisiraEael  Sfeiows 


Bt  Dabnet  H.  Maury*  and  Egbert  E.  HoRTOxf 

Owing  to  rapid  growth  in  population  and  increase  in 
water  consumption  of  Detroit,  it  recently  became  de- 
sirable to  determine  the  quantity  of  water  which  the 
present  main  intake  tunnel  could  deliver  from  Detroit 
River  to  the  receiving  basin  and  other  shore  works  at 
the  piimping  station,  under  different  conditions. 

•Consulting   Engineer,    Chicago.    111. 
tConsuUing  Hydraulic  Engineer,  Albany,  N.   Y. 


The  tunnel  is  a  brick  ring  with  walls  18  in.  thick. 
It  was  constructed  in  1895;  its  character  can  be  seeii 
from  the  accompanying  view.  It  extends  for  a  lengti 
of  ;i.]GO  ft.  into  Detroit  River,  the  depth  of  the  centef 
being  63  ft.  below  mean  river  level.  Water  enters  the 
tunnel  through  an  intake  crib  having  numerous  inlet 
ports ;  the  interior  diameter  of  the  crib  is  .37  ft.  There 
is  a  right-angled  bend  in  the  tunnel  underneath  the 
(■rib,  a  vertical  pipe  rising  40  ft.  from  the  center  of  the 
tunnel  and  about  9  ft.  above  the  bottom  of  the  crib. 
The  water  enters  a  similar  vertical  shaft  near  the  shore, 


DETROIT     WATER-WORKS     INTAKE     TUNNEL     DURING 
CO.VSTRUCTION,   1895 

and  in  testing  the  capacity  of  the  tunnel,  water  level 
readings  were  taken  in  the  center  of  the  crib  and  in 
the  .shore  shaft,  respectively.  The  total  head  losses  in- 
volved between  these  two  points  were  those  for  3,160  ft. 
of  horizontal  tunnel,  and  for  the  two  vertical  shafts 
(making   the    total    length    of    10-ft.   tunnel    3,245  ft) 


RESULTS  OF  CAPACITY  TESTS  OF  DETROIT  WATER-WORKS  INTAKE  TUNNEL    (MAURY  AND  HORTON) 
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j^ogether  with  the  losses  due  to  velocity  and  entn-  head 

ind  to  two  right-angled  turns   at  the  junctions  of  the 

i  ertical  shafts  with  the  horizontal  conduit.     In  reducing 

he  results,  an  allowance  equal  to  the  velocity  head  was 

iKide  for  each  of  the  right-angled  bends,  and   one-half 

M>locity  head  for  the  loss  at  entry,  making  the  total 

MS,  other  than  friction  in  the  conduit  itself,  3.5  times 

lie  velocity  head.    The  quantity  of  water  flowing  through 

he  tunnel   during  the   tests   was    determined   from   the 

unip-displacement  records,   with  allowance  for  gain  or 

iss  of  storage  in  the  receiving  basins.    The  outflow  from 

le  pumps  passes  through   venturi   meters   and   the  slip 

('  the  pumps  had  been  determined  and  found  to  be  3%, 

hich  allowance  was  accordingly  made   in  utilizing  the 

imip-displacement  record. 

The  conditions  were,  it  is  believed,  unusually  favorable 

'■  the  accurate  determination  of  the  coefficient  of  rough- 

>>  in  a  submerged  water-works  tunnel  such  as  are  in 

lite   common   use   for    the   purpose   of   deriving   water 

pplies   from    the    Great    Lakes,    and    their    connecting 

■  annels.     The  tests  were  divided  into  nine  periods  of 

hr.  each,  and  the  coefficient  of  roughness  was  deter- 

ined   for   each    period.      The    resulting    values    of    the 

efficient  n  in  the  Kutter  formula  are  contained  in  the 

"ompanying  table.     Two  individual  computations  of  the 

;ults  were  made,  in  one  of  which   the  gage   readings 

cen  at  the  beginning  and  end  of  a  chosen  half-hour 

"iod  were  averaged  and  used  in  conjunction  with  the 

:  asured   pumpage    rate   for   the   half-hour   period,   the 

:  ulting  values  of  n  being  shown  in  column  16  of  the 

1  'le.    In  the  other  method  of  computation,  the  pumpage 

I  e  for  two  consecutive  half-hour  periods  was  averaged 

i  1  used  in  conjunction  with  the  gage  reading.s  taken 

t  the  even  hour  or  half  hour.     The  values  of  n  detcr- 

I  led  in  this  way  are  shown  in  column  17  of  the  tai)le. 

•  two  .sets  of  values  substantially  agree  and  the  coetli- 

nf  roughness  as  determined  from  the  tests  ranges 

1  0.0130  to  0.01.52,  the  mean  value  being  0.0142. 

he  tests  were  carried  out.  under  the  direction  of  the 

a  liors  as  consulting  engineers,  by  T.  A.  Leisen,  General 

S  jerintendent,  and  H.  B.  Keenev,  Engineei-  of  the  Water 

I  rd. 


"ests  recently  made  to  determine  the  capacity  of  the 
H  ply  main  of  the  village  of  ^lalone,  N.  Y.,  leading 
fi  n  the  intake  to  the  distribution  reservoir  showed  the 
ct  icity  after  28  years'  u.se  to  be  fully  equal  to  that  of 
a  -w  well-laid  conduit  of  the  same  size. 

he  original  conduit  is  of  10-in.  cast-iron  pipe,  laid 
U]  hill  and  down,  with  numerous  deflections,  a  total 
le  th  of  3.5,500  ft.  from  the  intake  on  Horse  Brook  to 
ih  ilistrihution  reservoir  at  Pinnacle  Hill.  The  upstream 
If  00  ft.  of  the  conduit  was  subsequently  paralleled 
^(fii  12-in.  pipe.  A  booster  pumpimj  station  was  placed 
•  low  ])oint  of  the  10-in.  line,  about  Vt  ""•  from  the 
'■  l)asin,  in  1914,  as  noted  in  Erif/ineering  News, 
■■     il,  1914. 

jests  were  made  of  the  inflow  to  the  conduit  by  weirs 

''•  '1  on  the  sn|)i)ly  luiiin  above  the  intake  and  on  the 

lielow  the  intake.     Siinultaneous  tests  of  the  dis- 

'■    were    made    by    ])itonioter    at    a    point    230    ft. 

•»hieam    from    tlie   booster   ]iiiniping   station,    which    in 


tiii-n  is  luciUecI  1,.5()0  ft.  from  the  distribution  reservoir. 
Tests  were  nuule  of  the  flow  through  the  conduit  ujuler 
two  conditions— with  the  booster  pump  operating  and 
with  the  pump  stopped  (and  bypassed),  respeetivudv. 
Each  test  was  duplicated  on  the  day  following  the  orig.iaial 
test,  and  in  addition  the  results  were  checked  clo«ely 
iiy  simultaneous  pitometer  records  of  the  inflow  to  anil 
outflow  from  the  distribution  reservoir  in  conjunction 
with  the  record  of  the  gain  or  loss  of  storage  in  the 
reservoir.  In  order  to  permit  coefficients  to  be  determined 
for  various  friction-head  formulas,  the  net  results  have 
been  taliulated  as  shown  in  the  following  statement: 

I'ump  in  Operation: 

Net   friction    liead    in    tlic    conduits.    134    ft 

Dl?s°"l"nnft'?t  ^^fiA^^'"""-"-  °f  parallel  12-in.  and  10-in  pipe, 
plus  ji.ooo  ft.  of  10-m.  pipe  -it. 

Mean  discliarge   in   gallons  per  24  hr.— 

Bv  nitometer* 1, 410.000 

J3.\    pitometei*     1,416.000 

Pump  Shut  Down: 

Xet  friction   head   in  conduits,  110  ft 

22%rA':iTlt\n'iZV''-  '"'  ''^"""'   '^-  '-^"^  "-'"■   1"P<>-   "'"^ 
Measured   discharge,    1.220,000  gal    per   •>i   hr 

coefflcienro.'s"3ni-'a"fuled/"-'^'--'^'-^^    '''    "'^o-^ter    a    traverse 

For  the  same  heads  the  Ilazen-Williams  formula,  using 
C  =  130,  which  is  applicable  to  good  new  mains,  fairly 
strai.ght  and  well  laid,  gives  for  the  same  conditions, 
under  134  ft.  head,  a  discharge  of  1,410,000  gal.;  and 
under  110  ft.  head,  a  discharge  of  1,218.000  gal. 

There  was  a  small  but  unknown  draft  from  the  supply 
cojiduit  during  the  tests  through  services  supplying 
kitchen  sinks  in  dwellings  along  the  line  of  the  conduit. 
The  rate  of  draft  probably  did  not  e.xceed  5,000  gal.  |icr 
24  hr.  Blowofl's  and  air  valves  were  opened  preceding 
the  test,  and  \rry  little  sediment  was  discharged. 

A  section  of  ilic  pipe  cut  out  at  the  booster  pumping 
station  showed  its  interior  condition  to  be  perfect.  The 
coating  was  smooth  and  unbroken,  without  any  sign  of 
rust  or  tuberculation.  The  water  is  very  cold,  exception- 
ally pure  and  soft,  coming  from  springs  in  sand  hills. 

The  tests  were  made  under  the  direction  of  Robert  E. 
Horton.  Consulting  Hydraulic  Engineer,  of  Albany,  N.  Y., 
and  the  ]iit(iiiicter  measurements  were  made  bv  A.  \V. 
Ilogeland.  of  the    Pitometer  Co.,   Xcw   York   City. 

_  VBtta-iiSed  Pipe  as  Well  Casaiag 

.V  kiiiil  of  well  that  is  giving  satisfaction  in  the  towns 
of  iMedway  and  Barnstable,  Mass.,  is  one  having  a  cas- 
ing of  24-in.  vitrified  sewer  pipe.  Wells  of  this  type  have 
been  used  in  fine  .sand  where  small-sized  iron-pipe  wells 
with  strainers  proved  un.satisfactory.  because  of  clogging 

The  nictlioil  id'  sinking  the  vitrilied-pipe  wells  varied 
somewhat  with  the  material  encountered.  A  water  jet 
was  used  in  some  instances,  but  a  small  orange-peel  bucket 
excavator  ))roved  best  in  the  majority  of  cases.  The 
bucket  was  o])erated  from  a  four-leg  pipe  derrick.  The 
material  in  the  iiottom  of  the  well  was  first  loosened  with 
a  long  bar.     The  wells  described  were  about  30  ft.  deep. 

The  bells  of  the  pipe  were  cut  off,  as  they  would,  of 
course,  have  interfered  with  the  sinking.  The  sections 
of  pijie  were  spliced  togctli(;i'  by  three  bars  equally  spaced 
around  the  outside  circumference  and  ])arallel  to  the  axis 
of  the  pipe.  Holes  wei'e  bored  in  the  |iipe.  and  the  splice 
bars  were  fastened  on  by  small  carria.sre  bolts.  This  was 
found  necessary  in  oi'der  to  keep  the  pipe  in  alignment, 
even  with  pipe  having  chaml)er-and-tenon  joints. 
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WELL  CLOGGING   CLi:LU  LY   USE  OK   VITKIFIED  i'll'E 
FOR  WELL  LININ'(i 

When  it  was  necessary  to  make  the  upper  joints  water- 
tight they  were  calked  from  the  inside  with  oakum  and 
cement  mortar.  The  wells  receive  practically  all  the  in- 
flow through  the  open  bottom.  Should  they  fill  up  with 
sand  or  silt,  they  can  readily  be  reexcavated. 

The  completed  wells  have  reinforced-concrete  covers, 
which  are  locked  on  by  running  a  rod  through  the  pijic 
and  through  a  staple  on  the  under  side  of  the  cover.  The 
rod  is  fastened  on  the  outside  with  a  padlock. 

The  wells  were  devised  by  11.  A.  Symonds  and  L.  L. 
A\'adsworth,  engineers  of  the  Hanscom  Construction  Co.. 
J-ioston,  Mass.,  for  the  water-works  of  ]Medway  and  Barn- 
stable. The  ma.xinium  depth  to  which  such  wells  have 
been  sunk  is  3")  ft.,  aiul  the  cost  is  about  $"200  each. 


Stireett  Cipossiira^s 

In  an  effort  to  reduce  tlic  number  of  accidents  at 
grade  cro.ssings,  the  Board  of  Pul)lic  Utilities,  Los 
Angeles,  Calif.,  is  experimenting  with  grade  checks  or 
"Imnips,"  especially  constructed  in  the  pavements  to 
necessitate  the  reduction  of  speed  of  automobiles  and 
other  vehicles  before  crossing  the  tracks. 

The  experiment  is  being  nuide  at  probably  tiie  most 
dangerous  grade  crossing  in  the  city — the  intersection 
at  an  oblique  angle  of  the  4-track  system  of  the  Pacific 
Electric  Ry.  and  Mission  Road,  a  main  route  of  travel 
between  Los  Angeles  and  Pasadena.  Substantial  grade 
checks  are  being  constructed  for  a  distance  of  about  50  ft. 
on  each  side  of  the  tracks,  so  arranged  as  to  demand 
careful  driving  and  to  eliminate  any  possibility  of  the 
dashing  ahead  of  oncoming  cars. 


Prior  to  making  this  installation,  speed  data  were  taken 
at  this  point,  and  further  investigations  will  be  niadS 
after  the  completion  of  the  grade  check  to  determine 
accurately  the  value  of  this  plan  of  crossing  protection. 
Other  plans  suggested  to  the  Board  for  inexpensive 
experiments  include  the  construction  of  a  large  dip  in  the 
load,  as  well  as  the  installation  of  sand  beds  for  a  suitable 
distance  to  compel  a  reduction  of  speed. 

The  principal  parkway  of  the  park  system  at  Memphis, 
Tenn.,  has  a  length  of  about  13  mi.  and  has  five  railway 
grade  crossings,  some  of  the  lines  crossing  diagonally.  The 
I'ark  Commissioners  have  installed  ridges  or  "bumpers" 
across  the  roadway.  These  are  placed  also  at  a  dangerous 
jioint  where  a  county  road  enters  the  parkway  on  a  steep 
grade,  and  at  a  point  where  a  street-car  line  is  crossed  at 
the  foot  of  5%  grades. 

The  bumpers  are  rounded  ridges  9  to  12  in.  high  above 
the  surface  of  the  roadway,  and  are  approximately  -t  to  (i 
ft.  wide  at  the  base  and  2  ft.  at  the  crown.  Where  there 
is  a  d(.)uble  roadway  only  the  right-hand  roadway  is  thus 
marked.  They  are  placed  50  to  75  ft.  from  the  crossing 
or  danger  point,  with  "Go  Slow"  signs  on  the  right  side  of 
the  roadway  about  100  ft.  in  advance  of  the  bumper. 

It  is  stated  that  crossing  accidents  have  been  noticeably 
absent  since  the  installation  of  the  Immpers,  but  that  the 
'"Go  Slow"  signs  should  be  properly  illuminated  at  night 
to  secure  the  best  results.  J.  E.  Weatherford  is  city 
engineer  of  .Memphis. 
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struction  of  the  new  concrete  bridge  across 
amond  at  Worcester,  Mass.,  the  contractors, 
lee  &  Son,  of  Xew  Haven,  Conn.,  are  using 
two  piledriver  rigs  of  their  own  design 
on    light    work,    such    as    the    driving 
(if  tlie  (i-in.  steel  sheetpiling  and  timber 
for  falsework  suiiports.    Both  con- 
sist of  hanging  leads  that  together 
with  the   hammer  are  suspended 
from    a    derrick    hoc  mi    and    are 
raised  and  lowcrccl  bv  lines  from 


Pig.  1 — (Left)   Rig  In  which  leads  pass  thiouKh  ham 
2 — (Right)   Light  rails  form  hanging  leiuls 
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tiie  derrick  hoist,  the  hammer  directly  from  the  drum  and 
the  leads  from  the  snitliljing  spools. 

Fig.  1  shows  the  lighter  hammer  ol"  the  tu-o,"  which  has 
a  weight  of  about  1,400  II).  It  is  a  special  casting,  pro- 
vided with  four  longitudinal  holes  about  21/2  in.  in  diame- 
ter. These  holes  serve  as  guides  for  four  2-in.  rods  that 
are  the  piledriver  leads.  The  rods,  joined  together  at  their 
tops  by  the  crossed  plates  shown,  are  hung  from  the  der- 
rick lines  so  as  to  fork  over  the  pile  being  driven.  Thev 
are  quite  rigid  and  effectively  hold  the  hammer  in  line 
during  the  driving.  In  driving  a  single  pile  the  bottom 
of  the  rods  can  be  bound  round  with  a  line  to  position 
the  leads,  but  in  driving  a  line  of  sheetpiles  this  is  not 
necessary. 

The  heavier  rig,  shown  in  Fig.  2,  has  a  2.100-lb.  ham- 
mer of  regulation  design,  but  instead  of  the  usual  clumsv 
wooden  leads,  two  30-lb.  rails  are  used.  These  are  bound 
together  at  the  Iwttom  by  a  strap  bent  to  clear  the  hammer 
and  are  held  at  the  top  by  another  strap,  which  also  serves 
for  the  hanger. 

Deuiauds  for  more  space  at  the  Gold  St.  generating- 
station  of  the  Edison  Electric  Illuminating  Co.  of 
Brookl\-n,  X.  Y.,  made  it  necessaiT  to  increase  the  heiglit 
of  a  one-story  building  there  to  four  storie^^.  In  view  of 
the  greatly  increased  loading — total  of  600  lli.  per  sq.ft. — 
it  was  decided  that  the  foundations  would  ha\e  to  lie  car- 


lioulders   and   criiiwork — a    distance   of 
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.SPECIAL    I'lI^EDRIVERS    SET   I'l'    FOR    STR.MCHT 
WC>RK;    BROOKLYN,    N.     Y 

hardpan.  This  was  accomplislicd  by  liriviiig  a  num- 
holiow  steel  piles,  closed  at  the  lower  end  by  a 
lie  point,  and  placing  foundation  piers  on  top  of 
es.     'I'hc   iii|i.<   wire  driven   into  the   soil— which 


FIG.    2.     PILEDRIVER    WITH 

LEADS  DROPPED  FOR 

DRIVING  IN  PIT.c; 


consisted  of  fill 
23  to  27  ft. 

The  ])iledriver  used  was  especially  designed  for  the  job. 
the  leads  and  braces  being  arranged  so  that  the  leads 
could  be  used  as  with  the  ordinary  type  of  driver,  as 
shown  in  Fig.  1,  or  could  be  dropped 
in  the  hole.  T[\c  braces  were  hinged 
top  and  bottom  and  so  adjustable  that 
when  the  leads  were  in  the  hole  the 
Y  ^  \\  ^""S  upper  member  of  the  spliced 
'  \W  ,  ;^  braces  could  be  re- 

iJ  I — ^^         moved  and  a  .short- 
er one   sidjstitnted, 
as  indicated  in  Fig. 
2.     With    this    ar- 
rangement   it    was 
not     necessary      to 
use   a   follower. 
These  leads  could  be  jdaced  in  many  awkward  posi- 
tions which  otherwise  would  have  "rendered  neces- 
sary the  use  of  sliding  leads  and  special  rigging. 
The  work  was   done    by  John   II.    Duncan,   con- 
tractor, nnder  the  supervision  of   G.   L.   Knight. 
Designing  Engineer  of  the  Edison  Co.  and  Bernt 
Berger,  Consulting  Engineer.     A  year  ago  another 
foundation  at  this  station  was  constructed  by 'driv- 
ing hollow  steel  piles  not  fitted  with  a  ])oint,  and 
then  excavating  inside  them  by  10-in.  orangciteel. 

C^s'vedl  C^ipIbaHag 

Bv  Kicii.vi!!)  A.  Lkwis* 

In  the  computation  of  the  area  of  street  surfaces  where 
the  corners  of  intersecting  streets  are  rounded  by  a  curb 
of  some  definite  radius,  the  work  can  be  made  easier  by 
the  use  of  tables  giving  the  area  between  the  intersecting 
curb  lines.  Fig.  1  shows  such  an  intersection  and  the 
area  to  be  computed. 

Areas  of  streets  .4  and  Ji  are  found  directly  from  tlu' 
jiroduct  of  their  length  by  their  width.  Ordinarily  the 
areas  of  C  and  D  are  found  by  taking  one-fourth  of  the 
difference  between  the  area  of  a  circle  of  the  given  radius 
and  the  area  of  a  square  with  sides  equal  to  twice  the 
radius  of  the  circle.  If  the  streets  do  not  intersect  at 
right  angles,  the  computation  is  more  complicated. 

Table  I  gives  the  area-s  of  C  and  D  in  square  feet, 
wheie  the  intersection  is  at  right  angles,  for  any  radius 
fi'oni  4  to  20  ft.  for  each  inch  change  in  length  of  radius. 

Where  the  streets  intersect  at  an  angle  of  less  than  90°, 
the  areas  of  C"  and  D'  are  not  equal,  and  each  has  a  cer- 
tain relation  to  C  and  D,  depending  on  the  angle  of  in- 
icrsection.    The  ratio  of  J)'  in  Fig.  2  to  I)  in  Fig.  I,  for 
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till'  sume  ratlms,  is;  a  constiiiit  ami  is  equal  to  the  same 
ratio  for  any  other  radiu:^.  C  heius  ^iulitended  hy  the 
angle  180°  —  o,  has  a  different  ratio. 

Tal)le  2  contains  these  ratios  for  every  degree  from  :!0" 
to  150°.  Therefore,  to  obtain  (".  find  the  produet  of  (' 
in  Table  1  and  the  factor  for  the  angle  which  snl)tends 
C,  in  Table  2. 

E.xample  1 — Two  streets  intersect  at  right  angles,  witli 
curbs  rounded  by  a  radius  of  10  ft.  The  gutter  of  con- 
crete is  20  in.  wide.  Here  the  brick  or  other  pavement 
will  not  be  estimated  with  the  concrete  gutter;  hence 
the  radius  to  use  will  l)e  11  ft.  8  in.  From  Table  1  the 
area  for  one  corner  is  29  sq.ft. 

Example  2 — Take  the  same  conditions  as  in  the  fore- 
going, except  that  the  streets  intersect  at  3T°.  As  in 
Example  1,  find  29  sq.ft.  from  Table  1.  From  Table  2, 
for  37°,  find  a  factor  0.05.5  for  D'.  The  factor  for  1-13° 
(180°  —  37°  =  143°)  will  be  found  to  be  8.112  for  C. 
Then  29  X  0.0.55  =  1.6  .'^q.ft.  for  £>' \  29  X  8.112  = 
235.2  .sq.ft.  for  (" :  l.(!  -f  235.2  =  23(5.8  sq.ft.  for  the 
two  corners. 

TABLE   1.     ARE.\   OF   PAVING   OUTSIDE  CURB   WHEX 
STREETS   INTERSECT   AT    90° 
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MA  II. WAY    CROSSING    FOR    P.WED    STREETS    IN 
I'UEBLO,    COLO. 

fiiim  t'.u-  lailway-track  area,  so  that  reconstruction  of  the 
Iractk  will  not  i'e(iuire  any  tli.'^turbance  of  the  pavement.  D.  P. 
tiaymon   is  city  engineer. 

.411  Cdtciiig;  for  AMphaltic  Pavements  which  has  given  good 
service  in  some  Southwestern  cities  is  shown  in  the  accom- 
panying illustration.  It  is  used  in  place  of  a  header  where  the 
pavement  joins  an  unpaved  street  as  well  as  at  the  ends  of  a 
section    of   itavin^.      So   far   as   known   it   has  never  been    tried 
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TABLE    2.     RATIO 
TERSECT  AT 


0.029  0.032  0. 

0.069  0.075  0 

0.140  0.149  0, 

0.230  0  264  0. 

0.416  0.437  0. 

0.657  0.686  0. 

1.000  1.041  1 

1.487  1 546  1 

2.182  2.266  2 

3.191  3.316  3 


OF 
LESS 
AT 
2 

035  0.( 
.081  0.1 
,158  0.1 
.279  0.: 
,458  0.- 
716  0.1 
,084  \: 
.607  1.1 
.354  2  • 
.446  3.f 
.099  5.: 
.759  8. 
.509   13 


CONDITIONS  WHEN  STREETS 
THAN  90°  TO  THE  CONDITION.' 
A   90°    CORNER 


0.042 
0.093 
0.178 
0.309 
0.502 
0.780 


U.046 

0.100 

0.189 

0.325 

0.526 

0.813 

1.223 

670      1.735      1.803 

445     2.540      2.638 

581     3.722     3.S69 

309     5.529     5.760 

112      8.486     8.883 

188   13.922   14.717 


0.050 
0  107 
0.201 
0.342 
0.550 
0  848 
1.272 
1.873 
2.740 
4  022 
6.003 
9.305 


0.115 
0.212 
0.360 

0.; 


0.059 
0.123 
0.224 
0.378 
0.602 
0.922 


2.022 


0.884 
1.323 
1.946 
2.846 
4.182  4.349 
6.259  6.527 
9.754  10.233 
16.520   17.548 


0.064 
0.131 
0.237 
0.397 
0.629 
0.960 
1.430 
2.100 
3.072 
4.524 
6.811 
10.744 
18.677 


Par.affln-Wax    ranttuK    *or     riltpr    TankH    and     l»l|ies — The 

wetted  interior  of  the  steel  filter  tanks  and  the  inside  of  the 
pump  and  filter  piping  of  the  new  drif  ting-sand  water- 
filtration  plant  now  being  built  for  the  City  of  Toronto  by 
the  John  ver  Mehr  Engineering  Co.  are  coated  with  solid 
paraffin  wax.  dissolved  in  gasoline  at  a  minimum  temperature 
of  110°  F.  Before  coating,  the  surface  is  cleaned  with  wire 
brushes.  This  cleaning  must  be  thorough,  and  the  surface 
must  be  dry  before  the  paraflin  is  applied.  The  coating  is 
put  on  with  whitewash  brushes.  Paraffin  wax  was  chosen 
because  it  was  feared  that  the  common  tar  or  asphalt  coat- 
ings would  break  away  in  sufficient  quantities  to  clog  the 
sand-collecting  and  removing  system  that  takes  drifting  sand 
from   the  filters. 

.V  Kallnny  Street  troxHlnK  that  has  proved  very  satisfac- 
tory at  Pueblo.  Colo.,  is  shown  in  the  accompanying  illustra- 
tion. This  method  was  first  tried  on  the  Atchison,  Topeka  & 
Santa  Fe  Ry.  crossing  on  the  recommendation  of  the  railway's 
engineers.  The  header  blocks  are  12-in.  lengths  of  4xl2-in. 
ireosoted  plank  on  end.  The  great  advantage  claimed  for  this 
type    of    crossing    is    that    it    entirely    separates    the    pavement 


as  an  edging  for  asphaltic  load  pavements,  but  it  would  seem 
to  be  a  feasible  solution  of  that  vexing  problem.  The  beveled 
end  with  a  thin  cushion  of  soil  saves  tlie  edge  of  the  pave- 
ment from  abrasion  and  the  small  amount  of  additional  ma- 
terial under  the  edge  avoids  the  feather-edge  ends  or  sides 
of  a  pavement,  which  are  constantly  breaking  off. 

rieanins  Outfall  Se«er  of  Quicksand — About  10.000  ft.  of 
21-in.  vitrified  pipe  outfall  sewer  at  Great  Bend,  Kan.,  was 
recently  cleared  of  quicksand,  which  had  entered  through  a 
broken  pipe.  In  some  places  the  quicksand  had  reached  a 
depth  of  15  to  IS  in.  The  cleaning  out  was  accomplished  with 
15-in.  wooden  balls  weighted  so  that  they  would  just  float. 
The  balls  were  inserted  in  the  sewer  at  manholes  and  were 
forced  through  the  pipe  by  the  head  of  water  backed  up  be- 
hind them.  The  quicksand  and  other  suspended  materials 
were  cut  out  undernejith  the  balls,  which  revolved  in  a  direc- 
tion opposite  to  the  current.  At  times  6  to  10  cu.yd.  of  ma- 
terial was  being  moved  ahead  of  the  balls.  The  contractor 
who  was  in  charge  of  the  work  stated  that  the  more  material 
in  front  of  the  balls,  the  more  satisfactorily  the  scheme 
worked.  Cleaning  was  begun  at  the  manhole  nearest  the 
outfall:  the  balls  were  then  placed  in  the  second  manhole  and 
taken  out  at  the  first,  and  so  on.  .A.bout  every  fifth  jiianhole 
a  ball  was  allowed  to  go  through  to  the  end  of  the  sewer. 

DiKtrlbntion  of  the  Load  and  Moment  to  the  beams  sup- 
porting an  oblong  rectangular  concrete  slab  reinforced  in 
two  directions  is  not  standardized.  M.  G.  Findley,  59  \V.  57th 
St.,  New  York  City,  inquires  as  to  prevailing  practice.  He 
notes  that  there  is  authority  for  three  methods  of  distribu- 
tion, as  follows:  One,  triangular,  that  is  assuming  a  triangu- 
lar load  on  each  beam,  the  maximum  ordinate  being  at  the 
middle  of  the  beam  and  the  proportion  of  the  total  load  borne 
by  each  beam  varying  as  the  ratio  of  the  fourth  power  of  the 
length  of  that  side  of  the  rectangle  to  the  sum  of  the  fourth 
powers  of  the  two  sides;  two,  parabolic,  in  which  the  load 
varies  as  the  ordinates  of  a  parabola:  three,  equiangular, 
that  is  where  the  distribution  to  the  short  beam  is  that  part 
of  the  load  included  in  the  triangle  made  by  bisecting  the 
(  orncr  angles.  He  also  inquires  whether  there  is  any  author- 
ity for  a  uniform  distribution  of  the  load  to  the  beam,  that 
is  the  use  of  WL  -=-  8  instead  of  the  WL  H-  6  imposed  by  the 
triangular  method,  particularly  in  the  design  of  steel  beams 
supporting  concrete  slabs   reinforced   in   two  directions. 

An  .Xeroplnne  as  an  I-'.nKineerinK  Tool  was  recently  used 
by  a  California  engineer.  The  problem  had  to  do  with  City 
planning  and  beautification  and  photographs  taken  from  the 
flying  machine  at  a  great  height  served  to  visualize  the  city 
Layout  so  that  the  effect  of  the  new  design   could   be   realize'!. 
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Wages  h)y  Acfi  ©f  Conagress 

Thu  natioii-wiili'  railway  strike  ordered  l)y  the  train- 
men's brotherhoods  for  Sept.  4  was  called  off  becaitse  36 
hours  before  the  time  fixed,  Congress,  under  the  whip 
and  spur  of  President  Wilson,  passed  a  law  compelling  the 
railways  to  grant  to  the  trainmen  their  principal  demand. 
This  demand,  while  it  is  called  the  eight-hour  day  and 
so  masquerades  in  the  law  passed  by  Congress,  is,  when 
stripped  of  technicalities,  merely  an  increase  of  25%  in 
the  hourly  wage  rate  to  all  railway  train  service  employees 
engaged  in  interstate  commerce. 

Congress  dropped  all  its  other  work  and  postponed 
its  day  of  adjournment  in  order  to  enact  this  law  nnder 
the  same  compelling  motives  that  influenced  President 
Wilson  when  he  attempted  to  make  the  railway  executives 
grant  the  demands  of  the  brotherhoods.  He  believed  that 
a  nation-wide  railway  strike  must  be  averted  at  any  cost 
and  hence  that  the  demands  of  the  brotherhoods  must 
be  granted,  witlunit  stopping  to  inquire  whether  or  not 
they  were  justified. 

This  remarkable  piece  of  Congressional  legislation 
which  was  rushed  through  the  Senate  while  the  Brother- 
hood leaders  sat  in  one  of  the  committee  rooms  and  issued 
orders  as  to  the  form  the  legislation  should  take  and  the 
limit  of  time  in  which  it  must  be  passed,  had  the  de- 
sired effect  of  postponing  the  strike.  The  issues  that  are 
raised  by  the  legislature,  and  which  must  be  passed  upon 
at  an  early  day.  Congress  has  turned  its  back  npon  for 
the  present. 

It  was  long  ago  said  that  nothing  is  ever  .settled  until 
it  is  settled  riglit.  If  the  President  and  the  Congressmen 
at  Washington  imagine  that  they  have  made  a  permanent 
settlement  of  the  railway-wage  question  by  this  legisla- 
tion, they  are  sure  to  find  their  error  and  find  it  very 
quickly.  Let  us  suppose  that  in  accordance  with  the 
President's  desires  the  railway  comjianies  accept  and 
'  arry  into  effect  the  provisions  of  the  law.  Some  very 
iiiportant  questions  are  nevertheless  bound  to  be  raised. 

Has  Congress  the  power,  under  the  interstate-commerce 
lause  of  the  Constitution,  to  order  a  wage  increase  to  a 
irtain  class  of  railway  employees?  It  has  power  to  enact 
iniiiinium-wage  laws  and  hours  of  service  laws,  nnques- 
tionably;  but  to  pass  a  law  that  railway  corporations  shall 
raise  the  wages  of  their  emi)loyees  is  a  very  different 
matter. 

Suj)pose,  howevei-,  it  is  decided  by  the  courts  that 
Congress  has  this  power.  In  that  case,  next  winter,  we 
-ball  see  Congress  legislating  on  the  wages  and  hours  of 
labor  of  the  railway  shopmen,  switchmen,  station  agents, 
signalmen,  sectionmen,  bridge  gangs  and  each  and  every 
"ther  class  of  labor  employed  by  railway  companies.  The 
burnlile  officials  may  even  come  in  for  a  favorable  bill  or 
two,  for  some  of  them  are  drawing  fewer  dollars  from 
the  monthly  pay  car  than  the  engine  runners  for  whose 
lieiiefit  the  Congressmen  [nit  off  adjournment  and  worked 
overtime — and  without  extra  compensation  either! 


Why  should  there  be  objection  to  such  legislation  ? 
Each  and  e\ery  class  of  railway  employees  is  probably 
better  entitled  to  a  raise  than  the  trainmen.  Shall  these 
others  be  denied  it  merely  because  they  have  not  threat- 
ened to  tie  up  the  entire  commerce  of  the  nation  ? 

But  the  avalanche  will  not  stop  there.  If  Congress 
may  enact  such  legislation,  then  state  legislatures  may  pass 
laws  raising  wages  of  employees  of  all  public-utility 
corporations  within  their  jurisdiction.  Next  winter,  then, 
will  see  bills  passed  at  Albany  and  Harrisburg  and  Sacra- 
mento and  every  other  state  capitol  to  raise  wages  of 
street-railway  motormen,  conductors,  linemen  and  a 
hundred  other  classes  of  workmen  in  the  employ  of 
public-utility  companies.  That  is  a  far  easier  way  to  get 
a  raise  of  wages  than  striking.  Will  the  street-car  men 
and  all  other  employees  of  public-utility  companies  be 
deep  in  state  politics  from  this  time  on?  Nothing  is 
more  certain. 

Perhaps  it  is  well  to  turn  back  to  the  question:  Has 
Congress  the  jiower  under  the  Constitution  to  pass  such 
a  law  as  it  rushed  u])()ii  the  statute  book?  It  has 
not  that  ])iiwcr  if  and  where  the  effect  of  such  a  law 
will  lie  t(i  ivdiico  the  net  earnings  of  a  railway  below 
a  fair  return  on  the  legitimate  investment,  for  that  would 
be  "taking  ])ri\ate  property  without  just  compensation." 
Oidy  that  brief  clause  of  the  Constitution  stands  in  the 
way  of  confiscation  of  the  railways  and  all  other  public 
utilities  of  the  country;  but  that  still  stands. 

A  nation-wide  railroad  strike  would  be  a  vast  calamity; 
but  there  might  be  a  worse  calamity.  To  forsake  tlie 
principles  of  right  and  justice;  to  yield  to  the  threat  of 
a  vast  labor  monopoly,  for  fear  of  immediate  conse- 
quences, without  foresight  of  other  consequences  to  follow 
— that  may  be  far  w^orse  in  the  long  run  for  the  nation. 

A  century  ago  an  American  statesman  won  undying 
fame  by  declaring  that  the  United  States  had  millions 
for  defense,  but  not  one  cent  for  tribute.  One  longs  to 
see  a  little  of  that  spirit  among  those  in  autho^'ity  at 
Washington  today. 

WSaat  Wafter  MeSeiPS  WaM  Do 

When  an  American  city  has  a  water  consumption  oF 
only  3.5  gal.  per  capita,  it  is  safe  to  assume  that  prac- 
tically all  the  water  jiasses  through  meters.  Woonsocket, 
K.  I.,  shows  a  consumption  of  34. .5  gal.  per  inhabitant 
and  34.7  per  consumer.  Of  the  3,928  services,  3,837  or 
97.9%  were  metered  at  the  end  of  the  year  1915,  and 
of  the  total  consumption,  83.2%  passed  meters.  Of  the 
water  pumped,  84.2%  <'ould  be  accounted  for  without 
allowing  for  meter  slip. 

Such  a  record  is  one  for  the  Water  Department  and 
Superintemlent  Carleton  Scott  to  be  ])roud  of,  and  for 
meter  advocates,  including  the  manufacturers,  to  make 
the  most  of. 

It  should  be  noted,  however,  that  some  factors  for 
which  the  Woonsocket  Water  Department  can  claim  no 
credit   nor  i)e  given  any   blame  favor  low  consumption. 
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The  mileage  of  mains'  is  low  compared  with  many  cities 
of  equal  population,  the  service  connections  are  short 
and  notwithstanding  the  low  per  capita  consumption  each 
service  or  tap  passed  45(i  gal.  per  day.  All  these  things 
indicate  a  compact  distribution  system,  with  fewer  main 
and  service  joints  than  are  common  to  cities  of  45,000 
]iopiilation. 

The  Water  Department  did  not  depend  on  meters 
alone.  During  the  year,  Mr.  Scott  says,  "The  customary 
assistance  has  been  rendered  consumers  in  our  efforts  to 
prevent  the  waste  of  water,  and  707  postal  card  notices 
have  been  mailed." 

After  all  is  said  by  way  of  explanation,  it  is  the  uni- 
versal meter  system  at  Woonsocket  that  accounts  for  the 
low  water  consumption  and  waste  in  that  city — that  is, 
meters  and  generally  efficient  management.  Other  cities 
with  a  like  combination  can  get  equally  good  results. 

Every  superintendent  of  a  municipal  water-works,  we 
venture  to  assert,  is  or  has  been  at  some  time  handicapped 
by  his  inability  to  get  the  local  water  board  to  back  up 
his  recommendations  for  work  which  he  knew  was  neces- 
sary for  the  service.  If  the  average  standard  of  members 
of  water  boards  could  be  improved  in  the  same  degree 
that  the  standard  of  water-works  managers  and  superin- 
tendents has  been  in  the  last  two  decades,  the  quality  of 
water-works  service  would  be  materially  raised  the  coun- 
try over  and  the  cost  appreciably  reduced.  The  trouble 
is  evident,  and  it  lies  in  ignorance  and  inefficiency  rather 
than  in  dishonesty.  Some  means  should  be  sought  to 
educate  the  water-board  members  or  to  select  better  men. 

A  few  illustrations  come  conveniently  to  hand  as  to  the 
urgent  need  of  a  better  understanding  of  their  responsi- 
bilities by  village  trustees,  members  of  water  boards  and 
other  pulilic  boclies  to  whose  tender  mercies  are  committed 
the  control  of  the  water-works  systems  of  our  smaller 
cities  and  towns. 

The  first  case  involves  the  very  important  matter  of 
water  waste.  ^luch  has  been  written  on  waste  prevention  ; 
waste  detection  has  become  almost  an  exact  science.  Yet, 
withal,  extravagant  use  of  water  is  rampant  and  restric- 
tion is  a  difficult  and  delicate  task,  even  when  the  facts 
as  to  the  existence  and  sources  of  waste  are  well  known. 
Water-works  engineers  understand  the  difference  between 
waste  det(!ction  and  waste  prevention,  but  water  boards 
and  village  trustees  generally  do  not.  Once  a  leakairc 
survey  has  been  made  the  board  seems  to  exjiect  the  wastes 
to  stop  forthwith  of  their  own  volition. 

In  a  certain  town  in  the  East,  the  distribution  reser- 
voir supplying  a  population  of  several  thousand  lias  hi^cn 
full  but  once  in  tiie  ])ast  year — and  several  times  it  has 
been  empty.  A\'aste  by  consiiniers  of  all  classes  has  grown 
until  the  consumption  now  exceeds  the  cajjacity  of  the 
supply  line — aitiiough  this  is  adequate  with  a  I'easonable 
consumption  for  50%  increase  in  population.  Thi^  water- 
works superintendent  has  been  subjected  to  suspicion  and 
vilification  because  his  plant  could  not  deliver  to  the 
|ieoi)le  all  the  water  tliey  wanted.  Some  members  of  the 
water  board  were  inclined  to  credit  these  aspersions.  The 
governing  body  fortunately  employed  expert  service,  and 
this  dispelled  the  delusions  and  traced  the  shortage  to  the 
prodigal  consumers.  Those  who  most  loudly  denounced 
the  sujjerintendent  were  the  largest  wasters. 


Even  now  the  board  experiences  great  difficulty  ia 
comprehending  that  its  troubles  have  not  ended  and  that 
the  burden  of  remedying  conditions  rests  on  it.  One 
of  the  trustees  has  just  suggested  that  the  board  "lay  a 
new  main  and  let  the  people  have  all  the  water  they 
want" — failing  to  realize  that  increased  supply  and  unre* 
stricted  waste  will  only  add  temptation  to  further 
extravagance. 

Another  case :  In  an  Eastern  city  the  water  consump- 
tion, although  it  was  extravagant  and  the  points  of 
excessive  draft  were  known,  had  been  allowed  to 
grow  unrebuked  until  it  had  reached  the  capacity  of 
the  filtration  works.  Filtration  was  costly  and  aestheti- 
cally not  entirely  satisfactory.  Something  had  to  be 
done.  A  public  meeting  was  called  and  the  restric- 
tion of  waste  suggested.  What  happened?  An  old 
and  influential  member  of  the  water  board  rose  before  the 
assembly  and,  with  streaming  tears  and  trembling  voice 
testifying  to  his  emotion,  shouted,  "I  will  not  stand  for 
a  restriction ;  while  I  hav?  been  on  this  board  the  people 
have  always  had  all  the  water  they  wanted."  He  spoke 
truly.  Water  they  had,  to  use  and  to  waste.  House- 
holders going  away  for  Christmas  week  were  known  to 
leave  all  faucets  wide  open  and  closet  trip  levers  tied 
down  to  prevent  freezing.    Filtered  water  and  no  meters! 

The  trouble  with  these  two  governing  boards,  so  far 
as  water  waste  goes,  can  be  briefly  stated:  (1)  Permit- 
ting a  rampage  of  extravagant  use  until  restriction  was 
imperative:  (2)  shifting  the  burden  of  enforcing  restric- 
tion upon  the  next  generation  in  office. 

We  said  that  many  water  boards  needed  education,  and 
the  matter  of  water  waste  afforded  a  convenient  illustra- 
tion. But  it  is  not  the  only  one,  for  wisdom  is  sadly 
needed  in  other  respects. 

A  good-sized  city  in  the  Middle  West  recently  spent 
the  price  of  a  college  education  in  teaching  one  of  its  board 
members  a  single  simple  fact.  He  was  honest,  conscien- 
tious and  in  many  ways  a  most  capable  man,  a  plumber 
by  trade.  But  he  had  great  difficulty  in  understanding 
how  it  was  tliat  head  could  be  lost  by  friction  in  a  water 
conduit.  His  idea  seemed  to  be  that  the  capacity  of  a 
water-works  conduit  was  some  fixed  and  definite  amount 
which  it  would  deliver  to  the  <mtlet  at  the  same  level  as 
the  intake,  arguing  apparently  that  water  seeks  its  own 
level  and  the  more  it  seeks  the  faster  it  runs.  This 
man  overrode  the  superintendent  and  imposed  a  construc- 
tion in  accordance  with  this  novel  principle. 

In  small  towns  the  superintendent  is  often  the  village 
plumber,  the  whole  responsibility  for  policy  and  admin- 
istration resting  on  the  trustees.  What  is  to  be  said 
about  one  such  town  which,  needing  at  least  an  8-in. 
main  from  its  intake  to  its  distribution  reservoir,  replaced 
a  defective  G-in.  main  several  miles  long  by  a  4-in.  pipe, 
the  trustees  intending  as  they  said  to  jnit  in  another  4-in. 
pipe  later  on  "when  they  needed  it"  and  arguing  that 
"two  fours  would  be  better  than  a  six  anyway." 

The  circumstances  noted  are  all  well  authenticated  ami 
all  less  than  five  years  old.  They  are  typical  and  not 
exceptional.  They  indicate  that  no  matter  how  capable, 
experienced  and  qualified  the  superintendent  or  engineer 
may  be,  his  utility  to  the  pulilic  is  limited  by  the  mental 
equipment  of  the  board  under  whose  control  he  must  act. 
How  can  better  boards  be  secured?  How  can  the  old 
boards  be  educated?  Close  the  doors  of  the  next  water- 
works convention  and  discuss  this  momentous  question. 
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There  it;  without  question  a  very  larjie  amount  of  public 
i-rntinient  in  the  United  States  which  favors  <jovernment' 
ownership  of  railways,  and  there  has  been  a  steady  growth 
ill  this  sentiment  during  the  past  twenty  years.  There  is 
no  doubt  either  that  the  events  of  the  past  decade  have 
been  forcing  the  United  States  toward  government  rail- 
way ownership  at  a  rapid  rate.  All  the  details  of  railway 
operation,  including  the  rates  that  may  be  charged,  are 
now  subject  to  regulation  and  control  by  state  and  Federal 
authorities.  Xot  only  this,  but  the  events  of  the  current 
week  have  rendered  practically  certain  that  the  rate  of 
wages  will  likewise  be  subject  to  public  regulation. 

Under  these  conditions,  unquestionably,  a  large  part  of 
the  arguments  in  favor  of  continuing  the  system  of 
private  railway  management  no  longer  holds  good.  If 
railway  superintendents  and  managers  have  to  be  mere 
clerks  to  carr^'  out  the  policies  that  pul)lic  bodies  dictate, 
the  public  might  as  well  take  over  the  title  to  the  rail- 
ways, so  that  it  and  not  the  private  owners  of  railway 
securities  will  .suffer  or  will  profit  from  the  policies  its 
representatives  may  put  in  force. 

There  is  a  very  large  body  of  intelligent  public  opinion. 
however,  including  those  who  are  most  familiar  with  the 
science  of  transportation,  who  believe  that  the  United 
States  is  in  no  condition  as  yet  to  assume  government 
ownership  of  its  railways.  One  may  point  to  the  contrast 
between  the  efficiency  of  American  railway  operation  and 
the  inefficiency  and  wastefulness  with  which  government 
work,  both  state  and  Federal,  is  carried  on  in  the  United 
States. 

These  arguments  have  been  many  times  set  forth  and 
are  familiar  to  most  intelligent  men.  We  do  not  propose 
to  rehearse  them  now.  Instead,  Engineering  News  makes 
the  suggestion  that  before  the  United  States  finds  it.self 
forced  to  adopt  the  policy  of  government  owaiership,  it 
should  experiment  with  that  policy,  not  on  all  the  rail- 
ways of  tlie  country,  but  on  one  railway  system  of  fair 
size,  located  where  the  operating  results  may  be  publicly 
known. 

If  that  experiment  demonstrates  the  weaknesses  of 
government  ownership,  it  will  have  more  influence  with 
that  portion  of  the  public  which  is  now  ardently  advocat- 
ing government  o\ynership  than  all  the  other  arguments 
that  could  be  presented. 

It  is  tnie,  of  course,  that  government  ownership  of 
railways  has  actually  been  tried  and  abandoned  in  the 
United  States.  A  number  of  the  states  of  the  Union  and 
some  cities  tried  the  experiment  of  building  and  owning 
railways  in  the  early  days  of  the  railway  era  and  found 
tiie  results  unprofitable.  But  while  these  matters  of 
history  are  well  known  to  the  railway  expert,  they  are 
unknown  and  would  be  unconvincing  to  the  general 
puiiiic.  The  public  wmU  not  be  convinced,  either,  by 
arguments  as  to  the  inefficiency  with  which  railroads  are 
o|ierated  when  they  are  in  the  hands  of  the  United  States 
courts.  The  disastrous  results  of  government  ownership 
in  Canada  likewise  fall  on  deaf  ears. 

If,  however,  an  important  railway  system  in  the  United 
Slates  were  to  be  transferred  to  government  ownership 
111(1  o])crate(l  for  a  number  of  years,  convincing  proof 
wiuld  be  available  as  to  whether  the  railway  earned  more 
|iro(its,  gave  better  servifc,  kept  its  employees  satisfied 


without  s.trikcs  niid  in  general  attained  the  .success  that 
the  advocates  of  (iovernment  ownership  claim  as  com- 
pared with  the  results  obtained  under  previous  private 
ownership. 

There  is  an  excellent  opportunity  now  to  try  govern- 
ment ownershi])  on  the  Boston  &  ]\Iaine  system  in  New 
England.  That  system  has  just  been  placed  in  a 
receiver's  liands.  There  has  been  for  years  general  public 
dissati.sfaction  with  the  Boston  &  Maine  management, 
both  on  the  part  of  the  public  that  the  road  serves  and 
the  owners  of  the  road's  securities.  The  railways  com- 
posing the  system  are  among  the  earliest  built  in  the 
United  States,  and  they  transver.se  an  old  settled  portion 
of  the  country  where  traffic  conditions  are  stable  and  the 
scale  of  public  intelligence  is  high.  In  no  section  of 
the  United  States,  probably,  could  public  ownership  be 
tried  under  more  favorable  auspices  or  with  greater 
certainty  that  the  results  will  be  carefully  watched  so 
that  either  failure  or  success  will  become  widely  known. 

Of  course,  if  the  experiment  of  public  ownership  were 
tried  on  the  Boston  &  Maine,  it  would  have  to  be  tried  by 
the  several  states  through  which  the  .system  runs  and  not 
by  the  Federal  Government.  These  .state.s,  however,  are 
as  well  able  to  undertake  it  as  any  states  in  the  Union. 
New  England  has  never  done  its  fair  share  anyway  in 
the  line  of  experimental  work  in  popular  government  and 
the  states  of  the  T'acific  Coast  have  done  more  than  their 
share.  It  is  time  that  New  England  contributed  to  our 
general  experimental  knowledge  of  the  science  of  govern- 
ment by  trying  tlic  state  ownership  of  railways. 

The  old  provci-b,  "Where  tliere's  a  will  there's  a  way,"' 
applies  admiraijiy  to  a  great  deal  of  the  engineer's  prac- 
tice. But  to  develop  a  water-supply  for  a  section  of  the 
country  where  there  is  not  any  water  to  be  had  requires 
something  more  than  will  power.  Such  conditions  are 
met  with  in  parts  of  the  arid  West. 

Ever  since  the  Santa  Fe  Ky.  was  Iniilt  across  Arizona, 
on  the  high  plateau  above  the  tirand  Canon  of  the  Colo- 
rado the  water-supply  of  the  railway  (and  the  towns  it 
has  given  birth  to)  has  been  a  source  of  trouble  and 
expense.  There  are  several  points  along  the  line,  notably 
Seligman,  William.s,  Flagstaff  and  the  Santa  Fe  hotel 
El  Tovar  and  the  surrounding  settlement  on  the  rim  of 
the  Grand  Canon,  where  water  has  to  be  brought  long 
distances  by  rail  in  tank-cars  and  then  di-spensed  by  the 
gallon  with  about  as  much  circumspection  as  gasoline. 

Water  at  the  El  Tovar  is  .so  precious  that  very  little  of 
it  is  wasted.  The  sewage  is  treated  at  a  disposal  works, 
and  the  effluent  is  used  to  sprinkle  lawns  and  in  the 
boilers  of  the  )nimi)ing  and  ])ower  plant.  Two  qualities 
of  Avater  are  supplied  there,  the  potable  water  being 
hauled  all  the  way  from  Del  Rio  about  70  mi.  away. 

Under  such  conditions  the  development  of  a  pure 
water-.supply  of  about  2,000,000,000  gal.  annually,  at  a 
cost  of  about  a  quarter  of  a  million  dollars,  is  an  engi- 
neering feat  of  consid(,'rable  ingenuity,  especially  .so  when 
it  is  accomplished  under  the  very  noses  of  the  railway 
water-supply  engineers  who  have  been  Avorking  on  the 
same  problem  for  many  years.  This  and  .some  of  the 
out-of-the-ordinary  details  describing  the  work  on  San 
Francisco  Mountain  lend  interest  to  the  brief  artii  Ic 
elsewhere  in  this  issue. 
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a,  Uses  ""Satmsa^es"" 


Sir — With  reference  to  the  article  on  p.  19  of  your  issue 
lor  July  13th  on  "Rock-Filled  Wire-Mesh  Bags  for  River 
Protection"  it  may  be  of  interest  to  you  to  know  that  this 
Ivpe  of  river  protection  has  been  in  use  in  India  for 
many  years  and  that  a  full  description  of  it  is  given  in 
the  Proceedings  of  the  Institution  of  Civil  Engineers 
A'ol.  CLXXIII,  p.  244. 

During  the  last  six  years  such  "sausages"  have  been 
extensively  used  by  this  De]iartinont  for  river  training 
and  ijank  protection  and  have  iu  most  instances  proved 
effective   and  cheap.  J.   N.    Park. 

Director  of  Public  Works,  Jamaica. 

Kingston,  Jamaica,  Aug.  10,  191C. 

Qtaelbec  IBrnd^®  Eff-ectnosa 

Sir — In  the  article  '"yuebec  Bridge  in  Picture'"  in 
your  issue  of  August  24,  you  were  good  enough  to  make 
complimentary  reference  to  the  names  of  those  connected 
with  the  work.  The  ease  with  which  the  work  has  gone 
together  in  the  field  and  the  rapidity  of  erection  has 
been  in  large  measure  due  to  the  practically  perfect  shop 
work,  for  which  our  Works  Manager,  W.  P.  Ladd,  de- 
serves the  principal  credit.  I  think  his  name  should  be 
added  to  your  list.  G.  H.  Duggan. 

Chief  Engineer,  St.  Lawrence  Bridge  Co. 

Montreal,  Aug.  26,  1916. 


Sir — To  those  of  u-^  who  liave  been  reading  the  Engi- 
neering News  for  lo  these  many  years  the  persistence 
and  ever  recurring  efforts  of  each  successive  wave  of 
engineers  to  reform  the  railroad  curve  are  either  amusing 
as  we  realize  the  futility  of  it,  or  serious  if  we  think  of  it 
as  another  sign  of  the  lack  of  that  coordination  of  com- 
monsense  with  instruction  in  basic  ])riiiciples,  which 
Professor  Swain  claims  our  methods  of  technical  educa- 
tion fail  to  impart. 

Those  of  us  who  are  not  so  far  away  from  the  small 
end  of  a  transit  that  we  have  forgotten  the  sweat  drop- 
ping on  our  notebook  on  a  hot  summer  day  in  Texas,  or 
the  cold  breezes  playing  over  our  fingers  when  the  tiier- 
mometer  was  near  the  freezing  point,  while  we  figured 
P.  T.'s  and  P.  T.'s.  will  never  thank  anyliody  for  suggest- 
ing anything  but  even  degrees  of  curvature.  And  if 
ilr.  Kitts  or  Mr.  Palmer  thinks  that  talking  about  a  curve 
of  2.864.93-ft.  radius  conveys  any  clearer  idea  to  anybody 
than  does  the  reference  to  a  2°  curve,  or  that  any  tran- 
sitman  wants  to  ligure  the  deflection  angle,  etc.,  for  a 
;),0()0-ft.  radivis  curve,  I  would  suggest  that  they  go  out 
on  the  tui-f  some  hot  summer's  day  when  the  heat  waves 
make  the  back  flag  look  like  the  reflection  of  a  periscope 
on  a  gently  rippling  stream,  and  listen  to  the  stream  that 


flows  from  that  transitman,  as  he  tries  to  -crork  out  the 
odd  seconds. 

If  this  is  not  satisfactory,  or  does  not  convey  the  neces- 
sary atmosphere,  more  interest  will  be  created  by  askuig 
him  to  figure  the  exact  length  of  chord  to  be  measured 
to  correspond  to  a  100-ft.  arc  or  arcs  of  odd  lengtlis, 
■when  the  even  station  comes  on  a  rock  or  in  the  middle 
of  a  24-in.  pin  oak,  and  then  listen  to  what  the  head 
chain  man  has  to  say  when  he  measures  94.896  ft.  and 
gets  the  tack  in  "right  there." 

A  knowledge  of  polar  and  rectangular  coordinates  may 
be  a  fine  equipment  for  the  mathematician,  but  for  run- 
ning in  or  calculating  railroad  curves  it  is  a  particularly 
good  part  of  the  equipment  on  which  to  accunmlate  a 
delightfully  warm  colored  coat  of  rust. 

T  am  afraid  that  there  are  too  many  mossbacks  in  the 
railroad  end  of  the  game  to  hold  out  much  hope  of  con- 
version, even  where,  as  in  this  case,  the  theory  is  flue, 
but  the  practice  better.  F.  Lavis. 

New  York  City,  Aug.   18,  191G. 


©v®ip  (Dim  4lhe 
Bipldl^®? 


Sir — In  Engineering  News  of  Aug.  11,  I  notice  aa 
extract  from  the  Minnesota  Highway  Jonrnal  cautioning 
road  supervisors  to  be  careful  and  not  place  too  thick  a 
gravel  cover  on  the  concrete  slab  floors  of  steel  truss 
bridges.     The  article  says : 

It  is  very  important  that  this  covering  be  thick  enough  to 
protect  the  slab  from  the  horses'  calks  and  from  the  mud 
hooks  on  traction  engine  w^heels.  but  it  is  also  important  to 
prevent  making  it  so  thick  that  the  bridge  will  be  overloaded. 

The  article  then  goes  on  to  give  details  of  placing  the 
gravel  covering  and  states  that  on  truss  bridges  the  gravel 
should  be  only  2  in.  thick  at  the  sides  and  4  in.  thick  at 
the  center,  but  that  it  is  not  uncommon  to  find  truss 
britlges  with  gravel  of  an  average  thickness  of  9  in. 
on  t(ip  of  the  concrete  floor. 

Any  one  familiar  with  the  lack  of  attention  I'l'om  which 
the  axerage  country  highway  bridge  suffers  can  readily 
understand  how  any  such  bridge  may  be  at  any  time 
dangerously  overloaded  with  gravel  notwithstanding  all 
the  circulars  that  a  state  highway  commission  may  put 
forth. 

The  i|iu'stion  arises,  however,  what  is  the  sense  of  plac- 
ing gravel  on  the  liridge  at  all?  Why  not  make  the  con- 
crete floor  slab  thick  enough  in  the  first  place  to  stand 
the  wear  and  let  the  traffic  run  directly  on  it?  Expe- 
rience has  now  demonstrated  that  the  rate  of  wear  of  con- 
crete roads,  even  when  subjected  to  heavy  traffic,  is  ex- 
ceedingly small.  With  the  traffic  of  the  ordinary  coun-  ; 
try  highway,  the  concrete  floor  slab,  assuming  of  coure& 
that  it  were  made  of  proper  concrete,  would  last  for  a 
genei-ation  before  its  strength  became  impaired.  If  any 
sui'facing  whatever  is  to  be  put  on  the  concrete  floor  of  a 
country  highway  bridge  it  should  be  a  coating  of  asphalt 
composition,  cither  a  thin  carpet  coat  such  as  is  used  mi 
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tlie  California  concrete  state  highway?;,  about  •;«  in.  thick. 
or,  if  the  traffic  is  sufficient  to  demand  it,  a  regular  asphal- 
tum  wearing  surface  11/2  in.  thick.  Facilities  for  doing 
a  good  job  in  applying  such  an  asjihalt  top  coating,  how- 
ever, are  so  seldom  available  in  countn-  highway  bridge 
construction  that  the  best  plan,  almost  invariably,  will 
jje  to  make  the  concrete  thick  enough  for  the  traffic 
to  run  directly  on  it.  This  will  make  a  much  more 
satisfactorv  floor  surface  than  any  gravel  covering,  for 
wravel  on  a  concrete  floor  dries  out  so  quickly  that  it  is 
bound  to  ravel  under  traffic.  C.  E.  "\  . 

Syracuse,  X.  Y.,  Aug.  95.  191(i. 

^m  Esiipttlh  ]R.©si.dl 

Sir — Have  any  of  your  readers  ever  seen  tried  the 
improvement  of  an  earth  country  road  with  two  concrete 
tracks,  as  shown  in  the  accompanying  sketch? 

It  would  seem  that  on  a  road  of  light  traffic,  where 
vehicles  pass  not  oftener  than  once  per  mile,  such  a  tyjie 
of  road  would  meet   the   special   requirements.     Water- 

^/  „,/     _  Sxie'Canore^  Track 

p5-— •»(?-- vM  /  ffeinforced  tvi-m 

Cobbles  sef  r  behw:\  •      

Face  of  Track  ■  ' . 


6 116  Cinder  or  broken 
Sivne  Drain  spaced 
tO-fi-  ap"r+  mdre  or  less 

PROPOSED  CO.N'CRETF,  TRACKS  O.V  EARTH  ROAD 

bound  macadam  roads  wear  in  ruts,  and  a  new  road   is 

,'enerally  required  every  three  or  four  years  because  50% 

>f  the  surface  has  worn  out.      The  more  expensive   bi- 

uniinous  pavements  are   too   costly,   and   what  actually 

lappens  is  that  a  waterbound  macadam  is   laid  and    is 

iiade  to  answer  its  purpose  long  after  it  has  worn  out. 

iVhen,  after  a  bad  winter,  the  road  becomes  impassable. 

mother  waterbound  luacailiim   road  is  built  and  another 

ycle  is  begun.  Frederick  T.  Warxer. 

3!)  I'angborn  Place.  Hackcnsack,  X.  J.,  .Vug.  3,  191G. 

[The  .scheme  described  above  is  not  new,  but  has  been 

everal  times  proposed.    A  few  weeks  ago  the  newspapers 

sported  a  Te.xas  inventor  as  endeavoring  to  raise  capital 

I  build   a   large  mileage   of   toll   roads   on  the  general 

•iienu-  presented   above.     We  are  unaware   whether  the 

lieiiie  has  ijeen  actually  tried  in  practice  anywhere.    The 

!'■  (ieii.  Koy  Stone,  the  first  chief  of  the  Federal  Bureau 

Itoad  Inquiry,  extensively  exploited  the  idea  of  paved 

beelways  for  vehicles.     He  finally  succeeded  in  having 

1   experimental    line   of   rails   with   broad   surfaces   for 

iieels  laid  down  on  Murray  St.,  Xew  York  City.     These 

dig  were  found  to  be  more  of  an  injury  than  a  benefit 

id  were  taken  up  aftei'  a  few  months. 

It  iloes  not  seem  probable  that  such   narrow  concrete 

acks  as  are  shown  in  the  sketch,  laid  in  an  ordinary  dirt 

lid,  would  give  satisfaction.     In  certain  seasons  of  the 

ar,  Jersey  mud  is  very  deep  and  very  slippery,  and  an 

toniobile  which  turned   oil'  the  concrete  strips  to  jja.ss 

other  car  would  be  apt  to  have  a  good  deal  of  difficulty 

getting  back  onto  them.     To  make  the  scheme  prac- 

ai)le.  the  space  between  the  concrete  tracks  and  a  certain 

dtli   on   each    side   of    tlicm    would    have    to    be    paved 

til  gravel  or  macadam.      It   would  be  very  difficult  to 

ikc  a  good  job  of  placing  and  compacting  the  gravel 


or  macadam  after  the  concrete  tracks  were  built.  Further 
than  this,  when  the  whole  job  was  done  it  probably  would 
be  less  satisfactory  to  traffic  and  less  durable  in  service 
than  a  narrow,  single-track,  concrete  road.  In  the  sec- 
tion shown  in  the  sketch  there  is  enough  concrete  t«  make 
a  concrete  road  G  in.  thick  and  4  ft.  wide.  With  the  added 
cost  of  foundations,  shoulders,  surface  treatment,  addi- 
tional forms,  etc..  it  is  probable  that  a  concrete  strip  7 
ft.  in  width  could  be  laid  at  no  greater  cost  than  the 
two-rail  concrete  road  shown  in  the  sketch.  While  a  7- 
ft.  concrete  road  is  narrower  than  is  advisable  for  single- 
track  service,  it  is  practicable  to  move  traffic  over  it; 
and  there  can  hardly  be  a  question  that  it  would  be  a 
much  more  durable  and  satisfactory  road  than  the  one 
proposed. — Editor.] 

Ballftaffia@s'e   Ilfflmlh©f!r  T^ntR  F©Siiitms 

Sir — The  inclosed  ])hotc>graph  of  the  gas  vent  of  one 
of  the  Imhoff  tanks  at  the  Baltimore  sewage  disposal 
works  shows  one  of  the  difficulties  which  are  encountered 
in  the  operation  of  Imhofl:  tanks,  namely,  ''foaming." 
On  two  recent  occasions,  when  I  visited  the  Baltimore 
plant,  the  vents  were  "foaming,"  both  of  the  visits  being 
in  the  summer  time.  Tlie  accompanying  picture  was 
taken  on  July   19. 

The  remarkable  thing  about  this  •■loaniing""  lies  in  tiie 
fact    that    till'    vent     i<    neiiilv    5    It.    higb    and    tbe    gas 


FOAMINO    AT  GAS  VENT  OF   IMHOFF   TA.XK. 
BALTIMORE,  MD. 

decomposition  in  the  digestion  chamber  was  sufficient  to 
raise  this  foam  the  full  5  ft.  and  to  cause  it  to  spread 
over  the  surface  of  the  settling  tank  as  shown. 

When  one  of  these  tanks  "foams''  the  attendant  im- 
mediately turns  a  fire  stream  on  it  for  the  purpose  of 
breaking  it  up  and  cooling  it  off.  The  theory  is  i)rol)al)ly 
the  same  as  in  the  case  of  a  tea  kettle  which  boils  over — 
if  a  little  cold  water  is  added  it   will  sto])  the  action. 

Clyde  I'otts. 

;50   Church   St.,  Xew  York  City.  Aug.    18,   1910. 
e""'"" '"" "' ' '" ' ' '" "i.........i.f.i ■.... I 

I         NOTES  AMD  QUEIREES  | 

Tlir  DrnKltix*  \\  iiKun  l.nnilrr  described  on  p.  78  o&  1?nKl- 
neeriiiB  News,"  July  1.!,  HUB,  Htated  that  It  was  "devised"  by 
the  conliactor  owners,  Harbeau  &  WerrlnB,  Minneapolis,  Minn. 
The  statement  would  have  been  more  correct  If  "revised" 
had  been  used  In  place  of  "devised,"  for  subsequent  Informa- 
tion proves  that  the  waRon  loader  Is  one  of  the  Albrecht  ex- 
cavatois  and  loaders  manufactured  b.v  the  T.  L.  Smith  Co., 
of  Milwaukee.  Wis.,  which  the  contractors  chantred  to  meet 
some   local    requirements. 
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A  larare  iJaiid-aiifl-oravel  plant  has  been  Iniilt  at 
Marlboronsrh.  X.  Y.,  a  few-  miles  above  Newburuh,  and 
its  completion  was  sisnalized  by  a  clambake  aiven  at 
the  plant  bv  the  John  B.  T?ose  Co.  on  Ansr.  :iO.  more 
than  200  engineers,  contractors  and  bnilding-suiiply  men 
being  present. 

The  general  'arrangement  of  the  plant  is  well  shown 
in  Fig.  1,  where  a  3i/^-yd.  long-boom  17o-B  Bucyrus 
shovel  digs  from  a  bank  90  ft.  high  and  piles  the  material 
convenient  to  a  belt  conveyor  leading  to  a  7i^>-in.  and 
41/2-in.  gyratory  crusher.  Here  the  material  falls  on 
the  main  conveying  ].)elt  and  i.-  lifted  to  a  pair  of 
scrubbers,  falling  thence  into  a  series  of  sand  separators, 
from  which  the  gra\-el  is  conveyed  by  belt  to  a  storage 
pile  and  the  sand  is  either  elevated  to  a  sand-storage 
pile  or  if  a  barge  be  available  is  carried  by  belt  on  board, 
receiving  on  the  way  a  final  washing  for  gravel. 

Shovels  of  the  type  shown  are  familiar  enough  in 
coal-stripping  Avork  init  unusual  in  gravel  jjits.  The 
75-ft.  boom  and  the  height  of  the  cab  above  ground 
permit  the  .shovel  to  stand  off  a  considerable  distance 
from  the  bank,  thus  making  it  safer  from  possible 
cave-ins.     Its  capacity  is  given  as  500  yd.  ])er  lir. 


BIG    LONG-BOOM    BUCYRUS    IN    9n-FT.    BANK 


Til 


nitput  at  present  is  from  -^.000  to  :i,.J00  yd.  ol 
sand  and  gravel  per  day.  The  demand  is  .so  liean 
at  the  present  time  that  it  is  purposed  shortly  to  pul 
on  a  night  shift  when  the  total  daily  output  will  probablj 
icach  4.000  yd.  .Tdlm  B.  Rose  is  president  of  the  com- 
jiany   and    (;corg<'    C.    Hudson   is   superintendent. 


FIG.    1.      VIEW   OF   NEW   .S.VNU   A.N'D   UR.WEL    I'LANT    OP    THE  .lOHN  B.  ROSE  CO..  NEAR  NEWKURGH,  N.  Y. 
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Tlie  use  of  standard  highway  bridge  designs  so  that 

•iTtaiu  stock  drawings  can  easily  and  readily  be  prepared 

[(1  fit  any  crossing  is  a  result  of  the  gro\ying  importance 

)f  governmental  highway  departments.     Several  of  such 

-tandard  designs  prepared  by  state  highway  officials  have 

leen  noted  in  these  pages.     Herewith  is  shown  a  standard 

leveloped  by  R.  L.  Longshore,  Assistant  County  Surveyor 

pf  Adams  County,  Indiana,  and  nsed  on 

he  county   road  system.     The  bridge 

■onsists  of  I-beam  stringers  incased  in 

oncrete,    spanning    Ijetween    concrete 

ling-wall    abutments    and    carrying    a 

oncrete-slab    floor    int<?gral    with    the 

oncrete    casing.     Standard    drawings, 

uch    as    the    one    shown    in    Fig.    1, 

re  prepared ;  and  every  dimension  line 

-  marked  on  the  tracing  with  a  small 

;  lack    block    that,    showing    white    on 

iie  blueprint,  leaves  space  in  whicli  to 

isert  the  proper  dimension  to  fit  the 

iirticular   bridge.    The   design   covers 

)ans   from    6    to    36    ft.,   rising    6-in. 

21/4-lh-  beams  for  the  former  and  20- 

I.  85-lb.  beams  for  the  latter.     Beams 

re  spaced  3  ft.  c.  to  c,  requiring  eiglit 

)ra  20-ft.  roadway  and  .seven  for  a  Ki- 

.     roadway.      The     beams     rest     on 

all  plates  made  up  of  steel  channels 

ubeded  in  the  concrete  at  each  abut- 

ent.    The  beam  bearing  is  12  in.  for 

I  spans  below  18  ft.  and  18  in.  for 

J  spans  greater.     The  floor  is  a  0-in. 

lb  with  the  bottom  of  the  floor  3  in. 

low  the  tops  of  the  beams.  The  l)eams 

e  incased  in  concrete  to  prevent  rust, 

It  the  concrete  also  taki's  the  place   of   the   transverse 

igles  usually  found  in  bridges  of  this  type. 

i'ara|)et  walls  aie  30  in.  in  height  as  a  rule,  tliis  height 

\  ing  been  found  most  satisfactory.     For  short  spans  and 


Wayne,  Ind.  The  clear  span  is  36  ft.  6  in.,  with  IS-ft. 
aljutments  and  20-ft.  clear  roadway.  Tlie  floor  is  covered 
with  4  in.  of  lini'stone  macadam  as  a  wearing  surface. 
Drainage  is  ])rovided  over  the  wings.  Concrete  is  one  part 
cement,  two  parts  washed  sand  and  three  parts  ll/2-in. 
crushed  stone  throughout.  The  <niitni(t  ])rice  for  this 
structure  was  $3,100. 

This  type  of  bridge  is  iiarticularly  litted  for  locations 
providing  scant  headroom.  It  may  l)e  built  by  semi-skilled 
labor    \indei-    ordiiiarv    inspection.      Tlie    use    of    T-beams 


Material 

Yards  of  Concrete        W^  Yards  of  5fone 
Yards  of  Screenings       WMim  Barrels  of  Cement 

I-BeamsMEM  long 

Channeb E 

Square  R  No  13 

Square  Ff.  No  J  ^ 
WA 


IConcrefe  /oU  |  lfA,iScW.Co 

cover  Beam  Mtftfj/ife,!, 

not  less  than  i^^  jl!^^ 

Surface 
Detail    Floor 
6c  Parapet 


3.  1.     aTAND.\RD  DRAWING  FOR  HIGHWAY  BRIDCJE  USED  BY  ADAMS 

COUNTY.  INDIANA 
various  dimeiisioji.e  in   the  blocks  on  the  dimension   lines   are   filled   in    to  suit 


allows  a  niiiiiiiiiiiii 
of  standard  I'eiiil'cji-i 
is  almost  impossibk 


)f  staging  and  forms;  and  by  the  use 
ing  in  the  slab,  inisi)laced  reinforcing 


l.\l  'I.\.\A 


lain  conerele  is  used  lor  the 
liie  longer  s|)ans,  high  abut- 
i  special  reinforced  substruc- 


Iliiiary-lieigbt  abutments 
structure.     However,  I'oi 
I  iits  or  difficult  foundatio 
-  are  specified. 
I  iie  bridge  shown  in  Fig.  2  was  built  during  the  sea.son 
(    l!)16  by  the   Ileinian  'I'apl'  Construction   Co.,  of   Fort 


Computine  the  Cowt  of  Good  itoailH — The  first  thing:  to  be 
considered  in  buying  good  roads  is  the  amount  of  money 
which  it  is  wise  for  a  community  to  spend  for  them.  Find 
out  roughly  how  much  money  can  be  devoted  to  road  work, 
divide  the  assessed  valuation  of  the  district  by  the  iniles  of 
Wayne  County.  Mich.,  on  the  other  hand,  has  a  valuation 
of  only  $5,420  per  mile,  showing  that  not  even  the  entire 
wealth  of  the  county  is  sufficient  to  improve  all  its  roads. 
Wayne  County,  Mich.,  on  the  other  hand,  has  a  valuation 
of  $514,931  per  mile,  indicating  Its  financial  ability  to  carry 
out  any  kind  of  road  Improvements  In  reason.  There  is  a 
measure  of  the  need  for  roads,  just  as  there  Is  a  measure  of 
the  financial  resources  for  roadbuildlng.  This  jncasure  is  the 
(ravel  the  ro,ad  is  carrying  now  and  the  probable  Increase  in 
the  travel  during  the  next  five  to  ton  years.  The  iiresenl 
liavel  can  be  actually  counted,  however,  and  this  should  be 
■  lone.  The  Stale  Highway  Department  or  the  United  States 
I  mice  of  I'ubllc  Roads  and  Rural  Engineering  at  Washington 
will  furnish  Instructions  for  the  work.  In  determining  the 
annual  cost  of  a  roixd,  the  first  element  Is  the  first  cost  of 
construction  per  mile  of  road.  Including  all  engineering  ex- 
penses. Knowing  the  travel  over  the  ro.id,  an  expert  can 
estimate  the  number  of  years  such  a  road  will  serve  Its  pur- 
pose. If  proi)erly  maintained,  before  reconstruction  Is  neces- 
sary. This  cost  divided  by  the  number  of  years  of  service 
gives  the  annual  first  cost.  To  this  must  be  added  the  annual 
Interest  on  the  first  cost  per  mile  and  the-  annual  payment 
Into  a  fund  which  will  be  enough  to  reconstruct  a  mile  of  the 
road  when  It  Ih  worn  out,  or  to  retire  the  bonds  that  are 
sometimes  Issued  to  pay  for  the  first  cost.  The  annual  cost 
per  mile  of  maintaining  the  road  In  serviceable  condition  is 
the  last  item.     The  sum  Is  the  total  annual  cosl   per  mile. 


472 


EXGIXKEEIN(;     NEWS 


Some  very  interesting  exjjerience  in  \\ater-\vorks  for- 
estry is  that  of  the  Pennichnck  Water  Co.,  Xashna,  X.  H., 
of  which  William  F.  Sullivan.  President  of  the  Xe\v  Eng- 
land Water-A\'orks  Association,  is  Chief  Engineer  and 
General  Manager.  While  forestry  has  hecome  an  import- 
ant side  line  with  many  municipal  water-works  depart- 
ments, in  very  few  instances  has  it  been  possible  to  start 
experiments  with  watersheds  already  well  forested,  or  in 
few  instances  have  experiments  progressed  long  enough  to 
prove  forestry  on  a  1,000-acre  tract  a  profitable  or  even 


FIG.    1.     ilAV   OF    FORKST    RESERVE    OF    PE.VNICHUCK 
WATER  CO, 

a  self-suppoi'ting  feature  in  water-works  operation. 
Hence,  water-works  forestry  that  is  actually  yielding  con- 
siderable profit  and  will  continue  to  do  so  indefinitely  is 
noteworthy. 

As  the  forestry  work  referred  to  is  done  by  a  private 
water  company  operated  for  profit,  there  is  no  hesitancy 
in  stating  that  its  purpose  is  so  to  utilize  the  lands  in  the 
-.-eservoir  watersheds  as  to  obtain  the  greatest  possible 
financial  return,  although  of  course  the  protection  and 


FIG.    2.     SAWMILL   OF    PEXXICHUCK   WATER   CO. 

betterment  of  the  watershed  by  means  of  a  forest  cover  are 
considered  of  quite  equal  importance.  The  Pennichnck 
Water  Co.  adopted  scientific  forestry  methods  as  long  ago 
as  1907,  when  it  employed  Benton  Mackaye,  Forest  As- 
sistant, United  States  Forest  Service,  to  make  a  survey  of 
the  tract  and  to  recommend  a  policy  of  operation.  But 
before  then  the  company  had  adopted  methods  of  con- 
serving the  timber  supply. 

The  watershed  tract,  containing  about  1,000  acres,  is 
partly  in  Nashua  and  partly  in  Merrimack  in  the  County 
of  Hillsboro,  X'.  H.  (Fig.  1 ).  About  250  acres  of  this  is 
covered  with  a  chain  of  ponds  made  by  damming  the 
Pennichnck  Brook,  which  forms  the  boundary  between 
Xashua  and  ^Merrimaek.  The  topograpliy  is  rolling,  and 
the  slopes  are  generally  long  and  moderate,  with  uianv 
small  ridges  and  steep  depressions  made  from  glacial  drift. 
The  greatest  elevation  is  220  ft.  above  sea  level,  which  i^ 
about  120  ft.  above  the  Merrimac  Eiver,  which  bouncU 
the  propertv  on  the  east.  Most  of  the  tract  is  70  to  100  ft. 
above  the  river. 

The  soil  is  sandy,  chiefly  of  glacial  origin,  and  covers  an 
underlying  schist  rock.  All  this  part  of  the  country  wa? 
originally  well  forested,  and  both  topogra|ihic  and  climatit 


IVTinniOR   VIEW   OF  S.\WMILL,   PENNICHUCK  WATICR  CO..   N.A.SHUA.  N.  H. 


Si-'pU'iiihei'  T.  lOlij 
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IG.  4      FIRST  SEASON'S  CUT  UNDER  SCIENTIFIC  FOREST 
MANAGEMENT:  1913 


iiiditioiis  art'  I'avorable  to  forest  culture.  The  existing 
rests  inehulo  both  pine  and  hardwood.  Much  of  the 
ea  was  originally  well  stocked  with  large  white  pine, 
;  lieh  was  cut  oti"  before  the  land  was  purchased  by  the 
iter  company.  Xo  seed  trees  were  left,  and  without 
oper  forestry  these  areas  grew  up  to  small  gray  birch, 
nh  oak  and  other  hardwoods.  These  and  other  lands 
lieh  had  served  for  pastures  arc  being  devoted  to  scien- 
c  raising  of  whitt'  pine,  for  which  there  is  ever  a  good 
■  iiand. 

Acting  on  the  advice  of  the  forester,  the  company  began 
I  ■  practice  of  scientific  forestry  by  improvement  eut- 
1  gs,  thinnings,  final  cuttings,  planting  and  by  ample 
1  asures  for  fire  protection.  The  work  is  done  chiefly  by 
1  company's  regular  employees  at  times  when  they  are 
I  engaged  in  other  work.  This  permanent  force  is  com- 
j  ed  of  18  or  20  men  with  two  foremen.  The  regular 
f  -e  is  of  course  increased  when  new  construction  work 
ii  n  progress.  One  of  the  two  foi'cmon  has  been  witli 
i  company  for  over  30  years  and  is  thoroughly  posted  on 
p  :-tical  forestry. 

hiring  the  construction  season  this  gang  lays  mains  and 
s<  ice  ])ipes,  reads  and  repairs  meters  and  does  the  other 
r«  :ine  of  a  water-works  department.  During  the  winter 
ir  iths  the  greater  part  of  this  gang,  from  12  to  14,  with  a 
f<  man,  is  sent  into  the  woods  to  cut,  thin  and  burn 
»l  1.  The  company's  horses  are  also  sent  into  the  woods 
fc  hauling  logs.  \Mien  ready  for  sawing,  there  a^e  taken 
fr  1  the  permanent  force  in  the  city  the  sawyer,  who  at 
lit  r  times  is  fireman  at  tlie  pumping  station  and  general- 
ut  ty  man,  and  three  other  men  to  ojierate  the  mill.  By 
ih     furnishing   all-tiie-yeai-arouud   eniploynient    to    the 


whole  gang  it  is  possible  to  hold  a  tlioroiighly  experienced 
water-works  mainti'nance  and  construction  crew — and  any 
water-works  superintendent  appreciates  what  this  means 
in  general  ertiei(>ncy  and  ease  of  operation. 

The  mill  (Fig.  2)  is  placed  about  midway  on  the  for- 
est reservation,  where  a  dro|)  between  two  ponds  separated 
by  an  earth  embankment  gives  a  head  of  10  ft.  The  build- 
ing is  28x10  ft.,  one  stoi-y  high  with  a  basement.  A  o-ft. 
.  penstock  is  laid  tlirough  the  embankmient.  .\  30-in.  8. 
Morgan-Smith  wicket-gate  waterwheel  is  installed  in  the 
basement  of  the  building.  Tlie  wiieel  has  a  capacity  ol 
73  hp.,  with  a  speed  of  Ki.")  r.p.m.  using  4,300  cu.ft.  ol 
v;ater  per  min.,  and  57  hp.  u.-;ing  3,400  cu.ft.  The  watcr- 
wlieel  is  used  to  drive,  by  means  of  Iielts,  a  1,200-r.p.m.  00- 
cycle  3-phase  40-kw.  General  Electric  generator  and  a  3- 
kw.  2,100-r.p.m.  125-volt  direct-current  e.xciter.  To  regu- 
late the  s))eed  of  the  wiiterwheel  a  Type  D  Woodward  com- 
pensating governor  is  used. 

The  main  saw.  blower,  etc..  are  driven  by  a  oO-hp.  3,20il- 
volt  motor  running  at  1.200  r.p.m.  .\  group  drive  system 
is  used  in  which  the  motor  is  connected  to  a  line  of  shaft- 
ing by  a  flexible  coupling,  and  tliis  shafting  drives  tlie 
main  saw  and  blower.  The  cutoff  saw  is  driven  by  a  belt- 
connected  5-h]).  220-volt  motor.  The  current  for  the  small 
motor  is  stepped  down  by  two  21/2-kw.  Type  H  transform- 


TyPIC.\L    FORE.eiT    SCENE. 
WATER-SUPPLY 


PENNICHUCK 


OF  THH  FOREST  FIP.IO    lA'riiol. 
TRUCKS 


ers.  The  foinulations  of  waterwheel,  governor,  electrical 
machinery,  sliafting  piers,  etc.,  are  all  of  concrete  masonry. 

The  sawmill  is  a  X'o.  1  Lane  single  mill  with  an  iron 
saw  frame,  2.")-ft..  log  carriage  having  30  ft.  of  feed  rack 
and  30  chairs  and  rolls,  'i'he  mill  is  e(|uipped  witli  a 
(iucrnsy  saw  guide,  Faii'banks  gage  roll,  imjiroved 
spreader  with  steel  plate,  and  many  other  uptodate  de- 
vices. The  nuiin  .•^aw  is  a  is-in.  .\tkins,  and  the  cutott' 
saw  is  a  heavy  "swing  trinuuer"  30-in.  saw.  The  sawdust 
is  ;dl  di-awn  olf  tlirougji  a  blower  and  discharged  through 
a  Jiipe,  shown  in  the  foreground  of  Fig.  2,  to  a  sawdust 
]>ile  some  distance  from  the  mill.  The  mill  and  all  e(|nii)- 
ment  are  thoroughly  U])  to  date  and  designed  as  a  per- 
manent institution. 

When  not  .--nving  timber,  ibe  elect rie  |)ower  may  be 
transmitteil  to  one  of  the  comininy's  water-works  pumping 
stations,  v.here  it  is  used  to  operate  a  Dc  Laval  (J-in.  hori- 
zontal single-stage  double-suction  centrifugal  pump  hav- 
ing a  capacity  of  1,000,01)0  gal.  daily.  The  puni])  is  driven 
by  a  direct-connected  35-hp.  2,200-volt  motor  running  at 
3,500  r.p.m.  Tlie  power  line  was  so  laid  out  as  to  be  as 
direct  as  possible  and  yet  avoid  cutting  any  unripe  timber. 

.\mple  provision  is  made  for  forest-fire  fighting.  The 
whole  water-works  crew  may  be  assembled  and  used  for 
this  purpose.     The  men  are  cpiickly  summoned  bv  tele- 
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jilione,  and  three  motor  cars  are  kept  in  constant  readiness 
to  transport  tliem  to  any  part  of  the  forest  Umds.  Well- 
graded  and  smooth-snrfaced  gravel  roads  wind  through  the 
forests,  serving  both  for  cutoffs  in  case  of  fire  and  to  pro- 
vide access  to  the  various  forest  compartments  (see  map. 
Fig.  1).  The  equipment  of  the  motor  cars  used  for  fire 
figliting  includes  16  portable  fire-extinguishers,  shovels, 
picks,  etc.  A  team  of  horses  and  a  plow  are  also  held  in 
readiness.  There  have  been  no  serioxis  fires  on  the  com- 
pany's lands,  and  most  of  the  fire  fighting  has  been  done 
on  neighboring  property. 

As  may  be  gained  from  the  foregoing  descrijjtion,  the 
forestry  end  of  the  Pennichuck  Water  C'o,'s  business  is  by 
no  means  insignificant  as  an  income  producer.  The  ap- 
pro.ximate  value  of  the  company's  standing  timber  at  the 
present  time  is  probably  close  to  $100,000.  Scientific  cut- 
ting and  care  of  the  forests  have  been  going  on  for  years, 
and  the  average  annual  yield  is  about  S.'jO.OOO  ft.  l).m. 
($5,000  at  $20  per  il.).  Besides  this  cut  from  the  com- 
pany's own  lands  the  sawmill  cuts  at  a  profit,  on  an  aver- 
age, about  an  equal  amount  of  timber  for  neighbors  who 
haul  their  logs  to  the  mill.  Here,  then,  is  a  water-works 
forest  that  is  not  experimental,  but  is  a  valuable  and 
paying  asset. 

Sfteel  Csi.it=°IR.®]ps>.ns'    Slhx®^   wat5a 
(Ceinm^Eatt^Tall©    M.©oir 

A  large  car-repair  shed  built  rci-ently  at  Xonconnah. 
Tenn.,  by  the  Illinois  Central  R.R.  is  of  steel-frame 
construction  with  saw-tooth  roof  and  open  sides.  The 
building  is  1,140  ft.  long  and  176  ft.  wide.  Its  width 
is  divided  into  four  44-ft.  bays,  each  having  two  tracks 
spaced  22  ft.  c.  to  c,  as  shown  in  Fig.  1. 

The  columns  are  spaced  longitudinally  .30  ft.  c.  to  e. 
and  stand  on  concrete  pedestals.  They  have  knee-brace 
connections  to  the  trusses,  except  in  every  fifth  panel, 
where  diagonal  bracing  is  fitted.  The  columns  are  of 
H-section,  built  u]i  of  four  angles  and  a  web  ]ilMtc.   Those 
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FK;.  2.  DET.A.ILS  OP  ROOF  OF  C.\R-REP.\IR  SHED 
AT  NONCONNAH.  TENX. 

for  the  braced  bays,  witlua  column  load  of  I.')0,000  lb- 
have  a  plate  %xl0  in.  and  angles  5s3i'2X%  in.  The 
interior  columns  between  these  bays,  with  62,500-lb.  load, 
have  angles  4x3x7%  in.,  and  a  plate  8xi\  in.  The  ex- 
terior columns  between  the  braced  bays,  with  37,500-11). 
load,  have  angles  31/^x21/4x1/^  in.  and  a  plate  8x1,4  i"- 
The  knee  braces  are  pairs  of  angles,  and  the  diagonals  in 
brari'il  ]ian('ls  are  pairs  of  angles  .5x3x%  in.,  with  laciiif;. 


Longi+udinal  Seo+ior-i 


Ihwnspoufs  ort 
Side       Elevafion      Oirhside  Columns 


Cross  —  Sec+'ion  End      Eleva+ion 

Fin    1      STRKI.-FRAME  CAR-REP.\IR  SHKD  FOR  ILLINOIS  CE.N'TR.\L  R.R.  AT  XONCONNAH,  TENN. 


Sclitcliil 


1916 


KXt;  1  X  K  K  i;  IX(i     XE  ws 


475 


'J'lic  saw-tooth  trusses  are  l)iiilt  rip  ol'  aii_ules  (single 
01-  (loiil)le)  with  gusset  plates.  In  each  row  these  are 
foiiiieeteil  liy  two  lines  of  transverse  trusses — one  alont;- 
tiie  ujiriii'ht  faces  of  the  trusses  and  the  otlier  in  the 
]>lane  of  the  inclined  top  c-hoids.  In  the  braced  ])anels 
also  there  is  horizontal  crosshraeino;  in  the  plane  of  the 
lower  chords.  There  are  i;i  lines  of  these  trusses,  11  ft. 
8  ill.  c.  to  c,  five  of  them  l)einsi  supported  on  the  col- 
umns and  the  intermediate  lines  l)eing  carried  In'  the 
transverse  trusses. 

On  account  of  the  climate  and  in  order  to  give  jilenty 
of  light  and  air  the  sides  are  open  to  a  height  of  about 
1.")  ft.  from  the  ground.  Above  this  there  is  corrugated- 
iron  .sheeting  attached  to  horizontal  girt*  or  shelf  angles 
across  the  outer  columns  and  trusses.  The  upright  fronts 
of  the  saw  teeth  are  fitted  with  wire  glass,  while  the 
inclined  ])ortions  of  the  roof  are  covered  with  cement 
tile. 

Across  tin-  top  chords  are  laid  purlins  of  T-in.  channels 
connected    by   tie-rods.      Ui)on    the    purlins    are    laid    the 


])uiiiiis. 
was  l;l 
and  1." 
mated  t 
practica 


ir.:  composition  roof  in  ]jlace,  5e.  The  weight 
I.  |>er  sq.ft.  for  the  wood  and  composition  roof 
I.  for  the  tile.  But  while  the  former  was  esti- 
bave  a  life  of  10  _vr.,  the  latter  was  considered 
y  p(!rmanent. 

As  the  permanent  roof  would  cost  no  more  than  the 
other,  it  was  adopteil :  Imt  it  is  pointed  out  that  tlie 
contract  was  placed  at  a  time  wlii'n  the  prices  for  mate- 
rial were  very  low,  while  the  unusual  extent  of  the  work 
enabled  a  low  ])ric(!  to  be  secured  for  the  tile.  For  a 
structure  of  axcrage  size  it  is  not  thought  probable  that 
a  tile  roof  could  be  built  for  the  same  cost  as  a  compo- 
sition  roof. 

The  cai-  slicd  was  designed  and  built  under  the  direc- 
tion of  .\.  S.  r.aldwiii.  Chief  Engineer  of  the  Illinois 
Central  IM.'.  The  lontractors  for  the  foxmdations  and 
sewers  were  K.  II.  Walsh  &  Son,  .Alemphis,  Tenn.  The 
steelwork  was  fabriiated  by  the  American  Bridge  Co. 
and  ei-ected  by  the  Kelly-Atkinson  Construction  Co.,  of 
Chicago.     The  cement   tile  was  .supjdied  and  placed  by 
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fluent  tiles,  which  are  4.\2  It.,  each  with  a  lug  at  the 
ipper  end  t  i  hook  over  the  purlin,  while  the  lower  end 
aps  o\er  the  next  tile.  The  joints  are  covered  with 
ilcs  of  inverted-trough  section.  The  rows  of  tile  break 
iiiiits,  and  the  nuddle  of  each  tile  has  at  its  lower  eml 
1  liollow  rib  or  roll  to  fit  over  the  joint  tile  of  the  cour.se 
"•low.  The  gutters  across  the  roof  drain  to  both  sides, 
nd  the. outer  columns  have  galvanized-iron  downsjiouts, 
ibout  CxT  in.,  fitted  between  the  fianges,  as  shown  in 
•  ig.  2. 

The  roof  construction  is  of  ])articular  interest.  The 
luilding  was  originally  designed  to  have  a  composition 
"olliig  ap|)lied  on  2-in.  toiigued-aiul-grooved  wood  sheath- 
iig.  This  lieavy  sheathing  was  made  necessary  by  the 
lide  spacing  of  the  purlins — V/^  to  5  ft.  Later,  the 
enient-tile  covering  was  a<l<)])ted,  and  the  purlins  were 
paced  to  fit  the  leiiirtb  of  the  tile.  Fig.  ;?  shows  a  ])art 
r  the  completed  roof. 

The  cost  for  both  designs  of  roof  was  lie.  per  sq.ft., 
•It  for  the  original  design  beii.;,'  dixided  as  follows: 
.tmibcr,  7c.;  connections  and  aiichoriiiL:   lumber  to  steel 


the  Federal  ('eiiienl  Tile  Co.,  of  Chicago,  the  tiles  being 
manufactured  at  Hammond,  Jiid.  The  steel  sash  was 
fui'iiished  and  ])laced  by  the  Trussed  Concrete  Steel  Co., 
of  Yoiingstown,  Ohio,  and  the  sheet-metal  work  and 
l)ainting  were  done  by  N^ohsey  &  Schwab,  of  Memphis, 
Tenn. 


The  Only  Kleolrli'-C'nr  Ferry  in  tlii.s  country  is  reported  to 
l)f  tliat  opi-ratcd  liy  the  Oaltland,  Antioch  and  Eastern  R.v. 
across  Suisun  Day.  Cars  witli  passengers  are  regularly 
carried  on  tlie  Kasollnc-engine  driven  barge  "Ramon."  Tliis 
boat  is  of  sti-el.  185  ft.  long  and  weighs  ,'>90  tons.  It  ordinarily 
carries  six  passenger  or  eight  freight  cars.  A  noticeable 
feature  Is  the  ab.senoe  of  curved  plates  and  the  adoption  of 
a  box-like  design  with  ends  that  are  extremely  flat  in  ord"r 
to  present  a  large  iirea  of  displacement  to  overcome  tipping 
while  loading  or  unloading  cars.  There  are  two  longitudinal 
liulliheads  and  four  transverse  bulkheads.  The  pilot  house  '.»] 
supported  1>.v  steel  towers  at  the  base  of  which  arc  the  deck-! 
house.").  A  pneumatic  steering  gear  controls  a  balanced' 
rudder  on  either  end.  There  are  three  tracl<s  on  the  main' 
deck,  each  220  ft.  long,  having  a  total  capacity  of  nine  cars. 
There  is  a  catenar.v  overhead  line  so  that  the  trains  are  able 
to  run  off  the  ferry  under  their  own  power.  A  OOO-hp.  elght- 
rjllnder  2in-r.p.m.  gasoline  engine  Is  sit  amidships  Jind 
coupieil  tliroiigh  friction  clutches  to  a  propeller  at  either  end. 
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l^eiiioval  of  the  earth  front  embankment  \vlii<'h  hi-ld 
np  a  weak  reservoir  wall  at  Madison,  Wis.,  allowed  the 
water  in  the  reservoir  to  destroy  the  wall  i)y  overturnin? 
it  ou  Aug.  2(5.  Though  the  wall  and  indeed  the  whdie 
reservoir  were  reinforeed-concrete  structures,  there  was 
evident  lack  of  tying  between  the  parts.  The  wall  was 
reinforced  as  a  beam  spanning  between  floor  and  roof, 
but  it  Was  not  attached  to  the  roof  and  therefore  slipped 
out  from  under  it. 

On  the  afternoon  before  the  accident  the  contractor  for 
the  extension  of  the  reservoir  removed  about  13  ft.  of  em- 
bankment at  the  northwest  corner  of  the  existing  reser- 
\oir.  For  half  the  length  of  the  north  wall,  more  or  less 
of  the  embankment  was  dug  away.  The  general  view. 
Fig.  1,  shows  that  the  wall  -was  quite  free  to  overturn 
in  this  condition.  The  water  flowing  from  the  reser- 
voir went  into  the  pit,  so  that  little  damage  was  done  to 
adjoining  property. 

The  reservoir,  built  nine  or  ten  years  ago,  is  a  roofed 
basin  sunk  lialf -depth  below  grade,  in  tilled  groirnd. 
It  is  about  90  ft.  square  and  16  ft.  deep.  The  earth 
slopes  down  from  a  point  about  6  ft.  below  the  roof  to 
street  level,  4  or  5  ft.  lower,  on  a  2:.l  slope  or  flatter. 
Excavation  for  the  extension  of  the  reservoir,  along  the 
northerly  side,  was  carried  approximately  down  to  the 
floor  level. 

The  roof  consists  of  a  double  slab — a  3-in.  slab  laid 
on  top  of  a  4-in.  slab  (see  Fig.  1) — carried  by  8xl0-in. 
beams,  10  to  13  ft.  apart,  running  at  right  angles  to 
the  wall  that  failed.  Concrete  columns  under  the  beams 
are   spaced    10   or    12    ft.      The    wall,    reinforced    in    its 


outer  I'laue  only,  is  about  12  in.  thick  at  the  top,  18  or 
20  in.  at  the  bottom,  and  contains  vertical  main  reiu- 
fcincnient  of  yg-in.  round  rods  4  in.  apart,  set  3  in.  in 
Inuii  the  outside.  There  is  horizontal  secondary  reinforce- 
iiu'ut   III'  •"'i-iii.   i-ciiiiiils  sjiarcil    12   in.  apait.  whose  effet-t 


FIG. 


HOW    THE    W.Vl.l.    Ti'KE    .\  \V  .\V    AT    THIO    CORNER 


the 


sjiows   ill  the   way   the   wall   hangs   together   and 
nature  of  the  cracking. 

Tie  steel  between  wall  anil  I'oof  seems  to  be  absent. 
The  bent-over  rod-ends  in  the  views  evidently  were  merely 
bent  out  of  the  wav  because  too  long.     There  is  a  con- 


i\i:i;TfiiNi::ri   i;i:.^i:iivi 


The  horizontal  steel  was  mo.stly  cut  after  the  collapse,  to  permit  e 

Fig.   2   was   taken 


IK    VV.\LL    AT    M.M'l 
it  entrance.     .\rro 


t  right  .sliows  point  from  which 
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PIG.    3.      VIEW    ALONG    FAILED    WALL. 

ruction  joint  about  18  in.  below  top  of  wall,  with  sandier 
loking  concrete  above  than  below. 

The  city  offieiaLs  have  not  made  a  statement  concerning 
>'  accident.  The  water-supply  is  critically  affected 
(a use  the  city's  storage  is  eliminated  and  water  is 
ing  pumped   directly  into  the  mains. 


Al^ssa  Siiracd  ClhlloiraEa© 

Plants    for    making    filter    alum    from    bau.vite    and 

ilorine  gas  from  brine  are  being  built  by  the  Montreal 

ater   and    Power    Co.,   under   the    direction    of   J.    0. 

eadows,  engineer  and  superintendent  of  the  company's 

iter-filtration  plant.     Both  plants  will  be  in  use  about 

uv,  1. 

'  The  filter  alum  o'.-  sulphate  of  alumina  ])lant  will  have 

ipacity  of  five  tons  a  day,  and  will  make  use  of  the 

I'ss  worked  out  by  Charles  P.  Hoover,  cliemist  and 

iiuiintendent  of  the  filtration  works  of  Columbus,  Ohio. 

lu.xite,  ground   and   bagged,  will   be  bought   from   the 

nniinum  Company  of  America,  one  of  the  many  com- 

ii's  supplying  that  material.  Under  normal  conditions 

|iroposed  plant  would  save  $8  per  ton  on  the  sulphate 

I  lamina  used,  but  at  the  present  prices  of  chemicals 

-aving  will  be  five  times  that.     In  other  words,  sul- 

j  ate  of  alumina  now  costs  $?0  jjer  ton  and  can  be  made 

4  the  Montreal  filter  plant  for  $30  a  ton.    The  material 

already  been  produced  in  a  crude  way  by  the  company. 

used  with  satisfaction. 

Chlorine  gas  will   be  made   in    four   .Moore-Allen  cells 

1  ving  a  capacity  of  1 20  lb.  of  gas  ])er  day.     From  tiie 

Ijiks,  which  are  being  cast  at  the  plant  from  crushed  ami 

llivdered  stone  and  cement,  tiie  gas  will   pass  through 

tl«'er  injectors,  then   be  nii.ved  with   water  and  aiiplied 

athe  water  to  be  heated  through  distributors.    The  i)lant 


will  be  able  to  treat  .'iO.OOO.OOO  gal.  (Imp.)  a  day. 
T.i'sides  effecting  a  considerable  saving  over  the  present 
market  price  of  chloride  of  lime,  and  a  slight  saving 
under  normal  conditions,  the  new  plant  will  have  the 
advantage  of  greater  simplicity,  will  avoid  the  nuisance 
due  to  handling  hypochlorite  and  will  save  general  depre- 
ciation around  the  adjacent  parts  of  the  works  due  to  the 
use  of  hypochlorite. 

The  Louisiana  Legislature  at  its  recent  sessions  passed 
a  joint  re.solution  authorizing  a  constitutional  amend- 
ment to  provide  for  the  construction  of  a  bridge  or 
tunnel  across  the  ilississippi  Eiver  at  or  near  New 
Orleans.  This  amendment  is  to  be  voted  on  by  the 
il.'itorate  of  Louisiana  on  Xov.  7,  and  it  is  expected 
tliat  it  will  be  passed  with  little  opposition.  The  re- 
-ponsibility  for  planning  and  constructing  the  new  bridge 
01-  tunnel  has  been  placed  upon  the  Public  Belt  Railroad 
Commission  of  New  Orleans,  which  Ijody  has  created  a 
sjiocial  committee  on  "Bridge  or  Tunnels"  to  study  the 
-ituation.  This  committee  has  alreadv  held  hearings  at 
\*hich  prominent  engineers  have  given  their  opinions,  and 
the  committee  informs  us  that  it  is  desirous  of  hearing 
from  other  engineering  firms  who  may  wish  to  ap]>ly 
for  contracts  in  connection  with  the  work. 

T©  IE.ettaiD!ra  Hinidlusstls'flaill  Flsiia'& 

The  City  of  St.  Paul.  Minn.,  has  just  vacated  about 
oOO  lin.ft.  of  a  city  street  and  elevated  the  grade  so  that 
traffic  can  be  carried  on  a  viaduct  in  order  to  retain  an 
industrial  jilant  which  otherwise  threatened  to  move 
away. 

The  II.  Koppers  Co.  had  purchased  38  acres  of  land 
from  the  Northern  Pacific  Railway  Co.  for  a  coke  plant. 
As  the  plant  required  a  long,  unbroken  site,  the  company 
asked  the  city  to  vacate  what  claim  the  city  might  have 
in  an  old,  unopened  county  road  known  as  the  continua- 
tion of  Hamline  Ave.  While  desirous  of  retaining  the 
Koppers  Co.,  the  city  felt  that  its  rights  to  Hamline  Ave. 
should  not  be  given  up,  as  it  was  developing  into  an 
arterial  -street  in  other  ])arts  of  the  city.  The  company 
asked  for  the  vacation  of  the  street  in  order  that  it  might 
have  full  possession  and  offered  to  build  and  extend  the 
present  footbridge  over  the  Great  Xorthern  Hy.  tracks 
across  its  property  some  .'500  ft.,  or  would  permit  the  city 
to  reserve  the  right  in  the  vac'ation  proceedings  to  build 
]jiers  to  support  a  viaduct.  The  corporation  counsel  ruled 
that  if  the  city  vacated  the  street  it  would  have  no  right 
to  order  the  construction  of  a  viaduct  across  what  would 
then  be  ])rivate  property,  so  that  the  reservation  of  rights 
to  build  piers  would  be  valueless. 

The  jiroblem  was  .solved  by  e.stai)lishing  an  air-liiu' 
street  or  a  new  grade  line  23.4  ft.  above  the  present 
grade  and  vacating  the  sti'eet  to  this  heiglit.  By  so  doing 
the  city  gives  up  its  right  to  order  this  portion  of  the 
viaduct  built  at  the  e.KiJeii.se  of  the  property  owners  under- 
neath, excepting  that  they  might  be  assessed  for  benefits. 

The  city  could  have  com|)elled  the  Nortiiern  Pacific 
Rv.,  former  owner  of  the  land,  to  ])ay  the  cost  of  a  viaduct 
when  such  a  structure  liecame  a  neces.sitv.     It  t'an  now 
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(oinpel  the  railway  companies  on  either  side  of  this 
vacated  portion  to  pay  the  cost  of  a  viaduct  over  their 
lands,  but  this  viaduct,  303  ft.  in  length,  will  have  to 
he  paid  for  out  of  the  general  fund  of  the  city  or  as.sessed 
against  the  district  benefited,  and  the  railways  could  not 
be  assessed  any  part  of  this  on  account  of  paying  a  gross- 
earnings  tax. 

The  bronze  medal  of  the  New  England  Water-Works 
Association,  stnick  in  commemoration  of  the  life  and 
work  of  Dexter  Brackett,  for  many  years  chief  engineer 
of  the  .Metropolitan  Water  and  Sewerage  Board  of  Boston, 
I\Iass.,  is  illustrated  herewith.  The  resolution  to  honor 
the  memory   of  Dexter   Brackett,  past-president  of   the 


?^  :9^(i 


:-^/ 


association,  was  adojjted  ijy  th'j  coniiiiittec  in  a  meeting 
at  Boston,  Nov.  10,  1915.  Enough  members  immediately 
guaranteed  a  sufficient  fund  to  assure  the  success  of  the 
plaiv,  and  later  the  entire  membership  was  given  an 
opportunity  to  contribute.  The  total  sum  raised  was 
fi;l,286. 

The  designer  of  the  De.xter  Brackett  medal  is  T. 
Spiccr-Simson,  of  New  York  City.  The  committee  of 
the  association  in  charge  consisted  of  Frederick  P. 
Stearns,  chairman ;  Allen  Hazen ;  Alfred  D.  Flinn ; 
(leorge  A.  Stacy;  Charles  W.  Sherman,  secretary  and 
treasurer.  The  committee  suggests  that  the  first  award 
be  made  for  the  calendar  year  1916,  so  that  all  papers 
published  in  the  Journal  of  the  association  for  the 
]iresent  year  will  be  considered.  The  first  presentation 
of  the  medal  will  then  take  place  at  the  1917  annual 
convention. 


The  greatest  water  consumption  in  one  week  in  the 
history  of  Philadelphia  o"ccurred  in  the  week  of  Aug.  20. 
Approximately  2,338,000,000  gal.  were  used,  an  average 
of  334,000,000  gal.  daily.  The  highest  previous  week'.s 
averages  were  as  follows:  1915,  average  daily  consump- 
tion, 320,000,000  gal.;  1914,  310,000,000  gal.,  and  1913, 
310.000,000  gal.  The  daily  per  capita  consuni|)ti<m  in 
Philadelphia  is  about  180  gal. 

The  city  is  threatened  with  a  water  famine.  The 
filtration  plant,  which  cost  the  city  $35,000,000  is  in- 
adequate and  Carlcton  E.  Davis,  Chief  of  the  Bureau 
of  AVater,  is  preaching  economy  in  the  use  of  water. 
In  many  buildings  and  houses,  especially  in  South 
Philadelphia,  there  is  no  water  for  hours  daily.  Water 
lUireau  officials  say  the  pressure  should  reach  between 
30  and  40  lb.,  while  fire  underwriters  insist  that  it  shall 


be  (iO  lb.  Two  plans  to  relieve  the  condition  are  bein- 
considered  by  city  officials.  One  is  securing  money  for 
the  construction  of  an  additional  pumping  station  and 
a  filter  bed  with  a  capacity  of  100,000,000  gal.  daily,  au.i 
for  the  building  of  a  large  express  main  from  Torresdali 
(the  head  of  the  supply)  to  South  Philadelphia.  Tli. 
other  method  is  the  long-agitated  proposition  to  plaii 
water  meters  over  the  entire  citv. 


Ss^sttesffii  To  Be  lEinil 

Owing  to  the   rapid   increase   in   the   consumption  oi 
electric  power  the   Ontario   Hydro-Electric   Commission 
has  decided  to  proceed  immediately  with  plans  for  the 
extension   of   the   provincial   power-transmission   system, 
which  it  was  intended  to  postpone  until  after  the  war 
Sir  Adam  Beck,  Chairman  of  the  Commission,  announcft 
that  the  plants  in  Toronto  and  Dundas  will  be  doublec 
and  the  transmission  line  between  these  jwints  duplicatec 
involving  an   expenditure   of   over  $1,250,000.     Prelim- 
inary work  on  the  stations   is  already   imder  way  anc 
]ilans  and   specifications   for  the   new   tran.smission  line 
liave  been  completed.    At  Niagara  Falls  new  switches  am" 
other  equipment  to  handle  the  additional  50,000  hp,  hein 
secured  from  the  Canadian  Niagara  Power  Co.  are  beiiL 
installed.     The   maximum   load   of   Niagara   power  uo' 
ranges  between   115,000  and  120,000  hp.     These  exten 
sions    will    insure    an    ample    supply    for    the    needs  ■ 
Toronto  and  bring  the  equipment  at  Niagara   Falls  an 
Dundas  up  to  the  condition  necessary  to  handle  the  lar.!," 
load  which  will  be  available  at  the  end  of  the  year. 

The  Commission  has  also  decided  to  proceed  inniir 
diately  with  the  work  of  linking  up  the  four  power  plain 
at  Eugenia  Falls,  Big  Chute,  Wasdell  Falls  and  Swii 
Current,  in  the  Owen  Sound-Colliugwood  district.  Tin 
will  require  the  construction  of  41  miles  of  transmi.ssiui 
lines.  It  will  give  a  total  supply  from  these  four  devcl 
opments  of  15,000  hp.  With  the  increased  producticn 
possible  at  the  Big  Chute  and  developments  yet  to  1« 
made  on  the  Saugeen  and  Severn  Rivers  the  ultimate  ili 
velopment  of  this  district  will  be  25,000  hp.  As  tli- 
Northern  line  will  be  only  six  miles  distant  from  tli' 
Niagara  power  transmission  line  at  Mount  Foru.<t,  tli' 
two  systems  can  easily  be  linked  together  if  tholl^'l. 
requisite  in  the  future.  Sir  Adam  Beck  states  that  lu'v 
municipalities  are  being  connected  with  the  .-system  am 
I  hat  the  steady  increase  in  consumption  is  largely  due  I' 
the  manufacture  of  war  munitions. 


Ilirniinehnni,  Ala.,  Water-^VorkM  PuroliaBe — Negotiatlorl^ 
have  been  beBun  by  the  Board  of  Commissioners  of  Blrm 
ingham,  Ala.,  and  A.  M.  Lynn,  president  of  the  Birminffhnu 
Water  Co.,  relative  to  the  purchase  of  the  ^^•ate^-work^ 
Under  the  franchise  of  the  company,  the  city  may  purchas" 
the  plant  by  giving  adequate  notice,  which  has  alreail> 
been  done.  Efforts  are  being  made  to  arrive  at  a  sultabl' 
price,  and   if  this  fails  arbitrators  ■will   be  chosen. 

AVater  Conipany  .\ot  (omiielled  To  Tent  Welln— The  chanc 
ery  court  at  Little  Rock,  Arlt.,  decided  that  it  was  unnecessan 
for  the  Arkan.sas  Water  Co.  to  have  its  new  auxiliary  w' 
system  tested  by  other  than  its  own  engineers  to  sho" 
whether  it  had  complied  with  the  city's  orders.  The  city  '' 
Little  Rock  sued  for  an  order  compelling  the  company 
have  the  test  made  by  disinterested  engineers.  The  O"! 
pany  objected  on  the  ground  of  expense.  The  wells  have  .1'' 
alleged  pumping  capacity  of  more  than  6,0nn.nno  cal.  1'" 
day. 
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state  Hisliway  Commission  for  Georgiia — The  Georgia 
Legislature  has  passed  a  bill  providing  for  tiie  creation  of  a 
State  Highway  Commission.  This  is  to  consist  of  the  mem- 
bers of  the  State  Prison  Commission,  the  state  geologist, 
and  the  professors  of  highway  engineering  at  the  Georgia 
School  of  Technology  and  the  State  University.  There  is 
no  provision  for  a  state  highway  engineer  other  than  the 
engineers  that  may  be  employed  by  the  prison  commission. 
One  section  of  the  law  states  that  this  commission  shall  be 
empowered  to  receive  funds  from  the  Federal  Government  for 
road  purposes. 

Tidal  Flow  Affects  Artesian  AVells  near  the  ocean,  accord- 
ing to  a  report  of  the  United  States  Geological  Survey.  In 
studying  wells  in  the  coastal  plain  of  Virginia  it  was  found 
that  there  was  a  decided  variation  in  the  well  flow  with  the 
rise  and  fall  of  the  tide,  the  flow  being  notably  greater  ut 
the  flood  than  at  the  ebb  tide.  It  is  the  general  opinion 
among  well  drillers  that  practically  all  flowing  wells  near 
tidal  rivers  or  inlets  from  open  bays  do  feel  the  distant  sea, 
but  some  of  them  so  slightly  that  the  variation  in  flow  is  not 
noticeable.  The  geologist  in  charge  of  the  groundwater  in- 
vestigations in  Virginia  states  that  changes  in  w^ater  level 
in  wells,  due  to  fluctuations  in  the  height  of  the  surface  of 
some  neighboring  body  of  water,  have  been  observed  all  over 
the  world.  It  is  customary  to  explain  these  changes  oy 
supposing  a  direct  connection  betw-een  the  river,  lake,  or  bay: 
but  in  many  places,  as  in  eastern  Virginia,  such  connection  is 
clearly  impossible,  owing  to  the  depth  of  the  wells  and  the 
nature  of  the  intervening  beds,  some  of  them  dense,  tough 
marls  and  clays.  These  beds,  however,  though  they  do  not 
transmit  water,  nevertheless  contain  it,  and  a.s  water  is  prac- 
tically incompressible,  any  variation  of  level  on  the  river  or 
bay  Is  transmitted  to  the  well  through  the  water-filled  gravels, 
.sands,  clays  and  marls.  When  a  porous  bed  is  tapped  by  a 
well  the  water  rises  to  the  point  of  equilibrium  and  fluctuates 
as  the  hand  of  the  ocean  varies  its  pressure  on  the  ln-ds  th;it 
confine   the  artesian   flow. 


RosH  Miller  has  been  appointed  Engineer  of  the  South 
Dakota  Railroad  Commission  to  succeed  Joseph  E.  Love, 
resigned. 

.\.  M.  Frink,  architect  and  engineer,  723  Illuminating 
Bldg.,  Cleveland,  Ohio,  announces  that  he  has  taken  over  the 
business   formerly    conducted    by    Izant    &    Frink. 

James  W.  Miore,  recently  Engineer  of  the  New  Orleans 
United  Gas  and  Electrical  Engineering  Corporation,  has  been 
appointed  Chief  Engineer  of  the  Van  Kuren  Engineering  Co., 
Birmingham.   Ala. 

H.  S.  Ridille,  M.  Am.  Soc.  M.  E.,  Consulting  Engineer  of 
the  Ohio  Board  of  Administration,  Columbus,  Ohio,  will 
resign  Oct.  1  to  accept  a  position  with  the  Jeffrey  Manufac- 
turing Co.,  also  of  Columbus. 

Alfred  F.  Tonnsend,  for  the  past  seven  years  manager  of 
Woonsorket  (R.  I.)  Electric  Machine  and  Power  Co.,  has  been 
ippolnted  Local  Manager  of  the  Stone  &  Webster  properties 
ri   Beaumont  and   Port  Arthur,  Tex. 

Frank  H.  Olmstead,  M.  Am.  Soc.  C.  E.,  of  Olmstead  & 
Jillelen,  Consulting  Engineers,  Los  Angeles,  Calif.,  has  been 
ippolntod  Engineer  in  Charge  of  flood-protection  plans  for 
he  Gila  River,  by  Secretary  Lane,  of  the  United  States  De- 
iartmenl  of  the  Interior. 

FranclH  M.  Veatch,  Jun.  Am.  Soc.  C.  E.,  recently  appointed 
\88i8tant  Engineer  of  the  Kansas  State  Board  of  Health, 
las  resigned,  effective  Oct.  1,  to  become  Superintendent  of 
he  East  St.  Louis,  111.,  water-purlflcation  plant  of  the 
American    Water-Works    and    Electric    Co. 

J.  T.  Bullen,  M.  Am.  Soc.  C.  E.,  has  resigned  as  Parish 
^riKinecr,  Caddo  Parish,  Louisiana,  to  become  Highway  En- 
ineer  of  several  road  districts  In  Raleigh  County,  West 
iginla.  the  aggregate  funds  of  which  are  $850,000.  He 
IS  formerly  Senior  Engineer.  United  Sta.tea  Office  of  Public 
■i.ids    and    Rural    Engineering. 

K.  L.  Brown,  Vice-President  and  General  Manager  of  the 
'  [ivcr  &  Rio  Grande  R.R.,  Denver,  Colo.,  has  been  elected 
•  Hldent  of  the  Minneapolis  &  St.  Louis  R.R.,  succeeding 
wman  Erb.  resigned.  Mr.  Brown  Is  52  years  old  and  entered 
■  railway  service  as  a  telegraph  operator.  For  several 
■  :ir»  previous  to  1912  he  was  an  operating  oHlclal  of  the 
irthern  Pacific  and  Great  Northern  railways. 
.1.  II.  Nuelle,  Assistant  General  Superintindcnt  and  Chief 
"Kineer    of    the    New    York,    Ontario    &    Western    Ry.,    has 


been  promoted  to  be  General  Superintendent,  with  headquar- 
ters at  Middletown,  N.  Y..  succeeding  the  late  Edward  Can- 
field.  Mr.  Nuelle  is  a  graduate  of  Princeton  University,  class 
of  1906,  and  until  June.  1907,  was  a  transitman  with  the 
I'ennsylvania  and  New  York  Central  lines.  He  entered  the 
service  of  the  New  York.  Ontario  &  Western  Ry.  as  an  as- 
sistant engineer.  In  1911  he  was  made  Principal  Assi.?tant 
Engineer  and   in   1912.   Engineer   of   Maintenance-of-Way. 

The  Vniversal  Portland  Cement  Co.,  Chicago,  111.,  announces 
the  following  promotions  and  change.s  in  its  engineering 
staff:  .4dolph  U.  Carlson  is  appointed  Chief  Engineer.  He 
was  formerly  Assistant  Superintendent  of  the  Syracuse,  Ind., 
plant  of  the  Sandusky  Portland  Cement  Co.  He  has  had  to 
do  with  the  designing  of  Nos.  3,  4  and  6  mills  of  the  Universal 
Portland  Cement  Co..  at  Buffington.  Ind..  and  No.  5  mill  at 
Pittsburgh  and  No.  7  mill  at  Duluth.  He  was  appointed  Me- 
chanical Engineer  in  1907.  M.  S.  Humplireys,  formerly  Sup- 
erintendent, Mill  No.  6,  Buffington.  Ind..  plant  of  the  Uni- 
versal Portland  Cement  Co..  is  appointed  Assistant  Mechan- 
ical Engineer  at  the  general  offices  in  Chicago.  Nels  Nelson, 
formerly  Superintendent  of  Mill  No.  2,  at  South  Chicago,  which 
plant  has  been  dismantled,  is  appointed  Superintendent  Mill 
No.  6,  Buffington.  Ind.,  plant.  J.  H.  Lend!  is  appointed 
Electrical  Engineer  at  the  general  offices  in  Chicago.  Mr. 
Lendi  has  been  connected  with  the  company  for  several  years 
in  the  engineering  department. 


AMERICAN  FOUNDRYMEN'S  ASSOCIATION. 

Week    of    Sept.     11.       Annual     meeting    in     Cleveland,     Ohio. 
Secy.,  A.  O.  Backert,  12th  and  Chestnut  St.,  Cleveland,  Ohio. 
A.MERICAN  INSTITUTE  HF  MET.\LS. 

Week  of  Sept.  11.     Meeting  in  Cleveland,  Ohio.     Secy.,  W.  M. 
Corse,    106   Morris   Ave..  "Buffalo,    N.    Y. 
NATIONAL  ASSOCI.^TION  OF  STATIONARY  ENGINEERS. 
Sept.   11-16.     Convention,  Minneapolis.  Minn.     Secy.,  Fred  W. 
Raven,  417   S.    Dearborn   St.,  Chicago. 

MASTER  CAR  AND  LOCOMOTIVE  PAINTERS'  ASSOCIATION. 
Sept.    12.     Convention   in   Atlantic   City.      Secy.,   A.   P.   Dane, 
Reading,  Mass. 
RAILWAY  SIGNAL  ASSOCIATION. 

Sept.    12-14.      Convention    in    Mackinac    Island.      Secy.,    C.    C. 
Rosenburg,  Myers  Building,  Bethlehem,  Penn. 

NEW    YORK    ST.^TE    ASSOCI.VTION    OF   COUNTY    SUPERIN- 
TENDENTS OF  HIGHWAYS. 
Sept.     13-14.       Meeting     at     Syracuse.       George     S.     Tibblts, 
Chairman     of    Executive    Committee.     f)neida,     N.     Y. 
NEW  ENGLAND  WATER-WORKS  ASSOCIATION. 

Sept.    13-15.      Convention    in    Portland,    Me.      Sec.v.,    Willard 
Kent,   Narragansett   Pier,    R.    I. 
ILLUMINATING    E.NGLNEERINO    SOCIETY. 

Sept.  18-20.     Convention   in  Philadelphia.  Penn.      AsGt.  Secv., 
C.  D.  Fawcett.  29  West   39th  St..  New  York,  N.   Y. 

ASSOCIATION    OP    IRON    AND    STEEL    ELECTRICAL    E.NGI- 
NEERS. 
Sept.  18-22.     Convention  in  Chicago.     Secy.,  W.  O.  Oschmann, 
Oliver  Iron  and   Steel   Co.,   Pittsburgh,   Penn. 
ROADMASTERS    AND    MAINTENANCE    OF    W.W    AS!30CIA- 
TION   OF   AM10RIC.\. 
Sept.  19-22.     Convention  in  New  York  City.     Secy.,  P.  J.   Mc- 
Andrews. 
AMERICAN    PEAT    SOCIl'^TY. 

Sept.    21-23.      .'Annual    meeting    In    Washington,    D.    C.      Secy., 
Julius  BordoUo,   Kingsbridge,   N.    Y. 
AMERICAN    CHF;M1CAL   SOCIETY. 

Sept.    25-30.       .\nnuiil     meeting    in    New    York    City.       Secy., 
Charles  I>.  Parsons.   Washington.   D.  C. 
.VMRRICA.N  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS. 
Oct.   9-13.     Cohvintlon    in   Newark.   N.   J       Secy.,   Charles   C. 
Brown,  Indianapolis,   Ind. 
AMERICAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.    9-13.      Convention    at    Atlantic   City,    N.    .).      Secy..    E.    H. 
Burritt,   s  West   40th   St..   New   York   City. 
AMERICAN    RAILWAY    BRIDGE    AND    BUILDING    ASSOCIA- 
TION. 
Oct.  17-19.     Convention   In  New  Orleans.  Secy.,  C.  A.   LIchty, 
C.  &  N.  W.    Ry..  Chicago. 
AMERICAN   GAS  INSTITUTE. 

Oct.  17-20.     .\nnual  meeting  In  Chicago.     Secy.,  G.  G.  Rams- 
dell,  New  York.  .\'.  Y. 
AMERICAN  PUBLIC  HEALTH  A.S.SOCIATION. 

Oct.    24-27.      Convention    In    Cincinnati,    Ohio.      Secy.,    Prof. 
Selskar  Jl.  Gunn,  Boston,  Mass. 
RAILWAY    ELECTRIC    SUPPLY    MANUPACTURER.S'    ASSO- 
CIATION. 
Oct.  30-Nov.  3.     Annual  meeting  at  Chicago.     Secy.,  J.  Scrlta- 
ner.  General   Electric  Co.,  Chicago. 
NATIONAL    ASSOCIATION    OP    RAILWAY    COMMISSIONERS. 
Nov.    14.      Convention    In    WushlnKton,    D.    C.      Secy.,    W.    H. 
Connolly,    Washington. 
RAILWAY    GARDENING    AS.SOCIATION. 

Dec.   5-7.     Annual   nieollng   In   New  Orleans.     Secy.,   Chark-i: 
E.    Lowe.    Si'wl(Uj\,    Penn. 


480 


EXGINEERINC     XEWS 


Vol.   ro.  No.  10 


I 


L 


Ch:iin-Driven     Trench     Pump 

The  power-operalert  trench  pump  shown  herewith  has  a 
sprocket-chain  drive  from  the  engine  to  the  pump,  and  the 
pump  rod  is  driven  fron  an  eccentric  instead  of  from  a  roclier 
arm.  The  eccentric  shaft  is  connected  to  the  sproclvet  wheel 
shaft  by  a  single  set  of  gears,  and  a  compensating  link  at- 
tached to  the  connection  of  the  eccentric  with  the  pump  rod 
maintains  the  rod  in  a  vertical  position  during  its  travel. 
The  pump  has  a  3-in.  suction  at  the  side,  and  a  side  dis- 
charge spout  to  which  a  trough  or  chute  can  be  attached. 
All  the  valves  have  openings  sufBcient  to  pass  anything  that 
goes  through  the  suction  hose.  The  outfit  as  shown  has  a 
pump  and  2-hp.  gasoline  engine  mounted  on  a  steel-frame 
truck,  the  total  weight  being  about  680  lb.  If  mounted  on 
skids  the  weight  is  about   525  lb.     When  run  at  45  .strokes  per 


TRENCH    PUMP   WITH  CH.A.IX    DRIVE 


MILBURN   NO.   2   AT   D.\LL.\S 


The  accompanying  view  shows  a  night  grading  operation 
for  the  new  railroad  terminal  at  Dallas.  Tex.,  for  which 
J.  W.  Thompson  was  contractor  for  the  excavation  which  ag- 
gregated 760,000  cu.yd.  It  is  claimed  that  with  two  steam 
shovels    Mr.    Thompson    moved    l.SOO    yd.    per    nisrht. 


min.  the  capacity  is  3.500  to  4.000  gal.  per  min..  but  this  may 
be  doubled  by  an  outfit  having  two  pumps  and  a  S^i-hp.  en- 
gine, with  a  weight  of  1.250  lb.  complete.  These  trench  pump- 
ing outfits  (as  well  as  the  gasoline  engines  used)  are  built 
bv  the  Waterloo  Cement   JIachinery  Corporation,  of  Waterloo, 


Varinble-Slot  Flo 

A  new  meter  for  indicating  flo 
embodying  a  principle  which 
has  been  similarly  employed 
before,  is  shown  in  the  accom- 
panying sketcli.  It  was  de- 
signed by  J.  F.  Vaughan  and  is 
being  made  by  the  Spray  Engi- 
neering Co..  of  Boston.  The 
liquid  flows  into  a  slotted  cyl- 
inder surrounded  by  an  annular 
chamber  connected  to  tlie  meter 
discharge.  In  the  cylinder  is  a 
floating  piston  uncovering  more 
and  more  of  the  measuring  slot 
as  the  pressure  difference  in- 
creases between  inlet  and  outlet. 
Piston  movement  is  communi- 
cated to  a  pointer  in  a  closed 
glass  chamber,  the  walls  of 
which  are  graduated.  Calibra- 
tion is  claimed  to  give  a  uni- 
form flow  scale  for  all  positions 
of  the  piston  and  pointer,  with- 
in the  range  of  the  meter.  The 
head  loss  is  stated  to  be  0.004  lb. 
per  sq.  in.  for  15  gal.  per  min. 
flow.  An  insulated  brass  rod 
rises  through  a  packing  gland 
in  tlie  inlet  chamber  and  makes 
contact   for   sounding   an   alarm 


dieter 

of   liquids    in    pipes,    but 


VAUGHAN  MKTER 
on  return  of  the  piston  to  any  desired  minimum-flow  point. 


■■till 


>\  itrk 


A    :t,O0«-rp.    LiKht    for    Mullt    << 

The  standard  "No.  2"  acetylene  projecting  lamp  (nominal 
rating  5.000  cp.)  of  the  Alexander  Milburn  Co.,  of  14  Baltimore 
St.,  Baltimore,  Md.,  has  been  redesigned  (fitted  with  new- 
burner  and  12-in.  reflector)  to  make  a  3,000-cp.  light  which 
will  run  for  12  hr..  at  a  total  charging  cost  of  34c.  The 
charge  consists  of  9  lb.  of  ordinary  commercial  carbide.  The 
body  of  the  lamp  is  10  in.  square.  The  total  height  is  5  ft. 
It  welghs"130'*lb'.   charged  and   5S  lb.  empty,  and  costs  $42.50. 


Electro-Pneninatic    AVater-Supply    Outfit 

A  water  service  system  for  isolated  residences  and  small 
plants  or  institutions  with  no  water-works  connections  con- 
sists of  a  pump  and  pneumatic  pressure  tank.  The  pump 
has  a  horizontal  double-acting  cylinder,  with  air  chamber. 
It  is  operated  by  a  crank  shaft  geared  to  the  shaft  of  a  fly- 
wheel belted  to  an  electric  motor  placed  above  it  on  top  of 
a  standard.  The  crank  case  is  inclosed  and  forms  an  oil  bath. 
The  pump  delivers  both  water  and  air  to  a  cylindrical  tank, 
about  one-third  of  the  tank  space  being  filled  with  air.  This 
tank  is  designed  for  125  lb.  pressure.  When  tlie  air  pressure 
reaches  40  lb.  the 
motor  is  stopped  i)y 
an  automatic 
switch,  and  this 
again  starts  the 
motor  "when  tlie 
pressure  falls  to  25 
lb.  The  equipment 
includes  an  air  inlet 
valve  and  water  re- 
lief valve.  When 
the  supply  is  taken 
from  a  well  or 
spring,  a  special  at- 
tachment can  be 
a  d  d  e  d  by  which 
drinking  water  may 
be  delivered  directly 
from  the  pump  to  a 
ap  indoors.  The 
outfit  is  built  with 
pumping  capacity  of 
ISO  and  300  gal.  per 
hr.  The  larger  size 
has  a  Vi-hp-  motor, 
running  a  t  1,130 
r.p.m.,  1-in.  supply 
and  discharge  pipes 
and  a  140-gal.  tank. 
It  is  6V4  ft.  high 
over  all  and  occu- 
pies a  floor  space 
37x44  in.  (exclusive 
of  tank).  These 
outfits  are  built  by 
the  Hill  Pump  Co., 
of  -Anderson,  Ind. 
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Rog\ds  imi  ttlhie  Arid  West 


SYyOFSIS — ^4  travder'^  notes  on  road-building 
materials  and  road  construction  under  adverse  cli- 
matic conditions.  The  problem  of  gravel-road 
maintenance  under  arid  conditions  and  various 
attempts  to  solve   it. 

A  great  section  of  countiT  l.ying  in  the  western  part 
jf  Texas,  Arizona,  New  Mexico  and  Nevada  was  for 
inany  years  known  as  the  Great  American  Desert,  and  the 
.'reater  part  of  it  still  is  an  arid  and  desert  country. 
N'otwithstanding  the  fact  that  counties  in  these  arid  re- 
gions are  as  large  as  states  in  the  East  and  that  the 
)opulation  of  the  counties,  concentrated  in  the  irrigated 
alleys,  is  about  that  of  townships  in  the  Central  West 


Texas  has  no  state  liighway  department,  but  much  road 
improvement  work  has  been  done  by  the  counties.  At 
Dallas,  J.  P.  Witt,  County  Engineer,  has  about  500  mi. 
of  gravel  or  hard  surface  road  under  his  jurisdiction. 
Climatic  conditions  here  are  of  course  not  so  aggravating 
as  in  tlie  western  part  of  the  state,  yet  the  long,  hot, 
dry  summers  give  an  introduction  to  the  conditions  far- 
ther west.  During  this  dry  season  the  dust  nuisance 
becomes  so  acute  that  not  only  are  gravel-road  surfaces 
rapidly  disintegrated,  but  there  is  no  pleasure  or  com- 
fort in  riding  over  them. 

The  use  of  calcium  chloride  has  not  proved  of  any 
benefit.  It  is  evident  that  to  be  effective  this  material 
must  be  used  in  a  more  humid  climate  where  an  appre- 
ciable amount  of  water  vapor  is  present  in  tlie  atmosphere. 


tms^" 


Fm.   1.    AN  UNIMPROVED   ROAD  IN  IRRIOATED 
VALT.KY,    NEW   MEXICO 

!!'  is  great  activity  in  road  building,  and  the  people 

keenly  appreciative  of  improved  roads. 

It  is  a  country  where  practically  every  property  owner 

-  one  or  more  motor  cars,  and  where  freigliting  heavy 

'I''  for  long  distances  on  the  roads  by  team  or  motor 

1  necessary  practice.     The  traffic  in  vehicles  per  day 

most  of  the  roads  would  seem  insignificant  compared 

th  traffic  records  on  roads  in  the  more  thickly  settled 

rts  of  the  country;  hut  owing  to  the  dry  atmosphere 

id  scanty  rainfall  the  destnutive  effects  of  any  traffic 

'   dirt  or  gravel  mads  are  magnified  many  times  over 

'latthey  would  be  in  a  country  where  the  roads  could  be 

xiintained   by  estal)lished   methods.     Anything  but  an 

i  proved  dirt  or  gravel  road,  costing  from  $500  to  $2,500 

jr  mi.,  is  obviously  out  of  the  question  cxce|)t  in  very 

I  c  instances. 


FIG.  2.    RELOCATION  OF  SAME  ROAD  IMPROVED  WITH 
SAND-CLAT  SURFACING 

Jlr.  Witt  has  also  had  poor  success  with  the  light  semi- 
asphaltic  or  nonasphaltio  oils.  In  a  dry  climate  these 
are  not  sufficient  to  hold  the  dust  by  capillary  attraction, 
and  clouds  of  dust  particles  coated  with  grease  are  ob- 
viously more  objectionable  than  dry  dust.  On  gravel 
roads  in  good  condition  oil  containing  50%  asphalt  has 
given  satisfaction  in  Dallas  Cotmty. 

Asphaltic  oil  coating,  costing  $500  to  $1,.500  per  mi., 
is  obviouslv  too  expensive  for  the  ordinary  country  roads 
in  this  section  of  the  country.  For  $150  per  mi.  ]icr 
yr.  well-built  gravel  roads  have  been  maintained  in  fair 
condition  by  ])criodically  regrading  and  planing  tlicni 
with  a  road  grader  lo  remove  ruts  and  using  new  mate- 
rial for  patching  where  necessary.  This  answers  for  the 
first  six  or  seven  years  after  construction,  then  it  becomes 
necessary  to  entirely  resurface  (be  road  with  new  gravel 
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which,  owinc-  to  the  already  graded  and  compacted  sub- 
wrade,  may  be  done  ordinarilv  for  •about  half  the  first 
cost  of  the  road. 

For  the  more  lieavily  traveled  roads  oiled  gravel  sur- 
facing on  a  eruslied-limestone  base  has  given  fair  satis- 
faction and  is  about  the  cheapest  form  of  bituminous- 
road  construction  for  this  section.  Farther  south,  in 
Harris  County,  oyster  shells  have  been  used  experi- 
mentally for  the  foundation  course  of  gravel  roads  with 
apparently  excellent  residts.  These  shells  are  not  hard 
enough  to  withstand  any  considerable  amount  of  wear, 
yet  they  mat  and  bind  together  to  form  an  excellent  base 
for  any  type  of  hard  surfacing. 

The  experience  with  shell-surfaced  roads  in  Texas  has 
been  unsatisfactory.  A  small  amount  of  steel-tired  traf- 
fic wears  the  surface  very  rapidly  and  motor  traffic  raises 
great  clouds  of  suffocating  dust.  Oil  has  been  tried,  but 
owing  to  the  presence  of  the  dust  and  to  the  fact  that 
the  shells  mat  together  so  compactly,  practically  no  pene- 
tration of  the  oil  is  pofisible.  Shell  roads  have,  however, 
been  resurfaced  with  gravel  by  first  harrowing  the  old 
surface  and  adding  about  2  in.  or  less  of  new  shells  and 


FIG.    3.    MAIN   STREET   OF   CHEYENNE,   WYO.,    "PAVED" 

2  in.  of  fine,  washed  gravel.  Tlie  whole  is  then  rehar- 
rowed  and  compacted,  giving  a  much  more  satisfactory 
surface  than  the  shell  alone.  A  Ifi-ft.  road  of  this  type 
costs  from  $2.R00  to  $;5,r)00  per  mi. 

In  Bexar  County  (Fred  Bennett,  County  Engineer),  of 
which  San  Antonio  is  the  county  seat,  nearly  three-quar- 
ters of  a  million  dollars  has  been  expended  on  graveling 
and  improving  roads  during  the  last  two  or  three  years. 
Particular  attention  is  paid  to  maintenance,  wliich  is  com- 
plicated by  the  arid  conditions  typical  of  the  country 
from  here  west.  On  these  roads  tar  oils  have  proved 
particularly  satisfactory.  The  hardening  and  cracking 
of  tarred  surfaces  two  or  three  years  old.  common  in 
tlu'  North,  is  apparently  prevented  or  dclay<Ml  by  Ihc 
near-tropical  climatic  conditions. 

Two  kinds  of  gravel  are  used  in  P.exar  County,  in 
tiio  northern  part  a  good  flint  gravel,  in  tlio  soutlu'rn 
part  adol)e  gravel.  The  former  makes  the  most  durable 
road,  but  the  latter  is  the  kind  most  used  throughout 
the   Southwest.     .Vdolie   gravel    forms   a    'lard.    compact 


road  surface,  but  dusts  and  ruts  badly  in  the  dry  at- 
mosphere. No  oil  penetrates  a  compacted  surface  of 
tills  material  more  than  y^^  "i- 

The  Bexar  County  roads  probably  have  been  con- 
structed with  as  much  care  and  engineering  supervision 
as  those  in  any  of  the  far  western  states.  Particular 
attention  has  been  paid  to  gravel  inspection.  Men  em- 
ployed for  this  purpose  are  paid  $80  per  month.  The 
roads  are  rolled  with  l-2'-or  15-ton  road  rollers — an  un- 
usual refinement  for  this  section.  -The  county  is  divided 
into  precincts  and  a  regular  allowance  -of  $.5,000  per 
])recinct  is  made  for  maintenance. 

In  El  Paso  County  bituminous  macadam  and  asphaltic 
concrete  roads  have  been  tried,  and  with  very  poor  suc- 
cess. At  present  several  miles  of  concrete  pavement  is 
being  laid  on  county  roads — probably  the  only  use  of 
this  material  in  western  Texas,  or  in  tliat  part  of  the 
Southwest.  There  are  cement  mills  at  El  Paso,  which 
was  probably  one  of  the  deciding  factors  in  the  choice 
of  material. 

The  majority  of  Texas  gravels  are  of  limestone  origin 
and  are  not  so  suitable  for  roads  as  the  granite  gravels  ' 
fotind  farther  west. 

Gkavel  Roads  tk  New  ^Iexico 

New  Jlexico  has  a  state  highway  deixirtment  (James 
A.  French,  State  Engineer)  and  systematic  improvement 
of  roads  is  in  progress.  The  annual  rainfall  in  this  state  '■ 
varies  from  8  in.  in  the  lower  valleys  and  plains  to  2.5 
and  30  in.  in  the  higher  mountain  regions.  The  pre- 
cipitation in  the  mountains  is  mostly  in  the  form  of 
snow.     Systematic  dragging  of  the  roads  is  impossible. 

Topographically  the  state  may  be  divided  into  river 
valleys,  mesas  and  mountains.  The  mountains  and  mesas 
furnish  plenty  of  material  for  cheap  road  building.  The 
mesas  are  generally  formed  of  deposits  of  clay  and  gravel 
and  furnish  ideal  material.  The  areas  in  the  river  valleys 
are  not  so  fortunate.  The  soil  there  is  of  three  types — 
sandy  stretches,  river  soil  or  adobe  and  the  black  soil  of 
i  rrigated  tracts. 

Poads  through  the  sandy  and  adobe  soils  are  made 
mostly  of  the  sand-clay  type;  in  the  first  case  adding 
clay  and  sand  and  in  the  second  only  sand  or  gravel, 
leaving  the  mixing  and  compacting  to  be  done  by  traffie. 
In  both  instances  it  is  possible  to  obtain  fair  roads  at 
very  small  cost,  but  it  is  of  course  difficult  to  maintain 
them  in  good  condition.  In  Valencia  County,  a  few 
miles  south  of  Albuquerque,  A.  E.  St.  IMorris,  County 
Highway  Director,  has  improved  many  miles  of  road  in 
this  manner,  in  some  instances  with  a  wearing  surface  iif 
more  than  3  or  I  in.  thick.  In  irrigated  sections  gravel 
roads  are  constructed  more  scientifically,  being  graveled, 
wetted  and  rolled.  They  are  also  being  maintained  to  " 
certain  extent  by  dragging,  as  these  lowland  roads  an 
not  infrequently  in  a  saturated  condition  owing  to  re- 
taining rain  water  and  to  si-ejiage  from  adjoining  irri- 
gated lands  (see  Figs.  1  and  2). 

PoAD  BuiLni\(i  IK  Arizona 
The  improvement  of  roads  in  Arizona  is  under  a  kind  i>f 
dual  control.  State  roads  are  built  under  the  direction  ot 
state  division  engineers  by  convict  aiul  day  labor,  whili' 
the  counties  may  sell  bonds  an.l  build  roads  by  contract 
or  day  labor  as  "they  sec  fit  under  the  state  highway  (!<■- 
iiartnient.  tlic  county  engineers  or  through  outsiilc  con- 
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-ulting  engineers.     The  topographic  conditions  are  some- 
what similar  to  New  ^lexico,  but  possibly  more  varied. 
The  southern  counties  are  near-tropical  while  the  northern 
•ounties  in  the  mountains  have  plenty  of  frost  and  snow. 
Pima  County   (of  which  Tucson  is  the  county  seat) 
3  now  building  26  mi.  of  water-bound  macadam,  using 
oeal  crushed  lava  rock  known  as  malapi  and  screenings. 
This  is  the  first  of  several  miles  of  bond-issue  roads  in 
he  county  to  be  improved  in  this  manner,  probably  the 
irst  waterbound   macadam   in   any   of  the   arid   states, 
n  some  instances  in  Pima  County  water  will  be  so  rare 
hat  it  will  be  necessary  to  roll  the  macadam  dry  and 
ait  until  the  rainy  season  for  the  final  rolling  and  fin- 
-hing.     Bids  for  the  first  26  mi.  of  these  roads  were 
ublished  in  the  Construction  News  supplement  of  Engi- 
eeriny  News,  July  6,  1916.    Wm.  IT.  Rosecrans  &  Co.,  of 
'hicago,  are  consulting  engineers  in  charge. 
A  common  road-building  material  in  southern  Arizona 
a  conglomerate  known  locally  as  caliche.     It  consists 
irravel  and  fragments  of  stone  (cemented  by  lime.     It 
-pread  on  the  road  in  the  same  manner  as  gravel  and 
iider  traffic  forms  a  very  hard,  smooth  surface,  but  in 
le  long  dry  spells  under  a  small  amount  of  automobile 
affic  it  rapidly  loses  large  amounts  of  dust  ])inder  and 
its  badly.     A   .special   method   of   constructing   caliclie 
lads  in    Maricopa   County  by  use   of   irrigation  water 
as  described  in  Enyineering  Neivs,  Jfay  4,  1916.     The 
pair  and  maintenance  of  caliche  roads,  as  of  gravel  roads 
this  section,  consist  merely  in  replacing  the  material 
lii'h   blows  away  as  dust  with  fresh   material.     State 
iiginecr  Lamar  Cobb   is  experimenting  with  asphaltic 
l>  on  caliche  roads,  and  a  small  experimental  stretch  of 
irvia  has  been  constructed  in  Maricopa  County. 
Vunia  County  in  the  extreme  southwest  corner  of  tlir 
ite  is  spending  sev('ral   hundred   thousand   dollars    in 
■  construction  of  bitulitliic  and  warrenite    (asphaltii 
HTC'tc)    pavements.     In    the    northern    counties    good 
ivel  is  available  in  most  instances, 
riip  l)ost  surfaced  roads  in  Colorado  are  those  where  a 
|iitp;:ratc(]  granite  gravel  has  been  used.    This  material 
'lund  in  many  parts  of  the  Rocky  Mountain  stales,  but 
'  it  in   Kl   Paso   County,  around   Colorado   Springs,   is 


about  the  best.  A  surfacing  of  6  in.  of  this  material, 
which  is  like  a  very  coarse  sand  with  loamy  binder,  will 
retain  a  smooth,  hard  surface  for  two  or  three  years 
under  a  traffic  of  as  many  as  .")0  to  100  motor  cars 
per  day. 

The  didl-rcd,  disintegrated  granite  found  on  the  line 
uf  tlie  Union  Pacific  R.R.  west  of  Cheyenne,  Wyo.,  known 
as  Sherman  gravel,  is  familiar  to  engineers  who  have 
crossed  the  continent  by  that  route,  for  it  is  used  for 
ballasting  many  miles  of  the  Union  Pacific  on  either 
side  of  Cheyenne.  It  is  an  ideal  road-surfacing  material. 
The  streets  of  Cheyenne,  a  city  of  about  12,000,  are 
surfaced  with  it,  with  results  almost  equal  to  those  of 
paving.  When  adequately  sprinkled  to  avoid  the  dust 
nuisance  this  street  surfacing  seems  to  be  quite  satisfac- 
tory.    Figs.  3,  4  and  5  show  some  of  the  Cheyenne  streets. 

All  parts  of  Wyoming,  however,  are  not  so  well  sup- 
plied with  road-building  material.  In  the  northeastern 
and  central  parts  of  the  state  black  loam  and  gumbo 
soils  are  found  and  roads  in  these  sections  are  almost 
impassable  after  continued  rains.  In  the  "southwestern 
part  of  the  state  the  soil  is  largely  sandy  loam  and  the 
roads  are  in  bad  condition  in  rainy  weather.  Dragging 
the  roads  in  a  country  where  the  population  averages 
1.0  to  the  square  mile  is  obviously  impossible,  so  that 
little  advantage  is  taken  of  the  rainy  spells. 

Road  Building  and  Maintknance  in  Utah 

The  State  Highway  Department  of  Utah  has  built  a 
few  miles  of  concrete  pavement  and  with  very  fair  suc- 
cess, but  the  great  part  of  the  state  roads  are  merely 
graded,  or  graded  and  graveled.  A  method  of  rapid 
grading  used  on  these  roads  was  described  in  Engineer- 
ing News,  July  6,  1916. 

Utah  is  one  of  the  few  states,  possibly  the  only  one, 
which  has  tried  (experimentally)  systematic  sprinkling 
with  water  carts  or  trucks  as  a  maintenance  measure 
on  gravel  roads.  Special  reservoirs  and  water  stations 
have  been  constructed  for  this  purpose  in  Davis  County. 
It  is  stated,  however,  by  E.  R.  Morgan,  State  Road  En- 
gineer, that  ordinary  sprinkling  has  proved  ineffective, 
and  he  proposes  during  the  present  year  to  try  out  a 
method  of  maintenance  by  which  the  road  will  receive  a 
thorough  soaking  and  then  a  dragging;  in  other  words, 
he  proposes  to  maintain  gravel  roads  as  they  arc  main- 
tained under  more  favorable  climatic  conditions  by  mak- 
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FIG.   6.    VIEWS  OF  ARROYO  CROS.SING.    PIMA   COUNTY  ROAD.  ARIZONA,  SHOWING  METHOD  OP  CONSTRUCTION 


ing  lip  artificially  for  the  deficient  rainfall.  These  ex- 
periments will  be  watched  with  interest  by  highway 
engineers  throughout  the  west. 

FuRTHElt  Notes  on  ilAIXTENANCE 

The  dirt  roads  of  the  Imperial  Valley  in  California 
are  maintained  by  thoroughly  wetting  them  with  water 
from  nearby  irrigation  ditches  and  then  dragging  them 
as  is  done  in  the  more  humid  parts  of  the  country  after 
rainstorms.  The  method  is  to  divide  the  road  along  the 
center  line  by  a  dike  and  irrigate  and  drag  one-half  of 
the  road  at  a  time.  Such  a  method,  of  course,  is  ap- 
plicable only  in  level  country  and  where  plenty  of  water 
may  be  taken  from  irrigation  ditches.  It  would  hardly 
be  economical  where  water  had  to  be  pumped  or  haiilcd 
any  considerable  distance. 

In  general,  the  scheme  o!  maintenance  of  the  dirt  and 
gravel  roads  of  the  arid  West,  as  already  noted,  is  merely 


G.     7.     WASHOUT     ON     A     DICSKRT     ROAD     CAUSED     BY 
FAILURIO  OF  WOOD  HEADWALI.  OP  PIPE  CULVERT 


to  supply  new  material  as  the  old  blows  away  in  dust 
This  means  the  entire  resurfacing  every  tiiree,  four  or 
more  years,  according  to  the  amount  and  kind  of  traffic. 
It  is  evident  that  the  harder,  coarser  gravels  give  the 
best  satisfaction.  Between  times  of  resurfacing  the  roads 
have  to  be  occasionally  recrowned  and  the  ruts  removed. 
This  is  generally  done  as  frequently  as  can  be  afforded. 
Ordinarily,  the  roads  become  so  badly  rutted  that  a 
common  road  drag  or  light  scraper  is  out  of  the  question  ■ 
and  large  road  planers  or  blade  graders  are  used. 

The  cost  of  maintenance  as  also  the  cost  of  constniC' 
tiou  depends  almost  wholly  on  the  cost  of  handling  and  ' 
hauling  gravel.  Pas.salile  material  exists  in  almost  every 
locality  and  sinc'C  maintenance  is  chiefly  the  continual 
addition  of  new  material  economy  of  maintenance  rau;;! 
he  in  handling  and  hauling  methods.  ]\lotor  trucks  hav( 
itccn  used  very  largely  in  Be.xar  County,  Te.xas,  and 
witli  economical  results.  On  the  other  hand  cxpcrienw' 
ill  Valencia  County,  New  Jfe.xico,  with  a  motor  truck 
has  not  been  entirely  satisfactory.  Wlien  used  in  un- 
inhabited country  far  from  the  iiase  of  su]iplios  and 
Iron!  repair  .sjiops,  or  when  the  roads  are  soft  or  incbes 
deep  with  dust,  they  liavo  ]irove(l  anything  but  satis- 
lactory.  In  many  parts  of  Arizona  and  New  Mexico 
iijitive,  or  rather  Mexican,  teams  aiul  teamsters  may  oft 
employed  for  very  low  rates,  at  so  much  per  cubic  yard 
per  mile  haulcMJ,  so  that  motor  trucks  cannot  compete 
111!  the  Ijasis  of  ccdiioniy  unless  they  are  in  service  nearly 
all   llie  time. 

Xotwithstanding  that  most  of  tlie  roads  described  an' 
in  dissert  country  a  great  deal  of  attention  has  to  be  ]nwl 
to  drainage.  When  rains  do  occur  they  are  generally 
torrential  in   cliaracter  and  water  courses  noriiially  iln 
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stone  Wall,  lime  Morfar^ 


Rock-Fill  Road.Sand-Cbi  Filler 


Plan 
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Cross-Section 


vert    ill   I'iiiia   County,   Arizona,   and   sliows  why  arroyo 
trossings  must  be  paved  with  so  mut4i  care. 

One  of  the  most  elaborate  of  these  arroyo  crossings  is 
in  El  Paso  County,  Colorado,  where  the  county  engineer, 
C.  ().  Ford,  has  built  a  rein  forced-concrete  slab  250  to 
oOO  ft.  long  supported  on  concrete  pile  l)cnts  Ifi  ft.  center 
■t(>  center.  All  this  except  the  top  of  the  slab  is  under- 
ground. The  object  of  course  is  to  pro\ide  a  roadway 
even  if  the  slab  is  badly  undermined  by  floods.  Other 
Western  highway  engineers,  however,  e.\])re.ss  doubt  as  to 
the  economy  of  thus  providing  against  an  emergency. 
Guard-rails  on  embankments  or  even  at  culvert   cross- 


^^P'Original 

~*  -      Wail 

Nev/    ,  ,  U — 4:5'.. ..-.-« 

Wall  Cobblestones  I 


-.i%s% 

0'      10' 

lO'          30' 

40' 

-£22_5%?% 

0% 

1 

, 

Sectional    '^  ^_ 

\<—ia  ■■>!        Elevation  T^  >Sl-^  iC^^S^C 


Profile     of     Concrete      Pavement 


Side  View  showing  Bevel 
of  Conore-te  Floor  at  Ends 


■Er^  ofOra/e!.  5!  95 
To  Oraan 


Cobble  ,^^2.  Stones 
Plan 


iO'         to'         JO'         «o' 


Ind of  Gravel,  B.91.6. 
6uide  Post  ^35 


Profile    and     Downstream     Elevation 


■JQ 



^ 

^^ 

^ 

— 

i 

.fo/rfe  Posts 
IZ  "Square 


'U t3'-i'.- >l//t.r-7#i?';'>| 

?(?-;•• >l 

pijjf-,  Cross-Section 

FIG.  S.     DETAILS  OF  THREE  ARROYO  CROSSINGS  ON  DESERT  RO.\DS 


come    small-sized    rivers    for    short    periods    of    time. 

■idges  and  culverts  of  a  permanent  type  are  something 

a  luxury.     In    many   sections   the   hauling   costs   on 

nent   and    steel    are    prohibitive.     Culverts    on    much 

w  construction  are  of  the  galvanized,  corrugated-iron 

te  type  even  in  sizes  up  to  six  or  more  feet  in  diameter. 

Highway  structures  peculiar  to  the  arid  West  are  paved 

I  tions  of  road  across  dry  washes  or  arroyos,  which  are 

(  rflowcd  in  times  of  flood.    They  take  the  places  of  very 

I  ire  culverts  or  bridges  which  would  perhaps  be  in  serv- 

i    but  a  few  days  each  year.     These  overflow  sections 

I  road  are  knowni  by  various  names:    weirs,  spillways, 

^  de  crossings   (of  arroyos)   and  fords.     They  are  not 

r  lly  fords  since  tliev  are  dry  the  greater  part  of  the 

Jr. 

Aiiuovo  oit  DiiY  Ckos.sixgs 

liese  arroyo  crossings  vary  all  the  way  from  dished 

=4  ions  of  road,  uripaved  and  but  a  few  feet  across,  to 

el  (oratcly   paved   and    protected    sections   of    road   over 

ft.  Ion'/,  as  shown  in  Fig.  8.     It  is  very  necessary  to 

'ct  both  the  upstream  and  downstream  sides  of  the 

flow  section  from  scour,  for  the  adobe  soil  through 

li  many  of  these  roads  are  built  erodes  very  rapidly 

lowing  water.     Fig.   7   shows  what  happened   to  an 

I'  ropcrly  protected  upstream  end  of  a  48-in.  pipe  cul- 


iiigs  are  practically  an  unknown  luxury  throughout  the 
greater  part  of  the  far  West.  The  absence  of  guard- 
rails and  frequent  dips  in  the  roadbed  at  arroyo  crossings 
tend  to  bring  about  more  cautious  and  less  speedy  driv- 
ing of  automobiles  than  is  cu.stoniary  in  the  East.  In 
fact  one  advantage  claimed  for  the  arroyo  crossings  de- 
scribed is  that  an  automobile  driver  must  slow  up  in 
passing  one,  and  that  thus  enforcing  moderate  speed 
helps  materially  to  prevent  the  destruction  of  the  gravel 
road,  which  is  extremely  rapid  under  high-s])eed  auto- 
mobile tralfic. 


Tilt-  AiiiiTii'iin  l'ii<-l-llrii|iii-t  liKliiNtr.v  in  1'.i1.''j  pruduccd  221,- 
r>:i7  tons  of  l)iiiiuet.s.  vnlucd  .it  $1,035,71)0.  according  to  a  recent 
report  by  C.  E.  Lesher,  of  the  United  States  CieoloRlcal  Sur- 
vey. The  flRure  was  exceeded,  however.  In  lilH.  Most  of  the 
mechanical  dlinculties  of  manufacture  have  been  solved  In 
this  country,  and  the  future  Krowth  of  the  Industry  now  ile- 
pends  upon  the  development  of  markets  for  the  product.  The 
producing  plants  are,  however,  so  widely  distributed  and  the 
total  production  is  so  small  compared  with  that  of  other 
kinds  of  fuel  that  the  conditions  affecting  the  market  for  the 
output  of  each  plant  are  more  or  less  local  and  peculiar.  There 
were  l.'i  briquetting  plants  In  operation  In  the  I'nited  States 
In  19I.'>,  one  less  than  In  1914.  One  new  plant  In  California 
reported  an  output  In  iniS,  and  two  plants — one  In  New 
Jersey,  and  one  In  New  York — ceased  operations.  The  great- 
est Increase  in  output  was  made  on  the  Paclflc  Coast,  the 
Central  .States  recording  little  change  and  the  Eastern  States 
a  large  decline  in  output. 
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A  new  .^Gwer  now  iinrler  construction  by  the  Sanitary 
District  of  Cliicago  in  tlie  stockyards  district  is  novel 
for  that  locality  in  that  it  has  a  brick  arch  on  a  tile- 
lined  reinforcecl-concrete  invert.  In  deciding  upon  this 
type  of  design  the  authorities  were  influenced  partly  Ijy 
a  condition  of  deterioration  in  the  concrete  of  the  arch  of 
a  neighboring  sewer.  The  condition  of  the  concrete  sewer 
and  the  selection,  after  some  controversy,  of  the  brick-arch 
design  for  the  new  work  have  had  considerable  local 
publicity,  and  in  order  to  spread  the  ease  before  the 
profession  in  general,  Engineering  News  presents  the 
situation  in  two  ways:  First,  a  report  on  the  condition 
of  the  existing  concrete  sewer,  by  Benjamin  Brooks,  of 
the  staff  of  the  International  Clay  Products  Bureau,  who 
made  an  investigation  of  that  structure  and  its  siirround- 
ings  and  testified  as  to  that  investigation  before  the 
trustees  of  the  Sanitary  District;  second,  a  general  de- 
scription of  the  new  sewer  and  a  personal  interpretation 
of  the  conditions  in  the  existing  sewer  by  a  member  of 
the  editorial  staff  of  this  journal.  Editorial  comment 
appears  on  another  page. 


By  Bexjajiix  Bkooks* 

Disintegration  of  concrete  in  a  large  sewer  in  Chicago 
offers  points  of  interest  both  to  chemical  engineers  and  to 
sanitary  engineers.  The  sewer  is  in  Western  Ave.,  is 
about  13  ft.  in  diameter,  of  the  comparatively  massive 
monolithic  type,  and  was  built   al)out  seven  years  ago. 


Fi(!.   1.     CONCKETK  .NROH  OUTSIDE  OF  .A  KKK(  "r  l'".l  >  Zo.MO 

The  concrete  is  composed  of  portland  c(nuent.  sand  and 
gravel.  The  section  where  the  destruction  has  been  par- 
ticularly noticed  and  studied  is  a  stretch  of  about  500 
ft.  extending  from  the  mouth  of  the  sewer  on  the  Drain- 
age Canal. 


om  Comcrete 

The  concrete  immediately  about  the  mouth  of  the  sewer 
is  hard  and  dense.  At  15  ft.  from  the  mouth  the  roof 
begins  to  show  patches  of  whitish  crumbly  crust  easily 
rubbed  off  by  the  hands,  but  the  concrete  beneath  this 
crust  is  perfectly  sound.  Proceeding  into  the  sewer,  this 
incrustation  rapidly  assumes  the  character  of  a  disinte- 
gration of  the  concrete,  but  is  apparently  only  down  to 


FIG.    2.    DISINTEGRATED   SURFACE   OF   CONCRETE  ARCH 

AND  BOTTOM  OF  VENTILATING  MANHOLE 

The  flat,  loose  patches  here  are  probably  scraps  of  the  tar 

paper  that  lined  the   forms 

the  water  line.  First,  it  appears  like  fine,  moist  gray 
moss  about  i/4-in.  long,  which  under  a  pocket  magnifying 
glass  shows  a  distinctly  crystalline  structure.  Farther 
on,  this  crystalline  structure  gives  way  to  a  surface  of 
loose  gravel  held  in  a  wet  muddy  matrix  like  half-set 
plaster  of  paris,  pieces  falling  at  the  slightest  touch. 
All  these  changes  occur  within  about  100  ft.  of  the  sewer 
mouth.  At  the  same  time  the  concrete  in  this  same  part 
of  the  sewer,  but  below  the  normal  water  line,  is  smooth 
and  hard,  as  far  as  could  be  determined  by  pounding  it 
with  hammers  and  scraping  it  with  bars. 

Analyses  by  the  Kansas  City  Testing  Laboratory  of  tlie 
sound  concrete  and  the  disintegrated  concrete  from  the 
tunnel  roof  are  given  in  the  accompanying  table. 

ANALYSES  OF  CONCRETE  IN  WESTERN  AVE. 
SEWER  AT  CHICAGO 
Sound 
Sample  Concrete, 


Moisture    

.Loss   on    igrnition. 

Silica    (SiO,.)     

Iron    (Fe;<).,)    

Alumina    (Al.O;,) 

Limo   (C^aO)    

Mapnesia    iMgO) 
Sulphur    (SOa)     .  . 


2.13 
19. SI 
36.38 

3.53 

9.04 
23.36 

3.3S 


Water  soluble 


Decomposing 
Concrete,  % 

4.12 
20.21 
30.75 

1.32 

6.40 
17.30 

3.49 
16.63 

100.21 
28.96 


Sulphur  (SOa) 


In   sound  concrete 

In  decomposing   concrete 


2.37^; 
16.62'; 


•Engineer.   International    Clay   Products   Bureau, 
York  Life  Building,  Kansas  City,  Mo. 


In  200-mesh  material  from  decomposing  concrete if'2!r 

In  ^4-in.   material   from   decomposing  concrete li.««  ' 

The  first  noticeable  feature  of  this  comparison  is  that 
the  concrete,  from  some  .source  or  other,  has  absorbed 
about  six  times  its  original  content  of  SO3.  This  on?- 
inal  2.37%  of  SO3  is  not  abnormal  whi-n  it  is  reinembeml 
that  the  "sound"  concrete  was  not  entirely  free  from  tiif 
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«-hitish  rrust,  a  quantity  of  which  was  knocked  down 
bj'  heads  and  shoulders,  working  in  the  limited  space 
available,  and  mixed  with  the  sample.  The  moisture  and 
organic  matter  have  naturally  increased.  The  percentage 
of  other  items  has  naturally  decreased  proportionately, 
owing  to  the  large  increase  in  SO3.  Some  of  the  lime, 
being  changed  into  soluble  sulphate,  has  evidently  washed 
away.  Different  theories  as  to  the  cause  of  this  condi- 
tion may  be  outlined  as  follows : 

Since  the  city  had  some  difficulty  with  the  contractor 
who  built  this  sewer,  the  first  explanation  of  the  disin- 
tegration of  concrete  was  poor  worknian.ship  in  the  begin- 
ning. But  no  error  of  this  kind  would  make  all  of  the 
lower  three-quarters  of  a  concrete  tube  good  and  all  of 
the  upper  one-quarter  bad.  The  disintegration,  once 
started  at  the  point  described,  is  very  uniform  and  com- 
plete, not  blotchy  as   in  the   case  of  uneven   mixtures. 

Another  theory  advanced  is  that  the  sewage  is  unusual 
n  character  on  account  of  some  acid  factorv  tributary' 


■Jn  SoftSround  ihis  Course  may  be 
confinuec^  o^e/'  "f^e  Croivn 
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;.   3.    SEMI-ELLIPTICAL  BRICK   SEWER   OX   CONCRETE 
BASE  FOR  STOCKYARDS  INTERCEPTOR,   CHICAGO 

it;  but  it  nmst  be  evident  that  by  the  time  a  sower 
i  onies  10  or  12  ft.  in  diameter  its  proportionate  length 
i  ures  that  it  takes  sewage  from  wide  areas  of  various 
<  iractcr.  As  a  matter  of  fact,  chemical  analysis  of  the 
i  -age  shows  it  to  be  slightly  alkaline — only  350  parts 
I  •  million,  expressed  in  terms  of  calcium  carbonate. 

V  theory  advanced  by  Mariner  &  Hoskins,  chemists, 
c  Chicago,  i.s  that  some  soluble  substance  in  the  soil 
8  rounding  the  sewer  leaches  through  it,  concentrates 
b  evaporation  on  the  inner  surface  and  destroys  the 
c  Crete.  Soil  samples  taken  from  excavations  for  the 
n  '  ventilators  were  submitted  to  this  firm  for  analysis 
a  were  found  to  contain  about  0.1%  sulphates  of  mag- 
B  ium  and  calcium.  This  possibly  is  enough  alkali  to 
%!  ct  the  concrete   if  concentrated   by  evaporation  and 

•  lid  explain  most  features  of  the  case;  but  it  does  not 
4iiunt  for  the  circumstances  that,  in  the  part  of  the 
•fH-T  lying  under  street  pavements  properly  drained  by 
4)  usual  catchbasins  and  vitrified  pipe  to  the  sewer  and 

•  re  the  opportunity  for  evaporation  is  small,  the  dis- 

ij^he  Drainage  District  engineers  state  that  they  never 
'JB'  heard  of  any  acid  factbry  in  the  dralnaKe  area  of  the 
3jir  nor  of  any  thc»ry  ascribi«(?  the  deterioration  of  the 
cWrete  to  that  cause. — Editor. 


integration  is  iiiucii  fartlier  advanced  than  in  that  part 
of  tiie  sewer  running  under  the  power-plant  lawns,  where 
the  rain  would  be  more  apt  to  seep  through  the  concrete 
and  where  the  fresh  air  has  more  access  to  the  sewer 
for  evaporation. 

The  solution  of  this  disintegration  of  concrete  can 
oxidently  be  found  by  discovering  the  source  and  chem- 
ical progress  of  the  excessive  amount  of  sulphur.  The 
most  obvious  and  prolific  source  of  sulphur  in  connec- 
tion with  a  sewer  is  the  hydrogen  sulphide  which 
is  evolved  naturally  from  sewage  during  decomposi- 
tion. The  sulphurous  gas  is  oxidized  by  the  air  so 
as  to  form  sulphuric  acid,  which  immediately  attacks 
the  lime  in  the  cement  and  converts  it  into  soluble 
calcium  sulphate.  This  sulphate,  being  of  larger  volume 
than  the  original  lime,  disrupts  the  concrete  in  forming, 
just  as  alkali  crystals  or  repeated  freezings  sometimes  do. 
Then  it  gradually  dissolves  away,  leaving  the  aggregate 
to  fall  out. 

A  sample  of  the  atmosphere  taken  just  under  the  sewer 
arch  and  about  150  ft.  from  the  mouth  showed  2.45  mg. 
of  sulphur  per  liter  of  air.  This  is  equivalent  to  0.17% 
by  volume  in  the  form  of  sulphur  dioxide  or  hydrogen 
sulphide.  One  part  in  a  million  of  hydrogen  suljihide 
is  enough  to  be  plainly  evident  to  the  senses,  and  0.1 7% 
is  sufficient  to  be  very  active  chemically.  In  the  form 
of  sulphur  dioxide  it  might  be  even  more  corrosive. 


Ne^^  aiadl  ©Sd!  S®w©ips  TsiMlsas 
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The  stockyards  intercepting  sewer  now  being  built  by 
the  Sanitary  District  of  Chicago  has  a  brick  arch  on  a 
reinforced-concrete  base  forming  the  invert,  although  most 
of  the  numerous  intercepting  .sewers  built  by  the  District 
are  of  concrete  throughout  (either  plain  or  reinforced). 

This  new  sewer  extends  along  the  south  bank  of  the 
Bubbly  Creek  arm  of  the  Chicago  River  from  Ashland 
Ave.  west  to  the  Western  Ave.  sewer,  a  distance  of  about 
1/2  mi.  Its  east  end  is  a  connection  with  the  Ashland 
Ave.  sewer,  though  an  extension  1  mi.  east  to  Halsted 
St.  is  projected,  and  it  will  also  connect  with  the  Robey 
St.  sewer,  besides  carrying  packing-house  wastes  from  the 
stockyards  district.  The  sewer  will  supersede  the  foul 
and  practically  stagnant  open  channel  of  Bubbly  Creek, 
which  is  really  a  huge  septic  tank.  This  part  of  the 
creek  is  now  being  filled. 

The  sewer  is  of  scnii-olliptical  section,  as  shown  in  the 
accompanying  drawing,  and  is  in  two  sizes:  9x9  ft.  (for 
770  ft.)  and  7x7  ft.  (for  2,675  ft.).  These  sections 
have  four  and  three  brick  rings  in  the  crown,  an  addi- 
tional ring  being  added  if  necessary  in  soft  ground.  The 
ba.se  is  a  reinforced-concrote  slab,  the  sides  of  ^vhi(■h  form 
the  footings  for  the  arch,  while  the  midille  portion  of 
the  top  is  concave  to  form  the  invert.  This  invert  will 
be  lined  with  1-in.  vitrified  tiie  blo<'ks  n-y|x2l  in.  (laid 
in  cement  mortar)  in  order  to  form  a  smooth  lloor  and 
to  ])rotect  the  concrete. 

Alternative  designs  were  jircparcd  for  all  reiiif(ir<('cl- 
concrete  and  combined  brick  and  concrete  construction. 
The  sewage  to  be  carried  is  excpptioiiallv  strong  in  or- 
ganic matter,  but  is  fairly  fresh.  To  avoid  any  jxissibility 
of  ga.ses  from  this  attacking  and  causing  disintegration 
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of  foiureto,  tlio  eiigiueers  proposed  a  complete;  tile  liiiiiii; 
for  the  reinforced  concrete,  tiie  tiles  for  the  sides  and 
arch  to  iia\e  dovetailed  ribs  keying  them  to  the  concrete. 
The  lowest  bids  for  these  designs  (all  by  the  same  bidder) 
were  $91,;J7T  for  the  reinforced-conerete  design  with  tile 
lining  on  the  invert,  $100,6-19  for  this  design  with  com- 
plete tile  lining,  and  $104,051  for  tlie  brick  and  concrete 
design  with  tile  lining  on  the  invert.  The  engineers  sug- 
gested the  use  of  concrete,  with  a  complete  tile  lining, 
as  an  insurance  worth  the  additional  cost.  The  trustees 
of  the  Sanitary  District,  however,  adopted  the  brick  and 
concrete  design,  partly  in  view  of  the  fact  that  brick  is 
made  and  laid  by  Chicago  manufacturers  and  union  labor, 
while  the  difference  in  cost  was  small. 

In  the  public  hearings  as  to  the  desirability  of  using 
concrete  or  brick,  stress  was  laid  upon  the  condition  of 
concrete  in  the  Western  Ave.  sewer,  which  at  present 
forms  the  west  outlet  from  Bubbly  Creek  to  the  main 
channel  of  the  south  branch  of  the  river.  This  carries 
sewage  of  a  very  different  character  from  that  which  the 
new  sewer  will  carry,  the  former  being  highly  septic  and 
being  in  fact  the  effluent  from  what  might  be  called  the 
largest  septic  tank  in  the  world,  receiving  over  half  the 
entire  waste  from  the  packing-house  district. 

The  period  of  detention  in  Bubbly  Creek  is  probably 
from  36  to  48  hr.,  so  that  the  sewage  on  reaching  the 
existing  conduit  is  full  of  hydrogen  sulphide.  The  sew- 
age is  therefore  most  unusual  in  character  and  is  unique 
in  Chicago,  if  not  in  the  United  States.  Inspection  shows 
that  action  on  the  concrete  has  been  entirely  above  the 


■\sater  line.  Owing  to  hydraulic  conditions,  the  flow 
through  this  sewer  has  been  more  variable  than  was  an- 
ticipated, and  consequently  some  deposits  have  occurred 
which  in  turn  have  produced  hydrogen  sulphide.  The 
action  appears  to  be  largely  on  the  roof,  or  under  side 
of  the  arch. 

The  Western  Ave.  sewer  is  of  elliptical  section,  13  ft. 
wide  and  16  ft.  high,  with  concrete  13  in.  thick  in  the 
sides  and  crown.  There  is  no  reinforcement,  except  for 
about  660  ft.,  where  it  passes  under  private  property. 
This  sewer  was  built  in  1909.  On  900-ft.  of  the  outfall 
the  surface  of  the  concrete  is  now  largely  covered  with 
efflorescence,  and  there  are  occasional  hollow  pockets  in 
the  concrete  as  well  as  patches  where  the  aggregate  is 
exposed.  Some  of  these  places  are  due  apparently  to 
poor  workmanship,  the  aggregate  having  been  left  against 
tlie  form  without  the  proper  amount  of  mortar. 

In  other  patches,  however,  the  concrete  is  soft  and 
disintegrated,  showing  high  sulphates.  This  condition  is 
claimed  to  be  due  to  the  action  of  the  sulphuric  acid  in 
the  gases,  causing  an  efflorescence  that  expands  and  grad- 
ually scales  off  the  surface,  exposing  the  fresh  material 
to  attack.  Other  parts  of  the  surface  still  show  the  orig- 
inal form  marks  and  cement  skin,  and  patches  of  the 
tar  paper  that  covered  the  forms.  The  disintegration  is 
most  marked  where  ventilation  was  lacking  and  does  not 
occur  near  the  inlet  and  outlet.  As  originally  built,  there 
were  no  manholes,  but  these  have  been  provided  within 
the  past  three  months  in  order  to  afford  ventilation  and 
relieve  the  foul  conditions  at  the  middle  of  the  sewer. 
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SYNOPSIS — Use  in  combination  of  plane  lable 
for  plotting  iri  the  field  and  a  transit  for  travers- 
ing and  stadia  work.  Anah/sis  to  show  labor 
saving   in  combination. 

For  ordinary  topographic  surveys  either  the  transit 
or  the  plane  table  is  the  instrument  usually  selected. 
There  has  been  a  good  deal  of  discussion  as  to  which  is 
the  best  instrument,  and  it  is  not  the  purpose  of  this 
article  to  add  to  that  discussion;  for  it  is  apparent  to 
anyone  who  has  used  both  instruments  that  each  has  its 
share  of  faults  and  virtues,  and  that  in  general  tlie  advan- 
tage which  one  has  the  other  lacks.  In  an  endeavor  to 
combine  the  good  points  and  eliminate  the  faults  tlie 
writer  has  developed  a  new  method  in  which  botii  instru- 
ments are  used  in  comlunation.  It  is  not  ap])lieable  to 
all  to]iogra]ihic  work,  but  under  the  conditions  usually 
met  with,  it  is  believed  that  it  will  be  found  faster,  cheaper 
and  more  accurate  than  any  of  the  ordinary  methods. 

Tnsthumknts  and  Party  Ri;quihi:d 
The  instruments  used  for  the  combination  method  are 
a  light  transit  with  a  sensitive  telescope  bubble  and  a  full 
vertical  circle  with  vernier  reading  to  minutes,  a  24x30- 

'Assistant  Engineer.  United  States  Indian  Irrigation  Ser- 
vice, in  ctiarge  of  Pyramid  Lake  Indian  Reservation,  Nixon, 
Nev. 


in.  jilane  table  and  a   ]il;uu>-tabk!  alidade  with  striding 
level  and  a  compass  needle. 

A  flat  scale  used  for  plotting  distances  on  the  plane- 
table  sheet  is  notched  slightly  at  the  zero  mark  and  a 
small  rubber  loop,  just  long  enough  to  stretch  to  the 
notch,  is  attached  to  the  scale  about  ^4  i"-  from  its  edge. 
When  a  pin  is  stuck  through  the  loop  into  the  board,  the 
.scale  can  be  revolved  in  any  direction  and  the  zero  point 
will  be  held  at  the  pin.  The  scale  is  also  provided  with 
two  sights  parallel  to  its  graduated  edge.  Two  pins  can 
be  used  for  these  but  folding  sights  are  preferable.    (See 

Fig.  a.) 

A  recommended  type  of  stadia  rod  is  a  ^-in.  soft  pini' 
board,  1  1  ft.  long,  31/2  in.  wide  at  the  bottom  and  Si/o  in- 
:it  the  top.  The  divisions  are  as  shown  in  tiie  accompany- 
ing sketch,  Fig.  1.  As  there  are  no  figures  on  the  rod  it 
takes  some  little  time  for  a  beginner  to  read  it  rapidly, 
but  after  getting  accustomed  to  it  I  have  never  seen  an 
instrumentman  who  would  use  any  oilier.  When  the  heat 
waves  are  bad,  this  rod  can  be  read  at  distances  where 
the  ordinarv  stadia  rod  markings  would  be  indistiuguish- 
able. 

The  i)arty  for  the  <'ombinatioii  method  will  usually 
consist  of  three  rodmen,  a  trausitman  and  the  topog- 
rapher. If  the  shots  are  taken  oftener  than  every  200  ft 
two  rodmen  will  be  sufficient.  If  the  land  requires  many 
vertical  angle  shots  a  recorder  should  be  added  to  the  party. 


September  l-l,'  11)16 


ij  »v  U  i  A  il,  li.  11  1  A 


Xi^ 


4sy 


TABLE  SHOWIXG  OPERATIONS  OF  TWO  MEN  AT  THE  INSTRUMENT  IN  TAKING  A  SIDE-SHOT 


Ordinary 
shot  in  flat 
country. 

Rod  cut  by 
upper,  low- 
er or  mid- 
dle wire 


Transit  Method 
Transitnian 
(telescope  level)  Recorder 

1.  Sights  on  rod 

2.  Reads  rod  aloud  1.   Records 

3.  Turns  tangent  snrow  till         rod 
distance  can  be  read 

4.  Reads  distance  aloud         2.   Records 

5.  Moves  tangent  screw  till  distance 
wire  cuts  rod  at  original 

reading  (this  leaves  tele-  3.  Computet 
scope  level  for  next  shot)  elevation 

6.  Signals  rodman"all  right" 

7.  Reads  azimuth  aloud         4.  Records 


8.  Calls  special  features 


Records 
features 
and    makes 
sketches 


Plane-Table  Methorl 
Topographer  Recorder 

1.  Sights    on    rod,  keeping 

ruler    edge    of    alidade 
against  setup  needle 

2.  Levels  up  telescope  bub- 
ble 

3.  Reads  rod  aloud  1.  Records 

4.  Moves     tangent     screw         rod 
till  distance  can  be  read 

5.  Reads  distance  aloud         2.   Records 
G.  Signals    rodman    "all  distance 

right" 

7.  Draws  line  along  alidade  3.  Computes 
edge  elevation 

S.  Moves  alidade 

9.  Sets  zero  of  scale  at  set- 
up needle  and  plots  dis- 
tance 

10.  Records     elevation     on  4.  Calls  cleva- 
the  map  tion 

11.  Draws  in  contours  and 
special  features 


Con 
Transit  man 

(telescope  level) 

1.  Sights  on  rod 

2.  Reads  rod 

3.  Turns  tangent 


dist 


iber 


ibination  Method 

Topographc: 


ntil 


4.  Reads  distance  aloud         2.  Plots  distance 

5.  Turns  tangent  screw  un- 

til wire  cuts  rod  at  former 
rod  reading  (leaving  tele- 
scope    level) 
0.  Records  distance 

7.  Records  rod  reading 

8.  Figures  elevation  calling  4.  Records  elevation 
it  aloud  5.  Draws    in    conto 

special  features 


Signals  rodman  "all  right" 


Vertical 
Angle  shot 


till 


rod 


1.  Sights  on  rod 

2.  Turns  tangent  screw 
distance  can  be  read 

3.  Reads  distance  aloud 

4.  Sights  mi<ldle  wire  on 
reading  used  for  obtain 
ing  the  vertical  angle 

5.  Signals  rodman  "all  right 

6.  Reads  azimuth  aloud 

7.  Reads   vertical   angle 

8.  Calls  special  features 


vertical 
angle 
Records 
special  fea- 
tures and 
makes 
sketches 
Computes 
difference  of 
elevation 
Computes 
elevation       10.  Moves    alidade 


Sights  on  rod,  keeping 
ruler  edge  of  alidade 
against  setup  needle 
Turns  tangent  screw  un- 
til distance  ran  be  read 
Reads    dista nee  1 . 

Sights  middle  wire  on 
rod  reading  used  for 
obtaining  the  vertical 
angle 

Signals    rodman     "all 
right" 

Reads  angle  A  on  verti-  2. 
cal     circle     of     alidade 
aloud 

Levels  up  telescope 
Reads  angle  B  on  verti-  3. 
cal  circle  of  alidade 
Draws  line  along  alidade  4. 
edge 


-ight" 


Sights  on  rod  1.  Sights  on  rod  with 

Turns  tangent  screw  un- 
til distance  can  be  read 
Reads  distance  aloud         2.  Plots  distance 
Sights  middle  wire  on  rod  3.  Signals  rodman  "i 
reading  used  for  vertical 
angle 

Records  distance 

Reads    vertical   angle  4.  Figures  difference  of  ele- 

aloud  vation  calling  it  aloud 

Records  vertical  angle 
Records      difference      of 
elevation 
Figures  elevation   calling  5.  Records  elevat, 


it 


angle  B 
Computes 
vertical 
angle      dif- 


6.  Draws    in    eonto 
special  features 


map 
and 


ferei 


of 


Sets    zero    of    scale    at  6. 
needle    and    plots    dis- 
tance 

Records     elevation     on  7. 

the  map 

Draws  in  contours  and 
special  features 


A  and  B 

Computes 
difference 
of  elevation 
Records 
difference 
of  elevation 
Computes 
and  calls 
elevation 


The  field  procedure  is  as  follows:  Set  up,  level  and 
orient  the  plane  table,  using  the  alidade.  The  elevation 
)f  the  plane  tiible  H.I.  is  then  obtained  by  a  reading  on  a 
:urn  or  benchmark,  and  the  alidade  removed  from  the 
toard.  A  pin  is  stuck  at  the  point  on  the  map  represent- 
ng  the  station  occupied  and  the  sight  scale  pivoted  to  it. 
The  transit  is  set  up  about  5  ft.  from  the  plane  table 
'ud  its  TI.I.  obtained  by  another  reading  on  the  turn 
•r  benchmark.  This  elevation  is  checked  with  the  plane 
able  11. 1,  by  measuring  the  difference  in  the  elevation  of 
he  instruments. 

When  a  rodman  holds  up  his  rod  the  transitnian  takes 
he  rod  reading  and  notes  the  distance,  calling  the  distance 


figs.    1    and    2.     instruments 

used  in  new  surveying 
mi-:thod 

FIk.  1  (Left)— Stadia  rod.  Fig.  2 
(Right) — Sight  scale  for  plane-table 
alidade 


'lid;  the  topographer  sights  on  the  rod  with  the  scale, 
:nals  the  rodman  "all  right"  and  plots  the  point  at  the 
"per  distance  on  the  graduated  edge  of  the  scale.    By 


this  time  the  transitnian  has  computed  the  elevation, 
and  he  calls  it  out,  whereupon  the  topograplier  marks 
it  on  the  plotted  point.  A  good  plan  is  to  record  the  even 
feet  to  the  left  and  the  tenths  to  the  right  of  the  point 
so  that  besides  showing  the  location  ol'  the  shot  it  will 
also  serve  as  a  decimal  point  for  the  figures. 

The  transitman  records  the  rod  readings,  distances  and 
elevations,  and  the  topograi>her  sketches  in  the  contours 
nnd  special  features  as  fast  as  the  shots  are  taken.  As 
the  directions  are  all  obtained  with  the  sight  scale  no 
horizontal  angles  are  read  on  the  transit. 

The  turns  are  taken  as  in  plane-table  work,  the  alidade 
again  being  used  to  level  and  orient  the  board  and  to  check 
the  turn  elevations  and  distances  obtained  with  the  transit. 
This  checking  saves  mucli  time  and  labor  as  many  errors 
are  i)icked  up  which  would  otherwise  be  cari'ied  to  the 
side-shots  following.  Checks  for  elevation  and  location 
should  be  made  about  every  mile.  In  this  distance  the 
error  in  levels  should  not  exceed  0.2  ft.  and  the  error  of 
closure  of  the  plane-table  traverse  about  1  in  300.  The 
fact  that  the  transit  is  not  coincident  with  the  plane  table 
introduces  a  sliglit  error,  but  whei-e  scales  of  1  in.  =  200 
ft.  or  more  arc  used  this  is  negligible. 

COMPAIUSON    OF    TiaXSIT    AND    PlAXIC-TahLK    MlCTlIOPS 

To  show  the  distribution  of  labor  and  the  conii)aralive 
field  speeds  of  the  three  metiiods  the  accompanying  table 
analyzing  the  o]>crations  necessary  for  each  side-shot  has 
been  arranged.  Tt  will  be  seen  from  this  that  the  transit 
and  the  combination  methods  are  just  about  er|ual  in  field 
speed,  and  that  both  are  far  ahead  of  the  plane-table 
method. 
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In  the  otlice  tliu  transit  topographer  does  not  have  such 
plain  sailinir.  In  rough  couutrv,  unless  the  shots  have 
been  well  cliosen  and  dose  together,  it  is  often  necessary 
to  send  a  man  again  into  t!u'  tield  to  sketch  in  contours 
at  doul)tl"ul  ])laces. 

The  office  work  for  the  plane-table  and  the  combination 
methods  consists  merely  in  checking  and  inking  the  eleva- 
tions and  tracing  the  tojiography.  In  steep  country  the 
topographer  does  not  always  have  time  to  draw  m  all  of 
the  contours,  but  there  will  be  enough  so  that  the  rest  can 
be  accurately  located.  The  field  sheets  made  by  the  com- 
bination method  are  much  cleaner  than  the  regular  plane- 
table  sheets,  as  the  substitution  of  the  sight  scale  does 
away  with  the  brassy  smear  from  the  bottom  of  the 
alidade. 

The  elevations  obtained  with  the  transit  are  usually 
more  accurate  than  those  taken  with  the  alidade,  because 
its  bubbles  are  more  sensitive.  The  use  of  both  instru- 
ments combines  this  advantage  with  that  of  field  sketch- 
ing. In  this  regard  it  is  even  better  than  the  plane  table, 
as  the  topographer  has  more  time  to  watch  the  country 
and  to  do  his  sketching. 

With  the  plane-table  or  combination  method  it  is  often 
jiossible  to  pick  up  errors  on  side-shots  which  would  pass 
unnoticed  in  transit  work.  Errors  on  turns  which  are 
often  a  source  of  trouble  in  plane-table  work  are  practi- 
cally eliminated  by  the  use  of  the  two  instruments. 

In  windy  weather  tiie  combination  method  is  mucii 
sujjerior  to  the  plane  table,  as  the  transit  is  less  sensitive 
to  the  wind.  I  have  seen  a  plane  table  vibrate  so  in  a 
wind  that  the  alidade  would  "walk"  clear  across  it,  while 
a  transit  alongside  was  hardly  affected  at  all. 

Topographic  Sukvky  of  Duck  A'alley  ruojiocT 

During  the  season  of  1!)15,  while  investigating  an  irri- 
gation project  for  the  Duck  Valley  Indian  Reservation  in 
northern  Xevada.  the  writer  made  a  survey  of  a  large 
tract  of  the  irrigable  lands  by  the  method  described  above. 

A  2-ft.  contour  interval  and  a  scale  of  500  ft.  =  1  in. 
were  decided  upon  for  the  t()pograj)hy,  which  was  to  be 
used  for  designing  the  entire  canal  and  lateral  system. 
The  United  States  Land  Office  had  made  an  accurate 
resurvey  of  all  the  land  on  the  reservation  in  1911  and 
1912,  and  this  was  used  as  a  basis  for  all  topographic 
work. 

A  system  of  benchmark  levels  for  the  topogra])hic  con- 
trol was  run  in  from  a  United  States  Geological  Survey 
benchmark  on  one  side  of  the  tract.  A  25-mi.  primary 
circuit  was  run  and  secondary  circuits  closed  on  this  until 
elevations  had  been  established  at  all  of  the  quarter-.section 
and  section  corners  on  the  north  and  south  section  lines. 
There  were  in  all  about  105  mi.  of  these  levels  run.  All 
the  circuits  closed  avcH  within  the  limits  of  the  formula: 
Allowable  error  in  feet  =  0.05  V  dist.  m  mi.  The  best 
day's  record  for  this  work  was  1 1 '^  mi.  in  ly^  hr.  The 
last  6  mi.  was  in  very  level  country  and  was  run  in  just 
three  hours.  The  total  distance  walked  on  this  day  was 
17  mi.  The  i)arty  consisted  of  a  level  man,  two  rodmen 
and  a  man  to  hunt  corners. 

Fieldwork  on  the  to])ograi)liic  survey  was  started  about 
the  middle  of  April  and  finished  early  in  August.  The 
survey  covered  in  all  47,500  acres,  most  of  which  is  in 
rolling  country.  The  land  was  covered  with  sagebrush 
about  3  ft.  high,  which  interfered  very  little  with  the 
work.    A  large  part  of  the  area  was  o\er  two  hours'  drive 


from  the  nearest  camping  ])lace,  so  that  considerable  time 
was  lost  in  traveling. 

The  average  day's  run  was  about  (550  acres  with  500 
side-shots.  On  one  day  when  the  air  was  exceptionally 
clear  and  the  country  very  level,  we  used  three  men  on 
horseback  for  rodmen  and  took  500  side-shots  and  2,2UO 
acres  of  topography  in  seven  hours'  working  time.  Most 
of  the  country  was  so  rough,  however,  that  the  shots  could 
not  be  taken  more  than  250  ft.  apart. 

The  salaries  paid  on  this  work  were  as  follows : 


Per  Month 

Topographer    $150  Rodman    . 

Transitman 90  Teamster 

Head  rodman   90  Cook    . . . . 


Per  Month 

?75 

65 


Subsistence  amounted  to  50c.  a  day  and  was  paid  for  bv 
each  man. 

The  total  cost  of  the  survey  including  supplies,  camp 
expense,  control  levels,  fieldwork  and  the  completed  trac- 
ings was  $2,460,  and  the  total  number  of  side-shots  taken 
was  33,000.  This  gives  a  unit  cost  of  5.2c.  per  acre  and 
an  average  of  0.7  shots  per  acre. 

The  cost  of  topography  of  similar  accuracy,  taken  with 
the  plane-table  or  the  transit  method  usually  amounts  to 
at  least  8c.  ah  acre,  so  that  the  combination  method  has 
a  decided  advantage  in  this  respect  over  either  of  them. 

§©^©5?®  Test 

The  accompanying  view  shows  one  of  the  extensive 
v/ashouts  that  occurred  along  the  line  of  the  Southern  Ry. 
af  the  time  of  the  heavy  floods  near  Asheville,  X.  C,  in 
July.  As  shown  in  the  photograph,  when  the  earth  em- 
bankment was  washed  away  the  track  was  left  suspended, 
was  moved  downstream  some  distance  from  its  original 
position  and  was  left  hanging  from  the  embankments  on 


'''^x-Wt 

WASHOUT     ON     THE 
ASHEVIT.LK.    N.   C 


SOUTHERN     RY..     21     MI.     EAST    OF 
..   0.\'   THE   BLUE   RIDGE   PIVaDE 


cither  side  when  the  Hoods  subsided,  the  total  length  of 
the  hanging  track  being  over  250  ft.  As  seen  in  tlie 
photograph,  nearly  all  the  ties  remained  attached  to  the 
rails. 

This  long  "suspension  bridge"  is  a  graphic  testimonial 
of  excellent  work  in  track  nuiintenancc  at  the  ])oint  where 
tlie  washout  occurred  and  demonstrates  the  remarkable 
strength  of  modern  rail  joints  and  track  bolts.  We  are 
indebted  for  the  photograph  to  the  courtesy  of  F.  A. 
Weakley,  of  the  United  States  Engineer  Ollice  at  Nash- 
ville. Tenn. 
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An  innovation  in  the  paving  practice  of  the  Borough 
[if  Brooklyn,  New  York  City,  has  been  introduced  in 
the  use  of  a  4-in.  grouted  granite-block  pavement  on  a 
section  of  Bedford  Ave.,  which  is  here  a  strictly  residen- 
tial street  of  good-class  apartment  houses,  although  a 
much  used  through  route.  This  is  the  first  pavement  of 
4-in.  granite  block  to  be  laid  in  Greater  New  York  other 
than  the  few  hundred  yards  of  experimental  pavement  on 
Second  Ave.,  Manhattan,  and  the  specifications  contain 
a  number  of  interesting  features. 

The  specified  dimensions  of  the  blocks  are :  Not  less 
than  7  nor  more  than  11  in.  long,  not  less  than  3%  nor 
more  than  414  in.  wide,  and  not  less  than  3%  nor  more 
than  41/4  in.  deep.  They  are  so  dressed  as  to  be  laid 
with  %-in.  joints.  The  concrete  base  is  of  1:3:  5  mix, 
6  in.  thick,  and  on  this  is  spread  a  %-in.  bed  of  clean, 
coarse,  dry  sand  mixed  with  portland  cement  in  propor- 


iir  deposited  in  such  manner  as  to  displace  the  blocks  on  the 
face  ot  the  work,  and  no  carting  will  be  permitted  over  the 
surface  of  any  unfinished  portion  of  the  pavement. 

The  grout  shall  be  mixed  in  a  machine  mixer,  approved 
by  the  engineer.  The  character  of  the  mixer  shall  be  such 
that  the  mixing  of  the  grout  shall  be  continued  until  the 
instant    that   it   is   poured   into   the  joints. 

The  filling  of  the  joints  shall  be  carried  forward  until  an 
advance  area  of  15  or  20  yd.  has  been  grouted,  when  the 
same  force  and  appliances  shall  be  used  to  regrout  the  same 
space  in  a  like  manner. 

The  work  shall  be  kept  lightly  sprinkled  with  water  ahead 
of  the  sweepers,  to  avoid  the  possibility  of  the  grout  be- 
coming  too   thick   at   any  point. 

To  insure  penetration  of  the  grout  into  the  joints  of  the 
pavement  a  squeegee  15  or  IS  in.  in  length,  in  addition  to  the 
brooms,  shall  be  used  upon  the  last  application  of  the  grout. 

After  the  grout  between  the  joints  has  fully  subsided 
and  the  initial  set  is  taking  place,  the  whole  surface  shall 
be  lightly  sprinkled  with  water  and  the  surplus  grout  left 
on  top  shall   be  swept  off. 

After  the  grouting  is  completed  and  a  sufficient  time  for 
hardening  has  elapsed,  so  that  a  coating  of  sand  will  not 
absorb  moisture  from  the  cement  mixture,  Vs  in.  of  sand  shall 
be    spread   over   the  whole   surface. 

Should  the  bond  between  the  blocks  become  broken  be- 
fore   the   work    is   accepted,    the   joints  shall   be   cleaned   out. 


FIG.  1.    Mi.xi.xi;  iiicv  .'^.wh  AM'  '  i;:.n:N'i- 

UEDDl.NG   COUKSK 


, -IN.  FIG.     2.    LAYING     4-IN.     GRANITE-BLOCK     P.WEMENT 

ON    BEDFORD   AVE.,    BROOKLYN 


tions  of  one  part  cement  to  four  of  sand.  After  the  blocks 
ire  laid  and  rammed,  they  are  sprinkled  with  clean  water 
ind  the  joints  then  filled  with  1  :  1  grout,  wliich  is 
iroomcd  into  the  joints.  The  operation  is  continued  until 
he  joints  will  take  no  more  grout  and  are  filled  flush 
vith  the  tops  of  the  blocks. 

Another  significant  feature  of  the  specifications  is  that 
vhich  requires  the  contractor  to  complete  the  pavement 
m  one-half  of  the  street  and  allow  time  for  this  com- 
peted half  to  be  opened  to  traffic  before  iiegiuning  work 
'ti  the  other  half.  This  requirement  is  necessary,  as 
'.(■dford  Ave.  is  a  connecting  link  between  important  parts 
t  the  borough  and  there  is  no  parallel  street  to  which  to 
ivert  traffic.  The  monolithic  character  of  the  pavement 
■  not  lessened  by  this  method  of  construction,  because 
f  the  care  taken  to  dovetail  the  two  halves  of  the  pave- 
icnt  together  and  because  the  thin  mortar  bed  (%  in.) 
revents  any  appreciable  difference  in  the  setting  of  the 
locks  on  either  side  of  the  center  line.  Some  of  the 
lore  important  contract  specifications  are  given  in  full: 

The  granite  paving  block.s  shall  be  of  flne-gralned  granite 
lowing  an  even  distribution  of  constituent  minerals,  of  unl- 
rm  quality  and  texture,  without  scams,  scales  or  dlslnte- 
itlon.  free  from  an  excess  of  mica  or  feldspar.  The  granite 
ill  have  a  toughness  of  not  le.ss  than  D  and  a  French  coefH- 
tit  of  wear  of  not  leas  than  11,  as  determined  by  the  method 
ployed  by  the  United  States  Offlce  of  Public  Roads  and 
iral    Engineering. 

The  blocks  shall   be  laid   not   more  than   25   ft.   In  advance 
the  ramming ;  no  blocks  or  other  material  must  be  thrown 


even   if  it   is   necessary   to  take   up  and   relay   the  blocks,   and 
such  defective  work  shall  be  regrouted  and  relaid. 

Before  letting  this  contract  the  chief  engineer  of  the 
Bureau  of  Highways  of  the  Borough  of  Brooklyn,  II.  II. 
Schmidt,  called  the  contrac'tors  before  him  and  distinctly 
stated  that  specifications  would  be  strictly  enforced  to 
the  letter,  for  the  i)aveinent  is  in  the  nature  of  an  ex- 
perimental one  and  its  adaptation  to  conditions  will  be 
closely  watched.     Tiie  contract  price  was  $4.30  per  sq.yd. 

m 

The  Foreijtn  Trade  of  llie  I'nited  StnteH  for  the  year  ending 
June  30,  1916,  exceeded  GV4  billion  dollars.  This  is  far  In 
excess  of  the  foreign  trade  ever  recorded  by  any  other  nation. 
It  was  not  until  the  year  1913  that  the  total  foreign  trade  of 
the  United  States  exceeded  four  billion  dollars.  The  most 
noteworthy  feature  of  the  year's  trade,  of  course,  is  the  enor- 
mous excess  of  exports  over  imports.  The  total  exports  from 
the  United  States  were  $4,345,000,000  and  the  imports  were 
$2,180,000,000.  Thus  in  a  single  year  there  was  a  balance  of 
trade  in  favor  of  the  United  States  of  $2,105,000,000.  Under 
normal  conditions,  international  trade  balances  are  settled 
by  the  tran.sfer  of  gold;  but  if  European  countries,  exports  to 
whom  produced  this  enormous  debt  to  the  United  States,  were 
to  transmit  gold  to  the  United  States  In  payment  of  this  bal- 
ance, their  entire  stock  of  gold  would  hardly  cover  a  couple 
of  years'  business.  The  entire  amount  of  gold  held  by  the 
great  government  banks  of  Europe  was  estimated  not  long 
ago  to  be  less  than  $4,000,000,000,  It  Is  out  ot  the  <|uestion, 
therefore,  for  Europe  to  pay  Its  trade  balance  to  the  United 
States  In  gold  for  any  considerable  length  of  time.  Europe's 
debt  to  the  United  States  for  this  huge  volume  ot  exports  has 
been  settled  by  the  transfer  ot  a  small  quantity  of  gold,  by 
the  floating  In  the  United  States  of  foreign  loans  and  by  the 
Issue  ot  notes  against  American  securities  held  abroad. 
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,'<Y'y OPSL'> — The  dam  acrij.-<s  the  Hudson  Uicc.r 
al  Trotj,  N.  Y.,  i-ciiuired  a  number  of  coffer-dams 
in  order  to  lay  drij  succesnive  sertions  of  the  river 
and  to  permit  free  flow  and  sectional  construction. 
This  arlicle  deseril)es  the  timl)cr  box  coffer-dams 
and  the  gravel  fills  Iniilt  in  front  of  the  old  dam 
just  jirior  to  rema-ring  it.  A  later  article  will  he 
devoted  to  the  sheeipile  cijlinder  coffer-dams  liuilt 
around  the  lock  site  and  around  a  part  of  the  main 
dnui . 

The  lock  and  dam  at  Troy,  X.  Y.,  built  in  l!)i;M-~)  by  the 
TTnited  States  with  hired  labor  forces,  foi'ms  the  connection 
hotwoen  the  New  York  State  Barge  Canal  and  tidewater  in 
t!ic  TTudson  River.  The  new  works  were  built  to  replace 
an  existing  timber  dam  and  a  lock  of  small  dimensions, 
situated  about  a  quarter  of  a  mile  downstream,  and  the 
channel  improvement  required  as  the  last  feature  the 
removal  of  this  dam,  which  was  about  1.100  ft.  in  length. 
The  c'onstrnction  thus  had  to  be  carried  on  in  the  pool 
water  of  the  dam,  which  could  not  be  dispensed  with 
until  the  last  moment,  owing  to  the  large  and  steady 
traffic  passing  into  and  out  of  the  connecting  state  canals. 
All  masonry  is  of  concrete,  founded  on  Hudson  River 
shale.  Fig.  1  shows  the  general  plan  of  the  structures 
and  the  location  of  the  coffer-dams  required  to  lay  dry  the 
construction  areas.     The  lock,  with  a  width  of  45  ft., 

•Principal  Assistant  Engineer,  United  States  Engineer 
Office,  Albany,  N.  Y. 


;i  length  oi  main  walls  of  about  ()34  ft.  and  a  depth  of 
111  ft.,  1)11  miter  sills  is  on  the  Troy  side  of  the  river  and 
is  ticil  into  the  concrete  gravity  dam,  varying  from  It 
1(1  .30  ft.  high,  which  extends  across  the  river  on  the 
b!-okcM  line  sh.jwn.     Its  total  length  is  about  1,291  ft. 

The  considerable  depths  of  water  in  which  the  coffer- 
dams had  to  be  constructed,  varying  from  10  to  27  ft. 
at  low  water,  the  exposure  to  floods  and  heavy  drift  ice 
and  the  limited  time  in  which  the  whole  work  had  to  be 
completed  enforced  the  adoption  of  some  special  ex- 
pedients in  design  and  construction.  In  all,  eight  differ- 
ent coffer-dams  were  employed,  two  being  of  timber 
framing,  three  of  steel  piling  and  the  remainder  banks 
of  gravel  and  !*and  from  the  river  bed.  The  natural  con- 
ditions of  low  banks  and  flood  ranges  prescribed  that 
these  structures  need  not  rise  above  the  pool  level  more 
than  8  or  9  ft. ;  that  where  they  were  to  remain  over 
winter  in  any  expo.<ed  jiosition  they  must  be  of  a  type  to 
withstand  the  attacks  of  floods  and  the  battering  of  run- 
ning ice ;  and  that  they  must  not  occupy  much  of  the 
river  for  any  length  of  time,  lest  they  aggravate  flood 
conditions    in    the    thickly    settled   neighborhood    above. 

Fig.  1  .shows  the  numbers  corresponding  with  the  se- 
quence in  which  the  various  coffer-dams  were  completed. 
No.  1,  around  the  west  end  of  the  dam,  and  No.  3,  inclos- 
ing the  west  section  of  the  dam,  are  of  the  wood-frame 
box  type;  Nos.  6,  7  and  8,  in  front  of  the  old  dam  and 
used  to  lay  dry  that  structure  prior  to  its  destruction. 
are  of  gravel  and  saiul  fill.  These  five  coffers  will  be 
described  in  this  article.    The  remaining  three  dams,  Xos. 


GENERAL  LOCATION  OF   COFFEK-DAMS   IN     CONSTRUCTION  OF  LOCK  AND  DAMS  AT  TROY,  N.  T. 
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2,  4  and  5.  around  the  lock  and  the  east  part  of  tlie  dam. 
are  of  sheetpiling  of  varying  design,  and  their  descrip- 
tion will  be  reserved  for  a  later  article. 

ilAix  Timber  Coffer-Dams 

The  first  of  the  timber  coffers  is  that  shown  in  Fig.  1 
a.s  No.  1,  inclosing  the  site  for  the  bulkhead  on  the  west 
bank,  the  general  design  being  modeled  on  one  that  had 
been  successfully  used  elsewhere.    It  was  a  timber  strue- 


FIG.    2.    .SECTIi;N    THROUGH    BULKHEAD    COFFER-nA.M 
(NO.   1) 

lire  of  the  liox  or  wale-and-sheeting  tyyic.  about    100  ft. 

ong  on  the  center  line,  and  of  cross-section  as  shown  in 

•^ig.  2. 

The  other  wooden  coffer,  Xo.  .'i,  inclosed  the- west  arm 

f  the  dam.     The  first  lock  coffer-dam  was  at  that  time 

locking  up  more  than  a  third  of  the  river's  cross-section, 

lid  it  was  therefore  desirable  to  block  up  as  little  more 

;  possible  during  the  sea.son  of  high  water.     It  was  de- 

ded  to  begin  the  new  coffer-dam  as  soon  as  the  spring 

)ods  had  gone,  making  it  of  a  type  that  could  be  quickly 

instructed,  and  then  to  build  the  masonry  in  the  in- 

osure  as  fast  as  possible   and   remove   the   coffer-dam 

fore  the  fall  and  winter  floods  set  in.     The  box  type, 

used  for  the  bulkhead,  was  chosen  as  being  simple 

d  inexpensive,  and  the  design  was  modified  to  suit  the 

pth  of  water,  which  ran  from  about  11  to  17  ft.  at  low 

iter   (Fig.  3).      The  distance  from  the  masonry  was 

ide  such  that  concrete  could  be  delivered  by  the  lioat- 

.'  mi.xers  to  towers  and  be  spouted  into  the  forms,  re- 

ling  a  rehandling  only  for  the  tops  of  the  .sections. 

RriLDixG  TijiHEn  Coffek-Dam   fuom   Barge 

\s  the  length  of  the  structure  was  to  be  about  1,040  ft. 

.'  ne  plan  of  construction  had  to  be  devised  more  speedy 

1  in  the  usual  one  of  setting  the  walings  one  by  one  by 

*  Icrrick  boat.    The  method  adopted  consisted  in  laying 

\  'izontally  and  loosely  the  two  separate  sets  of  walings 

i    a  201/2-ft.  section  on  two  corresponding   frames  or 

fl  dies  lying  opposite  each  other  on  the  deck  of  the  work- 

t    barge.     Each   cradle   was  provided   with   projecting 

a  IS  bolted  on  at  distances  corresponding  to  the  s])aciiig 

o  he  walings  and  supporting  the  latter  when  the  cradles 

»  e  set  up.    The  feet  of  the  cradles  were  lashed  to  the 

d  k  of  the  barge  by  slack  loops  of  wire  line,  and  when 

8  was  ready  the  first  cradle  was  hoisted  to  the  vertical 

bthe  outer  end  and  guyed  in  jiosition.     The  opposite 

ei  lie  was  ne.xt  hoisted ;  tie-rods  and  .«prcaders  wore  at- 

Uiod,  and  connection  was  made  to  the  [ireceding  .section  ; 

'  iicw-made  crib  was  then  lifted  slightly,  allowing  the 

dcs  to  clear  and  lie  lowered  again  to  the  <lcck  of  the 

re.     The  fleet  was  then  warped  along  until   the  new 

I'    had  slid   into  jjroper  position   over  the  side  fif  the 

III  :c,  and  the  operation  of  attaching  another  section  was 


The  ma.ximuin  lift  for  the  derrick  boat  in  this  move- 
ment was  about  5  tons.  The  process  is  illustrated  by 
Figs,  f,  5  and  G.  The  walings,  spreaders,  etc.,  were  all 
cut  to  length  and  bored  on  shore,  so  that  wdien  stacked 
on  a  barge,  the  derrick  boat  had  merely  to  lift  the  pieces 
one  by  one  and  set  them  in  proper  position  on  the  cradles. 
The  method  was  found  to  give  excellent  results.  After 
the  force  became  accustomed  to  the  work,  they  could 
liiiild  and  launch  100  ft.  of  straight  cribwork  in  two  8-hr. 
shifts,  using  a  single  derrick  boat.  This  rate,  the  maxi- 
mum attained,  would  have  been  exceeded  considerably 
but  for  the  fact  that  the  holes  for  the  tie-rods,  bored  from 
Vt  ^o  V-i  ill-  large,  according  to  the  size  of  the  rod,  with 
the  view  of  avoiding  binding,  were  not  always  bored 
straight,  although  iioring  machines  were  used.  There  was 
therefore  a  good  deal  of  delay  in  working  the  tie-rods 
through,  especially  at  the  joints.  It  is  believed  that  the 
holes  for  such  work  should  be  made  from  %  to  1  in.  larger 
in  diameter  than  the  rod.  so  as  to  prevent  this  dilficulty. 

For  launching  the  cribwork  two  13xl2-in.  timbers 
were  hinged  to  the  side  of  the  barge,  as  shown  in  Fig.  (i. 
Their  ends  rested  on  the  bottom  and  slid  over  it  as  the 
liarge  moved  along  the  line,  the  framework  sliding  in  turn 
down  the  tinil)ers  and  moving  off  their  ends  to  rest  upon 
the  river  bed.  A  special  design  of  waling  joint  had  to 
be  made  to  avoid  binding,  as  shown  in  Fig.  ;5.  From 
%  to  \y->^-m.  play  had  to  i)e  allowed  for  the  free  hinge 
movement  of  the  walings  during  launching;  and  where 
the  piece  was  halved  on  the  outer  side,  one  or  two  bolts, 
according  to  location,  were  u.sed  to  prevent  longitudinal 
splitting  from  the  bending  strain. 

For  the  sizes  of  the  woodwork  it  was  assumed  that  hem- 
lock or  spruce  would  be  used,  this  being  the  cheapest 
local  timber.  The  length  of  sections  was  made  201/.  ft._ 
so  as  to  u.se  standard  22-ft.  lengths,  and  the  walings  were 
spaced  to  secure  as  far  as  practicable  an  equal  unit  stress 
in  each  and  in  the  sheathing.  They  were  figured  as 
simple  beams  of  lengths  equal  to  the  distance  between  ad- 
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Sec+ion  of  Max.  Height  Elevation  of   Frame 

f4tt>  lK-T^'<     Mashers,  6k /id' 

Detail  of  Waling  Joint 

FIG.    3.    HIOTAH.S    OF    COFFER-DAM    FOR    WEST    Aim 
OF    DAM    (NO.    3) 

jai'cnt  tie-rods.  The  sheeting,  which  could  more  safely 
stand  an  overstrain  without  risk  of  disaster,  was  figured 
as  continuous  beams  supported  at  each  waling.  The 
water  elevation  on  the  river  side  was  taken  as  1l..'i;i 
(equivalent  to  pool  level)  and  on  the  inside  as  below  the 
base  of  the  coffer.  Tiie  extra  loads  induced  by  floods  were 
to  be  covered  by  the  general  factor  of  safety.  No  reduc- 
tion of  loads  on  the  tiniberwork  from  the  support  of  the 
(lUlside  biinkinL'  was  allnwed    fiii-,  sinee  the   laltei-  might 
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PIGS.     4    TO    6.    SUCCESSIVE     STAGES    IN    LAYTXG 
ARTICULATED   FRAMEWORK   FOR   COFFER- 
DAM NO.   3 

Fig.  4 — Crib  walings  assembled  on  cradle.  Fig.  5 — 
Cradles  with  walings  raised  for  connecting  to  last 
crib.     Fig.  6 — Launching  cribs 


be  eroded  more  or  le.^s  by  flood.'^,  but  the  rivenvard  pres- 
■sure  of  the  inside  filling-  upon  the  waling.><  was  reduced 
by  the  opposing  water  pressure,  making  a  considerable 
saving  in  sizes  (see  Fig.  3).  The  design  reduced  the 
total  waling  cross-section  25%  as  compared  with  that 
used  for  the  same  height  on  coffer  No.  1.  The  weight 
of  the  filling  (dredge-placed  gravel  and  sand)  was  taken 
as  120  lb.  per  cu.ft.  for  the  whole  height,  and  its  wedge  of 
pressure  against  the  sides  as  sliding  on  a  base  of  inclina- 
tion of  1  vertical  to  21/2  horizontal,  the  formula  used 
being  Rankine's.  With  the  spacings  shown,  the  stresses 
under  the  foregoing  assumptions  varied  in  the  walings 
from  860  to  1,240  Hi.  per  sq.in.  and  in  the  sheathing  from 
700  to  1,270  lb.  per  sq.in.  The  maximum  stress  allowed 
in  the  tie-rods  was  21.000  lb.  per  sq.in.  of  the  area  at  the 
root  of  the  thread. 

This  coffer-dam  fulfilled  its  purpose  entirely  satisfac- 
torily. The  timberwork  was  begun  at  the  north-bank  end 
on  May  12,  1914,  and  was  practically  completed,  includ- 
ing the  sheeting,  by  July  1,  using  only  one  derrick  boat. 
The  sheeting  accompanied  the  main  timberwork,  and  the 
filling  and  banking  by  the  hydraulic  dredging  followed, 
commencing  on  Hay  25  and  being  completed  on  July  31, 
ten  days  after  unwatering  had  begun.  The  outer  sheet- 
ing was  driven  only  a  foot  or  so  into  the  river  bed,  as  the 
latter  was  of  gravel  and  the  plank  would  not  penetrate  it 
far  without  splitting;  the  inner  sheeting  rested  on  the 
river  bed.  Pumping  was  begun  on  July  21  with  one  10-iu. 
and  one  12-in.  centrifugal  pump,  and  the  water  was 
lowered  sufficiently  by  July  29  to  begin  excavation  on  that 
date.    The  only  leaks  of  consequence  were  through  porous 
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strata  under  the  coffer  at  the  outer  angles.  As  the  bank- 
ing became  seasoned  there,  this  leakage  gradually  lessened 
until  the  10-in.  pump  alone  was  able  to  keep  the  water 
do\^^l,  although  the  lift  between  water  surfaces  was 
about  23  ft.  and  the  area  of  the  inclosure  below  the  river 
level  ^\as  between  6  and  7  acres.  The  masonry,  about 
800  ft.  in  length,  was  begun  on  Aug.  20  and  completed 
on  Oct.  24.  No  rise  e.xceeding  2  ft.  occurred  during  the 
life  of  the  coffer.  It  was  finally  flooded  through  the  north 
sluice  on  Oct.  26,  and  the  greater  portion  was  removed  M 
by  the  dredge  and  derrick  boats  before  the  following  I 
December.  W^k 

The  cost  and  materials  were  as  follows:  H| 

Lumber    (spruce),    170,000    ft.    b.m.    @    $27    f.o.b.    Troy 

(about  $4.60  per  ft.  run) $4,590 

Tie-rods,  bolts,  etc.,  96,400  lb.  ®  about  3.S5c.  threaded. 

etc.   (about  $3.60  per  ft.  run) 3,700 

Handling    framing    and    placing    lumber    and    placing 

iron    (about  $6  per  ft.  run,  or  $36. .'SO  per  M  ft.  b.m.)  6,200 

Filling  and  banking  bv  hydraulic  dredge,  46,500  cu.yd. 

<S   12.2c.   (about  $5.60  per  ft.  run) 5,670 

$20,160 
Length  of  coffer-dam,   1.040  ft.:  cost  per  ft.   run $19.40 

The  foregoing  are  field  costs  of  construction  only  and 
do  not  include  depreciation  charges  nor  supervision  above 
the  grades  of  foreman,  nor  district-office  costs.  Ordinary 
running  repairs  are  included.  The  removal  is  not  in- 
cluded, as  it  wa.?  done  at  odd  times,  and  much  of  the 
filling  and  of  the  remains  of  the  timberwork  was  washed 
away  by  floods. 

t!l!AVEL    C0FFEI!-Da.\IS    AT    Ol.D    D.\M 

Subsequent  to  the  construction  of  the  dam  inside  the 
tiinlicr  coffers  described,  the  lock  and  end  of  the  dam 
were  built  inside  of  the  steel  coffer-dams  to  be  described 
in  a  later  article.  The  last  piece  of  work  was  the  con- 
struction of  the  gravel  dams  ju.st  u])stream  of  the  old 
lock  and  dam. 

These  three  coffer-dams  (Xos.  6,  7  and  8)  were  used 
for  f  he  removal  of  the  State  dam  and  consisted  of  l)aiiks  of 
river  material,  the  ba.ses  being  placed  by  the  hydraulic 
dredge,  and  the  tops  in  part  by  the  dredge  and  in  part 
by  derrick  boats.  A  cross-section  of  No.  6  is  sjiown  in 
Fig.  7,  and  the  others  were  similar  except  that  a  plain 
gravel  top  was  used,  without  plank.  The  removal  of  the 
old  dam  required  tlie  e.xcavation  of  about  50,000  cu.yd.  of 
riprap  and  timbers.  All  this  work,  including  the  makinfT 
of  the  coffer-dams,  had  to  be  done  during  flic  winter  of 
1915-10,  .so  as  not  to  interru])t  navigation. 

Tlie  steel-pile  cylinders  were  used  to  protect  tlie  corners 
from  erosion  before  and  after  the  cutting  of  the  coffer- 
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dams.  They  were  filled  by  the  liydraulic  divdere,  after 
a  5-ft.  layer  of  riprap  had  been  thrown  inside.  Xo.  6  was 
closed  first;  and  when  the  section  of  dam  under  its  lee 
had  been  nearly  all  removed.  No.  7  was  completed.  High 
water  constantly  troubled  the  work,  Imt  the  banks  stood 
safely  although  nearly  topped  more  than  once.  Finally, 
on  Dec.  26,  1915,  about  three  weeks  after  the  close  of 
navigation,  No.  6  had  to  be  cut  in  order  to  save  the  rest 
of  the  work  from  a  high  flood.  The  head  between  the 
two  pools  was  111/2  ft.  at  that  time,  and  the  230  ft.  of 
bank  washed  out  in  less  than  an  hour,  leaving  a  clear 
gap  for  the  passage  of  the  river  and  reducing  the  head 
to  5  or  51/2  ft.  The  end  of  Xo.  7  was  eroded  somewhat 
by  backlash,  but  further  damage  was  stopped  by  ripra]j. 


lEssca^vsiftos'  for  §fttp©©ft  Gff'adflini^ 

A  new  type  of  excavator  and  wagou-loader  has  been 
used  in  grading  North  Broadway,  Chicago,  south  from 
I'evon  Ave.  The  machine  has  a  steel  frame  mounted 
on  caterpillars  and  having  a  wide-tired  steering  wheel 
at  the  rear.     It  i.s  shown  in  the  accompanying  view. 

At  the  forward  end  is  the  excavating  device.  This 
consists  of  a  pair  o.f  circular  frames  carrying  a  series  of 
horizontal  shallow  l)Uckets  fitted  with  teeth  on  the  cutting 
edges.  The  buckets  passing  over  the  top  of  the  circular 
frames  drop  their  contents  upon  a  belt  conveyor.  At  the 
side  of  the  machine  this  conveyor  is  carried  by  an  inclined 
boom,  high  enough  for  wagons  to  drive  beneath  it  and 


EXCAV.A.TINO    MArHINK.    FiiH    CRADtNO    STRRETS 


'  lis  latter  cofPer  was  cut  about  a  moiilli  later,  nncl  the 
1  er  washed  it  away  piecemeal. 
N'o.  8  covered  the  remainder  of  the  dam.  Alter  the 
1  lal  vicissitudes  from  cold  weather  and  high  water, 
(  avation  was  practically  completed  by  the  end  of  March. 
<  0  of  the  highest  floods  in  .several  years  came  a  day  or 
t  I  later  and,  topping  the  bank,  washed  down  its  crest 
1  to  1.5  ft.  'I'he  difference  of  level  between  the 
w  er  surfaces  before  the  flood  reached  this  crest  was 
I'  than  a  foot,  as  compared  with  11%  ft.  when  the  work 
|»  'einoval  had  been  begun  about  four  months  before. 

EN<iI.\i;EI!S   IN'    CiTAUOE   OK    WOUK 

lie  work  was  perfonned  under  the  supervision  of 
■  eral  (then  Colonel)  W.  M.  Black,  now  Chief  of  En- 
-P'ers,  United  States  Army,  with  Captain  I?.  1).  Black 
M  teal  engineer  olTicer,  succeeded  in  1014  by  Major  ^1.  J. 
»)onough.  '{'be  fieldwork  was  commenced  by  Assistant 
'a  ineor  A.  C.  Harper  and  continued  by  Junior  Engineer 
■'.;.  McCabe.  The  mechanical  work  was  under  AVm.  0. 
'h  divan  and  the  office  work  under  Junior  Engineer 
ly'.  Fifer.     The  writer  supervised  the  work  locally. 


receive  the  mateiial.  The  front  portion  of  the  frame, 
rarrying  the  excavator  wheel,  is  pivoted  and  is  adjust- 
iible  vertically  to  regulate  the  depth  of  cut  and  also  to 
enable  the  buckets  to  be  raised  so  as  to  clear  manhole.? 
and  street  intersections.  This  frame  is  raised  and  low- 
ered by  means  of  the  pinion  and  quadrant  gear  shown. 
On  the  roar  end  of  the  main  frame  is  an  oppo.^ed- 
cylinder  gasoline  engine  which  operates  the  excavating 
and  propelling  mechanism  through  gears  and  chain 
drives.  The  machine  could  grade  a  length  of  ainnit  two 
blocks  per  day,  and  kept  35  wagons  busy  removing  the 
excavated  material.  The  grading  was  done  by  J.  A. 
JfcGarry  &  Co.,  of  Chicago.  The  machine  was  built  by 
the  Koehring  Machine  Co.,  of  Milwaukee,  Wis. 
X 

stalactite    Cave     Moveil     from     Arlxonn    to     New    York — A 

beautiful  stalactite-Uned  cavern  was  recentl.v  broken  Into  at 
the  Copper  Queen  mine  at  IJlsbee,  Ariz.  The  company  placed 
the  cavern  at  the  dispcsal  of  Doctor  Hovey,  curator  of  kcoIorv 
at  the  New  York  Mu.seum  of  Natural  History,  and  he  with 
three  as.slstants,  packed  the  cavern  into  50  boxes  and  UIh- 
p.Ttched  It  to  New  York,  where  It  has  been  reas.sombled.  The 
afte  of  the  (trotto  Is  estimated  at  25,000  years.  One  of  these 
stalaclltoa  is  14  ft.  hlKh  l)y  ir>  ft.  in  diameter  at  the  base. 
Some  of  the  stalactites  and  stalaemitcH  removed  wcIrIi  S(»i 
II). — "EniflnecrInK'  and   Minlnc  .lournnl" 
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By  E.  Fleming* 


This  artifle  is  the  outcome  of  a  research  of  the 
literature  on  the  strength  of  countersunk  rivets. 

Much  of  the  literature  on  riveted  joints  has  been 
written  from  the  standpoint  of  the  shipbuilder  and  the 
boilermaker.  Strength  is  given  in  terms  of  efficiency. 
By  the  efficiency  of  a  joint  is  meant  the  ratio  of  the 
strength  of  a  given  width  of  joint  to  that  of  a  solid  plate 
of  equal  width.  The  structural  engineer  rarely  uses  the 
word  "efficiency."  He  wants  to  know  the  shearing  and 
bearing  values  of  rivets  so  that  he  may  put  a  sufficient 
number  in  his  connections  to  take  care  of  the  stresses. 
These  values  are  well  defined  for  ordinary  rivets.  What 
value  shall  the  structural  engineer  assign  to  countersunk 
rivets  ?    He  may  read  in  an  old  Haswell, 

Countersunk  riveting  does  not  impair  strength  of  joint  as 
compared  with  external  head. 

and  in  the  latest   (1915)    edition  of  Smith  and  :\Iark's 
"Machine  Design," 

Countersunk  rivets  make  a  much  weaker  and  less  reliable 
joint  than  the  ordinary  form,  and  should  only  be  used  when 
it  is  absolutely  necessary  that  the  surface  of  the  plate  be  free 
from  projections. 

In  his  "Steel  Construction"  Burt  writes 

It  is  to  be  noted  that  countersunk  rivets  are  not  as  strong 
as  rivets  with  button  heads  and  are  much  more  expensive, 
consequently  they  are  not  used  unless  absolutely  required  by 
the   conditions. 

The  usual  American  practice  for  countersinking  rivets 
in  bridge  and  building  work  is  to  make*  the  depth  of 
head  one-half  the  diameter  of  shank  and  the  slope  30° 
from  axis  of  shank.  The  practice  is  different  in  ship- 
building. For  many  years  the  English  Lloyd's  "Rules 
and  Regulations"  has  contained  the  clause. 

The  countersinking  of  the  rivet  holes  is  to  extend  through 
the  whole  thickness  of  the  plate  or  angle  when  the  thickness 
is  less  than  0.60  in.,  and  when  the  thickness  is  0.60  in,  or 
above  the  countersinking  is  to  extend  through  nine-tenths 
the  thickness  of  the  plate.  The  size  of  the  countersink  is  to 
be  in  accordance  with  the  figured  dimension  shown  in  Table  20. 

The  American  Bureau  of  Shipping  has  the  rule, 

The  countersinking  of  all  plates  and  angle  bars  to  extend 
to  within  ^  in.  of  being  through  the  plate  or  angle  bar. 

The  slope  varies  according  to  diameter  of  rivet. 
E.\KLY  Tests  with  Countersunk  Rivets 

The  earliest  recorded  experiments  on  the  strength  of 
riveted  joints  were  made  in  1838  by  Hodgkinson  under 
the  direction  of  Fairbairn.  They  are  given  in  detail  in 
a  paper  entitled  "An  Experimental  Inquiry  Into  the 
Strength  of  Wrought-Iron  Plates  and  Their  Riveted 
Joints  as  Applied  to  Shipbuilding  and  Vessels  Exposed 
to  Severe  Strains,"  by  William  Fairbairn,  Esq..  in  the 
"Philosophical  Tran.sactions"  of  the  Royal  Society  of 
London  for  18.50.  This  ]5aper  has  had  a  remarkable 
influence  in  determining  practice  for  riveted  joints. 
Regarding  countersunk  rivets  Fairbairn  writes. 

The  system  of  countersinking  the  rivets  is  only  used  when 
."imooth  surfaces  are  required:  under  other  circumstances  their 
Introduction  would  not  be  desirable  as  they  do  not  add  to  the 
strength  of  the  joint  but  to  a  certain  extent  reduce  it.  This 
reduction  is  not  observable  in  the  experiments,  but  the  simple 
fact  of  sinking  the  head  of  the  rivet  into  the  plate  and  cutting 
out  a  greater  portion  of  metal  must  of  necessity  lessen  its 
strength,    and    render    it    weaker    than    the    plain    joint    with 

•  \merican  Bridge  Co.,  30  Church  St.,  New  York  City. 


raised  heads.  This  must  appear  evident  from  the  fact  of  the 
sectional  area  of  the  plate  being  diminished,  and  the  conse- 
quent reduction  of  the  heads  of  the  rivets,  which  in  this  state 
are  less  able  to  sustain  the  effects  of  an  oblique  or  transverse 
strain. 

It  is,  however,  satisfactory  to  observe  that  countersinking 
the  heads  of  the  rivets  does  not  seriously  injure  the  joint  in 
its  powers  of  resistance  to  a  direct  tensile  force;  but  the 
rivets  are  liable  to  start  when  exposed  to  collisions  or  a 
strong  impinging  force,  such  as  the  sides  of  ships  are  fre- 
quently doomed  to  encounter. 

On  referring  to  experiments  (Table  XI),  the  same  results 
as  to  strength  are  obtained  with  the  countersunk  rivets  as 
those  with  rounded  heads;  thej*  are  rather  under  the  mean  of 
the  former  experiments;  but  not  more  than  is  easily  accounted 
for  by  the  reduced  section  of  the  countersunk  plates. 

The  experiments  of  "Table  XI"  were  with  %-in.  rivets 
countersunk  in  plates  0.23  in.  thick. 

Masterly  papers  and  reports  on  riveted  joints,  by  Baron 
Clauzel.  Professor  Unwin  and  Professor  Kennedy,  may 
be  found  in  the  "Proceedings"  of  the  Institution  of 
Mechanical  Engineers  (London)  for  the  years  1881  and 
1885.  An  "Account  of  Some  Tests  of  Riveted  Joints  for 
Boilerwork,"  by  C.  H.  iloberby,  may  be  found  in  Vol. 
LXIX  (1882)' of  the  "Proceeding.?"'  of  the  Institution 
of  Civil  Engineers.  The  tests  were  carried  out  by 
Kirkaldy.  In  Vol.  XVI  of  the  "Transactions"  of  the 
Institution  of  Civil  Engineers  of  Ireland.  Stoney  has  a 
valuable  paper  "On  the  Strength  and  Proportions  of 
Riveted  Joints"  which  he  has  partly  embodied  in  his 
book  "The  Theory  of  Stresses  in  Girders  and  Similar 
Structures."  Extensive  tests  of  riveted  joints  have  been 
made  at  the  Watertown  Arsenal  and  recorded  in  govern- 
ment reports;  the  index  alone  occupies  several  pages. 
Another  series  of  tests  of  exceptional  interest  and  value 
is  reported  in  the  190.5  "Proceedings"  of  the  American 
Railway  Engineering  and  Maintenance  of  Way  Associa- 
tion. It  is  to  be  regretted  that  countersunk  rivets  are 
not  mentioned  in  any  of  the  foregoing  papers. 

Recent  Te.sts  Give  Conflicting  Rrsults 

In  "The  Strength  of  Plates  and  Rivets  Used  in 
Shipbuilding,"  bv  J.  G.  Wildish,  "Transactions"  of  the 
Institiition  of  Naval  Architects,  Vol.  XXVI  (188.5),  there 
are  recorded  some  shearing  tests  made  with  %-  and 
%-in.  steel  rivets  in  l/o-in.  steel  plates  and  1-in.  rivets 
in  %-in.  plates.  With  pan  heads  and  <'Ountersunk  pointe 
the  %-m.  rivets  sheared  at  a  pull  of  ll.lGO  to  12.500 
tons  per  rivet,  and  with  snap  points  at  10.82.5  to  11.049 
ions.  The  %-iu.  rivets  sheared  at  14.910  to  1.5.792  tons 
with  countersunk  points  and  at  14.787  to  14.9.53  tons  with 
snap  points.  The  1-in.  rivets  sheared  at  19.475  to  21.986 
tons  with  countersunk  points  and  at  18.8G1  to  19.420  tons 
with  snap  points. 

Half  of  these  tests  had  the  countersinking  stopped  I't  In- 
short  of  the  full  thickness  of  the  plates,  and  in  the  other  h.ilf 
the  countersinking  extended  right  through:  but  the  results 
were  on  the  whole  as  good  one  way  as  the  other,  and  there 
was  but  little  variation  in  them  individually. 

Further  tests  on  the  frictional  resistance  of  riveted  joints 
showed  that  tiiken  altogether  the  friction  was  greatest 
for  the  countersunk  rivets. 

Textbooks  on  mechanics  and  strength  of  materials, 
a  long  array,  are  silent  on  the  subject.  It  is  taken  up. 
however,  in  a  few  books  on  shi]ilniilding. 
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•■Shipbuililing  in  Iron  and  Steel,"  1809,  by  E.  J.  Eeecl 
(altenvard  Sir  Edward  J.  Keed),  has  a  chapter,  "Rivets 
and  Rivet-Work,"  rerording  some  test-;  of  countersunk 
rivets.     The  remark 

It  also  becomes  evident  that  countersunk  riveting  causes 
much  less  friction  than  the  other  systenit;.  IJn  comparison 
it  will  be  seen  that  in  nearly  all  oases  steel  plates  and  rivets 
give  less  friction   than  iron. 

is  interesting  to  read.  In  tliose  days  there  was  a  distrust 
of  steci  rivets.  Their  use  was  prohibited  by  the  Lloyd's 
Coiiiniittee. 

In  his  book,  ''The  Design  and  Construction  of  Ships," 
1908,  Biles  gives  the  results  of  a  series  of  tests  made  at 
Glasgow  University  (probably  under  his  direction).  The 
ultimate  shearing  stress  of  W'in.  countersunk  rivets  in 
y^-in.  plates  ran  from  14.63  to  20.83  tons  per  sq.in.  while 
^nap-headed  and  pan-headed  rivets  ran  from  18.28  to 
18.64  tons.  The  ultimate  shearing  stress  of  countersunk 
%-in.  rivets  in  %-in.  plates  ran  from  14.87  to  19.0  tons 
and  pan-headed  rivets  ran  from  17.27  to  18.73  tons. 

Hovgaard  has  a  chajiter.  Calculations  for  Riveted  Joint*, 
in  his  "Structural  Design  of  Warships,"  1915,  in  which 
the  efficiency  of  joints  with  rivets  countersunk  according 
to  Lloyd's  rules  is  determined  theoretically.  The  effi- 
fieney  of  plates  and  rivets  is  given  in  percentages.  That 
these  are  of  little  value  to  the  engineer  in  search  of 
ivorking  stres.«es  may  be  seen  from  the  statement  at  the 
lose  of  the  chapter. 

There  is  in  shipbuilding  no  established  practice  as  regards 
he  working  stresses  allowed  on  the  rivets  in  the  ship-girder; 
he  complexity  of  the  problem  and  the  empirical  nature  of  the 
itrength  calculations  have  so  far  prevented  the  adoption  of 
ny  definite   limits. 

\\'lI.\T    V.\KIOUS    MODERX    SPECIFICWTIOXS    PRESCRIBE 

The  majority  of  specifications  lor  bridges  and  buildings 
ive  but  little  if  any  consideration  to  countersunk  rivets. 
'he  Cooper  "Specifications  for  Steel  Highway  and  Elec- 
ric  Street  Railway  Bridges"  reads, 

Rivets  countersunk  in  material  of  less  thickness  than  the 
iameter  of  the  rivet,  shall  only  be  given  a  value  compared  to 
lat  of  a  regular  rivet  equal  to  the  proportion  of  the  thickness 
r  the  metal  countersunk  to  the  diameter  of  the  rivet. 

The  specifications  for  highway  and  electric  railway 
ridges  compiled  bv  the  State  Engineer  of  New  York 
■ad, 

Rivets  shall  not  be  countersunk  in  any  plate  whose  thick- 
-ss  is  less  than  one-half  the  diameter  of  the  rivet.  In  calcu- 
ting  the  value  of  countersunk  rivets  the  effective  thickness 

the  plate  which  receives  the  countersunk  head  shall  be 
■nsldered  as  Vt  in.  less  than  the  actual  thickness  of  the 
ate  for  %-in.  rivets  and  as  ft   In.  less  for  %-in.  rivets. 

A  number  of  railroad  specifications  make  mention  of 
luntersunk  rivets,  though  often  only  by  a  sentence  like 
I!ountersinking  must  be  neatly  done,  all  holes  of  the 
me  size,  and  countersunk  rivets  must  completely  fill 
e   holes."     The   Atlantic   Coast   Line   specifies. 

Rivets  countersunk  on  one  or  both  heads  will  not  be 
lowed  except  where  they  cannot  be  avoided. 

The  Queen  &  Crescent  Route  specifie.s, 

Klvets  with  ■%-in.  flat  heads  shall  be  preferred  to  counter- 
nk  rivets  and  countersunk  rivets  shall  not  be  used  in  ma- 
•lal  less  than  ,'«  In.  thick.  Countersunk  rivets  shall  be  con- 
lered  to  have  but  half  the  strength  of  round-head  shop 
•rts. 

The  "General  Specifications  for  Steel  Structures'"  of 
•  Southern  Railway  Co.  contains  the  clause, 

N'o  value  will  be  given  to  %-ln.  rivets  countersunk  in 
'es  li-.<is  than  %  In.  thick,  nor  to  •''i-ln.  rivets  countersunk 
I'latis  less  than    Vi    in.   thick. 


The  Scranton  &  Binghamtoii   Railroad  Co.  specifies, 

The  effective  bearing  area  of  pins,  bolts  or  rivets  shall  be 
the  diameter  multiplied  by  the  thickness  of  the  piece,  except 
for  countersunk  rivets  when  half  the  countersink  shall  be 
omitted. 

The  Penn.^ylvania  Railroad  Co.  in  its  "Standard  Spei'i- 
fications  for  Steel  Bridges"  has  the  provision, 

Rivets  with  countersunk  heads  shall  be  assumed  to  have 
three-fourths  the  value  of  corresponding  rivets  with  full 
heads. 

The  specifications  of  the  Chesapeake  &  Oliio  Railniad 
Co.  contain  the  same  clau.-je.  It  is  also  round  in  a  number 
of  building  specifications. 

The  Xew  York  Central  Lines  specify. 

Field-driven  rivets,  countersunk  rivets  and  turned  bolts 
shall  be  increased  in  number  25^;,  over  the  number  of  full- 
headed  shop-driven  rivets  required. 

The  effective  bearing  area  of  a  pin.  a  bolt  or  a  rivet  shall 
be  its  diameter  multiplied  by  the  thickness  of  the  piece, 
except  that  for  countersunk  rivets  half  the  depth  of  the 
countersink  shall  be  omitted. 

The  Buffalo,  Rochester  &  Pittsburgh  Railway  Co,  and 
the  Long  Island  Railroad  Co.  have  the  same  provisions. 

The  "General  Specifications  for  Railway  Bridge  Super- 
.•^tructure"  of  the  Osborn  Engineering  Co,  contains  the 
clause. 

In  deducting  rivet  holes  to  obtain  the  net  section  of  riveted 
tension  members,  the  rivet  hole  shall  be  taken  with  a  diameter 
Va  in.  larger  than  the  undriven  rivet  for  full  heads,  and 
',4  in.  larger  for  countersunk  rivets  in  plates  %  in.  or  less  in 
thickness. 

Where  rivets  are  countersunk  the  Ijearing  of  the  head  shall 
not  be  counted. 

Godfrey  in  his  "'Steel  Designing,"   1913,  specifics. 

The  shearing  or  bearing  value  of  countersunk  rivets  in 
plates  %  in.  thick  and  over  wiU  be  taken  as  one-half  the  full 
value.  Countersunk  rivets  in  plates  less  than  %  in.  thick  will 
not  be  considered  as  taking  any  of  the  stress 

The  specifications  of  tiie  Isthmian  Canal  Commission 
for  the  coaling  plants  at  Ci'istobal  and  Balboa  contain 
a  clau.se  reading. 

Countersunk  rivets  In  metal  %  in.  or  less  in  thickness  shall 
not  be  considered  as  resisting  shearing  or  bearing.  In  metal 
"s  in.  to  %  in.  they  shall  be  considered  as  having  half  value, 
and  in   thicker  plates  full   value. 

Waddell  in  his  recent  treati.se,  "Bridge  Engineering," 
chapter  LXVIII,  specifies: 

Rivets  with  flat  heads  shall  be  preferred  to  countersunk 
rivets;  the  height  or  thickness  of  the  flat  head  shall  be 
three-eighths  of  an  Inch. 

In  important  members  rivets  shall  not  be  countersunk  in 
plates  of  thickness  less  than  one-half  of  the  diameter  of  the 
rivet.  Rivets  with  flattened  heads  shall  be  assymed  to  have 
only  eight-tenths  of  the  strength  of  rivets  that  have  full 
heads. 
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The  rules  in  the  specifications  quoted  must  be  followed 
until  further  experiments  are  made.  The  writer  gives 
preference  to  the  Pennsylvania  Railroad  Specifications 
modified  to  read  as  follows: 

Rivets  with  countersunk  heads  shall  be  assumed  to  have 
three-fourths  the  value  of  corresponding  rivets  with  full 
heads,  but  no  value  shall  be  allowed  for  countersunk  rivets 
In  plates  of  a  thickness  less  than  one-half  the  diameter  of 
the  rivet. 

For  rivets  with  flat  heads  the  writer  suggests  tlie  fol- 
lowing, being  a  slight  modification  of  Waddell's  speci- 
fications: 

Rivets  with  flattened  heads  of  height  not  less  than  three- 
eighths  of  an  Inch,  or  one-half  the  diameter  of  the  rivet  for 
%-ln.  rivets  and  less,  shall  be  assumed  to  have  nine-tenths 
the  strength  of  rivets  that  have   full   heads. 

When  heads  are  flattened  to  less  than  these  heights  they 
shall  be  assumed   to  have  the  strength  of  counterHUOk   rivets. 
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SYNOPSIS— How  llie  22nd  Enf/ineer.^,  ivitlioul 
prerioits  experience  as  a  vnit,  laid  out  a  Ji2I>-acre 
camp  site,  providing  water  and  .sanilnri/  ron- 
reniences  for  2-'>.00O  men,  in  4-i  days. 

The  duties  of  military  engineers  on  active  service  have 
been  a  prolific  subject  for  speech  and  writing,  both  by 
men  who  kiiow  and  by  men  who  do  not  know.  These 
duties  for  the  New  York  Engineer  Corps  are  exactly 
the  same  as  those  of  the  United  States  Army  Engineer 
Corps,  and  their  scope  is  stated  with  brevity  and  precision 
in  the  United  States  Army  Eegulations.  One  of  these 
duties  is  to  prepare  camp  sites  for  occupation  by  troops. 
How  this  particular  and  by  by  no  means  simple  work 
is  done  was  recently  .shown  by  a  notable  performance 
of  the  22nd  New  York  Engineers— Lieut.-Col.  Eugene 
W.  Van  ■  C.  Lucas,  commanding — which  in  little  more 
than  a  month  transfonned  an  unimproved  state  tract  into 
a  healthful  camp  capable  of  supporting  a  full  military 
division. 

ililitary  leaders  are  interested  mainly  in  results,  or 
at  least  that  is  the  ]5opular  notion.  They  want  a  camp 
for  some  thousands  of  men  ready  by  such  and  such  a 
date.  The  task  of  providing  this  is  put  up  to  the  chief 
engineer  officer  assigned  to  the  division.  How  it  is 
accomplished  is  the  concern  of  the  officer  Just  mentioned 
and  not  of  his  superiors. 

The  point  selected  for  the  summer  mobilization  of  the 
National  Guard  of  New  York  was  an  825-acre  state  tract 
located  near  the  excessively  rural  community  designated 
Beekman.  Cam])  Whitman,  as  it  was  named,  is  adjacent 
to  Green  Haven,  a  stopping  point  daily  for  four  trains 
of  the  Central  New  England  Ry.,  which  crosses  the  state 
land.      Here,    at    Green    Haven    Station,    the    division 


quarteiniaster's  de]iut  was  cstalilished.  The  town  of 
Beacon,  on  the  New  York  Ccntfal  main  line,  is  17  mi. 
distant  from  the  camp. 

Colonel  Lucas  had  been  ordered  on  May  16  to  have 
the  camp  ready  for  occupation  by  July  9,  and  on  ilay 
19  a  detachment  of  12  men  and  two  officers  came  to 
Green  Haven  and  established  Camp  Whitnum.  On  June 
18  came  the  President's  order  for  instant  mobilization 
of  the  National  Guard,  pushing  the  date  of  occupancy 
forward  three  weeks  and  increasing  the  engineering  diffi- 
culties by  several  hundred  per  cent.  By  June  30  the 
water-supply  was  available,  and  a  number  of  the  units 
were  encamped. 

The  necessary  work  divided  naturally  into  four  classes: 

( 1 )  Camp  survey  for  determining  regimental  locations 
and  for  laying  out  systems  for  water-supply  and  roads: 

(2)  the  development  of  an  adequate  water-supply — the 
most  important  and  absolutely  essential  work  of  all;  (3) 
the  development  and  construction  of  an  adequate  road 
system;  and  (4)  the  reconnoissance  and  mapping  of 
G4  sq.nii.  of  adjacent  farmland  to  be  used  for  maneuver 
work  during  the  proposed  encampment.  JIany  minor 
problems  had  also  to  be  taken  up  and  disposed  of. 

Camp  Survey  for  Kecumextal  Location 

The  camp  survey  was  worked  out  by  Lieutenant 
Stockwell  and  consisted  of  a  stadia  survey  with  10-ft. 
contours,  plotted  to  a  scale  of  200  ft.  to  the  inch. 
Lieutenant  Stockwell's  work  was  completed  in  a  thorough 
and  etfective  manner,  as  was  demonstrated  on  several 
occasions  when  organizations  arriving  at  the  camp  with- 
out previous  notice  were  promptly  located. 

The  object  of  this  survey  was  to  determine  a  sufficient 
area  for  all  the  organizations  of  the  division — each 
regimental  cam])  to  be  situated  on  land  free  from  woods 
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or  swamp  and  below  the  ridge  on  which  the  water  tanks 
were  to  be  built.  The  survey  covered  "an  area  of  425 
acres  and  served  as  a  general  working  drawing  on  which 
the  locations  for  each  regiment  were  made.  This  map 
was  also  used  for  laying  out  the  communications  general- 
ly and  for  working  out  the  water-.<upply  arrangements. 

Three  \Vatei:-.Supply  Systems  Available 

To  obtain  water  for  the  (■amj),  it  was  necessarv  either 
to  pipe  it  from  Fishkill  Creek  or  to  sink  wells.  The 
water    of    Fishkill    Creek    is    used    for   the    water-supply 


to  June  16,  material  orders  were  placed  by  the  chief 
quartermaster,  but  after  that  date  by  the  chief  engineer. 
The  services  of  two  local  well  diggers  were  secured, 
and  water  deposits  were  found  at  two  localities — one  a 
short  distance  north  of  the  stat«  road  near  Green  Haven 
crossroads  and  the  other  near  the  western  boundary  of 
the  tract,  about  300  yd.  south  of  the  .state  road.  When 
first  found  both  deposits  were  of  equal  promise,  but  the 
second  did  not  develop  a  sufficient  quantity  of  water 
and  was  abandoned.  The  former  gave  better  results  and 
was    developed    by    Lieutenant    (/Connor    until    a    daily 


Fir,,  2.    RECONNAISSANCE  MAP  MADE  IN  THE  FIELD  BY  THE  22ND  ENGINEERS  OP  NEW  YORK 


Beacon,  located  at  tho  coniluence  of  the  creek  with 

'•    Hudson.      It   wa.s    not   deemed    advisable,    however, 

trust  to  surface  water  for  a  camp  of  from  15,000  to 

'.'•00  men ;  the  chances  of  pollution  were  too  numerous. 

'titinioii   was   therefore   made   in    favor   of   wells.      The 

l^ork  was  fiutlined  on  May  .30.  and  on  June  7  the  orders 

ere   placed    for    the    necessary   materials    for   pumping 

It  ion,  supply  line  and  tanks.     The  time  between  these 

ites  was  occupied   in    meeting  nece.s.sary   requirements, 

ucli  as  culling   for   iiids  and   opening   them.      Previous 


supply  was  obtained  of  about  200,000  gal.  from  five  or 
six  wells. 

This  supply  was  brought  into  service  on  the  morning 
of  June  2!)  and  constituted  the  main  source  for  about 
10  days.  After  a  week's  u.se  the  gravel  pocket  had  been 
cleared  of  fine  sand  and  the  pipe  system  of  grease,  etc., 
and  the  water  was  olTicially  pronounced  fit  to  drink. 
This  source  of  supply  was  never  regarded  as  a  satis- 
factoi-y  primar)'  source  and  was  replaced  by  tho  Carter 
group  of  wells,  described  hereafter,  as  soon  as  the  latter 
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tt-ere  available.  The  O'Connor  group  then  beeauie  a  first 
reserve  supply.  The  wells  of  this  group  were  about  35 
ft.  deep,  of  6-in.  casing,  with  a  4-in.  pipe  inside.  The 
inner  pipe  extended  down  to  within  1  ft.  of  the  bottom 
of  the  casing.  No  strainers  were  used,  the  sand  dropping 
into  a  pipe  sump  that  had  to  be  cleaned  several  times 
daily.  The  wells  were  connected  together  and  worked  by 
a  plunger  pump  of  Fairbanks-Morse  manufacture,  which 
had  a  capacity  of  250  gal.  per  min.  It  was  driven  by 
a  10-hp.  .single-cylinder  4-cycle  gasoline  engine  of  the 
■same  make.     At  full  capacity,  the  wells  had  dried. 

Meanwhile  an  offer  had  been  received  from  Ralph  P>. 
Carter,  of  the  Ral])h   H.  Carter  Co.,  of  New  York  City, 


'"                       l?                      ■^                i. 
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FIG.   3.    REGIMENTAL  WATER-SUPPLY  LINE 

to  make  a  systematic  exploration  of  the  subsurface  water 
possibilities  of  the  whole  camp  site,  the  method  being 
a  series  of  2-in.  wash  borings  put  down  at  the  rate  of 
about  three  daily.  The  fifth  boring,  made  by  Mr.  Carter 
on  the  night  of  June  27,  discovered  the  water  deposit 
later  developed  as  the  primary  supply  for  the  camp— a 
series  of  flowing  wells  tapped  at  a  depth  of  45  to  50  ft- 
below  about  30  ft.  of  clay  and  pronounced  by  the  experts 
of  the  State  Department  of  Health  an  absolutely  pure 
water.  The  capacity  of  this  deposit  was  estimated  at 
1,000,000  gal.  daily  and  was  utilized  to  the  extent  of 
about  250,000  gal.  daily,  by  means  of  a  gang  of  15  to 
20  two-inch  wells  connected  at  the  top. 

Before  the  development  of  the  first  water-supply  and 
just  after  the  President's  call  for  the  National  Guard 
the  demand  for  an  adequate  water-supply  became  so  acute 
that  it  was  not  deemed  wise  to  trust  entirely  to  a 
successful  development  of  a  subsurface  water-supply, 
which  is  neces.sarily  a  slow  process.  Accordingly,  while 
the  subsurface  work  was  continued,  it  was  determined, 
on  the  morning  of  June  22,  to  bring  in  also  as  a  final 
reserve  the  water  resources  of  Fishkill  Creek,  estimated 
to  provide  a  minimum  supply  of  over  2,000,000  gal.  daily. 
For  this  surface  supply,  with  the  approval  of  the 
representatives  of  the  State  Department  of  Health,  a 
chlorination  plant  was  installed  at  the  pumping  station 
on  Fishkill  Creek.  It  was  never  necessary  to  utilize 
the  Fishkill  Creek  supply,  but  as  the  project  stands 
there  are  available  three  sources — first,  the  Carter 
development,  brought  in  on  June  28 ;  second,  the 
O'Connor  group  of  six  wells  first  u.sed ;  and  finally, 
the   surface   supply   from    Fishkill    Creek. 

A  50,000-Gal.  Wood-Stave  Tank  EitECTEi)  Ovekxigiit 

Mr.  Carter  made  some  further  exploration  and  dis- 
covered an  additional  deposit  equally  as  good  as  the 
primary  supply  and  located  on  the  western  edge  of  the 
state  land  near  the  railroad  track.  It  is  estimated  that 
a  sufficient  water-supply  for  100,000  to  200,000  men  can 
readily  be  obtained  at  this  location.  Water  requirements 
are  estimated  on  the  basis  of  20  gal.  ])cr  man  per  day. 

The  project  included  the  erection  of  two  50,000-gal. 
tanks,  of  which  only  one  was  built.  It  is  a  wood-stave 
tank  20  ft.  high  by  22  ft.  in  diameter.    The  site  decided 


upon  for  it  is  on  the  top  of  a  hill,  requiring  a  lift  of 
1(50  ft.  from  the  water  main.  The  foundations  consist 
of  four  concrete  piers  41/0  ft.  deep,  20  in.  wide  at  the 
i)ottom  and  18  in.  at  the  top.  Concrete  for  the  first 
l)ier  was  mixed  by  hand,  native  sand  and  gravel  of  fairly 
good  quality  being  used.  A  pat  test  of  this  concrete 
ga\e  jioor  results.  Foraging  unearthed  a  small  tumbler, 
or  hand  mixer,  owned  by  a  farmer,  about  8  mi.  distant 
from  the  site.  This  was  obtained,  repaired  by  the  local 
lilacksmith,  iielted  to  a  414-fip.  ga.soline  engine,  and 
turned  out  20  batches  an  hour.  The  foundations  were 
]daced  l)y  a  gang  of  12  men.  Foundations  were  also 
placi'd    for  tlic   second   50,000-gal.   tank. 

Ill  file  coiirse  of  the  foundation  work,  material  for 
tiie  wood  tank  arrived  and  was  .stored  on  a  hill  near-by. 
Witli  apparently  unskilled  labor  the  tank  was  erected 
in  3G  hr.,  the  last  16  of  which  were  consecutive  and 
at  night.  This  work  included  building  a  scaffold  for 
])utting  on  the  hoops,  which  came  four  sections  to  the 
liooj).  Power  lights,  or  gasoline  flares,  were  used  at 
niglit.  Corporal  Fogarty,  a  former  chief  petty  officer 
in  the  United  States  Navy,  was  in  direct  charge  of  the 
erection,  under  the  supervision  of  Lieutenant  Bregenzer. 

The  main  and  distributing  system  aggregates  more 
than  10  mi.  of  piping.     The  mains  are  6-in.  "Universal" 


pouamreeps/r 


FIG.  4.     LAYOUT  OF  WATER  MAINS  AT  CAMP  WHITMAN 

l>i]ic.  furnished  by  the  Central  Foundry  Co.,  of  NcWiirk, 
N.  J.,  while  the  laterals  are  4-in.  "Universal"  and  l-in- 
wro\ight  iron.  The  distributing  lines  vary  from  this  size 
to  %  in.  The  piping  for  the  most  part  is  laid  in 
trenches  and  has  about  1  ft.  of  cover.  A  3-in.  line  to 
the  base  hospital  and  69th  Infantry  was  an  emergency 
job  and  was  laid  on  top  of  the  ground.  It  is  over  2,000 
ft.  long  and  was  laid  complete  in  one  afternoon  by  work- 
ing jmrtics  from  comijanics  A.  B  and  D.  22nd  Kngineors. 
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Fig.  ^  shows  the  water  requirements  for  a  regiment 
in  camp.  Inside  the  area  occupied  by  the  unit  there 
must  be  fifteen  1-in.  faucets,  so  tliat  each  company  has 
a  faucet;  and  there  is  one  for  the  machine-gun  detach- 
ment and  another  for  the  kitchen.  There  is  a  faucet 
for  tlie  noucommis.sioned  staff  and  hospital  corps,  and  one 
for  officers.  Each  regiment  is  provided  with  a  shower- 
hath  hou.se  having  18  outlets. 

The  water-supply  system  was  laid  out  by  Lieut.  J. 
E.  Baker,  and  its  installation  was  under  his  immediate 
supervision  as  si^ecial  assistant  to  Colonel  Lucas.  It  was 
through  Lieutenant  Baker  that  the  valuable  cooperation 
was  secured  of  Westinghouse  Church  Kerr  &  Co.,  by 
whom  he  is  employed  in  civil  life. 

Lieut.  JI.  H.  Gray  rendered  important  service  as 
quartermaster  and  in  many  special  ways,  being  the  only 
jflBcer  besides  Colonel  Lucas  who  was  connected  with 
:he  work  from  start  to  finish. 

Time  Oxly   for  Emergency   Roadwork 

:  Previous  to  the  arrival  on  June  20  and  21  of  the 
!2nd  Engineers  as  an  organization  the  available  force 
15  to  50  men)  was  too  small  to  undertake  roadwork; 
■at  on  June  22  the  roadwork  was  assigned  to  the  first 
attalion,  and  a  good  start  had  been  made  when,  on 
une  21,  the  first  battalion  was  ordered  mustered  into 
;ie  United  States  service.  Thereafter  it  was  not  possible 
)r  the  regiment  to  do  any  further  roadwork  other  than 
f  an  emergency  nature,  as  its  entire  available  energy 
as  required  on  the  development  of  the  water-supply 
.-.stem  up  to  the  time  of  its  muster  into  the  United 
tates  service  and  departure  for  the  Mexican  border. 
WTiile  there  was  little  opportunity  for  road  building 

•  repair,  there  was  a  certain  amount  of  widening  to  be 
me  before  freight  could  be  passed  over  the  road  from 
e  railway  station.  One  of  these  jobs  was  (!ompleted 
om  the  Green  Haven  post  office  toward  the  station — 
distance  of  400  ft. — in  IV^  days.  The  principal  re- 
lirement  of  such  work  is  adequate  drainage. 

The  work  was  done  by  hand,  the  tool  ratio  being  2 

ovels  to  1  pick,  a  gang  of  TOO  men  being  used.    Among 

e  men   were  discovered   two   highway   inspectors,   and 

ese  were  placed   in   charge  of   sections,   the  corporals 

ndling  the  subgangs.     The  work  was  carried   on   by 

ree  classes  of  men.     The  excavating  gang  constructed 

!e  ditch  and  shoulder,  while  rock  layers  lifted  stones 

)m  a  wall   along  the   road  and   ])laced  the  larger  of 

!  !8e  as  edging.     The  smaller  stones  were  used  to  build 

the   road   and  shoulder  and  to  line  the  ditch,  thus 

1  )viding  i)lind  drainage.     A  casting  gang  disposed  of 

I  •  e.xcavated  material,  wiiich,  being  principally  of  sand 

I I  gravel,  was  used  to  fill  the  interstices  in  the  stones 
'  1  as  a  preliminary  hinder.     Two  gravel  teams  spread 

"•el  to  a  thickness  of  2  in.  over  the  top. 

Reconn.yi.ssance  Work 

)ii   June    I,   four  field   parties   were  organized,    each 

*  iprising  a  topographer  and  an  assistant.  The  function 
0  these  parties  was  to  make  a  reconnaissance  survey 
''  the  control  of  the  elaborate  topographic  map,  repro- 
fl  ed  herewith  (Fig.  2).  In  assigning  daily  work  to 
H,  parties  the  mups  of  the  United  Sfates  Geological 
S-vey  were  found  extremely  useful,  but  their  scale  was 
''  small  to  allow  them  to  .serve  as  military  maps.    The 

trol  map  was  constructed  on  a  scale  of  .'5  in.  =  1  mi., 


LIEUT.-COL.  K    w     \- \  \  '      !.i  >     ,:- 

and  siiowed  roads,  fields  and  houses.  The  plane-table 
method  was  used,  and  the  work  went  on  rain  or  shine, 
water  having  no  injurious  effect  upon  the  thin  sheets 
of  celluloid  used  in  place  of  sheets  of  paper  on  the 
sketching  boards  in  wet  weather.  The  topography  of 
Camp  Whitman  and  vicinity  is  uneven;  there  are  moun- 
tains, plains,  woods  and  farmhouses.  The  topographic 
party  taking  the  mountain  section  used  an  aneroid ;  the 
other  parties  took  elevations  with  tapes  and  a  balanced 
clinometer.  The  work  of  the  day  was  closed  in  every 
night  on  the  control.  Corp.  F.  O'Brien  deserves  special 
mention  as  he  made  the  high  record,  sketching  12  mi. 
of  road  in  one  day.  The  control  points  were  along  the 
road  radiating  from  Green  Haven  as  a  center.  The 
control  map  was  finished  in  five  days,  of  which  four  were 
rainy.  The  work  was  organized  and  conducted  by 
Lieut.  C.  E.   Bregenzer. 

Lieut.  II.  L.  Mellen,  took  hold  nf  the  work  on  June 
1:5,  filling  in  the  topographical  dati,  shown  in  Fig.  2. 
This  work  proceeded  for  six  days  without  any  special 
baste,  when  the  rush  order  came.  At  once  15  to  20 
l)arties  were  sent  out,  and  the  entire  G4-sq.mi.  area  had 
been  thoroughly  mapped  in  four  days. 

The  map  was  finished  in  five  days,  requiring  the 
equivalent  of  72  parties — that  is,  18  parties  i)er  day  for 
four  days  and  one  day's  work  in  the  office  at  the  end. 

The  work  of  the  engineers  also  included  laying  out 
the  necessary  spur  tracks,  three  in  number,  for  the 
service  of  the  quartermaster's  depot  at  Green  Haven 
station.  This  layout  was  made  by  Lieut.  .M.  H.  Gray, 
working  wilh  the  engineers  of  the  Central  New  Eniflaud 
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FK;.    5.     22ND    ENGINKKRS    PREI'ARINC    WATER-SUlM'l^Y    A.NU   ROADS   AT   CAM  I'    WHITMAN.    X.    Y 


A— LoadinK  pipe  for  water  mains.  B— Laying  6-in.  "Universal"  in  shallow  ditch.  C— Building  foun 
al.  wood-.stave  tank;  hand  mixer  at  work.  D— Pumping  plant  of  B-well  secondary  supply,  li— Kepairing 
rom  an  adjacent  wall 


datlons  for  50,000- 
road.  using  stoneB 


Ry.,  iuul  tliu  work  itself  wm.'^  done  liy  tln'  railsviiy  roiiipiiiiy. 
Deliveries    of    material    wore    at    first    slow,    but    al'tcr 


>.      Oil   one  occasion    2.500    It.   of   iMii.    |iilH'  arrived 
Iroiii   Newark  3  1 1/2  lir.  after  i)laciiifi  the  order  hy  tde- 


I'ullvUJlfJft     Ui     iiuiu:iiiii      vh'm;     tit     iiim/     rtnM> ,      uut     aii^i  .......     .,,.,.,.,>     ■  ■  /li    i     -  r-  _■  . 

the    working    organization    had    been    established    and  phone,  and  in  another  ease  a  fiO-hp.  gasoline  engine  ami 

tlie   placing   of   orders    taken    over    from    the    Quarter-  a  t\vo-.<tage  eentrifugal  iMimp  were  revived  t nun  Auroia. 

v^o.-t,,,.     Or^i-no     V>v     +I10      W.n<rinof>ru       tlio     rnvfrsp     WSis     th(>.  111..    1)V   WaV   of   Cllicaa'O.    ill    ■'0    h  T. 


plac 
.stcr   Corps  by   the   Engineers,   the   rever.se   was   the     111.,  by  way  of  Chicago, 
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The  actual  work  of  preparation  of  the  camp  site  began 
about  ^lay  'Z2,  after  the  establishment  of  the  camp,  and 
for  a  month  the . detachment  was  small  (15  to  50  men) 
and  its  personnel  constantly  changing.  After  June  21  the 
entire  22nd  Engineers  was  available  until  the  miister-in 
of  the  battalions,  and  assistance  was  also  furnished  by 
the  69th  Infantry  and  the  2nd  Infantry.  As  a  rule, 
the  engineers  carried  the  water  mains  to  each  camp,  and 
the  interior  piping  was  laid  by  each  regiment  for  it<elf. 

Material  assistance  was  furnished  by  the  State  De- 
partment of  Health  through  Chief  Engineer  Horton, 
Assistant  Engineers  Sanborn  and  Chase  and  Dr.  Van 
Winkle;  by  the  State  Department  of  Highways  through 
Assistjint  Engineers  Waite,  Bixby  and  Howe. 


Goose  LsifiS.©  VgiSIl©5»'  Hirrfgatlioini 

By  Kexxetii  A.  Heuon* 

The  Goose  Lake  Valley  in  south  central  Oregon  con- 
sists of  about   60,000   acres   of   agricultural   lands    sur- 
•ounded  on  the  east,  north  and  west  by  the  high  Sierra 
S^evada  range  and  foothills.     Originally  covered  with  a 
hick  growth  of  sagebrush,  in  later  years  a  small  area 
las  been   cleared   for  farming   purposes   and   a   limited 
lortion  of  this,  in  wild  hay,  has  been  irrigated  from  the 
everal  streams  flowing  to  the  lake. 
Seven  years  ago  the  Oregon  Valley  Land  Co.  projected 
reservoir  and  canal  system  that  would  supply  water 
IT  irrigation   purposes   to   practically  all  the   irrigable 
inds  in  the  valley,  and  construction  that  has  since  been 
:complished    by   that    company   and   its   successor,   the 
oose  Lake  Valley  Irrigation   Co.,  has  advanced   to  a 
age   that    insures   its   completion    in   the   near   future, 
he  system  consists  of  a  reservoir  formed  by  a  dam  on 
rews  Creek,  the  North  Drews  canal,  the  South  Drews 
nal  and  various  laterals. 
During  a   period  of   15  yr.    th 
t-  not  averaged  more  than   I  I   i 
September  to  -May,  when  of  1 
ops. 


I'  annual  ))recipitation 
11.  Of  this  80%  falls 
ittlc  value  to  growinsr 


NoiiTii  Dkews  Canal  and  S'i-iu'ctuuks 

Beginning  just    below  tlir    Drews   Dam    (Fig.    1)    the 

jrth    Drews   canal    runs   along    the   steep   canon    sides 

mi.  before  it  reaches  the  west  edge  of  the  valley  and 

rns  north  and  skirts  the  footiiills  for  30  mi.     A  pro- 

■'■i\  extension  is  shown  on  the  map. 

The   reservoir  outlet  tunnel   is   located   on    the   south 

'   of  the  creek  about  16  ft.  above  its  bed.     The  canal 

rarried  over  the  caiion   by  a    12.\7-ft.   timber   flume 

th  a  capacity  of  over  TOO  sec.-ft.     After  leaving  this 

1  me  the  canal  is  located  in  two  places  througii  an  earth 

I  1  gravel   formation   for  short   distances,  and  for  the 

I  iiainder  of  the  distance  along  the  canon  side  the  canal 

1  carried  through  rock  cuts  and  timber  flumes  set  on  a 

\  le  shelf  cut  out  of  the   rock.     Five  of  these  flumes 

built.     One  of  them  is  shown  by  the  view.  Fig.  2. 

avoid  a  long  .solid  rock  cut  in  one  place  tunneling 

resortfd  to  for  a  short   distance  at  a  point  about 

iii.  below  the  dam.     After  leaving  the  canon  there 

Goose  Lake  Valley   IrrlKatlon   Co.,  Lakc- 


MAl'  OF  GOOSE  LAKE  VALLEY   IRRIGATION 
SYSTEM.    OREGO.N' 


are  no  structures  of  importance  for  7  mi.-  -Here  another 
large  timber  flume  is  employed  to  avoid  the  necessity 
of  a  long  canal  through  difficult  material.  Flume  600 
(Fig.  3)  as  this  is  called  is  8x5i/2  ft.  in  section  and  900 
ft.  in  length. 

Beyond  this  point  the  canal  capacity  decreases  gradual- 
ly and  a  number  of  semicircular  steel  flumes  (Fig.%.  3 
and  4)  are  constructed.  The  largest  of  these  crosses 
Cottonwood  Creek  and  is  9.6  ft.  in  diameter  and  2,100 
ft.  in  length.  It  is  supported  on  piling  and  framework 
of  heavy  timbers.  All  of  the  steel  flumes  on  the  system 
have  flaring  intakes  of  Hume  metal  and  concrete  outlet 
structures. 

A  timber-lined  tunnel  900  ft.  long  just  west  of  Cotton- 
wood Creek  was  built  instead  of  a  2i/^-mi.  canal  around 
a  high  ridge.     (Sec  Fig.  3.) 

Sorrii   Di;i:\vs  Canai,  and  Latkhals 

On  arcoiinl  of  the  topogra])hy  of  that  portion  of  the 
valley  south  of  Drews  Creek  the  elevation  of  the  south 
canal  is  about  75  ft.  below  the  north  canal  and  the 
former  heads  on  Drews  Creek  about  2  mi.  below  the 
dam.  It  follows  the  creek  on  the  north  side  to  the  point 
where  the  higher  canal  leaves  the  canon  afid  then  turns 
in  the  opposite  direction  (Fig.  1.)  The  canal  consists 
of  sections  of  timber  flumes,  solid  rock  cuts,  masonr}' 
walls  and  earth  and  gravel  cuts.  Where  the  canal  turns 
south  and  crosses  Drews  Creek  a  semicircular  steel  flume 
6.4  ft.  in  diameter  and  575  ft.  long,  on  a  wooden  sub- 
.structure,  has  been  built.  Seven  other  creeks  and  de- 
pressions are  crossed  by  Humes  of  this  kind. 


FIC;.   2.    TIMBIJK  TLTIME,   NORTH  DREWS  CANAL 
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4x6x{  Key-.^i 


Timber -Lined  Tunnel 


Wood   Flume  -eOO" 


Pile   Bents  for   Steel  Flume 


FIG.   3.    D 


ETJlILS    UK    WOOL)    FLU-MK:,    steel    FLL-ME    O.N-  TIMBER  BE-XT-S  A.XL)  TlilBER-LI.XED   TU.N.XEL. 
NORTH   DREWS  CANAL 


Work  has  been  in  progress  on  the  main  canals  since 
IIJIO.  In  1914  the  north  canal  was  completed  ami  in 
1915  water  was  first  turned  into  the  south  canal. 

Prior  to  the  summer  of  1915  only  two  short  laterals 
had  been  constructed  for  distribution  purposes.  Since 
then  main  laterals  have  been  loi'ated  to  irrigate  all  of 
tiie  territory  on  the  west  side  of  the  lake  and  during  the 
si)ring  of  1916  construction  was  pushed  as  fast  as  pos- 
sible in  order  to  deliver  water  to  as  large  an  acreage  as 
can  be  irrigated  this  season.  It  is  hoped  that  by  tall 
■ill  parts  of  this  area  will  be  within  striking  distance 
of  a  lateral. 

All  the  timber  used  for  the  dam,  tluines  and  other 
structures  on  the  canals  has  been  milled  by  the  company 
at  its  mill  near  the  Drews  Dam.  On  account  of  poor 
facilities  for  bringing  in  material  from  Alturas,  Calif., 
a  distance  of  65  mi.,  at  the  time  most  of  the  work  was 
done  materials  for  construction  ])urposes  were  limited  to 
timber  and  cement  at  a  very  high  pri(;e.  Later  the 
Nevada,  California  &  Oregon  Ry.  was  extended  to 
Lakeview  from  Alturas,  and  this  has  made  possible  the 
use  of  such  other  materials  as   are  necessary. 

The  company's  own  telephone  line.s  extend  to  the 
principal  points  on  its  irrigation  .system.     Most  of  tiie 


FIG.   4.    COTTONWOOD   CREEK    STEEi.    ILl  .M  lO 


lines  consist  of  No.  9  gahanized  wire  strung  on  poles 
175  ft.  c.  to  c.  Eight-foot  cedar  stubs  are  set  from 
;!  to  4  ft.  in  the  ground  and  18-ft.  pine  posts  are  wired 
In   these. 

The  new  Twin  Peaks  Boulevard  in  San  Fraiuisco, 
Irom  a  scenic  standpoint  the  most  notalile  road  on  the 
San  Francisco  peninsula,  is  now  rapidly  nearing  comple- 
tion. It  starts  at  the  inter.section  of  St.  Germain  and 
Burnett  Ave.,  ascends  and  encircles  near  their  s\unniits 
the  two  hills  known  as  Twin  Peaks,  at  an  elevation  of 
825  ft.,  and  thence  descends  to  terminate  in  Corbett  .^ve. 
at  a  point  about  900  ft.  distant  from  the  westerly  i)i>iin- 
ilary  line  of  the  San  Miguel  Rancho. 

Tiie  roadway  consists  of  an  a^sphalt  ]iaveinent  35  ft 
wide,  with  a  7  ft.  6  in.  rock  shoulder  adjoining  it  on 
each  side,  giving  a  total  width  of  40  ft.  The  pavement 
is  composed  of  a  concrete  base  6  in.  in  thickness,  cov- 
ered l)y  a  binder  course  U/^  in.  thick  and  a  1  in.  asphaltic 
wearing  surface.  Before  constructing  any  iiavenient,  the 
snbgrade  was  thoroughly  compacted  liy  rolling  with  a  12- 
ton  road  roller. 

Surface  drainage  is  carried  off  by  l'.i-in.  corrugated 
steel  culverts,  encased  in  concrete,  underlying  the  road- 
v>ay  at  required  points.  Water  collecting  in  side  ditches 
is  discharged  into  concrete  inlets  and  thence  thnnurh  the 
culverts.  A  guard  rail,  consisting  of  two  2x(i-in.  sur- 
faced pine  rails  nailed  to  6x6-in.  surfaced  redwood  posi« 
8  ft.  apart  was  constructed  in  the  shoulder  adjoining  the 
fill  side  of  the  roadway. 

The  contract  for  the  construction  of  that  section  of 
the  lioulevard  extending  from  St.  Germain  Ave.  through 
the  Citv  Reservoir  site  was  awarded  in  1915,  to  Katnn 
&  Smith,  for  the  estimated  sum  of  .$24,058.  Tiiis  por- 
tion of  the  boulevard  is  approximately  3;800  ft.  long  ami 
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FIG.   1.    LOOKINt 


NORTH  ON   TWIN   PEAKS  BOULEVARD,  SAN   FRANCISCO.      RESERVOIR  IN   FOREGROUND. 
RICHMOND   DISTRICT   AND   PRESIDIO  IN   DISTANCE 


'  (m.4ruction    necessitated    the    exeavation    1)V    steam 
il  of  approximately  ;50,000  cii.yd.  of  mck  and  eartli, 
V  construction  of  70,000  sq.ft.  of  pavement  and  2,^50 
I. ft.  of  guard  rail. 

The  maximum  grade  on  this  section  of  the  boulevard 
!)9{  and  the  sharpest  curve  has  a  radius  of  GO  ft.  The 
adway  on  curves  is  superelevated  to  insure  safe  and 
■iy  riding,  the  maximum  superelevation  on  the  cur'.e 
■ntioned  i)eing  1  I  in. 

One  of  the  most  notable  features  of  the  houlevard  is  a 
rve  forming  a  full  semicircle  or  horseshoe,  3,173  ft. 
length,  with  a  center  line  radius  of  68  ft.  To  elim- 
ite  accidents  on  this  curve,  3,000  cu.yd.  of  rock  were 
•avated  in   the  interior  core  within  the  horseshoe  to 

,  .e  a  clear  and  unobstructed  view  across  same. 
The  contract  for  the  second  section  of  the  Twin  Peaks 
ulevard,  extending   from   the   City   Reservoir  site   to 

'  rbett  Ave.,  was  awarded  on  Sept.  20,  1915,  to  F.  R. 

'.  tchie  &  Co.,  for  the  estimated  sum  of  $54,745.     This 

tit  of  the  boulevard   is  about  7,!»00  ft.   lonir.  'i.8-^1   ft. 


1.00KIN(J    .SOl.TH    ON    FIGURE    KIOHT    SECTION 
OF  TWIN  PEAKS  BOULEVAKU 


of  this  lieing  built  on  an  acquired  right  of  way.  The 
contract  included  the  excavation  of  approximately  (5,300 
cu.yd.  of  rock  and  earth  and  the  construction  of  302,121 
s(|.ft.  of  pavement,  9()0  lin.ft.  of  12-in.  culvert  and  8,000 
lin.ft.  of  guard  rail. 

Excavation  was  perfornu'd  by  a  steam  sho\el.  For  fills 
I  lie  excavated  material  was  placed  in  the  piles  by  nieans 
of  scra])ers  and  dump  wagons  and  thence  rolled  in  layers 
by  a  12-ton  road  roller.  One  of  the  fills  underlying  this 
roadway  is  (iO  ft.  deej).  The  surface  of  the  side  Hills 
underlying  the  fills  wa.s  thoroughly  ])lowed  before  i)lac- 
ing  any  material  for  fill. 

An  unsurpassed  view  of  the  City  of  San  Francisco,  the 
I'acific  Ocean,  Bay,  .Marin  and  Alameda  County  hills  is 
obtainable  from  the  summit  of  the  houlevard. 

The  work  ha-s  been  done  under  the  direction  of  M. 
-M.  O'Shaughnessy,  City  Engineer  of  San  Francisco. 

WiiliMiiiiK  JapnneMt-  ItallnayH  to  standard  gajje  has  recently 
lieen  announced  in  press  dispatche.s  as  likely  soon  to  be  under- 
tal<en.  The  basis  for  this  report  is  probably  a  recent  public 
speech  of  the  Premier  of  Japan,  in  which  he  announced  him- 
self as  stronEly  in  favor  of  the  change  of  gasre.  From  offi- 
cial sources  "Engineering  News"  has  ascertained  that  no 
early  action  in  the  matter  is  liltely.  The  subject  is  still  under 
discussion  pro.  and  con,  as  it  has  been  for  half  a  dozen  years 
past,  and  the  Japanese  Parliament  has  m.ade  no  appropriation 
for  the  worl<.  The  Imperial  Railway  Bureau,  which  operates 
the  government  railways  of  .lapan,  has  been  urging  the 
widening  of  the  gage  to  standard  for  six  years  past.  In  build- 
ing all  new  bridge.s,  tunnels,  etc..  during  that  time  it  has  mitde 
them  wide  enough  for  stanflard-gage  rolling  stock.  The  large 
expense  involved  in  the  change  of  gage,  however,  causes  wide- 
spread opposition  to  the  plan,  its  opponents  urging  that  the 
increased  traffic  could  be  more  economically  handled  by  steam- 
ers than  b.v  rail,  nearly  all  the  important  cities  of  the  Empire 
being  on  tidewater.  The.v  also  urge  that  If  a  change  of  gage 
were  made  It  would  be  necessary  at  the  same  time  to  expend 
a  large  amount  In  cutting  down  grades  and  reduoing'  curva- 
ture. The  dlHicuIty  in  i'alslng  capital  on  account  of  war  con- 
ditions and  the  high  prices  of  engineering  materials,  rails, 
etc.,  will  have  its  part  In  delaying  any  definite  action  on  the 
change  of  gage. 
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Contractor  talks  on  night  work — Heaviest  concrete  girder  in  Philadelphia  poured  in  three  lifts — Pulling  sheetpiles  with 
locomotive  crane  and  with  hammer — Two-ton  traction  derrick  weighing  but  10  tons — World's  tallest  piledriver 


r.Y  II.  B.  Whitney* 

Till'  L'ditiiriiil  ill  EiKjiiK-'criixi  Xcirs  of  Aiiu'.  IT  on  nm\- 
parative  cost  of  iiifiht  and  day  work  briiig.s  to  miiul  the 
experience  of  30  years  on  doulile  shift,  covering  several 
kinds  of  construction  work.  I  was  employed  on  river 
and  harbor-improvement  work  for  eight  years,  operating 
single  shift,  and  was  a  licensed  master  of  steam  vessels 
for  the  Mississippi  River  and  tributaries,  and  a  pilot  on 
the  upper  Mississippi  River.  Thus  I  had  some  acquain- 
tance with  night  work  through  piloting,  and  was  versed 
in  the  difficulties  of  that  kind  of  work  before  I  was 
called  upon  to  operate  day  and  night  continuously. 

My  first  experience  was  during  1886  in  connection 
with  dredging  for  the  United  States  Government,  as  cap- 
tain and  pilot  of  a  towboat  handling  scows.  I  expected 
to  do  nearly  as  well  at  night  as  on  the  day  shift:  but 
I  found  that  the  nights  were  more  calm,  and  every  month 
a\eraged  a  small  per  cent,  better  at  night  than  by  day, 
when  high  winds  caused  slow  handling  of  the  scows. 

On  dam  and  shore-protection  work  the  force  was  on 
duty  during  the  day  only.  Nights  were  devoted  to  de- 
livering the  empty  l)argcs  at  various  quarries  and  brush 
camps  and  bringing  loaded  material  to  the  dam.  The 
day  shift  handled  short  tows  and  delivered  barges  to  and 
from  the  dam.  We  always  got  as  good  service  from  the 
night  work  as  from  the  day  work,  but  arranged  our  sched- 
ule to  suit  the  conditions. 

I  have  handled  betterment  work  on  railways  with  (liuibli- 
shift,  and  the  sanie  conditions  exist:  (bat  is,  the  work 
nnist  lie  picked  for  tiu'  night  crew.  There  is  no  prolit 
in  night  work  unless  the  conditions  are  snch  that  the 
night  force  can  be  l'a\iired.  For  o|iening  up  a  borrow 
pit  and  fill,  ]ilans  should  bo  so  made  that  the  night  force 
will  have  a  clean  dimip  and  small  crew.  Then  100% 
efficiency  can  Iw  secured.  The  day  force  will  raise  track 
and  do  all  work  recpiiring  hard  labor. 

On  drainage  work,  where  kerosene  lamps  and  torches 
were  used  we  usually  averaged  809('  elficiency  at  night. 
With  electric  lights  there  is  very  little  difference  in  the 
two  shifts,  provided  the  day  shift  is  careful  about  mak- 
ing rej  ;iirs,  so  that  the  night  crew  will  not  meet  with 
accidents  from  breaks  caused  by  not  being  able  to  see 
loose  bolts,  etc.  I  have  before  me  the -daily  reports  of  a 
dredge  operating  day  and  night.  The  record  shows  the 
following  progress  in  length  of  ditch : 

Aug.  Day,  Ft.     Night,  Ft.  Aug.  Day.  Ft.      Nlglit.  Ft. 

1  190  150  7  160  140 


2         190       190          S 

100 

150 

3         190       200          9 

30 

110 

4         190       l.">0         10 

160 

300 

1.50       l.iO         11 

160 

210 

6  (Sunday;  crews  changed  shifts) 

The  day  crew  consists  of  three  men,  besides  one  to 
boat  coal  and  a  cook.  The  night  crew  has  three  only, 
the  coal  man  and  cook  not  being  necessarv.     The  day 


•Contractor,  Emmetsburg,  Iowa. 


crew  attends  to  repairs  and  all  extra  work.  These  fig- 
ures show  that  the  day  crew  cut  1,580  ft,  of  ditch  and 
the  night  crew  1,750  ft.  The  ditch  is  (i  ft.  wide  in  the 
bottom  and  from  7  to  13  ft,  deep,  with  1  to  1  slopes.  The 
300-ft.  run  of  the  night  crew  was  cleaning  up  the  bottom, 
the  day  crew  having  moved  the  dredge  back  for  them. 

My  experience  is  that  a  man  cannot  stand  up  to  night 
v,-ork  and  perform  hard  laljor  and  give  the  value  on  his 
.services  that  he  can  on  day  labor.  Bright,  active  men 
can  give  100%  efficiency  at  night  if  the  work  is  properly 
laid  out  for  them.  My  steam  shovels  gave  just  as  good 
results  at  night  as  by  day.  Train  service  was  about  90% 
\^alue  at  night.  The  dump  gang  was  just  sufficient  to 
dump  from  trestle  or  raised  track.  I  avoided  all  shov- 
eling as  far  as  possible. 

A  crew  working  single  shift  will  generally  handle  more 
tlian  half  the  material  that  a  double  crew  can  put  out, 
Init  with  overhead  expense  and  other  incidentals  the  cost 
])er  cubic  yard  excavated  is  less  with  double  crew  than 
with  single  crew.  Every  job  has  its  own  peculiarities 
and  its  own  average  of  relative  cost  of  night  and  day 
work.  The  work  mentioned  above  is  from  a  1-yd.  dredge. 
I  find  better  results  from  night  crews  on  larger  dredges. 
Much  more  depends  on  the  comforts  furnished  a  night 
crew  than  a  day  crew.  They  must  be  well  fed  and  have 
good  sleep  to  get  high  efficiency,  A  contractor  at  or 
near  a  city  loses  control  of  this  feature  if  the  night  crew  ■ 
board  themselves.  But  night  work  pays  if  taken  in  hand 
])roperly  and  if  conditions  are  fair,  and  it  ])ays  better  if 
favored  by  the  plan  of  work  giving  the  difficult  part  to 
the  day  shift. 

Oeep)  CoEtiCipefe®  <Gls'dlei'  Popped 
Ina  Tlraire®  ILIfiUs 
liv  Lons  MuiiiJiAusKX* 

A  .'iT-ton  concrete  girder  spanning  18  ft.  has  been 
built  in  the  new  Stratford  Theater,  (iermantown  Ave. 
:inil  \'cnango  St.,  l'hiladeli)hia,  to  span  the  proscenium 
opening.  The  girder  is  24  in.  wide  by  100  in.  deep. 
It  was  built  by  Ketcham  &  McQuade.  contractors,  of 
I'biladeliibiii. 

The  reinforcement  comprises  twelve  n/s-i"-  square 
rib  bars  (half  of  them  bent)  and  two  1-in.  square  rib 
bars,  bent.  The  vertical  rcinfoivenicnt  comprises  3-1 
V^-in.  round  stirrups.  There  are  also  six  '/•;-•"•  f^qu^re 
rib  bars  as  horizontal  side  reinforcement,  three  on  each 
side  in  the  depth  of  the  girder.  Slag  concrete  was  used 
for  the  girder. 

This  construction  is  especially  interesting  because  it 
is  the  first  rein  forced-concrete  ])rosceniuni  girder  in  any 
Philadelphia  theater,  all  others  being  steel  jilate  girder? 
fireproofed  with  concrete.  Its  weight  exceeds  by  niuc 
tons  any  existing  concrete  girder  in  the  city. 

•Fnglncer  to  Ketcham  &  McQuadc,  Contractors.  1029  Brown 
St.,    Philadelphia,   Penn. 


September  14,   in'Ifi 
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LARGE   CONCRETE   PROSCENIUM    UIRDER.    AND 
RELIEVING   ARCH   OVER 

A  relieving  arcli  had  to  be  built  over  the  girder  uiuler 

jirovisions  of  the  Philadelphia   building   law.      Thi.< 

a  plain  brick  arch,   but  it  was   complicated  a   little 

the  fact  that  the  line  of  action  had  to  avoid  the  stage 

■  >r.     The  arch  was  made  of  such  rise  that  the  weight 

I  tiie  blank  wall  between  proscenium  opejung  and  stage 

(  )r  brings  the  line  of  thrust  down  and  keeps  it  in  the 

»  id   brickwork   at   a    safe    distance    from    the    opening. 


A  plain  bo.\  form  was  built,  as  sketched  in  the  dniw- 
ing.  The  stirrups  were  placed  in  the  form,  then  two 
of  the  straight  IVg-in.  bars  and  these  wired  to  all 
.stirrups.  The  other  four  straight  bars  were  jilaced 
loose.  Se[)arators  4  ft.  apart,  each  a  short  length  of 
1%-in.  bar,  were  laid  across  this  first  layer,  and  the  bent 
bars  laid  on  them,  the  two  outer  ones  being  wired  to  the 
stirrups.  The  Yj-in.  side  bars  were  then  also  wired  to 
the  stirrups. 

Pouring  the  concrete  was  done  in  three  installments. 
A  tower  about  100  ft.  away  spouted  the  concrete  directly 
into  the  form.  The  first  few  batches  were  made  witii 
line  slag — about  %-in. — and  were  mixed  vcrv  wet.  After 
ihe  top  layer  of  the  tension  steel  wa,s  covered,  the  slag 
was  changed  to  34-in.  material.  The  pouring  continued 
to  a  depth  of  ;i  ft. 

At  this  time  the  concrete  was  diverted  to  another  part 
id'  the  roof,  so  as  to  allow  the  3  ft.  of  concrete  in  the 
girder  to  set  partially.  Then  the  second  lift  was  added, 
and  after  a  similar  interval  the  third.  The  one  day"s 
work  comjileted  the  girder  and  the  adjacent  roof  sections. 


A  traction  derrick  has  been  built  that  will  find  ('ni|doy- 
mcnt  by  contractors  of  almost  every  descri|)tion.  1 1  weiglis 
l!l,5l)()  lb.,  has  a  lifting  capacity  of  4.000  lb.  and  dimen- 
sions that  i)ring  it  within  railway  anil  bighunv  clcaraiu-es. 
so  that  it  will  travel  almost  anywhere  a  motor  truck  can 
go.  1  n  addition  to  it,s  work  as  a  derrick  it  can  be  ecjuipped 
with  a  bucket  for  excavating  or  unloading  and  can  spot 
cars  bv  ;ncans  of  a  winch-head. 


FIG.    1.    BYER.S'    "AT'TO-CRANE"   OS   A    MUNTriTAL    ROAD  .lOB  AT  FLINT.  MICH. 
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The  four-wheeled  car  body  is  17  ft.  -1  iu.  long  by  (Ji/a 
ft.  wide,  with  a  15-ft.  4-in.  wheelbase  and  a  height  fi-oin 
ground  to  tojD  of  A-frame  of  12  ft.  Either  a  i/2-yd-  clam- 
shell or  a  12-ft.  orangepeel  can  be  used  at  tlie  end  of  a  20- 
ft.  boom. 

The  forward  or  iH-opelling  wheels  are  38  in.  in  diameter 
with  10-in.  face  and  %-m.  tires.  On  these  wheels  are 
sprockets  driven  by  a  heavy  steel  pintle  chain.  There  is 
also  a  differential.  The  steering  wheels  are  30  in.  in 
diameter  and  are  mounted  on  a  pivoted  axle  and  steer 
by  handwheel  and  worm.  An  emergency  hand  brake  is 
provided.  The  wheels  are  drilled  for  attaching  spuds,  if 
desired.  The  propelling  speed  forward  or  reverse  is 
200  ft.  per  min. 

The  machine  is  built  with  three  power  friction  drums 
for  use  with  clamshell  or  orangepeel.  Where  the  outfit  is 
used  only  as  a  derrick,  the  same  frame  is  employed  with 
but  two  power  drums,  space  being  provided  for  a  third 
drum,  so  that  the  extra  drum  can  be  added  in  the  field,  if 


"0"j TO"  .      , 

FIG.    2.    BOOM    HEIGHT    AND    RADIUS    AT    DIFFERENT 
ANGLES  OF  BOOM  OF  BYERS'    "AUTO-CRANE" 

desired.    Housing  is  provided  in  the  form  of  an  all-steel 
cab. 

The  boom  is  an  8x10  stick  having  a  three-rod  steel  truss 
the  full  length.  If  the  contractor  desires  a  bucket  to  be 
furnished  with  the  outfit,  he  should  describe  the  general 
character  of  the  work  on  which  it  will  be  used.  For 
sand,  gravel,  screenings  and  similar  loose  material  almost 
any  light  standard  bucket  is  satisfactory,  but  with  cruslied 
rock,  slag  or  other  large  or  heavy  materials  it  is  import- 
ant to  have  a  high-powered  bucket,  in  some  cases  fitted 
with  teeth.  The  manufacturer,  tiic  John  F.  Byers  Ma- 
chine Co.,  of  Kavenna,  Ohio,  guarantees  one  round  trip  per 
minute  of  boom  and  bucket. 

CeimtE'air'vui^sill   Ptmsmps  Disipose  of 

The  disposal  of  large  amounts  of  quarry  screenings 
(%  in.  and  smaller)  constitutes  a  troublesome  problem 
at  a  nmnber  of  crushing  plants.  The  Upper  Hudson 
Stone  Co.,  Marlborough,  N.  Y.,  has  devised  an  unusual 
method  for  wasting  this  material.  It  is  pumped  from  a 
.sump  to  marsh  lands. 

The  plant  is  situated  on  tlie  west  bank  of  the  Hud.-'on 
Kiver,  its  screenings  storage  being  not  more  than  150  ft. 
from  the  water.  Under  the  tracks  of  the  West  Shore 
R.E.  and  extending  from  the  river  to  the  plant  is  an  old 


tunnel  about  5x5  ft.  in  cross-section.  A  centrifugal  pump 
was  placed  in  this  tunnel,  as  shown  in  the  sketch,  draw- 
ing water  from  the  river  and  discharging  into  a  covered 
sump  or  cistern,  6x6  ft.  in  plan  by  8  ft.  deep.  The  waste 
screenings  are  chuted  to  the  top  of  this  cistern,  being 
dumped  inside  through  a  sliding  trap  controlled  by  a 
handle,  as  illustrated.  When  the  door  is  slid  open,  the 
screenings  fall  through  a  canvas  bag  into  the  water,  as 
shown.  This  arrangement,  in  addition  to  eliminating  the 
usual  dust,  is  also  quite  flexible. 

The  mixture  in  the  cistern  contains  about  15%  solids 
and  is  ])umped  out  and  wasted  by  means  of  a  second  pump 


^J^  d'Vischarc^e  -hSnamp 

^A^tf '-  _        "     Wesf-ShpreTroclra 


HOW  QUARRY  SCREENINGS  ARE  WASTED  AT  UPPER 
HUDSON  PLANT 

outside.  A  maximum  of  45  yd.  per  hr.  can  be  handled. 
An  8-in.  spiral  riveted  asphalt-dipped  discharge  pipe  has 
been  used  with  very  good  results  in  handling  this  abrasive 
material. 

Each  of  the  pumps  has  a  capacity  of  1,050  gal.  per 
min.,  and  the  swamp  is  1,800  ft.  distant.  This  arrange- 
ment was  worked  out  by  Anderson  Dana,  of  the  Upper 
Hudson  Stone  Co.,  and  R.  L.  Sites,  of  Brown  &  Site? 
Co.,  30  Church  St.,  New  York  City. 
W. 

Biases ai^iia^  si  Coimcreft©  Oooa* 


Two  new  boilers  were  installed  on  a  reinforced-coucrete 
floor.  After  being  used  for  a  short  time  cracks  were 
noticed  in  the  concrete,  caused  by  expansion  due  to 
the  excessive  heat.  A  little  later  a  brick  wall  that  sep- 
arated the  two  boilers  had  to  be  taken  out  because  the 
heat  was  so  intense  that  the  wall  started  to  give  wav.    Thii^ 
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wall  was  34  in.  thick,  with  outer  layers  of  firebriek  and 
the  interior  of  common  briek,  and  re.-itod  on  the  concrete 
floor.  The  concrete  under  the  wall  was  found  to  have 
begun  to  dehydrate.  On  taking-  up  some  of  the  insulation 
under  the  combustion  chambers,  which  consisted  of  a  1-in. 
layer  of  85%  mainiesia  over  the  concrete,  two  layers  of 
common  brick  and  a  top  layer  of  firebrick,  it  was  found 
that  the  magnesia  had  become  pulverized  and  the  concrete 
dehydrated  on  the  surface. 

A.sked  to  suggest  some  method  of  overcoming  the  dif- 
ficulty, the  Ferro  Concrete  Construction  Co.,  Cincinnati, 
Ohio,  proposed  the  method  shown  in  the  accompanying 
•ross-section.  The  method  depends  for  its  protection 
argely  on  the  circiilating  air  space  between  the  combus- 
ion  chamber  and  the  floor,  and  in  the  separating  wall. 
Floles  were  punched  through  the  outer  wall  to  allow  the 
lutside  air  to  enter,  pass  under  each  boiler  setting  and 
ip  through  the  slot  in  the  center  wall. 

This  air  space  under  the  boiler  setting  was  formed  by 

iivertiug  2i/2x2i4xfV-in-  steel  tees,  placed  the  length  of 

.   brick  apart,  and  held  up  by  pieces  of  hollow  brick  2  ft. 

part.    The  tees  were  covered  by  a  layer  of  hollow  brick, 

'lus  forming  an  air  space  above  the  brick.     The  surface 

f  this  brick  was  flushed  with  a  sealing  of  clay,  which  was 

jvered  in  turn  by  two  layers  of  i/4-in-  asbestos  board, 

■ction  BB.     Over  the  board  was  placed  a  3-in.  fill  of 

nder.s,  a  layer  of  firebrick  and  another  3-in.  fill  of  cin- 

Ts.    Under  the  brick  wall,  the  air  space  was  formed  by 

acing  the  two  lower  layers  of  brick  as  shown  in  section 

.•1,  leaving  air  spaces  between  the  bricks.     When  the 

dl  itself  was  replaced,  it  was  built  of  firebrick. 

The  boilers  have  now  been  in  operation  for  some  mouths 

d  no  further  trouble  has  been  experienced.    A  vigorous 

rrent  of  outside  air  is  constantly  drawn  through  the 

r  holes.    The  roof  of  the  air  space  formed  by  the  hollow 

ick  is  pretty  hot,  but  the  bottom  formed  by  the  con- 

•te  has  a  temperature  of  about  250  deg.,  as  measured 

a  pyrometer  at  various  points.     This  temperature  is 

t  high  enough  to  do  any  damage  to  the  concrete. 

-rfOcosimotlve  draEae  ona  Tiresftle 
JaiKim  FaSes 


The  piers  (jf  the  .Susquehanna  River  Bridge  of  the 
J  iladelphia  &  Reading  Ry.,  at  ililton,  Penn.,  were  built 
i  steel  sheetpile  coffer-dams  20x40  ft.  in  plan,  about 
i  ft.  deep  with  about  10  ft.  penetration  in  the  sand  of 
t    river  bottom. 


.  ! 

*■'-  -  •'—1 

^^S^Hta^K 

S--.:^ 

1 

i 

1 

1 

( 

locomotive  crane  pullinc 
miltg.n;.  tenn. 


SHRKTI'ITJX( 


The  concrete  was  placed  Irom  a  timber  working  trestle 
built  along  the  line  of  the  bridge.  When  the  piers  were 
completed,  it  was  decided  to  recover  the  piles  by  means 
of  a  McMyler  locomotive  crane  already  on  the  job.  Fig.  2 
shows  this  work  in  progress.  Xo  serious  difficulty  was 
e.xperienced,  and  the  piling  was  recovered  at  a  low  cost. 

This  was  an  excellent  opportunity  to  use  an  in\-erted 
steam  hammer,  but  the  most  suitable  make  of  hammer 
for  this  service  was  not  on  the  job.  The  Robert  Grace 
Contracting  Co.  built  the  piers  and  pulled  the  coffer-dam 
sheetpiling.     F.  I'.  Kemon  was  superintendent. 

for  nil5°Ftl.  Piles 

The  new  Southern  Pacific  general-office  building 
bounded  by  JIarket,  Steuart  and  Spear  St.,  San  Fran- 
cisco, requires  in  the  foundation  work  approximately 
2,500  piles  115  ft.  long,  driven  until  the  heads  are  15  ft. 
l)elow  street  level.     For  this  work,  the  Healy-Tibbitts 


COMPLETED  PIER  COFFER-DAM  FOR  READING 
BRIDGE  AT  MILTON 


TALLE.ST   I'ILI:D!:IV1:K   riTTTING  130-FT.    I'll.KS  1.'.  FT 
BELOW  .STREET 
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Construction  Co.,  contractors  for  the  foundation,  liavc 
built,  and  now  have  in  operation,  a  piledriver  believed 
to  be  the  tallest  on  record.  It  is  133  ft.  from  the  bottom 
of  the  sill  to  the  top  of  the  headblock.  A  second  driver — 
a  duplicate  of  the  first — is  in  course  of  construction,  and 
\v\\\  be  in  o]X'ration  in  a  few  days. 


Dgisiffi  Files 


:,aisni 


The  construction  of  the  intake  and  discharge  con- 
densing-water  tunnels  at  the  new  jjower  house  for  the 
Buffalo  General  Electric  Co.  requires  344  tons  of  steel 
sbeetpiling  in  35-ft.  lengths  for  coffer-dams.     This  piling 


PULLING    •SHKKTPILK.'^    AT    BUFFALO 

was  driven  and  redrawn  several  times  by  an  inverted 
McKiernan-Terry  hammer.  This  hammer  weighs  5,000 
II).  and  is  shown  p\dling  in  the  accoinjianying  view.  The 
\v(irk  is  done  l.v  tlic  Stone  &  Webster  Const  ruction   Co. 


Spot  Tent  for  I'lirlty  oC  froiiNiite  Oil — Tlu-  absoipUoll  spot 
(est  for  thf  purity  of  creo.sote  oil  is  defined  by  Homer  Cloukey. 
of  the  Forest  Products  L.iboratory,  Madison,  Wis.,  as  fol- 
lows: "Allow  six  drops  of  the  sample  of  oil  to  fall  upon 
the  surface  of  clean,  white  blotting  paper.  If  tar,  carbon  or 
dirt  is  present  it  Is  very  easily  observed,  as  it  quickly  seg- 
regates at  the  center.  The  paper  should  be  laid  away  in  a 
flat  position  tor  a  few  hours  in  a  place  free  from  dust.  If 
then  examined,  foreign  matter  will  be  observed  in  a  distinct 
zone  in  the  center  of  the  spot;  the  outer  zone  will  very 
readily  indicate  the  character  of  the  oil."  In  order  to  es- 
tablish   some    idea    of    the    sensitiveness    of   the    test    for    tur. 


carbon  or  dirt  in  creosote  oil  and  to  make  it  fairly  quantita- 
tive, Mr.  Cloukey  made  a  series  of  six  tests  using  carbon- 
free  creosote  oil  and  adding  to  it  in  definite  graduated 
amounts  carbon  in  the  form  of  lampblack.  The  results  of  the 
series  obtained  showed  an  increasing  density  of  the  free 
carbon  ring  in  the  center  of  the  spot  as  the  amount  of  the 
lampblack  was  increased,  and  further  indicated  that  an 
amount  of  carbon  so  small  as  0.005%  is  earily  shown  by  this 
test.  In  percentages  greater  than  0.5%,  however,  the  amount 
of  foreign  matter  in  an  unknown  sample  would  be  difficult 
to  determine  by  comparison.  The  admixture  of  tar  to  creosote  ' 
oil  in  actual  practice  can  be  roughly  estimated  by  the  size 
and  density  of  the  inner  zone  and  the  general  character  of  the 
spot.  The  heavy  tar  does  not  diffuse  with  the  same  rapidity 
as  that  of  the  lighter  creosote.  The  absorption  spot  test  has 
been  adopted  by  the  Diesel  Engine  Users  Association  of 
England  for  the  examination  of  oils  used  for  fuel  in  this 
type  of  engine. — Thomas  F.  JIvirphy,  Republic  Creosoting  Co., 
Indianapolis.  Ind. 

\Vli:it  Happened  to  a  Brick  Pavement  without  a  concrete 
foundation  or  adequate  underdrainage,  when  it  was  subjected 
to  a  few  days'  traffic  of  a  7-ton  motor  truck  loaded  with  new 
paving  brick,  is  shown   in   the  accompanying  illustration  of  a 


BRICK-PAVED   STREET   IN   MORGANTOWN,    W.   VA.. 
UNDER  MOTOR-TRUCK  TRAFFIC 


Vi 


Unfortunately   the    city  has 
larly   constructed.— C.   S.   Pratt, 


street  in  Morgantown,  V 
many  miles  of  pavement 
Morgantown. 

Kepnirinu  Damnfcetl  Oil  Tanks — Twelve  oil  tanks  30  ft 
long  by  10  ft.  in  diameter  that  had  been  badly  damaged  bjr 
explosions  during  a, fire  were  recently  repaired  by  the  John- 
son   &    Barry    Steel    Co.,    North    Birmingham.    Ala.      The   tanlca 


ONE  OP  THE   DAMAGED  TANKS  BKFORE  AND  AFTISR 
RIOPAll: 

were  completely  cut  apart  and  straipbiened  out,  the  "Veta  be- 
ing removed  by  "rivet  busters,"  and  then  the  plates  «"■ 
riveted  again.  Information  of  this  Job  is  furnished  by  i""^ 
Chicago  Pneumatic  Tool  Co.,  whose  tools  were  used. 
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The  possible  disintegration  of  concrete  in  sewer  arches 

nder  the  action  of  sewer  gas  is  the  subject  of  contro- 

ersies  of  infrequent  but  insistent  recurrence.     The  very 

reat  preponderance  of  concrete  sewer  structures  abso- 

itely  unharmed  by  any  such  action  woiild  make  almost 

egligible  the  few  cases  where  decomposition  has  been 

•ported,  were  it  not  for  the  fact  that  all  too  frequently 

nphasis  is  laid  on  the  actual  case  rather  than  on  its 

rity.     There  has  been  a  tendency  to  follow  this  course 

the  case  of  the  Chicago  stockyard  sewer,  which  is  the 

;  bject  of  an  article  on  another  page  of  this  issue.    Con- 

lerable  local  publicity  has  been  given  to  the  case,  and 

is  probable  that  the  commercial  interests  in  competi- 

■n  with  concrete  will,  with  business  sagacity,  endeavor 

bring  it  to  the  attention   of   as  many  engineers   as 

>sible.    For  that  reason  we  have  thought  it  worth  while 

present  the  facts  of  the  case  as  they  ap])ear  to  a  repre- 

itative  of  the  clay  and  brick  interests  and  to  present 

the  same  time  a  statement  prepared   by  one  of  the 

1  tors  of  this  journal. 

In  a  consideration  of  the  (•on<litions  here  shown,  engi- 
I  Ts  should  remember  that  the  sewage  passing  through 
I  •  stockyard  sewer  is  by  no  means  of  an  ordinary  char- 
(  er.  The  sewer  forms  the  outfall  for  the  very  stale 
(  uent  from  what  is  practically  a  huge  septic  tank  formed 
I  an  arm  of  the  Chicago  River,  into  which  sewers  dis- 
c  rge  and  which  has  a  sluggish  flow  to  this  outfall. 
1  '\s  channel  is  now  being  filled  u])  and  will  soon  cease 
t  ?xist,  but  at  present  the  sewage  flowing  through  it  is 
I  bably  as  strong  as  any  in  this  country.  It  is  far 
M  se  than  the  ordinary  discharge  in  a  low-grade  sewer 
«  Te  there  is  sluggish  flow.  If  concrete  decomposition 
W  e  to  be  expected  anywhere,  it  would  be  here. 
I  it  the  same  time  comparable  sewage  conditions  do  un- 
il  btedly  exist  elsewhere,  especially  in  purification  tanks, 
w  re  no  structural  deterioration  has  been  noticed.  The 
n  e  fact,  then,  that  the  Chicago  sewer  is  affected  is  of 
n  fidiary  importance.  What  is  important  is  to  find  out, 
''  .  if  the  same  sewage  would  in  time  have  a  similar 
'  on  concrete  or  brick  of  the  highest  excellence  and, 
"1,  how  the  concrete  as  it  exists  in  the  Chicago  sewer 
I  be  affected  by  .sewage  of  varying  quality.  Such 
Mvestigation  should  repay  the  Chicago  authorities. 

Ieanwhile,  lacking  these  comparable  data,  the  conclu- 
s  to  l)e  drawn  from  the  Chicago  case  appear  to  be 
tically  the  same  as  those  which  have  been  drawn  from 
'rther  rejiorts  of  disintegration  in  sewer  arches.  The.se 
'Imt   if  given  a  high   (iiou;h   suljihur   content,   the 
j>'  will  throw  off  gases  which,  when  mixed  with  the 
M  of  the  air  and  in  the  presence  of  moisture,  form 
id  suHiciciitly  strong  to  attack  concrete  of  ordinary 
rity.     Furthermore,  tin's  same  action  will  take  place 
nly  in  flic  mortar  between  brick  or  tile  lining,  but 
lick  and  tile  lining  itsell'  under  certain   conditions. 
i  c&HQf  where  it  docs  occur,  however,  are  so  I'cw  that 


it  is  fair  to  assume  that  witii  a  concrete  of  sufficient 
density  or  one  protected  by  .some  special  coating  or  water- 
proofing, or  with  a  brick  or  tile  of  sufficient  glazing  or 
high  enough  burning,  the  prol)al)ility  of  disintegration 
is  quite  small. 


To  Pir©veim(t  C^r  Slhor^si^e 

There  is  good  reason  to  believe  that  the  present  fall 
will  witness  the  most  .serious  car  shortage  that  has  ever 
taken  place  in  the  history  of  American  railroading.  While 
the  crops  of  lOlfi  are  not  as  heavy  as  in  previous  years, 
they  command  a  high  price  and  the  surplus  will  be  moved 
to  market  as  rapidly  as  the  cars  can  be  obtained.  In 
addition  to  this,  business  is  at  a  high  pitch  of  activity 
the  country  over — the  iron  and  .steel  mills  are  working 
to  the  limit  of  their  capacity,  an  enormous  volume  of 
manufactured  goods  from  all  parts  of  the  country  is  Ijcing 
carried  t«  the  seaboard  for  export,  and>  congestion  in 
handling  freight  at  tidewater  makes  more  or  less  delay 
necessary  there. 

In  years  of  previous  car  shortage  tiicre  has  iM'cn  a 
tendency  to  throw  the  whole  blame  upon  the  railway 
companies  for  not  providing  cars  enough  to  meet  evorv 
possible  demand  of  shippers.  At  the  present  time  busi- 
ness men,  aiipreciating  what  the  railway  companies  have 
recently  gone  through  and  what  they  are  now  facing,  will 
not  be  quite  as  ready  a.s  formerly  to  expect  everything 
from  the  railways  and  to  forget  their  own  obligations. 
The  fact  has  been  forced  home  ui)on  the  business  public 
that  car  shortage  may  be  due  quite  as  much  to  delay 
of  shijipers  in  unloading  and  loading  cars  as  to  delay  of 
the  railways  in  moving  them.  Warnings  have  been  is- 
sued by  the  Federal  Trade  Connnission,  the  Interstate 
Commerce  Commission  and  various  state  public-utility 
commissions  urging  receivers  and  ship])ers  of  freight  to 
hold  cars  the  least  possible  time  in  the  interest  of  the 
public  welfare. 

To  make  this  warning  effective,  however,  something 
that  will  appeal  to  the  individual  .shipper  from  the  dol- 
lars and  cents  point  of  view  is  necessary.  The  Dennir- 
lage  Committee  of  the  American  Railway  Association, 
after  a  conference  with  the  National  Industrial  Traffic 
League,  is  .seeking  authority  from  the  Interstate  Com- 
merce Commission  to  raise  demurrage  rates  to  a  point 
that  will  give  receivers  of  freight  a  larger  incentive  to 
unload  cars  ])romptly.  It  is  proposed,  after  allowing  two 
free  days  for  unloading,  to  charge  $2  for  the  third  day. 
$3  for  the  fourth  day,  $4  for  the  fifth  day  and  $5  for  the 
sixth  and  each  succeeding  day  the  car  is  detained. 

Another  excellent  means  of  utilizing  cars  to  the  best 
advantage  is  pointed  out  by  the  Universal  Portland  d'- 
ment  Co.  in  a  statement  issued  Aug.  ."50.  If  ])urchascr.- 
in  ordering  cement  by  the  carload  will  make  their  order 
read  "one  car,  any  size,"  "two  cars,  any  size,"  etc.,  it  will 
permit  I  be  cement  companies  to  load  up  to  the  limit  of 
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their  capacity  whatever  car?  are  obtainable  from  the  rail- 
ways. Where  an  order  is  for  a  fixed  number  of  barrels, 
however,  it  is  often  necessary  to  send  out  a  car  only  partly 
loaded.  This  practice  not  only  raises  the  cost  of  freight 
on  the  cement,  but  utilizes  cars  inefficiently  at  a  time 
when   every   car   ousht    to   be    rendering    its   maximum 


MsiMiag  W^tleff"   C®Eas^ffii&eiPS   Fa^ 


How  many  other  city  departments  should  a  water- 
works support  in  addition  to  its  own?  Reports  from 
different  cities  show  no  unanimity  of  practice.  If  the 
water-works  department  alone  were  consulted,  there  would 
be  general  agreement  that  it  should  be  self-supporting 
and  stop  at  that.  Unfortunately,  many  water-works 
departments  are  compelled  to  turn  their  revenues  into 
the  general  citj-  fund  and  to  accept  with  as  good  a  grace 
as  possible  what  the  city  council  appropriates  to  them 
for  operation  and  maintenance.  Although  the  city 
accounts  are  generally  so  kept  as  to  yield  no  certain 
knowledge  of  actual  financial  results,  beyond  a  few  crude 
data,  it  is  common  for  the  city  council  to  grab  all  the 
water-works  receipts  it  dares  and  use  them  to  keep  down 
ta.xation. 

George  G.  Earl,  general  superintendent  and  chief 
enginee'r  of  the  Sewerage  and  Water  Board  of  New 
Orleans,  La.,  a  man  well  known  in  the  water-works 
field  for  his  valuable  studies  of  water  rates,  cheerfully 
concedes  in  his  annual  report  for  1915  that  sewerage 
operation  and  maintenance  may  rightly  be  met  from 
water  revenue;  but  he  balks  at  saddling  drainage  expense 
also  on  the  water-works,  as  the  city  authorities  appear 
to  be  doing  in  no  small  degree.  It  may  be  explained 
that  the  water-works,  sanitary  sewers,  surface  and  sub- 
surface drainage  of  Xew  Orleans  are  all  under  the  board 
of  which  Mr.  Earl  is  engineer. 

Mr.  Earl's  consent  to  meeting  .sewerage  costs  and 
argument  against  meeting  drainage  costs  from  water 
revenue  are  as  follows: 

It  is  logical  that  water  rates  should  cover  the  cost  of 
maintenance  and  operation  of  both  the  sewerage  and  water- 
works systems.  The  function  of  the  sewerage  system  is  to 
carry  away  the  water  which  has  been  delivered  by  the  water- 
works system  after  it  has  been  used,  and  in  most  cases  the 
benefits  derived  from  the  sewerage  system  are  actually  in 
proportion  to  the  consumption  of  water.  This  argument,  how- 
ever, does  not  hold  as  to  the  drainage  operation  and  main- 
tenance, in  which  the  benefits  derived  by  individuals  bear  no 
relation  whatever  to  their  consumption  of  water.  The  rapid 
substitution  of  subsurface  drainage  and  the  throwing  of  the 
burden  of  the  cleaning  and  maintaining  of  such  subsurface 
drains  upon  the  Sewerage  and  Water  Board  without  a  suffi- 
cient budget  to  properly  attend  to  it  are  responsible  for  the 
growing  cost  of  drainage  maintenance:  and  the  inability  of 
the  city  to  provide  a  fund  to  accumulate  for  the  renewal  of 
machinery  and  for  emergencies  necessarily  involves  an  in- 
creasing cost  of  drainage  operation.  Water  rates  established 
only  to  maintain  and  operate  the  water-works  system  cannot 
possibly  take  care  of  sewerage  operation  and  maintenance  In 
addition  and  also  meet  these  increasing  demands  for  the 
maintenance  and  operation   of  the  drainage  system. 

Every  water-works  man  will  agree  with  Mr.  Earl's 
plea  against  supporting  drainage  works  from  water 
receipts;  and  most  will  concede  that  there  is  considerable 
force  in  the  argument  that  sewerage  benefits  are  pro- 
portionate to  water  consumption.  Granting  all  this,  we 
should  be  surprised  if  many  water-works  engineers  or 
superintendents  would  agree  to  having  water  rates  cover 
sewerage  as  well  as  water-works  operation.     Conditions 


at  Xew  Orleans  may  make  this  permissible  or  even 
desirable.  Elsewhere  there  has  been  general  agreement 
tliat  there  should  be  no  annual  charge  for  sewerage  service 
and  tliat  the  operating  and  maintenance  charges  should 
be  met  bv  general  taxation — howe\er  the  first  cost  may 
be  distributed. 

There  is  much  to  be  said  for  having  each  municipal 
service  stand  on  its  own  bottom.  Nevertheless,  Mr. 
Earl's  reasoning  is  worthy  of  thought.  If  water  con- 
sumers must  bear  the  burden  of  other  city  dejiartments, 
the  sewers  may  perhaps  be  loaded  onto  the  water  taker's 
back  with  more  ease  and  less  injustice  than  any  other 
city  service. 


p®cii!iirsv,ta@ira§  iia 


In  times  ])ast  the  requirements  in  connection  with  bids 
for  Xavy  Department  supplies  have  been  so  numerous  and 
complicated  that  on  the  smaller  contracts  it  was  often 
the  case  that  the  only  bids  received  were  from  men  who 
iiad  made  a  special  study  of  these  requirements  and  who 
liought  goods  from  regular  dealers  to  fill  the  contracts. 
The  Government  was  thus  obliged  to  pay  a  profit  to  a 
middleman,  in  addition  to  the  regular  retail  price,  to  cover 
the  cost  of  complying  with  its  red  tape. 

The  Chief  of  the  Bureau  of  Yards  and  Docks  of  the 
Xavy  Department,  Admiral  Harris,  has  recently  made  I 
some  radical  departures  in  that  bureau's  specifications  !| 
to  bring  them  into  line  with  general  practice  in  lettinj: 
contract  work  elsewhere.  These  changes  are  embodied 
in  the  specifications  for  the  structural  shop  at  the  Norfolk 
navy  yard,  for  which  bids  were  opened  on  Sept.  2. 

The  first  notal)le  innovation  in  the  specifications  is  tlio 
abandonment  of  lump-sum  bids  and  the  adoi)tion  of  unit 
jirices  in  tlieir  place.  The  specifications  contain  an  esti- 
mate of  the  quantity  which  will  be  required  under  each 
item,  with  a  statement  that  the  United  States  reserve- 
the  right  to  increase  or  decrea.se  the  quantities  without 
change  of  price  per  unit,  provided  the  variation  does  not 
exceed  25%.  It  is  of  course  evident  that  this  dans.' 
decreases  the  risk  to  the  contractor,  since  he  is  certain 
of  receiving  payment  for  the  actual  amount  of  work 
jjcrformed.  The  change  is  furthermore  of  great  advan- 
tage to  the  engineer,  since  it  enables  him  to  alter  tin 
]dans  for  the  work  as  construction  proceeds,  as  very  often 
becomes  necessary  to  secure  the  best  results,  without  feel- 
ing that  he  is  either  placing  on  the  contractor  undm 
hard.ships  or  giving  him  unearned  benefits. 

Another  feature  which  is  particularly  noteworthy  i> 
that  the  time  of  completion  of  the  work  is  not  specified 
Each  bidder  is  required  to  give  his  own  estimate  of  tli' 
time  in  which  he  will  guarantee  to  finish  the  work. 
Liquidated  damages  are  fi.xed  in  the  specifications  for 
each  day  that  the  work  is  delayed  beyond  the  time  nanuv 
by  the  bidder.  In  comparing  difi'erent  bids  for  comple- 
tion at  diffeVent  times  they  are  valued  on  the  basis  of  the 
time  element  and  penalty. 

In  the  specifications  for  the  new  Norfolk  shop  tin' 
liquidated  damages  are  fixed  at  $250  ])cr  day,  tliis  beilg  j| 
considered  as  a  fair  rental  charge  which  the  Government  I 
will  lose  by  every  day  the  building  is  unavaila!)le  for  ti^ 
after  the  tlate  when  it  should  have  been  completed.  Th' 
contractor  may  obtain  an  extension  of  the  allowed  tinii 
in   case  of  unavoidable   delays.     These  are  defined  a^ 
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delays  resulting  from  causes  beyond  the  control  of  the 
;  contractor,  "such  as  acts  of  Providence,  fortuitous  events, 
inevitable  accidents,  abnormal  conditions  of  weather  or 
tide,  general  strikes,  or  delays  caused  by  acts  of  Govern- 
ment." On  the  other  hand,  delays  in  securing  delivery 
of  materials  on  account  of  rejection  of  materials  on 
inspection,  or  changes  in  market  conditions,  or  time 
taken  in  submitting,  checking  and  correcting  drawings, 
iir  inspecting  materials  are  not  regarded  as  unavoidable. 
WTiile  the  specification  provides,  as  above  stated,  a 
oenalty  for  noncompletion  of  the  work  within  the  agreed 
ime,  it  does  not  provide  a  bonus  in  case  the  work  is 
inished  in  advance  of  the  agreed  time.  If  the  liquidated 
lamages  for  delay  in  fulfillment  of  the  contract  are 
nade  only  equal  to  the  fair  rental  value  of  the  completed 
i'ork,  it  seems  clear  that  the  contractor  should  be  entitled 
0  a  bonus  for  anticipating  the  specified  date,  as  well  as 
ubjected  to  a  penalty  for  delay. 


Recent  advances  in  water-purification  are  summed  up 
1  the  two  words  "water  refining"  by  Prof.  William  T. 
edgwiek  in  an  address  published  in  the  July  number  of 
le  "Journal"  of  the  Xew  England  Water- Works  Associa- 
on.  Water  refining  includes  disinfection  ("final  sani- 
tion"),  clarification,  toxination  (of  algse  by  copper 
Iphate),  decolorization,  deodorization,  softening  and 
•ferrization. 

Aside  from  disinfection,  all  these  methods  of  water 
•atment  are  aimed  to  meet  the  demands  of  "taste  and 
nifort"  rather  than  health.  It  signifies  great  progress 
-it  a  people  who  a  decade  or  two  ago  could  hardly  be 
ixed  or  driven  into  providing  money  necessary  to  save 
jmselves  from  typhoid  fever  should  now  be  demanding 
■infection  to  make  assurance  doubly  sure  and  insisting 
many  refinements  besides. 

It  is  well  to  bear  in  mind  that  disinfection  is  a  mat- 
•  of  water  refining  rather  than  a  primary  agent  of 
rification.  Rightly  used,  it  is  extra  insurance  against 
'  her  a  light  and  occasional  possible  pollution  or  else 
i  linst  temporary  aberrations  in  a  filtration  plant — 
I  ides,  of  course,  catching  and  killing  the  few  straggling 
}  TOs  that  invariably  escape  filtration.  When  pollution 
i  heavy  and  constant,  recourse  should  be  had  to  liltra- 
t  n;  disinfection  will  still  be  in  demand  as  a  refinement. 
because  there  has  been  so  much  advance  in  water-refin- 
i  methods  and  because  so  many  cities  have  adopted  one 
c  more  of  them,  it  should  not  be  thought  that  little 
T  lains  to  be  done  in  the  water-purification  field.  Tlun- 
^  ds  of  cities  have  not  yet  adojited  even  the  crudest  of 
t  primary  processes,  and  thousands  have  yet  to  enter 
t  )n  water  refining.  Practically  all  surface  supplies 
n  4  ultimately  be  filtered,  and  there  are  few  even  now 
ti  t  should  not  be  at  least  subjected  to  disinfection — a 
ri  larkably  cheap  and  highly  effective  form  of  insurance. 
C  gulation  and  sedimentation  are  found  to  bo  extended, 
a-  the  lienefirent  effects  of  long-time  storage  of  sur- 
fed supplies  will  also  gain  in  practical  recognition. 
8  tening  and  iron  removal  have  only  made  a  start  in 
A  erica  and  are  bound  to  progress  rapidly.  The  removal 
■rfnanganese,  a  refinement  not  mentioned  by  Professor 
*gwick,  may  or  may  not  be  needed  often;  but  prob- 
wr  the  very  few  plants  for  the  purpose  now  built  or 
mer  (■<)nstru(  tion  will  be  increased  many  fohl. 


Tlh©  22!mdl  Hew  Yos'lk  EnagniaeeH'S 
MsiE^®  (Gr®®dl  iira  tlhe  Faelldl 

Constructing  Camp  Whitman — the  mobilization  point 
of  the  Xational  Guard  of  Xew  York — was  perhaps  the 
most  extensive  operation  ever  performed  by  a  militia 
engineer  organization,  and  it  is  proper  that  the 
excellent  work  of  the  22nd  Xew  York  Engineers, 
now  at  ilc Allen,  Tex.,  lie  not  only  described  but  com- 
mended. :\lany  Xew  York  engineers  will  recall  the 
surprise  of  the  ])uldic  at  Governor  Glynn's  order,  of 
Dec.  24,  1914,  disijanding  the  22nd  Regiment.  Accord- 
ing to  reports  only  1.3  of  the  old  officers  were  retained  and 
something  like  2.5%  of  the  enlisted  men  were  discharged. 
The  daily  ]}rcss  of  Xew  York  City  was  rife  with  caustic 
allusions  to  tango  soldiery.  That  these  allusions  were 
not  without  justification  is  proved  by  Major-General 
O'Ryan's  statement  which  he  made  at  the  time.  He  is 
quoted  as  saying: 

The  22nd  Regiment  is  steeped  in  old  infantry  metliods.  All 
the  offlcers  and  men  capable  of  performing  the  services  ex- 
pected of  engineers  will  be  assigned  for  duty  after  the  regi- 
ment is  disbanded  and  the  battalions  reorganized. 

All  officers  retained  in  the  unit  had  first  to  win  the 
approval  of  Lieut.-Col.  Lucas,  Chief  Engineer  Officer  of 
the  Xew  York  militia,  who  as  president  of  a  sjiecial 
examining  lioard  passed  upon  the  qualifications  of  the 
officers.  Colonel  Lucas  reorganized  the  two  battalions 
and  thereafter  commanded  them.  During  his  regime  IS 
now  officers  have  l)een  a))pointed,  the  officers  of  the  corps 
now  iiumlieriiii;-  •'!;. 


Spatta   Collsipses 

Just  as  this  jiage  (if  En;/inm-iiii/  Xrir.-;  goes  to  press  on 
.Sept.  11a  memi)er  of  its  edit<irial  stall  sends  the  following 
dispatch  from  Queiicc : 

Center  span  collapsed  and  fell  in  river  at  10:50  a.m.  Canti- 
levers intact.  Xo  structural  evidence  left.  Only  circum- 
stantial evidence  available  as  to  cause. 

The  engineering  world  was  amazed  when  the  south 
cantilever  of  this  great  bridge  fell  nine  years  ago;  but 
words  are  inadequate  to  express  its  sensations  at  the 
news  that  again  this  great  bridge  enterpri.se  has  suffered 
an  unprecedented  disaster.  It  is  true  that  the  process 
by  which  this  huge  .5,000-ton  span  was  to  be  hoisted  off 
the  scows  and  lifted  bodily  nearly  1.50  ft.  in  the  air  was 
unprecedented  in  the  annals  of  engineering.  It  is  also 
true,  as  those  who  followed  the  description  of  the  process 
in  Enfjineeriny  News  of  Aug.  31  can  understand,  that 
every  step  of  the  process  had  been  carefully  ])laniH'd  in 
advance,  and  to  all  apjiearance  its  success  was  as  fullv 
assured  as  is  possible  witii  any  piece  of  engineering  work, 
even  work  carried  out  as  ordinary  routine. 

On  later  pages  of  this  issue  will  be  found  a  descrip- 
tion of  the  span  which  colla])sed  and  as  full  details  as 
are  available  of  the  disaster.  Engineers  may  ■\vell  sus]icnd 
judgment  on  this  most  deplorable  event  until  full  iiifor- 
mation  can  be  given. 

This  latest  failure  can  only  delay  for  a  short  time 
the  completion  of  the  great  bridge.  The  suspended  span 
is  after  all  of  moderate  proportions  comjiared  with  (he 
gigantic  cantilevers  which  it  will  connect;  and  in  no 
long  time  the  suciessful  ))lacing  of  a  new  suspended  span 

will    1,..    ICC, 1. led. 


r.U  EXGINEEEING     NEWS 

niiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiniiiiiiiuiiiiiiiiiiiiiiiiiiiiinuoiiiiiiiiiiiiiiiNNiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiin  " 


Vol.  7(i,  No.   11 
nil    iiiiiiiiiiiuiiiiiiiiiiiiiiuuiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiuiiiiiiiHiijniiiiiuiiiic 


LeMers  to  ftlh( 


iiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiH 


Veiratnari  Meters  oim  ILIveSs^  JLasaes 

Sir — Mr.  Hazen's  article,  '■\'enturi  Moter.s  Inaccurate 
on  Lively  Lines,"  in  Engineering  Xeirs,  Aug.  IT,  1916, 
is  very  interesting,  and  his  illustration  and  explanation 
of  the  theory  showing  that  o\-er-registration  would  be, 
under  the  conditions  of  his  example,  as  high  as  41%,  ap- 
pear very  plausible:  and  this  is  the  theory  that  has  been 
held  for  a  long  time  by  many  of  those  experienced  in 
this  class  of  work.  The  writer,  however,  has  never  been 
perfectly  satisfied  with  that  view,  for  the  reason  that 
venturi-meter  registers  are  designed  to  measure  the  flows 
directly  by  integrating  the  square  root  of  the  head,  and 
these  integrations  are  in  the  nature  of  a  differential  prop- 
osition, practically  instantaneous.  The  only  reason  why 
Mr.  Hazen"s  theory  would  be  effective  is  that  there  is  a 
certain  lag  between  the  movement  of  the  mercury  and  the 
movement  of  the  register.  Nevertheless,  his  statement  is 
correct  that  under  rapidly  fluctuating  flows  the  result 
is  an  over- registration. 

There  are  two  practical  methods  of  correcting  this. 
One  is  by  the  u.se  of  well-charged  air  chambers,  and  the 
other  is  by  means  of  a  compensating  device  consisting 
in  attaching  to  the  two  small  venturi-tube  and  register- 
connecting  pipes  a  U-tube  of  very  large  dimensions  in 
comparison  therewith  and  in  which  is  kept  a  heavy  liquid, 
whose  difference  of  .surface  level  will  fluctuate  very  little 
compared  with  the  fluctuation  of  difference  in  pressure 
in  the  two  small  pipes,  the  quieting  effect  being  due  to  the 
inertia  of  the  heavy  liquid.  The  writer  views  the  diffi- 
culty as  one  of  inertia,  and  it  has  its  analogy  in  the  cur- 
rent meter  and  from  the  fact  that  in  a  turbulent  river  a 
raft  will  float  downstream  faster  than  the  average  velocity 
of  the  surface  of  the  water.  The  explanation  in  the  case 
of  the  current  meter  is  that  velocities  greater  than  the 
average  will  be  inii)ressed  on  the  moving  vane  :  and  if  there 
were  no  friction,  the  vane  would  revolve  at  the  speed  cor- 
responding to  the  maximum  velocity.  While  this  diffi- 
culty may  be  overcome  by  a  certain  form  of  construction 
of  the  current  meter,  it  is  certain  that  for  the  ordinary 
type  those  that  are  light  in  construction  give  more  accu- 
rate results  in  a  turbulent  stream. 

Mr.  Ilazen  infers  that  makers  of  venturi  meters  may 
iiave  obtained  their  coefficient  of  tubes  by  tests  with  re- 
(■i))rocating  ])umps.  This  is  (luito  unlikely.  Some  of  the 
j)rincipal  firms  nuinufacturing  this  type  of  instrument 
luive  made  very  exhaustive  tests  by  means  of  gravity  flows 
through  venturi  tubes  of  various  sizes  and  ratios,  the 
water  being  weighed  in  the  most  accurate  manner  in 
well-equipped  hydraulic  laiioratories,  and  tiie  venturi 
heads  being  obtained  by  means  of  water  columns,  using 
air,  tetrachloride  of  carbon,  and  directly  by  means  of  hook 
gages.  In  many  cases,  all  these  methods  were  used  si- 
multaneously, while  at  the  same  time  the  results  ofweigh- 
ing  were  checked  by  measuring  the  discharge  from  the 
venturi  tube  through  a  triangular-notch  weir.  The  re- 
sults, to  the  writer's  i)ersoiuil  knowledge  of  at  least  one 
of  these  finns,  are  unquestionably  accurate.     They  show 


that  thei-e  is  a  variation  in  the  coefficient  depending  on 
the  ratio  of  the  venturi  tube.  In  some  cases  the  coeffi- 
cients are  as  high  as  99%  :  in  others  as. low  as  95%. 
If  we  were  going  to  take  a  fair  average  we  would  use 
about  971^%.  But  the  coefficient  varies  slightly  at  ve- 
locities above  4  ft.  per  sec,  through  the  throat  and  quite 
materially  below  this,  the  coefficient  being  less  at  the 
low  velocities,  and  the  variations  corresponding  to  s 
rather  typical  curve.  J.  W.  Ledoux, 

Chief  P-ngineer,  American  Pipe  and  Construction  Co. 

Philadelphia,  Aug.  IS,  191(;. 

Sir — ^Ir.  Hazen's  note  on  this  subject  in  Engineering 
Neirx,  Aug.  IT,  191(1,  interests  the  writer,  as  he  had  some 
experience  of  a  similar  nature  during  the  development  of 
the  apparatus  for  integrating  the  flow  through  a  Deacon 
waste-water  meter.  An  integrating  meter  of  this  t\'pe. 
known  as  tlifi  Kelvin  bulk  meter,  is  now  manufactured 
and  sold  by  the  Palatine  Engineering  Co.,  of  Liverpool. 
The  natiTral  movements  of  the  pencil  in  a  waste-water 
meter  are  very  lively,  and  a  short  trial  was  sufficient  to 
show  that  it  was  impossible  with  any  degree  of  accuracy 
to  integrate  the  corrected  movements  direct  with  a  dock- 
driven  time  disk,  as  the  iinder-registration  or  slip  was 
so  considerable.  The  lively  movements  were  subsequeirtly 
reduced  to  as  small  an  amount  as  desirable  by  the  in- 
terposition of  a  cataract,  and  no  further  trouble  was 
experienced. 

The  important  point,  however,  to  notice  in  these  waste- 
water meter  experiments  is  that  the  error  in  registration 
was  in  the  opposite  direction  to  that  referred  to  by  Mr. 
Hazen  and  was  proved  to  be  due  to  another  cause  which 
is  of  general  interest,  as  it  must  also  affect  any  case  of 
integration  with  a  time  disk  where  the  friction  roller  of 
the  registration  counter  is  impressed  with  lively  lateral 
movements. 

An  experimental  apparatus  was  prejiared  in  which  tlio 
friction  counter  wheel  was  mounted  upon  a  vibratiiif: 
mechanism  with  adjustments  so  that  both  the  speed  ami 
the  frequency  of  the  lateral  vibrations  and  the  weight  on 
the  counter  wheel  could  be  varied.  This  apparatus  w«> 
put  upon  a  dock-driven  time  disk  and  its  true  registration 
determined  without  the  lateral  movements.  These  tV^- 
ures  were  comjjaied  with  the  subsequent  registration  wIumi 
lateral  movements  of  various  amplitudes  and  frequencies 
were  impressed  upon  the  counter.  It  was  found  that 
the  slip  increased  both  with  the  frequency  and  the  am- 
plitude of  the  lateral  movements  of  the  counter  to  .such 
an  extent  that  it  might  be  inferred  that  with  very  hipli 
vibrations  no  registration  whatever  would  take  place.  The 
weight  upon  the  friction  wheel  did  not  appear  to  h&w 
much  to  do  with  the  amount  of  slip.  The  movements 
produced  somewhat  the  same  effect  as  smoothing  down 
and  lubricating  the  time  disk.  A  somewhat  ]iaralld  cast 
occurs  when  opening  or  dosing  a  telescope  tube,  where 
it  is  found  that  by  a  slight  rotating  nuivement  in  addi- 
tion to  the  direct  effort  the  tui)e  can  be  much  more  ea,sil.v 
moved  lonu'itudinallv. 
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It  would  appear  that  l)nth  the  over-registration  referred 
to  by  Mr.  Hazen  and  the  under-registratiou  referred  to 
here  may  be  made  negligible  Ijy  checking  the  lateral 
movements  of  the  registration  counter ;  and  this  should 
be  very  easy  with  the  venturi  meter,  as  it  is  only  nec- 
essary to  put  partly  closed  cocks  or  orifices  in  the  com- 
munication pipes  between  the  venturi  tube  and  the  float 
chamber  in  the  same  way  as  is  frequently  done  with  pres- 
sure gages  on  lively  lines. 

W.  Gore,  Consulting  Engineer, 
John  ver  Mehr  Engineering  Co.,  Ltd. 

Toronto,  Out.,  Aug.  29,  1916. 
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Sir — Tlie  editorial  in  Engineering  News,  July  13, 
1016.  with  regard  to  the  failure  of  the  Atlanta,  Ga., 
skating  rink,  and  that  at  Salt  Lake  Citv.  is  to  the  point. 
While,  owing  to  the  lack  of  plans  of  the  buildings,  it 
may  be  impossible  to  determine  tlie  initial  cause  of  the 
failures,  yet  the  lack  of  longitudinal  truss  and  roof  brac- 
ing is  so  apparent  in  the  Atlanta  building  as  to  warrant 
suspicion  as  to  responsibility  for  the  failure.  Unfor- 
tunately, lack  of  1)raeing  is  too  common  a  fault  of  many 
structures  of  this  type,  and  results  largely  from  failure 
on  the  part  of  the  owner  to  investigate  the  capability 
of  his  architect,  coupled  witli  a  desire  to  get  the  cheapest 
building  possible.  This  statement  does  not,  of  course, 
excuse  tlie  lack  of  proper  inspection  of  the  plans  by  the 
building  departments. 

Were  sufficient  information  available,  it  would  be  in- 
teresting to  know  the  stresses  in  the  truss  members. 
With  the  very  flat  curve  of  the  truss,  the  chord  stresses 
must  have  been  of  considerable  amount,  even  with  the 
-mall  weight  of  roof  supported.  Laminated  chords,  es- 
lecially  when  but  sparsely  spiked,  as  these  are  described 
to  be,  are  not  efficient  as  columns.  The  spiking  is 
nibject  to  a  large  initial  stress  in  holding  the  boards  to 
he  constrained  position  as  arcs  of  the  curve  of  the  truss, 
md  a  small  addition  of  load  in  the  chords  must  have 
ncrcased  tlie  stress  in  the  spikes  sufficiently  to  allow 
hem  to  give  .slightly  and  the  individual  lioards  to  slip 
last  each  other.  Thereafter  the  strengtli  of  the  chord 
vould  be  the  sum  of  the  strengths  of  the  boards  acting 
..s  separate  columns.  These  small  columns  would  al.so 
lave  to  resist  liending  in  addition  to  axial  stress,  due 
o  the  eccentricity  of  tlie  thrust  or  pull  on  the  niid-sec- 
ion  between  panel  points.  The  photographs  show  the 
herds  bent  to  a  more  or  less  sinuous  curve  without 
racture. 

Lack  of  a  tie  at  the  floor  line  is  alsci  a  criminal  omis- 
ion,  and  the  fact  that  the  ties  ])rovided  were  an  after- 
liougiit  indicates  that  neither  the  architect  nor  the  in- 
[wctor  who  pas.sed  the  plans  (if  they  were  ever  examined 
■y  the  building  department)  had  any  conception  of  arch 
etion. 

The  writer  M'ishes  to  call  attention  to  another  feature 
t  the  trusses.  As  far  as  can  be  judged  from  the  plioto- 
raphs,  none  of  the  web  members  are  da|)ped  into  the 
liords,  and  apparently  the  only  way  in  which  the  webs 
onld  transmit  their  components  of  stress  into  the  chords 
i-as  by  means  of  whatever  friction  existed  plus  the  re- 
i4aiiii'   rif    M(,.siblc    toenailing.      Possiblv    flic    architect 


believed,  as  the  writer  has  found  not  a  few  designers 
(iuchidiiig  an  engineer  or  two)  to  hold,  that  the  web 
stresses  in  a  timber  truss  go  chasing  themselves  down 
one  diagonal  and  up  another  in  a  vain  attempt  to  find 
ingress  to  the  chords,  until  they  come  to  the  end  of  the 
truss,  when  they  give  up  the  cJiase  in  despair,  and  con- 
clude to  remain  in  the  webs. 

The  writer  had  occasion  recently  to  examine  a  dance 
hall,  concerning  which  complaints  had  been  made  in 
regard  to  its  swaying  while  dancing  was  in  progress. 
The  hall  proper  was  about  52.x80  ft.,  the  dance  floor 
being  the  second  floor.  The  typical  construction  of  the 
building  is  shown  by  the  accompanying  sketch.  The 
construction  indicated  illustrates  the  common  way  of 
framing  a  wooden  building  on  this  coast;  that  is.  con- 
structing a  stud  wall,  cutting  and  capping  it,  laying 
the  floor  joists  on  the  caps,  placing  the  plates  of  the 
second  story  on  the  joists,  framing  the  second-story  studs, 
capping  and  placing  the  ceiling  joists  and  roof  rafters 
on  the  caps.  Ordinarily  the  cross-partitions,  diagonal 
vail  sheathing,  etc.,  furnish  the  neces.sary  stiffness  to  the 
building.     In    this   case   there   were   no    cross-partitions. 
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CROSS-SECTION  OF   PR.\MING  OF  D.\NCE   HALL;    C.\S.\FE 

and  e\('U  the  end  partitions  were  of  iloubtfui  rigidity, 
due  to  openings. 

The  roof,  with  a  span  of  52  ft.,  was  carried  iiy  ])ar- 
tially  trussed  2x6-in.  rafters  and  ceiling  joists,  .'ig  in.  on 
centers,  the  trussing  in  the  center  portion  being  omitted, 
with  the  result,  of  course,  that  all  the  trussing  was  in- 
effective. For  good  measure,  apparently,  the  architect 
had  built  real  trusses,  of  two  2x8-in.  chords,  2x8-in. 
compression  webs,  and  steel  tension  rods.  These  trusses 
were  10  ft.  on  centers,  approximately.  Unfortunately, 
as  the  "trussed"  rafters  ran  the  same  way  as  the  real 
trusses,  the  latter  were  prevented  from  accomplishing 
any  results  in  the  line  of  supporting  the  roof,  despite 
their  latent  usefulness.  It  is  hardly  necessary  to  state 
that  there  was  not  a  vestige  of  bracing  between  the 
walls  and  roof,  or  for  that  matter  in  any  portion  of 
the  building  with  the  exception  of  two  kneebraces  untler- 
neath  the  second  floor,  and  in  the  line  of  the  second- 
floor  girders,  or  in  the  stiffest  way  of  the  building. 

The  second-floor  joists  were  found  good  for  a  live- 
load  of  87  lb.  per  sq.ft.,  and  the  second-floor  girders  for 
.■?6  lb.  per  sq.ft.,  both  figures  being  at  1,800  lb.  per  sq.in. 
bending  stress.  The  result  of  this  construction  was  that 
the  roof  between  end  walls  had  settled  very  perceptibly, 
and  the  .somewhat  ornate  plaster  ceiling  was  quite  badly 
cracked.  Not  only  did  the  floor  vibrate  very  unpleas- 
antly, but  the  movement  in  the  walls  was  very  pcrcepti- 
iile  while  dancing  was  in  progress. 
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Eiiijincerini/  Xcws  is  u  nderin;;-  a  real  service  in  giving 
publicitv  to  faiJures  such  as  the  Salt  Lake  and  Atlanta 
collapses,  and  the  accounts  of  these  should  be  brought 
to  the  attention  of  the  ]niblic  at  large,  to  the  end  that 
any  structure  for  jjublic  use  be  made  safe  beyond  the 
shadow  of  a   doubt.  H.   D.   Dewell. 

58  Sutter  St.,  San  Francisco,  Calif.,  July  19,  1916. 

Uian^  FjfHces  for  Sts'eet  Msilmis 
ami  tlhe  IBxuiinFsilo  Gas  Case 

Sir — 'rhi'ough  personal  knowledge  of  the  facts  involved, 
I  have  been  particularly  interested  in  the  article  in  your 
issue  of  Aug.  24,  '"The  Determination  of  Unit  Prices 
in  Ajjpraisals  for  Eate  Making,"'  by  Judson  V.  Dicker- 
man. 

Permit  me,  from  a  knowledge  of  the  facts  and  in  defense 
of  the  engineering  profession,  to  comment  on  Mr.  Dicker- 
iiuin's  statement,  as  based  on  the  opinion  given  by  the 
Public  Service  Commission,  2nd  District,  State  of  Xew 
York,  in  the  Buffalo  Gas  ease. 

The  opinion  was  written  by  F.  W.  Stevens,  after  he 
had  retired  from  the  commission  of  which  he  had  been 
chairman.  Mr.  Stevens'  opinion  of  the  estimates  of  nu- 
merous engineers  as  to  unit  prices,  Mr.  Dickerman  says, 

ends  up  with  the  clear  and  forceful  statement  that  fixing  a 
unit  price  for  an  extensive  system  of  gas  mains  from  data 
submitted  by  engineers  or  inferred  from  contractors'  bids  on 
other  jobs  is  nothing  but  a  guess,  and  the  commission  de- 
clined to  make  the  guess. 

Mr.  Dickemian's  last  ])aragraph,  as  his  article  is  con- 
densed in  your  paper,  is  as  follows: 

The  valuations  as  of  date  of  appraisals  are  based  on  unit 
costs  which  are  so  much  the  result  of  the  judgment  of  the 
engineers  making  them  that  they  are  little  better  than  opin- 
ions. And  the  opinion  of  no  one  man  or  associated  group  of 
men,  particularly  where  such  group  or  individual  is  liable  to 
be  influenced  directly  or  indirectly  by  the  interests  employing 
him,  can  be  taken  with  safety  as  to  a  fair  and  reasonable 
value. 

Unfortunately,  the  case  as  presented  by  Mr.  Dickerman 
is  plausible.  But  what  are  the  facts?  To  commence 
with,  Mr.  Stevens'  opinion  not  only  ignores  facts  but 
contains  statements  as  to  the  testimony  which,  to  speak 
in   guarded   language,   are   misleading. 

I  have  before  me  a  complete  analysis  which  T  made 
of  the  opinion  at  the  time  it  was  first  placed  in  my  hands. 
This  analysis  shows  that  Mr.  Stevens  made  many  com- 
paratively unimportant  errors  in  quoting  facts  and  fig- 
ures from  the  testimony.  Even  these  minor  errors  serve 
to  sliow,  however,  that  Jlr.  Stevens'  statements  need  to  be 
carefully  checked  Ijefore  acceptance. 

But  let  me  pass  to  more  serious  errors.  I  wish  jiai'ticii- 
larly  to  refer  to  the  evidence  as  to  unit  costs  of  street 
mains,  as  that  is  the  point  emi)hasized  in  Mr.  Dickerman's 
misleading  article.  On  p.  I",  Mr.  Stevens  gave  a  table 
of  unit  prices  for  street  mains  which  he  says  were  testi- 
fied to  by  a  gas  company's  witness  in  the  previous  190T 
case,  and  then  he  com))ares  that  table  with  the  unit  prices 
testified  to  by  the  gas  company's  witness  in  the  case  now 
under  consideration.  On  this  comparison  and  the  failure 
to  agree  between  the  two  statements,  both  of  which  he 
ascribes  to  the  gas  coni])any's  witness,  he  bases  most  of 
his  ridiculous  criticisms  of  engineers'  testimony. 

At  first  we  of  the  gas  com])any  were  puzzled  to  discover 
I  he  source  of  the  1907  unit  prices,  as  (pioteil  by  Mr. 
Stevens  and  falsely  attributed  to  the  gas  company.  We 
wei'e  unal)le  to  find  any  warrant  for  these  unit  prices  in 


our  testimony,  but  finally  we  founil  that  these  unit  prices 
were  those  testified  to  in  1907  by  the  late  W.  D.  Marks,  a 
witness  for  the  citi/.  In  passing,  I  may  state  that  Mr. 
Marks'  unit  prices  failed  to  contain  certain  necessary  costs 
of  laying,  which  fact  we  demonstrated  in  our  cross-exam- 
ination of  this  inexperienced  witness. 

The  error  here  introduced  by  Mr.  Stevens  is  carried 
through  page  after  page  of  his  subsequent  arguments 
against  the  company.  Time  after  time  he  refers  to  this 
Marks'  testimony  as  the  testimony  of  the  gas  comjianv. 
There  is  no  misunderstanding,  therefore,  upon  which  tn 
base  an  apology  for  ilr.  Stevens. 

I  iKiw  come  to  a  part  of  Mr.  Stevens'  opinion  which 
I  do  not  care  to  characterize.  Mr.  Stevens  attempts  to 
show  that  the  unit  ])rices  testified  to  by  the  company 
were  sim])ly  opinions,  that  these  opinions  varied,  and 
so  "the  commission  declined  to  make  a  guess."  On 
page  ()8,  Jlr.  Stevens  says : 

It  (the  commission)  has  no  evidence  as  to  the  general 
character  and  conditions  of  the  soil  to  be  encountered  in 
making  excavations;  .  .  .  there  is  nothing  showing  what 
the  cost  of  labor  would  be  .  .  .  no  engineer  sworn  before 
us  linows  anything  about  the  conditions  to  be  encountered 
of  soil  or  obstruction  in  the  streets. 

On  page  100 — "(4eneral  Conclusions": 

3.  There  is  no  means  of  ascertaining  the  actual  present 
conditions  of  the  street  mains  which  constitute  the  larger 
part  of  such  property  if  such  condition  is  material  in  deter- 
mining what  if  any  depreciation  should  be  deducted  from  the 
cost  of  reproduction  new. 

Without  quoting  further  from  this  remarkable  opinion, 
it  may  be  claimed  that  Mr.  Dickerman  was  justified  in  as- 
suming that  the  unit  prices  for  street  mains  were  based  I 
upon  opinion  and  not  upon  any  evidence  of  fact.  That  I 
is,  Mr.  Dickerman  was  so  justified  in  adopting  the  views 
he  expresses,  based  upon  this  one  opinion,  if  he  feels  that 
the  "opinion"  of  a  commissioner  can  be  accepted  on  its 
face  value  and  without  examination  of  the  evidence  itself. 

The  fact  is  that  the  evidence  submitted  on  the  condi- 
tion of  the  mains  was  unusual  for  its  completeness.  1 
offered  to  have  the  streets  opened  wherever  the  city  or 
the  commission  so  desired,  provided  the  representative.' 
of  the  commission,  the  city  and  the  gas  company  were 
present  together  when  all  the  examinations  were  made. 

While  these  witnes.ses  were  testifying,  Mr.  Stevens 
had  in  his  hands  the  report  of  the  commission's  engineer 
who  took  full  part  in  the  examination.  Mr.  Steven.^; 
afterward  acknowledged  to  me  personally  that  the  paper 
he  was  constantly  referring  to  was  this  report  and  that 
his  report  agreed  practically  with  the  testimony  of  the 
gas  com])any's  witness.  lie  hIm)  expressed  his  dissent  at 
the  methods  employed  by  the  city's  witness  above  re- 
ferred to. 

Samples  of  ]>ipo  taken  out  of  the  streets  were  produceil 
in  court  by  the  gas  company,  and  a  few  samples  whiili 
weie  too  bulky  to  be  so  examined  were  examined  by  Mi' 
Stevens  at  the  gas  works,  Mr.  Stevens  and  I  walkiiiL' 
together  to  the  gas  works  from   the  coui-troom. 

If  there  ever  was  testimony  offered  in  a  rate  case  wliitli 
was  based  ujion  the  facts  laid  bare  to  all  jiarties,  it  wa- 
this  testimony  of  the  Buffalo  (ias  Co.  on  street  mains. 
Furthermore,  the  gas  company's  testimony  was  not  opin- 
ion testimony,  but  it  was  supported  by  the  estimates  con- 
stantly being  made  in  my  office  in  connection  with  tln' 
extensions  authorized,  and  later  checked  by  the  con.strm- 
tion  costs.  What  better  testimony  could  be  given,  espe- 
cially when  ])resented  liy  honest  men  of  the  widest  expe- 
rience as  operators':'     If  tliis  is  not  valid  festinimiy,  theiv 
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i;  no  such  thing,  and   engineers'  estimates   nf  t-ost   are 
valueless  indeed. 

In  conclusion,  let  me  say  that  I  am  not  particuhirly  in- 
terested at  this  late  day  in  this  question  on  behalf  of  the 
Buffalo  Gas  Co.,  Init  I  am  concerned  for  fear  the  esti- 
mates of  capable  engineers  may  be  discredited. 

Alexaxder  C.  Humphreys. 
President.  Buffalo  Gas  Co. 
Ki".  Broaihvay,  New  York  City,  Aug.  26,  191(i. 

Ftall^Losidl  S©c®Eadlairi©s  Weir© 
ESisiffilsagi.tt©dl  Sit  Qiia©Ibec 

Sir — In  an  editorial  on  the  work  at  Quebec  in  your 
number  of  Aug.  17,  tiiere  is  a  slight  error. 

The  bridge  is  so  designed  that  the  trusses  have  the 
intended  geometrical  shape — with  straight  chords  and 
straight,  continuous  web  members — when  the  main  span 
is  fully  loaded  and  the  anchor  arms  are  unloaded.  For 
this  loading  the  main  members  of  the  cantilever  arms  have 
all  practically  their  maximum  stresses.  With  this  loading 
the  only  secondary  stresses  from  vertical  loads  in  the 
main  members  of  the  cantilever  arms  are  those  from  pin 
friction,  especially  at  the  large  pins  at  the  main  shoes. 
These  are  provided  for  by  additional  section  in  the  bottom 
chords  near  those  pins.  When  the  main  span  is  un- 
loaded, there  will  be  considerable  secondary  stresses  in  the 
bottom  chords  of  the  cantilever  arms,  but  these  are  of  no 
importance  since  they  do  not  coexist  with  maximum  pri- 
mary stresses. 

The  bottom  chords  and  the  inclined  end  posts  of  the 
anchor  arms  also  have  their  maximum  stresses  for  the 
above  loading,  and  they  also  are  so  set  as  to  become 
straight  under  that  loading.  Their  only  secondary  stresses 
from  vertical  load  are  those  due  to  pin  friction,  and  these 
are  alone  of  much  importance  near  the  main  shoes,  where 
they  are  provided  for  i)y  additional  section. 

There  arise  also  secondary  stresses  from  lateral  defor- 
mation by  wind  pressure.  These  are  also  considered 
where  they  are  of  sufficient  importance  to  call  for  increa.se 
if  section  under  the  provisions  of  the  specification,  when 
idded  to  the  other  secondary  stresses.  This  specification 
illows  larger  unit  stresses  for  the  sum  of  all  the  stresses 
than  for  the  sum  of  the  primary  stresses.  Secondary 
■tresses  are  therefore  only  considered  where  they  are  a 
arge  percentage    of  the  primary  stresses. 

A  very  important  kind  of  secondary  .stress,  especially 
n  compression  mend)ers,  arises  fi'om  differences  of  tempcr- 
iture  of  different  parts  of  the  same  member,  when  some 
ire  exposed  to  the  sun,  some  in  the  shade.  A  temperature 
lifFerence  of  25°  F.  was  assumed,  and  the  large  secondary 
■trefi.«es  arising  therefrom  were  considered. 

More  in  detail,  the  elimination  of  secondaries  dne  to 
ertical  load  was  accomplished  as  follows:  The  lengths 
>f  all  the  main  memliers  of  the  cantilever  system  were 
0  chosen  in  the  shop  that  with  the  main  span  loaded 
tith  10,000  II).  per  lin.ft.  of  bridge  and  the  anchor  arms 
inloaded,  these  members  have  what  we  call  their  geomet- 
ieal  lengths,  or  the  lengths  which  would  be  the  jjroper 
hop  lengths  if  there  were  no  deformations.  With  this 
oading  all  the  panel  points  of  the  chords  and  those  of 
lio  web  mend)ers  continuous  over  two  panels  will  be  in 
'flight  lines. 

I  bis  loading  piddiices  nearly  maximnm  jirimary  stresses 

•dl  the  main   nicinbcrs  of  the  cantilever  arms  and   in 


the  chords  and  inclined  end  i)osts  of  the  anchor  arms 
and  suspended  span.  With  it  the  .secondary  stresses  in 
these  nuHubers  are  very  small.  What  secondary  stresses 
tiiere  arise  are  due  to  the  moments  of  the  pin  friction 
at  pin  connections.  The  pins  are  lubricated  and  the  pin 
friction  coefficient  is  less  than  2%  at  the  .start,  but  will 
gradually  increase.  The  friction  coefficients  were  ascer- 
tained by  tests  at  McGill  University.  The  members  will 
adjust  themselves  to  such  mean  positions  on  the  pins 
that  the  opposing  friction  moments  balance. 

It  was  assumed  that  the  coefficient  of  pin  friction  will 
increase  until  the  tangential  force  at  the  pins  produced 
by  the  friction  is  40%  of  the  axial  force.  At  most  of 
tlie  pins  turning  will  come  to  a  stoj)  under  the  increas- 
ing friction,  but  at  the  main  shoes  it  will  continue  under 
extreme  loads. 

Only  those  secondary  stresses  are  of  importance  wdiich 
increase  the  sum  of  all  coexisting  stresses  in  a  member. 
Secondary  stresses  which  occur  with  loadings  giving  small 
|)rimary  stresses  are  not  of  importance.  When  the  bridge 
is  unloaded  there  will  be  large  secondary  stresses  in  the 
bottom  chords  and  end  posts  of  the  anchor  arms  and  in  all 
the  main  members  of  the  cantilever  arms,  but  these  do  not 
coexist  with  maximum  primary  stresses  and  they  are 
smaller  than  the  maximum  moving-load  stresses  in  these 
members. 

When  the  main  span  is  fully  loaded,  the  anchor  arms 
unloaded,  there  are  no  secondary  stresses  in  the  anchor 
arm  except  from  pin  friction  and  other  than  moving  and 
dead  loads.  When  the  anchor  arm  is  fully  loaded  and 
the  main  s])an  unloaded  there  are  .secondary  stresses  in 
the  anchor  arm,  but  as  regards  the  chords  and  inclined 
end  posts  they  are  of  no  importance  because  the  primary 
stresses  are  small.  In  the  web  members  the  secondary 
stresses  c(K>xist  with  maximum  primary  stresses,  but,  as 
these  members  are  slender,  their  secondary  stresses  (with 
a  few  exceptions  near  the  main  shoes)  are  not  of  suffi- 
cient size  to  demand  an  increase  of  section. 

When  the  bridge  is  fully  loaded  there  iire  secondary 
stresses  of  considerable  size  in  the  inclined  posts  of  llie 
anchor  arms  which  join  the  main  shoes.  The  correspond- 
ing bending  moments  go  to  the  shoes,  not  to  the  canti- 
lever arm.  The  secondary  stresses  in  the  top  chords  and 
in  the  tension  members  going  to  the  top  of  the  vertical 
main  post  from  the  anchor  arm  are  very  small.  They 
produce  small  bending  moments  in  the  top  chords  and 
tension  members  of  the  cantilever  arms,  which  are 
negligible. 

The  essential  principle  is  to  reduec  those  secondary 
stresses  which  coexist  with  maximum  primary  stresses. 
This  can  not  be  done  where,  as  in  stiff  laterals,  opposite 
and  equal  stresses  occur. 

The  wind  stresses  and  those  from  diUVrences  of  teiii- 
]ierature  are  of  opposite  signs,  and  the  resulting  secondary 
stresses  occur  together  with  maximum  primary  stresses 
and  must  be  considered. 

A  slight  inaccuracy  results  from  the  fad  that  the  load 
assumed  in  calculating  the  deformations  of  the  niembeis 
was  10,000  lb.  per  ft.  of  bridge  while  the  load  used  in 
calculating  the  primary  stresses  is  ."i.OOO  lb.  ])er  ft.  of 
track  followed  or  preceded  or  followed  and  preceded  by 
two  of  Cooper's  EGO  engines. 

Joseph  Mayer, 
Principal  .Assistant  Engineer.  Board  of  Hngineers. 

Montreal,  Aug.  21,   I'MC.  Quebec   Bridge. 
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i<c^m.m.  Pies'  IB'Sisallft  aim 


By  C.  L.  Eobeuts* 

A  rfinforced-concrete  pleasure  pier  recently  fomiileted 
at  Redondo  Beach,  Calif.,  is  peculiar  in  that  in  plan  it 
i-onsists  of  two  separate  piers  extending  from  the  .shore 
diagonally  toward  each  other  and  meeting  at  the  ocean 
end  in  a  platform  or  cross-pier.  The  site  is  at  a  sul)- 
marine  caiion  extending  from  several  miles  off  shore  to 
within  about  500  ft.  of  low-water  mark,  forming  a  wide 
navigable  channel  to  deep  water.  The  beach  to  the  north 
and  south  of  this  caiion  runs  to  sea  on  a  gradual  gradient 
of  6%,  but  the  caiion  bottom  has  approximately  a  1:1 
slope  to  indeterminate  depth.  Years  ago  a  wooden  pier 
was  built  from  shore  out  along  the  side  of  the  caiiou 
to  accommodate  shipping,  but  in  1913  heavy  seas  wrecked 
the  structure.  Bonds  were  thereafter  voted  in  the  sum 
of  $125,000  to  replace  the  old  pier  with  a  modern 
reinforced-concrete    municipal    pier. 

This  structure,  shown  in  Fig.  1,  e.Ktends  out  to  sea 
about  600  ft.  As  shown  in  the  drawing,  the  out-to-out 
distance  along  the  shore  between  the  legs  is  about  TOO 
ft.  Each  leg  is  36  ft.  wide,  and  the  outer  platform  is 
about  200x160.  The  combined  pier  and  shore  frontage 
permit  a  continuous  promenade  of  about  three-quarters  of 
a   mile  in  length. 

'  ion.    llacAithur   Brothers   Co., 


«iSisf^'": 


'^^^^^S^ 


I'LAX  AND   .SKETCH  OF   NEW  MUNICIPAL    PIER    AT    REDONDO 
BEACH.  CALIF. 


FIG.    2.    ONE   OF   THE   CONCRETE    PILES.    REDONDO 
BEACH    PIER 

The  structural  design  is  a  straight  beam-and-girder 
type ;  that  is,  bents  made  up  of  three  transverse  reinforced- 
concrete  piles  tied  together  by  longitudinal  tie-beams- 
carry  a  transverse  floor-beam  and  joist  system  on  which 
the  reinforced-concrete  floor  rests.  The  piles.  Fig.  2, 
varying  in  length  fi'om  20  to  85  ft.  and  in  diameter  from 
30  in.  (reinforced  with  %-in.  bars)  to  24:  in.  (reinforced 
with  1%-iu.  bars),  with  a  spiral  hooping  of  4-in.  pitch, 
were  precast  and  driven  by  jetting.  The  tie-beams  are 
of  12x24-in.  section  reinforced  with  four  ^/o-in.  rods, 
while  the  transverse  floor-beams  are  16x24  in.  in  section, 
reinforced  with  four  %-in.  square  twisted  rods.  Run- 
ning into  these  floor-beams  are  4xl0-in.  joists  reinforced 
with  one  straight  and  one  bent  %-in.  bar.  In  the  outer 
wharf  all  the  girders  are  16x24  in.  in  section. 

On  each  side  of  the  approaches  as  well  as  on  the  le;:^ 
of   the   pier   the   structure   has   cantilever   beams   which 
carry  an  overhang  in  the  floor.     These  beams  are  l(ix42 
in.  in  section,  with  reinforcement  of  two   1-in.  bars  at 
the   top  and  two    ^-in.   bars   at   the   bottom,   with  tRo 
necessary  shear  stirrups.     On  the  southerly  approach  as 
well   as  on   the   southerly   leg  a   comfort  station  and  a 
fish  market  are  provided.     These  structures  are  carried 
on    14-ft.   cantilevers   duly   designed  for  the  extra  load. 
Around  all  four  sides  of  the  outer  wall  a  10-ft.  cantilever 
has  been  constructed  to  serve  as  fishing  platforms.    The 
increased  depth  of  the  transverse  and  longitudinal  beams 
at  the  outer  pile  line  acts  not  only  to  provide  for  the 
Increased  moment  in  shear,  but  as  a  haunch  to  take  care 
of   indeterminate  stresses  thrown   into   the  structure  on 
account  of  the  heavy  seas  v/hich  pre- 
"  "  *^B     dominate  in   ilarch.     The  whole  pier 
"J     was  designed  for  a  live-load  of  100  Ih 
_     -     '%     ])er  sq.ft.  plus  the  dead-load,  and  the 
"■     c  ity  reserved  the  right  to  place  a  test 
load   of   200   lb.   per   sq.ft.   upon  any 
-  -.  »,.„,;:rs=-~     selected  panel.    Owing  to  the  fact  that 
in  actual  construction  the  entire  wharf 
area  had  to  be  used  for  material  loail- 
iiig  and  carrying,  the  te,«t  was  omitted. 
The  whole  structure  contains  approxi- 
mately 3,500  cu.yd.  of  concrete  and  ;)0i* 
tons    of    reinforcing    steel.      A    new 
method  had  to  be  devised  in  buildin;: 
the   pier  because   the   frontage  of  th'' 
work    is    the    main-line    right-of-w 
(if  two  railways  where  constant  travel 
did    not    permit    any    permanent   or- 
uani/.ation     for    the    casting    of    pih'-' 
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handling  concrete  materials,  or  storage.  In  conse- 
quence the  first  lot  of  piles  were  cast  on  the  small 
areas  available  and  -were  transported  to  the  work  and 
driven.  On  the  part  of  the  pier  thns  constrncted, 
platforms  were  erected  on  which  the  subsequent  pile 
castins:  and  concrete  mixing  were  carried  out. 

The  piledriving  equipment  consisted  of  two  hcavj' 
piledrivers  of  the  skid  type,  one  36  ft.  high  and  the 
other  50  ft.  high,  with  a  Worthington  heavj'-duty  pump 
used  for  the  jetting.  The  pump  was  placed  on  a  plat- 
form midway  between  two  legs  of  the  pier  and  connected 
up  with  the  power  plant  of  the  bath-house,  water  being 
piped  through  6-in.  pipe  out  to  and  onto  the  two  legs 
of  the  pier,  an  additional  pipe  being  laid  as  the  work 
progressed.  Pressure  was  maintained  at  about  100  lb.  at 
tlie  pump  and  was  entirely  adequate  until  penetration 
reached  20  ft. :  then  it  became  difficult  to  overcome  the 
friction  with  this  pressure.  Jet  lines  were  run  from 
the  main  pipe  lines  to  the  driver  by  means  of  two  gi/o-in. 
fire-hose,  then  to  the  tops  of  the  gins  of  the  drivers  by 
two  2-in.  pipes  and  then  to  the  jets. 

The  jets  were  handled  by  having  a  pair  of  lines  leading 
from  the  head  lines  of  the  drivers  and  to  the  drums  of 
the  engine  By  keeping  the  engine  on  the  driver  running 
constantly  the  jet  man  could  plunge  the  jets  up  and  down 
in  much  the  same  way  as  the  well  driller  works  his  drills. 
The  jets  themselves  were  bushed  down  to  a  1-in.  nozzle 
and  acted  like  a  hydraulic  giant. 

Falsework  for  carrying  the  piledrivers  out  over  the 
penuanent  work  consisted  of  12xl2-in.  caps  -40  ft.  long 
)n  bents  of  five  piles  each.  These  bents  were  driven 
m  10-ft.  centers  and  so  placed  that  the  concrete  bents 
•anie  between  the  wooden-pile  bents.  This  prevented  any 
ondency  on  the  part  of  the  jet  to  sluice  out  an}'  of  the 
vooden  piles.  Great  care  had  to  be  exercised  in  order  to 
ivoid  such  an  occurrence. 

The  wooden-pile  bents  were  sway-braced  with  4xl2-in. 
inibers,  and  longitudinal  girts  of  the  same  size  timbers 
vere    run    out.      For    the    transjiortation    of    the    piling 


P^IG.    4.     .SAVl.VGI.Xi; 


jXE  ()!•"  TH1-:  CO.XCRETl-:   rll.ES   IXTu 
PLACE 


12x1 2-in.  timbers  were  used  for  railroad-track  stringers. 
These  timbers  were  taken  out  as  the  piledriving  pro- 
gressed and  utilized  for  forms  to  hold  up  the  concrete 
floor.  As  soon  as  a  wharf  area  was  constructed,  a  pile 
platform  was  laid  and  piling  cast  on  the  completed  work. 
The  concrete  equipment  included  two  small  mi.\ers  which 
permitted  constant  moving  out  onto  the  work  as  it 
progressed.  The  material  was  handled  to  these  mixers 
by  means  of  small  24-in.  gage  tracks,  aiul  typical  station- 
man  cars  were  shoved  out  by  hand,  alternating  sand 
and  rock  with  cement. 

This  system  worked  splendidly  until  deep  water  was 
encountered.  Then  it  became  difficult  to  move  the 
drivers,  the  larger  of  which  weighed  '31  tons.  From  then 
on,  the  smaller  driver  drove  the  bulk  of  the  falsework. 
When   dpc))   water  was   reached,  there  were  times   when 
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llio  rigs  stood  (if)  it.  rtlx.ve  the  floor  of  the  ocean  with 
110  means  of  holdintf  tiie  falsework  from  pulling  out  from 
beneath  the  drivers.  Escapes  from  a  complete  launching 
of  the  riss  were  narrowly  a\erted.  On  ^lar.  22,  191(i, 
one  of  the  heavv  northers"  swept  in  without  any  warning. 
^Vithiu  two  hoiirs  of  the  first  blow  the  entire  outer  works 
were  scoured  and  the  two  drivers  lost.  Great  difficulty 
was  experienced  in  getting  the  equipment  out. 

Toward  the  end  of  the  pier,  owing  to  the  trouble  of 
supporting  the  piledrivers  and  excessive  lengths  of  piling, 
derricks  had  to  be  resorted  to  in  driving  the  piles.  These 
derricks  were  worked  in  pairs,  the  mast  being  placed  on 
20-ft.  centers.  The  stiff-legs  were  lashed  to  the  piles 
beneath  the  dock.  Concrete  piles  were  rolled  to  the 
derricks,  and  four  slings  were  placed  upon  the  longer 
lengths.  Two  derricks  would  then  swing  their  loads  to 
^ealind  lower  the  entire  load  to  the  bottom.  One  derrick 
havino-  the  foot  of  the  pile  would  let  go  and  swing  out 
to  help  the  derrick  having  hold  of  the  top;  the  two  would 
then  up-end  the  pile.  Collars  were  placed  ui-on  the  concrete 
piles,  and  the  men  steering  the  .jets  would  nde  the  pile 
until  it  got  down  to  its  proper  depth. 

The  work  was  designed  by  George  W.  Harding,  of 
Los  Angeles.  MacArthur  Brothers  Co.,  of  New  York, 
Chicago^nd  San  Francisco,  was  the  contractor,  with  the 
author  as  superintendent  and  C.  S.  Robinson  as  othce 
manager.    J.  R.  Kirby  represented  the  engineer. 

By  W.  S.  I'AKDoi:- 

Recent  experiments  conducted  in  the  iiydraulic  labora- 
tory of  the  civil-engineering  department  of  the  University 
of  Pennsylvania  are  of  value  in  explaining  the  action  of 
the  water  within  a  standard  short  tube  and  also  m  cn-- 
recting  many  indefinite  and  erroneous  statement.-^  con- 
tained" in  standard  textbooks  on  hydraulics. 

The  tube  used  in  the  experiments  was  2  in.  in  diameter, 
G  in.  long,  tapped  for  %-\n.  pipe  at  12  points  siiaced  m 
an  irregular  helix.  Each  connection  was  controlled  by 
means  of  a  Vs-iu.  cotk.  .V  common  header  was  connected 
to  the  vacuum  gages,  water  being  used  for  the  lower 
negative  pressure^  ami  mercury  for  the  higher  ones.  The 
geiieral   arrangement  of   apparatus   is  shown    in   Eigs.    1 

and  2. 

Thirteen  experiments  were  made  with  lu-ads  varying 
from  2.5  ft.  to  47.5  ft.  -Vn  examination  of  the  results 
(Fig.  :?)  shows  that  the  negative  pressure  h  is  about  li.t^()i> 
of  the  head  //;  that  it  is  confined  to  the  inner  half  of 
ihe  tube  for  heads  up  to  37.5  ft.  when  the  vacuum  is 
:il  ft.,  or  very  close  to  atmosi)heric  pressure.  It  will  also 
be  noticed  that  np  to  this  head  the  negative  pressure 
varied,  indicating  the  presence  of  water  at  a  negative 
pressure  and  not  a  vacuity,  as  usually  represented  in  works 
on  hydraulics.  Tiie  curves  for  beads  of  42.5  and  47.5 
ft.  indicate  by  their  general  flatness  that  a  vacuity  existed. 
Furthermore,  h  is  no  longer  O.Sfi  ff,  but  ai)proaches  31  ft., 
or  a  perfect  vacuum.  This  condition  is  reflected  in  the 
falling  off  at  the  coefficient  of  discharge  Co-  At  or  about 
52.5  It.  head  the  tube  ceased  to  act  as  a  short  tube,  but 
discharged  a  stream  similar  to  that  of  a  staiulard  oriiicc. 


this  change  occurring  when  the  expanding  jet  ceased  to 
fill  the  end  of  the  tube.  Upon  lowering  the  head  the  tube 
did  not  necessarily  again  discharge  as  a  short  tube,  but 
occasionally  did. 

The  action  of  the  water  and  consequent  losses  of  head 
can  be  explained  in  a  theoretical  way  by  assuming  the 
loss  before  the  i^ena  contracta  to  be  similar  to  that  of  a 
standard  orifice  and  the  loss  after  this  point  to  be  due  to 
sudden  enlarijemcnt.     The  average  results  of  tests  on  a 
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Fir,.    I.     DISTRIBUTION   OF    NEGATIVE    PRESSURES  W 
2-IN.    STAND.\RD    SHORT    TUBE 

2-in.  standard  orifice  gave  the  following  results:  L'oelli- 
cient  of  discharge,  Cd  =  0.5955;  coefficient  of  contrac- 
tion, C'c  =  0.602  ;  coefficient  of  velocity,  Cv  =  0-989- 

Let  V  be  the  velocity  in  the  full  section  of  the  tube  anil 
V  the  velocity  in  the  vena  contracta.     Then 
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Sul)stituting  the   foregoing  values, 
II  ^  1  41,^  '':,  or  T'  =  O.SKi  V^/,  or  Cd  =  •^•8"'' 

.,(   Municipal    Enfrlneerin«.    Univisity        ^^|^.^|^    ^^^^_^^_    ;,ccuratc-lv    llic    average    cocHicicnt    for   hvA'l- 
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FIG.    2.     EXPERIIIEXTAL    SHORT-TUBE    MOUTHPIECE 


3  to  37.5  ft. 
follows : 


Tlie  iieuative  pressure  li  ran  be  tom[iuted 


1 


~!l       '^<J 


=  H  —  ,— A 


=  7/1 


-:  Jnitiii.fr  values,  the  negative  pressure  h  =  — O.ST')  If, 
iicli  again  eheeks  fairly  closely  with  the  experimental 
-ult  obtained. 

The  foregoing  theoretical  analysi.?  depends  entirely  on 
»  assumption  that  the  jet  within  the  tube  contracts 
leh  the  same  as  a  jet  from  a  standard  orifice  and  then 
•xpands  and  fills  the  end  of  the  tube,  the  surrounding 
'dium  being  water  in  a  more  or  less  stationary  collar 
to  37.5  ft.  head,  and  being  a  vacuity  for  greater 
ids.  To  verify  this  a  glass  tube  2  in.  in  diameter  and 
in.  long  was  substituted  for  the  tapped  iirass  tube,  and 
;  '  following  observations  were  made : 

I.  Up  to  a  head  of  18.5  ft.  the  tube  flowed  full  with 
:  appearance  of  air  within  it.  Hence  if  contraction  does 
I  :e  place,  the  jet  must  pass  through  a  surrounding  collar 
(  water  in  a  more  or  less  stationary  or  eddying  state. 

i.  At  18.5  ft.  head  a  slight  amount  of  air  was  seen 
I  disengage  from  the  water  at  the  inner  end,  extending 


for  about  1/2  'H-  ii't"  '!"-'  lube.  Tliis  condition  progressed 
iMitil  the  head  was  38.5  ft.,  when  the  inner  end  of  the 
tul)e  was  surrounded  by  a  dense  white  fog  extending  about 
1  in.  into  the  tube. 

3.  At  38.5  ft.  head  the  appearance  was  that  of  snow 
or  loose  foam  extending  about  6  in.  from  the  inner  end  of 
the  tube.  At  44  ft.  head  the  disturbed  condition  extended 
to  the  outside  end  of,  the  tube,  the  inner  end  appearing 
as  a  clear-cut  jet  showing  very  distinctly  the  contraction 
and  reexpansion  on  which    the  foregoing  theory  depend.^. 

4.  At  56  ft.  head  the  jet  ceased  to  recxpand  sufficiently 
to  fill  the  end  of  the  tube,  and  it  discharged  as  a  standard 
orifice.  The  appearance  of  the  glass  tube  discharging 
under  various  head.s  is  shown  in  Fig.  3.  Xotice  the 
diverging  character  of  the  stream  under  a  head  of  42.5  ft. 

The  coefficient  of  discharge  for  heads  greater  than  37.5 
ft.  may  be  computed  by  considering  the  inside  end  acting 
as  an  orifice  discharging  under  a  head  of  II  -{-  34  ft., 
thus: 

(J  =  L'oa  V "2^775  =  CdK  V  -In  [47.5+^341 


^,        ,,  Vsi.o 

Cd  =  C'd- =  n.7sl 

V47.5 

Which  again  approximately  checks  the  result  obtained 
for  a  head  of  47.5  ft.  This  would  indicate  that  although 
the  contraction  and  reexpansion  are  not  apparent  for 
heads  of  less  than  37.5  ft.,  it  nevertheless  occurs  and  the 
theoretical  method  of  analyzing  the  subject  is  correct. 
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Under  date  of  Sept.  1.  ISUG,  the  United  States  De- 
partment of  Agriculture  has  is.sued  a  booklet  of  rules 
and  regulations  to  be  applied  in  the  expenditure  of 
federal-aid  road  money. 

The  act  is  interpreted  to  apply  to  those  states  where 
the  actual  expenditures  are  made  and  the  work  is  done 
wholly  by  the  counties,  but  supervised  in  a  general  way 
by  a  state  highway  department.  No  federal  money  will 
be  paid  for  work  which  can  not  be  proved  to  have  lieeii 
economically  done.  Bids  for  the  work  must  have  been 
advertised,  and  the  contract  must  have  been  awarded  to 
the  lowest  responsible  bidder,  unless  it  be  satisfactorilv 
proved  that  it  was  advantageous  to  accept  the  higher  bid  : 
otherwise  the  federal  aid  will  bo  prorated  to  the  lowest 
bid  and  not  the  actual  cost  of  the  road. 

The  Office  of  Public  Roads  must  be  notified  in  advance 
(if  a  contract  letting,  so  that  a  representative  may  attend. 
Xo  part  of  the  federal  money  is  to  be  used  directly  or  in- 
directly for  the  ])aynient  of  a  premium  or  royalty  on 
any  patented  or  projirietary  material,  specification. 
]irocess  or  type  of  construction,  unless  purchased  or  ob- 
tained by  open  com]ietitive  bidding  at  the  same  or  less 
cost  than  unpatented  articles  or  methods  equally  suited 
to  the  same  purpo.se. 

The  rules  and  regulations  governing  surveys,  plans, 
specifications,  estimates,  contracts,  construction  work, 
co.stkeeping  and  payments  are  no  comprehensive  that  the 
United  States  Office  of  Public  Roads  and  Rural  Engineer- 
ing will  have  a  dominating  infiuence  in  all  work  for  which 
ajipliiation  for  frderal  aid  is  made. 
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The  only  large  step  in  the  construction  of  the  Quebec 
Bridge  that  has  uot  been  described  for  the  information 
of  the  engineering  profession  is  the  erection  of  the 
640-ft.  suspended  span  on  shore  previous  to  floating  to 
the  bridge  site  and  hoisting  into  place.'  The  importance 
of  the  structure  warrants  completing  the  record,  as  is 
attempted  in  the  accompanying  photographs. 

The  suspended  span  is  6-iO  ft.  long  center  to  center 
of   end   supports   and   88   ft.   wide   center   to    center   of 


ol  1.5  sq.in.  The  top  and  bottom  lateral  systems,  as  well 
as  the  sway  bracing,  were  double  intersecting  systems, 
designed  to  take  both  tension  and  compression  in  each 
member. 

The  erection  site  for  the  suspended  span  was  located 
about  three  miles  below  the  bridge  site,  in  the  shallow 
waters  of  Sillery  Cove,  where  the  bed  of  the  river  is 
exposed  at  low  tide.  The  excavations  for  the  foundations 
of  the  falsework  bents   supporting  the   trusses  and  ap- 


trusses.  The  trusses  of  the  span  have  the  top  chords  p  roach  tracks  were  mostly  in  rock — red  shale  and  sillery. 
curved  to  a  parabola,  the  depth  at  the  hip  being  70  ft.  This  excavation  work  was  carried  on  at  every  low  tide 
and  at  the  middle  of  the  span   110  ft.  center  to  center     occurring  in  the  daytime.     On  this  account  and  because 


of  chords.  The 
web  is  a  subpanel 
Pratt  system  with 
ni  a  i  n  verticals, 
compression  posts. 
and  main  diag- 
onals, tension 
members.  The 
main  panels  varv' 
in  length  from  65 
ft.  in  the  end  pan- 
els to  80  ft.  for 
the  panels  at  the 
center  of  the  span. 
For  the  bottom 
chords  throughout 
and  for  the  first 
main  tension  diag- 
onals of  the  web, 
eye-bars  were 
used.  All  the 
other  truss  mem- 
bers were  of  built- 
up  construction. 
The  top  chords 
were  pin-connected 
at  all  the  main 
panel  points  witli 
s  li  o  p  or  field 
splices  at  the  in- 
termediate subiwnel  ]K>iiits.  The  web  members  were  con- 
nected and  riveted  together  at  the  main  panel  points  of  the 
top  and  bottom  chords  by  means  of  gusset  plates  which 
engage  the  pins  of  the  top  and  bottom  chord  members. 

All  truss  members  were  manufactured,  shipped  and 
handled  in  subpanel  lengths.  ISTickel  steel  was  used 
throughout  for  all  tlic  main  truss  members  and  the 
bottom  lateral  system,  but  the  top  lateral  system  and 
the  sway  bracing  wei-e  built  of  carbon  steel,  as  well  as  the 
minor  web  memi)ers  whicli  carried  no  moving-load  stresses. 
The  greatest  area  of  tlie  top-chord  members  was  434 
sq.in.,  and   in  one  panel   of   the  bottom-chord  eye-bars 

'Chief  Draftsman.  Uoaid  of  Engineers,  Quebec  Bridge, 
Montreal,   Ir".   Q. 

'For  notes  on  the  erection  of  the  cantilever  arms  see 
■Engineering  News."  Auc  17,  1016;  for  progress  in  1915.  see 
Sept.  2,  1916;  camps  and  yards.  Mar.  n,  1914.  and  Oct.  14,  lai.t;- 
anchor  arm,  Jan.  7.  191.5;  erection  traveler.  Mar.  4,  1915;  gen- 
eral design,  Apr.    30,   1914;  special   shopwork.   May   14,   1914. 
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of  the  fact  that 
considerable  blast- 
ing had  to  be  done, 
progress  was  slow, 
tiiree  hours'  work 
once  and  .some- 
times twice  a  day 
being  all  that 
cDuld  be  acconi- 
])lished.  However, 
this  work  and  the 
laying  of  the  con- 
crete for  the  foun- 
dations were  ail 
completed  during 
t  h  e  season  of 
1915.  During  the 
fall  and  winter  of 
li)  15-16  the  inside 
staging  tliat  had 
s  u  p  p  o  r  t  e  d  the 
bridge  floor  'and 
the  traveler  tracks 
during  the  erec- 
tion of  the  -south 
anchor  arm  was 
taken  down  and 
sent  back  to  the 
contractor's  shops 
at  Eockfield, 
P.  Q.,  to  be  remodeled  into  the  falsework  bents 
that  supported  the  sus]iended-span  trusses  and  the 
ap))roach  tracks  during  the  erection  of  the  span.  The 
traveler  that  had  completed  the  erection  of  the  north-shore 
anchor  and  cantilever  arms  was  also  taken  down  and 
shipped  to  the  site  of  the  suspended  span,  where  it  was 
iwrected  with  the  top  trusses  and  traveling  cranes  left  off. 
the  work  of  erecting  the  suspended  span  being  accom- 
plished by  means  of  the  four  70-ft.  30-ton  booms,  placed 
one  at  each  of  the  four  corners  of  the  traveler. 

The  traveler  and  its  bracing  were  figured  to  resist  « 
30-lb.  wind  when  standing  and  a  5-lb.  wind  when  moving' 
No  effect  of  wind  during  the  lifting  operations  wn^ 
sidered,    as    no   work    could    be    done    during    wiiul- 
appreciable  strength. 

The  dead-load  of  the  traveler  was  rarvicd  on  the  fnml 
and    I'car  truck  springs   when   moving.      L'lidei-  workin;; 
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onditions  these  springs  were  locked,  and  shims  were 
riven  to  a  snug  fit  between  the  front  legs  of  the  traveler 
nd  the  pedestals  resting  on  floor-beams.  Reactions  from 
ifting  the  top  chords,  which  were  the  heaviest  pieces 
andled  in  the  span,  were  on  the  assum])tion  that  the 
ii'iiihers  for  one  truss  onlv  would  be  lifted  at  one  time. 


and  lacing  angles.  In  designing  the  columns  it  was 
assumed  that  the  total  weight  of  the  bridge  material, 
the  weight  of  the  ti'aveler,  including  the  member  being- 
erected,  and  the  vertical  reaction  from  wind  on  the 
traveler  and  .=pan  were  carried  by  the  outside  columns 
of  the  bents.     The  inside  columns  were  assumed  to  take 
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'.  similar  members  for  botli  trusses  were  lifted  at  the 
1  line  time  and  placed  in  pairs,  the  reactions  on  the  front 
gs  of  the  traveler  were  equal,  but  the  reaction  on 
ther  leg  was  less  than  the  ma.ximum  leg  reaction  if 
le  pieces  were  lifted  and  placed  separately.  No  anchor- 
re,  when  lifting  loads  at  either  the  front  or  the  rear 
the  traveler,  was  required,  except  when  placing  the 
lor-beams.  It  was  then  necessary  to  outhaul  in  all  ea.ses 
ben  the  floor-beams  were  placed  more  than  72  ft.  i:i 
Ivance  of  the  front  legs  of  the  traveler ;  and  when 
acing  floor-beams  more  than  50  ft.  in  advance  of  the 
aveler,  the  rear  derricks  had  to  take  a  lift  on  the  floo'- 
anis  to  the  rear  of  the  traveler  appro.ximately  equal  to 
e  load  on  the  front  derricks.  This  procedure  was 
cessary  in  order  to  avoid  overstraining  the  longitudinal 
acing  of  the  traveler. 

As  shown  in  Fig.  2,  the  span  was  supported  during 
L'ctiou  on  staging  bents  placed  under  each  panel  point, 
lese  staging  bents  were  made  up  of  two  columns,  spaced 
t't.  a])art  and  tied  together  by  means  of  batten  ])lat('s 
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care  of  the  overturning  effect  from  transverse  wind  ap- 
|)lied  at  the  top  of  the  bent.    Bracing  placed  in  the  jdane 


wind 
brace 


outside   columns   took    care   of   the   longitudinal 
i;id  on  the  trusses  and  traveler,  the  staging  being 


1    in    two    .sc 
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ctions.  The  wind  load  between  panel 
])oints  1  and  T  was  taken  care  of  by  the 
bracing  in  jianel  1-2.  and  that  between 
panel  points  8  and  17  by  bracing  in 
|)anels  8,  9  and  10.  The  traveler  was 
erected  on  bents  19  and  20  imme- 
diately adjacent  to  the  staging  of 
the  span.  While  .standing  at  bent  19, 
the  traveler  erected  staging  bents 
1  and  2,  the  longitudinal  bracing  be- 
tween l)ents  1  and  2  and  the  bridge 
mendjcrs  in  panel  0-1.  The  traveler 
then  moved  forward,  erecting  staging 
and  longitudinal  bracing,  floor-beams, 
bottom  chords,  bottom  laterals  and 
web  nunnbers,  e.\ce])t  the  ujjper  haK  of 
the  main  diagonals  and  the  vci'tical  sub- 
struts,  as  it  advanced,  until  it  reached 
bent  17.  The  traveler  then  moved 
backward  and  completed  the  erection 
of  the  trusses  by  placing  the  top 
chords  and  upi)er  web  members  as  well 
as  the  top  laterals  and  sway  liracing. 
In  Kig.  2  the  members  erected  as  the 
traveler  advanced  are  shown  in  full 
lines.  Dotted  lines  indicate  the  mem- 
bers    placed     on     the      return      trip. 
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.\.s  illustrntiTl  in  Fig.  3,  sand  jack.^  were  used  at  the 
even  panel  points,  directly  under  and  with  to])s  holted 
to  the  vertical  posts  of  the  trusses,  to  transfer  the  load 
lo  the  outer  columns  of  the  stagins.  Timber  blocking 
was  used  for  the  same  purpose  at  the  subpaneU.points 
and  also  between  the  floor-beams  and  inside  columns  of 
the  staging  at  all  panel  points.  The  vertical  posts  and 
vertical  hangers  into  which  the  floor-beams  fraihed  had 
their  inside  webs  slotted  to  allow  the  end  web  plates 
of  the  floor-beams  to  pass  through.  In  order  to  make 
this  connection  the  floor-beams  were  placed  on  timber 
blocking  over  the  inside  staging  columns,  about  o  in. 
above  their  camber  position ;  and  after  placing  the 
vertical  po.«ts  or  hangers  and  bolting  the  floor-beam 
connection,  the  floor-beams  and  verticals  were  together 
lowered  to  their  correct  camber  positions  to  a  bearing  on 
the  sand  jacks  or  timber  blocking  over  the  outside 
staging  columns  by  means  of  hydraulic  jacks. 

In  the  shop  the  truss  members  were  made  of  such 
a  length  center  to  center  of  panel  points  that  after  the 
span  was  erected  and  carrying  its  full  live-  and  dead- 
load  the  trusses  would  have  their  geometrical  shape; 
that  is,  the  truss  members  would  be  straight  between 
main-panel  points.  On  this  account  the  faced  ends  of 
the  top  chords,  where  these  members  were  spliced  in  the 
field,  would  not  come  to  a  square  bearing  during  erection. 
In  order  to  obtain  a  square  bearing  at  these  points  be- 
fore riveting  on  the  splice  material  the  camber  elevations 
of  the  lower-chord  panel  points,  during  the  erection  of 
the  span,  were  calculated  so  that  the  top-chord  bearing 
surfaces  for  the  pins  at  the  main  top-chord  panel  points 
and  the  bearing  faces  of  the  top-chord  members  at  tiie 
intermediate  panel-jioint  splices  would  come  together 
just  sufficiently  to  allow  the  splice  material  to  be  temjio- 
rarily  bolted  in  place  with  50%  of  the  field  holes  filled 
with  bolts. 

The  span  being  completely  assembled,  the  timber 
blocking  at  the  intermediate  staging  supports  and  under 
the  floor-beams  was  taken  out,  and  the  sand  jacks  were 
lowered  until  the  span  rested  on  its  end  supports  at  LO  and 
L18.  The  to]i-cbord  members  then  came  to  a  bearing  on 
the  pins  in  the  half-pin  holes  at  the  main  panel  points; 
and  the  bearing  surfaces  at  the  field  splices  came  to- 
gether, the  nuts  on  the  bolts  attaching  the  splice  material 
having  ])reviously  been  loosened.  The  field  rivets  in  these 
.splices  were  then  driven.  All  the  vertical  subposts  sup- 
porting tlie  top  chord  members  at  the   subpanel   points 


were  made  of  such  a  length  that  these  chord  menibcrs 
would  be  straight  between  main-panel  points  under  the 
dead  weight  of  the  span  as  it  rested  on  its  end  supports. 

In  designing  the  trusses  the  main  diagonals  in  the 
center  panels  L8-L10,  where  the  web  system  is  double 
intersecting  and  statically  indeterminate,  were  calculated 
to  carry  only  live-load  stresses  in  the  lower  halves  of 
these  members.  The  upper  portions  then  took  the  panel 
dead-load  concentrated  at  panel  point  9.  In  order  to 
insure  this  condition  after  the  span  was  erected,  the  _ 
holes  in  the  gusset  plates  connecting  these  members  at  I 
the  bottom-chord  panel  points  L8  and  LlO  had  been  I 
drilled  in  the  shop  to  ||-  in.  in  diameter  and  the  holes 
in  the  member  to  {J  in.  in  diameter.  When  the  mem- 
bers were  first  erected,  these  connections  were  fully  bolted 
with  5j.-in.  bolts;  and  when  the  span  was  swung  on  its 
end  supports  at  the  panel  points  LO  and  LIB,  if  the 
panel  points  LB  and  LlO  were  not  at  the  same  distance 
from  a  line  joining  LO  and  LIB,  the  lower  of  the  two 
])oints  was  lifted  by  means  of  hydraulic  jacks,  the  %-in. 
bolts  being  loosened  in  both  connei-tions.  The  shims 
under  the  higher  point  were  removed  as  the  load  was 
applied  to  the  lower  point;  and  when  the  panel  points 
LB  and  LlO  were  brought  into  their  correct  position  with 
relation  to  the  line  joining  LO  and  LIS,  they  were  firmly 
shimmed  against  the  staging  bents.  All  %-in.  bolts  be- 
ing removed,  the  \l-^n.  holes  in  the  members  were  reamed 
to  -}|-  in.  in  diameter  through  the  holes  in  the  gusset 
plates  and  the  connection  fully  riveted  up  before  re- 
moving the  shims. 

At  the  end  supi)orting  points  LO  and  LIB  provision 
iiad  to  be  made  to  take  care  of  expansion  and  contraction 
due  to  changes  of  temperature  and  the  stretch  of  the 
bottom  chord  under  dead-load  stre.ss  after  the  points  of 
intermediate  support  were  removed.  As  illustrated  in 
Fig.  4,  the  span  was  supported  at  these  points  by  a 
series  of  castings  and  pins.  The  arrangement  of  castings 
and  i^ins  shown  was  demanded  by  the  conditions  of  hoist- 
ing to  place  in  the  bridge.  However,  to  take  care  of 
this  expansion  and  contraction,  the  lower  longitudinal 
pin  and  its  bearing  castings  were  polished  and  lubricati'd 
to  insure  that  the  friction  would  not  exceed  10%  of  the 
vertical  end  reaction  of  the  trusses  as  the  surfaces  slippt'd 
under  the  end  thrusts  of  the  span ;  and  the  end  bents  at 
LO  and  LIB  in  addition  to  taking  care  of  the  longitudinal 
wind  on  the  span  were  designed  to  resist  this  horizontal 
friction   force,  which  was  estimated  at  ."^00,000  lb. 
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(Jucbec,  Sept.  12,  iniB.. — The  great  center  span  vi 
the  Quebec  Bridge  fell  into  the  St.  Lawrence  River  at 
10:  ."lO  a.m.  Monday,  Sept.  11,  after  it  had  been  hung  to 
the  cantilever  arms  by  the  erection  hanger  chains  and 
had  boon  hoisted  successfully  10  or  1.5  ft.  From  the  best 
information  now  available,  it  is  believed  that  six  lives 
were  lost  in  the  disaster  and  six  men  were  injured.  I 
had  closely  watched  the  operations  of  floating  the  sus- 
pended span  into  position,  mooring  it  to  the  guide  trusses 
and  beginnirii,'  the  work  of  hoisting,  and  I  saw  it  collapse. 


Thei'c  was  no  lack  of  expert  eye-witnesses.  In  fad  it 
is  doubtful  whether  there  was  ever  brought  together  on 
tliis  continent  a  larger  assemblage  of  eminent  structural 
engineers  than  had  gathered  at  Quebec  to  witness  tiic 
final  task  in  the  completion  of  the  greatest  bridge  in  tlif 
world.  The  Canadian  Society  of  Civil  Engineers  had  ar- 
ranged a  special  excursion  of  its  members  to  witness  tlu' 
event.  No  one  had  any  thought  of  danger  in  connei- 
tion  with  the  erection  work,  but  the  engineers  of  tin' 
St.  Lawrence  Bridge  Co.  decided  that  it  was  better  h'r 
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lose  ill  i-harge  of  the  operating  machinery  not  to  be 
istratted  by  the  presence  of  any  nnniber  of  guests  on 
10  moving  span.  The  visitors,  therefore,  observed  the 
ork  from  the  shore  or  from  vessels  in  the  river  or  from 
'd  cantilever  arms  above. 

The  delicate  work  of  transferring  the  suspended  span 
uni  the  falsework  on  which  it  was  erected  at  Sillery 
)ve,  to  the  scows  on  which  it  was  to  bo  floated  to  the 
idge  site  was  done  during  the  night.  The  valves  in 
!■  bottom  of  the  scows  under  the  span  were  closed  about 
a.m.  As  the  tide  rose,  the  load  was  gradually  trans- 
rred  from  the  falsework  su])ports  to  the  scows  and  at 
40  the  span  was  afloat.  Further  work  was  then  post- 
iicd  until  daylight. 

-\t  4 :  40  a.m.  tugs  began  moving  the  span  out.     At 
15  the  span   had   been   swum;'  aiross   the   stream   and 
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the  shore  lines  were  cast  loose.  At  5 :  20  the  three-mile 
trip  upstream  began,  two  tugs  ahead  pulling  and  five 
tugs  downstream  dragging  backward  to  keep  the  floating 
mass  tinder  control,  with  an  eighth  tug,  a  large  seagoing 
boat,  standing  by.  Aided  by  the  flowing  tide,  the 
trip  was  made  in  1  hr.  10  min.  At  fi :  35  the  span  was 
in  position  imder  the  cantilever  arms;  7  min.  later  the 
auxiliary  mooring  lines  from  the  steam  hoist  on  the 
floating  span  had  been  run  out  to  the  south  cantilever 
mooring  truss.  Then  one  after  another  the  four  main 
mooring  lines  from  the  electric  hoists  on  the  south  canti- 
lever were  attached.  The  same  procedure  was  completed 
at  the  north  end  a  lew  minutes  later.  Tiie  whole  process 
of  mooring  required  1  hr.  .5  min. 

At   7 :  25   the   downstream    tugs   eased  off  and    nosed 
ill  close  to  tlie  scows.  About  the  same  time  the  upstream 
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tug^  also  eased  off  to  stand  by.  Twenty  minutes  later 
all  lines  had  been  made  fast  at  the  north  and  south  ends  of 
the  truss  and  all  the  tugs  had  cast  off. 

At  7  :  18  the  north  hanger  chains  swung  forward  from 
back  of  the  mooring  truss.  Three  or  four  minutes  later 
the  chains  on  the  south  side  were  swung  down.  All  four 
pair.s  of  hangers  were  connected  to  the  span  simultane- 
ously, within  a  few  seconds. 

At  8:  2;$  a.m.  the  erection  link  pins  were  seen  to  lie  at 
the  iiottoni  of  the  slot  on  butli  north  and  .-outh  liaiiucr 


chains.  As  the  tide  fell,  .the  weight  of  the  span  began 
to  be  transferred  to  these  chains.  At  8:  50  the  jacks  at 
the  north  end  of  the  span  began  working,  and  practi- 
cally at  the  same  time  the  jacks  at  the  south  end.  At 
i* :  2'i  a.m.  the  span  cleared  the  scows,  the  sottth  end  lift- 
ing aiJparently  a  few  seconds  first.  At  9 :  25  a.m.  the 
scows  on  the  north  side  were  cut  loose  from  the  span. 
Tlie  south  grou]i  followed  in  a  few  minutes. 

The  scows  then  drew  to  one  side  revealing  the  spec- 
tacle of  the  great  C40-ft.  span  hanging  suspended  from 


A   COMPARISON   OF   OUTLINES— THl::    OLD    QUEBIIC  BRIDGE    CANTILKVER    AND    THE    NEW,    IN    PROCESS    OF 

ERECTION— 1907   AND    1916 


Sqiteiiiber   14.    i:»lfi 


K  X  (;  I X  E  E  If  ly.  G    X  I-:  \v  s 


527 


SiTTri    HAT. I-    i.[       I  ill:    OLD    QUEBEC    BRIDGE 

Wlirn    roiDijIi-tL J    icail;,     lu    center    of   suspended    span    as    a 

cantilever  structure,  the  entire  half  bridge  fell 

liftin?  chains  and  tiimnltnon.^  cliorus  of  cheers  re- 
.unded  from  the  crowds  aboard  tlie  ve.-^sels  wliicli 
rowded  the  river  do^mstream,  and  anion?  the  many 
lou.sands  of  spectators  on  both  banks  of  the  ri\er. 
!vervbody  Ijelieved,  of  course,  that  the  crucial  and  dif- 
rult  staire  of  the  work  -^i-as  past  and  the  rest  was  merely 
routine  operation.  Four  lifts  of  2  ft.  were  taken  witii 
le  north  jacks  and  five  lifts  witli  tlie  south  jacks.  Work 
as  then  suspended  for  a  short  time  to  relieve  the  men 
■fore  starting  on  the  long  and  taxing  routine  of  hoisting. 

TToisTixG  Is  Resumed  Aftei:  Recess 

Tiic  lunch  interval  lasted  an  hour ;  then  all  hands  went 

ick  to  the  l)ridge,  and  jacking  was  resumed.    The  opera- 

)ns  worked  perfectly  as  l)efore.    The  span  rose  steadily. 

At    ]0:4fi   a.m.   one    additional   lift   had    been   taken 

each  cantilever  since  the  lunch  recess,  making  five  lifts 

tlie  north  end  and  six  at  the  south.     At  this  time  on 

ill  side  of  the  river  the  top  jacking  pins  were  out;  the 

ttoni  jacking  pins  were   in,   and   the   top  girder  was 

scendiiig  for  another  cycle.     The  weight  of  the  sus- 

nded  span  was  hanging  from  the  lower  or  fixed  jacking 

nlers  and  everything  api)arently  was  stable  and  secure. 

At  this  moment,  something,  .soinewhere,  gave  way  on 

about  the  suspended  span,  far  below  the  level  of  most 

the  observers.     'What  that  initial    failure  was,  every 

gineer  in  every  branch  of  the  profcssiim  will  eaniestly 

-ire  to  learn,  for  concededly  this  bridge  represents  the 

-lit  of  constructional   effort.     It   is   possible    here   to 

only  an  account  of  the  fall  of  the  susjiended  span 

seen  by  the  editor  of  Enr/ineerinf/  Neir.s  and  as  re- 

nited    by   other   eye   witnesses   afterward.     These    de- 

•i[)tions  jxTinit  an  answer  to  the  ])uzzle — in  fact  sev 

il  answers,  wbcrein   lies  doubt  and  confusion   for  the 

-ent.     Several   coinl)inations  of  cir('Uiiistanccs  can   be 

•iMidatcd  to  agree  more  or  less  closely  willi  all  the  evi- 

'  nee  at  baud. 

Tin:  (lijioAT  Span  Falls  Into  the  Rivei! 

.\t  10:. lO  a.m.  the  attention  of  the  closest  observers 

^»  attracted  by  sounds  that  seemed  to  tell  of  .serious 

Jtuotural  failure.     To  some  llicrc  was  a   noise  like  the 

«|r-har;.'e  of  a   cannon,  iiliiiost    iniiii.Mlialciv   followed   bv 


the  ligiitcr  cracking  of  accessory  failures,  and  then  slip- 
ping and  roaring  noises,  as  the  span  went  into  the  water. 
Tr  is  hard  to  separate  the  subjective  from  what  was 
:ii  tually  observed  in  the  few  seconds  while  the  amazed 
observers  watched  the  span  disappear. 

Observers  who  were  clear  of  the  bridge  downstream. 
oft'  the  south  cantilever,  seem  to  agree  that  the  south 
upstream  corner  of  the  span  first  slipped  off  the  lifting 
girder.  They  think  also  that  at  this  stage  that  corner 
of  the  span  dropped  almost  to  the  water,  thirty  feet 
below,  before  the  south  downstream  corner  left  its  lifting 
girder.  To  southerly  observers,  the  overturning  motion 
started  by  the  falling  of  the  upstream  end  continued 
as  an  npstream  overturning,  and  simultaneously  the  end 
of  the  npstream  truss  appeared  to  fall  down  as  the 
structure  corkscrewed  into  the  water.  It  appeared  fur- 
ther that  a  considerable  part  of  the  span — possiblv  a 
third  of  its  length — was  submerged  before  the  north  ends 
appeared  to  slip  off  their  lifting  girders.  It  was  not 
possible  to  tell  from  this  distance  whether  one  corner 
at  the  north  end  lifted  off  in  the  fall. 

An  important  difference  is  noted  in  the  observation 
made  by  a  prominent  engineer  who  watched  the  span 
from  the  very  tip  end  of  the  north  cantilever.  He  de- 
clares that  the  upstream  truss  at  the  north  as  well  as 
the  south  corner  slipped  off  before  either  of  the  down- 
stream truss  ends  left  its  seat. 

It  seemed  to  observers  on  the  south  cantilever  as  though 
the  great  north  cantilever  must  be  pulled  down  by  the 
violence  of  the  shock.  Some  small  disturbance  of  tlic 
cantilever  end  was  apparent  from  across  the  river,  but  the 
gigantic  frame  stood  the  test  nobly,  and  in  a  few  seconds 
came  the  realization  that  it  was  safe.  In  the  meantime  the 
hanger  chains,  with  the  lifting  girders  on  their  ends  still 
intact. and  in  place,  swung  about  violently,  crushing  the 
wooden  inside  operating  platforms. 

On  the  jacks  and  platforms  of  each  arm  were  about 
twenty  men.  Only  one  of  these  was  lost  and  three 
hurt,  though  all  the  rest  had  narrow  escapes.  The  chief 
inspector  of  the  Board  of  Engineers,  TTerbert  ^IclMillan. 
])osted  on  the  downstream  platform,  north  cantilever, 
had  a  leg  broken.  One  man  on  the  npstream  plat- 
form, north  cantilever,  dropped  overboard  and  was  lost. 
On  the  .south  cantilever  one  man  on  the  downstream  pin 
])latform  jum])ed  and  with  three  others  was  rescued. 

Many  prominent  engineers  from  the  United  States  and 
Canada  were  on  the  suspended  span  when  the  lifting 
ojierations  began.  At  the  intermission  in  the  jacking 
o])erations  they  came  ashore.  That  saved  their  lives.  The 
total  death  roll  is  still  uncertain,  but  pro!)at)ly  onlv  1  I 
were  lost  and  fi  injured  in  the  great  accident. 

Both  cantilever  arms  of  the  structure  were  thronged 
with  many  prominent  engineers  who  had  come  to  see  the 
crowning  achievement  of  the  Quebec  bridge's  history. 
Besides  these  visitors,  there  were  engineers  and  inspec- 
tors of  the  company,  and  of  the  Board  of  Engineers, 
and  many  government  officials.  The.se  nu^n  find  their 
sensations,  as  they  were  thrown  down  and  about  by  the 
oscillations  of  the  cantilever  ends  set  up  by  the  shock 
of  the  load  release,  diflicnlt  indeed  to  describe.  Ont 
of  the  chaos  of  stories,  however,  there  comes  some  indi- 
cation that  the  downstream  cantilever  end  first  went  up 
and  returned,  while  the  upstream  cantilever  end  M-as 
])iilled  down  and  outward.  This  (irst  motion  might  have 
bi'cn   followcil   by  a  >crics  of  oscillations  (jf   1,")  to  18  in. 
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i.iaxinunii.  It  api)ears  clear  tliat  each  of  the  K-tru.>^ses 
acted  inclependeiitlv,  thank^;  to  the  flexibility  of  the 
lateral  eonuections.  Yet  there  appears  to  have  been  no 
damage  to  the  lateral  system  for  observation  indicates 
no  permanent  distress  of  the  lateral  members.  Through 
the  interior  of  tlie  bridge  the  longitudinal  edges  appear 
.'■till  perfectly  parallel. 

TUE  COXDITTOX  OF  THE  FoUR  PaIHS  OF  HaNGEK  ChAINS 

The  hanger  chains,  as  previously  stated,  are  still  there 
and  substantially  intact,  with  the  lifting  girders  hang- 
ing at  their  lower  end.  But  iheij  are  not  vninjured  or 
II II  marked,  and  this  of  course  is  significant.  Careful  note 
has  been  taken  of  their  condition  in  a  joint  examination 
bv  the  Board  of  Engineers  and  the  St.  Lawrence  Bridge 
Co. 

So7ith  Side  Hangers — The  downstream  hangers  show 
the  lifting  girder  at  the  bottom,  the  jacking  girders  at 
bridge  floor,  and  the  top  .supporting  gircler,  inclined  down- 
ward in  the  upstream  direction  at  an  angle  of  10°  or 
so :  the  hangers  and  girders  rocked  on  the  top  pin.  The 
lower  end  of  the  inner  hanger,  i.e.,  the  one  nearer  the 
center  line  of  the  bridge,  is  bent  npstream.  The  lift- 
ing girder  hnng  to  the  chain  is  battered,  the  lower  or 
longitudinal  hearing  pin  has  disappeared,  and  the  upper 
or  transverse  pin  has  turned  and  dropped  into  the  place 
of  the  lower  pin. 

The  upstream  hanger  chain  shows  all  girders  substan- 
tiallv  level  transversely.  The  hangers  themselves  arc  not 
damaged,  except  that  the  inner  one  is  scored  where  it 
sheared  through  the  end  bottom  strut  of  the  span.  There 
is  evidence  of  rotation  of  the  lifting  girder  from  the 
ai)pearance  of  the  connection  to  the  chain. 

Xorth  Side  Hangers — The  upstream  and  downstream 
lianger  chains  are  unbent,  and  are  in  better  condition 
Uian  those  of  the  south  end.  However,  the  inner  hanger 
of  each  chain  is  dented  and  scored  where  it  sheared 
through  the  bottom  strut. 

The  preceding  lacks  detail.  It  truthfully  iudirates  the 
general  conditions,  however. 

Cause  of  the  Accidext — The  Most  Likely  Theoky 
Reference  to  the  drawing  on  p.  52.3  of  this  issue  or 
to  the  slightly  less  complete  drawing  p.  423,  Aug.  31 
issue,  shows  a  erucifonn  rocker  casting  between  s\is- 
pended  span  and  lifting  girder,  by  way  of  which  the  end 
of  the  suspended  s))an  rested  on  the  lifting  girder.  This 
casting  formed  a  sort  of  universal  joint  to  support  the 
span ;  it  had  a  longitudinal  pin  below  and  a  transverse 
pin  above.  Sliding  movement  along  the  longitudinal 
pin  was  helped  by  extra  lubrication  while  the  span  was 
on  falsework,  but  was  blocked  by  bolting  on  four  re- 
tainer plates  when  the  span  was  floated  off  on  .scows. 

Study  of  the  sketch  of  the  method  of  support  of  the 
s:pan  on  the  lifting  girder  hero  will  show  that  there  was  a 
measure  of  instability  in  the  arrangement,  the  weight 
being  on  top,  with  a  universal  joint  under  it,  and  the 
support — the  point  where  the  girder  was  hung  to  the 
chains- — being  practically  at  the  same  level  as  the  \ini- 
vcrsal  joint.  To  explain  how  the  truss  span  comes  to  be 
in  the  river  and  the  lifting  girders  are  still  there  we  must 
look  for  some  action  that  would  unseat  the  span.  The 
span  might  slip  off,  or  the  girders  might  kick  out,  or 
the  rocker  casting  between  girder  and  truss  might  break. 
No  actions  are  known  to  have  occurred  in  the  hoisting 
that  would  favor  either  a   sliding  otf  of  the  span  or  a 


kicking  out  of  the  lifting  girder.  The  most  probable  ex- 
planation at  the  moment  is  that  the  cruciform  rocker 
casting  between  lifting  girder  and  end  of  the  suspended 
span  broke. 

The  rocker  whose  break  caused  the  disaster  is  believed 
to  be  the  one  at  the  south  upstream  corner  whose  fall 
was  first  observed.  Fracture  of  the  casting  probably 
occurred  on  the  side  facing  the  center  line  of  the  span 
At  any  rate  the  break  must  have  been  so  located  as  t^ 
let  the  truss  corner  fall  on  the  lifting  girder  off  center 
and  near  the  midspan  edge.  Then  the  girder  rotated, 
kicked  back,  and  let  the  comer  of  the  span  slide  oft'  with 
nothing  but  the  strength  and  support  of  the  portals  aiil 
sway  bracing  to  hold  it  from  falling  into  the  water 
Clearly  the  jjortals  and  laterals  of  a  GtO-ft.  span  were] 
not  equal  to  such  duty. 

As  soon  as  the  span  lost  its  support  at  the  south  up- 1 
stream  corner  by  breaking  of  the  rocker,  the  diagonally 
opposite  corner  or  the  north  downstream  corner  probably 
lifted  slightly  so  that  the  line  of  support  then  was  diagon- 
ally across  the  span  from  south  downstreant  to  nortl'  ^ 
upstream  corner.  Failure  of  the  portals  and  lateral  sy- 
tern  and  possible  rotation  of  the  trusses  and  failure  i' 
the  whole  structure  both  downward  and  sideward  wa- 
inevitable  in  this   condition. 

All  this  took  only  four  or  five  seconds,  of  course 
and  observation  of  the  individual  actions  is  tmcertaiii 
However,  it  appears  that  the  upstream  trttss  began  t' 
crumple  as  the  span  tilted,  the  ends  of  the  truss  goin,: 
down  and  its  center  up. 

I  send  you  my  account  after  most  favorable  opportuii 
ities  to  observe  the  facts  and  conditions  of  the  hoistiin 
operation,  seeing  the  collapse  from  an  excellent  vantaj;' 
point,  and  after  interviewing  a  large  number  of  eyewit 
nesses  to  check  my  observation  of  the  facts  of  the  coUap-' 
and  eitgineers  of  the  bridge  company  as  well  as  imlu 
])endent  engineers  to  check  the  facts  as  to  the  behavim 
of  the  individual  parts. 

Xo  one  knows  at  present  whether  )nore  will  be  learne( 
concerning  this  failure  in  the  sequel,  as  the  physieii 
evidence  is  deep  under  water.  It  is  only  fair,  however,  ti 
impress  on  all  engineers  that  the  case  is  so  extraordiuan 
that,  especially  in  view  of  the  wonderfully  scrupulous  worl 
of  the  Commission  and  the  bridge  company,  judginen' 
should  be  formed  only  tentatively,  and  final  conclu.<ioii- 
lield  ill  abeyance.  One  thing  only  i-  clear  jnst  now,  tlm 
an  awful  accident  has  ha]ipened. 


By  no  means  tlie  least  remarkable  circumstance  n 
connection  with  the  disaster  to  the  great  bridge  at  Queliii 
is  the  fact  that  although  the  disaster  was  witnessed  li.' 
over  a  hundred  of  the  must  eminent  structural  eiifii 
neers  in  both  Canada  ^iiid  the  United  States,  inelmli"; 
the  expert  stalf  engaged  in  the  erection  of  the  brid,!!i 
it  was  Jiot  certainly  known  for  24  hours  after  the  dis 
aster  occurred,  exactly  wliere  was  tlie  initial  point  <> 
failure. 

When  the  first  tnisatisfactory  jiress  dispatches  caiii' 
over  the  wire,  telling  practically  nothing,  save  that  ll" 
siian  had  collapsed  and  gone  to  the  bottom  of  the  river 
the   most   probable   conjecture  seemed    to  be  that  some 
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tliinsr  hail  gone  wrong  during  the  ticklish  process  of 
mooring  the  span  into  exact  position  and  transferring 
it  from  the  scows  which  brought  it  to  the  bridge  site 
to  the  hanger  chains.  As  this  was  apparently  the  most 
delicate  part  of  the  work,  the  possibilities  of  trouble  from 
wind  or  tidal  currents  or  other  unforeseen  interference 
with  making  the  connections  to  the  cantilever  arms 
loomed  large  in  the  imagination.  These  first  specula- 
tions were  of  course  swept  one  side  when  the  news  came 
that  the  span  had  l^een  actually  hung  from  the  liftinu" 
chains  and  hoisted  some  distance  when  the  collapse 
occurred. 

Many  engineers,  doubtless,  then  turned  their  thoughts 
to  a  consideration  of  a  possible  failure  of  the  lateral 
bracing  of  the  span.  Wliile  every  precaution  had  been 
taken  apparently  to  make  sure  that  the  bridge  should  be 
kept  level  while  tlie  lifting  process  was  going  on,  it  was 
of  course  possible  that  one  corner  might  be  lifted  more 
rapidly  than  the  others,  producing  a  torsional  effect  on 
the  truss.  It  was  conceivable,  at  least,  that  such  un- 
even hoisting  might  have  gone  far  enoTigh  to  throw  such 
stresses  into  the  lateral  bracing  as  to  cripple  some  of  the 
members  and  cause  the  collapse  of  the  entire  structure. 
It  will  be  evident  that  the  truss  would  not  have  to  be 
cant  over  very  far  before  its  enormous  weight  would  over- 
load the  wind  bracing. 

More  circumstantial  reports  from  Quebec  disposed  also 
of  this  h^'pothesis.  Had  the  failure  occurred  in  such  a 
manner,  the  great  number  of  e.xpert  bridge  engineers 
who  watched  the  failure  would  have  promptly  identified 
and  reported  its  evident  cau.se.  The  same  is  true  of  any 
failure  within  the  suspended  span,  from  whatever  source; 
and  more  than  this,  the  span  was  a  piece  of  bridgework 
of  ordinary  type,  and  internal  failure  was  no  more  likely 
than  in  any  other  large  truss  bridge. 

The  huge  lifting  chains  by  which  the  truss  hung  sus- 
pended did  not  fail.  They  are  intact,  with  the  lifting 
girders  .still  attached  to  their  lower  ends.  The  suspended 
.span  alone  is  gone.  That  is  the  basal  fact.  The 
swinging  chairs  on  which  the  span  was  seated  are  in- 
tact— barely  scratclied — but  their  burden  has  slipped  off 
into  the  river. 

The  place  of  initial  failure,  then,  is  narrowed  down 
to  the  place  where  the  truss  rested  on  the  girders  which 
hung  from  the  bottom  of  tjie  lifting  chains.  Study  of 
the  drawings  of  this  connection,  on  page  523  of  this  issue, 
shows  that  the  rocker  bearing  on  which  the  truss  rested 
was  over  4  ft.  higher  than  the  pin-bearing  through  the 
girder  by  which  the  load  was  transferred  to  the  chains. 
To  hold  the  girder  from  rotation,  there  were  plate  and- 
angle  connections  between  the  top  chord  of  the  girder  and 
the  short  built-hanger  link  which  formed  the  means  of 
attaching  the  girder  to  the  chains. 

Of  course,  so  long  as  the  span  remained  absolutely 
level,  and  absolutely  central  on  the  lifting  girder,  there 
waa  no  tendency  to  tip  or  rotate  the  girder,  and  no 
strain  against  the  plate-and-angle  connection  just  men- 
tioned. At  the  moment  of  the  accident  something  hap- 
pened which  upset  this  condition  of  perfect  central  load- 
ing. If  the  steel  casting  wliich  supported  the  south 
i|>stream  comer  of  the  span  broke  under  its  load  of 
ome  1,.S00  tons,  its  fracture  would  have  produced  the 
I  loud  report  with  which  the  disaster  began.  As  the 
Unins  shoe  settled  down  through  the  broken  fragments  of 
the  casting,   it  was  bound  tO  destroy   irrecoveraltly   the 


delicate  condition  of  central  loading.  It  may  have  kicked 
the  supporting  girder  out  from  beneath  it;  it  may  have 
slioved  it  far  enough  to  one  side  so  that  the  unbalanced 
load  on  the  girder  would  rotate  it  on  its  pin  and  let 
this  corner  of  the  truss  slide  off.  In  either  case  the 
wreck  of  the  suspended  span  would  occur  as  the  eye- 
witness account  describes  it.  One  corner  unsupported 
and  only  the  unsteady  swinging  chairs  under  the  other 
three,  the  ponderous  span  was  bovind  to  go  to  the  bottom. 


(S'&e 


Pending  the  construction  of  the  new  33rd  Street 
Trafficway  in  Kansas  City,  Mo.,  a  temporary  trestle 
is  to  be  built  to  connect  the  Allen  Ave.  viaduct  in 
that  city  with  the  east  end  of  the  new  Kansas  Ave. 
bridge  over  the  Kaw  River  in  Kansas  City,  Kan. 

The  AVyandotte  County  (Kansas)  Commissioners, 
about  two  years  ago,  let  a  contract  for  the  new  Kansas 
Ave.  bridge  to  replace  the  old  structure  which  was  not 
only  inadequate  but  also  did  not  conform  to  the  Govern- 
ment and  Kaw  Valley  Drainage  Board's  requirements 
of  a  two-pier  structure  in  the  734  ft.  established  channel. 
The  new  bridge  was  located  to  meet  the  proposed  23  rd 
Street  Trafficway  Viaduct  on  the  Missouri  side  and  is 
practically  completed  at  a  cost  of  $480,000.  It  has  two 
317-ft.  spans  in  the  channel  and  the  total  width  of  6-L  -t. 
provides  for  one  6-ft.  sidewalk  on  the  south  side,  a  36-ft. 
roadway  and  a  double  street-car  track  on  the  north  side. 

Although  an  item  of  $300,000  for  the  construction  of 
the  23rd  Street  Trafficway  was  included  in  a  recent  bond 
issue,  voted  in  Kansas  City,  ilo.,  the  city  has  been 
unable  to  come  to  any  agreement  with  the  four  railroad 
companies  where  tracks  are  crossed  by  the  proposed 
viaduct  as  to  their  share  of  the  expense  of  construction. 
Plans  and  specifications  are  being  prepared  by  Har- 
rington, Howard  &  Ash,  Consulting  Engineeis.  The 
structure  will  l)e  reinforced  concrete  and  will  cost 
approximately  $5()0,000,  including  a  long  approach  on 
Liberty  St.,  which  will  replace  the  present  Allen  Ave. 
\iaduct.  The  city  proposes  to  pay  one  third  of  the 
cost,  the  street  railways  company  has  agreed  to  pay 
one-third  and  it  is  expected  that  the  steam  railroads  will 
agree  to  contribute  the  other  third.  Court  proceedings 
have  already  been  instituted  for  the  widening  and 
regrading  of  23rd  St.  east  of  Brooks  St.  where  the  ncnv 
viaduct  will  tenninate,  the  balance  of  the  city  bond 
issue  being  used  to  help  pay  this  cost,  and  it  is  possible 
that  the  other  points  in  controversy  will  bo  settled  in 
the  next  few  months. 

In  the  meantime,  the  tcmjiorary  timl)er  structure  will 
be  built  and  the  new  Kansas  Ave.  bridge  thrown  open 
to  traffic,  so  that  the  old  bridge  across  the  Kaw  may 
be  removed  before  it  becomes  a  menace  again  in  the 
spring  high  water.  The  temporary  trestle  will  be  l,Or)(! 
ft.  long  and  average  about  30  ft.  liigh.  It  will  carry 
a  double-track  car  line,  included  in  a  3f)-ft.  planked 
roadway,  but  no  sidewalks.  The  contract  price  is  $19,450.- 
This  .sum  was  obtained  by  "passing  the  hat"  among  the 
industries  in  the  West  Bottoms  who  will  be  served  by 
its  constniction,  forty  of  them  contributing  $5,090  and 
by  the  Kansas  City  Railways  Co.  who  paid  $12,50'); 
the  lialauce  will  be  paid  by  the  railroads  and  the  city. 
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An  iuvestiwation  of  methods  of  disposal  of  the  sewajre 
of  L\Tin,  Mass.,  conducted  bv  the  State  Department  of 
Health  and  the  Municipal  Council  of  the  city,  has  re- 
sulted in  the  recommendation  that  the  ocean  be  utilized, 
the  method  of  dilution  being  the  most  efficient  of  all 
sy.stems  of  disposal  now  in  use. 

The  dry-weather  floM"  in  the  sewers  amounts  to  about 
]  3,000,000  gal.  per  day,  while  the  sewerage  system  is 
capable  of  delivering  about  81,000,000  gal.  per  day,  in- 
cluding .storm  water,  at  the  outlet.  The  wide  variation 
in  rates  of  flow  would  make  it  difficult  to  provide  treat- 
ment, but  consideration  was  given  to  methods  of  chemical 
j)recipitation,  filtration,  activated  sludge,  screening  and 
disinfection,  as  well  as  the  recommended  method  of  dis- 
posal by  dilution.  The  success  of  the  latter  method  at 
Boi?ton  is  cited  by  the  joint  board  as  an  example  of  the 
value  of  that  method  to  coast  cities. 

Feiaimsylvsiiaasi    IPLo    IR^o   tl®   De^iroat 

The  plans  of  the  Pennsylvania  IJailroad  Go.  to  ex- 
pend $40,000,000  to  enter  Detroit,  Mich.,  are  officially 
announced.  The  entire  traffic  of  tlie  city  has  hereto- 
fore been  liandled  liy  the  Michigan  Central,  Grand  Trunk 
and  Xew  York  Central  lines. 

From  Toledo,  Ohio,  the  present  northern  terminus  of 
the  Pennsylvania  lines,  the  tracks  will  be  extended  a 
few  miles  to  connect  with  the  Pere  Marquette  R.R.,  for 
the  joint  u.se  of  which  the  Pennsylvania  R.R.  has  al- 
ready perfected  arrangements.  This  will  give  the  Penn- 
sylvania an  entrance  to  Detroit,  where  it  is  proposed  to 
spend  a  large  sum  in  paralleling  the  belt-line  railway 
of  the  Detroit  Teiininal  R.R..  owned  jointly  by  the  New 
York  Central  and  Grand  Trunk  lines.  A  part  of  the 
)iroject  is  a  large  terminal  pas.senger  station  at  Detroit. 

The  new  lielt  line  will  connect  with  practically  all  the 
large  automobile  factories  and  will  give  the  Pennsyl- 
vania a  share  in  an  immense  traffic. 

The  Detroit  terminal  work  will  In-  in  direct  charge 
of  B.  Y.  Sonimerville,  former  Principal  Assistant  P^ugi- 
neer,  Southwest  System,  Pennsylvania  lines  west  of 
Pittsburgh.  He  has  offices  in  Detroit  under  the  title  of 
Resident  Engineer. 

;« 

A  Steel  Stack  Section  fell  nine  stories  when  one  lep;  of  the 
.\-frame  of  the  derrick,  with  which  It  was  being  hoisted, 
broke.  The  stack  is  being  erected  on  the  I'ittock  Block,  Port- 
land, Ore.,  by  Clay  S.  Morse  &  Co.  The  last  section  was  being 
hoisted  when  the  accident  occurred.  The  section  is  lOVi  ft. 
in  diameter  by  15  ft.  long,  and  weighs  4.500  lb.  The  fir 
boom — 109  ft.  long  by  Is  in.  in  diameter — dropped  across  the 
parapet  and  snapped  in  two.  According  to  press  dispatches 
Iho  stack  section  and  the  wreckage  from  the  derrick  struck 
a  roof  100  ft.  below,  but  did  not  go  through.  The  rivets  will 
be  taken  out  and  the  section  straightened. 

KxpandlnK  the  ConiM  of  KnKliieerN.  IT.  S.  A. — The  largest 
number  of  commissions  in  the  Corps  of  Engineers,  U.  S.  A., 
to  be  awarded  to  a  single  class  of  West  Point  graduates 
Is  the  24  given  to  the  members  of  this  year's  class.  Of  these 
'1\  graduates.  21  are  first  lieutenants,  their  commissions  dat- 
ing   from    July    1.      The    other    three    are    second  lieutenants — 


in  that  lowest  rank.  The  law  effective 
79  second  lieutenants.  The  basic  salary  o( 
is    $2,000    per    annum    and    of    a    second 


the  only  ones  now 
July  1  provides  for 
a  first  lieutenant 
lieutenant    §1.700. 

The  Bronx  Valley  Sewage,  of  Westchester  County.  N.  T., 
has  been  ordered  purified  by  the  Secretary  of  War.  Motlce 
was  served  on  the  manager  of  the  Bronx  Valley  Trunk  Sewer 
Commission.  Sept.  11.  that  the  government  would  bring  suit  to 
force  the  removal  of  the  sewer  outfalls  in  the  Hudson  River  at 
Tonkers  unless  the  county  builds  a  treatment  plant.  In 
1912  the  Federal  Government  brought  a  suit  against  the  Bronx 
Valley  Sewer  Commissioners,  but  the  action  was  dismissed 
upon  the  signing  of  a  stipulation  that  the  commission  woulfl 
treat  the  sewage  before  it  reaches  the  Hudson  River.  John 
J.  Brown  is  manager  of  the  Bronx  Valley  Sewer  Commission. 

Flood  Prevention  in  KansnH  has  been  investigated  by  an 
engineering  committee  appointed  by  the  Kansas  Flood  Con- 
gress which  convened  a  year  ago.  The  committee  states  that 
conservative  estimates  fix  the  net  losses  in  Kansas  duringr 
the  past  thirteen  years  at  approximately  $52,000,000,  or  an 
average  of  $4,000,000  annually.  In  addition  to  the  direct 
monetary  losses,  there  has  been  a  large  amount  of  indirect 
property  loss  and  inore  than  100  lives  have  been  sacrificed 
The  committee  believes  the  cost  of  flood  protection  must  be 
paid,  to  a  large  extent,  at  least,  by  taxation  upon  the  citi- 
zens of  Kansas.  Cooperation  of  the  Federal  Government  is 
necessary,  however,  for  the  complete  solution  of  the  problem, 
as  many  of  the  streams  which  cause  damage  in  Kansas  have 
part  of  their  drainage  area  beyond  the  state  boundarie.« 
The  committee  says  that  the  first  thing  to  be  done  in  the 
study  of  flood  prevention  is  to  establish  stream-flow  i-ecord.-* 
and  it  recommends  the  establishment  of  a  number  of  river 
gaging  stations.  The  committee  was  composed  of  T.  J- 
Strickler,  Chairman,  Engineer  of  the  Kansas  Public  Utilities 
Commission;  H.  A.  Rice,  of  the  State  University  Engineering 
School;  H.  B.  Walker,  State  Drainage  Engineer;  A.  A. 
Robinson,  formerly  of  the  Santa  Fe.  and  Charles  Wenzer, 
consulting  engineer  of  the  Union  Pacific.  Under  a  recent 
act  of  Congress,  a  survey  is  to  be  made  by  the  U.  S.  Engi- 
neers of  the  Kansas,  Neosho  and  Cottonwood  rivers  and  their 
tributaries,  with  a  view  to  the  development  of  some  system 
of    flood    control- 


I 


L.  P.  MatthewH,  a  structural  engineer  of  Lima,  Ohio,  has 
joined  the  staff  of  A.  M.  Frink.  Architect  and  Engineer, 
Cleveland,    Ohio. 

C.  K.  Clievaller,  formerly  Division  Engineer  of  the  Boston 
&  .Maine  R.R..  St.  Johnsbury,  Vt.,  has  been  appointed  Road- 
master  of  the  Portland  Terminal  Co.,  Portland,   lie. 

Joxeph  K.  Gannett,  Assistant  Chief  Engineer  of  the  Sam- 
uel Austin  &  Son  Co.,  Cleveland,  Ohio,  has  been  appointed 
Chief  Engineer  of  the  Philadelphia   branch  of  the  company. 

C.  S,  Izant,  formerly  of  Izant  &  Krink,  Architects  and  Engi- 
neers, Cleveland,  Ohio,  is  now  in  charge  of  factory  output 
and  production  methods  for  the  Corning  Glass  Co.,  Corning, 
N.    Y. 

J.  W.  Beardiiley.  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the 
Porto  Rican  Irrigation  Service  since  1910,  has  resigned.  He 
was  formerly  Director  of  Public  Works  of  the  Philippine 
Islands. 

Kohert  l.cno.\  Stewart  has  resigned  from  his  position  a.« 
Engineer  in  charge  of  the  -N'ew  York  City  otHce  of  the  Casper 
Ranger  Co.,  of  Holyoke,  Mass.,  to  accept  a  position  with  the 
Bridgeport  office  of  the  Austin  Co. 

Georice  .1.  Peroi%ni  has  resigned  his  position  with  Day  * 
Zimmerman,  Consulting  Engineers,  Philadelphia,  Penn.,  to  be- 
come Engineer  of  the  Philadelphia  office  of  th.-  F.  W.  Mark 
Construction    Co.,    of   Cleveland,    Ohio. 

^^'ililanl  FericiiNon,  formerly  Supervising  Engineer  at  De- 
troit. .Mich.,  of  the  Travelers  Insurance  Co.  and  the  Traveler? 
Indemnity    Co.,    of    Hartford.    Conn.,    has   been    promoted   to  be 
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Travelingr   .Supervising    Engineer   with    headquarters    at    Hart- 
ford. 

Robert  E.  Bell  has  been  appointed  Assistant  Chief  En- 
gineer of  the  Samuel  Austin  &  Son  Co.,  Cleveland,  Ohio, 
to  succeed  Joseph  K.  Gannett,  promoted,  as  noted  elsewhere. 
Mr.  Bell  was  formerly  in  the  office  of  the  Building  Com- 
missioner of  Cleveland. 

J.  .Vlbert  Holme.s,  M.  Am.  Soc.  C.  E..  ot  Somerville.  Mass., 
has  been  appointed  Resident  Engineer  for  the  J.  G.  White 
Engineering  Corporation  on  three  large  earth  dams  for  the 
Southern  Power  Co.,  near  Bridgewater,  N.  C.  He  was  form- 
erly Division  Engineer  in  charge  of  the  construction  of  the 
Charles  River  dam  at  Boston  and  Resident  Engineer  of  the 
Somerset  dam  at  Somerset,   Vt. 

Lineoln  Bn.*ih.  M.  Am.  Soc.  C.  E.,  Consulting  Engineer,  New 
York  City,  has  been  selected  as  the  third  arbitrator  to  settle 
the  Galveston  (Tex.)  causeway  controversy.  As  noted  on 
p.  333,  of  "Engineering  News,"  Aug.  17,  the  other  members  ot 
the  board  of  three  outside  engineers  to  investigate  designs 
and  report  upon  the  project  are  Prof.  A.  N.  Talbot,  of  the 
University  of  Illinois,  and  Prof.  George  F.  Swain,  of  Harvard 
University.  Professor  Talbot  represents  the  steam-railway 
interests  and  Professor  Swain  the  county  and  electric-rail- 
way interests.  These  two  selected  the  third  member  of  the 
board. 

John  L.  TTiomp.son,  M.  .\ni.  Soc.  M.  K.,  formerly  Supervis- 
ing Engineer  of  the  Travelers  Insurance  Co.  and  the  Travel- 
ers Indemnity  Co..  of  Hartford,  Conn.,  has  been  made  Su- 
perintendent in  general  charge  of  the  engineering  and  in- 
spection division  of  the  company.  He  was  born  in  Bridgeport, 
Conn.,  and  was  graduated  from  Sheffield  Scientific  School,  Yale 
University,  class  of  1904.  .\fter  four  years  with  the  New 
York  Telephone  Co.  as  an  assistant  engineer  in  the  de- 
partment of  building  construction,  he  entered  the  service  of 
the  Travelers  Insurance  Co.  as  an  inspector.  He  has  served 
three  years  in  the  underwriting  department.  William  I*. 
Kales,  formerly  Supervising  Inspector  at  Philadelphia,  Penn.. 
las  been    made   Assistant    Superintendent. 

Dr.  .%llan  D.  Risteen,  M.  Am.  Soc.  M.  E.,  recently  Engineer 
.f  the  Travelers  Insurance  Co.  and  the  Travelers  Indemnity 
^o.,  of  Hartford,  Conn.,  has  been  appointed  Director  of  Tech- 
lical  Research  and  Safety  Publication  Work  of  the  company. 
le  was  born  in  Amesbury.  Mass.,  and  was  graduated  from 
he  Worcester  Polytechnic  Institute  in  civil  engineering  in 
S85.  Later  he  took  graduate  courses  at  Dartmouth  College 
nd  Yale  University,  where  he  was  awarded  the  degree  of 
lector  of  Philosophy  in  1903.  For  two  years  after  graduating 
rem  Worcester  Polytechnic  Institute  he  was  with  the  United 
tates  Coast  and  Geodetic  Survey.  Later  he  was  Editor  of 
Power."  The  change  has  been  made  in  Dr.  Risteen*s  posi- 
on  to  enalile  him  to  devote  more  time  to  technical  research 
nd  the  direction  of  the  publications  on  safety. 

The  CorpK  of  KnKi'ieerx,  X'.  S.  A.,  has  been   increased  by  21 

raduates   of  the    1916   class   at   West   Point.      Ot  these   21    are 

irst  Lieutenants  at  $2,000  per  annum,  plus  allowances,  dating 

om  July  1.     The  21   most  fortunate  ones  are:     John  H.  Wills, 

ynchburg,  Va.;  Raymond  G.  Moses,  Denver,  Colo.;  WiUielm  D. 

yer,  Trenton,   X.  J.:  John   W.    Fraser,   Suffern.   N.  Y.;   Charles 

Cunningham.    Lawrenceville,    111.;    Dwight    F.    Johns,    Rock- 

•rd.    111.;    William    A.    Snow,    Washington,    D.    C;    Thomas    D. 

nley,  Washington,   D.  C. ;   William  H.   Britton,   Cedar   Rapids. 

wa;    EIroy    .S.    Irvine,    Phoenix,    Ariz.;    Notley    Y.    Du    Hamel. 

-ooklyn,    N.    Y. ;    William    H.    Henderson,    Georgetown.    Tex.; 

Jbert    G.    Guyer,     Fort    Sill,    Okla.:     Edward    C.     Smith.    Ma- 

■n,     S.      C:    Robert     A.     Sharrer,      W^estminster.      .\Id.;    Lud- 

n    D.    Worsham.    Evansville,    Ind.;    Edward    G.    Bliss,    Wash- 

ifton.    D.    C;    Ralph    G.    Barrows,    Rochester.    N.    Y.;    Holland 

Robb.    La    Crosse,    Wis.:    Frederick    W.    Bonfils,    Fort    Con- 

tution,   N.    H.,    and    Robert    R.   Neyland,    Jr.,    Greenville,   Tex. 

e   three   commissioned    Seiond    Lieutenants    are   William    M. 

•Ke,   Jr.,    Lexington.    Mo.;    Stanley    L.    Scott,    Louisville,    Ky.; 

1   Tattnall    D.    Sliiikins,    Albany,    Ga. 

y.   B.    H.    PBlnp,    William    .McCIellan,    F.'s    Am.    Inst.    E.    E., 

Horace  T.  C'nmiiioii,  -M.  .\m.  Soc.  C.  E.,  announce  the  form- 

■II  of  the  firm  of  I'alne.  McCIellan  &  Campion,  of  2.'.  Church 

New  York  City,  and   1420  Chestnut  St.,  Philadelphia,   Penn. 

I'aine  is  the  son  of  Charles  Paine,   prominent  a   few   years 

a»  a  railroad  engineer  and  executive.     In   1SS6  he  entered 

Westinghouse    laboratories    ;it    Pittsburgh    as    a    .stutlent. 

IK89    he    went    into    the    Southwest    as    salesman    and    en- 

■  <r   for  thi'    purpose   of  establishing   electric   lighting   com- 

>'■»    In    municipalities.      From    1S91    to    1S93    he    was    In    the 

■loy  of  the  Edison  General   Electric  Co..  Siemens  &   Halske 

In    lls93   he    returned    to    the    Wistinghousc    Co.    spending 

I   of  his    time  at  the  New    lOngland   office,   finally   becoming 

manager.     In  ]90.''>  he  became  (Jeneral  Manager  of  thi'  con- 

"tion  work  of  the  Ontario  Power  Co.    In  1911,  he  opened  an 


office  in  New  York  as  a  Consulting  Engineer.  Mr.  Campion 
was  born  in  Philadelphia  and  has  spent  the  larger  part  of 
his  engineering  life  there.  After  a  short  time  spent  in 
architectural  offices  he  entered  the  electric  railway  field 
through  the  old  Philadelphia  companies,  finally  becoming 
assistant  to  the  Chief  Engineer,  William  S.  Twining.  About 
1905  he  left  the  Philadelphia  Rapid  Transit  Co.  to  take  charge 
of  the  Philadelphia  office  of  the  Re-Enforced  Cement  Con- 
struction Co.  During  this  time  he  had  charge  of  the  very 
heavy  reinforced  concrete  forebay  work  of  the  Ontario  Power 
Co.  at  Niagara  Falls.  He  has  made  a  special  study  of  the 
design  and  construction  of  car-barns  and  substations.  In 
1907  he  associated  himself  with  William  McCIellan,  another 
member  of  the  present  partnership,  in  order  to  carry  on  a 
constructing  and  consulting  engineering  business.  A  bio- 
graphical sketch  of  Dr.  McCIellan  was  published  in  these 
columns  on  Aug.  31,  at  the  time  of  his  appointment  as  Di- 
rector   of   the    Wharton    School   of   Finance. 
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Emil  Herter,  M.  Am.  Soc,  M.  E.,  Chief  Mechanical  Engi- 
neer of  the  Edison  .Storage  Battery  Co.,  West  Orange,  N.  J., 
died  .\ug.   24   aged   59   year.s. 

Doae;laN  Boyd  Carpenter,  formerly  a  member  of  the  engi- 
neering staff  of  the  Southern  Ry.,  has  been  killed  in  action  in 
France,  where  has  was  serving  as  Second-Lieutenant  of  the 
Royal   Engineers  of  Great  Britain. 

Henry  Home,  for  many  years  an  erecting  engineer  with  the 
Allis-Chalmers  Co.  of  Milwaukee,  Wis.,  died  recently  at  the 
home  of  his  daughter,  in  .\nniston,  Ala.  He  had  charge  of 
the  installation  of  man\-  water-works  plants  throughout  the 
country. 

AValter  Cliur,  President  and  General  Manager  of  the  .-Vmer- 
ican  Railway  Supply  Co.,  of  New  York  City,  died  .Aug.  29, 
at  his  home  in  East  Orange.  N.  J.  He  was  born  in  Phila- 
delphia 71  years  ago.  He  had  been  General  Manager  of  the 
company    for   33    years. 

Cliarles  W.  Kouns,  General  Manager  of  the  Eastern  lines 
of  the  Atchison,  Topeka  &  Santa  Fe  Ry.,  died  at  his  home  in 
Topeka.  .Sept.  3.  He  was  born  in  New  Holland,  Ohio,  Oct. 
22.  1S54.  and  began  railway  work  as  a  brakeman  in  1S71. 
He  was  promoted  through  the  train-dispatching  and  trans- 
portation departments  to  be  General  Manager  of  the  Western 
lines  in  1909.  He  was  transferred  to  the  Eastern  lines  in 
1910. 


EHGIMEEIRDHG   SOCSETIES 


NATIONAL  .ASSOCIATION  OF  STATION.A.RY  ENGINEERS. 
Sept.  11-16.     Convention,  Minneapolis,  Minn.     Secy.,  Fred  W. 
Kaven,  417   S.   Dearborn   St.,   Chicago. 

ILLUMIN.ATING    ENGINEERING    SOCIETY. 

Sept.   18-20.      Convention   In   Philadelphia,   Penn.      Asst.   Secv., 
C.  D.  Fawcett,  29  West  39th  St.,  New  York,  N.   Y. 

ASSOCI.ATION    OP    IRON    -AND    STEEL    ELECTRICAL    ENGI- 
NEERS. 
Sept.  l.s-22.     Convention  in  Chicago.     Secy.,  W.  O.  Oschmann, 
Oliver   Iron  and    Steel    Co.,    Pittsburgh,    Penn. 

ROADMASTERS    A.ND    MAINTENANCE    OF    WAY    ASSOCI.A- 
T10.\'   OF   AMERICA. 
Sept.  19-22.     Convention  in  New  York  City,     Secy.,  P.  J.  Mc- 
.Andrews. 

MICHIGAN  GAS  ASSOCIATION. 

Sept.  21-22.      .Annual   meeting  in   Detroit.   Mich.      Secy.,  Clark 
R.  Graves.  Lansing,  Mich. 

AMERICAN    PEAT    SOCIETY. 

Sept.    21-23.      .Annual    meeting    In    Washington,    D.    C.      Secv., 
.lullus  Bordollo,   Kingsbridge,  N.   Y. 

A.MERICAN   CHfO.MlCAL   SOCIETY. 

Sept.     25-30.       -Annual     meeting    in    New     York     Citv.       Secv., 
Charles  L.   Parsons,   Washington,   D.  <;. 

AMKRTCA.N  SOCIETY  OF  iAIUNICIPAL  IMPROVI^IK.NTTS.    ' 
f>ct.    9-13.      Convention    in   Newark,    N.   J       .Secy.,   Charles   C 
Brown,   Indianapolis,   Ind. 

AMEItlCAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.    9-13.      Convention    at    Atlantic   Citv,    N.    .).      Secv.,    R    B. 
Burritt,    s    West    40th    St.,    New   York    fitv. 


Oct.    17-19.     Convention   In  New  Orleans.   .Secy.,   C    .A     Lichtv 
C.   &•   N.   W.    By.,  Chicago. 

AMERICA.V   GAS   IN.STITUTE. 

Oct.   17-20.     .Annual  meeting  In  Chicago.     Secy.,  G,  G,  Runns- 


532 


EXG I PEERING     NEWS 


Vol.  76.  No.  11 


RAILWAY    ELECTRIC    SUPPLY     MANUFACTURERS'     ASSO- 
CIATION. 
Oct.  30-Nov.  3.     Annual  meeting  at  Chicago.     Secy..  J.  Scnb- 
ner.  General  Electric  Co.,  Chicago. 
NATIONAL    ASSOCI.A.TION    OP    RAILWAY    COMMISSIONERS. 
Nov.    14.      Convention    in    Washington,    D.    C.      Secy..    W.    H. 
Connolly.    Washington. 
RAILWAY    GARDENING    ASSOCI.\TION. 

Dec.    5-7.      Annual   meeting    in    New   Orleans.      Secy..    Charles 
E.    Lowe,    Sewickly,    Penn. 

The  Association  of  Port  .\uthoritie.s  will  hold  its  fifth  an- 
nual convention   in  Montreal.  Canada.  Sept.  13  to  15. 

The  ■Wnshington  Stsite  .Association  of  County  Commission- 
ers and  the  Washington  State  Association  of  County  Engineers 
will  hold  a  joint  convention  at  Tacoma.  Wash.,  Sept.  14  to  16. 
A  number  of  technical  papers  will  be  presented,  as  will  also 
a  number  of  addresses  on  subjects  of  general  interest  to  high- 
way officials. 


iaai.iraces  ^uha 


[gi(l©rlalls 


An   "Automatic"   Togg:Ie   Bolt 

A  new  design  of  toggle-bolt  head,  called  the  "Arrow,"  has 
just  been  put  on  the  market  by  the  U.  S.  Expansion  Bolt  Co.. 
Duane  St.,  New  York  City.  The  head  is  formed  by  two  1-in. 
hinged  wings  and  a  trunnion  nut  engaging  the  bolt  threads. 
A    spring    inside    the    wings    keeps    them    opened    out    except 


"ARROW"    TOGGLE    BOLT 

when  passing  through  the  bolt  hole.  When  the  bolt  is  in 
place  and  the  wings  have  been  treed  the  inner  edges  bear 
directly  on  the  bolt  threads,  giving  a  holding  power  equal  to 
the  strength  of  the  bolt  ic^elf  and  locking  the  bolt  against 
turning.  It  is  claimed  that  these  hold  in  corners  with  a 
single  wing  open.     Samples  are   furnished   on   application. 

Two-Way    Sewcr-Cleanlng    Machine 

A  rotary-blade  sewer-cleaning  machine  and  root  cutter, 
which  can  be  pulled  in  either  direction  with  equal  facility,  has 
been  introduced  by  the  Buffalo  Municipal  Equipment  Co., 
Buffalo,  N.  Y.  The  device  is  made  to  clean  pipe  sewers 
from  8-in.  diameter  up.  Sets  of  equipment  may  be  rented. 
as  well  as  purchased.     It  is  claimed  that  roots  or  any  kind  of 


TWO-WAT    SEWER      I  I    \\1\(,    MACHINE    AND 
ROl    1     (  I  Tl  1  R 


obstruction  can  be  removed  with  this  device, 
with  strength  of  parts  particularly  in  min 
turer  guarantees  to  replace  any  part  brol' 
within    five    years. 


I'hich  is  designed 

The   manufac- 

n    in    actual    use 


Ne*v   Noiseless   Xon-3IetalUc    (ienrs 

A  new  material  for  gears,  having  all  the  noiseless  quali- 
ties of  older  non-metallic  products,  greater  strength  and 
better  mechanical  characteristics,  has  been  developed  by 
the  Westinghouse  Electric  and  Manufacturing  Co.,  of  East 
Pittsburgh.  It  bears  the  trade  name  "Bakelite  Micarta — D", 
and  consists  of  layers  of  heavy  duck  bonded  together  under 
pressure  with  "Bakelite" — the  synthetic  phenol-formaldehyde 
resin.  This  gear  material  can  be  made  in  plates  of  up  to  2  in. 
thickness.  It  has  a  tensile  strength,  parallel  to  laminations  of 
10.000  lb.  per  sq.in.;  a  compression  strength  of  30,000  lb.  per 
sq.in.  perpendicular  to  laminations,  and  of  17,000  lb.  per  sq.in. 
parallel  to  laminations;  a  traverse  strength  of  17,000  lb.; 
a  coefficient  of  expansion  per  inch  per  degree  Centigrade,  of 
0.00002  in.  in  the  direction  parallel  to  laminations  and  of 
0.000085  in.  in  the  direction  perpendicular  to  laminations.  It 
has  a  specific  gravity  of  1.4,  weighs  0.05  lb.  per  cu.in.,  and  has 
a  water  absorption  of  0.25  to  2%  by  weight,  depending  upon 
the  relative  amount  of  edge  sui'face  exposed.  Shrinkage  and 
oil   absorption    is    practically    zero. 

End  plates  are  needed  only  where  the  face  width  of  gears 
is  to  be  more  than  2  in.  so  that  two  plates  have  to  be 
riveted  together,  where  the  service  is  extremely  severe,  or 
where  the  diameter  is  several  times  the  face  width.  It  is 
claimed  that  the  new  gears  can  in  general  be  substituted  for 
steel,  cast-iron  or  bronze  gears  and  with  the  same  dimensions 
as  those  of  the  old  gears. 

Hand    Pressure-Sprinkler 

The  accompanying  view  shows  a  new  type  of  pressure- 
sprinkler  recently  placed  on  the  market  by  the  Buffalo  Mu- 
nicipal Equipment  Co.,  of  Buffalo.  N.  Y.  The  water-tank 
capacity  is  45  gal.  A  small  horizontal  compressed-aJr  tank 
behind  the  water  tank  furnishes  sufficient   pressure  to  throw 


-■^xmaemifjf^mjfm^ 


HAND    SPRINKLER    FOR    STREETS    OR    LAWNS 

the  water  35  ft.  laterally,  it  is  claimed.  The  needle  s"""^ 
is  controlled  by  a  lever  within  reach  of  the  operator.  A 
though  this  device  is  designed  for  street  sprinkling  In  »' 
vance  of  sweepers,  it  is  claimed  to  be  particularly  wo 
adapted  for  sprinkling  public  halls,  playgrounds,  tenni 
courts,   lawns,    railway-station   waiting-rooma,   etc. 


Bi^irai^ps 


S'^7 
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^I  Slhieetpile  C^ 
o 


^imd  Dam 


r.Y  1).  A.  Watt- 


,<)'.V'y/'>7>' — SiTi'iili     li/jirs     of     ruffer-tldlil      u-rir 

used  lo  I'll/  (Inj  II lulsiiii  Hirer  pri'iiaratonj  lo  coii- 
struction  of  lorlr  mnl  (him  nt  Troij.  X.  Y.  Article 
in  "Engineerin;/  Xcirx."  Sriit.  I.',.  lUIG.  ilcscrihed 
timher  and  (jrarcl  diniis.  This  arlirlr  describes 
sheet jtile  cylinder  coffers  and  enrlh-llUs  with  sheel- 
fiile  eenter  line. 

In  the  construction  of  the  lock  and  ilaiii  at  Ti'iiy.  \.  ^'.. 
ilie  west  end  of  the  dam  was  built  behind  timber  coti'ei-- 
lanis,  as  described  in  the  previous  article.  Before  and 
ifter  tlieir  coni]>k'li()n,  cimstruction  |)roceeded  on  the 
(ick  iiself  and  the  cast   section   oF   the   dam.     The   lock 

•Piincipal  Assistant  Ensineer,  United  States  Engineer 
)mce,  Albany,  N.  Y. 


and  lower  uuidc  wall  were  built  inside  eolTer-danis. 
Iiut  the  foundations  of  tlic  upper  ijuidc  wall  were  built 
ill  tiie  water,  as  the  amount  of  masonry  was  too  small  and 
the  water  too  deep  to  warrant  the  expense  of  a  eofter-dani 
lor  them.  The  lock  coffer  was  made  in  two  sections,  partly 
to  save  time  in  construction  and  partly  to  save  piling,  for 
by  completing  the  head  walls  and  the  river  wall  first,  the 
masonry  could  be  used  to  replace  some  of  the  coffer  and 
the  piling  be  removed  for  use  in  the  second  cotfer.  The 
lii'st,  or  iip]ier,  coffer-dam  (Xo.  2)  was  located  in  the  main 
cliannel  of  the  river.  As  it  liad  to  remain  in  place  for 
not  less  than  two  winters  with  attendant  exposure  to  floods 
and  ice,  besides  having  to  carry  an  unusual  head  of  water, 
its  construction  had  to  be  reliable  in  all  respects.  It  would 
block  lip  more  than  a  third  of  tlu'  river's  area  of  discharge, 
and  during  ami  after  the  construction  of  the  west  arm  of 


.STKEI.    .SIIKKTIMI-I';     !'< 
ThlM    Ik 


(KK Kit- 1>A.\I     i>.\    I'JA.ST  SIliK  111-'    l;l\  i;!; 
ciilTer-dam    No.    2,    looking    norl  li 
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tlie  clam  about  another  third  would  be  closed.  The  flood 
\elocities  past  the  coffer  would  therefore  be  very  high, 
tending  to  scour  away  any  outside  banking,  which  in  turn 
would  result  in  leaks  through  the  coffer-dam  unless  the 
latter  were  water-tight  in  itself.^  In  addition  to  this 
the  water  about  50  ft.  out  from  the  banks  reached  a  depth 
of  20  ft.,  wliich  gradually  increased  to  a  maximum  of 
about  27  ft.  With  7  ft.  added  for  the  working  range  of 
floods,  all  but  a  small  portion  of  the  coft'er-dam  woidd 
have  to  supjjort  a  maximum  head  of  27  to  34  ft.  Any 
kind  of  timber  framing  for  such  a  load  would  need  to  be 
very  heavy  and  woTild  be  difficult  to  place  reliably  in 
the  depths  at  the  site  and  difficult  to  hold  in  the  current 
until  the  filling  could  be  put  in.  Moreover,  wooden  sheet- 
ing could  not  lie  driven  into  the  gravel  bed  for  any  dis- 
tance without  splitting;  and  if  it  were  not  driven  and 
reliance  placed  instead  upon  outside  banking,  the  latter 
would  be  liable  to  be  washed  away  by  the  strong  flood 


allowing  only  a  33%  salvage  value  for  the  piling  of  thr 
latter,  and  it  had  in  addition  the  serious  disadvantage> 
just  enumerated.  Now  that  all  construction  has  been 
completed,  it  has  become  apparent  that  the  adoption  o 
the  steel  was  decidedly  economical.  Three  coffer-dam 
were  bnilt  with  the  original  bill  of  piling  (which  includcn 
only  enough  for  the  first  coffer  plus  about  10%)  :  enough 
surplus  piles  were  available  for  sheathing  for  deep  ex- 
cavation and  for  protecting  the  coffers  in  front  of  the  old 
dam ;  and  a  large  salvage  value  was  obtained. 

Desigxixg  the  Sheetpile  Cellular  Coffer 

In  proportioning  the  sizes  of  p.irts  the  pockets  werr 
assumed  as  having  no  back  pressure  from  inside  the  cofl'ci 
and  as  being  subjected  on  the  outside  to  a  head  of  wati- 
measured  from  the  rock  to  the  top  of  the  pockets,  whit  i 
were  run  up  to  about  7  ft.  above  pool  level.  This  ga\. 
pressures  of  water  varying  from  about  21  ft.  to  41  ft.  (sei 


FIG.   2.    GENERAL  LOCATION  OF  COFFER-DAMS  IN  CONSTRUCTION  OF  LOCK  AND  DAMS  AT  TROY,  N.  T. 


currents,  with  resultant  Iireaks  of  the  river  underneath  the 
coft'er-dam.  Lastly,  a  timber  cotter  of  large  size  would 
not  be  easy  to  clear  away  and  in  the  process  most  of  the 
pieces  would  be  destroyed,  while  those  that  might  be  saved 
would  have  no  market  value. 

These  considerations  led  to  the  adojjtion  of  steel  piling 
placed  as  a  series  of  pockets,  since  the  latter  could  be 
made  of  any  size  necessary  to  be  stable  in  themselves.  The 
piles  could  al.so  be  driven  to  or  nearly  to  rock,  thus  remov- 
ing the  dangers  of  undermining;  they  could  be  pulled 
without  undue  injui-y  and  would  then  he  available  foi'  use 
in  later  coffer-dams;  and  when  finally  done  with,  shoulil 
be  available  for  sale  as  scrap  for  nearly  a  third  of  their 
first  cost.  Comparative  estimates  showed  that  the  wooden 
type  would  be  about  as  expensive  as  the  steel  type,  after 

'Measurements  taken  at  the  height  of  subsequent  floods 
showed  a  faH  ranRins  from  1  to  2  ft.  between  the  upper  and 
lower  ends  of  this  coffer-dam.  causing  velocities  which  at 
times  resulted   in   the  suspension   of  navieation. 


profile.  Fig.  4).  To  this  was  added  the  comparatively 
slight  pressure  from  the  material  overlying  the  rotl< 
These  loads  were  to  be  counterbalanced  solely  by  tin 
weight  of  the  fill  taken  as  110  lb.  per  cu.ft.  for  the  uppc 
half  and  as  (!5  lb.  for  the  lower  half.  It  may  be  notf( 
that  in  closed  jiockets  of  this  type  much  of  the  fill  i 
still  immersed  after  the  coffer  has  been  unwateivd  anil  >• 
loses  part  of  its  weight,  since  the  leakage  from  the  outsiif 
cannot  readily  escajjc.  Thus  in  the  50-ft.  diameter  cylin 
ders  of  the  coffer-dam  for  raising  the  l)attleshii>  "Maim'.' 
filled  chiefly  with  a  sandy  clay,  tlie  line  of  saturation  wm 
very  high,  following  an  inclination  from  near  the  oiitsi'l 
water  line  of  about  1  vertical  to  5  liorizonfail,  and  all  ''l 
forts  to  remove  or  intercept  the  seepage  by  means  of  im 
merous  perforated  pipes  and  box  wells  sunk  20  to  30  II 
deep  in  the  fill  proved  unavailing.  This  seepage  wii 
infinitesimal  in  amount,  but  it  sufficed  to  kee))  the  fill  n 
a  fluid  sbite  to  within  a  few  feet  of  the  tnp. 
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The  angle  of  repose  of  tlie  fill  was  taken  as  1  vertical 
to  2  horizontal,  and  no  support  from  the  diaphragms 
against  sliding  was  assured,  as  it  was  evident  that  their 
piles  would  tend  to  slide  along  their  joints  under  any 
stress. 


As  pi'oportioned  liy  the  foregoing  assumptions,  the 
theoretical  resultant  of  vertical  and  horizontal  pressures 
came  a  little  within  the  middle  third.  This,  however,  was 
merely  a  theoretical  safety,  as  the  weakness  of  coffer-dams 
of  the  gravity  type  usually  consists  in  excessive  pressures 


Plan 


■Projecfed  Top  of  outside.  Piles 
Cylinders  I  fo  21,  El.  fZ3. 0 


Projected  Top  of  outside  Piles 
Cylinders  22  to  39,  El.  tUO; 


"MJ^Af^m^ 


Piles  varied  from 
23'  to  41' in  length 

Actual 

Outside  Piling,  EUV  to iZi 
■3-ICr~'-^Pgg,^  £■/,  /4  j3 


^sJM 


ProfUe    of    Part    of    Ou+side     Piling 
Inside  and  Diaphragm 
Piling,  E!.  + 18  0 

Cup  Washer 

if  Tie  Rod,       ^j^j^ 
Z  per  Cyl.       ^ 


__Awallat 
PjverJedJ^      Cyl  27 


6 

T;ypes  of  "Specials 


Plan    Dimensions 
of  Cylinders 


Top  of  Piles  ,  £.'■  1 21.0 
I       Pool.  El  >  14.33 


5ec+ional     devotion 
of   a    Cylinder 


Surface  . 


T;ypical  Profile  of  Piling 


General      Section 

KIOS.  3  TO  -,.     PLANS  AND  DETAILS  OF  POKI'-KK-DAMS 
I  NOS.  2  AND   1 

iK.  3 — Knlarnfd   plan  of  coffers  Nos.  2  and  4.      FIk.  4 — Uctull.-i 
of  coffer  No.  .■).     Fig.  h — Details  of  coffer  No.   I 


at  the  toe  or  in  :in  overload  of  horizontal  shear.  The  latter 
is  the  more  common  source  of  danger,  and  in  [joint  of 
fact  most  of  such  structures  will  be  found  on  analysis  to 
be  balanced  near  or  beyond  the  edge  of  a  theoretical  safety 
against  this  stress.  In  the  present  case  the  water  pressure 
and  the  sliding  resistance  of  the  fill  (assumed  as  having  a 
coefficient  of  0.5)  were  nearly  balanced,  and  to  add  a  factor 
of  safety  two  IVt-in.  rods  were  placed  in  each  cylinder, 
as  .shown  in  Fig.  4. 

Trials  proveil  that  the  most  economical  size  of  pocket 
to  meet  the  foregoing  assumptions  wouhl  be  one  with  a 
width  of  26  ft.,  having  its  outer  and  inner  faces  curved 
to  a  radius  of  2-11/2  ft.  and  joined  by  straight  diapjiragms, 
and  of  a  iiorizontal  depth  varying  to  suit  the  de]>th  of 
water  (see  Fig.  4).  The  outer  and  the  inner  face  jiiling 
were  made  long  enough  to  romch  tx)  rock  except  where  the 
rock  was  low,  wlien  the  inner  piling  was  made  ."3  ft.  shorter 
and  driven  that  much  less,  while  the  diaphragm  piles  were 
made  in  general  only  long  enough  to  drive  2  or  3  ft.  into 
the  river  bed.  below  which  point  it  was  assumed  that  the 
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tendeui-v  of  the  filling  to  I'ip  the  pocket,-;  apart  would  be 
resisted  sal'ely  liv  the  bearing  against  the  gravel.  The 
piles  were  specified  to  be  made  with  an  ultimate  tensile 
strength  of  interlock  of  8,000  lb.  per  lin.in..  and  the  pos- 
sible angle  of  inclination  to  each  other  was  to  be  lo°. 

About  l.HOO  tons  of  piling  of  38-lb.  section  (equivalent 
to  about  3,400  separate  pieces)  were  purchased  from  the 
Carnegie  Steel  Co.,  the  lowest  biddei',  at  $35.20  per  ton  for 
plain  piling  am!  $4."). 20  per  ton  for  juncticms  or  "specials" 
(Fig.  4).  .\  salvage  value  was  agreed  on,  f.o.b.  cars  at 
Troy,  of  ^lO.'ll  per  ton  for  sjjecials  and  for  piling  '-W  ft. 
long  or  under,  and  the  same  ]irice  for  damaged  longer 
piling.  Long  piling  which  had  30  ft.  in  a  condition  suit- 
able for  redriving  was  to  be  i)aid  for  at  $2()  per  ton  for 
the  undauuiged  portions.  The  lengths  varied  from  23  to 
H  ft.,  about  40%  of  the  total  number  l)eing  :;2  ft.  'Hie 
hole  in  the  end  of  each  pile,  usually  made  about  1  in.,  was 
specified  to  he  21/^  in.  in  diameter,  and  this  was  found 
much  preferable  to  a  small  one  when  handling. 

Mi;iiioi>  OF  Dkivixc  -riiic  Pockets 

i)ii\iiig  was  begun  at  tln'  ncu'th  erd,  the  piles  being  set 
iiiound  a  templet  of  2-in.  plank,  some  of  which  can  be 
seen  in  Fig.  1.  At  the  south  end  the  water-tight  connec- 
tion W'ith  the  bank,  or  "cutoff,"  was  made  by  a  line  of 
single  piles  Joined  to  the  bank  pocket,  and  at  the  north 
end  a  dirt-filled  box  was  used.  At  tirst  a  full  templet 
was  employed,  but  later  a  half  one  gave  better  results, 
as  it  allowed  more  freedom  of  movement  for  the  driving 
boats  and  was  more  easily  picked  out  of  the  finished 
pocket.  The  best  progress  was  made  by  setting  up  several 
.piles  along  the  templet  before  driving,  as  this  took  the 
least  shifting  of  tackle,  and  the  piles,  being  interlocked 
with  the  preceding  pocket,  could  not  fall  over.  A  consid- 
ei-able  number  of  pockets  was  set  before  any  filling  was 
done,  the  first  one  (No.  1  in  Fig.  3)  serving  as  an  anchor 
for  the  rest,  as  its  piles  were  driven  several  feet  into  the 
bottom.  The  adjacent  pockets,  although  resting  on  prac- 
tically bare  rock,  showed  little  tendency  to  lean.  If  this 
occurred,  they  were  pushed  back  by  a  tugboat  and  then 
guyed  until  they  could  be  filled.  One  or  two  of  the  pockets 
farther  down  the  line,  where  the  piles  were  driven  to  a 
penetration  of  several  feet,  got  out  of  plumb  considerably 
ill  driving  and  could  not  be  straightened  ;  they  were  there- 
fore filled  as  they  stood. 

The  maximum  penetration  was  not  over  8  or  !)  ft.  and  in 
most  cases  was  consideraljly  less,  as  the  gravel  was  com- 
pact. Thus,  although  the  piles  had  been  ordered  long 
enough  to  extend  to  rock,  few  of  them  reached  it  cxce])t 
where  the  gravel  wa.s  shallows  Tlie  ]irofile  of  some  is 
shown  in  Fig.   I. 

For  the  handling  and  driving,  derrick  boats  were  em- 
jiloyed  almost  entirely,  on  account  of  their  wide  reach. 
Three  steam  hammers  of  a  standard  make  did  the  driving, 
and  one  or  another  and  often  two  of  them  would  be  out 
'if  commission  most  of  the  time  on  account  of  breakdowns. 
This  gave  peniianent  and  expensive  employment  to  sev- 
eral machinists  and  caused  a  steady  loss  of  efficiency  in 
the  driving  crews.  .\n  ex])eriment  with  a  view  to  avoiding 
this  expense  was  made  with  a  hammer  devised  by  the  me- 
chanical engineer,  E.  C.  Quinlivan.  It  was  a  home-made 
affair  of  heavy  bar  iron  which  straddled  the  pile  and  was 
worked  by  a  single  line,  the  knuckles  of  the  pile  itself 
serving  as  guides.  This  hammer  seemed  to  possess  many 
possibilities:   and    if   the   driving   bad    not    been    Hearing 


a    eoiulusion.    it    would    have    been    experimented    with 
further. 

When  closing  a  pocket,  eight  or  ten  piles  were  set  up 
on  each  side  of  the  gap,  interlocked  with  the  last  piles 
driven,  but  themselves  resting  on  the  river  bed.  This  was 
necessary  to  give  flexibility  enough  to  let  the  closing  pile 
be  set.  As  soon  as  several  pockets  had  been  completed. 
lilliiig  was  lieguii  by  a  hydraulic  dredge  using  sand  and 
gi'avel  from  the  site  of  the  new  ebannel.  The  fill  was 
made  in  almiit  <i-ft.  layers,  niciving  from  jiocket  to  pocket 
as  each  layer  was  finished,  so  as  to  avoid  distorting  undulv 
the  straight  sides. 

One  ])oint  iiad  been  overlooked,  however — that  of  pro- 
viding a  low-level  outlet  for  the  water  from  the  discharge, 
wliicl)  had  to  rise  in  consequence  some  5  or  (>  ft.  above 
the  river  le\el  before  it  could  escai)e  over  the  tops  of  the 
])iles.  As  a  result  the  pockets  were  forced  tempoi'arily  into 
a  cylindrical  sliajie:  but  by  regulating  the  placing  of  the 
gravel  in  the  adjacent  i)ockets  the  sides  drew  back  to  nearlv 
their  original  stiaiulitui'ss.  and  even  where  they  retained 
a  considerable  bow.  no  harmful  results  occuri-ed.  The  out- 
ward movement  of  the  sides  from  tlu'  water  pressure  was 
fan-shaped,  as  the  bottoms  of  the  piles  were  held  fast  in 
the  river  bed.  This  distortion  could  be  prevented  by  hav- 
ing one  or  two  low  ]iiles  over  which  the  water  could  escape, 
the  opening  being  closed  by  ])lank  as  the  filling  climbed 
up.  Such  an  opening  should  jn-eferably  be  placed  on  tlic 
river  side  if  a  hydraulic  dredge  is  used;  otherwise  tlic 
silt  in  the  overflow  would  spread  over  the  coffer  iuclosurc 
and  make  an  overlay  of  some  inches  of  mud.  A  small 
amount  of  filling  was  also  placed  against  the  inner  and 
outer  faces  of  the  cylinders,  to  assist  in  checking  leaks. 
Most  of  that  placed  outside  at  the  upper'  corner  was  washed 
away  by  the  flood  currents  before  the  coffer-dam  \va> 
abandoned. 

The  first  pile  of  this  colfer-dam  was  set  about  the  middle 
of  duly,  1013,  and  the  filling  was  completed  and  unwater- 
ing  begun  about  the  end  of  tlu'  following  November.  Tlir 
structure  was  nearly  water-tight:  jiractically  no  seepagi' 
took  ])lace  through  the  pockets  and  not  nnu-h  imderucath 
them,  and  exceiit  in  floods  one  12-in.  centrifugal  jninip.  ■ 
lifting  about  4")  ft.,  was  sufficient  during  the  greater  per-  I 
lion  of  the  work  to  keep  down  the  water.  Xo  repairs  of 
any  kind  were  neiMled,  nor  were  an\  diilieuHics  caused 
by  leakage,  although  the  i-ofi'er  was  exposed  to  two  wintei's 
and  to  many  floods  and  was  kept  unwalered  during  part"! 
the  first  and  all  of  the  second  winter.  It  was  Hooded 
several  timi's.  once  because  of  the  failure  of  the  river 
and  liarlior  bill,  onc-e  through  the  suspension  of  work  for 
the  season,  and  the  other  times  bec'ause  of  flooils  that  began 
to  overtop  it.  No  deformation  of  pockets  was  at  any  time 
visible  to  the  eye.  and  observations  taken  to  ascertain  if 
any  were  beginning  to  lean  inwanl  at  the  top  showed  n 
maximum  movement  of  2i/j  in.,  near  pocket  23.  With  the 
majority  of  the  jiockets  there  was  no  movement  at  all.  and 
after  the  fir.st  few  weeks  all  movements  ceased.  The  por- 
tion last  used  was  finally  abandoned  on  Aug.  1.  ll»l'>.  wlu'" 
the  lock  was  complete  and  ready  for  navigation.  'I'he  iv- 
moval  of  the  piling  will  be  made  the  subject  of  a  separate 
article. 

Cost  oi'  CicLi.n.Aii  Coi'Ki:ii-i)Aii  Xo.  2 

In  giving  figures  for  the  cost  of  the  steel  coffel•-llanl^ 
it  is  believed  that  the  figures  most  useful  would  be  thos< 
based  on  the  cost  of  each  one  assumed  as  a  sejiarate  uni' 
The  data  given  below  are  therefore  based  on  the  supposi- 
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tion  that  the  tirst-loek  eod'er-dam  was  built  with  piling 
used  for  that  structure  ouly  and  that  the  piling  was  then 
sold ;  and  that  the  filling  and  banking  were  disposed  of  di- 
rectly into  the  spoil  banks  and  not  used  again  for  other 
colfer-danis.  The  actual  cost,  however,  was  much  less  than 
under  this  supposition.  The  other  two  steel  coft'er-dams 
were  built  with  the  piling  from  the  first  coffer,  so  that  no 
additional  piles  had  to  be  purchased  for  them;  and  most 
i)f  the  Idling  and  banking  of  one  coffer  was  used  over 
again  for  the  next  one,  the  final  removal  to  the  spoil 
lianks  being  made  only  when  the  last  coffer-dam  was  done 
with. 

3,07a  piles  (2,000.05  short  tons)    i&   $35.20  per  ton $70,402 

90  specials  (119.33  tons)    @   $45.20  per  ton 5,394 

Tie-rods.  7  tons   fg    $45.20 31  (i 

Washers,  1.7  tons   @   $65 Ill 


Total   metal    $76,223 

Salvage  value:  Short  Tons 

Piles,  etc.,  under   30   ft 266.0 

4%  estimated  waste  on  longer 

piles    74.4 


Total  salvage 


26,000 

11.092 

1.5S5 

10,660 


Net  cost  of  metal 

L'nloadingr.    yard    work   and    transporting    piles,    3.169 

pieces    ^    $1 

Templets,  making  and  handling 

Setting  and  driving  piles   @   $2.60* 

Setting  tie-rods,  70  pieces  @   $5 

Filling  and  banking,   65,000  cu.yd.    @    20c.  for  placing 

and  20c.   for  removing 

Jacking  and  pulling  piles,  at  about  $3. 50* 

Transporting,   sorting  and  loading,  at  50c 

Miscellaneous   work    

Total  cost    $SS,457 

Cost  per  linear  foot   (1,000  ft.) $SS.46 

•Of  these  amounts  labor  was  about  74%,  repairs  <i</,  and 
supplies  20%. 

Tlie  foregoing  are  field  costs  of  construction  and  re-- 
iioval  and  include  ordinary  running  re]>aiis.  Tbey  do 
lot  include  depreciation  or  district-office  costs,  or  supcrvi- 
■ion  above  the  grade  of  foreman. 

SiXGLE-LixE  Sheetpile  Coffek-da.m 

The  second  coffer-dam  (Xo.  4),  to  inclose  the  remainder 
:  the  lock,  was  attached  to  the  first  one  and  consisted  of 
I  single  line  of  steel  piling,  about  ()-")0  ft.  in  length,  with  a 
notccting  spur  at  its  upper  end  and  an  anchor  cylinder 
ilie  lower  corner.  Relying  on  the  exj)erience  obtained 
lb  the  first  coffer,  the  piles  were  driven  only  5  or  (i  ft. 
uto  the  river  bed,  and  no  attempt  was  made  to  reach  the 
oek  (Figs.  4  and  .5).  The  banking  was  relied  on  to 
ii'ovide  resistance  to  seepage  and  st<ii)ility,  the  width  of 
lie  inner  bank  being  made  sulEcient  to  resi.st  sliding, 
lost  of  the  piles  used  were  taken  from  the  first  coffer, 
s  by  September,  1!J14,  the  lock  had  been  completed  far 
iiougli  to  allow  its  river  wall  and  head  walls  to  replace 
lucli  of  the  coff'er-dam,  assisted  by  the  bulkhead  from 
vliiidrT   ]t\,  <howii    in    F\'_'.   '.  of  tlx'  plan    Dam   Xo.  .5 
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The  line  of  piling  was  located  far  enough  from  the  pro- 
posed masonry  to  avoid  trouble  from  too  steep  excavation 
slopes,  and  all  the  banking  below  water  level  was  placed 
by  the  hydraulic  dredge  and  taken  from  the  site  for  the 
new  channel  or  from  the  first-lock  coft'er-dam.  The  inner 
bank  was  never  built  up  above  the  water  line,  but  the 
outer  one  was  raised  a  few  feet  by  using  derrick  boats 
and  orange-peel  buckets.  As  the  style  of  construction 
provided  no  tension  in  the  interlocks  and  any  water  per- 
colating to  the  piles  would  therefore  tend  to  escape  through 
the  joints,  the  latter  wei'e  filled  with  river  sand  poured 
in  from  the  top.  with  the  view  of  stanching  them.     Before 


I'l';   >;     I'li.io.'s  iii.--^'i-<ji;ti:i»  hv  (•■i.onD 


General  Plan  of 

Coffer  for  East  Arm  of  Dam  (No.5) 


T;^pical  5eo+ion  of  Coffer  No.  5 
FIG.  7.     P1,.\N  .\.NU  DICT.MLS  OF  CoFFKR   FOR  DA.M  .NO.  5 

this  was  done,  however,  and  bi'forc  the  outer  banking  had 
been  raised,  a  ilood  came  that  rose  several  feet  u])on  the 
unprotected  faces  of  the  piles,  and  at  many  points  there 
was  a  copious  leakage  that  washed  down  a  good  deal  of  the 
bank.  By  the  time  the  next  flood  came,  Iiowever,  the 
joints  had  been  filled  and  the  banking  finished.  The  latter 
in  many  places  was  several  feet  below  the  flood  level,  which 
rose  until  the  water  began  to  run  over  the  low  piles;  but 
the  joints  now  proved  entirely  water-tight  except  for  a 
little  .seepage,  and  the  steel  wall,  unsupported  or  canti- 
I  \ered  above  the  top  of  the  inner  banking,  lield  without 
ililliculty  the  pressure  of  the  water,  amounting  to  a  head 
of  about  G  ft. 

I'unijiing  out  was  begun  on  .Ian.  ;>,  I'.)!."),  and  was  car- 
ried on  slowlv  until  dan.   Hi,  on   which  date  the  bottom 
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vas  ri'aclipil.  Ono  12-in.  fentril'ugal  ]iuinp,  runiiiiiii'  about 
niio-tliinl  of  the  time  thereafter,  kept  the  inclosure  empty. 
About  four  weeks  later  tlie  division  between  the  two  eoffer- 
ilam.s  was  cut  through,  and  tlie  leakage  was  then  run  north 
to  the  main  simij).  During  its  existence  the  coffer-dam 
was  partly  Hooded  once,  and  once  entirely,  due  to  high 
water.  The  latter  flood  tested  severely  the  l)reakwatei' 
before  described,  and  the  c-urrent  around  it.s  end  ran  (i  oi- 
'i  mi.  an  lioiir:  Init  fortunately  no  harm  resulted,  and  the 
protection  it  afforded  saved  from  erosion  the  adjacent 
cotler  banking. 

By  April,  construction  bad  advanced  far  enougli  to 
allow  removing  some  of  tlu'  jnliiig  for  use  in  the  c'olfer- 
dam  for  the  east  arm  of  the  dam.  and  a  cutoff  dike  of  exi-a- 
vated  material  was  therefore  l)uiit  just  below  the  main  lock 
walls,  as  sli<)V\-n  in  Fig.  3,  and  pile  pulling  was  i)eguu.  The 
dike  and  the  remains  of  both  coffer-dams  wei'e  kept  in 
service  until  Aug.  1.  V-H'k  when  the  dredge  began  tlic 
removal  of  the  f<irnier  and  opened  the  entrance  for  navi- 
gation. 

Cos-r  oi'  Si\(;i,i;-LiNK  Coi-i'iou 

The  cost  given  lielnw  is  based  on  the  assumplioii.-  de- 
scribed for  the  cost  (if  the  lirsl-loek  cnlVcr-clani — nanicl\, 
that  each  colfci'  was  a  separately  |)aid  for  striictui-e.  Field 
costs  only,  as  specilied  for  the  other  I'litfer.  are  gi\cii. 

797  piles   (470.2  short  tons)    i®    $35.20  per  ton $16,."..',! 

S  specials   (9.6  tons)    @   $45. 2()  per  ton IS4 


Total     $16.9 

Salvage  value:  Short  Ton.s 

Piles  under  30  ft.  and  specials.  .  91.3 
4%    estimated    waste    on    longer 

piles     15.5 

Total   scrap    106.Srgi$10.71        $1,145 

Merchantable    373. 0#    26.00  9.69.S 


Total    salvage    $10.S43 


Net  cost  of  metal 

Unloading,  yard  work   and   transportation,    805   pieces 

@   $1    

Templets  for  2  cylinders 

Setting  and  driving  piles  @   $2.10 

Banking,  40,000  cu.yd.   (®   20c.  for  placing  and  20c.  for 

removing    

fulling  piles,  at  about   75c 

Transporting,  sorting  and  loading,   at   75c 

Miscellaneous  work,   lOOr 

Total  cost    

Cost  per  linear  foot   imain 
90  ft.;  total,   740  ft.) 


16,000 

604 

604 

2,590 


650  ft.:  breakwater. 


(V)MI',|\.\T10\    ('Yl.lNDEl!    .VKP    Si.\(;LI>LiXE    CoFFER 

The  third  and  last  steel-pile  coffer-dam  was  used  to 
complete  the  unfinislied  portion,  500  ft.  in  length,  of  the 
east  anil  of  the  dam  (No.  5),  Fig.  7.  Its  design  was  an 
evolution  of  the  .second-lock  coffer  and  the  general  condi- 
tions to  be  fulfilled  were  that  the  masonry  of  the  dam 
had  to  be  completed  in  one  season  or  the  expense  would 
have  to  lie  incurred  of  a  coffer-dam  that  would  successfullv 
outlive  the  winter  floods  and  act  as  a  substitute  in  f!)l() 
lor  the  old  dam  downstream,  which  by  that  time  would 
have  been  removed  from  the  new  navigation  channel.  It 
was  therefore  decided  to  endeavor  to  complete  the  ma.sonry 
ill  a  single  season. 

Having  the  steel  piles  on  hand,  the  adoption  of  a  wooden 
cotfer-dam  was  not  consideied.  as  it  would  have  involved 
buying  additional  material  and  the  type  would  be  more 
\  ulnerable  to  floods.  The  plan  chosen  comprised  a  single 
wall  of  steel  piles  supported  by  banking,  generally  similar 
to  the  second-lock  coffer-dam.  Four  jjrincipal  changes 
were  made,  however:  Xo  driving  was  done  (except  for 
parts  of  the  cylinders  specially  exposed  to  undermining), 
but   the  piles  were  merely   rested   on    the  bottom   of  the 


ii\ci-;  anchor  cylinders  were  used  about  100  ft.  a|)art.  sn 
that  if  high  water  pushed  over  any  of  the  line  piling  while 
being  set  up,  the  damage  would  be  checked  at  the  nearest 
cylinder:  the  width  of  the  inside  fill  was  made  20  ft.  at 
the  water  line  instead  of  28  ft.:  and  the  fill  on  the  outside 
was  not  raised  above  the  low-water  line. 

The  last-named  feature  saved  a  good  deal  of  banking 
and  was  adopted  from  the  exjierieiice  w-ith  pouring  sand 
in  the  interlocks  of  the  second-lock  coffer  in  order  to 
make  the  joints  water-tight.    The  method  jiroved  ecpiallv 
successful  in  the  i)resent  case.    No  special  lengths  of  piles 
were  used,  but  random  lengths  were  set  up  as  thev  caiiie 
delivered  on  the  liarges.     The  ends  of  the  cofi'er-dani  at 
the  lock  were  joined  to  portions  of  the  lock  coffer-dam 
which  had  been  left  in  place  for  that  purpose.    The  width     _ 
between  north  and  south  lines  was  made  amjile,  .so  as  U)    ■ 
accommodate  the  trackage  and  leave  a  largo  margin  for    I 
sp(nl.   etc.    (sec   Fig.    :  ). 

The  program  was  to  begin  setting  up  cylinders  II  to 
IS  iiiclusi\('  with  their  connecting  diaphragms  (Fig.  ) ) 
as  soon  as  the  spring  Hoods  had  passed  :  to  complete  the 
icmaining  cylinders  ne.\t  :  and  finally  to  link  them  togetliet 
with  the  line  piling.  The  flow  was  to  be  shut  olf  when 
ready  by  the  line  between  cylinders  42  and  4.'{,  and  the  linal 
closui'e  made  between  50  and  51.  .\  diameter  of  30  !!»• 
was  chosen  for  the  cylinders,  to  give  ample  stability,  and 
the  line  piling  was  bowed  downsti'eam  so  that  if  a  flood 
came  before  the  banking  was  in  place  there  might  be  less 
chance  of  distortion  than  with  a  straight  line.  It  was 
not  antici])ated  that  the  attached  cylinders  could  give 
much  support  under  such  conditions,  as  their  diametei'  was 
•too  small. 

Pile  setting  was  begun  the  la.st  week  in  April,  lit  15.  ami 
was  continued  leisurely,  as  it  was  inadvisable  to  have  iinicli 
of  the  work  in  place  before  the  June  rise.  The  west  cylin- 
ders were  placed  and  filled,  and  the  isolated  cylinders  in 
the  river  were  then  begun.  Some  of  these  gave  trouble,  as 
the  rock  had  been  swept  bare  in  jilaces  by  the  concentration 
of  the  currents,  and  guys  had  to  be  used  to  hold  the  piling  M 
up.  More  than  once  the  guys  slipped,  sometimes  owing  to  I 
boat.s  fouling  them,  .sometimes  to  other  causes,  and  the  pil-  ' 
ing  fell  over.  No  harm  seemed  to  be  done,  however,  to  tiic 
pieces,  and  in  one  case  wheiv  the  cylinder  had  been  closed 
just  before  falling  it  was  fished  up  and  set  on  its  feet  again 
with  two  or  three  days"  work,  aiijiarcntly  little  the  worse. 
Finally  it  was  judged  advi.sable  to  ])unip  a  small  bank  of 
gi-avel  onto  the  bare  rock  where  these  ti'oubles  were  liable 
to  occur.  The  piling  was  then  .set  up  and  driven  into  tllif^ 
boliliiig  ground  and  lashed  with  guys  until  it  could  l>f 
tilled.  This  method  |)roved  successful  in  avoiding  fiitiiri' 
t  roulilc.  Where  the  bed  was  naturally  of  gravel,  occasional 
members  of  the  ]iiling  were  ilriven  into  it  for  o  or  4  ft., 
holding  up  the  cylinder. 

Ti!()iiii,i:s  |)i  i:  lo  11  Kill  \\'.\'n;i; 

By  the  end  i>\'  .June  all  the  cylinders  had  been  placed,  as 
well  as  the  line  piling  of  the  u])stream  arm,  except  for 
the  center  bay.  and  much  of  the  downstream  line  runnin;; 
east  from  cylinder  IS.  Thereupon  began  one  of  the  wet- 
test seasons  on  record,  which  continued  without  a  break 
until  the  spring  of  lOlO.  The  first  flood  undermined 
cylinder  51  until  it  sank  under  the  water,  while  three  othoi 
cylinders  (42,  13  and  50)  were  somewdiat  flattened  from 
loss  of  lilling.  but  otherwise  held  their  own.  The  end  ol 
the  downstream  line  piling  was  also  pushed  over.    At  tin' 


Si'iiti'ii 


.1  !l  I  C 


!■:  \  ( ;  I  x  i<;  e  u  i  n  ti    N  e  w  s 


5:i'j 


height  of  tin'  lliM).l  tlic  sl(i|H.  DVfi-  (hr  site  of  the  coffer 
was  l:'>  ill.  As  soon  as  the  wattT  receded,  tile  three  ilat- 
teiieil  cylinders  were  rusloreil  satisfactorily  hy  ])iiiiiping  in 
more  tilling,  and  work  was  begun  on  hoisting  tlie  fallen 
one  and  the  downstream  line. 

Just  a  week  after  this  flood,  however,  another  and 
iiiucli  worse  one  came,  causing  a  liead  of  2  ft.  at  the 
rolfer  site.  Cylinder  42  was  again  flattened,  and  4:;  and 
")i)  di.^appcared  under  the  surface.  .Vhout  50  ft  of  the  lino 
piling  attaclieil  to  !■">  wcni  down  also.  It  was  found  later 
that  this  cylinder  had  heen  revolved  liy  the  current  and 
had  heen  torn  loose  and  thi-own  down  under  the  line  ])il- 
iug.  which  .settled  down  on  top  of  it.  The  general  effect  of 
these  Hoods  on  some  of  the  piling  is  shown  hy  Fig.  (>. 
A  week  after  the  heiuht  of  the  Hood.  Iioats  were  ahle 
to  get  out  into  the  current  and  start  rei)airs.  Si.\  hoist- 
ing hoats.  exteinporizcd  and  otherwise,  were  employed 
thereon,  'i'he  flattened  cylinders  were  restored  satisfac- 
torily by  ])umping  in  filliii<;.  and  all  hut  two  of  the  fallen 
ones  were  set  up  and  similarly  refilled,  .\ltliough  their  ap- 
pearance when  restored  was  decidediv  disreputahle,  they 
;  were  able  to  j)erform  their  duties  satislactoril\-.  ( 'ylinders 
113  and  •">()  wei-e  found  to  he  hall'  luiiied  in  banks 
if  gravel.  After  se\ci-ai  attempts  to  pull  them  up,  they 
,\ere  al)andoned  and  still  lie  <ni  the  bottom  ol'  the  i'i\ci\ 

This  Hood  and   the  apprehension   of   others   to    follow 

iiade  necessary  a  revision  of  the  plan  for  closing  the  coffer- 

laui.    Had  the  season  been  normal,  there  would  have  been 

ow  water  by  the  end  of  July,  and   tlu'  two  navigation 

lools  ininiediately  upstream  in  the  Molun^k  and  Hudson 

livers  could  then  have  been  drawn  d(;wu  .several  feet  and 

leen  allowed,  when  all  was  ready,  to  (ill  u])  again,  temj)o- 

irily  cutting  off  all  discharge  and  current  in  the  Troy  pool. 

a  tlie  still  water  thus  secured  the  closure  could  have  lieen 

ladc  in  less  than  eight  hours.     Xo  low  water  could  now 

e  relied  on,  ap])arently,  and  it  was  evident  that  the  closure 

lUst  be  made  with  the  still  abundant  flow,     'i'o  do  this, 

ivo  new  cylinders  4:>  and  42a  were  set  up  as  shown  in  Fig. 

.  one  near  the  abandoned  4:5  and  the  other  adjoining  42, 

Inch  was  leaning  too  nuicli  to  provide  any  interlock.    1'he 

ue  piling  between  43  and  44  was  then  completed,  the 

3W  piles  7nerely  overlapping  the  end  of  the  line,  which  wa.s 

idly  twisted.    A  third  new  cylinder,  -i;5a,  was  next  set  up 

1  tlie  middle  of  the  opening,  leaving  about  4o  ft.  clear  on 

ich  side  to  be  closed  by  line  l)iling.     These  three  new 

linders  rested  on   bare  rock,  except  part  of  4.'5,   which 

erlapped  the  remains  of  the  banking. 

FIxpcriencc  with  the  fallen  and  the  flattened  cylinders 

ul  shown  that  even  where  the  rock  wa.s  bare,  the  feet 

the  piles  of  a  cylinder  might  not  all  reach  it.  especially 

those  driven  in  closing,  and  that  where  there  was  an 

lening  of  only  a  foot  or  .so  under  a  single  pile  a  strong 

irrent  would  gradually  suck  out  the  filling  and  ]ierhaps 

use  a  collap.se.     To  prevent  such   trouble,   riprap   was 

rown  inside  the  three  new  cylindei's,  chiefly  against  the 

ling,  to  a  depth  of  about  ">  ft.,  and  the  filling  was  then 

iinped  upon  it.     It  may  be  noted  also  that  the  dianuder 

the  cylinders  was  reduced  from  .'50  to  20  ft. 

Were  the  writer  designing  other  structures  of  this  type 

would  use  cylinders  of  the  smaller  diameter,  as  with 

-ide  layers  of  ri])raii  as  descrilied  they  would  weather 

V  ordinary  flood  as  safely  as  the  larger  ones.    Although 

riprap  makes  porous  spots  in  tlie  coffer-dam,  no  trouble 

lilts,  as  was  proved  in  this  case,  where  the  i  itside  and 

■  inside  l)ankinjj  formed  a  blanket  of  suflicient  thickness 


to  care  for  such  local  weaknesses.  .Vnother  ])oint  to  he 
mentioned  is  that  the  closure  should  be  made  on  the  side 
least  exposed  to  the  current,  so  that  if  the  closing  pile 
does  not  reach  the  bottom,  there  will  be  less  force 
of  water  to  play  into  the  opening. 

This  work  was  interfered  with  by  two  small  rises,  but 
was  made  ready  for  the  final  closure  on  Aug.  12.  \\li<n 
placing  the  new  cylinders  the  side  connection  piles  had 
been  fitted  with  eye-bolts  carrying  two  %-in.  steel  cables, 
intended  to  make  horizontal  loops  for  supporting  the 
closure  ])iling  while  lieing  placed  in  the  current.  One 
cable  was  about  '■>  ft.  from  the  bottom  and  the  other  about 
;i  ft.  below  the  water  surface,  and  they  wei'e  designed 
to  support  a  'S-ft.  head  on  the  piles.  One  end  of  each  cable 
was  brought  to  the  top  of  the  cylinders,  so  that  the  loop 
could  be  tightened  or  slackened  if  found  necessary.  These 
loops  acted  in  reality  only  as  guai'd  cables,  as  when  set- 
ting the  closure  ])iling  the  pieces  were  driv(>n  until  their 
feet  bit  into  the  shale  rock,  and  occasi(uial  ]iiles  were 
guyed  to  the  derrick  boats,  holding  the  line  unlil  liiial 
closure  could  be  made.  Two  derrick  boats,  workiiii;  idii- 
tinuously  for  nearly  two  days,  closed  the  two  gajis  success- 
fully by  Aug.  14.  The  depth  of  water  in  which  the  piling 
was  .set  varied  from  21  ft.  at  cylinder  4:5  to  211  ft.  at 
cylinder  42a.  and  the  head  as  the  closure  progressed  rose 
from  0.2  to  0.7  ft.,  as  much  as  possible  of  the  discharge 
being  jjassed  through  the  lock  and  the  power  bulkheail 
openings. 

Less  than  a  week  after  the  north  arna  had  been  closed 
the  fringes  of  the  (Jalveston  hurricane  of  1915  passed  over 
the  watershed,  and  on  the  night  of  Aug.  22  the  river  began 
to  I'ise  sharply.  By  next  day  the  water  was  flowing  over 
the  crest  of  the  masonry  dam  at  cylinder  4(!  with  a  depth 
of  7  ft.  and  with  the  cross-current  from  the  oblique  arm 
l)egan  to  erode  the  incomplete  protection  and  to  suck  the 
filling  out  of  cylinders  47  and  48.  Much  material  was 
pumped  back  into  them  by  the  dredge,  and  where  practic- 
able the  piles  were  driven  farther  down ;  but  the  filling  still 
e.sca])ed,  and  by  the  second  day  the  cylinders  were  creaking 
and  swaying  ominously.  In  one  of  the  cylinders  a  single 
pile  was  found  to  be  causing  the  trouble,  as  it  had  jammed 
about  4  ft.  above  the  rock,  leaving  a  gap  through  which  the 
filling  was  sucked  out.  Just  in.side  the  river  faces  of  both 
cylinders,  therefore,  and  inside  the  line  piling,  riprap  was 
thrown  until  ail  ga])s  appeared  to  be  blocked  up.  and  new 
lilling  was  then  ])umped  upon  it.  This  stopped  all  Ircuilile. 
The  same  currents  had  pulled  loose  Ihe  tiinluT  closuii'  ln'- 
tween  cylinder  47  and  the  masonry  dam.  and  this  had  to  he 
replaced  in  water  18  ft.  deep  and  in  a  ri\er  ciiri-enf  run- 
ning over  (>  mi.  an  houi',  requiring  much  patience  and 
care  to  accom])lish. 

.\11  restorations  were  completed  after  two  days'  work, 
and  the  closure  of  Ihe  south  arm  was  proceeded  with  and 
completed  on  Se])t.  o.  The  dredge  completed  the  banking 
on  Sept.  10.  pumping  out  having  l)een  begun  three  days 
before  with  two  12-in.  electric  pumps.  A  third  12-in.  and 
two  (i-in.  ])umps  were  added  a  few  days  later;  and  a  fo-in. 
centrifugal  steam  ])uinp  followed,  as  it  was  imperative  (o 
have  an  ample  breakdown  seiTice  owing  to  the  long  peri- 
metei'  of  the  coffer-dam  (about  1,;500  ft.)  and  to  the  depth 
of  water  upon  the  banking  (from  K!  to  28  ft.  at  low 
water).  By  September  i:5  the  water  had  been  lowered 
about  18  ft.,  the  ])umping  being  ])roceeded  with  leisurely 
so  as  to  drain  the  inner  banking  slowly  and  allow  the 
coirer-daiii  to  adjust  itself  to  the  pressui'e.    Excavation  was 
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begun  the  same  day.  but  another  rise  stopped  operations 
Tor  a  few  day.-;,  and  the  closure  had  to  be  partly  flooded. 
\Mien  pumping  was  resumed,  the  water  was  lowered  to 
aliout  23  ft.  below  the  river  level  and  could  be  held  there 
witluiut  difficulty  by  two  12-in.  and  the  one  10-in.  pumps, 
lifting  about  35  ft.  Tliereafter,  as  the  banking  seasoned, 
tlie  leakage  steadily  decreased  until  one  12-in.  piuup  and 
about  one-quarter  of  the  capacity  of  another  12-in.  pump 
could  take  care  of  it. 

E.vcavation  was  resumed  on  Sept.  18,  and  the  first  con- 
crete was  laid  on  the  twenty-third.  The  full  length  re- 
(piired,  .500  ft.,  was  completed  five  weeks  later,  on  Oct.  3i). 
.Although  several  rises  occurred  during  this  time,  the 
coffer-dam  was  kept  unwatered,  though  once  or  twice  it 
was  a  toss-up  whether  or  not  the  water  should  be  let  in. 
Counting  from  July  1,  eleven  rises,  large  and  small,  passed 
down  the  river  before  the  coffer-dam  was  done  with.  The 
])umps  were  .stopped  for  the  last  time  on  Nov.  3,  and  the 
i-iver  was  practically  free  of  obstructing  piling  three  weeks 
later.  The  piles  were  removed  very  rapidly,  as  few  pieces 
had  been  driven,  and  the  only  difficult  work  was  with  the 
distorted  cylinders  and  the  torn  north  line.  One  clump 
of  piling  was  removed  from  the  latter  consisting  of  about 
2.")  pieces  twisted  and  locked  together.  They  had  to 
be  cut  apart  on  the  bank  with  an  oxyacetylene  torch. 

The  cott'er-dam  proved  quite  satisfactory.  Its  speed 
of  construction,  aside  from  delays  by  floods,  was  limited 
only  by  the  capacity  of  the  hydraulic  dredge  to  supply  fill- 
ing and  banking,  and  the  u.^^c  of  line  piling  with  isolated 
cylinders  allowed  the  construction  to  proceed  step  liy  step 
with  a  niinimum  of  risk  of  losing  previous  work.  The  dam- 
aging floods  of  July  and  August  would  probably  have 
caused  a  total  loss  with  a  wooden  coffei'-dam,  whereas  very 
little  of  the  displaced  steel  jailing  could  not  be  pulled  uj) 
and  reset.  ■  The  structure  proved  almost  entirely  water- 
tigljf,  apd  when  done  with,  its  removal  was  very  rapid, 
being  limited  practically  by  the  capacity  of  the  dredge 
to  dispose  of  the  banking. 

On  account  of  the  changes  and  repairs  resulting  from 
the  abnormally  wet  season,  it  would  be  difficult  to  give 
costs  comiiarable  with  those  of  a  nornud  year.  .\s  com- 
jiared  with  the  .<econd-lock  coffer-dam.  however,  the  differ- 
ence in  cost  i)er  linear  foot  would  not  be  great,  for  while 
the  cylinders  increased  the  proportion  of  piling,  the  re- 
duced width  of  the  banking  and  the  lessened  cost  of 
placing  and  removing  the  piles,  due  to  eliminating  uu)st  of 
the  driving,  effected  a  considerable  saving. 

E.VGIXEEliS  l\  ClIAHCiK  OK  WoiiK 

The  work  was  performed  under  the  supei  vision  of  Gen- 
oral  (then  Colonel)  William  M.  Black,  now  Cliief  of  Engi- 
neers, United  States  Army,  with  Captain  R.  D.  Black  as 
local  engineer  officer,  succeeded  in  lit  14  by  Major  M.  J. 
McDonough.  The  fieldwork  was  commenced  by  Assistant 
{•Engineer  A.  C.  Harper  and  continued  by  Junior  Engineer 
.).  J.  McCabe.  The  mechanical  work  was  under  Wm.  O. 
Quinlivan  and  the  office  work  under  Junior  Engineer  F.  1'. 
Fifer.     The  writer  su]iervised  the  work  locally. 

MunlclpBl  IJiM-k  (oiintriii-liun  is  ti>  be  undertaken  by  the 
City  of  Albany.  N.  Y..  in  oider  to  carry  out  its  scheme  of 
river  front  improvement.  The  city  made  an  agreement  with 
the  Hudson  Navigation  Co.  to  build  a  pier  on  the  river  front 
with  buildings  for  the  handling  of  passengers  and  freight,  but 
the  company  has  faili'd  to  carry  out  the  work.  An  ordinance 
has  therefore  been  introduced  under  which  the  city  will  issue 
bonds  to  cover  the  cost  of  the  work  and  will  lease  the  build- 
ings when  completed  to  the  Navigation  Co. 
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Since  the  introduction  of  railways  in  ISTG,  China's 
railway  jjolicy  has  undergone  a  number  of  changes.  At 
first  it  was  a  general  policy  of  opposition,  as  shown  by 
the  fate  of  the  Shanghai-Woosung  Eailway.^  The  igno- 
rance regarding  the  new  scheme  of  transportation,  the 
general  prejudice  against  foreign  innovations,  the  fear 
of  foreign  influences  and  the  deep-rooted  superstitions 
together  with  the  untactful  behavior  and  irregular  nietli- 
ods  used  by  some  of  the  foreign  promoters — all  these 
combined  to  prevent  the  introduction  of  the  new  means 
of  transportation.  ^Foreover,  the  apathy  against  railwavs 
was  not  limited  to  any  one  class  but  extended  to  all 
classes  of  the  nation.  The  railway  policy  of  China  then, 
if  any  policy  e.visted,  was  that  of  exclusion. 

Beginning  about  1879  a  number  of  the  enlightened 
officials  began  to  realize  the  usefulness  of  railways.  Ef- 
forts were  made  even  at  considerable  personal  risk,  to 
introduce  railways  into  the  country ;  but  the  Court  al)ovc 
and  the  people  below  were  as  obstinate  as  before.  In 
.<pite  of  apparently  insurmountable  difficulties,  however, 
the  ingenious  and  persistent  efforts  of  these  enlightened 
officials  gradually  removed  the  barriers. 

After  the  Boxer  uprising,  the  Court  became  too  busily 
occupied  with  other  que.stions  to  maintain  its  opposition 
against  railways.  So  for  about  eight  years,  the  Govern- 
ment adopted  what  may  be  called  a  laissez  faire  ])olicy. 

By  1907,  the  Peking-Mukden,  the  Peking-Hankow, 
the  Peking-Kalgan,  the  Tientsin-Pukow,  the  Shaiighai- 
Xanking,  the  Kirin-Changchun  and  the  Chengtai  Lines 
had  been  opened  to  traffic.  The  enormous  returns  made 
by  a  number  of  these  lines  at  once  made  a  deep  impres- 
sion upon  the  people.  They  began  to  realize  the  possi- 
bilities of  railways  as  investments.  So  superstition,  for- 
midable as  it  was,  gradually  gave  way  in  the  face  of  tlif 
increasing  usefulne-ss  and  earning  power  of  railways,  and 
in  its  place  a  railway  fever  set  in. 

The  "localization"  movement  was  started,  with  the 
slogan  that  each  Province  should  race  against  all  the 
rest  in  building  all  the  railways  within  its  boundaries. 
Many  railway  companies  were  organized.  Several  Provin- 
cial Governments  also  jumped  into  the  whirlpool.  Numer- 
ous schemes  were  embarked  upon.  Liberal  rights  were 
obtained  from  the  Government.  A  considerable  aniount 
of  money  was  raised,  and  a  number  of  lines  put  under 
construction.  From  all  appearances,  there  was  a  general 
enthusiasm  for  railway  building.  But  the  lack  of  prac- 
tical experience  in  this  new  enterprise  more  than  counter- 
balanced the  force  of  enthusiasm,  and  actual  railroadinj: 
did  not  go  very  far. 

Tn  order  to  prevent  these  schemes  from  becoming 
comjdete  failures  and  to  extend  the  then  favorite  policy 
of  centralization,  which  had  been  adopted  by  the  youii^' 
Manchu  ])rinces  a  few  years  before,  the  ])rograin  of  rail- 
way nationalization  was  embarked  upon.  This  inea.>iun' 
met  with  immediate  and  wide-spread  opposition,  whii'li 


•From    a    paper    in    the    "Far    Eastern    Review." 
tChairman  of  the  Government  Commission  on  the  Unifica- 
tion   of   Railway   Accounts. 

'After  overcoming  all  sorts  of  ol)stacles.  the  first  rail  oi 
this  narrow-gage  line  was  laid  in  IsTiI.  exactly  .1(1  years  after 
the  "Rocket"  made  its  debut  in  England.  But  later  opposi- 
tion became  so  strong  that  the  railway  had  to  be  repurchaser 
by  the  Government  and  the  rails,  etc..  torn  up  and  conveyeu 
from  the  mainland  to  Formosa  to  rust. 


SiuiHunibcr  ~1,  -A'.) I 


i;n(;  ixj-:  kking    news 


lod  to  the  Kevolution  of  liMl  ami  rcsulti'd  iu  tlie  over- 
throw of  tlie  Maiic-hii  Uyiuisty. 

As  if  heavenly  sent  for  the  special  ]iurpose  of  over- 
tlirowin^r  the  Manehns,  the  "localization"  movement  im- 
iiu'diately  suhsidefl  with  the  dissolution  of  the  Dynasty. 
The  sparl<  which  started  tlie  conHagratioa,  the  national- 
ization policy,  however,  oiitlive<l  all  the  turmoils.  This 
]iolic'y  has  since  heeii  quietly  carried  out  until  now  prac- 
ticidly  all  the  proxincinl  concessions  are  taken  hack. 

Side  by  side  with  tlie  nationalization  ])ro,irrani.  the 
jiolicy  of  niakinn'  a  system  of  State  railways  has  been 
definitely  ado])tcd.  A  system  of  trunk  lines  which  should 
lie  c-onstnicted  and  operated  by  the  Government  has  been 
carel'ully  mai)]ied  cnit.  Thus  the  jiolicy  of  creatine;'  a 
>ysteiu  of  national  railways  beaan  with  the  downfall  of 
the  Manchu  Dynasty  and  consolidated  itself  during'  the 
lJe|iublic. 

Uy  the  end  of  l!)!"),  there  were  in  all  8,342  kilometers 
of  railway  under  operation  in  the  country.  Of  these 
ibe  most  im|iortant  is  the  system  (jf  (iovcnnnent  railways, 
which  comprises  1.5  different  lines  with  a  total  of  .T.TO^ 
kilometers,  thus  equallin<r  ()8.4%  of  the  total  kilomet- 
rajie  in  the  country.  The  second  class  embraces  2.:{!)i) 
kilometers  of  "concessioned"  lines  such  as  the  Chinese 
Ea.stern,  the  Sonth-]\Iancliuria  and  the  Chiaochou-Tsinan 
Lines;  while  the  last  class  consists  of  2  12  kilometers  of 
private  lines  which  are  owned  and  o]ierated  by  jirivatc 
Chinese  companies. 

This  system  of  government  railways  has  cost  the  Chi- 
lese  Government  $:3!)8.221,ir().  being  about  $73,783  per 
•:ilnmeter  of  line. 

There  are  1)27  locomotives  of  all  classes  which  were 
louglit  from  more  than  live  dilfi'reid  countries.  A  total 
•f  823  passenger  cars  and  10.118  goods  wagons  were 
iscd  in  carrying  the  2(),03(),ir)2  pas.sengers  and  14,.580,- 
'()4  tons  of  freight  in  191a.  A  gross  revenue  of  5G.1 
iiillion  dollars  was  earned,  while  48  millions  were  spent 
"T  doing  the  business  and  paying  interest  on  the  cap- 
lid,  leaving  $8,100,000  to  the  (iovernment  as  a  net  profit 
uriiig  the  same  ])eriod.  In  addition  to  the  lines  under 
perafion,  fbere  are  now  about  10,000  kilometers  of  line 
Inch  are  cither  under  construction  or  definitely  projected. 


])'i'  A.  C.  NoirroN''' 

When  the  velocity  of  water  in  a  flume  exceeds  that  in 
le  canal  above,  there  must  he  a  suHicient  droj)  in  the 
itake  to  jtrovidc  for  the  loss  of  head  due  to  the  change 
1  cross-section  of  the  ('ondnit  and  h)  give  the  necessary 
•cfleration  to  the  water.  The  entry-head  loss  will  de- 
i-nd  on  tiie  shape  of  the  transition  section  between  the 
inal  and  the  flume,  which,  if  properly  designed  to  make 
16  change  gradually,  will  reduce  the  entry-head  loss  to 
ractically  nothing.  The  increased  velocity  head  is  the 
'fference  between  the  velocity  in  the  flume  and  the 
itial  above. 

The  I'litry  head  and   increased   velocity  head  may  be 

lerniined  by  the  following  formula: 

''    -        \.         '  (1) 

'lere  /(  equals  velocity  and  entry  head  in  feet;  F,  eqiials 

•Chief   Knglneer,   R.   Hardesty   Manufacturing   Co.,   Denver. 


velocity  in  the  flume;  Y .,  equals  velocity  in  the  canal: 
ij  (32.2)  equals  acceleration  due  to  gravity  in  feel  per 
second;  c  is  an  e.xperimental  factor  depending  on  per- 
centage loss  due  to  entry  and  will  vary  from  0.(i  for 
abrupt  entry,  as  when  a  straight  head  wall  is  used,  to 
O.n  where  the  transition  is  made  gradually,  as  shown  in 
the  accom])anying  plans. 

At  the  outlet  where  the  velocity  is  reduced  from  lluil 
in  the  flnnie  1o  that  in  the  canal,  there  is  a  slight  los> 
in  [lead  due  to  the  change  in  section,  but  unless  the 
velocity  in  the  flnine  is  but  slightly  greater  than  in  the 
canal,  it  is  not  enough  to  take  up  all  the  dift'crcncc  in 
velocity  head,  and  theoretically  it  should  be  possible  to 
regain  this  head.  Pra-tically,  however,  it  is  possible  lo 
regain  only  |iart  of  this  velocity  head,  and  tlint  only 
under  certain  conditions. 

The  conditions  necessary  for  part  of  this  \elocity  head 
to  be  nsi'd  in  regaining  the  lost  gi'adc  are: 


and 


>  <<jd 


>  !// ' 
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W'bei'c  (/  is  depth  in  feet  of  water  in  the  Ihiiiic. 

For  smooth  interior  lliinies,  c  may  lie  taken  as  100,  licnrc 
the  slo]ie  must  be  equal  to  or  greater  than  0.0032  and  r.  1 1 
to  12  ft.  per  sec.  or  over,  depending  on  the  size  of  the 
iluinc.     To  determine  the  height  the  water  will  rise   in 
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the  canal  aboM'  that    in   the   lliiine  at   the  outlet,  or  what, 
is  known  as  jiiinp : 


\     2// 


(1) 


Where  •/  eipials  the  jump  in  feet  :  v  equals  velocitx  of 
water  in  the  flume  in  feet  jier  second;  (/  equals  dejitb 
of  water  in  the  flume  in  feet;  //  equals  32.2;  .s  equals 
slope  of  flume  ])er  unit  of  length;  e.  equals  100. 

In  order  to  he  entirely  safe,  however,  it  is  better  to 
use  only  alxmt  half  the  value  of  J  in  practice. 

Gknkk.vl  Pi..\xs  fou  Transitions 

These  ]ilans  show  the  manner  in  which  the  transition 
between  the  canal  and  the  flume  may  be  made,  also  how 
the  entrance  and  velocity  head  is  provided  for  to  gain 
the  required  velocity  in  the  intake,  formula   (1). 

Tyi)e  I.  At  the  outlet  the  water  .surface  is  the  same 
in  the  canal  as  in  the  flume,  except  where  the  vclocitv 
is  high  enough  to  juni)),  rormiilas  (2),  (3)  and  (4). 
The  main  problem  at  the  onth't  i-  to  check  the  velocity 
of  the  water  from  the  Hume  down  to  that  in  the  canal 
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in  siuli  ii  manner  as  to  prevent  cutting  and  scouring  tlic 
ranal  lielow  the  outlet  of  the  flume.  Where  the  velocity 
in  the  flume  is  high,  it  becomes  necessary  to  construct 
some  manner  of  check  or  to  riprap  the  canal  for  a 
short  distance  below  the  flunu'. 

Tvpc  if.  This  shows  conditions  where  the  depth  of 
water  ill  the  canal  is  mucli  greater  than  that  in  the  flume. 
'i'hc  inaximuin  economy  of  grade  is  obtained  by  allowing 
iinlv  sutticient  drop  in  tlic  water  surface  in  the  intake 
to  allow  for  //.  formula  (1).  the  bottom  of  the  flume 
being  higher  than  the  top  of  the  canal  and  the  bottom  of 
the  intake  on  an  inverse  grade.  Theoretically,  this 
is  a  very  satisfactory  solution,  but  practically  it  is  not 
recommended  if  it  can  l)e  avoided,  unless  used  in  modi- 
fied form. 

This  tvpe  of  intake  may  work  satisfactorily  when  clear 
water  is  used  or  a  full  liead  kept  running,  which  may 
give  enough  velocity  to  the  water  to  prevent  the  canal 
from  silting  in  front  of  tiie  intake.  The  princi])al  oli- 
jections  are  that  as  soon  as  the  head  is  reduced,  the 
velocity  decreases  to  such  an  extent  that  it  is  practically 
impossible  to  prevent  silting  of  the  canal  u]i  to  a  levi'l 
with- the  bottom  of  the  flume.  This  may  l)e  jjartly  over- 
come by  placing  a  gate  in  the  l)ottom  of  the  canal  above 
tlie  intake,  which  will  serve  as  a  sluice  and  drain  gate. 

At  the  outlet,  the  i)ottom  of  the  canal  must  be  enough 
lielow  the  bottom  of  the  flume  to  allow  the  water  sur- 
face in  the  canal  and  the  flume  to  be  the  same  elevation, 
unless  conditions  are  such  that  Ty])e  III  outlet  may  be 
u.sed;  formulas   (2).    (o)   and    (4). 

Type  III.  This  shows  conditions  where  the  flume  is 
carrying  water  under  high  velocity.  At  the  intake  the 
liead  /)  will  be  very  large,  fornuda  (1).  At  the  outlet, 
the  jump  may  be  taken  advantage  of  ))roviding  the  vel- 
ocity in  the  flume  is  great  enough  to  ]nmluce  a  jump; 
formulas   (2),   (:?)   and    (  I). 

Type  TV.  Here  th(>  canal  is  shallower  than  the  flume; 
the  head  //  i>  allowed  in  tlu'  water  surface  at  the  intake. 
The  outlet  mav  l)e  constructed  on  an  adverse  grade  if 
the  velocitv  in  tiie  flume  is  great  enough  to  prevent  silt- 
ing. A  gate  may  be  ]iro\ided.  as  sliown,  to  drain  the 
flume.  The  water  surface  in  the  flume  at  the  outlet 
being  the  same  as  that  in  the  canal  unless  the  veloc-ity 
be  great  enough  to  use  Type  III  outlet. 

CoNCT.r.sioxs 

1.  The  grades  must  be  computed  from  the  water  sur- 
face owing  to  tlie  ditt'erences  in  the  depth  lliat  may 
exist. 

2.  The  losses  of  gratle  consist  of  I'niir  (pniiit  ities :  (a) 
The  loss  of  head  at  the  intake  due  1o  the  change  in  sec- 
tion; (b)  the  required  velocity  head  at  the  intake;  (c) 
the  grade  of  the  flume  itself;  (d)  the  loss  of  head  at  the 
oiTtlet  due  to  the  cliange  of  section. 

;3.  On  short  flumes.  //  will  be  much  greater  than  the 
grade  of  the  flume  itself  and  must  hv  allowed  for  two 
reasons:  (a)  in  order  to  prevent  piling  up  in  tlie  canal 
above  the  intake  of  the  tlume.  and  (b)  in  ordc-r  to  oli- 
tain  the  full  carrying  capacity  of  the  llume. 

One  of  the  most  common  errors  in  flume  eonstrnetion 
consists  in  allowing  all  the  available  grade  to  be  taken 
up  in  the  flume  itself,  making  no  allowance  for  velocity 
head,  con.sequently,  the  \'kv  board  in  the  canal  above  the 
flume  will  be  reduceil  until  the  velocity  head  is  attained 
or  the  flume  will  carry  diily  pari  capacity.      In  cases  of 


.-hort  flumes,  where  a  certain  small  amount  of  grade  is 
available  anil  a  large  velocity  head  cannot  be  allowed, 
the  only  alternative  is  to  increase  the  size  of  the  flume 
and  cut  down  the  velocity  even  though  there  may  be 
sufficient  grade  by  allowing  it  all  in  the  flume  to  give  it 
a  much  higher  carrying  capacity.  The  grade  lost  mvst 
consist  of  both  velocity  head  //  and  the  grade  of  the 
flume. 


A  project,  now  in  the  course  of  construction,  to  suppiv 
two  ilaine  water  districts,  Madison  and  Anson,  probably 
has  the  distinction  of  being  the  only  new  water-supply 
development  in  New  Englan<l  at  the  present  time.  Tiie 
villages  of  Anson.  Madison  and  North  Anson,  about 
80  mi.  north  of  Portland,  are  to  have  a  gravity  water- 
su])ply  from  Hancock  Pond  through  a  pipe  line  13  mi. 
long. 

The  intake  is  to  be  l(i-in.  universal-joint  cast-iron  ])i])c 
laid  by  a  diver  to  a  point  2.-)0  ft.  from  the  shore  line. 
where  the  depth  of  water  is  about  18  ft.  The  first  (Jl/. 
mi.  of  the  ])ipe  line  is  Ki-in.  wood-stave  pipe,  ami  the 
other  (ii/.  mi.  is  14-in.  cast-iron  pipe.  On  account  of  the. 
length  of  the  main,  three  relief  valves  are  provided  to 
reduce  water-hannner.     There  are  a  few  service  connec- 
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t s  on  the  \\iiii(l->l,-i\e  mam.  a  detail  of  which  is  shown 

in  llie  acciinipan\  ing  illnstralion. 

'I'lie  contract  cost  of  the  main  and  appurtenances  is 
.$1  td.OlKi  and  of  the  distributing  systems  of  two  of  the 
\illages,  .$20,000.  One  village  already  has  a  local  water- 
su|)|)ly  ;iud  distribution  system.  The  combined  ])opula- 
tion  of  the  three  \illages  does  not  exceed  5,000. 

The  \\ati'i-su])ply  system  is  designed  to  deliver  1,000 
gal.  per  niin.  at  lio  lb.  ]n'e.ssure  in  the  fire  district  of 
Madisnn.  which  is  near  tlie  end  of  the  line.  The  ina.\i- 
uinni  pressure  (Ui  the  wood-stave  part  of  the  line  is  about 
so  lb.  All  three  villages  have  manufacturing  interests. 
i'or  the  lire  protection  of  which  the  water-supply  was 
urgent. 

In  treiichiug  foi-  the  pi]ie  line  the  contractor,  the  Hans- 
coni  (  onstruction  Co..  Boston.  Mass.,  is  using  a  Parsons 
Ireiuhing  machine,  probably  one  of  the  first  of  these 
inachines  to  be  used  iu  Maine.  The  mininium  de])th  of 
the  i)ipe  line  in  the  woixls  is  1  It.  and  in  roadways  ov 
beaten  paths  (i  ft.  Walter  II.  Sawyer,  Consulting  Engi- 
neer, Eewiston.  Maine,  who  designed  this  water-suppl.v. 
states  that  a  covering  of  2  ft.  has  been  found  sullicient 
for  water  mains  m  undisturbed  wooded  country  in  Maim". 
that  the  snow  cover  furnishes  aiu]»le  ]irotection  from 
Ireeziug  at  thi>  depth. 
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,„t  i.  a  20-ft.  sidewalk  with  scupper  holes  to  release  wave 

Uter  and  a  6-in.  ^-^^'^^f'.'^^ff.^Z^  reinforce.l- 
Over  the  front  row  o    sheetpUs  ^^^  heavy       ^        ^^^^ 
concrete  slab  4  ft.  thick  and  ^  ft   ^yd^  ,  l^^_^^^^^^ 

piles  and  forms  a  ina.n  snppo     ^r    o-  ^^^^  ^^^^^^^^_ 

and  intermediate  slabs      A    ^^e  upp^  e  ^^  ^.^^ 

bearing  on  the  ^^^^^^^'1^  ^X^^  together, 
the  upper  portion  o1    the  .lab   and     tr  ^^^^^^_ 

Expansion  joints  are  provided.  hke^Mse 
tains  and  electric-light  <^o""f  ions  ^^^^^^ 

Ansheetpiles,H-beams.^P«e^^l-les;  .^1^  ^^^._ 

,„owed  to  ™  f-^    ;•    ;^  was  donjon  the  bank 
tion.     ilost  ot  the  W^'-''  '  „„^;tion  on  cars  over  a 

above  the  beacli  and  hauled  to  po.i  ion  ^^^^ 

,„ustruction   track.     Some  were   ca^t 


AT  OCEAN  BEACH  IN  SAN  FKANCSCO 


,,,.,,,  ,,^   ft.   in  length    .pac.1   at   10.^^^ 

•nr'^^^ris^rb  'iX-!;i".^3tons, 

,rt  the  intermediate  slabs  of  -^f^J^^Z  where 

py  are  at  lO-ft.  centers.  2^^^  .,«,„  five  bleacher 

ncreted  to  form  a  heavy  reintor     V  •  'a  '  ,p, 

♦    „„,!   throe  strin-'ers  for  additional   support,      i  ni 
it8  and   three  strin^ti.  .^^  ^g^,_ 

in.  of  packed  clay^  '•^IflX^X.  r^^rdllops 
Weber  ..ction  is  12  .n  ^^^^^  ^^  ,„„  ,„,  .,,•  ,„.l 
yo  a  roUwa. .  and  th      r        a^  ^^.^,^   ^^^,^,^„^  „t 

Inns  part   ol    a   .iy^-ft.   fiarapcL  r,.  •„,i  the  nara- 

.  her  side  of  each  stainv-ay  section.     Reh.n.l  the  p. 


,il,.s  were   driven   liy 


luindled   directly  by  derrick.     AH    1"1<> 

four  water  jets  and  steam  l'^"'"';;;  ,^^  ,ii,,,„,„, 

Twojetsof2-in.pqx.red.u.edto%    ^  J^  ^;^ 

,„a  were  used  ^^^^^J     th^-es  they  were 
at  each  corner  ot  the  hum  piles.  ,    n/    ft    l,el„\v  the 

t    located  that  they  discharged  about  U/a  ft-  1h  lo. 

"^rr  5;.  was  suppHe.n.>;  tl^Olympie^Salt 

^^^-^7.ot;e;i:r^r; ;i/^w:terbyH- 

pressure  ot  40  l'^"  ^^^  ^^^       ^^i,  ^qO  cu.ft.  per  min.  The 
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then  with  liiiniiner  and  jet?  were  driven  to  the  required 
grade,  one  sheetpile  always  remaining  at  sand  level  to 
start  the  next  pile.  The  hulb  piles  were  jetted  to  re- 
quired orade  without  the  use  of  the  hanuner.  All  jetting 
was  aceoni]ilished  without  very  great  diflficulty.  Floating 
houlders,  especially  at  the  north  end  of  tlie  contract, 
gave  some  trouble,  making  it  necessary  to  excavate  S  ft. 
to  winter  beach  level  and  tlien  remove  houlders.  All  11- 
beams  were  placed  by  the  lieavy  derrick  without  any 
ditticulty. 

Contract  for  the  second  unit  of  the  Esplanade  was 
awarded  in  July,  191G,  to  J.  D.  Hannah  for  .$2;?,14S.!)0. 
This  provides  for  an  addition  of  170  lin.ft.  of  structure, 
identical  with  that  described  above,  so  that  by  Nov.  1. 
1 !)!(!,  there  will  be  completed  670  ft.  of  structure.  It 
is  to  be  hoped  that  in  the  forthcoming  budget  enough 
ninney  will  be  ap]5ropriated  to  finish  this  deserving  project 
as  far  south  as  the  chalet  pile  structure,  built  some  years 
ago. 

Design  and  construction  of  the  Esplanade  are  under 
the  direction  of  :M.  M.  O'Shaughnessv,  City  Engineer. 
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By  M.  C.  IIlckaby* 

Among  the  first  of  the  Louisiana  communities  to  take 
up  systematic  road  improvement  was  St.  Tammany 
Parish,  which  is  situated  in  tiie  southeast  corner  oi'  tlic 
state  and  borders  on  Lake  Pontchartrain.  The  parish 
entered  the  field  in  the  spring  of  1914,  by  voting  a  bond 
issue  of  $180,000.  A  good  roads'  connuittee  of  ten 
members  was  appointed  and  organized,  which  in  turn 
employed  the  writer  as  liigjnvay  engineer  to  take  charge 
of  the  project. 

In  St.  Tanmiany  Parish,  as  in  many  other  sections  of 
the  state,  unfortunately,  the  laymen  had  decided  before 
obtaining  the  services  of  an  engineer  just  how  many  miles 
of  road  they  would  build  with  the  bond  issue  and,  as  is 
commonly  the  case,  the  mileage  was  set  i)lenty  high 
enough.  With  the  $180,0()i)-i)ond  issue  they  proposed  to 
improve  "^^O  mi.  of  roads  in  alignment,  grade  and 
drainage. 

The  country  l)eing  on  the  Gulf  Itorder,  the  rivers  and 
^treams  through  this  section  have  to  accommodate  all 
the  water  that  comes  from  the  interior.  Tlierefore  the 
bridge  item  was  necessarily  large,  and  had  to  he  made 
up  by  taking  either  from  the  width  or  the  length  of  the 
roads  to  he  i in] i roved. 

Uxt'srAi.i.v  X Aiiiiow  Ciioss-Si'XTiox  Anorrion 
A  meeting  of  the  committee  was  held,  and  after  a 
ihoroiigb  discussion  of  the  in-oblcm  it  was  decid<'d  to 
begin  the  imi)rovcments  on  the  main  arteries  first  and  to 
make  the  width  between  the  centers  of  side  ditches  3(1  ft., 
with  a  minimum  distance  of  20  ft.  between  the  shoulders 
anil  a  crown  of  1  on  12.  This  being  settled,  the  cross- 
section  shown  herewith  was  designed  and  adopted. 

Throughout  St.  Tannnany  Parish  the  toi)ography  is 
uniffirm.  In  the  southern  jiortion  tiie  country  is  very  flat, 
while  in  the  northern  ]>art  it  is  somewhat  rolling.  As  a 
I'lile  tiic  grade  line  can  lie  made  parallel  to  the  ground  line 
everywhere    except    across    river    and    stream    bottoms, 

•Chief   Highway    lOiiKineir.    I'aiisti   of  St.   Tammany,    Louis- 


Therefore  a  cross-section  was  designed  surh  that  the  cut 
from  the  side  ditches,  by  means  of  blade  graders,  would 
balance  with  the  necessary  fill  for  the  crown. 

The  writer  is  aware  that  there  are  those  who  do  not 
approve  of  side  ditches  of  the  shajie  and  depth  shown;  it 
is  lK>lieved  by  some  that  such  a  ditch  is  dangerous,  but  as 
yet  the  wi'iter  has  never  known  of  a  serious  accident 
( auscd  li\-  the  stec])  slopes.  On  the  other  hand,  by  cutting 
the  (litclics  deep  a  (|uality  of  material  was  taken  from  the 
lidttoni  which  was  much  better  for  mixing  with  the  top 
soil  than  could  have  been  obtained  otherwise  without 
going  to  nnu-h  greater  expense.  Again,  by  cutting  the 
ditches  down  to  the  depth  shown,  better  drainage  was 
assured.  A  minimum  distance  of  38  in.  was  maintained 
lietween  the  bottom  of  the  ditch  and  the  crown  of  the  road. 
To  date,  the  ditches  have  proved  very  satisfactory  in 
keeping  the  roadl)ed  drained. 

For  this  section  of  the  country  large  ditches  are  indis^ 
pensable,  owing  to  the  fact  that  such  large  rainfalls  have 
to  be  taken  care  of.  The  cross-section  illustrated  was  used 
on  about  100  mi.  of  road ;  a  cross-.section  that  was  only 
20  ft.  between  centers  of  ditches  was  used  on  about  25  mi., 
and  out  of  this  same  bond  issue  about  40  mi.  of  state-aid 
road  was  built,  which  was  constructed  with  a  similar 
cross-section,  the  principal  dift'erence  being  that  a  state- 
aid  road  is  24  ft.  between  shoulders. 

However,  it  will  be  .seen  that  otdy  alxnit  U;5  mi.  of  roail 
was  constructed   out   of  the   220   mi.   proposed;  ])ut  the 


CROSS-SECTION   ADOPTED   FOR   ST.    TAMMANY    TARISH 
ROADS,  LOUISI.\NA 

roads    were    made    wider,    the    alignment    was    improved    I 
nu>re.  and   the  giade   lines   were   much   better  than   the    * 
committee  had  originally  planned    for.     Also  several  of 
the  roads  were  provided  with  reinforced-concrete  bridges 
and  culverts. 

RicsuLTS  Provk  Economy  ov  Dicsign 

There  is  excellent  material  for  building  roads  at  a 
moderate  cost.  The  natural  soil  in  this  section  of  the 
country  can  hardly  be  surpassed  for  road  building  any- 
where. Tn  many  ])laces  there  is  a  clay  foinulation  covered 
with  a  sandy  soil  of  from  3  to  6  in.  in  depth  :  when  taken 
fi-om  the  side  ditches  and  mixed  and  shajied  in  the  road, 
this  gives  a  good  wearing  surface,  and  tliat  too  without 
anv  extra  or  unusual  cost  for  mixing  other  than  that 
aeeomplished  by  the  regular  process  of  moving  and  plac- 
ing material. 

The  uniformity  of  this  natural  nii.xture  is  not  sueli 
tliat  the  road  will  run  for  great  distances  without  some 
weak  places,  but  by  careful  maintenaiu-e  and  adding  more 
.-and  or  clay,  as  the  case  may  require,  it  will  he  iMissililc 
u)  correct  the  weak  places  at  a  moderate  cost  and  ha\e  the 
wearing  surface  everywhere  uuifm-m. 

The  trallic  in  this  parish  is  not  unusually  den.se,  l>a' 
\\w  tonnage  is  fairly  heavy.  It  is  a  lumber  seclioii,  ami 
the  highways  are  used  for  logging  jiurposes.  The  triiHir 
legulations  with  reference  to  loading  are  iiractically  tli'' 
same  as  everywhere  else  in  the  South.  The  liniitation' 
are  hasdl  on  the  size  of  the  wagon  and  team  instead  of  tln' 
width  of  tin — that  is.  the  law  allows  all  the  load  that  wiH 
stay  on  and  that  can  lie  drawn  li\   the  team. 
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All  the  work  done  on  the  roads  referred  to  was  by 
contract,  and  the  contract  prices  varied  between  the  fol- 
lowing limits  on  the  principal  items :  Earth  and  embank- 
ment, 16  to  20e.  per  cu.yd. ;  reinforced  concrete  in  place, 
$13  per  cu.yd. ;  creosoted  pine  timber  in  place,  $45  to  $50 
per  M  ft.  b.m. ;  clearing  and  grubbing,  $35  to  $60  an  acre. 

There  is  a  splendid  opportunity  in  St.  Tammany  Parish 
to  study  sand-clay  roads  under  service,  and  it  is  the  inten- 
tion of  the  writer  to  make  such  a  study. 

HiGHWAY-BrIDGK    PliOBLEMi^ 

Bridge  building  on  the  highways  of  St.  Tammany 
Pari.sh  is  complicated  by  the  condition  of  minimum  fills 
imd  maximum  waterways.  That  is,  the  valleys  are  usually 
wide  and  flat,  allowing  the  water  to  spread  over  a  large 
area.  In  several  instances  it  is  somewhat  difficult  to 
design  a  bridge  that  will  have  sufficient  waterway  without 
building  an  unusually  long  one  or  making  the  embank- 
ment unusually  high  to  serve  as  a  dam  to  hold  the  water 
back  until  it  can  run  through  the  bridge  opening.  This 
latter  is  possible,  as  the  current  is  almost  negligible  in 
every  case  and  a  rise  of  a  few  inches  on  the  embankment 
would  spread  the  overflow  over  a  large  area  without 
material  injury  to  property. 

For  the  condition  just  described  a  design  was  ni-idc 
-ucii  that  the  depth  of  floor  would  be  a  minimum,  thereb\ 
increasing  the  height  of  the  waterway  for  the  same  grad' 
line.  The  principle  was  used  both  in  the  concrete-  ami 
in  the  wooden-bridge  plans.  Concrete  bridges  were 
lesigned  on  a  through-girder  t^pe,  thus  eliminatin.g 
)rojecting  beams  on  the  bottom  by  using  a  reinforced- 
•oncrete  slal)  (reinforcement  laid  both  ways).  A  further 
lecrease  in  the  depth  of  the  floor  slab  was  made  possible 
ly  using  intermediate  supports  or  short  panels.  For 
voodeii  bri<lges  the  panel  length  was  reduced,  the  depth 
if  the  stringers  was  made  a  minimum,  and  the  deficiency 
n  strength  was  made  up  for  by  closer  spacing.  A  mini- 
num  depth  of  6  in.  was  used  for  the  stringers  in  this 
'esign. 

The  foregoing  conditions  were  common,  but  there  were 
ilaces  wiiere  beam-and-girder  concrete  type  and  the 
inger-span  types  of  wooden  bridges  could  he  used  to 
dvantage. 


'riic  two  outer  girders  are  supported  on  the  trunnion 
pins  and  carry  the  bridge  structure  and  the  balancing 
rountenveight.  The  two  middle  girders  are  supported  on 
the  trunnion-end  floor-beam  and  outer-end  floor-beam,  but 
come  to  a  bearing  on  the  abutments  at  each  end  when  the 
bridge  is  closed,  so  that  their  live-load  reactions  go  directlv 
to  the  abutments. 

The  floor-beams  of  the  middle  roadway  are  IT  ft.  3  in. 
in  span  and  only  18  in.  deep.  They  consist  of  a  web  plate 
]8x%  in.  and  four  angles  oxoi/^x^V  in.  The  problem  of 
con.struction  was  to  obtain  a  floor  of  the  required  depth 
giving  the  necessary  rigidity  for  railroad  traffic  without 
using  a  ballasted  trough  floor,  which  would  increase  the 
dead  weight  of  the  bridge  and  add  to  the  cost  of  operating 
machinery.  The  difficulty  was  overcome  by  making  the 
railroad-track  stringers  continuous  from  end  to  end  of 
the  bridge  by  means  of  top  flange  plates  passing  through 
the  floor-beam  web  and  bottom  flange  plates  passing  below 
the  floor-beams,  thus  distributing  over  several  the  loads 


Sliall©vy  ^Sifll^wsxy  Floor  on 

\',\  Arthir  (i.  IIaydkv* 

A  remarkaljly  shallow  floor  for  heavy  railway  traffic 
:ikes  the  Franklin  St.  bascule  bridge  on  the  Erie  Canal 
I  Syracuse,  X.  Y.,  structurally  notable.  The  bridge  is 
~s  than  two  years  old  :  it  has  performed  successfully  in 
1  respects. 

The  depth  of  floor  was  limited  by  the  maximum  navi- 
ible  water  surface  in  the  canal  and  the  allowable  eleva- 
'U  of  rail.  The  bridge,  spanning  40  ft.  in  the  clear,  car- 
's  a  roadway  of  -'MV^  ft.  tf)tal  width  l)etween  curbs  and 
.0  sidewalks  each  6  ft.  clear  widtli.  There  are  four 
■IPS  of  main  girders.  The  Xew  York  Central  R.H.  track 
'  upir's  the  middle  roadway,  14  ft.  10  in.  wide  curb  to 
lb,  between  the  middle  girders.  The  two  roadways  be- 
I'on  middle  and  outer  girders  are  !•  ft.  1o  in.  wide 
I  ween  curbs. 

•Bridge  Designer,   P.arpc-  Cati.al  Office.   Alli;\nv,   N.   V 


FIG.  :.    COMBINED  RAILWAY  AND  STREET  RO.\DWAY'  OF 
FRANKLIN   ST.    BASCULE   BRIDOE,    SYRACLT.SE.    N.    Y 

that  would  otherwise  i-onic  on  one  tloor'-beani.  This  simple 
expedient  is  shown  (|uitc  clearly  in  Fig.  3. 

The  bridge  was  designed  for  Coopers  E  60  loading,  or 
four  concentrations  of  3(),000  lb.  each  on  the  railroad 
track  of  the  middle  roadway,  with  im])act  allowance  of 
;o%,  an  18-ton  road  roller  on  any  part  of  the  roadway 
with  impact  allowance  of  70%:  100  lb.  per  sq.ft.  road- 
way and  sidewalks  not  occupied  by  the  concentrated  loads, 
with  im])act  allowance  of  70%. 

The  roadway  floor  over  the  counterweight  |)it  is  station- 
ary (Fig.  2).  thus  obviating  the  need  of  a  lieel  lock  aiul 
its  operating  mechanism  and  avoiding  the  precipitation  of 
dirt  into  the  pit  when  the  bridge  is  raised.  The  outer 
nuiin  girders  back  of  the  ti'unnion  pin  descend  through 
.slots  in  the  pit  floor  when  the  bridge  is  raised. 

Oim:e!ATIOx  ok  Tiiii  Bridgk 

The  machinery  for  operating  the  bridge  (except  motors 
and  the  rack)  is  located  on  the  moving  structure,  'i'he 
two  12-hp.  electric  motors,  set 'in  a  machinery  pit  at  one 
side  of  the  bridge,  gear  to  a  shaft  CD  concentric  with  the 
trunnion  pins,  'i'he  racks  .1,  which  the  rack  pinions  C 
engage,  are  on  the  curved  back  wall  of  the  counterweight 
pit.  All  other  machinery  is  placed  on  the  moving  struc- 
ture, .shaft  l!('  with  gear  ('  and  pinion  Ft  being  supported 
by  brackets  from  the  main  outer  gii'ders.  and  shaft  .1,1 
with  gear  Ji  and  rack  pinions  .1  being  supi)orted  on  the 
girders  and  the  concrete  counterweight.  This  arrange- 
ment is  different  from  tiiat  usually  adopted  for  Xew  York 
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CO'jnferweiqhf  Pif,  Roac^w^y  Floor  reinoved:  _ 
Fn:'^  A  "  Rack  A  t 


Lock  and  plunger  operating  rods  run  inoil 

nrthin  a  T'  diameier  wrought  iron  pipe 

embedded  in  concrete  undernround 


r      r 


Section     K-k 

FIC.    4.     TOIC-T.OCK   MEC^HANTSM 


/      / 
/       / 

/'      ,{_      -R-O  clear  at  max.  upper  position 

CLof  Trunnion  Pins^     /     ^ :  11-6' clear  at  normal  upper posifion 

/  >|i'2F|<  '■    - -4l'-f,f >J 


Section 
C.L:of  Trunnion  Fins  A 
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FIG.    2.     STRUCTURAL    A  RRA.NHICMKNT    OF    FRANKl.I.N 
ST.    BRIDGE 


t< 14'- W between  Curbs 

|jf  Wood  Block  Pavement 
f  Creosoted  Plank 


State  lift  liriilucs,  wliirli  is  to  ])ut  llic  iiKitdis  :iii(l  iiuicliill- 
crv  all  on  the  cDiu-ivti'  coiuitcrwt'iglit. 

The  motors  aro  controlled  hv  a  contvollcr  dj'  llio  (h'lini 
typo  loratcil  in  the  opd'ator's  Iioiisc  near  the  i)i'iil,ae.  and 
switche.-;  arc  prdvidcd  so  that  either  motor  may  he  eiit  oiil 
it  disahlcd  and  the  lii'idjieo.perated  with  tlie  other  niotei'. 
I-'aili  nidtiir  is  fuinishi'd  with  a  solenoid  hrake.  mountpd 
on  the  extendeil  nrntor  shaft,  whieh  is  released  with  tllP 
controller  on  the  lirst  point.  A  nieclntnical  foot  hrake  to 
uive  the  ojierator  more  conijilete  control  of  the  hridjje  eom- 
))rises  a  liand  hrake  on  the  main  shaft  of  the  motors,  con- 
necteil  with  a  foot  treadle  in  the  operator's  lioiise  hy  means 
of  rods  riinninii'  underground.  Tlierc  is  provided  an  ad- 
jiistahle  limit  switcli  to  stop  the  bridge  automatically  at 
the  inaxinuim  u]iper  position  if  the  o|)erator  fails  to  anwt 
it  in  tinie.  Wooden  l)tifi'ers  are  ))laced  on  the  inside  face 
(d'  the  lirst  wall  of  the  coinit(>rweighl  pit,  which  in  crnsli- 
iiig  against  the  tail  end  of  llie  nio\ing  girders  will  ahsorli 
the  impact  of  the  hlow  if  the  operator  fails  to  stop  tin- 
lii-idg<'  in  time  and  tlu'  limit  switch  and  tlu'  mechaniciil 
hi'ake  all  tail  to  act  |»ro])erly. 

When  closed,  the  liridgv  is  locked  al  the  outer  ellil 
with  a  toe  lock.  'Hie  opcraling  levers  of 
the  lock  mechanism  are  interlockeil  with 
the  railroad  signal  lexers  in  a  macliiiic 


'iiieawitn-      '     »  '"  *^'"'  <'i"''"i*^"''"''  house,  so  that  they  can 

CementMortari^tfail.SOIb.    .Continuous PI.,  7if        he  olierated  onlv  in  the  following  onlrr 


Continuous  Pl.,6'xf  -^  ^/p'rsj/T/i)/ 
R  '    ^       R 


FIG.  3.    SH.VLl.oW   R.MI.WA  V-1'M.L)(  >R 


in  opening  the  hi'idge  and  in  reverse 
iiriler  for  closing:  Two  levers  .set  the 
railroad  signals  at  either  end  of  tiir 
hridge  to  show  danger.  The  setting  el 
the  signals  ri^leases  the  lever  for  o|M'r- 
ating  the  ])lunger  ,1.  I''ig.  I.  whirli 
passes  through  (he  lock  har  II.  Tlir 
drawing  of  the  plunger  ,1  relea.ses  in 
turn  the  lever  for  drawing  the  lock  l)ar 
/.'.  The  openinu-  of  the  lock  autoniflti- 
cally  closes  the  main  circuit  for  operiit- 
iiig  the  hridge  motors,  hy  means  of  :i 
circuit  controller.     The  lirid;;e  can  nnv 
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be  raised  by  the  motor  eontroller.  AMien  the  bridge  rises 
ii  few  inches  the  weight<?(l  latch  ('  of  the  toe  lock  falls  into 
jjlace  so  as  to  prevent  the  lock  bar  from  being'  thrown  into 
place  until  the  bridge  again  descends  and  automatically 
raises  the  latch  by  means  u\'  (be  lever  J),  tbc  impart  nf 
which  is  broken  by  mean>  of  the  spring  JC. 

A  circuit  controller,  located  on  the  inside  face  of  the 
front  wall  of  the  connterweiglit  pit,  is  o]jeratcd  by  a  Icvei' 
connected  with  the  girder  at  the  Inmnion,  so  that  as  soon 
as  the  bridge  starts  to  rise  the  electric  current  operating 
the  railroad  signals  is  automatically  broken.  This.sprves 
as  a  precaution  (in  addition  to  tlic  interlocking  of  the 
■iignal  levers  with  the  lock-operating  levers)  against  the 
operation  of  the  railroad  signals  when  the  bridge  is  open. 

The  plunger  .1  (Fig.  4)  of  the  bridge  lock  is  a  safeguard 
against  the  operation  of  the  signals  until  the  lock  bar  is 
actually  in  place  after  the  closing  of  tbc  bridge.  AVith- 
uut  il,  in  case  the  lock  bar  became  detached  from  its  crank, 
the  lock-bar  lever  could  be  thi'owii  and  the  signals  cleared 
with  the  bridge  unlocked.  But  the  ])lunger  is  obstructed 
bv  the  lock  bar.  Its  lever  cannot  be  thrown,  and  the 
other  operations  cannot  he  performed. 

Tlio  rods  operating  the  bridge  lock  run  underground 
in  wrought-iron  ])i])e  ducts  filled  with  oil  to  prevent 
water  from  seeping  in  and  freezing.  \t  the  outer  end 
of  the  bridge  is  attached  an  air  buffer,  fitted  with  adjust- 
able exhaust  and  relief  valves,  which  prevents  the  bridge 
from  pounding  on  the  abutment  if  the  l)ridge  in  closing 
,'ets  beyond  control. 

The  bridge  was  designed  in  the  Xcw  York  State  Barge 
Janal  Office  and  constructed  by  the  Steel  Storage  and 
'•llevator  Constniction  Co.,  Contractor,  of  Buffalo.  X.  Y. 

Electrolytic   Se'w^^e^Tifesi.ftaEiieia^ 


One  of  the  few  plants  that  are  treating  sewage  by  the 
lectrolytic  process  is  owned  and  operated  by  the  City  of 
>urant,  Okla.  The  promoters  requestcfl  the  Engineering 
•epartnient  of  tbc  Kansas  State  Board  of  Health  to 
lake  a  test  of  the  Durant  ])lant.  A  two-weeks'  test 
as  accordingly  made  by  J.  E.  Welker,  assistant  engi- 
eer,  exteiuling  from  Se])t.  20  to  Oct.  ■>,  1914.  An 
bstract  of  Mr.  Welker's  report  to  C.  A.  Raskins,  engi- 
'•er  of  the   board    follows.   M-ith   a    ])lan   of   the   works. 


k 40-0- 


FTG.  :;.    GENER.A.L  VIEW  OF  DUR.\.\'T  .SEW.\GE  WOTIKS 

At  the  time  of  the  test,  Ehirant  had  an  estimated  ])o])u- 
Intion  of  7,.'J0(),  but  only  475  house  connections.  The 
M'wage  is  wholly  domestic,  and  reaches  the  works  in  a 
fairly  fresh  condition. 

Preliminary  to  the  electrolytic  treatment  the  sewage  is 
screened  and  settled.  (See  Fig.  1  for  layout  and  de- 
tails of  plant  and  Fig.  2  for  a  general  \iew. )  The  final 
effluent  is  discharged  into  a  small  brook,  100  ft.  distant. 

The  two  successive  bar  screens  have  1-  aiad  Yo-in.  clear 
spaces  and  are  set  at  angles  of  45  and  30°. 

The  IndiofF  settling  tank  is  unusually  shallow.  It  has 
a  holding  capacity  of  100,000  gal.,  of  which  25.000  gal. 
is  in  the  digesting  chamber.  Sewage  is  admitted  from  a 
distributing  trough  to  the  digesting  chamber  at  five 
points  and  the  tank  effluent  is  discharg(>d  over  five  weir-: 
into  a  collecting  trough. 

Each  of  the  three  electrolytic  troughs  (Fig.  1)  con 
tains  10  .sets  of  electrodes,  consisting  of  1!)  iron  ])lates. 
I2x24x-j\  in.,  spaced  %  in.  apart.  The  troughs  are  baf- 
lled  at  the  top,  bottom  and  sides.  For  each  trough  then> 
!■<  a  214-hp.  generator,  supplied  with  .'i-phase  alternating 
current' at  2.200  volts,  stei)ped  down  to  220  volts.  The 
power  line  was  not  metered  at  the  time  of  the  test. 

The  amount  of  sewage  being  treated  at  the  time  of  the 
tests,  as  determined  by  measurements  on  the  trough  weirs, 
was  about  225,000  gal.  for  the  24  hr.,  with  a  night  rate  of 
100,000  gal.  The  corresixinding  tank-retention  period 
was  S  to  11  hr.  From  5  p.m.  to  7  a.m.,  the  troughs 
were    not    used;    the   .sewage   had    taid<    treatment    onlv. 


,1     /-'_,.,.     ',.1 '  Oiiiribufing  Trough 
5c  reensh,  i^  ^  n  '!  A  t  I'S  TA^^  To  Sludge  Bed 


Copper  Busbars, 
Detail  of  Trough 


■|"   1"   I  "   I  "I' 
*#        -f        -f        -f       r> 

/^  /^Bjt  /9\  To  Sludge  Bed 

~'  To  Creek 

FIG.    1.    L.WulT    ,\.ND   PET.MLS   OV   I.MHOFF   T.\.\K.S   .\N'D  ELKrTr.OT.YTIC    StOW.VGE    W'lRK.^.    HrR-WT.    mKL.V. 
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BACTERIAL   RESULTS  AT  DUR.\XT   SEWAGE   WORKS 

Flow       Bacteria  per  C.C.t 

Source  of  in  GaL      Total  Per  Cent.               Am- 

Date            Time              Sample*  per  Day    Count      Reduction!  Volts  peres 

Sept.  27  12  noon       Manhole  900,000       

Reservoir  800,000       

Troughs  152,000        25,000  96  9           5  8     .300 

Trough  2  53,500      340,000  57.5           4.9     200 

Trough  1  152,000      220,000  72.5           5.0     200 

6  p.m.          Manhole  .     2,500,000       

Reservoir  1,700,000  

Troughs  152,000      570,000  66  5           5.6     300 

Trough  1  1.52,000      638,000  62.5           4.5     200 

Sept.   29  11  a.m.        Manhole  1,900,000       

Reservoir  .      .  .     2,500,000  ...             ,  .  -          . 

Trough  1  97,200      720,000  71.2           6  0     .300 

3  p.m.          Manhole                   1,400,000  ...             

Reservoir  1,700,000       

Trough  1  81,500  1,160,000  31.7           5  8     300 

Sept.  30  10  a.m.        Manhole  4,000,000       

Reservoir  ,  .      1,600,000  .                   

Trough  1  81,500        67,000  96  0           5  9     250 

Troughs  114,800       48,000  97.1           5.7     300 

4  p.m.          Manhole  3,200,000  

Reservoir  .      2,100,000  ,    .  , 

Trough  1  67.000      120,000  94  3           6  0     .300 

Troughs  114,800      126,000  94  0           6  0     300 

Oct.       1  9  a.m.           Manhole  1,100,000  ...             

Rc-servoir  1,000,000 

Trough  1  114,800        53,000  94  7           6  0     250 

Troughs  114,800        29,000  97  1           6  0     300 

3  p.m.          Manhole  1, 500.000  ...             

Reseri^oir                  1,200.000  .... 

Trough  1  152,000      .392,000  67  3           6  0     240 

Troughs  152.000      300,000  75  0           6  0     300 

Outfall  670,000  44  1                          . 

4  :45  p.m.  Trough  2  496,000  58  5            4  0     200 
Oct.      2  8  a.m.           .Manhole  1.500,000        

Ri-sei  voir  3,700,000 

Trough  1  130,000  96  5           6.0     250 

Trough  1  114.800          40,000  99.0 

2  p.m.          Manhole  1,.500.000  .  .  .               

Reservoir  900,000 

Trough  1  81,500      209,000  76  8           6.0     2.-.0 

Trough  2  114.800      510,000  43,4           6.0     100 

Outfall  (35  yd.)  700,000  22  2 

Outfall  (Approx. 

375  vd.)  424,000  33  0 

Oct.       3  7  a.m.          Manhole  .         140,000 

Reservoir  1,530,000 

Trough  1                   185,000  8S  I)            6  0     250 

Trough  2                  582.000  62  0           6,2     200 

Troughs                   2.57.000  83,3            6.0     290 

1  p.m.          Manhole                  860,000  .                   

Reservoir                 9.80,000  

Trough  1                  127,000  87.0           5  2     ,300 

Troughs                 250,000  73  6           5.2     300 

Outfall                      690,000  29  6            

Oct.       4  12  m.  .Manhole  800.000 

Reservoir  950,000 

Troughs  81,500      7.50.000  210           6  0     2.50 

Trough  1  53,500      600.000  36  8            6  0     220 

Outfall  520.000  45  3 

Oct.       5  11  a.m.        Manhole  460.000 

Reservoir  .    ,         280,000 

0.4  Distance 

Trough  1  56.000 

Troughs  .53,.500        76,000  73  0           6  0     260 

2  p.m.          Manhole  .        .800,000  

Reservoir  ,        500,000 

Trough  1  114.800      300,000  40  0            5.8     275 

Outfall  ...         233,000  53  0 

3  p.m.          Manhole  .  ,      .         450,000  

Reservoir                 500,000  

Troughs  114,800      142,000  716           6  0     290 

3  p.m.          Reservoir  440,000  .                 

Trough  1  97,200      174,000  60  5           5  6     280 

Trough  3  97,200      296,000  32  7           5.8     300 
*  Manhole  samples  were  raw  sewage;  reservoir  samples  were  Imhofl  tank  efflu- 
ent; trough  samples  were  taken  at  the  overflow  end  of  the  trough  except  in  the  one 
case  otherw^ise  stated;  outfall  samples  were  composite  trough  samples.    One  of  the 

troughs  (No.  2 — Editor]  lacked  the  copper  binding  strips  on  the  electrode  plates, 
so  its  results  were  not  comparable  with  the  others  and  affected  the  outfall  samples, 

t  On  agar  after  36  hr.  at  40  deg.  C.  [Red  colony  counts  were  also  made,  but 
have  been  omitted  here — Editor.] 

X  Figured  from  reservoir  (tank  effluent)  samples.     Summarizing:  95%  of  the 

t' sts  gave  a  reduction  of  less  than  97.5;  70%,  less  than  94;  .50%,  less  than  78; 
20%,  ir  S8  than  59;  10%,  less  than  36;  5%  less  than  30. 

The  chlorine  in  the  raw  sewage  ran  from  29  to  100 
p. p.m.,  hnt  more  generally  from  50  to  75.  Pntrescibilitv 
tests  (standard  methods  of  the  American  Public  Plealth 
Association)  showed  21%  relative  stability  for  the  raw 
sewage  on  three  different  days;  30%  and  (58%  for  the 
Tmhoff  tiink  eitiuent  on  two  different  days;  55%  and  97% 
after  electrolytic  treatment  in  Trongh  1  on  one  day.  99% 
for  Troughs  1  and  :?  on  one  day,  and  99%  for  Trough  .'i 
on  a  third  day;  99%,  for  the  outfall  effluent  one  day 
liut  only  .37%  another  day.  when  some  raw  sewage  en- 
tered the  outfall. 

The  bacterial  log  is  given  in  the  table.  No  satisfac- 
tory tests  of  tlie  character  of  the  effluent  in  the  joint 
outfall  could  l)e  made  because  the  current  was  off  and 
the  trough.s  bypas,-<ed  from  5  p.m.  until  7  a.m. 

In  operating  the  trouglis,  the  current  was  reversed 
I'Mch  day  to  clean  nW  the  electrode  plates  and  the  troughs 


and  electrodes  were  frequently  cleaned  by  emptying  tin 
troughs  and  turning  in  a  stream  of  water  from  a  garden 
hose. 

Gas  formed  in  the  troughs  at  all  times  during  the  test. 
probably  due,  in  part,  to  electrolysis  of  the  sewage.  Thi.< 
gas  would  ignite  with  considerable  force. 

According  to  figures  supplied  by  W.  P.  Danford,  Cit 
Engineer  of  Durant,  the  original  cost  of  the  plant  was  ;i 
follows:  Construction,  .$9,100;  electrolytic  equipment. 
'$5,200;  engineering  and  general  expenses,  $1,200;  total. 
$15,500.  On  the  basis  of  treating  100,000,000  gal.  c 
sewage  a  year  Mr.  Danford  estimated  (in  1914)  tli 
operating  costs  per  1,000,000  gal.  as  follows :  Purcha.-. 
of  current  (including  lighting)  $6.40;  attendant,  $7.20; 
incidentals,  20c.;  renewal  (once  a  year)  of  copper  strips 
fiOc. ;  total,  $14.40. 

Mv.  Welker  summarized  his  study  of  the  plant  a- 
follows : 

Samples  of  final  effluent  were  practically  odorless  aftei 
being  bottled  and  allowed  to  stand  at  room  temperature  foi 
a  period  of  several  days.  After  a  longer  period,  some  putre 
faction  did  take  place  in  the  bottled  samples.  It  was  impossi 
ble  to  make  a  satisfactory  study  of  the  conditions  existing  i 
the  outlet  brook  below  the  plant,  due  to  the  entrance  of  ra 
sewage  for  a  part  of  the  time.  However,  no  nuisance  wa 
created  for  a  considerable  distance  below  the  plant,  whicl 
the  writer  inspected. 

The  final  effluent  showed  a  high  relative  stability,  as  indi 
cated  by  methylene  blue   putrescibility  tests. 

No  relation  could  be  found  between  the  bacterial  reductio 
and  tlie  energy  used,  or  between  the  reduction  and  flushin- 
reversing  current  or  hosing  out  of  troughs.  In  general,  tl 
lower  the  bacterial  content  of  the  effluent  from  the  settlin 
chamber,  the  lower  the  percentage  reduction  of  bacteria 
the   troughs. 

m 

By  Fra.vcis  JI.  Lookwoou* 

The  assembling  of  San  Diego's  machine  shop  folioMreB 
closely  the  establisliment,  in  May,  1915,  of  the  City  Man- 
ager .scheme  of  government  and  the  appointment  of  ( 
Manager. 

With  the  placing  of  the  different  departments  of  public 
works  under  one  head,  the  plan  of  consolidating  the  shop 
and  yards  of  the  Street,  Water  and  Sewer  Departments, 
was  conceived  and  put  into  effect.  Some  21/^  acres  o: 
ground  that  had  been  used  by  the  Street  Dejiartnient  vnf 
utilized  for  this  purpose,  and  with  the  addition  of  tli 
meter-repair  shop,  which  was  moved  from  the  Water  Di' 
partment  yards,  and  the  alteration  and  remodeling  of  tb 
buildings  already  located  on  this  plat  a  very  adequate  nni 
nici])al  shop  and  yards  was  fitted  up.  Fig.  1  is  a  view  of  • 
portion  of  the  yards,  and  Fig.  2  is  an  interior  view  n 
the  machine  shop. 

The  machine  shop  occupies  a  [losition  about  a  bloi-l 
back  from  the  entrance  to  the  yanl.  in  the  rear  of  whid 
is  an  acre  of  ground  used  for  corrals  for  the  stock,  Tlii 
building  is  50x100  ft.  in  plan  and  is  u.sed  as  a  niachin' 
shop,  automobile-repair  shop  and  blacksmith  shop.  1 
is  equipped  with  two  lathes,  a  (i-  and  a  10-ft.,  witli  ^ 
swing  of  16  in.  It  has  al.'io  two  drill  presses,  two  trip  iiai" 
mers,  two  emery  wheels,  .shears  and  ])unch  and  a  tir 
bender.  On  the  second  fioor  is  the  carriage  and  carpentc 
shop,  with  its  rip  and  cutoff  saw  and  planer.  A  pain 
slio]>  adjoins  the  machine  shop  in  the  rear  at  one  end  ainl 
horseshoeing  sho])  at  the  other. 

.Ml  machine  work  that  .an  he  handled  with  «  Ifi-i" 
lathe,  all  automobile  re|iairing.  hlacksmithing  and  liorsi' 


)|»'ratinK  Departi 


Diego,  ("allf. 


September  21.   l-iHG 


EXGIXEERI  NM;     NEWS 


549 


f;hoeing  for  the  city  are  done  at  this  shop.  Pump  repairs, 
lejiairs  to  dredges  and  otlier  machinerv  used  at  the  harbor, 
as  well  as  carpenter  work,  are  also  handled  here,  the  work 
all  being  iinder  the  supervision  of  a  Master  Mechanic. 

This  shop  is  self-sustaining,  charging  the  different  bu- 
reaus for  work  done,  but  only  at  the  actual  cost  of  ma- 
terial and  labor  furnished.  In  addition  to  the  money  sav- 
ing accomplished  on  the  machine  woi-k.  which  is  estimated 
at  '^5%,  a  greater  saving  is  made  in  the  department's 
l)eing  enabled  at  all  time  to  secure  the  services  of  a 
lir.xt-class  mechanic  for  euu'rgency  repairs  without  exper- 
iencing the  delays  so  often  encountered  wlien  oulsidi'  ma- 
ihine  shops  have  to  be  depended  upon. 

Eleven  Fold  runabouts  used  in  the  department  have 
M-en  standaidized.  each  Ijcin^'  fitted  with  a  bed  for  cari'v- 


Steel  Slkeeftpal©  Co^eif'=Daffia  f©ip 


.\.  steel  cdtfer-dam  of  the  pocket  tyjie  was  used  in  the 
construction  of  Lock  Xu.  2,  Cape  Fear  Eiver,  North  Caro- 
lina. This  work  is  descril)ed  in  the  September-October 
issue  of  the  Professional  Memoirs  of  the  Corps  of  Engi- 
neers, U.  S.  A.,  and  tiie  Engineer  Department  at  Large ; 
the  work  was  similar  to  that  descril)ed  in  the  first  article 
of  this  week's  issue,  at  Troy,  N.  ^'. 

For  the  Cape  Fear  IJiver  lock  double  rows  of  Lacka- 
wanna sheetpiling,  coiniected  at  intervals  by  transverse 
rows,  were  driven  around  the  lock  site.  The  pockets  thus 
formed  were  of  such  dimensions  tliat  when  filled  with 
eartli   tiiey  could  resist  the  unbalanced   pressure  <iii    I  lie 


•'IG.  1.   I'Airr  wK  .Mi;.\uii'.-vL  yard,  .san  diego.   street 

JEPART.ME.NT  B.A^RN  ON  RIGHT;  STORAGE  SHED  ON  LEFT 


FIG.     2.     MUNIGIPAL    MACHINE    SHOP.     SAN     DIEGO. 
WHERE   A   S.WING    OF   3n7r    IS    EFFECTED 


g  tools  and  materials  and  all  painted  a  uniform  color 
ith  the  city's  label  attached.  A  saving  of  50%  is  made 
<  automobile  repairs,  and  tlie  painting  is  done  at  a  saving 
•331^,%. 

Opposite  the  entrance  and  e.xtending  down  the  middle  of 
e  yard  is  a  long  shed  with  a  50-ft.  driveway  on  either 
le,  which  is  used  for  storage  of  street  s])rinklers  and 
eepers  and  for  a  pipe  rack.  Each  end  is  inclosed,  .one 
ing  used  as  a  storeroom  for  the  purchasing  bureau  and 
■rying  a  stock  of  aj)proximately  $T(),()iK),  the  other 
ng  fitted  up  as  an  office,  having  desks  for  the  Master 
■chanic  and  the  superintendent-,  and  clerks  of  the  street 
d  water  bureaus. 

At  the  right  of  the  entrance  a  two-story  house  is  occu- 
■  'd  by  tlie  emergency  crews.  Extending  from  this  to  the 
I  chine  slioj)  is  a  .shed  utilized  for  oil  and  gas  thinks,  for 
1  I  rooms  for  the  water  and  sewer  bureaus  and  for  a 
1  tor  shop.  .\I1  meter  repairs  are  attendeil  to  here,  and  a 
f  lent  meter  box  is  also  being  made  which  replaces  the 
woo<len  meter  boxes  as  fast  as  they  become  useless. 
-  eoiK  ictc  meter  box  is  built  for  43c.,  a  saving  of  100% 
'  I  the  wooden  box  with  iron  cover,  and  its  life  is 
I  etically  t'ndiess. 

\t  the  left  of  the  entrance  is  the  Street  Department 
On,  with  stall  room  for  (i-'i  head  of  stock  and  storage 
r  m  for  :iOO  tons  of  hay.  Adjacent  is  space  for  storage 
0  lump  wagons,  etc.,  and  I  eyond  is  tin-  broom  shop,  where 
bora  cores  for  the  rot.iry  sweepers  are  lilled  anrl  ])ush 
b  jms  for  the  "white,  wings"  arc  made.  These  brooms, 
Uiiddition  to  being  of  a  (piality  superior  to  any  the  )nar- 

S  affords,  are  maile  .")il%  cheaper  than  they  can  lie  ob- 
led.  The  Street  Department  toolioom  is  also  situated 
■  and  a  building  lor  storage  of  heav\  machiiierv. 


coffer-dam  without  supjxirt.  As  the  steel  on  the  land  side 
was  driven  well  back  into  the  river  bank,  where  the  grouiuf 
was  level  with  the  tops  of  the  pockets,  no  filling  w-as  nec- 
essary on  that  side;  the  river  pockets  were  filled  with 
material  dredged  in  the  coffer-dam  inclosure. 

The  pockets  w^ere  of  two  types.  Those  at  the  u|)pcr  end 
had  parallel  inside  and  outside  walls  tied  together  by 
walings  and  steel  cables  and  rods.  The  other  ])ockets 
were  without  ties,  the  inside  wall  being  curved  to  reduce 
distortions  in  the  steel  piling  caused  by  the  filling. 

Driving  requirements  and  linn'ted  space  for  ])lant  made 
necessary  two  single-wall  panels  in  the  Tip]ier  and  lower 
wings.  These  panels  were  lield  liy  cables  to  wooden  pile 
anchorages. 

Arebed-web  piling,  on  account  of  its  greater  transver.se 
strength,  was  u.sed  in  the  walls  held  by  walings  and  on 
the  outside  of  the  river  jjockets;  straight  web  i)iling  was 
used  in  the  interior  curved  walls,  the  cross  walls,  and  on 
the  outside  of  the  land  jiockets.  The  total  length  of  the 
coffering  was  8?  8  ft. 

The  elevation  of  the  toj)  of  tiie  steel  above  mean  low- 
water  was  23.4  ft.  This  elevation  corres])oiuled  to  an 
average  height  above  the  river  bottom  of  28  ft.  The  lock 
iioor  was  laid  before  pumping  out  so  that  the  coffered  in- 
closure, after  pum))ing  out,  had  a  de])th  of  ."il   ft. 

The  controlling  conditions  were:  A  narrow  I'iver,  re- 
(|uiring  a  eolfcr-dam  which  would  obstruct  the  river  as 
little  as  ]jossible:  a  jjoor  foundation,  which  made  it  de- 
sirable to  seal  the  bottom  before  pumping  out,  and  a  con- 
siderable head  of  water  to  take  care  of.  Th(!  river  is 
subject  to  rapid  ri.-;es,  which  completely  .submerged  the 
coffer-dam.  A  21-in.  pipe  through  one  of  the  pockets, 
12  ft.  below  the  lop,  jjrovidcd  for  flooding  the  coffer. 
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Bv  R.  Fleming* 

The  question,  "Did  you  ever  hear  of  anvoue  except  the 
author,  the  reviewer,  the  author's  wife  and  the  publisher's 
advertising  man  who  had  really  read  a  book  review  ?" 
asked  a  few  months  ago  by  a  "reformed  book  reviewer," 
does  not  apply  to  technioal  books.  Purchasers  of  techni- 
cal books  for  libraries  are  guided  largely  by  book  reviews. 
Engineers  isolated  from  their  fellows  are  obliged  to  de- 
cide from  reviews  what  books  they  shall  purchase.  The 
Technology'  division  of  the  New  York  Public  Librarv' 
publi.shes  lists  of  technical  books  that  have  been  added  to 
the  library.  Following  the  titles  and  descriptions  there 
are  references  to  the  papers  in  which  the  books  have  been 
reviewed.  Extracts  from  one  or  more  reviews  are  often 
given.  The  demands  of  public  and  technical  libraries 
may  require  no  small  part  of  the  first  edition  of  a  book 
if  it  is  favorably  reviewed.  The  importance  of  the  review 
is  thus  readily  seen. 

A  good  book  review  should  be  clear,  concise,  fair  and 
accurate.  The  scope  of  the  book,  its  value  as  a  whole, 
any  special  features  that  are  brought  out,  and  to  what 
class  of  readers  it  is  valuable  should  be  stated.  That  no 
injustice  may  be  done  to  the  author  the  reviewer  should 
have  an  adequate  knowledge  of  the  subject  reviewed.  It 
is  often  difficult  to  be  fair  to  seller  and  buyer,  the  pub- 
lisher and  the  reading  public.  If  true  to  his  convictions, 
the  reviewer  must  sometimes  say  disagreeable  things. 

The  story  is  an  old  one  of  the  critic  who  always  wrote 
bis  reviews  before  reading  the  books,  "because  reading 
prejudiced  him  so."  Are  technical  books  reviewed  with- 
out being  read  ?  Sometimes.  What  can  be  done  with  the 
]ircface,  the  table  of  contents  and  the  publisher's  an- 
nouncement is  surprising.  Generalities  thus  take  the 
]>\iU:e  of  definite  statement.  An  abstruse  book  on  mathe- 
matics was  once  handed  to  a  nontechnical  man  for  re- 
view. After  floundering  around  he  concluded  with,  "They 
that  like  this  sort  of  thing  will  find  in  this  book  something 
tliat  they  like."  Two  or  three  years  ago  a  book  treating 
of  a  subject  upon  which  little  had  been  written  went  the 
rounds  of  the  technical  papers  for  review.  It  had  grievous 
faults,  but  was  not  condennied  because  reviewers  were 
unfamiliar  with  its  subject.  They  passed  upon  it  in 
language  similar  to  that  quoted,  but  not  so  frank. 

Unworthy  books  are  sometimes  foisted  on  the  jniblic 
l)y  extensive  advertising  and  extracts  from  reviews  in  the 
so-called  "popular"  science  and  technical  periodicals. 
These  reviews  are  often  by  men  who  write  glibly  on  sub- 
jects of  which  they  know  but  little.  Again,  the  indorse- 
ments of  college  professors  of  standing  are  obtained  in 

some  way  and  widely  flaunted.    How  Prof.  of  — — 

and  Prof. of can  recommend in  the  terms 

they  do  is  beyond  the  writer's  comprehension. 

The  .signed  book  review  is  the  great  promoter  of  efli- 
ciency  in  book  reviewing  as  well  as  a  corrective  of  evils. 
A  man  writing  over  his  own  name  gives  more  thought  to 
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his  statements  and  is  chary  of  writing  about  things  with 
which  he  is  not  acquainted.  The  fact  that  there  is  a 
name  attached  gives  greater  weight  to  the  opinions  ex- 
pres.sed  and  locates  re.sponsibility.  The  practice  of  having 
book  re\iews  signed  is  followed  by  the  leading  technical 
periodicals,  and  the  practice  is  increasing. 

:« 
®f  Qs^e^temt  BeimeiHit 

Librarians  are  beginning  to  appreciate  that  the  engi- 
neering profession  constitutes  no  small  part  of  their 
clientele,  and  they  are  discussing  ways  and  means  for 
satisfying  the  demands  of  those  who  seek  specialized  tech- 
nical information.  This  is  the  express  object  of  tli' 
Special  Libraries  Association. 

To  be  of  the  greatest  u.se  to  engineers  the  existent 
of  the  association  must  be  known  to  them,  and  it  nui.si 
have  their  active  cooperation,  or  at  least  the  cooperation 
of  such  of  them  as  are  qualified  to  offer  suggestions  and 
support.  The  following  extract  from  a  paper  by  Ken- 
neth C.  Walker,  of  the  Department  of  Technology  of  tlit 
New  Haven  Public  Library,  makes  a  plea  for  cooperation, 
not  only  of  engineers,  but  of  libraries : 

The  first  step  is  not  new  to  the  lil)iary  field  and  is  vei> 
much  in  the  air.  It  is  the  assignment  of  libraries  alreadv 
strong'  in  one  subject,  the  sponsorship  of  that  subject.  Thi> 
subject  of  sponsorship  needs  no  enlargement. 

Having  our  roster  of  sponsored  libraries,  the  next  step  i^ 
to  publish  this  list  and  distribute  it  widely  and  to  the  mosl 
effective  places.  Perhaps  I  should  say  here  that,  with  these 
sponsored  libraries,  suitable  subsponsored  libraries,  or  agen- 
cies distributed  regionally,  should  be  made  effective  in  orrt*-! 
that  the  maximum  convenience  and  accessibility  be  accon,- 
plished. 

The  next  problem  is  to  educate  the  clientele  in  the  use  m 
library  service.  W.  P.  Cutter,  in  his  paper  on  "The  Technical 
Library's  Field  of  Service,"  read  at  the  October  meeting  oi 
this  Association  says:  "This  is  the  most  difficult  step:  foi 
unless  you  can  find  out  very  specificall>'  wiiat  a  man  want;- 
you  will  not  only  waste  your  time  in  looking  up  information 
which  is  not  wanted  by  the  client,  but  ynu  make  him  skeptical 
of  your  ability  to  help  him.  .  .  .  V.e  sure  therefore  thin 
you    know    what    is    wanted." 

A  problem  connected  with  smooth  and  efficient  operation  oi 
the  sponsored  libraries  is  that  of  standardization.  This  woulii 
include  the  standardization  of  interoperation:  further  tli< 
standardizing  of  operations  of  frequent  occurrence.  Stand- 
ardization would  not  only  promote  unification,  wliich  is  mosl 
desirable,  but  would  permit  of  detail  work  being  done  1» 
a.ssistants,  thereby  leaving  for  the  work  of  the  librarian  tn 
work   of   the   executive — creating   and   directing. 

Little  or  nothing  has  been  said  of  the  person  in  charge  of 
these  sponsored  collections.  By  virtue  of  the  fact  that  cer- 
tain collections  have  been  assigned  a  given  sponsorship.  It  l^ 
to  be  supposed  that  the  executive  of  such  a  collection  Is  an 
able  person.  These  executives  to  my  mind  must  be  more  th.ir 
cataloger.s,  classifiers  and  reference  workers:  they  must  b( 
what  C.  B.  Fairchild.  Jr.,  has  aptly  called  thie  future  speclai 
libr.arian — the   consulting  analyst. 

Any  undertaking  cannot  be  successful  witliout  making  It- 
self known  to  all  it  is  intended  to  benefit.  In  other  words, 
whatever  the  outcome  of  this  pai>er  may  be,  publicity  must 
play  an  important  part. 

The  engineering  societies  of  the  country,  as  well  n- 
wide-awake  individual  engineers,  can  aid  in  the  neeilc! 
publicity  work,  and  take  advantage  of  the  serviee.s  whiili 
the  public  libi-arics  ai'c  ollVi-ing  to  help.  them. 
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I        REVIEWS  AMD  HOTES         I 

Wss.t©ir°W®irM.s  EEa^asaeeifisa^ 
Reviewed  by  Caleh  Mills  Saville* 

WATER-WORKS  HANDBOOK — Compiled  by  Alfred  Douglas 
Flinn.  M.  Am.  Soc.  C.  E..  Deputy  Chief  Engineer.  Board 
of  Water-Supply,  New  York:  Robert  Spurr  Weston.  M. 
Am.  Soc.  C.  E..  Assistant  Professor  of  Public  Health  En- 
gineering. Massachusetts  Institute  of  Technology.  Con- 
sulting Sanitary  Engineer:  and  Clinton  Lathrop  Bogert. 
Assoc.  M.  Am.  Soc.  C.  E.,  Assistant  Engineer.  Board  of 
Water-Supply,  New  Y'ork.  New  York:  McGraw-Hill 
Book  Co.  Leather;  6x9  in.;  pp.  ix  +  824;  411  illustrations. 
$6  net. 

Recently  two  very  notable  jiiiblications  on  sanitary  siib- 
ji>ct.'«  have  been  presented  to  the  engineering-  profession. 
The  first  of  these  was  the  three-vohune  work  by  Metcalf 
;ind  Eddy,  "American  Sewerage  Practice,"  and  the  sec- 
ond is  the  "Water-Works  Handliook"  Jnst  out  under  the 
authorship  of  ^fessrs.  Flinn,  Weston  and  Bogert.  To 
those  who  knew  of  the  forthcoming  of  this  liook  its  ap- 
pearance was  awaited  with  an  eagerness  that  was  found 
,  not  to  have  been  misplaced  when  the  book  was  at  length 
■  received. 

To  those  water-works  men  who  know  of  the  book  only 
rom  press  notices  that  have  appeared  since  its  publica- 
ion  it  may  be  said  safely  that  it  is  a  working  tool  which 
ills  a  long-felt  need  in  its  particular  province.  This 
)ook  is  unique  in  its  presentation  of  water-works  facts, 
nd  many  of  the  data  contained,  especially  in  the  first  and 
iiiddle  parts  of  the  book,  arc  from  original  sources  and 
ow  available  for  the  first  time. 
It  is  a  practical  hook  for  practical  men,  compiled  with 
are  by  able  practicing  engineers.  It  is  not  a  textboc  k 
1  any  sense  of  the  M-ord,  and  yet  no  college  technical 
lurse  in  sanitary  science  can  now  be  complete  without 
equent  reference  to  the  facts  and  data  which  have  been 
iken  so  generously  from  the  personal  notebooks  of  the 
ithors. 

As  a  general  jiroposition  the  word  "liandbook"  means 
collection  of  heterogeneous  data  which  often  are  thrown 
igether  with  little  attempt  at  classification  and  slight 
:planatory  matter  to  aid  in  their  application  to  special 
■ohlems.  This  pha.«c  is  noticeably  absent  from  the  pres- 
it  book,  and  he  who  reads  carefully  will  find  something 
■re  to  aid  in  almost  any  difficulty. 

The  book   is   divided   essentially   into   three   principal 
ctions — First,   "The   Supply   of   Watei-":   second,   "Its 
istribution  to  Consumers";  and  third,  "Its  Treatment 
)  Provide  a  Safe  and  Clean  Water." 
In  the  first   section   there   are  three   parts — Part   I. 
iources,"  comprising  chapters  on  "Rainfall,"  "Evapora- 
>n,"  "Runoff  and  Ground   Water";   Part   II.   "Collec- 
m,"  with  chapters  on  "Intakes,"  "Watershed  Develop- 
'nt,"  "Reservoirs,"  "Dams  of   Masonry,"  "Piarth   and 
k    Fill,"   "Wells"    and    "Infiltration    Galleries"    and 
■tes  of  Equipment  for  Treating  Water";   Part  III. 
raiis]iortation   and    Delivery,"  containing  chapters  on 
'pen  Channels,"  "Aqueducts,"  "Metal,  Wood  and  Con- 
to  Pii)es." 

!  N  the  second  .section  there  are  twelve  chapters  devoted 
Ca.st-Iroii  Pipes,"  "Distribution  Systems,"  "Valves, 
'tes  and  Hydrants,"  "Service  Meters,"  "Pumps  and 
I|  mping  Stations,"  "Distributing  Roservoirs,"  "Stand- 
I'l'es  and  Tanks,"  "Water  Consumption,"  "Hydraulic 
''iiiputations,"    ".Masonry    and    Puddle,"    "Noiiferrous 
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Metals,"    "Corrosion    of    Iron   and    Steel."    "ConversioTi 
Tables"  and  a  "Miscellany"  of  unclassified  general  data. 

The  third  section,  which  is  given  over  to  the  "Char- 
acter and  Treatment  of  Water."  contains  nine  chapters — 
"Character  of  Water."  "Inspection  of  Sources  of  Supply." 
"Storage  of  Water  and  Improvement  of  Reservoirs." 
"Sedimentation,"  "Aeration  and  Chemical  Treatment." 
"Water  Softening."  "Preliminary  Filtration  and  Defer- 
rizatioii."  "Filtration"  and  a  final  chapter  on  "Examina- 
tion of  Water." 

In  general,  the  first  section,  comprising  378  pages,  con- 
tains data  of  remarkable  value:  the  second  section  of  9ri.5 
pages  includes  much  useful  information  very  well  ar- 
ranged: the  third  section  of  1(50  pages  in  comparison 
with  the  others  is  rather  disappointing  in  that  the  chap- 
ters are  brief  and  either  omit  or  only  mention  some  of 
the  newest  thought  in  water-works  treatment. 

As  a  whole,  the  subjects  of  the  chapters  are  well  selecteil 
and  logically  arranged.  The  book  is  thoroughlv  and  cai-c- 
fully  indexed  in  21  pages,  references  to  more  extended 
treatment  of  subjects  are  freely  .ffiven,  the  diagrams  gen- 
erally are  well  chosen  and  drawn,  and  the  tables  are 
excellently  compiled.  The  book  appears  in  attract i\e 
semi-flexible  covers;  the  printing  and  paper  have  been 
chosen  with  care  to  avoid  fatigue  to  the  eye. 

Many  of  the  data  undoubtedly  could  be  found  elsewhere 
in  special  treatises,  technical  publications  and  in  reports 
after  more  or  less  patient  search.  So  far  as  the  reviewei- 
is  aware,  however,  there  is  no  other  hook  that  so  logical!  v 
gathers  together  this  matter  and  presents  it  in  such  great 
detail,  stripped  of  nonessentials,  ready  for  use  by  the  husy 
water-works  practitioner. 

With  a  book  so  varied  in  its  subject  matter  it  is  pos- 
sible to  give  only  the  briefest  survey  of  its  contents.  P.e- 
ginning  with  the  subject  of  rainfall,  statements  are  maile 
of  general  applicability,  followed  by  tables  of  selected 
long-term  rainfall  and  temperature  records  covering  the 
entire  country.  The,«e  are  amplified  by  diagrams  show- 
ing t^T^ical  relations  between  intensity  and  duration  of 
rainfall  under  maximum  rates. 

The  subject  of  evaporation  is  well  treated,  giving  usable 
data  based  on  results  from  various  parts  of  the  United 
States,  and  includes  much  new  matter  from  recent 
Weather  Bureau  research. 

In  the  chapter  on  runoff  great  stress  is  laid  on  the 
necessity  for  proper  data,  and  the  principal  requirements 
arc  shown.  The  rather  long  description  of  current-meter 
mechanism  could  well  have  been  replaced  by  a  very  brief 
statement  and  a  sentence  or  two  added  concerning  the 
.several  types  of  meters  and  their  special  applica!)ilifv. 
The  subject  of  watershed  development  is  exceedingly 
well  treated  and  contains  a  vast  fund  of  very  useful 
information. 

The  chapter  on  masonry-dam  construction  is  particu- 
larly valuable  on  account  of  the  data  drawn  from  the  ex- 
haustive studies  made  for  the  work  of  the  Kcw  York 
water-sui)ply.  Especial  mention  may  be  made  of  the  in- 
fonnation  presented  on  the  effect  of  upward  pre.ssure  and 
ice  and  temperature  effect.  Dams  and  weirs  on  porous 
foundations  are  treated  in  some  detail,  much  of  the  mat- 
ter lieing  drawn  from  the  admirable  monographs  of  W.  G. 
Bligh  on  tJiis  same  sul)ject.  Tlic  chapters  on  earth  and 
rock-fill  dams  seem  hardly  to  have  received  as  niucli  at 
tentiou  as  could  be  desired,  in  view  of  the  importance 
of  sucii  structures  in  ordinary  water-supply  development. 
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The  <-liapt(M-  on  wulls  is  particularly  full  and  brings 
into  convenipnt  form  mvu'h  \(mt  useful  information  that 
might  be  easily  overlooked  in  a  casual  search.  The  chap- 
ter on  infiltration  galleries  is  rather  Itrief,  hut  the  refer- 
ences are  particularly  conijilete  and  undoubtedly  give 
adequate  details. 

The  chapters  on  th(>  transjjortation  and  delivery  of 
water  are  \ery  well  written  and  crammed  full  of  data 
and  information.  The  investigation  work  along  the  lines 
of  this  subject  by  the  New  York  Additional  Supply  Board 
was  especially  complete,  and  the  results  here  given  will 
be  highly  appreciated  by  water-works  designers. 

The  chapter  on  plate-metal  pipes  might  with  advan- 
tage have  included  more  data  on  durability  and  condi- 
tions under  which  such  pipes  can  be  used  to  best  advan- 
tage. The  chapter  on  pumps,  pumping  stations  and 
equipment  is  excellent,  and  the  data  given  are  quite 
complete. 

The  chapter  on  hydraulic  com])utations  is  especially 
rich  in  ready-to-use  diagrams  and  tables  for  solving  ordi- 
uarv  water-supply  problems,  as  well  as  giving  exceptional 
data  for  advanced  investigations.  Much  valuable  infor- 
mation is  brought  together  in  the  chapter  on  nonferrous 
metals,  and  the  paragraph  on  the  cracking  of  brass  or 
bronze  especially  is  of  timely  interest. 

The  third  section  of  the  book,  on  "Character  and  Treat- 
Uicnt  of  Water,"  brings  together  in  usable  form  much  in- 
formation hitherto  scattered  in  many  places.  The  data 
in  the  chapters  on  character  of  water,  storage  of  water 
and  improvement  of  reservoirs  are  of  particular  value  in 
their  references  to  American  water-supply. 

The  chapter  on  aeration  and  chemical  treatment  is 
(juite  complete,  as  is  also  that  on  water  softening.  The 
chapter  on  filtration  is  rather  brief,  the  most  useful  data 
being  the  cost  of  various  plants  and  methods  of  operation. 

To  sum  up,  the  "Water-Works  Handbook"  meets  the 
needs  of  the  designer  of  water-works  systems  and  also 
contains  most  valuable  information  and  suggestions  for 
the  water-works  operator.  The  facts  are  stripped  of  tech- 
nical detail  and  set  down  in  plain  language.  It  is  not  a 
treatise  on  water-supply,  but  is  e.xatrtly  what  it  purports 
to  be,  "a  usal)le  compilation  of  information,  old  and  new, 
for  th(!  water-works  engineer  and  superintendent,  the  de- 
signer, con.structor,  operator  and  inspector." 

In  its  sphere  it  is  undoubtedly  one  of  the  most  valuable 
books  on  water-sujiply  subjects  which  have  a])i)eared,  and 
there  is  every  reason  to  believe  that  it  will  be  one  of  the 
"best  sellers"  from  the  teclinical  press. 

TUU.ST  L.VWS  AND  UNFAUl  COMI^KTITION— Ky  .lo.seph  K. 
Diivics,  rmumi.ssioner  of  C'oiporatioiis,  Department  of 
Coinmero-.  I'appi-;  6x9  in.;  i)p.  832.  'lOc;  sold  by  Super- 
intendent of  Documents.  Covernment  I'rintinK  Office. 
Washinnton,   D.  i'. 

lion.  Jo.scph  K.  l)a\ics,  the  Mullim-  of  this  bdnk.  was 
formerly  a  prominent  attorney  of  .Madison,  Wis.,  but  four 
\cars  ago'  was  appointed  Commissioner  of  the  Bureau  of 
Cor])orati()ns  and  later  was  made  Chairman  of  the  Fed- 
cr;il  Trade  Commission,  which  succeeded  to  the  work  of 
the  ]?ureau.  His  book  reviews  the  i)rcs('nt  l''cderal 
and  slate  antitrust  hiM-s  aiul  laws  covering  \arions 
methods  of  unfair   competition,   with   judicial    decisions 

thereon.     It  has  I n  said  with  truth  that  the  laws  which 

have  been  maile  to  prohibit  the  organi/ation  of  trusts 
have  not  prevented  the  further  consolidation  of  industrial 
enterprises.     On    the    other    hand,    examination    of    Mr. 


Davies'  book  shows  that  the.se  hiAvs  have  had  a  material 
effect  in  limiting  improper  business  practices  and  com- 
binations tending  to  monopoly.  Mr.  Davies'  review  in- 
cludes not  only  American  legislation  and  court  decisions, 
but  laws  of  foreign  countries  dealing  with  the  same 
subject. 


THE  PL.^XXING  OF  THE  MODER.V  CITY:  A  Review  of  the 
Principle.s  Governing  Citv  I'lanning — Bv  Nelson  P.  Lewis, 
M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the  Board  of  Esti- 
mate and  Apportionment  of  New  York  City.  New  York': 
John  Wiley  &  Sons.  Cloth;  6x9  in.;  pp.  xv  -|-  423;  62  text 
illustrations  and  S7  plates.     $3.-50  net. 

CITY  PLANNING,  With  Special  Reference  to  the  Planning  of 
Streets  and  Lots — By  Charles  Mulford  Robinson,  author 
of  "Modern  Civic  Art."  "The  Improvement  of  Towns  and 
Cities,"  etc.  A  reissue,  revised,  with  much  additional 
material,  of  the  work  originally  published  under  the  title 
of  "The  Width  and  Arrangement  of  Streets."  New  York: 
G.  P.  Putnam's  Sons.  Cloth;  6x9  in.;  pp.  xiv  4-  344;  5S 
illu.strations.      $2.50   net. 

CITY  PLANNING:  A  Series  of  Papers  Presenting  the  Essential 
Elements  of  a  City  Plan — Edited  by  John  Nolen,  Fellow, 
American  Society  of  Landscape  Architect.s.  New  York: 
D.  Appleton  &  Co.  fNational  Municipal  League  .Series.] 
Cloth;   5x8   in.;   pp.   xxvi    +    447;   illustrated.      $2   net. 

Three  books  on  city  planning,  each  from  a  different 
viewjjoint — one  of  them,  in  fact,  from  many  viewpoints- 
coming  off  the  press  as  nearly  together  as  these  three 
certainly  attest  a  lively  interest  in  the  subject.  Each 
volume  is  good,  in  its  own  ])roper  way,  and  only  to  a 
minor  degree  are  the  books  competitive. 


In  the  volume  on  "The  Planning  of  the  Modern  City," 
by  Nelson  P.  Lewis,  we  have  the  first  really  Amcrieaii 
book  on  city  planning  written  by  an  engineer  for  engi- 
neers. This  does  not  mean  that  the  volume  will  not  be 
eminently  useful  to  the  architects  and  landscape  arelli- 
tects  from  whose  ranks  most  of  the  other  books  on  c% 
planning  have  come.  It  will  be  decidedly  useful  to  them. 
It  will  also  appeal  to  laymen  who,  though  deeply  inter- 
ested in  city  ])lanning,  feel  that  most  of  the  architects  and 
landscape  architects  are  carried  away  by  their  devotisi 
to  the  a?sthetic  side  of  the  subject.  As  Mr.  Lewis  well  i 
in  his  introduction,  "the  fundamental  problems  of  cit)' 
planning  are,  and  from  their  very  nature  must  be,  engi- 
neering problems.'"' 

The  author  describes  the  aim  and  method  of  his  book 
as  an  attem])t  "to  show  by  a  few  concrete  examples  what 
has  already  been  accomplished,  rather  than  to  indicate 
just  how  the  several  problems  should  be  attacked  oi 
solved."  These  exam]iles  are  too  modestly  characterized 
as  "few." 

Aftci-  introducing  his  subject,  ilr.  Lewis  outlines  tht 
elements  of  the  city  ))lan,  which  are  (1)  traiisi)ortation. 
{2)  the  street  system.  (•'!)  parks  and  recreation  faC 
tics  and  (I)  the  locnticui  of  pidilic  buildings.  All 
of  the.se  he  considers  as  engineering  problems,  devotftlp 
a  cha])tcr  to  raib.  'i'he  need  and  economic  value  of  a  eitj 
]plan  and  the  iiidu>trial  plan  or  district  are  next  consi^l  ' 
eird.  ,\  ii'tuin  i>  then  made  to  streets  and  f raiis|i(irtii 
tion.  with  s]icrial  relation  to  street  traffic  and  details,  am 
to  Ibc  railroad  in  its  relation  to  the  street  sy.stem.  Hiiil<l 
ing  rcstiiitions,  city  environs,  garden  cities,  legislation 
methods  and  progress,  financing,  land  policies  and,  tiiiaily 
"The  ()p]H)rtunities  and  l'esi)onsil)ilities  of  the  Muuicipa 
Lngiiiccr"  arc  taken  up  in  sucrcssion. 

In  the  chapter  who^e  title  has  just  been  quoted  Mr 
Lewis  truthfully  says: 

The  engineer"  as  the  first  man  .>n  the  ground  has  a  rar 
opportunity  and  a  grave  responsibility.  The  task  calls  '" 
vision  and  imagination,  and  these  are  qualities  the  exercis' 
of  which  on  the  part  of  the  engineer  has  often  been  thoucli 
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rather  dangerous;  and  yet  the  engineer  lays  the  foundations 
upon  which  our  cities  are  built.  He  has  been  too  prone  to  re- 
gard his  preliminary  work  as  a  mere  matter  of  surveyingr: 
more  or  less  precise  surveying.  It  may  be,  but  he  has  been 
more  intent  upon  the  accuracy  of  his  measurements  of  lines 
and  angles  and  of  his  computation  of  areas  than  upon  the 
larger  problem  of  providing  for  the  orderly  and  sightly  de- 
velopment of  the  city. 

This  broader  visiou  Mr.  Lewis'  book  is  well  designed 
to  jrive.  The  well-chosen  and  admirably  presented  illus- 
trations will  aid  in  making  the  vision  dear. 


The  name  of  Charles  Mulford  Eobiusou  is  well  known 
in  America  and  England  to  all  who  have  given  much  at- 
tention to  cit\-  planning,  both  through  his  books  and  his" 
many  citv'-planning  reports.     The  book  now  before  us.  in 
-mailer  compass  and  in  a  more  modest  but  very  useful 
form,  appeared  a  few  years  ago  as  "The  Width  and  Ar- 
rangements of  Streets"  (reviewed  in  these  columns  Dec. 
14,  1911).   The  material  there  given  has  been  rearranged 
ind  extended  under  these  three  main  heads :   (1)   ''Stand- 
irdization  in  Street  Platting,"  which  is  broad  enough  to 
nclude  both  the  economic  and  social  defects  of  standard- 
zation;   (2)   "Functional   Street  Platting."  which  com- 
irises  the  body  and  fulfills  the  main  object  of  the  book, 
nd  (3)   "City-Planning  Legislation,"  a  fifty -page  review 
f  attempts  at  control,  excess  condemnation,  methods  of 
treet  widening  and  the  zoning  or  districting  system. 
Under  (2)  many  phases  of  street  planning  are  consid- 
"ed.  taking  into  account  the  various  classes  of  streets 
1  relation  to  traffic  and  use.  as  well  as  lot  platting  and 
jblic  reservations  of  land  other  than  for  use  as  streets. 
Mr.  Eobinson's  book  is  unique  in  that  he  has  chosen  an 
eiiient — a  large  and  fundamental  one — in  city  planning 
id  treated  it  systematically  and  in  considerable  detail, 
e  shows  more  restraint  than  in  his  "ilodern  Civic  Art" 
.d  many  of  his  city-planning  reports,  which  were  too 
onouncedly  esthetic  in  aim  and  expression  for  the  aver- 
e  prosaic  and  rather  suspicious  American  citizen  and 
vpayer  who  must  pay  the  city-planning  bills. 
The   volume   is    fittingly    illustrated    and    well    made 
Qerally. 


Under  the  leadcishi])  of  John  Nolen,  himself  a  ])a.st 
.  ister  in  city  planning  and  landscape  work,  fifteen 
1  !oialists  in  city  planning  and  related  subjects  have 
»  laborated  in  producing  a  handbook  entitled  "City  Plan- 
1  ig."  Tlie  book  is  designed  for  "the  more  serious  and 
1  ponsiblc  ])art  of  the  general  public"  that  wishes  infor- 
1  tion  on  the  subject  "in  compact  and  readable  form," 
i  1  also  for  students  and  jjractitioners  of  the  art  who 
A  h  "a  convenient  summary'  of  American  experience  and 
S  embodiment  of  good  methods  and  practice." 

V  partial  but  fairly  good  idea  of  the  wide  scope  of  the 

V  ume  and  the  competency  of  the  list  of  contributors 

0  y  be  given  by  the  following  selection  from  the  con- 

bt.<t:    "Introduction,"  F.  L.  Olmsted;  "Subdivision  of 

Lid,"  John    Nolen;    "Public   Buildings,"    P^lward    H. 

Binett;  "Park  Systems,"  John  Nolen;  "Water  Supply," 

I)  M.  Saville;  "Navigable  Waters,"  E.  P.  (loodrich; 

Iroads,"   George    R.    Wadsworth;   "Transportation," 

jimin    A.    Ilaldeman ;    "Rapid    Transit,"    John    V. 

's;  "Fundamental  Data."  (ieorge  B.  Ford;  "Finan- 

.'  Flavel  Shurtleff;  "Legislation."  Charles  M.  Rob- 

1.    At  the  end  of  the  each  chapter  there  is  a  special 

')graphy    and    at    the    end    ■■'(    ih"    Ixmk    a    general 

"graphy. 


The  book  deserves  a  wide  general  circulation  amouL' 
students  of  city  planning — whether  in  school  or  in  civic 
life — and  will  be  valued  by  specialists  for  bringing  to- 
gether so  much  material  from  the  pens  of  so  many  city- 
planning  workers.  It  is  a  pity  that  so  many  of  the  line 
drawings  and  lettered  wash  drawings  were  reproduced 
without  first  being  properly  relettered  to  size  and  style 
suitable  for  photographic  reduction.  As  a  result,  much 
of  the  lettering  is  illegible. 


Reviewed  by  William  Ca.mpbell* 

THE  MET.^LLURGY  OF  STEEL — By  F.  W.  Harbord.  Assoc. 
R.  S.  M.,  P.  I.  C.  formerly  Consulting  Metallurgical  ami 
Analytical  Chemist  to  the  Indian  Government,  Royal 
Indian  Engineering  College,  Coooers  Hill;  and  J.  W.  Hall. 
Assoc.  M.  Inst.  C.  E.,  Consulting  Engineer,  Birmingham. 
(In  two  parts.)  Vol.  I,  Metallurgy.  By  F.  W.  Harbord 
Vol.  II,  Mechanical  Treatment.  By  J.  W.  Hall.  Fifth 
edition,  enlarged  and  revised.  Philadelphia:  J.  B.  Lippin- 
cott  Co.  [Griffin's  Metallurgical  Series.]  Cloth:  6x9  in.; 
pp.  xvi  +  522  and  xviii  +  411;  54  folding  plates,  com- 
prising 115  figures,  over  500  illustrations  in  text  and 
nearly   SO  photomicrographs  of  steel   sections.      $12.50. 

The  fourth  edition  of  this  work  appeared  in  1911.  The 
main  changes  occur  in  the  chapters  on  the  Theory  of 
Hardening  Steel  and  on  Alloy  Steels,  which  have  been 
brought  up  to  date.  The  second  volume  on  the  Mechanical 
Treatment  of  Steel,  by  J.  W.  Hall,  remains  the  same.  As 
a  textbook  on  the  Metallurgy  of  Steel,  these  two  volumes 
retain  their  place  in  the  first  rank  and  deservedly  so. 

Discussing  the  various  theories  of  hardening,  we  have 
now  the  Stress  Theories  (p.  362).  According  to  Carpen- 
ter and  Edwards,  on  quenching  steel  severe  stresses  are  set 
up  which  cause  very  pronounced  crystal  twinning.  At 
all  surfaces  of  slip  on  which  twinning  occurs,  amorphous 
layers  are  found.  "We  consider  that  the  ultimate  cause  of 
hardening  by  quenching  steels  is  the  presence  of  these 
amorphous  layers."  It  follows  that  the  final  cause  of 
hardening  by  quenching  is  exactly  the  same  as  by  cold 
work — the  interval  deformation  of  (irystals.  According  to 
il'Cance's  interstrain  theory  of  hardness  (p.  365),  in 
a  quenched  and  uniformly  hardened  steel  the  carbon  is 
in  the  state  of  solution,  and  it  retains  a  portion  of  the 
iron  in  the  gamma  condition — the  proportion  increa.ses 
very  rapidly  with  the  carbon  content.  The  majority  of 
the  iron  is,  however,  in  the  alpha  condition,  but  owin<r  to 
the  restricted  mobility  during  the  period  of  quenching, 
the  crystalline  units  are  not  homogeneously  oriented, 
and  the  hardness  of  steel  is  due  to  this  condition,  which 
is  similar  to  that  of  interstrain.  According  to  llnmfrcy 
hardening  is  due  to  the  presence  of  a  hard  anioriihoiis 
solution  of  alpha  iron  and  iron  carbide,  which  .solution 
can  be  compared  with  Beilby's  amorphous  phase  due  tn 
overstrain. 

To  the  chapter  on  alloy  steels,  Guillct's  diagrams  show- 
ing the  constitution  of  chrome,  manganese  and  nickel 
steels  have  been  added.  Alloy  steels  are  now  industrially 
so  important  that  33  pages  is  all  too  short  to  devote  to 
them.  Reference  might  be  made  to  the  works  of  Marz 
and  Becker,  and  a  well-chosen  bibliography  would  be  of 
great  value. 

It  is  stated  that  the  way  in  which  carbon  diffuses  in 
cementation  is  still  a  matter  of  discussion  (p.  246).  Yet 
after  reading  Giolitti's  book  on  "Cementfition  of  Iron 
and  Steel"  there  .seems  little  room  for  much  discussion. 

•Professor  of  Metallurgy,  School  of  Mines.  Columbia  Uni- 
versity, New  York  City. 
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Similarly  in  Chapter  XV  (|i.  :!U)  the  \anous  i-e>ciiivlics 
showing  the  relatidii  o\'  carhdiv  ami  iron,  which  are 
mentioned,  iiave  hecn  adniirahly  dealt  with  by  (iiolitti. 
The  omission  of  rei'erenco  to  Wittorf's  diagram  with 
Fe,,C  and  FoC.,  also  Upton's  diagram  with  Fu,,C  and 
Fe.C,  is  notieeahle. 

Two  or  three  minor  eritieisms  occur.  As  an  illustration 
o!  a  modern  openhearlh  plant,  the  1898  plant  at  Home- 
stead is  given.  Ciary  or  the  new  Edgar  Thomson  would 
he  better.  Again,  Chajiter  XII  on  armor  plate  could  be 
improved.  Plate  i'or  the  United  States  Navy  is  stated  to 
contain  ;!.25%  Ni  and  good  Krupp  plate  Ni  3.5:  Cr  1.5: 
-Mn  0.7  :C  0.3%.  Yet  it  is  generally  understood  that 
the  Navy  uses  nickel-chrome-vanadium. 

Under  the  heading  of  the  Duplex  Process  (p.  304), 
"Various  attempts  .  .  .  have  not  been  attended  with 
great  sueces.s"'  hardly  applies  to  this  country ;  i'or  several 
of  our  large  plants  are  duplexing  most  successfully. 

In  conclusion  we  may  say  that  Harbord  and  Hall's  Steel 
holds  the  place  in  advanced  textbooks  that  Stoughton's 
iron  and  steel  holds  in  elementary  texts  and  is  well  worth 
the  reading. 

A  Tiralbtistl©  ^©  C(n>ll©iniell  (GgiHElaairdl 

DAVID  DuBOSE  GAILLARD:  A  IJemorial — Compiled  ami  pub- 
Ushed  bv  the  Thiid  United  States  Volunteer  Engineer.s. 
St.  Louis.  Mo.  (171S  Pierce  Buiidinpr):  Luther  Ely  Smith. 
Secretary,  Third  United  States  Volunteer  Engineers  .\sso- 
ciation.      Paper;   6x9   in.;   pp.    ISS;    illustrated. 

The  Third  Eegiment  of  United  States  Volunteer  Engi- 
neers served  during  the  Spanish  AVar  under  the  late  Col. 
David  DuB.  Gaillard  as  commander.  Following  Colonel 
(iaillard's  death  in  December,  1913,  members  of  the  regi- 
ment at  their  annual  meeting  held  in  St.  Louis  in  the 
following  May  decided  to  compile  and  puiilish  a  memorial 
>olume  ill  honor  of  their  former  commander.  In  this 
\oUime  have  liecn  brought  together  many  tributi's  to 
Colonel  (iaillard's  work  as  an  engineer  and  as  a  man 
which  a|i]icarc(l  at  the  time  of  his  death,  and  accounts 
of  his  lilV  and  professional  achievements.  The  paper  on 
"(iaillard  as  an  Engineer"  was  pre|)ared  by  Col.  Edgar 
•  fiidwiii.  who  .served  with  (iaillard  on  the  Isthmus. 
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l'10TIK)LEr.M  WITHDKAVV.VLS  AND  RESTORATIONS  .\F- 
FECT1.\<;  THE  public:  domain — By  Max  W.  Kail. 
Ciiiiipil.it  ion  by  Lucetta  W.  Stockbridge.  Washington. 
D.  C, :  United  States  Oeological  Survey.  Bulletin  623. 
Paper;  6x9  in.;  pp.  427;  9  folding  plates  in  separate  cover. 

This  bulletin  contains  an  elaborate  record  with  maps 
and  published  correspondence,  concerning  the  withdrawal 
from  entry  of  oil  lands  in  the  jiublic-land  states.  There 
is  a  prevalent  idea  that  the  ])rincipal  motive  of  the  ({ov- 
ci'iinu'tit  in  withilrawing  the  lands  from  entry  was  to  ])re- 
vcnt  the  giving  away  of  natural  resources  of  great  value 
and  to  save  the  underground  stores  of  oil  for  use  by  future 
generations.  This  bulletin  explains  that  the  (lovcrnmcnt 
stopped  in  to  sav(!  the  oil  industry  I'l-nni  impending  ruin, 
as  well  as  tn  cheek  the  \ast  waste  that  was  going  on. 
The  placer  law,  under  which  all  oil  ilcvclupmi'iit  on  the 
public  lands  is  carried  on,  practicallv  I'lirces  (be  owner  of 
oil-bearing  land  to  drill  for  oil  or  run  the  risk  of  losing 
his  land.  Further,  after  ]u'.  has  drilled  and  found  oil, 
the  law  practically  forces  him  to  exhaust  the  deposit  at  the 
(juickest  possible  rate  lest  his  adjoining  neighbor  ]nit 
down  a  well  and  take  the  oil  away  from  him.  The  ])rescni 
law  thus  jiractically  comjiels  over-iirodiiction  of  oil.     This 


c\er-priiiluct  inn  and  llu'  methnds  by  wliieh  the  drilling  i> 
<arri<'il  nn  result  in  an  enormous  «aste  of  this  valuable 
I'ncl.  ami  it  wa>  ilcemcd  lic.-t  thei-cfdre  to  withdraw  from 
entry  all  the  oil-bearing  jjublic  lands  until  Congress  shaU 
]iass  a  new  law  to  suiier.sodc  the  present  statute  anp 
remedy  conditions  which  are  universally  agreed  to  be  bad. 

Iiradl^stirmS  Clheffiffiac®.!  Ps°®cesses 

OUTLINES  OF  INDUSTRIAL  CHEiMISTKY:  .\  Textbook  tor 
SUulents — By  Frank  Hall  Thorp,  Ph.D..  with  .Assistance  in 
Revision  fi'om  AVarren  K.  Lewis,  Ph.D..  Professor  of 
Chemical  Engineering  in  the  Massachusetts  Institute  of 
Technology.  Third  revised  and  enlarged  edition.  New 
York:  The  Macmillan  Co.  Cloth;  6x9  in.;  pp.  xxv  +  665; 
137  illustrations.     $3.2.")  net. 

Professor  Thorjj's  teaching  text  on  chemical  processes 
in  industrial  services  has  been  favorably  known  for  years, 
L'ut  of  late  has  necessarily  been  inadequate  owing  to  the 
great  .strides  of  industrial  chemistry  since  the  1905 
edition.  The  new  book  follows  the  general  scheme  of 
the  old  one,  but  differs  in  detailed  presentation  and  is 
more  extended  in  scope.  Great  technical  detail  is  not 
presented,  the  author  relying  on  his  selected  bibliography 
to  guide  the  student  and  casual  seeker  to  more  extended 
discussions.  The  wide  range  for  such  a  moderate-sized 
\(ilume  jirecludes  the  possibility  of  mathematical  treat- 
ment of  ])henoniena  involved. 

The  hook  begins  with  the  more  general  and  funda- 
mental processes,  e\aporation,  distillation,  filtration, 
calcination  and  refrigeration.  Then  .some  ])roperties  of 
materials — such  things  as  fuels,  waters,  sulphur,  acid.s, 
salts,  chlorine,  lime  and  cements,  glass,  cyanides,  wood, 
tar,  mineral  oils,  oils  and  fats,  soaps,  resins,  starch  anil 
glucose,  3'easts,  explosives,  fabrics,  pa])er,  glue,  leather  and 
metals — are  interspersed  between  notes  on  the  proccssr- 
that  produce  or  utilize  them. 

SOME  FOREIGN  SPECIFlCjVTIONS  FOR  RAILWAY  MA- 
TERIALS: Rails,  Wheels,  .\xles.  Tire.s — By  C,.  K.  Burgess. 
Physicist,  and  P.  D.  Merica.  Associate  Physicist.  Wash- 
ington, D.  C:  Bureau  of  Standards.  Technologic  Paper 
No.   01.     Paper;  7x10  in.:  pp.   132.     25c. 

\\'ith  the  cooperation  of  tonsuls  in  the  various  countrief 
named,  the  Bureau  of  Standards  was  able  to  collect  and 
here  present  specifications  for  rails,  wheels,  axles  and  tires 
for  the  United  Kingdom,  Italy,  France,  Belgium,  Ger- 
many, Austria.  Holland  and  Sweden.  The  specificatioDf 
are  preceded  by  a  brief  discussion  of  each  class.  A  few 
accident  statistics  arc  given.  Thesis  include  derailment 
on  acc<iunt  of  rails,  wheels,  axles  and  miscellaneous,  to- 
gether with  i>er,sons  injured,  miles  of  track  and  othei 
figures. 

It  is  How  becoming  the  fashion,  and  the  fashion  is  a 
good  (inc.  fur  iniportaiP  !le|iartments  of  the  variow 
stales  to  ])ublish  some  kind  of  hnlletin  or  journal,  us- 
ually at  monthly  intervals.  One  of  the  latest  ]uiblieatioiu 
cf  the  sort  is  the  ".Minnesota  Highway  Journal,"  is.sHw 
by  llic  State  Highway  Commission,  St.  Paul,  Minn.  Tin 
(irsf  number  (May)  starts  off  very  modestly  with  foiu 
9\l'.'-in.  pages.  T(  i-imlains  an  accdunt  nf  rnad  work  ii 
Minnesiita  in  l!)l."i.  some  ligui'c-  and  comments  on  'li' 
ndvane(>  in  steel  jirices,  as  alfecfing  slecl  bridges  will 
concrete  floors  and  rein  forced-concrete  bridges,  and  fact^ 
about  Minnesota  bridge  lettings  and  the  duty  of  stal' 
highway  cummissions  to  su]i])ly  hi'iih_;e  ]dans  for  use  u 
lonnection  with  stale-aid  work.  The  two  inside  pajii' 
of   the  •-.Innnbd"'  are  d-M  ted    hi  a    tabulalcd  statcmen 
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111'  lOK)  l)ri(l.t;i.'  work  liv  counties.  This  ])V(iiiiises  to  bo 
nil  interesting  and  valualile  feature  of  the  "■.Journal,"  as  it 
iippears  to  lie  the  intention  to  publish  the  statement  at 
intervals,  if  not  indeed  every  month. 

A  map  of  the  State  of  New  York,  showing  the  improved 
highways  and  many  points  of  historical  interest,  was 
issued  by  tlie  New  York  State  Commission  of  Highways 
on  May  1,  1916.  Xo  less  than  122  diifereut  points  of 
liistorical  interest  in  various  parts  of  the  state  are  marked 
l)y  numbers,  and  on  the  back  of  the  map  is  printed  a  i)rief 
-tatement  concerning  the  important  events  in  history 
vhich  occurred  at  each  place.  The  map  is  on  a  scale  of 
I  mi.  to  the  inch.  It  shows  7,300  mi.  of  state  and  county 
lighways.  6.000  of  which  are  completed.  It  also  shows, 
'!•  different  symbols,  4,000  mi.  of  road  improved  by  town.s 
lid  counties  and  about  6,500  mi.  of  unimproved  roads. 
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[So  far  as  possible  the  name  of  each  publisher  of  books  oi- 
amphlets  listed  in  these  columns  is  given  in  each  entry.  If 
le  book  or  pamphlet  is  for  sale  and  the  price  is  known  by 
le  editor,  the  price  is  stated  in  each  entry.     Where   no  price 

given  it  does  not  necessarily  follo%v  that  the  book  or  pam- 
ilet  can  be  obtained  without  cost.  Many,  but  not  all.  of  the 
imphlets,  however,  can  be  secured  without  cost,  at  least  by 
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-IK  ArTIV.4TEn-SLrDGE  PROCESS  IN  TRE.\TMKN'T  OP 
TANNERY  W.\STE.S — Bv  Harrison  P.  Eddv  and  Almon 
I>.  Fales.  14  Beacon  St.,  Boston.  Mass.  TRepiinted  from 
the  "Journal  of  Industrial  and  Engineering  Chemistry," 
Vol.  S,  No.  7,  p.  64S,  July,  1916.]      Paper;   6x9   in.:  pp.   7." 

-XPAIy  REPORT  OF  DIRECTOR  OF  THE  CHOSEN  RAII,- 
WAY.S.  1914 — Ryuzan,  Chosen.  China:  Railway  Bureau  of 
C.overnment-General  of  Chosen.  Paper:  7x10  in.;  pp.  91; 
illustrated. 

;NUAL  REPORT  OF  THE  ASSOCIATION  OP  ONTARIO 
LAND  Sl'RVEYORS,  1916 — Toronto,  Canada:  L.  V.  Rorke, 
Secretary.     Paper;  6x9  in.:  pp.  3S5:  illustrated.     $1. 

•I'ORTIONMENT  OF  R.\ILROAD  EXPENSES  AND  PROP- 
ERTY VALUES  ON  BASIS  OF  USE— Bv  A.  M.  Sakolski. 
Delaware  &  Hudson  Co.,  Albany.  N,  Y.  |  Reprint  from 
the  "Journal  of  Accountancy,"  August,  1916.]  Paper;  7x10 
in.;  pp.  1.1. 

TOMOBlI,TST'S  POCKET  COMPANION  AND  EXPENSE 
RECORD:  Includes  fnvners  Record.  Fixed-Charges  Mem- 
nrandum.  Weekly  Exp.nse  Record  for  One  Year,  with 
Monthly  and  Yearly  .Summaries,  etc.  New  York:  Nor- 
man \V.  Henley  Publishing  Co.  Leather;  .5x8  in.;  pp.  169. 
$1  postpaid. 

I  ICK  ROADS— By  Vernon  M.  Peirce,  Chief  of  Construction, 
and  Charles  H.  Moorefleld,  Senior  Highway  Engineer. 
Washington.  D.  C:  United  States  Department  of  Agricul- 
ture. Bulletin  No.  373.  Paper:  6x9  in.:  pp.  40;  illus- 
trated, l.'ic.  a  copy,  from  Superintendent  of  Documents. 
'!oveinment    Printing    Oflice.    Washington,    D.    C. 

C  UMICAL  AND  BIOLOGICAL  ST'RVI'^Y  OF  THE  W.\TERS 
OF  ILLI.VOIS:  Rejiort  for  Year  Ended  Dec.  31.  1914.  of 
the  Illinois  State  Water  Survey — Urbana,  111.:  University 
of  Illinois.  Bulletin,  Water  Survey  Series  No.  12.  Paper: 
8x9  in.:  pp.  261;  illustrated.     $1. 

C  .'CI.SE  TECHNICAL  PHYSICS— By  J.  Loring  Arnold.  Ph.D.. 
Professor    of    Electrical    Engineering    at    New    York    Uni- 

ersity.      New   York:      McGraw-Hill    Book    Co.      Cloth;    5xS 

11  ;  pp.  viii   -I-   27.=;;  294  illustrations.     $2  net. 

CONSTRUCTION  OF  ROADS  AND  PAVEMENTS — By  T. 
I:  Agg.  C.  E.,  Professor  of  Highway  Engineering.  Iowa 
-late  College.     New  York:    McGraw-Hill  Book  Co.     Cloth: 

\9  in.;  pp.  vii  +  432;  116  illustrations.  $3  net. 
N'iMIC  GEOLOGY— By  Heinrich  Rles.  A.  M.,  Ph.D..  Pro- 
i^eHHiii  of  GcoIoK.v  at  Cornell  TTniversity.  Fourth  edition, 
ihiirriughly  revised  and  enlarged.  New  York;  .lohn 
Wllfv  H  Sons.  Cloth:  6x9  in.;  pp.  xviii  +  856;  291  illus- 
1  rations;   7r,   plates.     $4   net. 

'TUICAL    CONSTRUCTION:    An    Elementary    Course    for 

ocatlonal    Schools — Bv    Walter    P..    Weber,    Instructor    In 

hn  Sen.ca  Vocational    School.    Buffalo.      Peoria,    111.:      The 

.^ianual   Arts  Press.     Cloth:   7x10  In.;   pp.   130;   illustrated. 

_»1.25. 

•  CTRICAL  TABLES  AND  ENGI.NEERING  DATA:  A  Bonk 
»f  T'seful  Tables  and  Practical  Hints  for  Electricians. 
Foremen,  Salesmen.  Solicitors,  Estimators.  Contractors, 
Vrrhlierts  and  Engineers — By  Henry  C.  Horstmann  and 
Victor  H.  Touslev.  authors  of  "Modern  Wiring  Diagrams." 
'.Mndein  Electrical  Construction."  etc.  Chicago:  Fred- 
rick J.  Drake  &  Co.  Cloth;  4x7  In.;  pp.  331:  34  llltis- 
lallons.     »1   net. 


ELECTRIC  MOTORS.  DIRECT  AND  ALTERNATING;  PRIN- 
CIPLE.S,  CONSTRUCTION.  OPERATION  AND  MAINTEN- 
ANCE: A  Practical  Book  for  the  Practical  Man — By  David 
Penn  Moreton.  B.  S..  E.  E..  Associate  Professor  of  Elec- 
trical Engineering,  Armour  Institute  of  Technology.  Chi- 
cago: Frederick  J.  Drake  &  Co.  Cloth;  4x7  in.;  pp.  32S; 
11.')    illustrations.      $1    net. 

ELEMENTS  OF  CH.=VRT  M.\KI»IG — By  E.  Lester  Jones,  Super- 
intendent. Washington.  D.  C. :  United  States  Coast  and 
Geodetic  Survey.  Special  Publication  No.  3S.  Cloth;  6x9 
in.:    pp.    1.5:    30   plates. 

ELEMENTS  OF  MINING — Bv  George  J.  Young.  .M.  Am.  Inst. 
M.  E.  New  York:  McGraw-Hill  Book  Co.  Cloth:  6x9 
in.;   pp.   xiii    +    62S:    271    illustrations.      ?5   net. 

FINANCIAL  ST.\TISTICS  OF  CITIES  HAVING  A  POPULA- 
TION OF  OVER  30.000  (191.5) — Washington,  D.  C:  United 
States  Bureau  of  the  Census.     Cloth:  9x12  in.:  pp.  338. 

THE  MECH.ANIC.\L  HANDLING  AND  STORING  OF  MA- 
TERI.AL;  Being  a  Treatise  on  the  Handling  and  Storing 
of  Material  Such  as  Grain.  Coal.  Ore.  Timber.  Etc..  by 
.\utomatic  or  Semi-.A-Utomatic  Machiner.v.  Together  with 
the  Various  Accessories  Used  in  the  Manipulation  of  Such 
Plant — By     George     Frederick     Zimmer.     Assoc.     M.     Inst. 

C.  E.     New  York:      D.  Van   Nostrand  Co.      Cloth:   7x10   in.; 
pp.   xiv    -I-    752:    1.044   illustrations.      $12.50   net. 

METHODS  OF  S.'iMPLING  DELIV'ERED  COAL  AND  SPECI- 
FICATIONS FOR  THE  PURCHASE  OF  COAL  FOR  THE 
GOVERNME.XT — Bv  George  S.  Pope.  Washington.  D.  C. : 
United  States  Bureau  of  Mines.  Bulletin  No.  116.  Paper: 
6x9  in.;  pp.  64;  illustrated.  15c.  a  copy,  from  the  Su- 
perintendent of  Documents.  Government  Printing  Office, 
Washington,    D.    C. 

MINING  DEVELOPMENTS  .AND  WATER-POWER  INVESTI- 
GATIONS IN  SOUTHE.ASTERN  .AL.ASK.A— Papers  bv 
Theodore    Chapin    and    George    H.    Canfield.      Washingtoii. 

D.  C:     United     States    Geological     Survey.       Bulletin     No. 
642-B.     Paper:  6x10  in.;  pp.  127:  illustrated. 

MORTALITY  L.AWS  AND  STATISTICS— Bv  Robert  Henderson. 
Actuary  of  the  Equitable  Life  Assurance  Society  of  the 
United  States.  New  York:  John  Wiley  &  Sons.  PMathe- 
matical  Monograph  No.  15.]  Cloth:  6x9  in.;  pp.  v  +  HI: 
illustrated.      $1.25   net. 

NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S  POCKET-BOOK 
of  Formulae.  Rules  and  Tables  and  Marine  Engineer's 
and  Surveyor's  Handy  Book  of  Reference — Bv  Clement 
Mackrow.  late  Member  of  the  Institution  of  Naval  Arch- 
itects: late  Lecturer  on  Naval  .Architecture  at  the  Bow  and 
Bromley  Institute,  and  Lloyd  Woollard,  Roval  Corps  of 
Naval  Constructors:  Member  of  the  Institution  of  Naval 
Architects:  Instructor  in  Naval  .Architecture  at  the  R. 
N.  College.  Greenwich.  New  York:  Norman  W.  Henlev 
Publishing  Co.  Eleventh  edition,  thoroughly  revisid. 
with  a  section  on  aeronautics.  Leather:  4x7  in.;  pp.  xii 
+   742:   264   illustrations.      $5. 

OZONE:  Its  Manufacture.  Properties  and  Uses — Bv  A.  Vos- 
maer.  Ph.D..  M.  Am.  Inst.  E.  E.  New  York:  D.'Van  Nos- 
trand Co.  Cloth;  6x9  in.:  pp.  xii  -|-  197;  67  illustration.-;. 
$2.50  net. 

THE  PHYSICO-CHEMICAL  PROPERTIES  OF  STEEL— Bv 
C.  A.  Edward.s.  D.Sc.  Professor  of  Metallurgy,  Manchester 
University.  Cloth:  6x9  in.:  pp.  x  +  229;  181"  iIlustration.s. 
$3.50  net. 

PRACTICAL  SAFETY  METHODS  AND  DEVICES:  Manu- 
facturing and  Engineering — By  George  Alvin  Cowee,  E. 
M.,  S.  B.,  Manager,  Bureau  of  Safety,  Utica  Mutual  Com- 
pensation Insurance  Corporation.  New  "York:  D.  Van 
Nostrand  Co.  Cloth;  6x9  in.;  pp.  ix  -|-  434;  128  illustra- 
tions.     $3    net. 

I'RINCIPLES  OF  THE  TELEPHONE:  Part  I.  Subscriber's 
Apparatus — Prepared  in  the  Extension  Division  of  the 
University  of  Wisconsin  by  Cyril  M.  Jansky,  B.S.,  B.A.. 
.Associate  Professor  of  lOlectrical  Engineering,  and  Daniel 
C.  Faber,  E.  E..  Assistant  Professor  of  Electrical  Engi- 
neering, University  of  Wisconsin.  New  York:  McGraw- 
Hill  Book  Co.  rindustrial  Education  Series.]  Cloth: 
6x9    in.:    pp.   xiii    +    160;    125    illustrations.      $1.50   net. 

THE  RAILWAY  LIBR.ARY.  1915:  A  Collection  of  Addresses 
and  Papers  on  Railway  Subjects.  Mostly  Delivered  oi' 
Published  During  the  Year  Named,  Also  Statistics  for 
1915 — Compiled  and  edited  by  Slason  Thompson,  Director 
of  Bureau  of  Railway  News  and  Statistics.  1529  Railway 
Exchange  Building,  Chicago,  111.  Cloth;  6x9  in.;  pp.  466: 
illustrated.     $1. 

KKVE.VUE  AiVn  OPERATING  EXPENSl';  OF  M1T.NICIPALI,Y 
OWNED  W.VTKIt-WORKS  IN  M  ASS.\( -HUSICTTS  FOR 
THE  YIOAH  1913— Bv  Charles  \V  Shenii.in.  14  Beac-on 
St..  ISostc.n,  .Mass.  rReprintcd  fioni  "Jotirnal"  of  the  .New 
England  Water-Works  Association,  Vol.  XXX,  No.  2.] 
Patier:    6x9   in.;   pp.   260-266. 

STANDARD  METHODS  OF  GAS  TESTING — Washington,  D. 
C. :  United  States  Bureau  of  Standards.  Circular  No.  4S. 
Paiicr:  7x10  in.:  pp.  202:  Illustrated.  40e.  a  copy,  from  tiic 
Superintendent  of  Documents,  Government  Printing  Office, 
Washington,    D.   C. 

STEAM  POWER— By  C.  F.  Hirshlleld.  M.  M.  E.,  Professor  of 
Power  Engineering,  and  T.  C.  Ulbriilit,  M.  E.,  M.  M.  E.. 
Assoc  M.  .Am.  So<'.  M.  E..  formerly  Instructor.  Department 
of  Power  Engineering.  Sibley  College,  Cornell  University. 
New  York:  John  Wiley  &  Sons.  [Wilev  Technical  Series'] 
Cloth;  5xS  In.;  |>p.  vlil   +  42n:.232  iIlustration.s.     $2  net. 

THE    UNDERGROUND    AND    SURFACE    WATER    SUPPLIES 
OF  WISCONSIN— By  Samuel  Weldman,  Wisconsin  Geolog- 
ical   and    Natural    Mistnry   Survey,    and    Alfred    R.    Rchultz. 
United    States    Geological    Survey.      Madison,    Wis.:      Wis- 
consin   Geological    and    Natural    History    Survey.      Bulletin 
,No.  XXXV.     Cloth;  7x10  in.:  pji.  064;  Illustrated. 
After   ,a   discussion   of   the   water   supplies   of   the   state    in 
general    and    by    sources.    Including    gcnlogical    and    chemical 
features,  local  w.ater-supplies  are  described  by  counties,  under 
these  heads:      (1)  Geological   formation;    (2)  supplies  for  cities 
and  villages:   (3)  (lunllty  and  analynes. 


556                                                           E  "N  G  I  N  E  E  Tt  T  N  (1     N  1-:  W  S                                      Vol.  7(i,  No.  13 
,,g,,„„„„„„„,„„„„„„i,„i„ iiiiiiii mill iiiiiiii nil I iiiiiiiiiiii I iiiiiii II iiiiiiiii mill iiiiiiiiiiiiiiiiiiiiiiiiin iiiii iiiiinniiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiniigi 


iiiiiiiiiiiiiiniiimiiiiiiiiimiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiimiiiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiimiii iiiiiiiiii iini iiiimiiiiiiii inn iiiiiiniiii iiiiiiiiiii iiiiinn iiiimiiimii iiiniiii iiiiiiimiiininii 

Pump  for  drainage  and  irrigation  Plank  foundations  unsuitable  for  peimanent  structures  Brick  and  tile  sewers 
both  fail  under  equivalent  of  40  ft.  of  earth— Cinders  packed  around  sheetpile  joints  stopped  all  leaking— Special  roller 
for  track  piiijng— Standard    Howe  truss  of  Utah  highway  biidges— Pulling  wagons  from  a  cellar  excavation  in  New  York 


P^Bimpaffii^  S<laifta®2a  Us©dl  f®!?  B®ftl^ 

The  Pritflninl  Lake  pumping  plant  on  the  8acrani(!iito 
leclamation  district  of  tlie  Natomis  Co.,  iu  California,  is 
used  for  both  land  drainage  and  irrigation.  In  this 
station  there  are  two  36-in.  centrifugal  pumps,  each  driven 
through    a    flexible    coupling    by    a    ;!00-hp.    230-r.p.m. 


'Pipe,  ]6rade  2% 
Hword  P/crr^ 


Irriafofhrt  Canal 


650-Hp.  Pump 


The  scheme  of  using  the  pumps  for  both  irrigation •an(' 
reclamation  is  shown  in  Fig.  3.  The  pumps  are  jjlacw 
below  water  level  and  draw  from  a  sump  excavated  d 
]i)  ft.  below  the  canal  level  and  8  ft.  below  river  lov 
water.  A  -12-in.  pipe  was  laid  on  a.  2%  grgde  tfrom  tin 
river  to  the  sump.  The  pump  discharges  "were  counectei 
through  vahes  to  this  pipei  and  motor-operated  vaki- 
were  i)laced  on  each  discharge  line  going  to  the  irri 
gation  ditch.  There  is  a  fifth  valve  (hand-operateil 
since  it  is  opened  only  a  few  times  a,  year)  on  the  lowc 
end  of  the  43-in.  river  line.  By  closing  valves  1  aud  ■ 
and  opening  valve  3  (Fig.  1),  water  can  be  pumped  froi' 
the  sump  into  the  river.  By  closing  vah'e  3  andopenin^ 
1  and  2,  river  water  can  be  elevated  tofthe  irrigation  ditch 


induction  motor.  The  pumps  operate  against  heads  of 
S  to  28  ft.,  the  ordiiuirv  ccmdition  being  against  18  ft. 
Mininnini  investment  has  been  secured  throughout.  The 
jiunip  motors  are  controlled  from  a  main  swit<-bl)oard  in 
the  station  gallery,  being  started  directly  from  I  he  main 
transformer  bank,  which  delivers  1,100  volts  for  starting 
and  2,200  for  running.  Interlocked  single-throw  oil 
switches  make  the  connections.    The  line  is  51,000  volfc<. 

^om  information  furni.shed  by  the  Westlnghouse  Electric 
and  Manufacturing  Co.,  rittsliurg;h.  Penn.,  maker  of  electrical 
equipment  in  tlic  Pritcliard  station. 


i  Visas 


^a.irai 


By  Walteii  II.  Sawyek* 

In  siuuc  oT  the  <ilder  hydraulic  construction  where  fintj 
sand  or  quicksand  was  encountered  it  was  common  prar 
tice  to  build  permanent  structures  on  wood-plank  plai 
forms  surrounded,  in  some  cases,  by  wood  sheetpiliug  (sc 


Earfh 


Top  of  Wall 


WcH-er  Leye/ 


■■4 


This  Poin-f-seiHec/ 
}j/'  ahou-f-  9 


V/r^7T7^\ 


'^^pron 


PIG.    1.    CROSS-SECTION  OF  BREAK   IN  CANAI.  WALL. 
I.EWISTON,   MAINE 

Fig.  1).  Many  of  the  canal  walls  of  the  Union  Wiii' 
Power  Co.  at  Lewiston,  iMaine,  are  built  on  such  pliU 
form  foundations.  After  GO  years'  use  the  platforms  li.i^ 
become  water-worn,  although  the  timber  is  still  soiin' 
With  the  wearing  of  the  platforms  and  the  wooden  tm 
luiils  ii.sed  to  fasten  them,  theplanks  are  frequently  lon- 
ened  so  that  water  gains  access  to  tlie  filling  under  tb 
]datforin,  sometimes  allowing  the  wall  to  settle. 

A    recent   instance   is  a  l)lace  immediately  beloWAtlv 
gatehouse  of  the  Union  Water  Power  Co.  at  LewMonl 

•Consulting  Engineer,  Lewiston,   Maine. 
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-'lU.    i.     CA.VAL    IX    FRONT    flF    COFFE}i-l)AlI.    SHOWINci 
DIFFICULTIES    EXCOUXTERED   FROM   Cl'RREXT 

here  a  section  of  wall  about  20  ft.  in  height  was  i)laced 
1  a  plank  platform  over  a  sand  pocket.  The  ])latform 
■ejected  into  the  canal  aliont  10  ft.  as  a  protecting-  apron. 
tie  constant  rush  of  water  over  the  apron  has  worn  the 
anks  so  that  durincr  the  last  winter  many  of  them  were 
ished  away,  the  filling  under  the  apron  wa.s  washed  out 
d  a  portion  of  the  wall  settled  and  cracked.  The  place 
IS  a  particularly  difficult  one  to  repair,  as  work  must 

done  at  night  and  on  Sundays  when  the  canal  could 

emptied. 

Owing  to  the  rapidity  of  the  current,  which  would 
ve  washed  away   the   concrete   before   it  coidd   set,   a 

■akwater  of  heavy  cribwork  was  built  in  the  canal  sm-- 


rounding  the  break.  The  holes  in  the  wall  left  by  the 
falling  stones  were  tilled  with  concrete  placed  behind 
forms.  The  ]3lank  apron  was  covered  with  a  concrete 
apron  about  1  ft.  in  thickness,  the  apron  being  reinforced 
with  old  steel  rods.  Some  sections  of  2-in.  pipe  were 
inserted  in  various  places  in  the  wooden  apron  and  con- 
creted in.  The  voids  under  the  apron  were  then  lilled 
with  cement  grout  placed  under  a  pressure  of  about  a 
20-ft.  bead. 


As  a  result  of  some  discussion  in  St.  I/nn's  of  the  rela- 
tive merits  of  brick  and  segment  sewer  blocks  for  street 
construction.  c(miparative  tests  were  made  recently  on  60- 
in.  sewers  of  each  type.  The  brick  sewer  was  built  in 
two  rings  and  was  an  exceedingly  good  piece  of  work. 
The  tile  sewer  is  of  "Ferguson  Block"  (manufactured  in 
St.  Louis).  Sections  7  ft.  long  were  built  underground, 
and  an  area  in  the  center  4  ft.  long  by  3  ft.  I  in.  wide 
was  loaded.  The  load  was  applied  through  a  sand  bed 
wrapped  in  canvas  and  inclosed  in  a  heavy  bolted  timber 
saddle,  the  timber  not  touching  the  sewer.  The  4x4-in. 
timbers  shown  in  end  view  rested  loosely  on  the  sand  and 
supported  the  cantilever  platform.  The  .soil  in  which 
the  sewers  were  built  is  a  very  stiff  yellow  clay. 

Both  constructions  showed  the  first  crack  at  approxi- 
mately .');i.00()  lb.  The  loading  was  continued  to  about 
n:>,000  lb.,  at  which  time  several  cracks  had  opened  tip 
in  the  brickwork,  and  the  tile  wa.s  seriously  cracked.  At 
this  load  the  deflection  in  the  brick  sewer  at  the  crown 
was  1^  in.,  and  in  the  tile  sewer  about  %  in.     The  file 


\  V\ 


BRICK  .SEWIOR  AM)  TIl.l-:  .SEWICK  LOADED  TO  CRACKING 
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sewer  confinuetl  to  hold  tliis  load  for  U/^  days:,  after 
which  it  collapsed.  The  brick  sewer  showed  uo  further 
detiectiou  and  was  unloaded  after  about  10  day.s.  It  is 
interesting  to  note  that  the  load  at  whitih  each  sewer 
i-racked  is  equivalent  to  about  40  ft.  of  earth  weight  on 
the  central  portion  of  the  arch,  without  relieving  weight 
on  the  quarters  or  haunches,  and  indicates  that  both  con- 
stnictions  are  strong  enough  for  all  ordinary  cases. 

The  only  other  conclusion  to  be  drawn  is  that  the  two- 
ring  brickwork  in  this  size  is  somewhat  stronger  than 
the  71/4-in.  thickness  of  the  two-ring  segment  blocks. 

I*: 
Caiadleff's  Ma^Sl.®    S^eefl  Slheeftlim^ 

Eliminating  grades  on  the  Philadelphia  &  Reading  Ey., 
in  the  town  of  Jlilton,  Penn..  necessitated  the  building 
of  two  new  girder  bridges  on  that  railway  across  the 
Susquehanna  Itixcr.  aloiigsiilc  the  existing  truss  bridge. 
The   two   new   bridges  are   in   reality   but   one  crossini,'. 


being  connected  by  an  earth  till  on  an  island  in  tli.l 
middle  of  the  river.  The  foundation  of  each  brid;; 
consists  of  two  concrete  abutments  and  seven  concrci 
piers.  The  connecting  embankment  contains  70,000  \< 
of  earth.  The  concrete  in  the  foundations  of  the  t\v 
bridges  aggregates  13,000  yd. 

The  river  at  Milton  averaged  about  14  ft.  in  dept 
during  the  major  portion  of  the  pier  work.  The  velocii 
was  as  high  as  10  or  12  mi.  per  hr.  At  the  pier  sii 
steel  sheetpile  coffer-dams  were  put  dowa,  each  aboi 
30x40  ft.  in  plan,  containing  104  sheetpiles,  about  30  I 
long  and  8  ft.  above  water.  This  meant  that  there  wci 
104  joints  in  each  coffer-dam,  and  each  joint  was  22 
long.  The  result  was  that  leakage  was  excessive.  Tl, 
was  obviated,  however,  when  P.  P.  Kemon,  the  cii 
tractor's  superintendent,  put  down  outside  of  each  sti 
joint  a  Y-shaped  wood  trough  consisting  of  two  boar^ 
nailed  edge  to  edge,  and  filled  the  space  between  W(» 
and  steel  with  cinders.     These  i-iuders  were  obtained  ^ 


I  TO  1.  BlIIl^DINf;  FOUNIIATIONS  FOR  H10.\1)1N<". 
BinDGIi;  AT  MILTON,   I'ENN. 

1 — Showinjf  service  trestle,  pier  forni.s;  old  steel  brldRe 
of  Philadelphiu  &  KeadiiiK  Ry.  in  hackurrounil.  FiK.  2— Fin- 
ished span;  note  appearance  of  grooved  concrete  piers.  Fig. 
i — Bottom  of  a  pier  coffer-dam  28  ft.  deep.  Note  practical 
itisence   of  water.     Fig.   4 — Pumping  from   a  sheetpile  coffer- 
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1  near-by  eleetrie-light  plant  and  were  transported  to 
;he  brid,i{e  in  ordinary  cement  bags,  wliir-li  were  dumped 
nto  the  V  troughs.  Mr.  Kenion  states  tliat  the  leakage 
;topped  nnder  this  treatment  almost  as  if  the  water  had 
)een  shut  off  by  valves. 

The  concrete  piers  have  been  marked  into  courses,  as 
hewn  in  Fig.  2,  and  the  piers  are  faced  with  a 
ranolithic  mixture.  This  mixture  is  disposed  as  follows : 
;teel  forms  are  placed  1  in.  inside  the  pier  forms  and 
re  raised  as  the  concreting  proceeds,  the  granolithic 
lixture  being  put  between  the  steel  forms  and  tlie 
leet-stecl-lined  wood  forms  of  the  piers. 
The  work  was  carried  on  from  a  timber  service  trestle 
-ected  alongside  the  site  of  the  new  bridge.  At  Milton 
)Out  10  ft.  of  sand  overlies  the  rock,  so  that  the  trestle 
5sts  could  be  driven.  The  trestle  was  therefore  a 
ancher  structure  than  the  mie  being  used  at  Harrislnirg 
erect  the  Susqiiehannu  bridge  of  the  Cumberland 
alley  E.E. 

The  foundations  were  placed  by  the  Eobeii  Grace 
)ntracting  Co.,  of  Pittsburgh;  F.  P.  Kcmon,  superin- 
•  iident  on  the  job.  The  Pennsylvania  Steel  Co.  is 
lishing  the  erection  of  the  girder  .spans,  while  at  the 
fsent  time  the  Beading  Construction  Co.  is  dismantling 
•  old  steel  bridge  for  tlie  Philadelphia  &  Heading  Ey. 
E.  F.  (iorraau  is  Eesideut  Engineer,  C.  Dillenbeck, 
igineer  of  Bridges  and  Buildings,  Samuel  T.  Wagner, 
ief  Engineer. 


HOLLER  ON  CAR  FORMS  CONPRRTR  PAVTNO   ON  BRinOR 

concrete,  formed  monolitiiic  wilh  the  tloor  slab.  The 
contractor,  the  Pacific  Bridge  ('o.,  developed  tbe  i-nllicr 
novel  roller  shown  in  the  acconi|ianying  view  lor  fonii- 
ing  the  flangeways  in  these  concrete  headers.  .\ii  n\lc. 
carrying  turned  cast-iron  rollers  of  proper  form  was  sup- 
ported by  bearings  bolted  on  one  end  of  a  small  steel  car. 
By  using  a  moderately  wet  concrete  and  |5assing  tliis  car 
over  the  surface  several  times,  a  very  smooth  and  uniform 
Hana-ewav  was  secni'cd. 


siasxpes  l^iraelg©  iravniriig 
AIoEagsndle  Cat?  TifSicM 

The  Interstate  Bridge,  acnjss  the  Columbia  Eiver  near 
]  ftland.  Ore.,  is  paved  with  asphaltic  concrete  laid  on 
8  onorete  slab  floor.  The  lieadcr  adjacent  to  the  ( ar 
t  -ks,  which  are  fur  both  wide  and  narrow  gage,   is  of 


The  day  of  the  timber  truss  for  highway  bridges  is  by 
no  means  past.  There  are  many  sections  of  the  country, 
liarticniarly  in  the  Xorthwest,  where  timber  trusses  will 
be  used  for  many  years  to  come.  Eight  at  this  time, 
owing  to  the  record  high  jirices  of  struc- 
tui'al  steel,  wooden  Tfowe  trusses  are 
iiecoming  quite  popular  with  more  than 
one  Western  state  highway  de|)artment. 
The  accompanying  drawing  shows  the 
standard  type  of  ITowe  truss  liighwav 
bridge  ad()])ted  by  the  engineering  de- 
partment of  the  [Jtah  State  K<iad  Com- 
mission. These  bridges  are  built 
spans  ranging  from  20  to  SO  Ft.  ' 
example  given  is  for  a  liO-ft.  s|ian.  All 
pony    tnisses. 


10-0 >+< Tt-O" 

'< - ■  -eZ-O'  Lower  Chord 

Half'' Lower    Chord  Cross-Sec+ion 

STANDARD  PONY  HOWE  TRUSS  HIGHWAY  BRIDGE.  WITH  COMPOSITE  LOWER  CHORD.  UTAH  .'^TATE 
^  _-    J  HIGHWAY    DEPARTME.N'T  _.  i  ^  v^V; 
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The  briilge  illiistnited  li;is  a  clear  width  of  nearly  1 C 
ft.  It  is  designed  for  a  dead-load  of  B80  lb.  per  lin.ft., 
a  uniform  live-load  of  100  lb.  per  sq.ft.,  and  a  ronccn- 
trated  live-load  of  an  18-tou  roller.  The  impact  allow- 
ance for  the  trusses  is  18%  of  the  maximum  live-load 
and  for  the  floor  system  25%.  The  60-ft.  trusses  shown 
are  given  a  camber  of  6  in. 

The  essential  feature  of  the  bridge  is  the  makeup  of  the 
lower  chord,  all  the  tension  in  which  is  carried  by  a  steel 
plate  laid  on  top  of  two  4x(;-in.  timbers,  which  give  the 
necessary  stiffness.  Tlie  Hoor-beams  and  panel-point 
castings  are  laid  on  top  of  the  lower  chord  plate. 

The  trusses  are  braced  laterally  at  the  panel-points  by 
means  of  3x3x%-in.  angles  extending  from  the  upper 
i-hord  to  the  ends  of  the  floor-beams.  In  the  GO-ft.  truss 
-liown  braces  are  required  at  the  end  jianel-points  only. 

A  highway  bridge  of  this  type  can  be  built  for  abo\it 
half  tile  cost  of  a  steel  truss  or  concrete-girder  bridge 
rlesigned  for  the  same  live-load.  The  standard  steel 
bridges  of  similar  spans  have  concrete  floors,  and  possess 
correspondingly  greater  durability.  The  wooden  bridg(>. 
Iiowever,  requires  less  attention  in  certain  localities,  such 
as  in  the  alkali  country. 

Tile  bridge  shown  contains  14,407  board  feet  of  him- 
l)er,  4,247  lb.  iron  in  angles,  plates,  bolts  and  nails.  1.S.5G 
lb.  castings  and  729  lij.  hangers  and  nuts. 

Tiie  state  road  engineer  of  Utah  is  E.  R.  ilorgan;  tiie 
liridge  engineer  is  Hugh  C.  Lewis. 

Snatching  wagons  from  a  large  cellar  excavation  for 
the  Underwood  Service  Building,  New  York  City,  is  done 
in  two  lifts,  as  shown  in  the  sketch.  Two  lines  are  used 
running  from  a  2-drum  Lidgenv'ood  hoist.  The  longer 
line  attaches  to  the  hounds  of  a  loaded  wagon  and  pulls 
it  rapidly  to  an  intermediate  elevation  or  landing  where 
tliis  line  is  unfastened,  the  wagon  is  given  a  half  turn 
in  tiie  direction  of  the  second  incline,  and  the  second 
line  is  fastened  to  the  rear  axle.  The  load  is  thus  drawn 
to  tiie  street  level.  Connecting  tiiis  line  to  the  rear 
axle  makes  it  jiossible  to  filace  the  2-sheavc  bl<ick  well 
inside  the  curb  Hue. 

There  are  12  to  18  trucks  of  3-yd.  capacity  employed 
on  this  contract,  each  making  8  or  10  trijis  per  day. 
'I'hcy  are  loaded  by  a  %-yd.  Hucyrus  shoM'l  working  in 
the  pit.  Steam  is  supplied  to  i1  rroiii  the  hciilci-  ol'  the 
lioist.  The  shovel  will  be  us(!(l  to  a  depth  of  l(i  ft.  below 
street  level,  from  whicli  pr)int  the  excavation  will  be  car- 


ried liy  hand  work  to  a  depth  of  20  ft.  The  limiting  fac- 
tors in  moving  the  material  are  the  matter  of  availabL 
scows  and  the  weather.  The  spoil  has  to  be  taken  3  mi 
out  to  sea,  wliich  restricts  a  scow  to  one  load  per  day. 
The  excavation  on  this  83xl32-ft.  plot  is  being  doni 
liy  P.  H.  Chapman.  The  architects  for  the  building  aiv 
McKenzie.  Voorhees  &  Gnielin. 
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Proposed    Method    of   Denignatiug    Section    Corners — In    the 

"Michigan  Engineers'  -•Vnnual."  1S94.  appear  four  different 
systems  of  designating  corners  of  sections  and  quarter  sec- 
tions. One  of  these  was  offered  by  F.  Hodgman  ;and  is  also 
found  in  his  work  on  surveying.  The  discussion'  dwelt  upon 
the  fact  that  surveyors  should  adopt  some  easily  remembered 
system  of  designating  corners,  so  that  a  letter,  figure  or  char-  _ 
acter  might  be  jotted  down  and  thus  do  away  with  the  nec$s- 
-  '.  .       od      gg'     a 3 a 4 g5 
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propos;ed  method  of  designating  divisions  of 
public  land  survey  section 

sity  of  writing  a  more  extended  note,  possibly  under  unfavor- 
able conditions.  1  have  a  plan  that  I  think  is  much  better 
than  any  other  I  know  of.  It  offers  a  designation  for  each 
corner  of  each  40-acre  division  of  a  section.  This  is  of. course 
particularly  adapted  to  the  regular  subdivision  of  sections. 
I  believe  the  more  one  studies  the  system  and  becomes  famil- 
iar with  its  merits,  the  better  it  will  be  liked.  It  is  very 
flexible  and  can  be  manipulated  to  indicate  much  by  a  brlel 
note. — H.  H.  Rankin,  C.  E..  Stronghurst,  111. 

A  BridBe  S|>nn  Turned  I'pside  Down  by  a  flood  is  shown 
diagrammatic.ally.in  the  accomp<inying  sketch.  It  is  one  span 
of  the  reinforced-concrete  girder  section  of  the  Sloans  Ferry 
bridge  across  the  Catawba  River  in  North  Carolina,  which  was 
wrecked  by  the  July  floods,  as  .described  in  "EngineeriBi 
News."  .luly  27.  1916,  p.  IS.'i.  S.  H.  Lea.  City  Engineer  o(  IS 
Charlotte,  N.  C,  who  sent  the  sketch,  says  that  this  one  sp-ii 
is  overturned  completely.  The  .downstream  post  A.  whiil 
was    founded   some   feet   below   river   bottom,   has   been   raises 


Sreenwich      S+ 

PULLING    DUMP  WAGONS    FROM    BUILDING    EXCAVATION 

IN  TWO  LIFTS 


CONCRETE   BRIDGE   TURNS  A   SOMERSAULT 

to  the  ground  line;  it  served  as  a  pivot  on  which  the  spa' 
somersaulted,  breaking  off  one  post  completely  and  severln^ 
the  other  in  two  places.  The  pressure  of  the  Hood  watei 
which  was  4  ft.  over  the  balustrade,  was  evidently  tremendous 
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A  steel  rocker  castini;'  iiiulci-  one  eoi-iier  of  the  siis|ieii(l- 

1  span  of  tile  new  (^iiel)ee  IJridge  lirst  <iiive  Wiiy.    This  is 

jnclusively  proved  hy  the  i-onvineino-  array  of  stnutiiral 

.idenee  set  forth  in  anotlipi'  part  of  this  issue,  ohtained 

rst  hand  hy  a  nieniher  of  the  editorial  staff  of  Kiu/iiicer- 

iq  News,  who  made  a  careful  examination  of  the  entire 

fting  equipment  left  in   place  after  the  accident. 

The  results  ol  this  examination  of  the  hridge  are  shown 

this  issue  in  a  peculiarly  graphic  inanner — with  plan 

id  perspective  photograjjhs  accompanied  hy  key  sketches. 

Iiis  full  record  confirms  the  explanation  of  the  accident 

ven  in  Engineering  Xcirs  last  week. 

•  The  .statement  of  the  condition   of  tin-   liftini.r  ecjuip- 

■nt  and  the  explanation   of  the  events   of  the  disaster 

.'en  in  this  issue  have  heen  vei-ified  hy  confi'i-ence  with 

?  engineers  of  the  St.   Lawrence   Hridge   (!o.   and   are 

rmonious  witli  the  otticial  views. 

Exactly  how  the  accident  happened  can   now  he  stated 

'  ;h  certainty.    To  sumniai'i/'e  concisidy  the  inoic  detailed 

(  tement  made  elsewhere;     .V  steel  casting  hy  which   the 

'  ight  of   the   south    U|istreani    corner   of   the   suspended 

!•  n  was  transferred  to  the  lifting  girder  hroke  in  such 

i  lanner  that  the  girder  kick(>(l  i)ack  from  under  it.   This 

(  ner  of  the  span  droppeil  into  the  watiM-,  starling  trans- 

\  sal  rotation  of  the  whole  south  end  of  the  span.     l"'or 

a    instant    there    was    hi'a\y    extra    load    on    tlie    down- 

s  •am  corner  of  the  span,  hut  the  hangei-  held,  and  Mlien 

t    tipping  progressed    far  enough   the  southeast  corner 

ill  left  its  hanging  sn])])ort  and   went   down    into   llie 

fl  er.     Owing    to    the    weakne.ss    of    the    laterals,    the 

r  ition  of  the  south  end  of  the  truss  wa.s  not  very  largely 

ei  nuinicatiMJ  to  the  noi1h  end.  the  trusses  crumpling  at 

tl   pin-connected    joints.      F.oth   north  corners  therefoi-e 

'■  '.'  on  until  the  other  end  of  the  span  had  disappeared 

!■  water  and  then  let  go,  practically  siin\dtane(nisly. 

■  much   for  what  actually   hajjpened.     The  (piestion 

li    aro.se  at  first  in  the  minds  of  laymen  and,   indeed, 

ill  he  minds  of  engineers  not  daily  engaged  in  structural 

in  {  was,  "Why  was  not  provision  made  again.st  tlie  effect 

■><  nch  a  casting  hreaking?"     The  an.s\ver  of  structural 

Miers,  of  course,  is  that  there  was  no  more  rea.son  to 

such  ])rovision  at  the  corner  su])port  that  gave  way 

ii    at  each  and  every  one  of  a  hundred  other  ])arts  of 

til  )riclge  where  treachery  of  material  would  have  .started 

■'  'T-ident.     There  was  no  suspicion  that  here  danger 

d  unseen,  and   it  was  impossible  to  provide  against 

ailure  of  material  everywhere  in  the  hridge. 

conclusion  it  is  merely  giving  ciedit  where  credit 

'■  tr)  express  our  appivciation  of  the  hroad-minded, 

d  attitufie  of  the  company  and  of  the  Hoard  of  Engi- 

in   the   face  of   this  accident,   and    particularly   of 

uesideiit    id'   the   hridge  company,    i'helps  .lolinson. 

piece  of  information  in  the  possession  of  tJU!  i-om- 

lias  heeii  made  accessible.    Every  facility  for  examin- 

lius  been  provided.     Every  suggestion  has  been  wel- 

d  in  the  search  for  tiie  i.aiisi-.     The  whole  procedure 


is  a  spleiulid  example  of  high  jirid'essional  ethical  stand 
aids  in  the  administration  of  a  gigantic  construction  en 
ler|)rise  at  a  time  of  great  sti'ess. 


sJiTHirtciisas 
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It  will  he  worth  while  to  watch  the  residts  ohtained 
from  I  he  lai-ge  installation  of  drifting-sand  water  filters 
that  will  soon  go  into  o|)eration  at  Toronto,  Ont.  The 
major  features  of  this  new  type  of  mechanical  filters  are 
filtration  through  (  1  )  drifting  sand  and  (2)  a  low(>r  body 
of  stalionai-v  sand,  there  being  no  physical  sejjaration  be- 
tween the  two.  The  sand  ilrilt  is  pi-ovided  by  constant 
removal  of  a  purl  ion  of  the  uppei'  and  moving  sand 
h(jdy  anil  the  return  of  this  sand  through  a  vertical  indiic- 
tinii  washer.  The  drifting  action  is  depended  on  to  I'ender 
precoagulation  unnecessai-y,  while  the  constant  washing  of 
ibe  drifting  sand  is  expected  to  les.sen  materially  the 
fre(|uency   of   backwashing   the  iMitire  sand   body. 

.\s  is  so  ciinimnii  in  both  water  and  sewage  treatment, 
Ibe  gains  in  the  drifting-sand  filters  are  to  some  degree 
olf.set  by  losses,  or  at  leasl  by  added  expense.  Coagula- 
tion basins  are  cut  out.  and  the  elfective  filtering  area  is 
doidiled,  the  engineers  for  the  process  state;  but  the 
sand  bed  is  nnusiially  deep.  Fi'eipu'ncy  of  complete  wash- 
ing is  greatly  reduced,  bill  a  part  ol'  the  sand  is  being 
washed  and  returned  every  iniiiute.  The  numerous  units 
per  filter  tank  add  to  the  ainoiiiil  and  complexity  of  both 
the  stnu-tural  work  and  the  piping,  as  compared  with  the 
ordinary  ty])e  of  mechanical  lilter.  .Ml  tbesi!  things  com- 
bined are  not  necessarily  serious,  but  what  the  net  gain 
of  the  new  process  will  he  is  a  matter  to  be  determined 
by  experience. 

In  passing,  it  may  be  noted  that  the  early  mechanical 
filters  were  operated  without  precoagiilalioii ;  that  one 
iiKH-banical-filter  company  was  wrecked  by  tackling  a  ver\ 
turbid  water  without  precoagulation;  and  that  as  expe- 
rience with  both  meclianical  and  slow  sand  filtration  ha-; 
increased,  coagulation  basins  have  become  more  and  more 
common  and  larger.  .\11  this,  however,  does  7iot  prove  that 
drifting  sand  may  not  prove  to  be  an  efficient  substitute 
for  precoagulation,  just  as  the  activated-sludge  process  of 
sewage  treatment  may  yet  make  ))reliminary  sedimenta- 
tion unnecessary. 

The  last  remark  suggests  a  likeness  between  the  drill- 
ing-sand and  the  activated-sludge  jiroces.ses.  In  each  case 
the  liipiid  being  treated  is  brought  in  contact  with  a 
moving  medium.  To  go  farther  than  has  yet  been  at- 
tempted, or  perha|)s  conceiveil  before  this,  might  the  sand 
removing  and  I'enewing  device  in  the  drifting-sand  filtei- 
be  adopted  for  use  in  the  removal  of  activatt^d  sludge  and 
.sewage  and  the  return  of  a  |)ortion  of  the  sludge  to  the 
activation  tank?  This  (juestion  is  rendered  .sonu'what 
pertiiienl,  perhajis,  by  the  recently  expressed  opinion — in 
i'lngland  and  perhaps  al.so  in  America — that  mechanical 
agitation  of  sewage  woidd  serve  as  well  as,  if  tiol  belter 
than,  forced  ai'iation. 
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The  Toronto  driftincr-sand  filters,  described  elsewhere 
in  this  issue,  wore  made  more  costly  and  made  also  to 
I  over  iiioi'o  area  tiian  was  necessary,  because  of  ;'a  prefer- 
ence on  (lie  part  of  the  city  authorities  lor,  steel  rather 
I  ban  reinforced-concrete  tanks.  The  alternative  bid  lor 
roiicrete  was  considerably  lower  than  the  accepted  l)id. 
At  the  same  time,  the  accepted  bid  was  deemed  materially 
|in\cv.  jccordiiiij  to  Commissioner  Harris"  report  (Kngi- 
iici  liiKj  Scirs.  June  So.  1  ill 4)  than  the  lowest  competing 
liids  for  mechanical  filters.  To  what  extent  this  was  due 
tn  ;i  determination  to  install  a  large  plant  of  the  drifting- 
>anil  ty]ie  in  America  we  cannot  say.'  One  test  of  the  new 
tv|)e  of  mechanical  filters  worth  watching  will  be  how  it 
meets  first-cost  competition  in  the  future.  Another  ini- 
])ortant  factor  to  watch  will  be  unit  operation  costs,  and 
still  another  will  l)e  purification  results. 

Finally,  the  stress  here  laid  upon  watching  the  drift- 
ing-sand  filters  is  not  prompted  by  skepticism.  These 
filters  should  be  watched  because,  although  brilliantly 
novel  in  the  main  principles  of  opei-ation  and  in  several 
details,  they  possess  both  the  promise  and  the  uncertainty 
of  new  processes  or  apparatus  not  yet  tried  on  a  large 
scale  and  under  the  varied  conditions  of  many  localities. 
It  is  a  fine  thing  that  Toronto  had  the  courage  to  lead 
the  way  and  afford' the  engineering  profession  a  first-rate 
(ip)K)rtunitv  for  watching  drifting-sand  filters. 

ililestone  ;!.")  was  passed  by  the  New  England  Water- 
Wcii-ks  .Vssociation  when  it  clo.<ed  its  annual  convention 
:it  I'ortlaiul  on  Sept.  Ki.  The  52  names  added  to  the 
m(Mul)ei-ship  list  during  the  convention  equalled  the  total 
number  of  members  at  the  time  an  ex-secretary  of  the 
iissociation  in  attendance  at  Portland  assuuu'd  office  a 
i|iiartei-  century  or  more  ago.  Thus  Far-  this  year  lot) 
new  meiuliers  have  been  eni'olled.  The  aim  is  to  make  the 
gain  for  llUd  at  least  -^on.  This  would  liriiig  the  total  up 
to  1.100.  Siui-e  all  water-works  niiMi  e\er\wheri>  ai'e 
eligilde  to  MU'Uibership.  it  should  be  no  hard  task  to  get 
.")0  more  to  join    in  the  next   three  months. 

The  j'ortlaud  convention  accoi'dcd  with  the  traditions 
of  the  .Vssociation  in  having  business  sessions  and  excur- 
sions sandwiched  togethei-  so  as  not  to  give  rise  either  to 
weariness  or  surfeit  and  to  alVord  no  lack  of  opi)oi1unity 
lor  social  intercourse. 

The  number  of  papers  and  committee  reports  scheduled 
tor  most  of  the  business  sessions  was  perhaps  too  large, 
tending  to  haste  and  the  curtailment  of  discussion.  This 
might  I'eadily  have  been  avoided,  as  .some  of  the  subjects 
hai-dly  called  for  discussion,  nuiking  [)resentation  to  the 
.Association  quite  unnecessary.  Of  the  half  dozen  i)a|)ers 
and  reports  printed  for  circulation  at  the  meeting,  some 
niight  have  been  read  by  title  only  or  in  very  brief  abstract. 
It  is  a  rare  society  and  a  rarer  author  that  has  sufficient 
restraint  to  refrain  from  reading  at  least  the  greater  ])art 
of  a  pajier.  even  if  it  is  already  in  the  hands  of  all  the 
members. 

The  two  sessions  foi-  superintendents  narrowly  esca|jed 
the  ))itfall  that  has  invited  disaster  at  conventions  of  the 
American  Watei'-\Voi-ks  .Vssociation,  namely,  the  monopo- 
lization of  time  by  some  controversial  subject  that  does 
not  greatly  concern  the  superinteiulents.  or  else  the  n.se  of 
overmui-h  time  by  engineei's.  material  men  or  other  special 


interests,  so  that  the  superintendents  listen  rather  thai 
(Ikscuss. 

.V  vveakne.ss  that  besets  all  associations  is  the  creation  n 
innnerous  committees  and  the  subsequent  failure  of  tli 
meml>erslii|)  to  give  theni  suii|i(irt  in  the  way  of  answpi' 
to  (|uestionnaires.  This  laek  of  eoo|)eration  was  euiplia 
sized  in  the  case  of  inquiries  uti  pipe  leakage  recenti 
sent  out  by  a  counnittee  of  the  New  iMigland  Water-Work 
.Association.  Only  20  or  2o%  of  replies  were  received  an^ 
many  of  these  were  scanty.  It  may  be  that  some  com 
uiittees  are  given  or  themselves  assume  tasks  that  slioul 
not  be  attempted;  or  that  inquiry  blanks  are  not  we 
framed:  nr  that  connnittees  should  not  stop  short  wii 
.sending  out  one  set  of  inquiries  to  the  persons  on  thei 
list.  Still,  more  cooperation  should  be  given  or  fewc 
committees  should  be  created. 

Xotwithstanding  the  difficulties  attending  conunitte 
work,  the  Portland  convention  voted  for  the  appoint 
ment  of  two  new  committees,  each  with  much  hard  wor 
to  do  if  worthy  results  are  accomplished.  These  wei 
committees  on  accounting  and  on  meter  specificatioiii 
It  is  to  be  hoped  that  the  members  will  support  thef( 
committees  in  their  arduous  and  important  tasks. 

It  should  be  understood  that  none  of  the  dangers  hei 
mentioned  are  peculiar  to  the  Xew  England  Water-Worl 
Association :  that  it  has  a  good  record  for  steering  ; 
clear  of  them  as  can  be  expected  of  any  technical  society 
and.  finally,  that  the  Portland  convention  was  pronounce 
bv  all  in  attendance  to  be  one  of  the  best  water-worl 
i-onventions  ever  held. 


Some  years  ago.  the  580  cases  of  typhoid  fever 
Indianapolis  during  the  last  three  weeks  in  August  won 
have  been  officially  and  popularly  charged  against  tl 
Indianapolis  Water  Co.  Both  general  knowledge  ai 
local  facts  make  that  impossible  now.  .\ny  city  \m 
a  well  purilii'd  water-supply,  like  that  su|)plied  liv  t 
Indiamqiolis  Water  Co.,  rests  assured  that  it  is  pi 
tccted  against  tyjihoid  from  water,  if  it  will  only  v 
that  and  will   shun   less  safe  supplies.  w 

A  detailed  investigation  made  years  ago  by  an  oiittii' I 
expert  indicated  that  the  excessive  typhoid  then  j.revalo  ^ 
at    Indianapolis    was    due    to    thousands    of    unsewer 
premises  and  ]u-ivate  wells.    Some  progress  may  have  ix-' 
made  since  then  in  bettering  these  dangerous  conditioi 
hut   not   enough.      Four  years  ago  an   ordinance  iiini 
at  unprotected  privies  and  the  typhoid  fly  was  defeat 
in  the  city  council  because  of  opposition  on  the  grouii 
of    expense    and.    we    |iresume,    interference    with    t  L 
freedom   of  the   individual.      Presumably,   the  jwopie   ^ 
Indianapolis  have  paid  a  yearly  typhoid  toll  ever  sin 
and  this  year  there  is  no  question  about  it. 

Of  course  there  may  be  other  cau.ses  than  privies  ai 
polluted    private    wells    for    this    typhoid    outbreak 
Indianapolis.      Whatever   the   causes   may    be,   it  is  t 
duty   of   the   city    to    locate   and    eradicate   them.     T 
state   and    local    health   authorities   appreciate   this,  li 
the  city  council  seems  to  lack  either  the  intelligence 
the  courage  to  do  its  part.    The  water  eomitany,  howev' 
if  we  understand  local  conditions,  has  the  satisl'action 
knowing  that   it   has  done   its   part   toward  eliniinafi 
typhoid    from    Indianapolis. 
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There  is  a  widespread  lielief  in  tlie  United  States  tiiat 
iinediately  after  the  eluse  of  the  Eiiro]iean  \\'ar  tiiere 
ill  be  an  enonnmis  influx  of  emiirrants  from  Europe ; 
1(1  further  that  when  the  manufacturers  of  Eurojie  turn 
oni  making  munitions  of  war  to  making  goods  for  sale, 
(>ro  will  be  a  vast  output  of  cheap  goods  dumped  onto 
I'  American  market.  Concerning  these  predictions,  it 
(if  interest  to  note  the  following  statement  by  tlic 
iierican  Association  of  Commerce  and  Trade  of  Berlin 
inted  in  its  bulletin  for  June : 

The  American  press  is  at  piesent  teeming  with  articles  re- 
rding  immigration  to  the  United  .States  after  the  war. 
<  this  subject  and  that  of  dumping  foreign  goods,  especially 
'  German  manufacture,  on  the  American  market  after  this 
1  rible  struggle  is  over  theie  is  wide  misconception  of  the 
1  0  states  of  affairs.  There  will  be  no  emigration  from  Ger- 
1  ny  after  the  war  for  the  reason  that  every  able-bodied 
I  n  will  be  able  to  find  work  at  good  wages.  There  will  be 
I  dumping  after  the  war  for  the  simple  reason  that  there 
\  1  be  nothing  to  dump.  German  stocks  are  more  or  less  de- 
I  ted  and  those  that  are  left  will  be  required  for  home  con- 
1  option,  so  the  anti-dumping  laws  will   lie  unnecessary. 

M.eaEaif®E'cedl  Coiracrete 

V  most  useful  adjunct  to  tiic  insjicctiim  of  reinforced 
c  crete  has  been  develo])ed  in  Switzerland,  if  the  report 

0  the  United  States  consul  at  St.  Gall  in  that  country 
(•    be  taken   at  its  face   value.     According   to   Consul 

1  ,  an  engineer  of  the  Swiss  T?ailway  Department,  one 
E  Stettler,  has  perfected  a  Roentgen  ray  ap]5aratus 
H  reby  he  is  enabled  to  take  ]ihotographs  of  a  rein- 
f(  ed-concrcte  member  so  as  to  show,  clearly  enough 
f(  practical  purpo.ses,  the  disijosition  and  size  of  the 
Tt  forcing  steel  embedded   in  the  concrete. 

■■ovided  the  cost  can  be  brought  within  commercial 
.  such  photography  has  great  possibilities,  not  only 

-u  inspection,  but  in  the  test  of  concrete  structui'cs; 
fo  the  misplacement  of  reinforcing  steel  is  an  old  but 
re  rring  evil  the  eifects  of  which  are  well  known.  Its 
<li  )ver\',  however,  is  more  than  often  difficult.  In-t  ru- 
in t  manufacturers  and  testing  engineers  would  do  well 
'o  lok  further  into  the  olficial  report. 

Watlhi  tlhe  S 
Emi^iinieeipaEjig  JFiP©aessa©ia 

ine   years    ago.    in    the    issue    of    l-Jin/iiicfriiii/    Xcirs 
II  'ilialely  following  the  eollap.se  of  the  south  cantilever 
Quebec  Bridge,  on  Aug.  29,  1907,  we  said: 

-   with   the  keenest   regret  that  we   record   the  disaster 

great  cantilever  bridge  under  construction  over  the 
wrenee   River   at   Quebec.      We   are   sure   this   regret   is 

l>y  every  engineer  who  takes  the  least  pride  in  his 
i'>n    and    its    achievements.      And    the    feeling    is    even 

than  regret.  When  the  newspapers  spread  the  news 
if-rrible  disaster  at  Quebec  to  every  corner  of  the  coun- 

■  usands  of  engineers,  as  they  read  the  story,  were 
I  and  sick  at  heart.  They  felt  not  only  horror  at  the 
'  life,  sorrow  and  sympathy  for  their  brothers  of  the 
^ion,   but   also   a   sense   of   personal    loss   as   well. 

le  is  no  doubt  that  the  engineering  pi-ofession  at  the 
I  day  is,  if  possible,  more  d(!eply  sliocked  and 
■\  than  at  the  tinu.'  of  the  catastrophe  nine  years 

new  Quebec  Bridge  represents  the  highest  achieve- 
•\er  recorded  in  structural  engineeriug,  Tiie  les- 
I light  by  the  unfortunate  catastrtjplie  of  190T  have 
ill  learned.     In  the  design,  manufacture  and  erec- 


tion of  the  new  (Jucbec  Bridge  tbei-e  lias  been  nowlici'e 
any  s])aiing  of  e.\])ense.  any  failure  to  employ  the  best 
technical  skill,  any  lack  of  ])i-ecautions  to  make  certain 
that  the  lini.shed  structure  should  be  as  perfect  as  could 
possibly  be  built  at  the  pi'esent  day.  That  the  failui'e  of 
the  miit(^iial  in  one  small  detail,  designed  for  use  in  the 
erection  pi-ocess  and  not  in  the  finished  structure,  should 
destroy  in  a  few  seconds  the  great  susjiended  span,  the 
(inal  link  to  comjjlete  the  greatest  bi-idge  iti  the  woi'ld. 
is  a   pii'ce  of  most  undeserved  bad   luck. 

It  is  always  (>asy  to  criticize  after  the  event.  Hind- 
sight is  always  wiser  than  foi-esight.  Who  in  the  engi- 
neering ju-ofcssion  lias  the  cocksnreness  to  say  that  he 
would  have  been  wise  enough  l)eforehand  to  have  imagined 
the  ])ossibility  of  this  siiectacular  failure  occurring  in 
the  way  it  actually  did  occur? 

The  men  in  charae  of  this  most  remarkable  feat 
of  bridge  erection  e\er  undertaken  went  to  well-nigh  un- 
heard of  lengths  in  coinjiuting  and  testing  and  determin- 
ing beforehand  tlie  safi>tv  and  cei-tainty  of  each  step  of 
the  process. 

But  experience  teaches  again  that  disaster  may  come, 
K'vcn  to  the  most  careful.  In  the  light  of  what  has  hap- 
pened at  Quebec,  engineers  in  every  rank  of  the  in-ofession 
must  realize  anew  that  there  is  a  lurking  possibility  of 
failure  in  every  task  that  the  engineer  performs  and  that 
when  such  failures  come  those  who  suffer  by  it  deserve  the 
broad  and  generous  sympathy  of  their  brethren. 

The  final  success  of  any  great  engineering  work  de- 
pends on  a  multitude  of  details  and  on  eternal  vigilance 
to  see  that  none  are  neglected.  Tt  is  the  engineer's  duty 
to  study  disasters  to  engineering  works  because  of  the 
useful  lessons  they  may  teach  :  but  let  him  study  them  with 
all  sympathy  for  his  brother  engineer  who  lias  borne  the 
res]ionsibility,  remembering  that  he  himself  might  have 
been  in  a  like  situation. 


SBOuas  aim 

.Any  engineer  who  still  has  any  doubt  that  fine  dnst 
lloatiiig  in  the  air  in  proper  projiortions  constitut(>s  a 
powerful  explosive  and  can  be  ignited  without  the  ]u-es- 
cnce  of  any  inflammable  gas  will  do  well  to  studv  Bulletin 
379  just  issued  iiy  the  De])artment  of  .Vgricultui-e.  This 
inilletin  reports  the  results  of  an  investigation  of  the 
explosions  and  fires  that  have  occurred  in  the  grain  se]i- 
arators  of  threshing  machines  in  the  Pacific  Northwest. 
Its  authors  are  David  J.  Price,  of  the  Bvtreau  of  Clieni- 
istry,  and  E,  B.  McCormick,  of  the  Office  of  Public  Poads. 

The  investigation  was  made  in  eastern  Washington, 
northern  Idaho  and  northeastern  Oregon.  No  less  than 
I  (Hi  fires  and  ex))losions  which  occurred  in  grain  se|)ar- 
ators  while  the  wheat  crop  of  1!)!.")  was  being  threslied. 
were  investigated.  This  section  has  an  arid  climate;  and 
in  the  fall  of  the  year  when  wheat  threshing  is  going  on, 
the  air  is  usually  very  dry.  The  wheat  crop  of  191.5  con- 
tained a  large  percentage  of  smut;  and  the  investigations 
indicate  that  it  was  the  very  fine  dust  from  this  smut 
that  exploded.  The  ignition  of  the  dust-charged  air  ap- 
pears to  have  occurred  in  most  ca.ses  from  a  spark  due 
to  static  electricity  generated  by  some  part  of  the  ma- 
chinery. The  means  suggested  for  preventing  these  ex- 
plosions is  grounding  the  separator  to  prevent  the  accum- 
ulation of  static  electricity  and  the  attachment  of  a  suction 
fan  U)  the  .separator  to  remove  the  dust  as  it  is  formed. 
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FB®ldl=A.rftiller5^  Seirvice  for 

Sir — I  have  rcail  with  interest  the  article  entitled 
'•  Field-Artillerv  St'r\i(e  Should  Attraet  Engineers."  bv 
Ernest  ilcCuUoujih,  in  Enrjiueer'nuj  Xcirs.  AuiX-  21.  1!)16. 

In  order  to  vis\ializo  the  problem  of  .aim  pointinj;-  for 
indirect  fire  clearly.  I  have  found  it  heljifid  to  lav  out 
on  a  celluloid  triaiijrle  a  small  circle  alxmt  3  in.  in  diam- 
eter, divided  into  (i4  equal  parts.  uunil)ered  counter- 
ilockwise.  With  this  protractor  and  a  scale,  any  prob- 
lem   may    be    laid    out    with    snlficipnt    accuracy.     The 


method  of  solution  is  intercstimr  to  the  civilian  engiii 
used  to  makin-j;  calculations  of  this  sort  with  a  .- — 
])lace  logarithm  table. 

The  rule  of  plus  and  minus  signs  is  perhaps  the  m 
difHcult  one  for  the  beginner  to  grasp,  and  the  best  t 
to  illustrate  this  law  is  to  solve  several  problems. 

In  measuring  angles  the  battery  commander's  ti 
scojie  is  used.  This  telescope  is  mounted  on  a  tri) 
similar  to  an  engineer's  transit,  but  the  telescope 
vertical  instead  of  horizontal  and  arranged  exactly  1 
the  periscope  on  a  suliinarine.  The  horizontal  circle 
divided  into  64  equal  divisions.     The  telescope  has 


■Afa./^i/^B 
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PROBI>EM  1 
yiaiiKe,  3,000  yd.:  tarKet.  left 
front;    B    C    station.     r.OO    yd., 
ripht     Hank.       Aiming:     point, 
4,000  yd.,  right   front. 
B  = 


500 


X  1  = 

X  1  = 


i2n 


:lil.= 


r,  -  B  +    (P  —  T)   -        47.'.  mils 
Deflection    Difference: 

For  converging  fire 
20 
P'  =  —  X  1  =    +  .')  mils 


20 


X  1  =   +  ■ 


mils 


Therefore  "close  by  2." 
For  parallel   fire 


PP.or.LlC.M    2 
Ranse,     3.O00     yd.:     target, 
right   front:    B   C   station,   .'iOO 
yd..       riglit       Hank.         .\iminsf 
point.   4.000  yd.,   left   front. 
B  =  ."),870  .'i,S70  mils 

500 

P  -  X  0.9=  +120 

4 
500 
T  =  XI      =  +167 

P  —  T=  — 47 — 47  mils 

G  =  B   +    (P  —  T)=  5.S23  mils 

Deflection    Difference: 
For  converging  fire 

20 
V  =  —  X  1  =    +  5  mils 


20 
=  —  X  1  = 


ills 


lerefore  "close  by 
3r  parallel  fire 


Therefore   "open  by 


PROBLEM    3 
Range,     2,600     yd.:     target, 
right   front:   B  C  station,   200 
yd..      right       flank.         .timing 
point.  2.000  yd.,   right  rear. 
B  ~  2.SS0  2.SS0  mils 


P  = 


200 


-X0.!t6=- 


-90 


P  — T=  — 167 — 167  mils 

G  =  B   +    (P  —  T)  =  2.71.3  mils 

Deflection  Difference: 
For  converging  fire 
20 

X  0.9  =  — 9  mil? 


2.0 
20 


XI      =    +  S  mils 


l„  —  T'  =  — 17  mils 

Therefore  "close  by  17." 


•"or  parallel  Are 


PROBLEM  4 
Range.     2.4.'0     yd.; 


Ur 


right  front:  B  C  station, 
vd..  right  flank.  AlB 
point,  1,800  yd.,  left  re*r. 
B  =  3.760  3,760 

250 
P  =  X0.8  =  — 110 

l.S 

250 
T  =  -X  1     r:    +  100 

P  — T  =  —210— ML* 

(i     ;;   B    +    (P  T)    -     3,5Ml 

Deflection    Difference: 
For  converging  flre 

20  ,. 

P'  = X  1     =-4' 

2.4 

20  „. 

T'  =  + X  0.8=  *•' 


Therefore  "close  by 


.-tIV 


l'''or  iiarallel  flre 


=  —8  mlla 
=      0  mils 


P'   T'  =  — S  mils.. 

Therefore   "close  by  S" 


Sc'ptemlKT  21,  :1916 
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movements  similar  to  tlie  transit,  and  a  micrometer  per- 
mits the  reading  of  horizontal  anfrles  to  single  mils — 
'  ,,^„„  of  the  circumference — and  also  vertical  angles  to 
inO  mils  through  a  small  are.  Tl.e  graduations  on  the 
liorizontal  circle  are  numbered  counter-clockwise.  The 
upper  plate  is  notched  at  the.  even  100-mil  divisions,  and 
a  spring  engagina'  the  notches  sets  tlie  instrument  auto- 
matirallv  at  these  divisions.  The  micrometer  takes  the 
place  of  the  slow-motion  screw  of  the  transit. 

This  telescope,  properly  leveled,  with  the  index  set 
lit  zero,  is  first  pointed  at  the  aiming  point,  usually  an 
easilv  defined  object  whose  distance  to  tlie  battery  is  ap- 
proximately known.  The  lower  motion  is  then  clamped, 
(he  plates  released,  and  the  telescope  is  pointed  at  the 
target.  The  angle  with  the  aiming  point — angle  B  it  is 
ii-nfl]ly  called — is  read  on  the  micrometer. 

Tlic  distance  from  the  battery  commander's  station, 
wliicb  is  usually  some  multiple  of  a  platoon  front  for 
convenience,  is  divided  by  the  distance  to  the  aiming 
point  expressed  in  thousands  of  yards,  and  the  quotient 
is  multiplied  by  a  percentage  correction  for  the  obliquity 
of  tlie  line  BP  with  tlie  line  GB  from  No.  1  gun  to  the 
battery  commander's  station.  The  result  is  the  angle  P. 
Tlie  alwve  correction  is  the  sine  of  the  angle  which  the 
line  BP  makes  with  the  line  GB.  The  sines  of  the  an- 
odes 400.  800,  1.200.  etc..  to  6,400.  are  usually  memorized. 
For  an  angle  between  400  and  .500  mils  this  correction 
i>  approximately  00^^.  For  800  mils  it  is  70%;  for 
1 .200  mils,  40%  :  for  1 .600  7nils.  zero,  etc. 

Tlie  angle  T  is  found  in  the  same  way  and  is  always 
f.'iven  the  positive  sign.  Tlie  angle  P  is  positive  or 
negative  as  the  aiming  point  happens  to  lie  in  the  front 
f)f  or  in  the  rear  of  the  battery.  The  angle  G.  or  PGT. 
the  deflection  angle  of  No.  1  gun.  is  then  equal  to  anale 
/;  plus  (P  —  T). 

The  deflection  of  Xo.  2  gun  is  found  in  exactly  the 
line  way,  angle  P'  being  equal  to  20  yd.  divided  by  the 
'listaiice  from  the  battery  to  the  aiming  [loiiit.  and  7" 
20  yd.  divided  by  the  distance  from  the  battery  to  the 
target,  corrected  as  above,  both  divisors  being,  of  course, 
expressed  in  thousands  of  yards.  This  deflection  differ- 
I'nce.  P'  —  T".  is  added  algebraically  to  the  deflection  of 
Xo.  1  gun.  For  the  deflection  of  Xo.  3  gun  the  dif- 
ference is  multiplied  by  2,  and  for  the  deflection  of 
Xo.    I   gun  this  is  multiplied   by   3. 

The  above  difference  is  for  converging  fire.  The  process 
(if  finding  the  deflection  difference  for  parallel  fire  is 
"xactly  the  same  as  for  converging  fire,  the  angle  T  in 
this  case  I)Cconiing  equal   to  zero. 

Ti;i>n AM  D.  GiiEGG. 

Minneapolis,   .Minn.,  Aug.  30.   1916. 

fit  seems  justifiable  to  publish  the  preceding  letter, 
liich  in  connection  with  Ernest  McCullough's  article 
nn'.'s  before  civilian  engineer  readers  a  development  in 
econnoissance  surveying  that  might  otherwise  be  lost 
;ight  of.  Tt  is  easily  conceivable  that  the  mil-graduated 
■ircle  and  the  quick  methods  of  roughly  estimating  dis- 
anccs  could  be  utilized  to  ad\antage  in  rough  preliin- 
iiary  or  reconnoissance  surveys  for  a  variety  of  purposes, 
riic  incipient  surveyf)r-inventor  looking  for  opportunities 
o  introduce  new  methods  may  possibly  see  the  germ  of  a 
aluable  improvement  in  the  decimal  system  above  de- 
■cribed.  Moreo\er,  a  little  careful  study  of  the  two  articles 
A  ill  enlighten  eivilianengineers generally  on  a  subject  with 
iliii-h  the  majority  are  entirely  unfamiliar. — Editor.] 


Sir — I  was  iiiiicli  interested  in  your  editorial  in  Ihuji- 
neeriiig  Xeii\s  of  Aug.  31  regarding  the  evil  of  local 
license  laws  for  engineers.  Your  views  reflect  the  en- 
lightened thought  of  the  time.  The  competent  man  fears 
no  fair  and  honorable  competition  and  needs  no  so- 
called  protective  legislation.  The  advocacy  of  license 
laws  implies  the  conviction  of  incompetence  in  the  con- 
sciences of  the  advocates  thereof. 

Some  eighteen  months  ago  I  wrote  a  letter  to  the 
Secretary  of  tlie  Western  Society  of  Engineers  opposing 
the  bill  then  pending  for  licensing  structural  engineers 
in  Illinois.     I  quote  from  that  letter  as  follows: 

This  bill  avowedly  is  interuled  to  mitigate  certain  intoler- 
able conditions  fcrowing  out  of  the  architects'  license  law 
and.  like  the  latter,  is  a  piece  of  class  legislation.  In  my 
opinion  there  is  only  one  propei-  way  of  accomplishing  the 
object  desired — namely,  the  repeal  of  the  architect's  license 
law. 

All  such  laws,  in  the  last  analysis,  are  founded  upon  the 
principle  of  the  closed  shop,  no  matter  how  plausible  may 
be  the  pretext  for  their  necessity.  They  grow  out  of  an 
economic  misconception  and  will  most  surely  have  the  same 
ultimate  effect  upon  public  welfare  as  sumptuarj-  laws  have 
had    throughout   all    history. 

In  my  opinion  the  advocacy  of  such  laws  by  the  engi- 
neering profession  seriousl.v  detracts  from  professional  dig- 
nity and,  in  fact,  places  the  engineer  in  the  public  mind  upon 
the  same  oi-  a  similar  level  with  the  plumber  and  similar 
classes,  who  have  had  class  legislation  enacted  for  their 
selfish  interest.  Such  legislation  must  ultimately  be  borne 
by  the  public,  and  it  is  becoming  an  inci-easing  public 
burden. 

Experience  has  shown  that  examining  boards  are  very 
sensitive  to  the  exigencies  of  politics  rather  than  the  re- 
quirements or  the  intent  of  the  law  under  which  such  boards 
operate,  in  such  matters,  and  we  all  know  how  easy  it  is 
for  an  examining  board  to  disqualify  any  candidate  they 
may  choose.  We  also  know  how  humiliating  it  is  for  a  man 
who  has  been  practicing  fifteen  years  or  more  to  take  ex- 
aminations of  this  ch.iracter,  when  he  knows  that  the  ex- 
amining board  have  it  in  their  power  to  stigmatize  his 
reputation  by  disqualification,  if  they  choose.  Such  examining 
boards  at  first  are  actuated  only  liy  altruistic  motives,  but 
sooner   or   later   they    succumb   to   the    temptations   of   politics. 

When  the  Federal  Constitution  was  adoj^ted,  it  was  ex- 
pressly provided  that  the  Government  should  control  the 
commerce  between  the  states.  The  object  was  to  prevent 
the  establishment  of  tariff  walls  between  the  states.  Re- 
cently the  Supreme  Court  of  the  I'nited  States  decided  that 
the  preferential  railwa.v  rates  established  by  the  Texas  Rail- 
road Commission  were  repugnant  to  the  Constitution  because 
of  an  interference  with  interstate  commerce.  The  writer 
therefore  strongly  fi-els  that  the  adoption  of  such  a  law  would 
ultimately  be  harmful — first,  to  the  engineering  profession 
and,  second,   to  the   public  at   large. 

F.    AV.    CiMCKV. 

General    ^lanager,  Louisiana   &   Arkansas    K'y. 


Stamps,  Ark.,  Sept.  4,  1916. 


Sir— The  article  on  "Professional  :\lisfits."  by  Prof. 
\\.  M.  Wilson,  in  Enf/hirerinf/  Nrirft  of  .\ug.  31.  1016.  is 
extremely  interesting.  When  the  writer  attended  the 
Massachusetts  Institute  of  Technology  in  1803.  a  system 
of  vocational  guidance  was  in  operation  there.  It  is 
necessary  that  a  cfiminittee  of  three  competent  men  should 
consult  with  and  advise  each  student  before  he  makes  his 
final  choice.  The  problem  is  distinctly  one  for  the  col- 
lege authorities.  Each  instructor  and  professor  should 
appoint  himself  a  committee  of  one  to  improve  his  ac- 
quaintance with  the  students.  IjOI'is  P.   Bi'i'i". 

Jamaica  Plain,  Boston.  Sept.  2.  1016. 
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g\ter  Filters  for 


.< y XOFSI S^7 J.OO(),0(l()-gal.  (Iiiiji.  i  iiiariiiiuui- 
(■iijKirilii  mvihanicnl  irafer-fillnitiuti  plant  of  ihc 
Hfinsome  dnfting-sund  type  trill  -soon  be  in  opera- 
lion  al  Toronto  alongside  the  1,8, 000, 000 -gal. 
(Imp.)  ma.rimuni-capacity  .4ow  .■^and  filters  com- 
pleted in.  ]01J.  Major  features  are  the  constant 
removal,  /cashing  mid  replacing  of  a  portion  of  the 
tittered  sand  bii  untreated  water ;  filtration  through 
ilrifting  renewed  ■■'and  ahore  and  nonmoving  sand 
heloir,  and  the  entire  absence  of  a  coagulating 
ba.<in.  Xorel  details  are  the  alum-storing  tanl'. 
alum-solution  trough,  constant-density  alum-feed 
control,  raw-water  control  and  the  large  quick- 
di.-iciiarging  wa,<:h-water  lanli-  for  hacl'washing  the 
entire  body  of  filter  .sand  with  filtered  and  disin- 
fected water  at  weekly  or  10-day  intervals. 

Tlie  \-A\w\  growth  of  Toronto  haviuo;  made  necessary  a 
large  addition  to  its  filtered-water  supply  from  Lake 
Ontario,  and  the  combination  of  occasional  high  turljidi- 
ties  and  low  winter  temperatures  having  convinced  the  city 
authorities  that  the  new  iilter  should  be  of  the  mechanical 
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FIG.    1.     TYPICAL,   UNIT    OF    DRIFTINO-SANl)    FII.TKR 

There  are  30  of  these  units  in  each  of  the   10  filters  of  the 
Toronto  plant 

rather  thau  the  .slow  sand  type,  general  specifications  for 
nieclianical  filters  were  drawn  and  bids  were  re<:eived 
in  January,  1914,  by  R.  C.  Harris,  Commissioner  of 
Works  of  Toronto.  The  accejjted  i)ids  (June,  1!)U)  were 
for*  Hansome  drifting-sand  filters.  The  plant  was 
designed  by  the  John  verMehr  Engineering  Co.,  Ltd., 


of  Toronto,  Canada,  and  London,  England,  with  William 
(iore  as  consulting  and  William  Storrie  as  chief  engineer 
(1.54  Simcoe  St.,  Toronto).  It  is  being  constructed  by 
the  comiiany  named  and  William  Cowlin  &  Son  (Can^ 
ada),  Ltd..  of  Toronto,  and  Bristol,  England.  It  wiH 
be  by  far  the  largest  drifting-sand  filter  plant  ever  built. 


FIG.   2.    GENERAL  VIEAV   OF   NEW    FILTER   PLANT 

and  the  first  one  of  considerable  size  in  Xorth  America. 
The  contract  price  for  the  plant  was  ^I.OOfi.SSS.' 

The  ])lant  has  a  contract  capacity  of  (iO,000,000  gal. 
(Imp.)  in  2  t  hr.,  but  must  be  able  to  work  at  the  rate 
of  TS.OOO.OOO  gal.  per  day  for  a  period  of  10  hr.  It  is 
located  on  Toronto  Island,  close  by  the  slow  sand  filters 
completed  in  1912  (.see  Engineering  Xews,  Mar.  9,  1911, 
p.  .302).  The  two  plants  combined  will  give  a  safe  worfef 
ing  capacity  of  100,000.000  gal.  (Liip.)  a  day.  The 
present  e.stimated  population  of  Toronto  is  .500,000. 

The  following  description  is  based  on  information 
obtained  from  ^Messrs.  Gore  and  Storrie  by  a  member  <2 
the  editorial  staff  of  Engineering  News  during  a  visit  ttl 
the  plant  in  the  latter  part  of  August,  1916. 

PiaXCIPLE  OF  DlilFTIXG-SAND   FiLTEU 

Hcfdic  describing  the  plant  in  detail,  the  design  avA 
Dpcratioii  of  a  typical  working  unit  (Fig.  1)  may  fae 
outlined.  The  object  is  to  do  away  with  i)recoagulatiO!l 
and  to  oljviate  the  necessity  for  frequent  shutdowns  to 
wash  the  whole  bed  of  filtering  material. 

Th(!  coagulant  is  introduced  as  the  water  goes  to  the 
filters.  By  causing  the  upper  part  of  the  sand  bod  to 
drift  across  the  path  of  the  raw  influent  water  the  l)iilk 
of  the  impurities  are  swept  out,  together  with  a  part  of 
the  drifting  sand — the  latter  being  wa.shed  and  returned 
by  the  constant  circulation  of  the  water  and  sand.  The 
fi.xed  lower  portion  of  the  sand  bed  takes  out  the  reniaia- 
ing  impurities.  As  often  as  local  conditions  demaiul,  the 
whole  bed  is  washed  by  a  reverse  flow  of  filteidl  and  disin- 
fected water. 

The  line  sand  is  9  ft.  deep,  of  rounded  water-worn 
■  material.  It  has  a  ma.ximum  size  of  1.2  mm.,  with  G0% 
less  than  0.7  and  10%  less  than  0.35  mm.  Beneath  the 
sand  is  a  9-in.  layer  of  water-worn  graded  gravel,  from 
20  to  30  mm.  in  size.  X'o  screens  are  used  lietweeii  the 
gravel  and  the  sand. 

The  coagulated  raw  water  enters  the  filter  juirtly  by  *- 
standpipe  at  the  center  of  the  unit,  ]iassing  up  through* 

iiee  "Engineering  News."  June  2.'i.  1914.  p.  1446.  for  (in 
account  of  the  contract  letting,  and  Apr.  S.  liil.i.  p.  680.  tor  » 
description  of  the  demonstrating  plant  at  Toronto  and  relates 
matters. 
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jiarator  or  saud  w.usher   at  the   bottom,    aii<l    ilcli\(Ms 

K)ve  tlie  ^^and  at  tlie  top  and  partly  through  a  bypass. 

ithin  the  sand  washer  the  raw-water  pipe  is  constricted 

<e  the  tube  of  a  ventnri  meter,  and  the  driftinp;  sand 

llected  and  wa.shed  in  the  separator  is  indiieted    iiitd 

e  raw  water  at  the  tliroat  of  the  venturi  tube.     Tliis 

'  lul  passes  np   the    staudpipe   with   the   watei-   and    is 

livered  with  it  above  the  top  of  the  sand  already  tli(>re. 

ling  a  volcano-like  cone  that  continuously  drifts  away 

:-   continuously    lieing    replaced,    leaving    a    round- 

i)n(l  body  of  stationary  sand  below,  resting  upon  tlic 

"cred-water    collecting    system.      The    stationaiy    sand 

■  "s  the  final  filtration.     Its  surface  is  more  than  twice 

])lan  area  of  the  unit  and  economizes  the  plan  area 

■  I  he  tilter.s.     The  drifting  sand  passes  down  all  round 

l)oundar}'  of  the  stationary  sand  to  a  slot  and  nlti- 

1  icly  thi'ough  converging  ports  to  a  system  of  outlets 

{  extractors   and   thence    by   pipes    to   a    sand    washer. 

I  re  tlie  sand  falls  to  the  bottom  through  a  (current  of 

water  and  is  picked  up  by  the  inductor.     The  dirty 

:    passes   upward  and   out  at   the   top   by   an   outlet 

My  controlled.     The  sand  traps  aie  of  such  a  form 

the  s;ind   is  kept  out  of  the  piping  system   except 

.    !i  the  inductoi-  is  in  full  operation.     That  is  to  say, 

I     sand   moves   only    when    there    is    an    abundance    of 

I  mioL''  water  td  i-arry  it  forward. 

! ,  4-  Ton  Crane,  60-Ft.  Reach 
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The  question  of  saud  scour  is  an  iniportaut  one.  'I'lic 
I'orni  of  tlie  inductor  is  such  that  the  sand  enters  the  higli- 
\elocity  water  at  tlie  center  of  the  stream  and  can  only 
touch  the  sides  of  the  pipe  after  the  sand  and  water 
have  been  reiluceil  to  nonscouring  velocities.  The  loss 
of  head  at  the  indnctor  is  about  3^  ft.,  but  a  hypass 
is  provided  so  that  the  induction  may  be  varied  either 
at  will  or  automatically  in  such  a  way  as  to  suit  the 
amount  of  the  impurities  and  of  the  coagulants  in  the 
water,  it  being  understood  that  the  greater  the  proportion 
of  the  total  raw  waier  flowing  through  the  imlnctor  (l]e 
greater  will  be  the  rate  of  the  drifting  sand. 

So  much  for  the  principle  of  the  drifting  saud.  We 
now  (kial  with  its  application  to  the  Toronto  plant,  a 
general  view  of  which  is  shown  by  Fig.  2,  while  Fi<;.  o 
shows  the  layout  of  the  plant. 

Tiie  two  73-in.  intake  pipes  from  Lake  Ontario  cntei- 
a  suction  well  provided  with  a  surge  overflow  and  with 
duplicate  .screens  having  an  area  of  :5f)0  sq.ft.  of  i/fin. 
mesh  co])per  wire.  The  coagulant  in  the  fonn  of  a  solu- 
tion of  about  5%  strength  of  aluminum  sulphate  is  added 
to  the  water  in  the  suction  well  by  means  of  a  perforated 
pipe  (  Fig.  4 ) . 

CifK-MKAi.  Mouse  a.nu  (!oai.-Stoiu(»k  Bin 
The  chemical  house  aud  coal-storage  bin  (Fig.  t)  are 
ut  reiiiforce<l  eoncrcte  with  a  partial  brick  facade  and 
arc  arranged  in  one  group  of  buildings  120x80  ft.  in 
order  that  the  facilities  for  unloading  and  loading  mate- 
rials fi'om  the  wharf  shall  be  common  to  botli.  Storage 
for  1,500  tons  of  coal  and  800  tons  of  aluminfim  sulphate, 
as  well  as  a  general  store,  are  jirovided  for. 

The  arrangements  for  the  supply  of  aluminum  sulphate 
to  the  watei'  before  tilt  ration  are  ni>\el.     The  underlying 
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idea  (Pig.  4)  is  to  allow  the  dry  eheniieal  to  feed  down 
automatically  from  the  titorafie  bin  through  a  number  of 
control  doors  to  a  tray  at  midlevel  in  a  dissolving  channel 
maintained  full  of  water.  The  solution  formed  may  be 
of  any  strength  in  excess  of  5%,  and  this  solution  is  fed 
from  the  bottom  of  the  dissolving  channel  into  a  dilution 
tank  in  which  it  is  automatically  diluted  down  to  the 
standard  5%  by  a  hydrometer-like  arrangement.  From 
this  tank  the  standard  solution  is  fed  into  a  measuring 

24  " Filtered-Water  Meter 
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.'<i-  -Reversed  Filter  Drai 
■"- ---'         to  relieve  Uplift,  if  necessary 

DETAILS  OF   DUIFTI.\i;-.'<AN'll    FILTER   AT  VARIOUS   HORIZONTAL 
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tank  controlled  by  the  12-in.  venturi  raw-water  meter 
in  the  pumping  station  through  a  combined  electric  and 
hydraulic  relay.  From  the  bottom  of  the  measuring  tank 
the  solution  gravitates  through  lead  pipes  to  the  suction 
well  and  is  there  distributed  over  the  water  as  previously 
described.  The  apparatus  is  in  duplicate.  In  the  section 
(Fig.  4)  some  of  the  parts  have  been  displaced  in  order 
better  to  illustrate  their  working.  The  annular  dissolv- 
ing-channel tank  is  maintained  Cull  of  filtered  water  by  a 
float  valve.  EVom  the  water  tank  the  water  Hows  freely 
to  the  dissolving  tank  or  channel   and  after  dissolving 


the  ahnnijium  sul|)hate  passes  through  a  valve  at  the  ti 
of  the  hydrometer   (liydrogravimetric  Italance).     At  tl 
same  time  the  water  also  comes  from  the  water  tank 
a  valve  at  the  bottom  of  the  hydrometer. 

The  hydrometer  is  poised  in  the  solution  between  tl^ 
two  valves.  Any  ver1;ical  movement  of  the  hydrom?it( 
<)])ens  one  valve  and  closes  the  other.  Thus  it  will  let  i 
strong  solutions  at  the  top  and  water  at  the  bottom  uHt 
ihe  balance  is  obtained,  when  the  hydrometer  just  floa 
in  a  solution  containing  .5%  of  alUB 
inum  sulphate.  Any  change  from  ^ 
strength  causes  the  hyilrometer  to  rao^ 
and  close  one  \al\e  and  open  t! 
other.  It  should  be  remembered  thi 
a  5%  solution  of  ahuninnm  sulpliate 
about  214%  heavier  than  water,  ar 
it  is  due  to  this  fact  that  the  appa 
atus  works  properly,  not  only  from  tl 
point  of  view  of  supplying  the  ei 
ergy  to  move  the  hydrometer,  but  al: 
to  mix  the  diluting  water  with  tl 
solution  already  in  the  chamber.  Tl 
heavier  liquid  ]nit  in  at  the  top  tem 
to  sink  rapidly  to  the  bottom,  and  c 
the  other  hand  the  lighter  liquid  ft 
in  at  the  bottom  tends  to  rise  rapid! 
to  the  top:  thus  the  liquid  is  mail 
tained  in  a  rapid  state  of  circulatioi 
A  beam  with  knife-edges  above  tl 
hydrometer  provides  for  permanei 
adjustment  and  also  for  working  wit 
any  desired  density  of  solution.  Tliei 
is  a  scale  with  divisions  for  each  0. 
grain  of  coagulant  per  gallon  of  ra' 
water,  so  that  by  simply  moving 
weight  along  a  beam  any  desire 
am(i\int  of  aluminum  sulphate  may  1; 
added  to  the  water.  The  standard  soh 
tion  ]iasses  freely  to  the  measuring  tan 
and  away  to  the  suction  well.  Fi 
c\ery  rate  of  water  passing  tlirmii; 
the  raw-water  meter  there  is  a  con 
sponding  position  for  the  hydraiii 
piston  and  gaging  slot  in  the  nieasiirii: 
tank.  The  filters  are  10  in  niunln 
]ila(ed  in  two  rows  (Fig.  ;>),  Icaviiii; 
wide  sjiace  between  for  the  main  \»\« 
hclow  and  for  the  operating  floor  alin\ 
Each  filter  tank  (Figs.  .->.  fl  and  ') 
of  steel.  M  ft.  bi-h  and  •".()  ft.  in  diiii 
eter.  divided  into  ^0  units  similar 
every  way  to  tbc  unit  -liowii  by  Fi 
1.  The.se  units  are  nested  together  1 
two  rings  of  18  and  ]'l  res])c<tivi'l\ 
I  space  at  the  center  l(i-'^.  ft.  in  dianioter,  ' 
placed  the  raw-water  <K)ntrol  balaiuc. 
The  combined  horizontal  sand  area  of  the  10  liltcrs 
i;.l")()  s(|.ft.,  but  the  effective  fmal  filter  area,  or  tf 
area  of  the  DO  conically  or  rounded  tops  of  the  statioiiii 
sand,  is  iJy.OOO  sq.ft.,  or  0.8  acre.  The  stalionary-siu 
cones  have  a  .slope  of  about  (i4°  with  the  horizontal  plan 
The  drifting-sand  cones  Au\iv  about  .''2°.  The  averni 
total  depth  of  sand  in  a  filter  is  i)  ft.:  minimum  dc]'' 
of  >tMlionary  sand.  •-'  ft.  5  in.:  and  of  driftinii'  sand,  i  ' 
C   in.     The  total   j-and   volume   per   filter  is  (iOO  cu.yil. 


lea \  in. 
which 
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The  loss  of  head  in  the  saud  washers  is  Si^  ft.  and 
i  in  the  sand  IOI/2  ft.,  or  a  total  of  14  ft.  The  raw  water 
tliat  escapes  from  the  sand  \^ashers  as  dirty  washed  water 
is  3%  of  the  water  filtered. 

It  is  expected  that  the  whole  bed  of  sand  will  have  to 
be  baekwashed  once  in  3  0  days.  This  will  be  done  with 
filtered  and  disinfected  water  from  a  200,000-gal.  (Imp.) 
nasli-water  tank  of  steel  (50  ft.  above  the  o;round  surface 
iind  4.3  ft.  above  the  surface  level  of  the  filters.  Half  the 
•outents  of  the  tank  will  be  discharged  at  a  gradually 
increasLng  rate  in  JO  niin.  and  half  at  the  maximum 
rate  in  5  min.,  the  maximum  vertical  rise  through  the 
'liter  being  2  ft.  j^er  min.  The  wash  water  will  pass 
hrough  a  measuring  tank  to  lagoons,  where  the  spent 
,  lydi'ate  of  alumina  will  be  settled  out. 

The  raw  water  enters  each  filter  partly  through  the 
and  washers  and  partly  through  a  l)ypa,ss,  controlled  bv 

loaded  valve.  By  means  of  this  raw-water  control 
lalance,  the  rate  of  How  through  the  sand  washers  and 
has  the  drift  of  the  saml  may  he  increased  or  decreased 
ud  the  rate  of  direct  a(lnii--<iiin  u(  raw  water  be  chan<>'ed. 


FIG.  7.  S.A..ND  TRAPS.  EXTl:AC'TOR  PIPI3S  AND  WASHERS 
The  small  inclined  pi-.ies  lead  from  the  sand  traps  to  the 
sand  washer,  which  extends  up  through  the  bottom  of  the 
tank.  There  are  I'fit  tiaps  and  sand  pipes  and  30  washers  to 
each  of  the  10  filters 


PIG.  6.    INTKKIOR  OF  TORONTO  FILTIOR  HOU.SR,  SHOWING  A  TANK  RKADY  FOR  GR.WEL  AND  SAND 
Filtered    water    collectiDii    and    reverse-flow    wash-water  system    in    bottom    and    standpipo    for    raw    water   and    washed 


ind  in  center  of  each  unit. 


id-extractiuK   |i. 


pla 


was! I- water  jii|)es  ai'e  ol' 
c.  to  c,  pejforated  witli 
There  are  11  1  |iipes  and 


The   filter   underdraiiis    an< 

l-iii.  slierardized  ste(4.  (!   ii 

-in.  holes  also  (i  in.  c.  to  i.-. 

92  liole.s  to  oacii  filter. 

rile  pumps  are  all  elcitrica 

)-g«l-  pnmps  with  :Vi-(t.  lilt  sujiply  the  filters,  besides 

Ich   there  arc   a   2,000,000-gal.    auxiliary    |)ump   witii 

ft.  lirt,  two  SOO.OOO-gal.   backwasii   tank   i)umps  with 

)-lt.  lilt,  (\vr»  l,000.000-i.'al.  drainage  iminps  with  30-l't. 


driven.     'I'lirc 


!(i,0()0.- 


ed  in  Ihe  radial 

lift  and  \\\i>  bydraidi(  pre~>ure  ]uinips  with  a  cai)ai-ity  (if 
8,010  gid.  a  day  mider  100  lb.  jier  st|.in.  All  the  i)um]) 
capacities  arc'  in  Imperial  gallons.  The  dischai-go  of  the 
main  pumps  is  controlled  automatically  Ijy  the  level  of 
the  water  in  the  liltei-  tanks,  through  pilot  valves  operat- 
ing hydraulic  \alves  on  the  discharge  of  the  pumps. 

'I'lie  electric  cnrrent  is  supplied  cither  by  jiurchase 
from  the  Toronto  hydroelectric  .system  (from  Xiagaia 
FmIIs)  or  from  a  steam  turbo-generator  at  the  filter  plant. 
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The  cou tract  requires  that  the  filtration  plant  shall 
remove  iW%  ol'  all  organisms  where  there  are  50  to  500 
bacteria  per  cubic  centimeter  in  the  unfiltered  water; 
i)5%  where  there  are  500  to  2,000;  and  98%  where  there 
lire  2,000  or  more  in  the  nnfiltered  water.  The  plant 
must  also  remove  98%  of  the  B.  coli  as  determined  bv 
the  standard  methods  of  the  American  Public  Health 
Association. 

All  turbitUt)-  must  be  removed,  leaving  a  bright,  color- 
less water  free  from  t<iste.  8uch  results  must  be  obtained 
l)y  the  use  of  not  more  than  one  grain  of  ahmi  per 
Imperial  gallon  of  water  under  average  conditions. 

At  the  time  tenders  were  received  an  alternative  design 
was  submitted  for  the  ttlters  beiag  built  of  reinforced 
i-oncrete.  Such  a  design  shows  economy  of  space  and 
lonstructiou  cost,  but  for  local  reasons  the  steel  design 
was  prefeiTed  and  ado|)ted. 


All  tilings  good  Joined  in  making  a  success  of  the  thirtv- 
lifth  annual  con\ention  of  the  Xew  England  )^'ater-AVorks 
Association  at  Portland,  ilaine.  last  week.  Business  pro- 
ceedings, excxirsions  on  Casco  Bay  and  on  Lake  Sebago, 
a  clambake,  a  recifcil  on  the  great  municipal  organ  in  the 
City  Hall  resulted  in  a  liapp>-  combination  of  work  and 
play,  while  the  large  exhibit  of  water-works  appliances, 
in  charge  of  genial  associate  mend)ers,  was  always  at  hand 
lor  a  tour  of  inspection  and  enlightenment. 

A  new  feature  was  a  water  registrar's  session  at  which 
several  papers  on  accounting  and  meter  records  were  pre- 
sented.   Two  superintendents'  sessions  were  held. 

A  feature  of  the  opening  session  was  an  address  by  Bear 
Admiral  E.  E.  Peary,  who  plead  for  1(5  new  fast  first-class 
battleships,  an  aeronautic  department  with  a  place  in  the 
Cabinet  for  its  head,  and  universal  military  training. 
Local  addresses  of  welcome  weie  also  made  at  the  open- 
ing session.  In  addition,  Charles  W.  Sherman  presented 
the  rejjort  of  the  Dexter  Brackett  Memorial  Committee. 
This  committee  has  raised  about  $1,200,  of  which  $1,000 
had  been  expended  for  a  medal.  (See  Engineering  Newx, 
Se])t.  1.  191G,  p.  -ITS.)  The  Association  adopted  rules 
suggested  by  the  commitiee.  which  provided  for  awarding 
the  medal  annually  to  the  author  of  the  best  paper  pre- 
sented to  the  association  duiiug  the  year. 

Watek-Sui'pi.i ks  Described 

The  water-supply  system  of  Portland,  consisting  of 
gravity  conduits  fi-om  Lake  Sebago,  was  descril)ed  by 
David  E.  Moulton,  and  the  history  and  general  scheme 
of  tht-  Maine  w^ater  districts  was  outlined  by  Harvey  D. 
Katon,  of  Waten'ille.  A  constitutional  municipal  debt 
limit  established  in  1877  was  largely  resi)onsible  for  pri- 
vate o^^lership  of  all  but  two  of  the  water-works  built  in 
Elaine  for  many  years.  To  get  around  the  debt  limit, 
water  districts  have  been  created,  consisting  of  two  or 
more  municipalities.  Many  privately-owned  works  have 
been  ac(piired  by  these  districts,  but  the  imblicly-owned 
works  are  still  in  the  minority. 

The  new  water-sui>ply  for  .\nson  and  Madison.  Elaine, 
is  a  modification  of  the  district  plan,  in  that  the  supply 
main  is  under  joint  ownership  and  the  distribution  sys- 
tems under  independent  town  ownership.  The  new  main, 
ilivided  ))etween  wood  and  cast  iron,  was  described  bv  L.  L. 


Wadsworth.  President  of  the  Hanscom  (.'oustructiou  Cn 
Dwing  to  the  high  cost  and  poor  quality  of  labor,  a  gaso- 
line-driven trenching  machine  and  a  drag  scraper  wen 
used  for  trenching  and  backfilling.  Where  quicksam 
was  encountered  it  was  considered  cheaper  to  remove  thi 
nuiterial  that  slid  in  than  to  sheet  the  trench. 

Service  Pipe  Materials  and  Mephods 

■{'he  Water  Service  Committee  of  tlie  Assixiation  sub- 
mitted a  preliminary  report  through  the  ehairnum,  WU- 
liam  S.  Johnson,  of  Boston. 

As  usual,  the  mere  mention  of  water  services  gav( 
rise  to  animated  discussion.  Desmond  PitzGerald  sale 
he  had  a  cement-lined  wrought-iron  service  in  continuotv 
and  satisfactory  use  for  35  years.  F.  N.  Si)eller,  of  th( 
Xational  Tube  Co.,  and  James  Aston,  of  the  A.  M.  Byer.- 
Co.,  had  a  tilt  over  the  relative  lasting  qualities  of  stee 
and  wi-ought-iron  pipe,  each  making  a  good  case  from  his 
own  \iewpoiut.  Patrick  Crcar,  of  Holyoke,  remarket 
in  his  usual  mirth-provoking  manner  that  eveiw  superin- 
tendeuts"  day  some  one  butts  in — if  not  a  fire-insuranw 
man,  then  a  yoimg  fellow  who  wants  to  sell  pipe.  Hi 
suggested  that  the  superintendents  l>e  given  tlie  right  ol 
way.  A.  A.  Peinier,  of  East  Orange,  N.  J.,  nrged  flexibli 
rather  than  rigid  connections  between  services  and  nutia< 
and  said  that  his  own  men,  not  highly  skiUed;  made  wi|ie( 
joints  that  gave  satisfaction.  W.  C.  Hawley,  of  Wilkins- 
burg.  Penn.,  had  given  up  wiped  joints  for  eonnnercial 
conjilings. 


Leakage  in  Pipe  Joints 


I 


Sjieaking  for  himself  alone,  P.  A.  Barbour,  of  the  Com- 
mittee on  Leakage  from  Pipe  Joints,  summai-ized  replief 
to  a  questionnaire.  He  first  emphasized  tlie  lack  of  co- 
operation evidenced  by  the  receipt  of  only  a  hundred  im- 
plies or  so  to  questions  sent  to  some  five  hundred  water 
works  men — and  many  of  the  replies  gave  but  little  in 
formation.  Even  where  all  or  nearly  all  the  services  an 
metered,  20%  of  the  water  distributed  is  not  paid  foi 
It  is  an  open  question  whether  this  is  due  to  main  an 
service  leaks  or  to  meter  slip.  It  is  gratifying  to  nei. 
that  the  general  practice  reported  is  to  test  new  main 
before  backfilling  and  to  require  almos-t-  absolute  tigln 
ness.  The  re])orts  received  indicate  that  meters  are  tlii 
great  factor  in  consei'ving  water  and  lealtage  a  relative!) 
minor  nuitter.  but  there  are  cases  of  heavy  leakage.  Letk- 
age  surveys  are  needed.  It  was  voted  to  have  Mr.  Bai- 
bour's  paper  sent  to  all  the  members  and  made  the  sub- 
ject of  disc)ission  at  a  later  ilatc. 

Breaks  in  Water  .Mains  and  Tiieui  Hei-ah; 

Seventeen  years'  experience  with  breaks  in  tiie  tiuii 
mains  of  the  Boston  Metro)jolit<in  Water-Works  was  ri 
viewed  by  S.  E.  Killam,  superintendent  of  pipe  lines  aU' 
reservoirs.  There  have  been  25  breaks  in  this  jierii" 
fairly  well  distributed  by  veare.  Of  these,  18  were  i)re' 
ably  due  to  slight  settlements  of  cast-iron  pipes  onto  ri^'i 
supports.  .Vllowance  for  settlenumt  should  be  mailc  aii' 
care  should  be  taken  not  to  have  solid  uuitter  for  the  pip 
to  settle  onto. 

The  niake-u]).  e(pii])ment  and  work  of  emergeiuy  n 
pair  gangs  were  described  by  George  H.  Finneran.  geiu'i;. 
foreman  water  service,  Boston.  The  gang  is  divided  ini 
three  8-hr.  shifts,  provided  with  a  motor  car,  which  cim 
cairy  14  men  when  necessary,  besides  required  tools.    T!i' 
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■ar  IS  equipped  Hitli  a  yatc-closiiif;  attattluiiciit.  driven 
,)V  tiie  car  mechanLsui.  Tlie  pinergeru-v  gang  generally  re- 
ini-ts  at  all  large  liicj^,  so  as  to  be  ready  in  ease  of  need. 

(4KADING  Wat]:i;-\V'()I!Ks  kou  Fiijk   Phoii.ctiox 

'I'lie  coniniitt.ee  on   this  subject    (through   Charles  W. 

>liennan)    reported   for  discussion  but  not   for  adoption 

s  yet  a  grading  schedule  proposed  Ijy  the  National  Board 

f  Fire   Undenvriters,    after   study    by   their   engineers. 

'he  scheme  assigiLS  cities  or  towns  to  ten  classes,  accord- 

ig  to  the  nuniher  of  deficiency  points  shown  after  local 

ivestigation.    The  (lommittee  has  conferred  with  George 

r.  Booth,  chief  engineer,  and  Clarence  Goldsmith,  princi- 

al  assistant,   representing  the   Underwriters,  who  have 

.;reed  to  some  modifications.     Two  notable  outstanding 

ifferences  arc  tluit  the  jiroposed  TTnderwriters"  schedule 

;signs  no  (wnalty  for  oven-large  fire  service  connections 

id  penalizen  4-in.  fire  hydrants  under  all  conditions.     In 

scussing  the  re))oi't,   K.   E.  Thomas,  of  T^owell,  Mass.. 

id  that  on  the  rec-oniuiendations  of  the  I'nderwriters. 

■  jwell  has  spent  $3()(),000  in  water-works  improvements. 

istead  ol'  getting  fire-insurance  rates  reduced  they  have 

en  inereiised — an  experience  common  to  other  Massa- 

usetts  cities.    This,  Mr.  Thomas  tliought.  is  not  due  to 

e  Xational   Board   of   Undei-writeis.  but   i-atlier  to  sec- 

)nal  boardn  in  direct  charge  of  rate  fi.xing,  not  in  touch 

til  the  watcr-woiks  side  of  the  matter,  as  are  the  engi- 

cis  connec.ted  with  the  Underwriters.     Further  discus- 

in  indicated  that  tlu^  failure  to  secure  lowi'r  rates  after 

ter-works    improvement^;    urged    liy    tlic    I'liderwritcrs 

vc  been  cif'ectel  is  at  least  in  part  due  to  llie  bad  biiild- 

llaws  aud  rLsIvs  .so  prevalent  in  many  cities. 

Mr.  Booth  explained  that  only  recently  has  a  start  been 

hIc  Toward  classifying  fire  lo.sses  in  such  a  way  as  to 

!■  a  woH<iiig  ita.sis  for  reducing  rates  as  local  inijnove- 

iit>  of  one  kind  or  another  are  made. 


.\(U)I»UNT1.N(;   .VXD    li'lic 
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a.-isi<ied  cash  book  was  de.sci'ibcd  bv  .\..  L.  Sawyer. 

!-lrar  of  Ilaverill,  Mass..  who  also  e.\hif)ited   the  first 

liook  of  tlie  Ilaverill  Water  Co..  considerably  over  a 

I  red   year's   old.      .V.    W.    F.    Bj-owii.   supei'intendent. 

iliurg,  Mass.,  showed  a  three-card  meter-record  scheme 

'  ii  has  betiu  found  to  serve  the  needs  of  that  city.     .V 

J,    f  pa|>er  on  w'atei-work>  accounting  was  read  by  E.  L. 

P  do,  public  accountant.  IJoston.   Besides  advocating  uni- 

1  ni  accounts,  tlic  author  spoke  for  a  2%    depreciation 

B  rge  against  incoiM<-.  the   |)roceeds  to  be  u.sed  to  keep 

I   works  ill  .shape,     in  rejily  to  criticisms  of  a  flat  rate, 

■  iirdlcss  of  all  l(»cal  conditions.  Mr.  I'ride  e.xplained  that 

«■  seemed    more   likely   than   any   other   jilan   to   secui-e 

I  formity.      .\   motion   to   appoint    a    committee   on   ac- 

inting  l('d  to  mention  of  conrerences  under  the  auspices 
tlip  Bureau  of  the  Census,  .some  years  ago,  and  a 
:thy  report  submitted  to  the  American  Water-Work- 
Jloeiation.  It  wa.s  finally  voted  to  appoint  an  accounting 
1.  mittw.  which  should  consider  previous  studies  of  the 
^  ject  by  the  other  associations,  the  Hinvaii  of  the 
(   sus  and  various  utility  commissions. 

.rguinents  in  favor  of  the  appointment  of  a  committee 
litandard  sfKicilications  for  water  inet<'rs  weie  made  bv 
t!-F.  Tboniiis,  suj)erintendent.  TjowcII,  ]\Iass.  ft  was 
■■Id  that  .such  a  committee  be  created  and  that  it  work 
•  uniformity  in  parts  and  names  of  part.'^.  .Mr.  Thomas 
:<|;  as  one  reason  for  curefiillv  drawn  uniform  specifica- 


tions the  fact  that  many  cities  and  towns  are  compelled 
by  law  to  advertise  for  bids  and  award  the  contract  to 
the  lowest  biddei-.  Where  the  aciu'ptance  of  the  lowest 
bid  is  compulsory  there   is  need    for   rigid   specifications. 

OrttKl!    I'vl'F.lts  .VNI)  BlSINKSS    MATTERS 

A  clcscri])tion  of  the  inteiinittent  use  of  an  excess  of 
coagulant  before  slow  sand  filtration  at  Springfield,  Mass., 
was  submitted  by  E.  E.  Lochridge,  of  that  city.  A 
general  review  of  the  sanitary  phases  of  the  public  water 
supplies  of  New  Hampshire  was  presented  by  C.  1). 
Howard,  chemist  Stat<»  Board  of  Health.  Of  the  S  filter 
plants  in  the  state,  fi  use  chlorination.  Tnformal  remarks 
on  public  utilit\'  commissions  were  made  by  a  member  of 
the  Elaine  Commission.  He  said  that  such  commissions; 
the  utilities  regulated  and  the  public  should  consider 
themselves  as  partners.  He  outlined  the  need  of  control 
of  water  jjolhition  in  Maine  in  such  a  w'ay  as  to  suggest 
that  the  state  is  backward  in  the  matter. 

During  the  convention  ~)2  new  members  were  elected. 
This  brings  the  membership  to  about  l,()-">0.  of  wbicli  if  is 
said  that  l-'id  have  been  secured  This  veai'. 
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Wedge-shaped  tie-plates  which  permil  \ariatioii  Ijiitli 
of  the  position  and  of  the  level  of  the  rail  ai'c  used  to 
carry  the  pit  lail  for  the  new  lOO-ft.  lurntaliles  of  the 
Atchison,  Topeka  &  Santa  Fe  liy.  The  ti'ack  consists 
of  !)0-lb.  rails  on  creosoted  ties  i)%x8-in..  :!(.)  in.  long, 
laid  radially  oil  a  concrete  wall  around  the  bottom  of 
the  pit.  On  each  tie  there  is  a  ])air  of  the  wedge-shapeil 
plates  8x1  1  in.,  having  a  thickness  of  Vi  i"-  at  one  end 
and  1  ill.  at  the  other  end.  Hy  driving  the  upper  plate 
forwartl  or  back  (at  right  angles  to  the  rail)  the  thick- 
ness may  be  varied  from  a  minimum  of  1  ^\t  in.  to  a 
niaxiimim  of  If,.,  i"- 

The  tie-jilati's  are  made  of  both  rolled  steel  ami 
malleable  east  ii-mi.  The  latter  cost  less  and  have  pi-ovcd 
satisfactory.     The  iilates  are  six-sided   in   plan   and   lia\i' 
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Eleva+ion 
'riiM'i.ATics  Fill;  AD.irsTi.Ni;  rr ii.ntahi.I':  tracks 

slots  for  the  rail  spikes.  When  ;idjuste(l  li>  the  recpiired 
elevation  they  arc  secured  by  i.  pair  of  .screw  spikes 
against  their  ends.  These  tie-])liites  weic  devised  by  .\. 
F.  Kobinson.  Bridge  Engineer  of  the  .\tcliisoii.  Toiu-ka  & 
Santa    l''e   Ifv..   in  coniieetion   with   Mune   new   turntables. 
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FIG.    1.    AFTER    DAWN    ON    THE    MORNTNO    OF    MONDAY,  SEPT.   11.   1916.     THE  SPAN  BEING   FLOATED  TO  PLACE 

Tine  F^all  Evidleimce  om  th. 

Qujielbec  Brldlge  Sts^c^ 

— .1  Coiiijilrtr  and  Acctiraie  Accovnt  of  the 
Idiil :  irifji  Insert  Shfef  Presenting  a  Graphic 
iiiiif/  the  Mislinp  Id  the  Suspeinlei]  S/kui 


The  InexpUcahle  Accident  Fttlly  Cleared   Up 

Events    Which    Occurred  from    Instant   to   In.y 

llecord  of  All  the  Evidence  Left  Concrr 

Invcstipitinn  \\;\s  icwuIimI  a  complete  and  exiu-t  record 
of  how  and  whv  the  (Quebec  Bridge  suspended  span  fell 
from  its  supports  on  Sept.  11.  This  record,  affording  a 
remarkal)le  ])iitnr(>  nf  the  wlude  nieehanisni  of  failure, 
is  found  in  tlie  condition  of  jiarts  left  at  the  truss  seats 
on  the  lifting  girders.  It  seemed  at  first,  immediately 
after  the  span  disappeared,  tliat  no  structural  evidence 
could  possihly  be  Icd't  to  gi\c  a  clue  1o  wliat  liappnicd. 
Later,  examination  oi'  rlic  lilting  c(|nipnicnt  showed 
numerous  signifit-ant  injuries  and  marks,  an<l  when  tlie 
investigation  got  down  to  a  detail  study  of  the  four  sup- 
])orting  chairs  or  "lifting  girders,"  tlie  full  story  was 
obtained  of  what  happened  in  the  few  seconds  from  the 
time  the  sjjan  first  started  until  it  had  pulled  loose  from 
the  last  support. 

A  seruijulously  detailed  sketch  memorandum  of  the 
exaniiiuition  of  thellifting  girders  was  made  by  Engineer- 
in;/  Neirs.  With  the  consent  of  the  engineers  of  the 
Board  and  officials  of  the  St.  Lawrence  Bridge  Co.,  wliosc 
observations  and  findings  are  in  entire  agreement  with  it, 
this  record  is  here  presented.  Through  excellent  work 
done  by  the  St.  Lawrence  Bridge  Co.'s  staff  pliotograi)hcr, 
Vj.  yi.  Finn,  under  difficult  conditions,  it  has  been  pos- 
sible to  illustrate  this  sketcli  memorandum  in  most  strik- 
ing manner  by  a  series  of  ])lan  and  elevation  ])hotogra])hs, 
amplifying  and  explaining  the  sketches. 

What  the  record,  of  the  lifting-girder  conditions  tells^ 
so  .soon  as  the  language  that  it  speaks  is  understood — is 
that  the  bridge  first  smashed  down  tlirough  the  southwest 
supporting  rocker  and  then  skidded  diagonally  off'  this  seat 
as  the  hanger  was  kicked  back  southwesterly,  and  that  sid)- 
.sequently  at  the  three  other  sujiports  it  Iwisted  or  pulled 
away.  The  remarkable  photograph  shown  on  our  insert 
sheet,  of  the  bridge  while  on  its  way  to  the  water,  is  in 
perfect  agreement  with  the  story  told  by  the  lifting-girder 
conditions,  and  makes  it  certain  tliat  this  story  is  not 
falsified   by  any    iruidenlal   sid)sidiary  effects. 


The  wiu'k  of  making  minute  exan 
ture  to  detect  any  evidence  of  cause 
few  hours  after  the  collapse.  E 
Lawrence  Bridge  Co.  and  outside  c 
them,  as  well  as  members  of  the  Boa 
part  in  these  examinations.  On  in 
separate  survey  of  the  conditions  wa 
editors  of  Engineering  Newi^.  The 
Co.  facilitated  this  examination  in 
ner,  ])roviding  equi]iment  needed  f 
ends  of  the  cantilevers  and  giving 
Largely  through  this  ready  acconnn^ 
to  present  the  results  of  this  cxamin 
and  graphic  form  ])resented  iiy  tl 
issue.  Tlie  results  given  l)y  this  sIk 
to  careful  check  and  are  known  to 
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)e  correct. 


■CoNDIITON   Of  lI.WdERS 

Before  examining  the  cxhiliits  of  the  condition  of  tf 
lifting  equipment,  it  is  necessary  to  ha\e  well  in  niin 
how  tlie  s|)an  was  supiwrted  on  the  lifting  girders  aow- 
the  end  of  each  pair  of  chains.  Briefly,  on  the  top  of  tl' 
girder  there  was  a  steel  shoe  casting  with  a  longituflin: 
l)in  groo^•e,  carrying  a  9i/>x4r>i/.-in.  pin  parallel  to  ll 
line  of  the  bridge.  On  this  pin  wa<  seated  the  suspefti 
steel  rocker  casting,  wliich  in  turn  carried  a  short  tran 
\erse  i)in,  8x2fi-'^4  in.  The  npiier  shoe,  attached  to  tl 
base  of  the  end  post  of  the  s]ian.  rested  on  this  transvci 
ju'ii. 

This  detail  served  as  the  universal  joint  needed  duni 
the  five  weeks  that  the  suspended  s])an  stood  on  it.<  <'i 
suiijiorts  at  Sillery.  awaiting  the  day  of  tloatiii?  "i 
hoisting.  When  the  span  finally  was  supported  by  l' 
scows,  the  lifting  girder  was  no  longer  sui>porte(l  fr" 
below,  and  therefore  was  hung  by  a  pair  of  bridles  fi" 
the  ujiper  shoe.  To  kec])  the  castings  in  proper  pent' 
bearing  when   the  hangers  jiicked  ny  the  lifting  ginli'i 


The  span  linked  to  ihe  chains  and  raised  clear  of  the  scows,  compleim?  the  last  hazardous  operation  in  the  construction  of  the  bridg 


The  view  of  the  fall  shows 
I  he  southwest  corner  of  the 
span  well  under  water,  and 
tiie  other  four  corners  still 
on  the  hanging  chairs.  The 
southwest  hanger  has  been 
kicked  back. 

The  south  end  of  the  span 
!  as  rotated  westward  about 
'  he  southeast  scat.  The  top 

atcral  system  has  failed 

xicpt  at  the  north  end. 

1  he  span  portals  have  re- 
ined their  shape. 


The  falling  span  snaf/'P'^'d  by  a  lucKi'ijemfsnaper  man— a  tnoinent  xf 


The  upper  and  lower  views 
were  taken  only  a  few 
moments  apart.  The  boats 
are  in  nearly  the  same  posi- 
tion. The  suspended  span 
went  down  in  the  meantime. 
The  broken  water  in  the 
wake  of  the  span's  plunge 
is  still  visible  in  the  lower 
view.  Note  the  violent 
swinging  of  the  hangers,  the 
south  (left)  hangers  in  op- 
posite phase.  The  splash 
at  the  right  is  falling  wreck- 
age from  aloft. 
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Quebec  Bridge  Suspended  Span  Being  Lifted,  Sept.  1 1,  1916     Its  Fall.    The  Tell-tale  Marks  Left  on  the  Truss  Seats 

Recorded  by  Photographs  and  Sketch  Diagram. 


J  «^n  Afl'^r  t»"ll»  ^'*"*li  e"*!*  ""^ 
*  1  ends  r.(  the  ?pan  slipped  ofY  tl 
o"^''  gnd  P>ri;il  strul  was  torn  pastthi 


straight  forward  toward 
in  the  water,  the 


lifting  girders  were  lipped  forward  by  the  prvssurc  of 
.•lid  strut  aijainst  the  back  of  the  inner  hanger  chain 

the  corresponding  backward  reaction  of  the  shoe, 
ri-ar  upper  tie-plates  of  the  box  hangers  are  bent  back. 


I 


A  kw  seconds  ,fter  iIk-  ia 


Quebec  Bridge  Suspended  Span  Being  Lifted,  Sept.  11,  1916.    Its  Fall.    The  Tell-tale  Marks  Left  on  the  Truss  Seats 

Recorded  by  Photographs  and  Sketch  Diagram. 


Both  iinnh|eais  show  movement  straight  fi.r\\jra 
midfpan.    .^ftcr  both  south  ends 
north  ends  of  the  spun  slipped  off  their  i 
lower  end  pirtal  strut  wa-vlnrnpasttheinri' 


lifting  girders  were  tipped  forward  by  the  pressure  of 
igainst  the  back  of  the  inner  hanger  chain 
d   the  corresponding  back^vard  reaction  of  the  shoe. 
'    plates  of  the  box  h.intjors  are  hcnt  back. 
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The  span  linked  to  the  chains  and  raised  clear  of  the  scows,  coniplet 


he  view  of  the  fall  shows 
le  southwest  corner  of  the 
)an  well  under  water,  and 
le  other  four  corners  still 
1  the  hanging  chairs.  The 
lUthwest  hanger  has  been 
eked  back. 

he  south  end  of  the  span 
IS  rotated  westward  about 
;e  southeast  seat.  The  top 
teral  system  has  failed 
:cept  at  the  north  end. 
-  be  span  portals  have  re- 
ined their  shape. 


The  falling  span  snaj 


newspaper  man      a  nionienl 


September   21.    101(j 
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four  eenteiiiig  plates  were  bolted  to  the  bottom  eastiiii; 
and  carefully  fitted  (in  the  shop  before  erection  of  the 
span)  into  the  inner  comers  of  the  cniciforni  rocker,  and 
niatdnnarked.  Placinir  these  centering  plates  was  one  of 
tlie  last  jobs  before  the  span  was  towed  out.  They  were 
inspected  by  Mr.  Porter,  the  engineer  of  construction,  and 
Mr.  ilitchell,  the  consiilting  engineer  of  erection. 

For  an  appreciation  of  the  condition  of  the  hangers 
after  the  accident,  it  is  necessary  to  remember  that  the 
two  double  hanger  chains  coming  down  to  each  corner 
of  the  span  were  made  up  of  heavy  slabs  (as  uoted  in 
detail  in  Enc/ineering  News,  Aug.  31,  1916),  ending  in 
a  slotted  bottom  link  and  below  this  a  connecting  link 
pinned  into  a  box-girder  hanger  built  into  the  lifting 
girder. 

EVIDKXCK  FROil   COXDITIOX  OF  SOUTHWEST  HUNGER 

Descending  the  southwest  hanger,  the  condition  of  the 
iiip  of  the  lifting  girder  was  a.s  noted  in  the  insert  plate 
i)f  sketches  and  photographs.  The  most  prominent  thing 
observed  was  that,  of  the  four  centering  plates,  the  north- 
west ])late  was  in  place  lint  crushed  down  vertically  with 
two  of  its  bolts  sheared  off  vertically  and  two  intact. 
.Alongside  of  it  was  the  girder  suspension  bridle,  in  place, 
also  crushed  vertically.  The  southwest  centering  plate 
wa,-:  missing,  but  its  bolts  had  been  sheared  off  vertically, 
also  indicating  the  descent  of  some  vertical  load  upon  it. 
Probably  both  northwest  and  southwest  plates  were 
crushed  down  by  the  same  action,  and  their  different  be- 
havior is  due  to  incidental  effects. 

The  j)reseuce  and  condition  of  these  two  centering 
plates  really  is  the  key  to  the  whole  evidence  on  this 
hanger.  It  proves  that  there  could  have  been  no  departure 
I'loni  nonnal  conditions  ujj  to  the  moment  some  vertical 

'\v  was  delivered  to  the  west  centering  plates  of  the 
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<:     J      .NOIfril    HA.NGKK.S    .\I''TBI(     I    \l 
Showing   caK<!    UHe<l    iti    reaching    llftint 


FIG.   3.    DIAGRAM  SHOWING  HAXGER.S  AFTER  ArciDE.NT 

On  aU  hangers  the  screw  jacks  were  lieing  run  up  as  the 
hydraulic-jack  plungers  wei-e  comins'  down.  But  on  the 
north  side  jacks — due  to  the  shock  or  to  the  screw  operators* 
iirasping  the  handles — one  of  each  pair  ol'  scre^vs  spun  up  and 
allowed  the  top  jarking^  girder  to  settle  out  of  parallel  with 
the  lower  one 

southwest  liangcr.  These  plates  ni'c  the  only  points  on 
any  of  the  hangers  where  direct  vertical  a(;tion  is  indi- 
cated—all else  sliou's  a  combination  of  turning,  twisting 
and  sliding.  The  vertical  injury  to  these  two  plates  must 
have  preceded  all  other  effects  noted  elsewhere. 

The  other  tv.-o  centering  plates  at  this  hanger  showed 
the  bolts  sheared  downward  and  forward  (i.e.,  toward  the 
suspended  span)  at  \~>° ;  tlie  southeast  centering  plate  was 
free  and  the  northeast  one  was  missing.  These  condi- 
tions indicate  backward  movement  of  the  girder  occurring 
on  the  east  side  of  the  ])iii  siniultaiicoiisly  with  tlie  drop- 
liiiig  of  the  truss  shoe. 

The  lower  pin  was  in  place,  but  rotated  eastward  on 
to])  11/4  in.  and  scoi-cd  spirally,  indicating  backward  iiiove- 
iiient  of  the  girder  and  cros.<wi.«e  movement  of  some  sujicr- 
iniposed  burden.  The  east  bridle  hitch  angles  close  !)y 
showed  a  deep  to'"  gash,  indicating  the  same  nio\cniciit  as 
shown  by  the  [lin. 

The  south  tie  ])lates  on  both  the  box  bangers  were  round 
bent  by  contact  against  the  connecting  link  of  the  banger 
riiain.  the  easterly  one  being  the  more  damaged.  Tliese 
bent  plates  indicate  positively  a  strong  rotation  oT  the 
lifting  girder.  The  inner  (east)  chain  shows  a  scored 
edge,  which  can  l)e  e.xplained  by  the  chain's  shearing 
through  the  bottom  end  strut  between  trusses.  This  end 
strut  consisted  of  two  ribs  each  made  up  of  a  o4x%-iii. 
])late  and  two  ().\()X%-in.  angles,  and  the  inner  chain 
]iassed  through  between  the  two  ribs;  before  the  s])an 
lould  sei)arate  from  the  lifting  girder  or  hanger  chains, 
the  inner  chain  had  to  tear  its  way  out  through  one  lili 
of  the  end  strut. 

llllW      IIIK     W'lfKCK     SrAIIT"- 

The  earlier  steps  of  the  accident  arc  made  a|>pareiit 
liy  the  just-described  conditions  at  tlie  southwest  hanger. 
Something  must  have  broken  in  the  northeast  quarter  of 
the  shoe  detail.  It  could  have  been  only  the  intermediate 
<.!•  rocker  casting  (see  sketch  Fig.  5  and  view  Fig.  I). 
The  fracture  most  probably  occurred  near  the  root  of  the 
front  lower  ))in-l)racket  of  this  rocker,  putting  the  bear- 
ing on  the  lower  pin  out  of  service;  and  in  all  likelihood 
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llio  Ciiuriirc  entered  the  upper  pin  seat  and  one  of  tlic 
upper  bnukets  al^o. 

Concentration  of  the  enormous  1,300-ton  load  on  tlic 
I  lacture  edges  must  have  caused  crushing,  tipping  of 
^^ilat  was  left  of  the  rocker,  and  some  liackward  movc- 
niuut  of  the  lower  shoe  and  lifting  girder. 

Tt  was  incidental  to  this  quicldv-passed  stage  of  the 
latastrophe  that  the  westerly  fragnient  of  the  rocker  bore 
down  on  the  two  west  centering  plates,  curling  one  of 
them  over  and  1'orcing  the  other  off  by  downward  shear. 
Ill  the  same  action,  however,  the  fragments  of  the  broken 
rocker  were  ejectted  from  between  its  two  ]iins  like  a 
smooth  wet  orangeseed.  and.  the  iinpulse  kicking  back  the 
entire  swinging  girder,  the  corner  of  the  span  fell  free, 
imlv  grazing  the  pin  and  the  <;iiiler  eo\i>r-]ilate  as  it  went 
off.' 

These  events,  written  in  ihe  markings  on  the  south- 
we-st  girder,  make  all  the  other  actions  su1)sidiary.  And. 
indeed,  the  examination  of  the  other  three  hangers  shows 
the  veiy  ac-tious  there  that  must  follow  from  the  starting 
of  the  fall  as  just  sketched. 

1"  The  Southeast  Haxuei; 

Mome  parts  of  the  southea.st  hanger  were  severely  pun- 
ished, while  otliei-s  e,sca]Ted  very  easily.  Some  8  ft.  above 
the  girder  top  the  inner  hanger  chain  was  badly  bent, 
forced  to  the  west,  and  heavily  scored.  The  pressure  ac- 
companying the  movement  at  this  point  is  indicated  by 
signs  of  high  local  heating  of  the  steel  in  the  score  mai'ks 
on  the  inner  hanger  chain. 

The  pin  in  the  box  hanger  was  moved  we.st  1  in.,  but 
showed  no  signs  of  rotation.  The  top  inside  edge  of  the 
west  plate  of  the  we.st  box  banger  was  crushed,  and  the 
box  rivets  wei-e  forced  into  the  link.  The  south  liraeket 
at  this  box  hanger  was  untouched,  and  the  north  hrackt't 
liad  its  east  edge  only  slightly  bent  inward.  The  eorre- 
sponding  detail  at  the  east  box  hanger  is  entirely 
untouched. 

Looking  at  the  lower  .shoe  detail,  it  is  seen  first  that 
all  four  of  the  centering  plates  are  in  place  and  bent  out- 
ward. On  botli  the  east  plates  are  found  large  splashes 
of  pin  grease,  and  the  diicetion  of  these  spla.shes  indicates 
that  some  turuing  of  the  rocker  casting  must  have  neatly 
spooned  the  lower  ))in  out  of  its  pocket.  The  turning 
of  the  casting  und(mbtedly  bent  down  the  westerly  plates, 
and  the  pin  forced  over  the  easterly  pair.  Heniarkable 
to  record,  the  upper  (>iii  lies  in  the  lower  pin  bearing; 
1o  drop  into  this  ])osilioii  it  mu.st  have  turned  90°  from 
its  original  dirc.c-tion.  The  crushed  and  bent-iii  west 
bridle  hitch  angles  and  bridle  are  further  evidence  of 
this  action.  The  iumt  and  scored  edge  of  the  girder 
cover  plate  nearby  marks  the  final  path  of  the  edge  of 
the  truss  end  jiost  as  it  left  the  lifting  girder. 

What  hap])ened  at  the  southeast  banger  is  easily  imder- 
stood.  The  photogra])li  of  the  falling  bridge  gives  a  per- 
fect picture  of  the  action,  the  same  as  read  out  of  the 
conditions  of  damage.  The  overturning  west  truss, 
through  the  action  of  the  portal  and  top  laterals,  twisted 
the  end  jiost  of  the  east  truss  to  the  westward  and  down. 
'The  bottom  end  strut,  already  torn,  loose  from  the  west 
tru.ss  when  thiit  rip])e(l  through  the  hanger  chain,  offered 
no  resistance  to  the  tip])ing  movement.  The  truss  was 
tilting  on  its  lowei'  rocker  ])iii  at  tlie  start,  and  after 
reaching  the  limit  of  the  rockei-'s  turning  freedom  it 
■  eaiited  and  slid  on   the  transverse   pin,  fon-cd  the   rocker 


out  backward  and  eastward,  and  dropped  the  upper  pin, 
no\^  \crtical.  into  the  lower  shoe,  where  it  drop]X'(l  tiiti. 
the  lieariiig.  The  end  post  now  was  on. the  point  of  ,sh]i- 
ping  otf,  having  in  the  meantime  banged  heavUy  agaiusi 
the  inside  face  of  the  west  hanger;  it  dropped  to  tin 
ri\er.  hardly  toiiching  the  top  of  the  lifting  girder.  Tlii 
blow  h-om  the  end  post,  possibly  supplemented  by  down- 
ward pressure  from  the  end  .strut,  tilted  the  whole  girdei 
series  of  the  hanger  about  the  longitudinal  supporting  pin 
on   top  of  the  upper  chord  of  the  cantilever  arm.     But 


FK4     t.     VI low  OF  ROCKKK   IN  PLACE 

.\i  .Silltiy,  on  fal.sewoik;  incomplete.  The  bridles  all' 
centcririK  plates  ;ue  niissin.u.  ami  the  box  lianser  and  con 
necting  link  as  well  as  the  periiianeiit  hangers  are  not  yet  ii 
place 

there  was  no  rotation  about  an  east-west  axis:  the  eas 
truss  tipped  purely  westward,  remaining  a  span  betweei 
its  two  end  bearings  until  the  moment  it  sli|)|ieil  oil'  tli 
.southeast  bearing. 


C'()Ni)rri((\ 


.\oi;in    ll.wtiKiJs 


Almost  identical  pictures  were  pi-esented  i)y  the  iiorlli 
Avest  and  iKntheast  hangers:  Lower  i)in  in  place,  ap 
])arently  not  rotated,  its  toji  half  wi])ed  clean  of  grease 
rear  (north)  centering  plates  in  place  untouched:  froii 
centering  plates  gone  or  at  least  torn  loose,  and  showiii,:. 
hori>^iintal  shearing  ol'  the  bolts:  and  pia<-tically  im  ntlic 
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claiuairc  ext-ept  to  tiie  retipeetive  inner  liaiigor  cliaiiis,  which 
;  had  to  tear  out  throuo'h  the  end  ,<trut.  The  iiiovemeut 
of  the  north  ejid  of  the  span  was  evidently  .straight  for- 
ward, in  the  direction  of  midspan.  As  might  be  expected, 
both  lifting  girders  ti]>)3ed  forward  during  the  fall ;  the 
northeast  one  shows  the  strongest  evidence  of  tipping. 

The  north  mooring  span  was  appreciably  warjied :  the 
lower  end  was  rotated  clockwise,  probably  from  the 
sequence  in  which  the  four  mooring  lines  jiarted.  This 
flaniage  appears  to  have  no  relation  to  the  other  e\  idence 
or  to  the  cause  of  tlie  fall. 

At  the  northwest  hanger,  the  two  forward  (entering 
[jlates  were  gone.  The  bridles  were  gone:  tlie  east  bridle 
hitch  angles  had  the  south  end  bent  inward  slightly.  The 
west  hanger  chain  M-as  untouched.  At  the  east  chain  the 
connecting  link  was  slightly  bent  to  the  west,  and  the  pLii 
througli  the  box  lianger  wa.s  mo\ed  a  liit  to  the  west.  The 
edges  of  the  bracket  plates  on  this  Iwx  hanger  showed 
-onu'  damage.     The  u])pcr  ciluc^  «(  the  rear  tie-plates  on 
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Dth  box  hangers  had  come  into  contact  with  the  link, 
bowing  rotation.  The  rocker  pin  had  longitiidinal 
I  latches  and  ib;  front  end  was  scored. 

On  the  iiortlieast  lifting  girder  the  southeast  centering 
late  was  gone,  and  the  southwest  plate  off  but  lying 
"■iirliy.  The  cwver  plate  of  the  girder  showed  a  small 
end  at  itB  front  e<Ige.  The  east  hanger  chain  was  un- 
ainiiged  except  for  slight  bending  of  the  rear  tie-plate 
f  tlie  box  hanger,  which  had  come  into  contact  with  the 
•nnectiug  link  by  rotation  of  the  girder.  The  west 
bain  slunred  tiie  same  effect  more  strongly,  the  tie-plate 
eing  bent  and  torn ;  here  tlie  outer  rear  corners  of  the 
>iuie<-ting  link  were  scored.     The  link  also  had  a  bend 

t!ie  west,  and  tlie  pin  througli  link  and  Ixix  lianger  was 
ii'd  westward  a  trifle. 

ill:  Rm,l  ok  the  Span  .v  Slmi-le  Sequel  in  F.viluise 

AT  THE  South  wicsT  Supi'okt 

The  alKive  dc»i<:ription  of  louditions  tells  its  story  fully. 

Ill  the  southwest  supjjort  mover!  away  from  under  the 

Mil.  the  long  and  heavy  f)40-ft.  sjiaii  could  not  maintain 

-  integrity;  its  laterals,  sways  am!  portals  were  inca])able 

'"ildilig  it  together  when  resting  on  only  three  su])poits. 

I  !ial  the  s]mn  ke|)t  up  its  integral  action  long  enough 

ompleti!    failure   of   the   south   end    to    piecede    the 

iif  th(!  north  end,  however,  is  excellent  testimony  to 

.'ood  ciinstnjctioii.     In  this  res|)e<;t  tlie  |)botograph  of 

tailing  mass  and   the  investigational  evidence  are  in 

t  iKtrfccI  aicord.     The  pbotogiajdi  caught  the  moment 

■I   |>iTcediii{i  tlic  (Ironiiiiii.'-  oT  the  soutlieii.-t  corner,  and 


it  sJRiws  the  north  end  still  maintaining  full  aligiunent 
and  vertieality  although  both  trusses  are  practically  hori- 
zontal at  their  south  end  and  the  lateral  system  is  com- 
pletely wrecked. 

Coming  to  a  peiiod  a  lew  moments  later,  the  hapju'ii- 
iiigs  are  rcK'Ouuted  by  the  story  recorded  on  the  lifting 
girders.  The  north  corners  remained  in  place  until  the 
sottth  end  had  cleared  entirely  and  was  falling  free,  and 
then  they  both  .slid  ofF  forward  into  the  stream.  Only  a 
slight  twist  had  been  transmitted  through  the  bridge, 
just  enough  to  let  the  lower  end  strut  crowd  the  inner 
chain  of  each  hanger  over  to  the  west  and  by  the  same 
impulse  pu.sh  the  jiiii  of  the  liox  hanger  in  westward 
direction. 

STiiEXfiTJi  KxiriiurEi)  hv  Tin-;  Tiicei-;  IIockeijs 
A  point  of  great  moment,  in  view  of  the  failure  of  the 
southwest  rocker,  is  the  clear  evidence  that  lies  in  the 
investigational  (indings  as  to  the  behavior  of  the  other 
three  rockers.  These  rockers  remained  intact  throughout, 
as  is  amply  pro\ed  by  the  absence  of  severe  punisliinent 
to  the  girder  cover  ))late,  hitch  angles,  and  shoe.  They 
held  the  truss  corner  high  above  the  lifting  girder  ,m)  that 
it  slid  off  without  touching  the  girder,  or  at  best  barely 
grazing  it.  Yet  these  rockers  were  subjected  to  a  severe 
duty.  The  southea.st  rocker  had  to  carry,  in  addition  to 
its  normal  load,  an  extra  reaction  great  enough  to  wreck 
the  portal  and  lateral  sy.<teni  of  the  bridge,  and  the  vui- 
known  inqiact  ])rodiiced  by  the  start  of  the  failure.  At 
the  .same  time  it  was  subjected  to  extreme  canting  and 
tiliping  actions,  continued  to  the  ]ioint  of  concentrating 
the  whole  load  on  one  corner  and  forcing  the  rocker  out 
of  its  seat.  The  imrtli  rockers  bore  nearly  as  severe  a 
tipping  elfect.  and  they  too  held  up  intact. 

The  span  rested  on  these  same  rockers  for  live  weeks 
at  Sillery.  and  they  bore  variously  in  that  time  about 
lO^f  more  load  than  they  carried  during  the  hour  and 
a  hair  in  which  the  span  was  suspended  from  the  canti- 
lever arms  before  its  fall.  This  extra  load  was  due  to  a 
very  heaw  materia!  track  (removed  before  the  floating) 
on  wliich   ran   a   hxHjniotive  crane  and  material   cars. 

The  destniction  of  the  southwest  rocker  therefore  did 
not  develop  from  inherent  weakness  in  the  design,  even 
though  the  rocker  may  have  lieeii  overstressed  (on  the 
commonly-used  assumption  of  imirorin  load-distribution 
along  each  iiiii,  the  maximum  tension  in  the  ba.se  would 
be  computed  at  aliout  ."lO.OOO  lb.  ])er  s(|.in.).  Defects  in 
the  .southwest  nicker  made  it  weaker  than  its  three  mates. 


Very  shortly  after  the  Quebec  Bridge  suspended  span 
fell — as  soon  as  the  ollicials  of  the  St.  Lawrence  Bridge 
Co.,  the  members  of  the  Board  of  Engineers  of  the 
Quebec  Bridge,  and  the  (lovernment  ollicials  could  con- 
fer— the  bridge  company  announced  that  it  would  accept 
the  responsibility  of  the  accident  and  bear  the  ex|)ense 
of  replacing  the  lost  span.  The  conniany  also  announced 
that  no  changes  of  moment  wmild  be  made  in  the  de- 
sign or  the  method  of  erection,  floating  and  hoi.sting.  W 
the  same  time  it  is  certain  that  the  detail  in  which  the 
accident  started   will    be  considerably   modified. 

Ordei-s  liavi'  already  been  ])laced  for  steel  and  it  is 
IJi'obable  that,  owing  to  tlie  emergeiu-y,  the  biidge  coni- 
paiiv   will   'ieeiire  (piick   deli\-eries. 
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Hvfliaulic  engineers  in  making  tom]nitation.'^  requir- 
ing data  of  rainfall  and  ninoif  in  connection  with  the 
design  of  works  for  water-supply,  stream  storage,  etc., 
have  for  many  years  heen  accustomed  to  make  use  of  the 
data  obtained  by  the  long  period  of  observations  on  the 
Crotou  watershed.  Veiy  great  importance  attaches  there- 
fore to  the  announcement  Just  made  by  the  New  York 
Department  of  \Yater  Supply  that  a  material  change  has 
now  been  officially  made  in  the  area  of  the  Croton  water- 
shed. The  official  figure  for  that  area  will  hereafter  be 
375  sq.mi.  in  place  of  the  :S()0  sq.mi.  which  has  been 
hitherto  used  in  most  computations. 

We  are  indebted  to  Wm.  W.  Brush,  Acting  Chief  En- 
gineer of  the  department,  for  an  interesting  historical 
review  of  the  changes  in  official  measurements  of  the 
.Croton  watershed  which  have  been  made  in  the  past 
three-quarters  of  a  centurj-.  The  first  survey  of  the 
watershed  of  which  the  department  has  present  records 
appears  to  have  been  made  in  1857-58.  The  annual  re- 
port of  the  Croton  Aqueduct  Department,  dated  Jan.  3, 
1859,  contains  the  following  statement: 

The  total  area  or  watershed  of  the  Croton  above  the  com- 
mencement of  the  aqueduct  is  ascertained  to  be  352  sq.mi. 

A  map  prepared  as  a  result  of  this  survey,  however, 
in  about  1860,  which  was  lithographed  by  J.  Bien.  then 
of  24  Vesey  St..  bore  an  inscription  tliat  the  total  area  of 
the  watershed  was  338.82  sq.mi. 

This  latter  figure  appears  to  have  been  generally  used 
for  many  years.  Need  of  a  more  certain  determination 
of  the  area,  however,  was  brought  to  the  attention  of  the 
Aqueduct  Commissioii  in  tlie  early  '80's,  and  a  new  topo- 
graphic .survey  of  the  watershed  was  authorized  in  .Jan- 
uary. 1889,  in  charge  of  the  late  W.  E.  Worthen. 

Mr.  Worthen  will  be  remembered  by  the  older  genera- 
tion of  engineers  as  the  President  of  the  American  Society 
of  Civil  Engineers  in  1887,  and  for  a  .short  time  Chief 
Engineer  of  the  first  New  York  City  rapid  transit  com- 
mission. His  principal  assistants  were  C.  C.  Vermeule 
and  J.  R.  Bien.  The  map  made  as  a  result  of  these  com- 
putation.s  was  finally  delivered  on  July  21,  1889.  The 
area  of  the  watershed  was  determined  from  this  map  by 
carefully  scaling  the  parallels  of  longitude  and  latitude, 
using  the  graphic  scale  on  the  map,  conqmting  the  area.s 
of  the  various  zones,  and  adding  to  them  the  planimetered 
areas  of  the  irregular  portions  along  the  borders  of  the 
watershed.    As  a  result  the  following  areas  were  obtained: 

Area    of    new    Croton    watershed 375. S15  sq.mi. 

Area   of   old   Croton   watershed 352.84     sq.mi. 

Area  of  watershed  between  old  and  new  dams.  .        22.975  sq.mi. 

Controversy  immediately  arose  as  to  the  accuracy  of 
these  newly  determined  areas,  which  made  a  material 
change  in  the  figures  so  long  used.  After  this  survey  and 
map  had  been  made,  the  site  of  the  new  Croton  dam  was 
moved  slightly  upstream.  The  adopted  area  of  the  new 
Croton  watershed  was  changed  to  :5fiO.-M:  sq.mi.     A  num- 


ber of  the  engineers  of  the  Aqueduct  Commission,  how- 
ever, were  not  .-iatisfied  that  this  figure  was  correit.  and 
from  1900  to  1903.  the  commission  officially  used  an 
area  of  373  .-^ci.mi.  as  a  compromise,  but  later  returned  to 
the  360.44  sq.mi.  previously  used. 

In  1909  it  was  determined  to  measure  more  accurately 
than  by  scaling  the  area  of  the  watershed  as  determined 
by  the  \\'orthen  survey.  The  area  of  the  zones  of  latitudL' 
on  the  Worthen  maj)  was  determined  by  computation,  as- 
suming the  earth  to  be  a  sphere  40  million  meters  in 
circumference  at  the  sea  level.  The  area  of  the  irregular 
border  of  the  watershed  was  determined  liy  the  plauimetev. 
One  meter  was  taken  as  equivalent  to  3.280869  ft.  Tli. 
resultant  area  was  374.979  sq.mi.  Another  computatioi 
of  the  area  was  made  at  the  same  time,  using  the  Clark- 
equivalent  method  adopted  by  the  U.  S.  Coast  and  (ieti- 
detic  Survey.    This  gave  the  area  as  375.55  sq.mi. 

Since  1909  this  matter  has  been  given  consideration 
from  time  to  time,  and  in  the  early  part  of  the  present 
year  it  was  agreed  by  all  the  engineers  now  in  the  Board 
of  Water  Supply  who  had  taken  part  in  the  investigation 
that  an  area  of  315  sq.mi.  should  be  adopted  officially  iv 
the  area  of  the  Croton  watershed. 

The  above  is  an  interesting  illu.stration  of  how  hard 
it  is  to  kill  an  error.  The  area  of  360  sq.mi.,  which  lia> 
so  long  been  used,  had  its  sole  foundation  in  the  jirinteil 
figures  appearing  on  the  lithograph  copy  of  the  nia|>  u' 
1858.  This  figure  was  an  error  as  is  proved  by  mea.^ui 
ing,  by  computation  and  planimeter,  the  lithograph  nia| 
itself  and  also  by  errors  found  in  the  table  of  subdivi 
sions  given  on  the  lithograph.  In  one  ease  an  area  i 
given  as  75  sq.mi.  which  should  have  been  85  sq.mi 
The  now  officially  adopted  area  of  375  sq.mi.  is  showi 
to  be  correct  not  only  by  the  Worthen  map  of  1889.  bii 
by  the  map  of  1858  when  both  are  accurately  measureil 
The  alteration  of  this  figure  may  necessitate  correction 
in  many  of  the  standard  treatises  on  various  branches  »' 
hydraulic  engineering. 
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The  St.  i.diiis  \-  San  Francisco  IJ\.  and  the  Missoui 
Pacific  Hy.  have  both  agreed  with  the  Board  of  Park  Com 
missioners  of  Kansas  City,  Mo.,  to  ])ay  one-third  the  co.- 
of  a  new  bridge  and  viaduct  in  Swope  Park.  The  rai 
roads  will  divide  their  one-third  share  in  projiortion  to  tli 
width  of  right-of-way  of  each.  The  Park  C'oinmissiouii 
have  ordered  J.  A.  L.  Waddell  &  Son,  who  prepared  tii 
preliminary  plans,  to  hasten  the  detail  iilans  and  specif 
cations  so  that  a  contract  can  be  let  this  fall. 

The  total  length  of  the  bridge  will  be  700  It.  It  wi 
pi'ovide  a  40-ft.  roadway  with  a  7-ft.  clear  sidewalk  v 
each  side.  The  bridge  will  be  an  ornamental  reinforce 
concrete  arch  structure  with  a  central  span  of  120  ft.  ovi 
the  Blue  Kiver.  This  arch  will  be  flanked  by  two  lOO-f 
arches,  the  one  on  the  west  side  spanning  the  railwa 
tracks.    There  will  also  be  two  60-ft.  ai'oh  spans  at  eat 
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11(1.  'I'lio  iip])i<)iK-]ie^  111  L'itlioi-  eud  will  l)e  la lit i levered 
•0111  the  iibiitiiieiits.     The  estimated  cost  is  $1(!(),()0(). 

The  Board  of  Public  Works  ojiened  l)ids  on  Sept.  2(i.  for 
irce  bridges,  the  first  work  to  be  contracted  for  from 
le  $4.50.000  bond  issiii'  \  cited  over  a  year  ago  for  bridges 
lid  viaducts.  One  of  tiicse  will  replace  the  present  steel- 
iiss  highway  bridge  over  Brush  Creek  on  Troost  Ave., 
id  will  l)e  I'i^'t  It.  liiiii;.  It  will  be  a  reinforced-concrete 
vh  with  a  clear  s|iaii  of  ;i  It.,  providing  a  42-ft.  road- 
av  for  a  double-track  car  line  and  highway  traffic,  and  a 
-ft.  sidewalk  on  each  side.    The  estimated  cost  is  $20,000. 

.\  second  of  the  proposed  bridges  will  carry  a  part  of 
ith  St.  over  Mc(Jee  St.  Tratficway  by  means  of  a  rein- 
irced-concrete  arch  of  SO-ft.  span.  There  will  be  a  11- 
.  l)rick-paved  roadway  and  a  ."J-ft.  sidewalk  on  the  south 
de.    The  estimated  cost  is  $14,500. 

The  third  structure  will  carry  31st  St.,  which  is  now 
■ing  graded,  over  Wyandotte  St.  and  Penn  Valley 
rafficway.  It  will  be  on  a  sliuht  skew  and  about  94  ft. 
,  ng.  Theri>  will  l)e  two  rows  of  columns  supporting  a 
l-ft.  girder  sjian  and  cantilever  beams  for  the  approaches 

each  side  of  IS  and  2.")  ft.  The  roadway  will  be  36 
.  wide  and  carry  two  car  tracks,  and  there  will  be  a  7-ft. 
alk  on  each  side.  A  stairway  at  one  side  will  aecommo- 
ite  pedestrians.    The  I'slimated  cost  is  $11,?00. 

The  plans  for  these  structures  were  drawn  by  V.  H. 
K-hrane,  in  charge  of  the  bridge  de])artment  of  the  City 
nginecr's  Ottice.     Plans  for  a  number  of  other  structures 

similar  size  are  in  lourse  of  |)reparation,  while  two  or 
ree  large  viaducts  are  bciiiL;-  |ilaniied  for  the  city  by 
•ivate  engineering  lirms. 


=ISs'ndlge  Fsitleimft  CaHIlodl 


In  a  decision  handed  down  .\ug.  28,  1911),  Judge  Safer, 
the  I'liited  States  District  Court,  Southern  District 
Ohio.  Eastern  Division,  ruled  again.st  two  of  the  rein- 
rieil-concreti'  bridji'  |i;\tc'iits  held  by  Daniel  l\.  Tjuten, 
Indianapolis.  The  >iiit  was  by  Mr.  Luten  aijainst 
illiam  F.  W'liiltier  d  nJ..  for  infringement  of  patents 
the  construction  of  two  highway  bridges  in  Delaware 
lunty.  Ohio. 

The  plaintiff  charged  the  defendants  with  infriiige- 
riit  of  three  of  his  jiatents.  As  the  trial  progres.scd, 
c  plaintiff  withdrew  his  charge  as  to  patent  No.  8o3,- 
)2,  i.ssued  -May  7.  190T,  for  the  rea.son  it  was  manifest 
at,  if  the  ])atent  is  valid,  it  had  not  been  infringed, 
lie  court,  after  letiniing  that  all  the  evidence  ))ertinent 
patent  Xo.  1,070.903,  issued  Aug.  19,  1913,  on  a 
iiifoniiig  liar,  had  been  introduced,  decided  from  the 
•nch  that  it  had  been  anticipated,  lacked  both  novelty 
id  invention  and  is  invalid.  The  anticipations  were 
e  United  States  patent  to  Hyatt,  No.  206,113,  United 
lates  patent  to  Thacher,  No.  617,018,  and  British  pat- 
it  to  Hyatt.  No.  289  of  1877. 

There  remained  patent  No.  8.53,303,  issued  .May  7, 
'07,  which  is  in  effect  a  jiafent  on  a  reinforced-concrete 
landrel-wall  arch  in  wliiih  the  reinforcement  of  the 
••  and  the  s])androl  walls  is  continuous.  In  regard  to 
ii«  patent  Judge  Safer  ruled  partly  a,s  follows: 

I    This   patent  and   others  were   before   the   District   Court   of 
''•rntlo  In   the   case  of  Luten   vs.   Washburn   et  al.'.     A  copy 
■life  Lewis'  opinion  Is  before  me.     He  reached  the  follow- 
"ncluHlon:  , 

I    'See    "KnKlneerIng    News."    Ix-c.    2.    IHI.-..    \i.    inii-l. 


On  con.slderation  of  prior  patents  and  publications  intri'- 
duced  by  the  defendants  to  meet  the  separate  and  several 
claims.  I  am  unable  to  rid  myself  of  the  firm  belief  and  oon- 
clusion  that  each  and  all  of  complainant's  cl.aims  were  non- 
patentable  at  the  tinie  he  inade  his  sevei-al  applications  and 
also  at  the  two  times  prior  to  applications  when  he  claims  he 
first,  within  two  years  prior  to  such  applications,  made  prac- 
tical use  of  the  claimed  inventions  in  those  two  instances. 
The  prior  p.atents  as  anticipations  and  the  prior  patents  and 
publications  as  showing  the  then  state  of  the  art  lead  to  the 
clear  conviction  that  complainant  in  each  instance  only  then 
made  application  of  mere  mechanical  knowledge  and  skill,  and 
that  what  he  did  is  in  no  sense  a  demonstration  of  inventive 
genius. 

I  concur  in  the  conclusion  thus  reached.  An  analysis  of 
the  prior  patents  and  art  will  not  be  undertaken.  The  devel- 
opment of  the  art  of  reinforced  concrete  began  about  ISTn 
and  was  much  pressed  about  1S90.  Some  of  the  patents  to 
which  allusion  may  be  properly  made  are  the  French  Monier 
patent.  No.  77.16.^  (1S73);  Monier's  American  patent  No.  486,o3."j 
(1.S92).  and  especially  Fig.  19:  Hinckley,  No.  C23,904  (1S99); 
Von  Emperger.  Xo.  5S3.464  (1S97);  Brannon's  English  patent 
No.  2.703  (l.'<71),  especially  Fig.  H;  Hyatt's  English  patent  No. 
2.96S  (1S77),  especially  Fig.  3-A:  Hennebique's  English  patent 
No.   S.S14    (1900);  and  Bone,  No.   705,732    (1902). 

In  some  of  the  patents  the  horizontal  rods  are  connected 
to  those  extending  up  into  the  spandrel  by  ties  or  other  means. 
so  that  the  inventor  employed  two  rods  to  accomplish  what 
Luten  did  by  one  continuous  rod,  but  the  union  of  two  rods 
into  one  by  welding  or  casting  them  together  does  not  rise  to 
the  dignity  of  invention.  Monier,  at  an  early  date,  indicated 
that  his  devices  might  be  used  in  bridge  building.  He  adapted 
them  also  to  the  making  of  flower  pots  and  the  like  of  that, 
but  his  inventions  related  to  the  concrete  art,  and  in  view  of 
Fig.  19  of  his  American  patent  No.  486,535  there  was  nothing 
left  for  Luten  but  the  application  of  the  ordinary  skilled  me- 
chanic trained  in  the  art. 

Other  patents  of  an  anticipatory  nature  might  be  men- 
tioned, but  it  is  not  deemed  necessary.  .\  number  of  decisions 
in  uncontested  cases  have  been  submitted,  in  which  decrees 
were  taken  in  favor  of  Luten.  The  manner  of  obtaining  such 
decrees  is  too  well  known  to  lend  importance  to  them,  and 
the  view  entertained  by  this  court  touching  such  decrees  is 
the  same  as  that  of  Judge  Lewis  in  the  case  of  Luten  vs. 
Washburn   et  al. 

.\n  order  may  be  taken  dismissing  the  bill. 

Mr.  Luten  was  re))resented  by  Arthur  M.  Hood,  of 
Indiaiia])olis.  and  the  defendants  by  Edward  N.  Pagel- 
sen,  of  Detroit. 


.Santa  .MonU-a.  falif.,  Buyn  Water- A\orkK — The  city  com- 
missoners  of  .Santa  .Monica,  Calif.,  have  purchased  the  plants 
of  four  water  companies,  now  serving  the  citv,  for  a  total  of 
$712,500. 

A  Briilce  .\orc>M»  the  llud.son  Kiver  below  any  now  existing 
is  projected  at  Ca.stleton,  10  mi.  south  of  Albany,  by  the 
Hudson  River  Connecting  R.R.  Co.  A  public  hearing  on  the 
proposed  bridge  is  to  be  held  by  the  U.  S.  Engineer  Officer  at 
Albany    on    Sept.    25. 

I'aviiiK'  UidH  In  ronipetition  «ltli  ('outracturx  will  be  sub- 
mitted by  the  City  of  Santa  Monica,  Calif.,  hereafter.  The 
Board  of  Commissioners  has  given  notice  that  if  the  city's 
bid  brings  It  the  award  of  the  contract,  only  Santa  Monica 
workmen   will  be  employed. 

Searclty  of  I.nlior  i^  claimed  to  be  .so  acute  in  the  Middle 
West  that  no  contractors  can  be  found  to  make  bids  on 
some  of  the  Illinois  state-aid  roads.  Recently  work  on 
four  contracts,  three  In  Greene  County  and  one  In  Edwards 
County,  has  been  held  up  by  not  having  attracted  a  single 
bid. 

Coneretr  Road  lluildInK — Figures  recently  compiled  by  the 
Road  Bureau  of  the  Portland  Cement  Association  Indicate 
that  in  each  of  the  live  states,  Illinois,  Ohio,  Indiana,  Ntw 
York  and  Iowa,  contracts  have  so  far  been  awarded  this  year 
for  over  one  million  square  yards.  In  Michigan,  Wisconsin, 
California  and  Texas  over  500,000  sq.yd.,  each,  are  contracted 
for.  Most  of  the  yardage  In  Iowa  is  for  city  streets,  whlle 
the  greater  part  of  the  yardage  in  the  other  states  Is  for 
country   highways. 

.\  SrrlouM  CJnMollne  Shortaici-  In  1«17  was  predicted  by  W. 
R.  Hamilton,  of  San  Francisco,  In  a  paper  presented  at  th.' 
Arizona  meeting  of  the  Institute  of  Mining  Engineers  last 
week.  The  only  possible  means  of  Increasing  gasoline  produc- 
tion, he  said,  are  an  increase  in  the  production  of  the  lighter 
petroleums,  increasing  the  giavlty  of  gasoline  on  the  market, 
or  Innovations  in  refining  methods.  He  believed  that  such  In- 
creases as  were  likely  to  occur  from  any  if  these  causes 
would  be  in:ide(|uate  to  keep  pace  with  the  .sleady  imriase  In 
demand. 
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All  KxperimeMtal  Water  KUtrjitiou  IMaul  at  Detroit.  .Midi.. 
is  being-  built  to  determine  at  what  rate  the  water  could  l>i- 
handled  by  medianical  filters  and  to  .serve  also  as  an  educa- 
tional exhibit.  The  raw  water  is  low  in  turbidity  and  bacteria 
and  is  relatively  soft,  but  its  sanitary  quality  could  be  im- 
proved by  filtration  and  if  lime  and  sulphate  of  iron  were  used 
as  chemical  reagents  same  softening:  would  be  effected.  Theo. 
Leisen  is  general  superintendent  of  the  Detroit  Water-Works 
and  R.  Winthrop  Pratt,  of  Cleveland,  Ohio,  is  consulting 
engineer  for  the  test  plant. 

barse  CoolinK  Tower — What  is  believed  to  be  the  largest 
natural  draft  cooling  tower  so  far  built  has  recently  been 
completed  at  the  Anderson,  Ind.,  plant  of  the  .\merican  .Steel 
and  Wire  Co.  This  tower  is  of  the  Wheeler-Balcke  type  built 
by  the  Wheeler  Condenser  and  Kngineering  Co..  of  Carteret. 
N.  J.  The  tower  is  approximately  150  ft.  long,  ."SO  ft.  wide  and 
75  ft.  high  and  has  a  yellow-pine  frame  with  cypress  sheathing 
and  filling.  The  tower  has  two  chimneys  which  rise  above 
the  cooling  stacks  and  create  the  air  circulation  by  natural 
draft.  The  capacity  of  the  tower  is  7.300  gal.  per  inin.  cooled 
from  115  to  85°  F. 

The  SIlnneHOta  Joint  KuKiueerinu  lloanl  has  just  been 
formed  with  the  hope  of  making  the  various  engineering 
societies  in  the  state  of  more  value  to  their  several  communi- 
tie.s.  The  constituent  societies  represented  on  the  board  are 
the  Xorthwestern  A.ssociation  of  Members  of  the  .Vmeriean 
Society  of  Civil  Engineers;  the  Minnesota  Section  of  the 
.American  Society  of  Mechanical  Engineers:  the  Minnesota 
.Section  of  the  American  Institute  of  Electrical  Engineers:  the 
Minnesota  Surveyors'  and  Kngineer.s"  Society:  the  Engineers' 
Club  of  Minneapolis,  and  the  Civil  Engineers'  Society  of 
St,  Paul.  George  W.  Kathicns.  of  St.  Paul,  is  secretary  ci"  tin 
board. 

.\  Section  i»f  WooUeu  Kield  Stand  t'ollapNed  just  before  :i 
championship  prize  figlit  at  C. dorado  Si)rings  on  Sept.  4.  A 
length  of  150  ft.  fell  to  tli.-  ^;ioinid.  dropi)iiig  soTiie   .'.nil   lu-ople. 


COr.r.APSED    SIOCTKiX     OP    TIOMPORARY     SE,\T-ST.\Mi 
KOK    PKIZE    FlcJUT    AT    CDI^ORAnO    SPRI.\'<;S 

of  whom  almost  half  liad  to  l)e  sent  to  llospitals.  The  ijorlion 
of  the  stand  which  fell  was  in  the  upper  half,  12  to  1.')  ft.  above 
ground.  There  is  dispute  as  to  whether  the  stand  was  pnip- 
erly   braced.      A    coroner's    iniiuest    is    in    progress. 

.V  Dike  to  Hivert  tlie  l''lood  Waters  of  tlie  l.os  .\ngeles 
River,  heavily  laden  with  silt,  from  entering  I,os  .-Angeles 
Harbor  will  proliably  be  undertaken  within  a  .short  time. 
The  River  .and  Harbor  Kill  recently  enacted  provided  an  ap- 
propriation of  $1,0K0.000  for  this  work,  of  which  $500,000  was 
made  immediately  available.  The  appropriation  was  condi- 
tioned, however,  on  Los  .\ngelcs  guaranteeing  to  assume  the 
responsibility  for  right-of-way  and  the  construction  of  roads 
and  bridges,  and  also  agreeing  to  maintain  the  work  after 
completion.  The  voters  will  probably  pass  on  this  proposition, 
which  involves  an  expense  to  I.ns  .Angeles  of  nearly  $1,000,000. 
at   the   November  electifui. 

The  KUftroijtlc  .Seivaue  'iVxIinu'  I'iant  .il  Decatur.  111.,  Is 
lieing  continued  in  operation  beyond  the  test  period,  both 
for  demonstration  purposes  and  lo  ameliorate,  to  the  extent 
of  its  capacity,  the  pollution  of  the  Sangamon  River.  The 
Rlectro  Chemical  Co.,  .S24  Monadnock  Rlock.  Chicago,  will 
eontinui-  to  pay  the  wages  of  plant  attendants.  The  city  has 
engaged  H.  R.  Lee  as  chemist  in  chargi^.  The  city  is  under 
contiact  to  install  an  electrolytic  i)lant  to  treat  all  its  sewage, 
in  case  this  1,000,000-Ral.  test  plant  is  found  to  have  met  the 
contract  requirements.  The  city  is  also  under  ordt^rs  from 
the    Illinois    Itivers    and    Lake    Commission    to    cease    polluting 


!he  Sangamon  River  by  Jan.,  liilR.  W.  S.  Shields,  Haittord 
Building,  Chicago,  described  the  Decatur  test  plant  in  "Engi- 
neering News."   of  Aug.   24.   1916,   p,   371. 

\  Suxpended  .llonoraU  Rallnay,  similar  in  general  design 
to  the  Barmen  &  Elberfeld  Ry.  in  Germany,  was  recently  pro- 
jected in  California  between  Hopland  and  Lakeport,  a  dis 
tance  of  24  mi.  A  standard-gage  steam  railway  was  projected 
over  the  same  route  two  years  ago,  but  after  spending  scmi. 
$86,000  on  the  enterprise  the  company  was  financially  unabli 
to  carry  it  further.  The  Monorail  Co.  applied  to  the  California 
Railroad  Commission  for  permission  to  issue  stock  and  bond.'- 
to  raise  money  for  coitstructing  this  road.  The  Commission, 
in  an  opinion  tiled  June  10,  1916.  shows  that  the  estimates  oi 
the  cost  of  construction  of  the  monorail  road  were  about 
$50,000  per  mi.,  or  about  double  the  cost  of  a  standard  steaiii 
road,  and  that  the  estimates  of  expenses  and  earnings  on 
which  .the  company  based  its  hopes  of  selling  its  stock  and 
bonds  were  contrary  to  general  experience  in  railroad  opera- 
tion. The  Commission  therefore  refused  to  aiiprove  tli. 
project. 

KaaMa.H  City  to  'Vry  Reinforoeii-Coiierete  Water  >laiii — Tilt- 
Board  of  Fire  and  Water  Commissioners  of  Kansas  City,  Mo., 
.and  Burton  Lowther,  water-works  engineer  have  returneii 
from  a  trip  to  Oregon  and  Washington  where  they  went  to 
investigate  the  success  of  i-einfoi-ced-concrete  conduit  undei 
pressure.  Kansas  City's  water-supply  is  taken  from  the  Mis- 
souri River  above  Kansas  City,  Kan,,  and  by  means  of  a  4)i- 
in,  riveted  steel  pipe  and  a  36-in,  cast-iron  main  is  carrie(^ 
under  a  maximum  head  of  50  ft.,  for  a  distance  of  .about  18,0il'i 
ft.  to  a  7-ft.  tunnel  under  the  Kaw  River,  and  thence  to  th> 
main  Turkey  Creek  pumping  station  on  the  Missouri  side 
The  4S-in.  steel  main  has  developed  several  bad  leaks  re 
cently,  although  it  is  only  12  yr.  old,  and  at  othei-  place.- 
where  it  has  been  uncovered  it  has  been  badl.v  corroded.  It 
is  proposed  to  build  a  new  4S-ln.  line  immediately  to  providi 
for  the  increased  water  consumption  and  to  replace  the  48-iti 
steel  iriain  witii  a  fourth  line  as  soon  as  necessarj'.  By  usiiit" 
reinforced  concrete  ,a  very  material  saving  can  be  effecteil 
estimated  at  from  $20,000  to  $40,000  per  mi.  The  United 
States  Reclamation  Service  projects  examined  by  the  city  rep 
resentatives  showed  that  concrete  had  been  successfully  used 
for  flow  lines.  One  46-in.  pipe  on  the  L'matilla  project  in 
Oregon  has  carried  110  ft.  head  for  10  yr.,  and  showed  but  twe 
surface  leaks  of  minor  character  when  inspected.  The  Board 
has  asked  Mr.  Lowther  to  prepare  plans  and  estimates  fi" 
one   48-in.   reinforced-concrete   flow   line. 


FEIRSOMAILS 


<;eorKe  K.  ClilVonl  has  been  appointed  Chief  Engineer  "i 
tile    Philadelphia   Ruieau   of  Charities. 

\\ .  K.  Woolrleli.  of  the  pniversity  of  Wisconsin,  has  beei 
appointed  .Assistant  Professor  of  Mechanical  Engineering  :i 
till-    Pniversity    of  Tennessee. 

Oliver  W.  Coiinet.  M.  Am.  Soc.  C.  E.,  recently  with  the  cit 
.iigineering  department  of  Baltimore.  Md.,  has  been  appointe. 
X'nlnation  Engineer  of  the  Western   Maryland   Ry. 

I',  f.  Powers  has  been  appointed  Street  Commissioner  oi 
.Vleiiipliis,  Tenn,,  to  succeed  Thomas  Estes.  Mr.  Powers  wav 
Stre.l     Commissioner    under    a    former    administration. 

(  harles  Palmer,  of  Latrobe,  Penn.,  has  been  appointed  Kn 
gineei  of  the  Shenango  Land  Co.,  of  Sharon.  Penn.  He  w:r 
formerly  Engineer  of  the  Latrobe  and  Connellsville  Coal  aif 
Coke    Co. 

,V.  I,.  Keayon.  .M  .\lii.  Inst.  E.  E..  has  i  .signed  as  ManaK<' 
<if  the  .Alabama  Power  Co.,  Annislon,  Ala.,  tu  accept  the  sanf 
position  with  the  Columbia  Railway.  Gas  and  Eleelrlc  Co..  Ce 
himbia,   .S.   C. 

KoMier  »'.  .lolinstone.  formerly  with  the  .\lidvale  Steel  C' 
;i.s  .Managci  of  its  Chicago  and  New  York  offices,  has  bei ' 
made  .Manager  of  the  Steel  Department  of  Gaston.  William 
.Vi    Wigmore,   Inc..  New   York  City. 

,1.  n.  Itabli,  a  civil  engineer  formerly  with  J.  E.  Sirrine,  Mill 
Aiehilect  and  Engineer,  Greenville,  S.  C.  has  accepted  a  P" 
sit  ion  with  the  Southern  Engineering  Co.,  Charlotte.  N.  '' 
:iiid   will  have  charge  of  a  branch  office  at  Greenville. 

Cliarles  I'.  Jae«er  has  resigned  as  Commissioner  of  Wati 
of  Cleveland,  Ohio,  because,  it  is  stated,  he  is  no  longer  will- 
ing to  assume  the  responsibility  of  the  Water  neiiaitmeiii 
with   no   voiie   in   selecting  or   dismissing  his  assistants. 

iCInier  hi.  Yoke,  of  Annville.  Penn.,  has  been  appoint.' 
Works  Engineer  of  the  Gilbert  &  Barker  Manufacturing  C 
Springfield,  Mass,  He  is  a  graduate  of  Lehigh  irniversity  aiv 
has   been   with   various   steel   compani 
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C.  J.   Kcnner,    Assoc.    M.    Am.    Soc.    C.    E..    has    resigned    as 

perintendent  of  the  Louisiana  Water  Co.,  Louisiana,  Mo.,  to 

;ept  a  position  in  New  York  City.     He  is  succeeded  by  A.  F. 

rzelius,    of    the    Birmingham     Water-Works    Co..     Birming- 

m.   Ala. 

Charles  Scott  ioutlers,  Assoc,  il.  Am.  Soc.  C.  K..  Consulting 
gineer.  New  York  City.  Reuben  DaviH  and  Alan  M.  Perebee 

nounce    the    formation    of    the    Substructure    Co.,    Inc.. 

oadway.    New    York    City,     specializing    in     foundation 

rlerpinnin^  work. 

John  R.'  Lapham,  Jun.  Am.  Soc.  C.  E.,  former  Instructor  in 
il  Engineering  at  Pennsylvania  State  College,  has  been  ap- 
nted    .Assistant    Professor    of    Civil    Engineering    at    George 

ishlngton   University.    Washington.    D.    C.    succeeding    Prof. 

than  W.  Dougherty,   resigned. 

fjeor^e    C.    .\ndreiTS.    Assoc.     M.     .\ni.     Soc.     C.     K..     foi'nier 

sident  Engineer  of  the  New  York  State  Barge  Canal  at 
■kport.  N.  Y..  has  been  appointed  Supervising  Engineer  of 
water-works  of  Buffalo.  N.  Y..  under  the  new  commission- 
n  government.  He  will  give  particular  attention  to  sys- 
latizing  records  and   similar  work. 

Prof.  E.  A.  Fes."ienden.  M.  Am.  Soc.  M.  E..  has  been  elected 
.d  of  the  Department  of  Mechanical  Engineering  of  the 
msylvania  State  College.  He  was  graduated  from  the 
iversity  of  Missouri  in  1904.  After  several  years  with  the 
la  Foundry  and  Machine  Co.,  of  Springfield,  111.,  the  Bab- 
k  &  Wilcox  Co..  Bayonne.  N.  J.,  and  the  turl)ine  and  con- 
ser  departments  of  the  Westinghouse  Machine  Co.,  Pitts- 
gh,  Penn..  he  was  appointed  Associate  Professor  of  Me- 
nical  Engineering  at   the   University  of  Missouri. 


SUPI'LY     M.\NUFACTURHRS'     .\SSO 
.Secy.,  J.  Sciih 


Prank  MeMillan  Stanton,  M.  Am.  Inst.  M.  E.,  died  at  his 
(  le  in  New  York  City.  Sept.  11,  aged  51  years.  He  was  a 
8  of  John  Stanton  once  widely  known  in  the  copper-mining 
i  ustry.  He  was  graduated  from  the  Columbia  University 
f  ool  of  Mines  in  1887.  For  over  20  years  he  was  Superin- 
t  rlent  of  the  Atlantic  Mining  Co.,  of  which  his  father  was 
I  sident.     Later  he  was  identified   with   the  management   of 

0  ?r  Lake  Superior  copper-mine  properties. 

lohn  V.  Beekman,  M.  .\m.  Soc.  M.  E..  for  many  years  con- 
n  ted  with  the  Lidgerwood  Manufacturing  Co.,  New  York 
C  ',  died  at  his  home  at  Plainfield,  N.  .1..  Sept.  11.  He  was 
t  T  in  1842  at  Somerville,  N.  J.  About  1870  he  engaged  in 
t  manufacture  of  rotary  engines,  pumps,  etc..  being  a  mem- 
h  of  the  firm  of  .Tohn  A.  Lighthall-Beekman  &  Co.,  with 
»  ks  at  Imlay  St..  Brooklyn,  N.  Y.  This  company  was  ab- 
8  led    by    the    Lidgerwood    Manufacturing    Co.    in    1873,    Mr. 

1  kman  assuming  charge  of  the  works  of  that  company.  He 
»  the  inventor  of  many  improvements  in  hoisting  en- 
«  >s. 


ENGHNEERSNG  SOCHETIES 


>  OCIATION    OK   IRON    AND    STEEL    ELECTRICAL    ENGI- 
NEERS, 
■pt.  18-22.     Convention  in  Chicago.     Secy..  W.  O.  Oschmann, 
Oliver  Iron  and   Steel    Co..    Pittsburgh,    Penn. 

B  KDMASTERS    AND    MAINTENANCE    OF    WAY    ASSOCIA- 
TION OF  AMERICA. 

ition   in  .N"ew  York  City.     Secy..  P.  .1.  Mc- 

V  HIGAN  GAS  ASSOCIATION. 

•pt.  21-22.     Annual  meeting  in    Detroit.   Midi.      Secy.,  (Mark 
R.  Graves,  Lansing,  Mich. 

A  URICAN   PEAT    SOCIETY. 

•pt.   21-23.      Annual    meeting    in    Washington,    I).    C.  .  Secy., 
.Tulius  Bordollo.   Kingsbridge.   N.   Y. 

A  -IRICAN   CHEMICAL   SOCIETY. 

■pt.    25-30.      Annual    meeting    in    New     York     City.       .Secy., 
Charles  I.,.  Parsons.   Washington.   D.  C. 

A  'iRlCAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS. 
St.   9-13.      Conv.ntion    in    Newark,    N.    .T       Secy.,    Charlex   C. 
Brown,  Indianapolis,   Ind. 

A  RRICAN    ET-KCTRIC    RAILWAY    ASSOCIATION. 

et.   9-13.      Convention    at   .\tlantic   City,    N.    .1.      Secy.,    E.    B. 
Burrllt,   1   West    40th    St.,    New    York   City. 

'    :R1CAN    railway    bridge    and    building    ASSOCIA- 
TION. 

17-19.     Convention   in  New  Orleans.  Secy.,  C.  A.   LIchty, 
^-  N.  W.  Ry.,  Chicago. 


■.HICAN  GAS  INSTITUTE. 
I^t.  17-20.     Annual  meeting  in   Chi 
flell.  New  York.  N.  Y. 


Secy.,  a.  G.   UaniH 


ItAII.W.VV     J'lLECTKlC 
CIATION. 
<lct.  30-Nov.  3.     Annual  meeting  at  Chicago, 
ner.  General  Electric  Co.,  Chicago. 
NATIONAL    .ASSOCIATION    OF    RAILWAY    COMMISSIONERS. 
Nov.    14.      Convention    in    Washington,    D.    C.      Secy..    W.    H 
Connolly,    Washington. 
RAILWAY    GARDENING    ASSOCIATION. 

Dec.    5-7.      Annual   meeting    in    New   Orleans.      Seey.,    Charles 
E.    Lowe.    Sewiekly,    Penn. 

Tlie  Efficiency  Society  is  planning  an  open  conference  to 
lie  held  in  New  York,  Nov.  16  to  IS.  W.  B.  Richards  is  chair- 
man  of  the  committee.    52  Broadway,   New    York   City. 

The  National  Smoke  Prevention  .\Hsociation  will  hold 
its  11th  annual  convention  Sept.  26  to  29  in  St.  Louis  at  the 
Planters  Hotel.  The  secretary  is  J.  A.  Troy.  510  Locust  St.. 
St.  Louis. 

The  I^nKineeni  Society  of  Western  Pennsylvaiiia,  at  its 
first  meeting  of  the  season  on  Sept.  19,  will  be  addressed  by 
.!.  Lowenstein,  Engineer  nf  the  .American  Bridge  Co..  on  the 
Hell    Gate    Bridge. 

The  American  Railway  UridKc  and  Buihiini;  AKSOciation  has 
made  arrangements  for  its  2fith  .annual  convention,  Oct.  17  to 
19,  in  New  Orleans,  at  the  Grunewald  Hotel.  The  secretary  is 
C.   A.   Lichty,   C.   &■  N.   W..   Chicago. 

The  .Vjiierlcan  Society  of  Safety  Knj/cineers  had  an  outing 
on  Sept.  9.  on  Point  View  Island,  College  Point,  N.  Y.,  where 
the  second  annual  frolic  and  shore  dinner  was  held.  The 
regular  monthly  meeting  will  be  held  on  Sept.  27  in  the  En- 
gineering Societies  Building,  New  York  City. 

The  Traveling  EnKineers*  .VNNOciatlon  will  hold  its  annu.al 
convention  Oct.  24  to  28  at  the  Hotel  Sherman,  Chicago.  The 
arrangements  will  be  the  same  as  planned  for  the  Sept.  5 
convention,  which  had  to  be  postponed  owing  to  the  railway- 
labor  difficulties.  The  secretary  is  W.  O.  Thompson,  General 
Offices  N.  Y.  C.  R.R..  Cleveland,  Ohio. 

The  Portland  Cement  .\NHnclatlon  held  its  fall  meeting- 
Sept.  11  to  14  in  Detroit.  Nine  sessions  were  held.  An  in- 
spection trip  was  made  over  the  Wayne  County  road  system, 
and  at  one  of  the  sessions  Edward  N.  Hines,  Chairman  of  the 
Board  of  (Wjvyne)  County  Road  Commissioners,  presented  a 
paper  entitled    "The   Concrete   Road." 

The  Association  of  Fldlson  Illuniinatini^  CoBtpaafles  at  its 
annual  convention  on  Sept.  7  at  Hot  Springs,  elected  the  fol- 
lowing officers:  President,  Peter  Junkersfeld;  vice-president. 
L.  L.  Elden;  treasurer,  W.  W.  Freeman;  secretary,  Geo.  C. 
Holberton,  of  San  Francisco.  The  assistant  secretary  is  E.  A. 
Daily,   360   Pearl   St.,    Brooklyn.   N.   Y. 

The  National  Safety  Coiincirs  annual  meeting  and  con- 
ference will  be  held  in  Detroit,  Mich.,  Oct.  16  to  21.  in  the 
Detroit  Armory,  and  will  include  an  exhibit.  Tlie  program  is 
40  pages  in  length  and  will  include  140  speakers.  The  Na- 
tional Safety  Council  was  started  a  little  less  than  three  years 
ago,  for  the  purpose  of  establishing  a  clearing  house  for  in- 
formation on  accident  prevention,  sanitation,  health  conser- 
vation, etc.  From  40  members  the  list  has  grown  to  2.200. 
Five  bulletins  are  distributed  each  week.  The  secretary  is 
W.  H.  Cameron.  Continental  &  Commercial  Bank  Building. 
Chicago. 

The  Fourth  .Vnnual  efficiency  and  Welfare  Conference 
under  the  auspices  of  the  Pennsylvania  State  Department  of 
Labor  and  Industry  and  the  Engineers'  Society  of  Penn- 
sylvania, will  be  held  at  the  Capitol,  Harrisburg,  Nov.  21  to 
23.  Representatives  of  most  of  the  state's  large  industries 
and  many  engineering  authorities  will  be  prcaent  to  discuss 
various  legislation  affecting  industrial  establishments,  acci- 
dent prevention,  first-aid  methods,  occupational  diseases,  prob- 
lems of  employment,  avoidance  and  .settlement  of  labor  dis- 
putes, Americaniz.ation  of  alien  workers.  Are  prevention  and 
factory  problems.  The  complete  program  will  soon  be  an- 
nounced by  Commissioner  John  Price  .lackson. 

The  Atlantic  Deeper  Waterways  .\ssoclatton  opened  a  five- 
day  convention  in  Philadelphia  on  Sept.  12.  Plans  were  ad- 
vanced for  a  continuous  inland  w.aterway  from  New  England 
to  Florida,  of  value  both  to  commerce  and  national  defense. 
On  Sept.  13  the  delegates  went  by  water  to  Trenton,  es- 
corted thither  by  the  United  States  torpedo  boat  "Barney" 
and  a  flotilla  of  river  vessels.  About  SOO  made  this  trip, 
which  included  an  inspection  of  the  entrance  to  the  Dela- 
ware and  Raritan  Canal,  one  of  the  links  in  the  proposed 
Intra-coastal  system.  Major  J.  C.  Oakes,  in  charge  of  gov- 
ernment work  on  the  Delaware  River,  predicted  the  dredging 
of  a  25-ft.  channel  between  Philadelphia  and  Trenton.  He 
said  that  the  Delaware  River  was  comparable  to  the  greatest 
European  waterways,  and  that  the  Atlantic  coast  was  the 
heart  of  the  nation;  along  its  shores  were  situated  great  steel 
and  Industrial  plants  and  to  defend  this  section,  inland  water 
w.iVR  wei'c  a  nereHsit\'. 
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Killer  nnd   Stretcher  Pavins:  Bloeks 

The  accompanying  sketch  illustrates  two  special  blocks  for 
use  in  connection  with  T-rails  in  street-railway  track  paving. 
The  filler  block  is  equal  in  depth  to  the  rail  web  and  is  wide 
enough  to  take  a  part  of  the  wheel-flange  way.  The  stretcher 
block    is    merely    rectangular    with    one    beveled    edge.      The 


SPECIAL   KI.UCK.'^   Fill;   Tl 


blocks  are  laid  with  their  greatest  length  parallel  to  the 
rails,  and  w^ith  broken  joints.  The  length  of  these  special 
blocks  is  three  times  the  width  of  an  ordinary  paving  brick. 
They  are  made  by  the  Nelsonville  Brick  Co..  Nelsonvllle, 
Ohio. 

A    yew    Soleiioicl-Ciintrol    Relay 

.Solenoids  for  operating  large  carbon-break  or  oil  cir- 
cuit-breakers frequently  i-equii'e  comparatively  large  cur- 
rents in  the  closing  solenoids.  In  such  cases  the  contacts 
of  the  solenoid-control  switch  that  controls  the  operation  of 
the    solenoid    are    not    stiiterl    to    nper.Tte    the    closing    solenoid. 


LAKCIO    .S()I,I';.N'OII)-C().\'TKOI.    lil'Il.A'i 

.incl  it  is  necessary  to  use  also  a  control  relay  witli  its  oper- 
ating coil  excited  by  the  closing  contacts  of  the  control 
switch  and  the  relay  contacts  in  series  with  the  closiuK 
solenoid.  A  relay  for  this  purpose  was  recently  developed 
by  the  General  Electric  Co.  The  relay  consists  essentially 
of  a  solenoid,  plunger  and  contacts.  There  is  a  metallic  con- 
nection, consisting  of  a  small  flexible  lead,  between  the  mov- 
able contact  arm  and  its  support.  The  contacts  are  kept  clean 
by  a  wiping  motion   each   time   the   relay   is  operated. 


l.iKlit    Port:il»le    Crane 

The  portable  crane  for  shop  and  yard  work,  shown  in  ' 
accompanying  view,  has  a  telescopic  mast  with  head  of  : 
davit  type,  giving  a  height  of  fi  ft.  4  in.  to  9  ft.  3  in. 
addition,  thei  e  is  a  pair  of  hinged  arms  for  use  in  liftine 
jacking,  and  these  can  be  swung  aside  when  the  boom  is  ! 
ing  used.  Tlie  operation  of  mast  and  arms  is  effected 
means   of  a   vertical   lead    screw   with   crank-handle  drive  ai. 


PORTABLE   CRANE    FOR   .SHOP    .\  M  >    VAPM    WORK 

gears  for  high  and  low  speeds.  The  base  consists  of  t\ 
supporting  beams  with  castors  under  their  ends  and  under  tl 
mast.  The  machine  has  a  hoisting  capacity  of  4,000  lb.  ai 
weighs  about  350  lb.  This  crane  is  built  l)y  the  Zin-Ho  Man 
facturing  Co..   of  Chicago. 

A  New  Turbine  Blower  witti  Aovel  Lubrication 

.V  turbine  blower  recently  placed  on  the  market  by  t 
L.  J.  Wing  Manufacturing  Co..  New  York  City,  includes 
its  design  a  ne'w  method  of  lubricating,  oil  being  used  on  t 
ball  bearings  instead  of  grease.  "Power"  states  that  t 
two  ball  bearings  mounted  on  either  side  of  the  turbi 
are  inclosed  in  large  housings  with  ample  reservoir  space 
either  side  of  tlie  bearings,  so  that  each  bearing  rotat 
througli  a  bath  of  thin  oil  supplied  from  a  tank  in  fro 
of  the   turbine  face. 

Tht'  method   of  mounting  the  bearings   is  another  intere; 
inp    feature.      Instead   of  the   bearing  races  being   held   in  i 


TURBI.VE   BLOWER.  SHOWING  OlI-ING   SYSTEM 

main  castings  in  the  machine,  they  are  held  in  caps  that 
secured   to   the   castings.     When   the  cap  is  taken   off.   by 
moving  four  screws,  the  bearing  is  exposed  and  can  be  ea^ 
removed. 
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Types  of  D^ump^Cars  Used  ©im 


SYNUI'SIS — A  revmi;  of  different  types  of  dump- 
cars,  for  the  engineer,  the  contractor,  the  job  super- 
intendent  and  the  Kupplyman,  in  two  indallments. 
In  thix — the  first — are  considered  small  hopper 
cars  and  hKjh-hody  tiltiny  cars.  The  second  article 
will  cover  flat-cars  and  unloader  plows;  gondola-^ 
having  side  doors  or  drop  bottom:  center-dvmps 
anil  side-doors  anil  combinations  of  holh. 

lu  most  kinds  of  construction  work  there  is  involved 
le  handling  of  material  by  cars.  It  may  be  the  delivei7 
f  a  small  amount  of  gravel  to  a  concrete  mixer,  or  the 
•nioval  and  disposal  of  a  great  yardage  of  excavation. 


lia\c  fixed  bodies  witii  bottom  or  side  doors  for  discharg- 
ing, and  still  others  arc  ludnaded  by  means  of  traveling- 
plows. 

In  the  small  steel  hopper  car  the  body  is  a  deep  V- 
shaped  tilting  hopper,  swung  low  between  vertical  stand- 
ards or  end  frames  on  the  main  frames.  They  are  built  in 
sizes  of  7:{-yd.  to  2-yd.  capacity  and  for  tracks  of  20-  to  30- 
in.  gage,  but  the  smaller  cars  on  tracks  of  24-in.  gage  are 
those  in  most  general  u.se.  These  ears  are  entirely  of  steel, 
and  they  are  operated  usually  on  light  portable  track,  with 
steel  rails  and  ties,  built  up  in  sections  for  convenient 
handling  and  placing. 

The  body  is  not  carried  in  fixed  trunnion  bearings,  but 
is  so  supported  as  to  have  a  lateral  motion  in  dum])ing. 


Western    VVld 


\  I  .\   '  ■!■■    I-  ^  I  i 
eleii   Scraper   c'l 


I  iij>liidi->  .<ii(li  service  as  ilie  transportation  of  raw  mate- 

ial  (.xuc  h  as  stone,  sand  and  gravel  for  road  or  concrete 

ork),  the  distril)utioii  of  concrete,  the  distribution  of 

rack  ballast  or  filling,  the  removal  of  excavated  material 

-'■rving  steam  shovels  or  other  machines),  and  the  placing 

ii'h  material  to  form  new  fills  or  widen  banks,  levees. 

The  field  covers  work  done  by  contractors  and  by 

way  or  other  company  forces,  and  it  includes  main- 

■iiicc  and  improvement  work  as  well  as  new  constnic- 

.  ou.     The  car.s  employed    in   such   service   range  from 

yd.  to  -10  yd.  in  capacity  and  include  a  variety  of  forms. 

pome  have  movable  bodies  that  ilump  by  tilting,  others 


in  order  to  deliver  its  contents  clear  of  the  Irack.  Fig.  2 
shows  a  car  of  this  type,  built  by  the  Orenstein-Arlbur 
Kojipel  Co.,  of  Koppel,  Penn.  On  each  end  of  the  body 
is  a  horizontal  shelf  angle  that  rests  on  the  curved  to])  of 
the  end  frame.  In  other  designs  curved  rockers  on  the 
ends  of  the  body  ride  on  horizontal  members  of  the  end 
frames.  In  any  case  the  body  rolls  to  the  side  of  the 
frame  as  it  is  dumped. 

These  cars  are  used  largely  in  the  construction  of  foun- 
dations and  largo  Ituildings  and  in  other  jobs  having  lim- 
ited area  and  close  concentration  of  plant.  There  they  are 
emploveil  especially  for  handling  material  and  distributing 
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foiK-rete,  and  are  particularly  adapted  for  the  latter  pur- 
Dose,  as  there  is  no  chance  I'or  leakage.  On  such  work 
"they  are  usually  pushed  by  hand  or  operated  on  inclines 
liy  "cable  hoists.  The  center  of  gravity  is  low,  whether 
tiie  cai-  be  loaded  or  empty. 

The  steel  hopper  cars  are  selected  frequently  for  tun- 
neling and  similar  work.  A  specially  extensive  field  at 
the  present  time  is  on  highway  construction,  where  they 
distribute  material  from  the  railway  siding,  or  other  base 
of  supplies,  to  the  work.  They  are  suitable  also  for  ex- 
cavation, especially  where  the  total  yardage  is  not  great 
and  the  amount  at  any  one  point  is  so  small,  or  the  cut 
so  shallow,  that  hand  shoveling  is  employed.  The  cars, 
being  low,  are  easily  loaded  by  hand  and  may  be  partly 
tilted  to  facilitate  such  loading.  They  are  used  to  some 
extent  with  steam  shovels.  Besides  laeing  used  in  con- 
struction work,  the  cars  are  often  employed  at  gravel 
pits  and  quarries. 

For  hauls  up  to  ;!00  or  .500  ft.  animal  traction  may  be 
employed,  witli  trains  of  five  or  six  cars,  according  to  the 
size  of  the  car  and  the  grade  of  the  line.  For  longer 
hauls  locomotive  traction  is  economical.  Steam,  oil,  gaso- 
line and  electric  locomotives  are  used  and  are  superseding 
animal  power  to  a  large  extent,  except  on  very  small 
jobs. 

The  portable  track  is  usually  in  lo-ft.  lengths,  with  the 
rails  bolted  or  riveted  to  steel"  ties  3  ft.  apart.  The  sec- 
tions may  be  connected  by  splice  bars,  permanently  at- 
tached to  one  end  of  each  section,  or  by  special  shoe  joints. 
A  ir)-ft.  .section  of  24-in.  track  with  20-lb.  rails  will  weigh 
about  270  lb.  Curves,  switches,  turntables,  etc.,  are  made 
in  special  sections.  Occasionally  the  rails  are  spiked  to 
small  wooden  ties.  Care  should  be  taken  to  have  the 
track  well  laid  and  bedded  and  maintained  in  good  con- 
dition. 

These  small  cars  are  of  special  advantage  for  construc- 
tion work  where  the  equipment  must  be  trans])orted  to  a 
considerable  distance  from  the  nearest  railway  point. 
;is  the  units  are  easily  handled  on  wagons  by  teams. 
\\\u'\v  Ihcv  are  to  be  operated  as  a  connection  between  the 
railwav  and  the  work,  the  portable  track  is  of  cdnrse  laid 
in  advance.  These  cars,  although  nuich  in  I'avor  with 
contractors,  are  rarely  adopted  by  railways,  as  they  con- 
stitute a  special  equipment  for  which  there  is  only 
occasional  requirement  and  which  is  not  adajitable 
to  otlier  purposes  than  a  special    kind  of   construction. 


Cars  of  this  type  and  of  the  next  type  mentioned,  witl 
capacities  of  1  to  4  yd.,  present  special  advantages  fo 
widening  railway  cuts  and  fills,  as  their  small  size  enable 
them  to  be  operated  along  the  right-of-way.  Thus  they  cai 
he  run  adjacent  to  and  outside  of  the  main  tracks  withou 
causing  any  interference  with  traffic.  On  small  jobs  o 
this  kind,  with  hand  or  machine  loading,  the  cars  may  b 
o])erated  by  animal  power.  Where  narrow  cuts  are  f- 
be  widened  by  steam-shovel  work,  the  narrow-gage  cav 
may  be  used  first  in  widening  the  cut  sufficiently  to  per 
mit  laying  a  standard-gage  loading  track,  thus  avoidiu: 
all  use  of  the  main  track  for  constriiction  trains. 

Some  railways  provide  their  roadmasters  with  a  few  o 
these  cars  to  aid  in  cleaning  cuts  and  ditches,  where  tli 
work  is  too  small  or  the  traffic  too  heavy  for  a  regula 
ditclicr  and  work  train  on  the  main  track. 

S.\[.\LL   HlflTr-BoDY   TlLTINT!   CaKS 

In  these  i-ars  tiie  l)ody  is  a  rectangular  and  rcbitivel 
shaliciw  liox  supported  above  the  frames  and  tilting  v 
eitlier  side.  The  sides  (or  doors)  are  usually  indepeiul 
ent  of  the  body  i)roper  and  are  carried  by  a  .system  n 
levers  so  arranged  that,  as  the  body  tilts  downward,  tli 
door  on  that  side  swings  upward.  This  gives  clpii 
jiassage  I'or  boulders,  stumps,  etc.     Fig.   1   shows  a  trail 
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FIi;.    2.     A    1-YD.    .STr-:EL    HOPPER    DUilP 
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cars  of  this  tvpc  built   by  tlic  Wotcrii  Wheelf 
Co.,   oI'    .Vurora,    111.      The    lirsl    three   cars  afi 
sliouiug  the  o])eration  of  the  dooi's.     Fig.  .'i  is 
laigcr  view  of  a    l-yd.  car  of  this  same  tyjie.  built  by  tl 
Orenstein-Arthur  Koppel  Co. 

In  most  of  the  designs  the  body  simjily  rocks  ou  fixr- 
rcnii-al   bearings  beneath   the  bottom,   but   in  others  tl 
b.idy   lias  a   lateral   motion  as  it  tilts.     While  the  grc; 
majority  ol'  the  cars  are  ol'  the  side-dum]iing  class,  spm  i 
designs  are  made  to  duni))  at  the  end  or,  with  a  rotatu 
bodv,  to  dump  either  endwise  or  sidewise.    The  car  bod. 
can  be  so  balanced  on  its  supports  that  one  or  two  uici 
ran  dump  and  right  a  G-yd.  car  without  difficulty.    Tin 
liody  is  held  ill  normal  juisition  by  side  chains,  which  aia 
released  for  dumping  and  are  coupled  up  as  soon  as  tin 
body  is  righted. 

[•\)ur-wiieel  cars  ol'  this  type  are  huilt  of  1-  to  8-y(l 
,  apacity  and  for  gages  of  2  1  in.  to  4  ft.  81/2  in.  The  8-y<1 
size  is  "exceiitional,  but  double-truck  8-yd.  cars  of  narrow 
gage  have  a  limited  apidication.  The  G-  and  8-yd.  cars  an 
built  for  both  standard  and  narrow  ga^re,  but  tlieir  use  on 
main-line  or  running  tracks  is  ]K'rniissible  only  for  a  ver\ 
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4.    TRAIN    OF    30-YD.    AIR-OPERATED    SIDE-DUMP   CARS   WIDENING 
Western   Wheeled  Scraper  Co..  Aurora,   III.,   builder 


.-  irt  haul.  In  such  case  the  larger  car  ha.s  an  advantage 
(  .'  to  its  greater  capacity.  Cars  of  this  class  are  adopted 
1  inly  on  work  accessible  by  rail  or  water  transportation,- 
i  even  in  the  smallest  sizes  they  are  not  so  easily  trans- 
I  -ted  as  the  small  steel  hopper  cars  already  mentioned. 
'  e  cost  per  ton  of  material  handled  would  not  be  much 
1  ;  than  with  the  hopper  cars,  but  the  quantity  of  mate- 
I  I  handled  by  one  outfit  daily  would  be  much  greater. 
The  smaller  sizes,  1  to  3  yd.,  or  even  3  yd.,  are  em- 
{  yed  particularly  on  highway  and  interurban-railway 
T  -k  and  also  in  widening  roadbed  and  for  similar  service 
I    main-line  railways.     For  highway  work  they   serve 
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WIDENING    A    FILL 


not  only  to  remove  e.xcavatod  material,  but  to  deliver 
sand,  gravel  and  stone. 

Cars  of  4-  and  G-yd.  capacity  and  30-  or  36-in.  gage 
are'  used  extensively  by  contractors  on  team-trap  woi'k 
and  where  the  earthwork  (in  total  amount  and  in  depth 
of  cut)  is  such  that  a  steam  shovel  can  be  employed  to 
advantage. 

The  small  narrow-gage  cars  can  l)e  u.sed  in  widening 
railway  roadbed  for  additional  tracks,  where  the  main 
track  cannot  be  occupied,  as  noted  previously.  In  such 
case  there  is  often  room  to  place  the  loading  track  clear 
of  the  main  track  in  the  cut,  and  the  unloadinij  track  on 
the  edge  of  the  fill,  so  as  to  avoid  the  necessity  and  ex- 
pense of  a  trestle  for  making  the  new  fill.  In  excavating 
a  single-track  cut  with  a  steam  shovel,  especially  in  rock, 
.■-uch  equipment  may  enable  the  cut  to  be  taken  out  to 
grade  without  removing  material  outside  of  the  estab- 
lished cross-section  lines. 

These  cars  (4  to  6  yd.)  are  of  advantage  in  making 
fills  from  trestles  on  small  work,  as  larger  cars  require 
more  substantial  trestles,  which  may  not  be  economical 
for  temporary  service.  To  j)revent  a  heavy  or  sticky 
load  from  upsetting  the  car  when  the  body  is  dumped, 
anchors  are  sometimes  used,  which  the  dumpers  hook 
under  the  rail  and  over  tJie  frame  of  the  car.  The  cars 
are  of  ad\^antage  also  on  new  construction  where  the  con- 
dition of  roadbed  and  track  precludes  the  use  of  heavier 
equipment.  Further,  with  the  small  car  there  is  a  saving 
in  cost  of  track  material  and  in  the  M'ork  of  laying,  shift- 
ing and  maintaining  track. 

L.uiiiK  IlKiii-J'xinv  Tilting  Cak.s 
Cars  of  tills  kind  are  not  often  desirable  for  railway 
forces,  as  they  constitute  a  special  class  of  equipment, 
wliich  is  not  jjennancndy  required  and  whicli  cannot  be 
utilized  for  other  purpo.scs.  One  railway,  however,  uses 
4-yd.  narrow-gage  cars  on  widening  and  double-tracking 
work,  where  the  haul  is  short,  as  they  can  be  o])erated 
without  interfering  with  main-line  traffic.  MHiere  tlic 
haul  is  long,  this  railway  prefers  30-yd.  cars  of  the  same 
general  typo,  operating  on  the  main  tracks. 
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in  ijeiieral  design  tliese  cars  are  similar  to  tiie  cars  oT 
the  previous*  class-,  but  they  are  mounted  on  eight  wheels, 
with  standard-gage  trucks,  and  have  a  capacity  of  12  to 
30  vd.  They  are  used  both  by  railways  and  contractors. 
For  o])eration  as>  work  trains  on  main  lines  they  must 
have  standard  coupler  and  airbrake  equipment  to  com- 
ply with  the  Federal  laws.  They  arc  suital)le,  of  course, 
only  on  work  involving  considerable  yardage  of  excava- 
tion and  long  haul,  with  powerful  locomotives  available. 

Oil  some  of  these  cars  the  dumping  and  righting  of 
the  bodies  are  accomplished  by  compressed-air  cylinders, 
the  piston  rods  being  either  horiiiontal  with  chain  con- 
nections or  vertical  and  connected  directly  to  the  body. 
The  air  operation  conduces  to  speed,  economy  and  safety 
in  the  work,  especially  on  trestles.  The  angle  of  dump 
is  usually  45°  or  over.  In  some  designs  the  body  is 
held  by  side  chains  to  prevent  accidental  tilting  during 
transportation.  These  chains  must  be  released  to  permit 
operation ;  then  they  are  coupled  up  when  the  eni])ty  car 
is  righted.  In  other  designs  the  body  is  secured  by 
latches  that  are  released  by  the  pneumatic  operating 
mechanism  and  are  engaged  and  locked  automatically 
when  the  car  body  returns  to  its  normal  position. 

The  side  doors  are  separate  from  the  body  and  are  so 
arranged  that  as  the  body  tilts  downward  the  door  on 
that  side  swings  upward.  This  protects  the  door  from 
damage  as  the  load  shifts  and  gives  a  clear  passage  for 
a  load  that  is  piled  high  or  contains  stumps  and  boulders. 
The  cars  are  of  .special  advantage  for  handling  rock  ex- 
cavation and  heavy  material.  With  a  wet  and  sticky  or 
frozen  load  there  is  .sometimes  liability  of  the  car  going 
over  when  the  body  is  dumped. 

A  16-Yd.  air-operated  car  of  this  type,  as  used  Ijy  the 
Pennsylvania  Lines,  is  illustrated  in  Fig.  5.  The  upper 
view  shows  the  door  arrangement,  and  the  lower  view 
shows  the  operating  mechanism.  This  car  is  built  by  the 
Kilbourne  &  Jacobs  Manufacturing  Co.,  of  Columbus, 
Ohio,  and  is  of  the  type  in  which  the  air  cylinder  is 
vertical  and  moves  the  body  without  the  aid  of  chains. 
Wlien  in  normal  position  for  transportation  the  body  is 
seciired  l)y  latches,  so  that  no  side  chains  are  used,  such 
as  are  seen  on  the  cars  in  Figs.  3  and  4. 

For  heavy  construction  and  railway  work  especially 
there  is  an  increasing  tendency  to  choose  these  large  cars. 
They  are  specially  desirable  when  the  haul  is  more  than 
4  or  5  mi.,  in  order  to  obtain  unit  train  loads  as  large 
as  possible.  Some  contractors  consider  1,000,000  yd. 
about  the  minimum  amount  of  material  for  the  selection 
of  .such  cars.  Their  use  applies  more  particularly  where 
the  cars  are  to  be  operated  on  main  tracks  (whether  by 
the  railway  or  the  contractor).  It  applies  also  where  they 
are  o])eratcd  exclusively  on  construction  tracks,  but  of 
course  these  tracks  (and  their  trestles)  must  be  built  of 
a  more  substantial  chai-acter  and  must  be  given  more  at- 
!cii1i(in  lor  maintenance  than  is  rc(|uired  by  smaller  and 
lighter  ears. 

There  is  dilference  of  (ipinion  as  to  the  relative  ad- 
vantages of  the  diirerent  sizes  of  ears  of  this  class,  which 
range  from  12  to  .'iO  yd.  in  capacity.  A  train  of  six 
side-duni]i  cars  of  :i()-yd.  capacity  and  all-steel  construc- 
tion is  shown  in  Fig.  1.  with  lliree  of  the  cars  dumped. 
These  are  built  by  the  Western  Wheeled  Scraper  Co.,  of 
Aurora,  JIL  The  cars  are  shown  placing  material  for 
widening  a  fill,  and  at  the  rear  of  tlic  train  is  a  spreader 
car  to  level  the  material  to  the  subarade  elevation. 


The  12-yd.  car  is  considered  very  satisfactory  for  gen- 
eral railway  or  construction  work.  It'  can.  be  usedl^r 
.<hort  or  long  hauls  and  on  running  lines-  or  «on.struc^i 
tracks.  Some  engineers  and  contractors  deem  12-  ^i 
18-yd.  cars  best  for  making  banks  where  it  is  possible' tc 
raise  track  as  the  fill  proceeds  instead  of  dumping  froii 
a  trestle.  They  are  suitable  also  for  widening  banks  af 
trestles  have  been  filled  to  grade,  provided  that  the  d 
terial  of  the  new  bank  is  of  sufficiently  good  quality% 
enable  the  track  to  be  anaintained  economically  in  condi 
tion  to  carry  these  cars.  (Jthers*  favor  a  16-jd.  car  o 
all-steel  construction. 

(! ranting  that  both  railways  and  contractors  advocab 
the  u.-;e  of  the  larger  equipment  on  account  of  its  econ 
omies,  they  should  recognize  the  necessity  of  maintaininf 
their  construction  tracks;  in  .such  condition  that  thes 
economies  may  be  realized.  The  important  point  of  keep 
ing  these  tracks  in  safe  and  i^assable  condition  i,s  apt  ti 
lie  overlooked  and  neglected  by  the  .men  in  cliarge.  But; 
few  derailments  of  these  large  'and  heavily  loaded  cars 
with  consequent  interruption  to  the  work,  may  sa  lowe 
tlie  performance  and  increase  the  expense  as  to  wipe  ou 
the  expected  saving  in  time  and  cost. 

A  point  frequently  urged  in  favor  of  the  13-yd.  ca 
is  its  relatively  high  capacity  and  low  weight.  On 
engineer  in  particular  notes  that  on  new  fills  in  'ffe 
material  the  engines  caused  considerable  troulale,  wlifl 
the  12-yd.  cars  did  not  affect  the  track.  If  cars  of  85 
to  30-yd.  capacity  had  been  used,  they  would  have  causei 
as  nuu-h  trouble  as  the  engines ;  and  probably  it  would  Ho 
have  been  practicable  to  operate  them  until  the  bank  hai 
dried  out.  Another  engineer  considers  that  cars  0 
greater  capacity  than  12  yd.  are  desirable  for  makPi 
high  fills  where  the  load  easily  falls  clear  of  the  trai^ 
as  the  cost  of  train  service,  dumping,  etc.,  is  less  ■wit' 
the  larger  cars.  As  pointed  out  elsewhere,  the  eharacte 
of  the  work  has  a  strong  influence  upon  the  selection  o 
equipment,  but  in  many  cases  there  can  be  no  selection  o 
merits  alone,  as  the  work  must  be  done  with  equipnien 
already  owned. 

In  filling  trestles  tlie  shock  of  dumping  these  ver 
larsre  cars  must  be  considered,  as  it  tends  to  rack  til 
trestle  and  throw  it  out  of  line.  This  is  not  of  importanf 
with  temporary  trestles,  provided  they  are  of  strength  s«i 
ficieut  to  stand  the  rough  usage — which  is  not  always  tl 
case  and  would  require  a  materially  increased  cost  h 
timber.  It  must  be  taken  into  account  especially  in  filliii 
trestles  on  running  track.;,  where  the  structures  are  poi 
haps  old  and  more  or  less  weakened.  One  railway  liaviii 
both  l(>-yd.  and  ;iO-yd.  cars  has  not  used  tlu'  larger  ones  U 
tilling  from  temporary  trestles  or  old  main-track  trestle 
as  the  timber  is  liable  to  damage.  It  has  u.sed  the  IG-y 
cars  on  temporary  trestles,  but  considers  the  12-yd.  iiioi 
economical,  as  the  style  of  trestle  to  handle  the  16-yi 
equipment  was  unduly  expensive. 

In  this  case  the  engineer  considered  Ihat  ilie  12-\i 
hand-operated  dum]i-cars  were  best  for  filling  trestles  an 
that  the  l()-yd.  air-dunii)  cars  were  most  .satisfactory  f' 
general  ]nirposes.  The  30-yd.  air-dump  car,  in  connectio 
with  an  air-operated  spreader  car,  is  the  more  sati.sfactoi 
in  widening  banks  for  second  track  where  the  traffic  is  iv 
too  heavy  or  where  the  trafiie  is  den.se  and  the  haul  i 
long.  With  this  equipment  tlie  greater  part  of  tlie  ban 
can  be  constructed  from  the  main  track  with  little  <lelii 
to  traffic.    When  the  haul  is  short,  however,  this  cngiiuv 
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irefers  narrow-gage  equipment  for  second-track  work,  as 
j  can  be  handled  independently  of  main-line  traffic. 
The  :50-vd.  air-dumj)  cars  are  used  to  advantage  also 
I  removing  slides  on  new  construction,  where  the  track 
is  been  raised  on  ballast  and  slides  have  come  in  after 
lie  line  was  practically  ready  for  operation.  In  such 
ises  these  cars  require  only  a  small  force  and  are  eco- 
)mical,  but  they  are  not  satisfactory  for  use  on  tem- 
)rarj'  roadbed  (unballasted),  as  they  cause  excessive 
ist  of  track  maintenance. 

On  railways  that  do  a  large  amount  of  construction  or 
iprovenient  work  by  their  own  forces  cars  of  this  class 
e  considered  a  good  investment.  For  such  work  as 
tching,  widening  and  clearing  cuts,  etc.,  there  is  an  in- 
easing  tendency  to  use  short  quick-moving  trains  with 

0  to  foiir  dump-cars  rather  than  the  usual  long  and 
)W  train  of  flat-cars  (Engineering  Xeirs,  JIar.  16, 1916). 

1  this  way  the  work  may  be  done  enconomically  and 
ith  a  minimum  interference  with  traffic. 

A  train  having  a  ditching  machine  or  loader  mounted 
tween  two  20-yd.  dump-cars,  or  two  loaders  and  four 
•  iinp-cars,  can  be  loaded  quickly  and  make  rapid  move- 
onts  to  and  from  the  dumping  point  or  the  nearest  sid- 
g.  Some  roads  prefer  the  large  all-steel  dump-cars 
th  rigid  locks  instead  of  side  chains,  as  they  are  more 
ible  at  ordinary  speeds  and  will  stand  the  rough  usage 
tter.  Such  cars  are  rated  at  100,000  lb.  capacity  and 
11  carry  24  to  30  yd.  each. 

Large  high-pitched  dump-cars  are  not  suitable  for  bal- 
■ting,  as  they  would  throw  the  material  too  far  from  the 
uk  and  deposit  it  in  quantities  too  large  for  proper 
-tribution.  Nor  can  they  be  diverted  to  freight  service 
len  not  required  in  work-train  service.  In  handling 
•iterial  from  steam  shovels  with  dump-cars  and  flat-cars 
0  Kansas  City  Terminal  Ey.  has  found  the  cost  per 
bic  yard  to  be  about  11.3c.  with  12-yd.  dump-cars  and 
.5c.  with  flat-cars.  The  greatest  difference  was  in  the 
ins  of  car  repairs  and  engine  service. 
Large  dump-cars  of  other  types  and  tiie  use  of  flai- 
rs and  uidoader  plows  will  be  dealt  with  in  a  suc- 
■ding  article. 

Porttsvlbl®  StteeS  BtmlldlaEa^s  ©na 


Portable  buildings  composed  of  steel  units  are  being 
;d  for  engineers'  and  contractors'  offices  on  construction 
■rk  and  for  similar  purposes.  A  contractor's  building 
thi.s  type  is  shown  in  Fig.  1.  The  structure  consists 
presse(l-stecl  panels,  trusses  and   othrr  parts  put  to- 
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FIG.    2.     ERECTING    A    PORTABLE    STEEL    BUILDING 

gether  without  the  use  of  bolts  or  rivets.  The  fastening 
used  is  a  T-shaped  lug,  whose  stem  passes  through  holes 
in  the  units ;  the  stem  is  slotted  to  receive  a  locking  wedge. 
Hand  hammers  are  the  only  tools  required  in  erecting 
and  dismantling  the  building. 

The  panels  are  of  No.  18  steel  plate  flanged  on  all 
sides,  the  flanges  being  slotted  for  the  fastenings.  Tiiey 
are  uniformly  7  ft.  10  in.  high  and  either  2  ft.  or  4  ft. 
wide.  For  the  corners  angle-shaped  panels  are  used  to 
insure  a  weatherproof  structure.  The  vertical  flanges 
fit  the  steel  mullions  placed  between  the  panels,  and 
weather  stops  are  provided  in  all  joints.  The  panels 
may  be  solid  or  glazed  and  may  have  ventilating  openings 
with  pivoted  sash.  End-gable  panels  and  doors  with 
hinges,  latches  and  locks  form  part  of  the  equipment. 

The  roof  trusses  are  of  different  designs  for  spans  ot 
6  to  28  ft.  They  have  electrically  welded  connections  so 
that  they  form  single  units.  Longitudinal  bracing  is  ])ro- 
vidcd.  In  some  designs  the  trusses  are  carried  only  at 
each  end  by  the  mullions,  while  in  others  there  are  cen- 
tral columns  carrying  a  ridge  beam.  Fig.  2  shows  the 
latter  arrangement.  The  roof  sheathing  is  of  longitud- 
inal steel  plates,  secured  to  the  trusses  by  clips.  They 
have  flanged  joints,  which  are  made  waterproof  by  special 
strips  interlocking  over  the  interior  flanges  of  the  plates. 
The  buildings  may  be  placed  on  wood  sills  or  concrete 
foundation. 

These  ])ortiible  steel  structures  have  been  used  also  as 
railway-yard  and  switchmen's  shanties,  section  houses", 
bunkliouses,  garages,  hospitals,  voting  booths,  roadside 
waiting  rooms  on  electric  railways,  camp  buildings,  tem- 
porary offices  and  various  other  purposes.  They  are 
manufactured  l)y  the  Trussed  Concrete  Steel  Co.,  of 
Youngstown,  Ohio. 


A  StcaniKhlii  Comiinny  Ofteratint;  n  Rounil-tlie-^Vorld  line 
of  vessels  has  just  beRun  operation  through  the  Panamii 
Canal.  The  company  is  the  New  Zealand  Shipping  Co.,  which 
has  previously  routed  its  vessels  around  the  Cape  of  Good 
Hope  on  the  outward  voyage  to  Great  Britain  and  around 
Cape  Horn  on  the  homeward  trip.  On  its  outward  voyage 
the  vessel  sails  from  Great  Britain  around  the  Cape  of  Good 
Hope  and  traverses  a  distance  of  12,91  G  mi.  by  way  of 
Tencriffe,  Capetown,  Hobart  and  Auckland.  From  Wellington 
the  homeward  route  henceforth  will  be  by  way  of  the  Panama 
Canal  and  Norfolk  where  coal  Is  taken  on  for  the  tra:.s- 
atlantic  trip  and  thence  to  Plymouth. 
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€©ssfcl  Se^wage  Diisp©se\l  Ib^ 
Bromdl  IinriEatLioni 


By  Tei;i;ki,i.  1>ai:tlett* 


,<)'\()1'SIS — <uiiir  I. una  lui-fs  of  iiriralclii 
(iinied  land  are  irrhjafed  tliroiKjIi  llic  iti/nicii  of 
nil  intermediary  com  pan  i/.  lo  irhirh  llir  cUij  ih'- 
lirers  the  sewage.  A  natural  lake,  mlnnird  for 
the  purpotie,  f.s  used  to  store  the  seirai/c  irlien  not 
needed  for  irrigation. 


X^o  expense  for  disposinji'  oT  ife  scnvagu  has  \)wi\  iii- 
i-iirred  for  many  years  by  San  Antonio,  Tex.,  witli  a 
population  approaching  120,000.  Tlie  entire  flow  of 
sewage,  now  averaging  about  13,500,000  gal.  daily,  is 
delivered  to  an  irrigation  company,  which  utilizes  the 
water  commeTcially  and  under  its  contract  agrees  to  ef- 
fect disposal  and  protect  the  city  from  all  damage  claims. 

In  the  early  nineties  San  Antonio  constructed  exten- 
sive sewers  and  endeavored  to  solve  the  problem  of  dis- 
jiosal  by  purchasing  a  tract  of  800  acres  five  miles  from 
the  center  of  the  city.  This  tract  was  operated  under 
broad  irrigation,  at  a  loss,  for  two  or  three  years,  and 
proved  a  complete  failure  owing  to  the  impossibility 
of  utilizing  the  water  for  farming  during  the  winter 
months.  Through  the  winter  and  at  times  of  wot  weatlicr. 
tlie  water  wasted  from  the  farm  to  the  San  Antonio 
River,  in  which  the  How  was  at  limes  as  low  as  10  or  12 
cu.ft.  per  sec. 

Triugatiox   DrrciiKs   I'oi.luted 

Five  miles  Ih'Iow  the  eity  1w(i  irrigation  ditches,  one  on 
eillier  bank  ol'  the  river,  with  water  righls  goiu'r  back 
to  Spanish  day.s,  take  out  the  entire  dry-weather  Hav 
for  irrigating  some  1,000  acres  of  thiekly  sctlled  and 
liighly  cultivated  truck  farms.  The  river  and  these  ditciies 
<oon  become  badly  polluted.  Suits  were  filed  again.st  the 
citv  by  riparian  owners,  and  by  property  holders  adjacent 
to   tlie   farm,   to   the   extent   of   more   than    .$7.")0,000. 

These  suits  were  settled  by  agreement  <in  the  part  of 
the  city  to  carry  the  scnvage  into  the  wadM-shed  of  the 
Medina  River,  to  Jlitchell's  Lake,  a  broad  shallow  basin, 
whose  owners  organized  the  San  Antonio  Irrigation  Co.. 
which  agreed,  on  consideration  of  the  delivery  of  the 
sewage  by  the  city,  td  ]n-(iteet  tlic  city  from  damages 
earrsed  thereby.  The  ri';lit-of-way  for  the  rA/2-mi.  open 
ditch,  together  with  inununity  from  damage  claims  along 
the  line,  was  secured  by  granting  to  the  various  land 
owners  water  rights  for  stated  lands  aggregating  about 
100  acres. 

The  company  secured  a  lease  on  favorably  located 
lands  adjacent  to  the  lower  end  of  the  ditch  and  lake 
and  the  city  is  secured  in  its  contract  with  the  com- 
panv  by  a  lien  on  this  leasehold. 

Tn  addition  to  the  100  acres  irrigated  by  various  land 
owners  along  the  ditch,  a  land  company  and  ])rivate  own- 
ers irrigate  about  800  acres  above  the  lake  by  gravity 
direct  from  the  ditch,  400  acres  by  gravity  below  the 
lake,  and  by  a  10-ft.  lift  from  the  lake,  300  acres  more, 
making  a  total  net  irrigatcfl   acreage  of  1.(i00  acres. 


Consulting    Kn^lnecrs,    San 


During  the  nonirrigating  seasons  the  flow  of  sewaj: 
is  stored  in  the  lake.  Until  recent  years  this  sewaf; 
was  (lihited  by  the  storm  runoff  from  some  7,000  acre 
\\bieh  drains  into  the  lake,  but  this  fresh-water  inficn 
is  now  ronsiilerably  curtailed  by  two  fresh-water  poiiil 
\\hiili  impound  a  supply  of  water  for  the  domestic  lis 
of  tbe  farm  tenants  and  for  fishing  as  well  as  for  irrj 
gating  a  few  acres. 

IviXDs  OF  Chops  Hai.sed 

The  crops  raised  have  consisted  princijially  of  foml 
stuffs,  sorghum.  Johnson  grass  and  some  alfalfa,  wit 
a  small  amount  of  irrigated  cotton  at  times.  The  rat- 
ing of  vegetables  has  never  been  permitted  by  ih 
comjiany  although  considerable  ])ublie  excitement  Wii 
developed  in  San  Antonio  .several  years  ago  by  the  di- 
co\ery  that  some  land  owners  along  the  ditch  and  iii 
under  control  of  the  company  were  raising  garden  tnn 
for  the  local  market. 

The  lands  have  been  farmed  on  a  cash  rental  basi 
])rincipally  with  ilexican  tenants  of  the  better  class,  t 
the  number  of  approximately  100  families.  With  a  tot; 
]iopulation  of  some  500  people  on  the  farm  thi're  has  bfi' 
\ery  little  sickness  and  only  five  m-  six  mild  cases  1 
typhoid  in  as  many  years. 

The  company  has  recently  inaugurated  a  policy  of  cor 
verting  the  fanlis  into  .Johnson-grass  pastures  and  stoci 
ing  them  with  several  hundred  head  of  cattle,  fturin 
the  growing  season  one  acre  will  carry  two  head  of  eattl' 
The  forage  crop  ^rill  thus  be  marketed  on  I  be  farm  il 
reet  witlunit  the  expense  of  cutting,  lialing  and  shipjiiii 
and  the  numlier  of  hands  reduced  to  10  or  '<().  .\  fm 
fher  advantage  will  lie  the  possibility  of  continuing  irr 
nation  throuffli   the  winter  season. 

.V.MOfXT  AXD  Disposition  of  Skwack  ■ 

The  ]iresent  annual  quantity  of  sewage  reeeixcd  froi 
llie  city's  trunk  outlet  is  roiiglily  estimated  at  15.00 
aere-ft.  Of  this  some  8,000  acre-ft.  are  applied  to  tt 
lands  by  broad  irrigation  at  an  estimated  average  dnii 
rate  of  10,000  gal.  ]ier  acre  during  the  season.  Tli 
remainder  is  impounded  in  tlic  lake,  together  with  froi 
100  to  SOO  acre-ft.  of  storm  water.  From  a  small  niarsli 
flat  the  lake  lias  been  extended  by  successive  increases  i 
the  height  of  the  dam  until  it  now  covers  stune  !)00  acn 
to  an  average  depth  of  from  8  to  10  ft.  Kvaporatie 
and  seepage  losses  from  the  lake  and  ditches  iirohaM 
average  0,000  acre-ft.  annually.  In  wet  .sea.sons  beret' 
fore,  when  tliere  was  no  wnnter  irrigation  and  wlieii  tl 
storm  water  runotT  was  large  and  the  evajioration  snui! 
it  has  I)een  necessary  to  waste  from  500  to  1.500  acre-l 
into  the  Medina  River  whieli  forms  the  southern  Ihiih 
darv  of  the  lands.  This  has  been  done  at  times  '• 
freshets  when  the  dilution  was  very  considerable,  an 
bas   caused    no   serious   complaints. 

The  owners  expect  to  construct  a  reservoir  in  the  t\\' 
h;\uk  above  natural  gravel  beds  through  whieb  some  WHl' 
from  the  lake  niav  be  liltcred  and  wasteil  into  the  rivci 
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UTILIZING   SEWAGE  FOR  BROAD  IRRIGATION.   SAN  ANTONIO.  TEX. 

1 — Outlet    of    72-in.    sewer.      2 — Sewer    ditch    4    ml.    below  city    limits.       3 — Hess    metallic    flume    on  sewer    ditch.       4 — - 

Carrj-InK    Hess    metallic    flume    on    old    bents    that    originally  carried    cypress   box    flume,      o — Looking  over    900-acre    lake 
for  storing  sewage  flow 


Tho  hofl  of  the  ]\feflina  lies  some  60  ft.  lower  than 
he  general  level  of  the  irrijraterl  lanrls  ancl  there  is  a 
mall  poepafre  flow  into  it  which  has  caused  no  nuisance. 

The  results  of  tlie  disposal  from  the  stanrlpoint  of 
voidance  of  nuisance  are  extremely  successful.  Along 
he  line  of  the  ditch  there  is  in  warm  weather  some  odor 
lit  this  is  never  noticeahle  at  <jrcater  distances  than 
00  yd.  to  Icoward.  The  broad,  shallow  lake  with  partial 
I  ilntion  and  abundant  opportunity  for  sod  i  mental  ion  and 
xidation  cfTects  a  hif;h  dcL'rno  of  purification  and  there 
<  no  odor  from  it  except  a  slight  marshy  snicll,  detected 


especially  in  warm  weather.  The  water  of  the  lake, 
while  inoffensive,  is  distinguishably  green  with  alga^. 
From  a  commercial  standpoint  the  Irrigation  Company 
appears  to  be  successful,  judging  by  continued  improve- 
ments to  the  irrigation  and  farm  structures  and  its 
solvency  throughout  the  past  15  years. 


novcrnment  Furea*  IteHervnflonM  In  the  Appalachian  and 
White  Mountain  regions  now  asrsrugate  1,396.367  acres,  includ- 
ing In  this  about  67,000  acres  In  59  tracts  whose  purchase  has 
Just  been  approved  by  the  National  Forest  Reservation 
Commission. 
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of  CoffiiCiretl®  miradl  Bs^acE^ 

15  V     X.    J.    J>LAGEX* 

A  eonircte  luniber-waste  burner  6'3  ft.  8  in.  in  diaiii- 
cler  and  104  ft.  high,  which  has  proved  to  be  of  unusual 
interest  to  engineers  and  mill  owners,  has  just  been  com- 
pleted bv  the  Gray's  Harbor  Lumber  Co.,  at  Hoquiam. 
U'ash.     The  structure  was  designed 


the  writer  and 


^  ft.  around  the  top  and  bottom,  allowing  a  current  of 
air  to  circulate  up  through. 

The  inner  wall  was  nothing  more  than  good  connuoii 
brick  laiil  in  common  clay.  The  clay  was  ground,  dis- 
solvi'd  and  boiled,  and  mixed  with  a  very  little  cement 
and  salt.  It  was  applied  thin  enough  so  that  the  masons 
spread  it  with  a  dipper  instead  of  a  trowel ;  that  is. 
they  took  a  large  dipperful  and  spread  it  over  the  top  of 
one  course  before  laving:  anv  of  the  next  course.     When 


FIG.    1.    CONCRETE    WASTE    BURNER;    GRAY'S    HARBOR   LUMBER  CO.,  HOQUIAM,   WASH 


son,  Frank  N.  Blageu,  mechanical  engineer  of  the  lum- 
iier  company.  We  selected  concrete  as  the  material  for 
the  shell  in  place  of  steel  because  of  our  experience  with 
the  two  materials  under  the  conditions  that  had  to  be 
considered.  Onr  old  burner  had  a  steel  shell,  and  it 
corroded  rapidly  because  of  exposure  to  salt  air.  More- 
over, the  concrete  shell  could  be  put  up  here  at  half 
the  cost  of  steel.  We  have  nuule  many  successful  tests 
of  concrete  subjected  to  much  greater  heat  than  a  waste- 
burner  shell  is  ordinarily  subjected  to;  for  instance,  we 
have  had  in  service  for  four  years  a  concrete  arch  under 
the  bridge-wall  of  a  pair  of  boilers.  It  is  not  subjected 
to  direct  fire,  but  it  is  so  hot  on  the  outside  that  the  hand 
cannot  be  held  on  it.  It  is  still  perfect.  Our  old  steel 
shell  has  never  been  hot  enough  to  melt  the  asphalt  on 
the  outside  except  at  the  top,  where  the  flames  could  reach 
it.  We  have,  however,  as  a  special  extra  precaution, 
provided  for  the  complete  ventilation  of  the  shell,  as 
will  bo  seen  from  the  design  (Fig.  3).  We  think  the 
burner  shell  will  never  get  warmer  than  the  sua  will  make 
it  in  sunnner. 

At  first  we  planned  building  the  shell  with  its  outer 
wall  of  concrete  8  in.  thick  for  the  entire  height:  we 
were  to  have  a  4-in.  air  space  and  then  a  .second  wall 
8  in.  thick  and  40  ft.  high,  topped  by  brick  going  up 
the  rest  of  the  distance.  Inside  this  was  a  second  4-in. 
air  space  and  a  third  wall,  this  last  of  brick  and  only 
12  ft.  high.  Before  starting  work,  however,  we  changed 
to  a  single  main  wall  outside,  of  10  in.  of  concrete, 
with  an  inner  8-in.  brick  wall  separated  from  the  first 
by  a  4-in.  air  space  but  having  for  stability,  every  2 
ft.  up  and  across,  a  brick  ])rojecting  out  against  the 
concrete  of  the  wall.     .\n  H-in.  Ncnt  was  left  about  every 

ly's    Harbor    Lumber    Co.,    Ho- 


the  next  bricks  were  put  down  in  this  thin  clay,  a  joint 
space  of  not  niore  than  yV  i"-  ^^'^^  ^^^t — just  enough  to 
form  a  bed.  When  the  bricks  were  all  laid,  the  entire 
inside  was  washed  down  with  thin  clay,  containing  no 
cement  but  with  a  little  more  salt,  so  that  the  inside 
would  take  a  glaze  that  would  protect  the  brick. 


FIG.   2.    LOOKING  UP  INSIDE  THE   HOQUIAM  BUHNER 
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Laying  brick  in  tliis  wmv  is  imt  new.  It  has  been  (kmc 
lilt  here  for  many  years.  Our  old  .steel  burner  has  a 
onimou  brick  lining  which  fur  seven  years  has  with- 
stood the  highest  heat  any  burner  of  this  sort  can  be  sub- 
jected to. 

The  new  burner  wa.s  built  on  soft-mud  tide  fiats,  and  it 
.vas  nece.s.sary  to  drive  jules  to  a  depth  ui  40  ft.  to  get 
1   firm   foundation.     They    were    driven   to    support   :iO 


day  the  men  buili  the  seatl'oKliiig  and  forms  for  anotlior 
.S-ft.  lift.  This  gave  an  average  progress  of  4  ft.  per 
day.  We  used  8-ft.  lifts  because  we  had  a  lot  of  3x6's 
in  that  length  that  had  proved  a  slow  seller.  Each 
scaffold  was  covered  with  plank  as  we  went  up,  and  we 
left  them  there  for  the  brick  masons  to  work  on.  This 
would  not  have  been  practical  for  the  ordinary  contrac- 
tor, but  it  was  for  us  with  our  big  stock  of  low-value 
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FIG.  3.     DET.ML.S  OF  DESIGN.  WA.STE  BUHNER  OF  GRAY'S  HARBOR  lAIMBER  CO 
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ons  per  pile,  though  they  will  not  be  subjected  to  a 
oad  greater  than  10  tons.  Very  large  piles  were  selected, 
iveraging  fully  20  in.  in  diameter  at  the  large  end.  As 
hey  are  submerged  practically  every  day,  there  is  no 
langer  of  decay  within  the  lifetime  of  the  burner. 

The  w(jrk  was  all  done  by  day  labor  and  therefore  no 
pt'cifications  were  written.  We  gave  our  superintendent 
ndtructioiis  from  time  to  time  and  al.so  closely  watched 
•rogrcss.  This  was  more  .satisfactory  in  a  small  out-of- 
he-way  place  like  this  than  it  might  have  l)een  in  a 
urge  city  where  we  could  have  let  the  job  to  a  first-class 
oiitractor  who  we  could  have  been  sure  would  have  done 
rood  work  and  saved  us  the  trouble  of  looking  after 
lie  job  so  clo.sely. 

The  roncrete  was  an  ordinary  1:2:4  mix,  using  local 
■and  and  stone.  Mixing  was  done  by  a  drum  iiii.ver.  The 
omiH  were  built  out  of  8-ft.  studding,  and  the  scaffold 
jvaa  carried  up  on  the  inside  in  8-ft.  lifts.  Material  was 
lifted  on  a  platform  elevator  holding  three  wheelbarrows. 
jrt'e  roiild  pour  an  8-ft.  lift  in  one  day,  and  on  the  ne.xt 


short  material  of  the  right  length  to  reach  from  bracket 
to  bracket. 

As  we  laid  the  brick,  we  provided  small  trestles  2  ft. 
high  to  be  placed  next  to  the  wall  for  the  masons  to 
stand  on  in  laying  the  upper  3  ft.  of  each  lift.  This 
worked  out  very  conveniently  and  economically.  There 
was  ample  headroom  between  each  scaffold  for  the  nec- 
essary cross-brackets  and  for  braces  running  under  the 
bracket,  around  the  circle.  The  forms  were  built  by  the 
concrete  gang  with  a  few  of  our  millwrights.  The  eon- 
creters  not  busy  on  the  alternate  (form-making)  days 
wer(!  set  to  wheeling  in  the  earth  (ill  on  top  of  the 
foundation  slab.  Thus  we  did  a  first-class  job  at  a  very 
reasonable  cost.  The  concrete  materials  cost  us  about 
$2.80  per  cu.yd. ;  the  labor  in  concreting  the  main  walls 
was  approximately  $1  per  yd.  The  work  on  the  foun- 
dations cost  about  50c.  per  yd.  of  concrete.  The  entire 
cost  of  the  structure  lined  was  $K,000,  including  the 
top  screen,  or  spark  arrester,  but  not  including  the  con- 
veyor leading  to  it,  which  will  be  about  $3,500. 
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The  liandliiiii-  of  hot  nodiilized  ore  from  kihis  to 
storage  bins  by  railroad  cars  at  the  plant  of  the  Benson 
Klines  Co..  Benson  Mines,  X.  Y.,  is  aoeomplished  by 
the  nse  of  a  doul)le  automatic  skip  hoist.  The  red-hot 
nodiilized  ore  is  diseharged  from  two  revolving'  kilns 
into  a  .«toraije  hopper  witii  two  gates  in  the  bottom. 
In  drawing  the  rod-hot  material  from  tiiis  hojiper  a 
stream  of  water  is  sprayed  on  it.  which   lansr^  the  pit 


the  tlow  of  the  material,  there  is  a  semicircular  cutotl' 
gate  on  the  inside  of  the  stationary  gate,  operated  by  a 
bell  crank  and  connection  to  the  ski]i-hoist  bucket.  The 
(■(instruction  of  this  gate  is  shown  in  Fig.  -1. 

There  are  two  skip  buckets,  in  balance,  which  arc 
2I2  ft.  square  and  3  ft.  long,  having  a  normal  capacity 
of  IV2  tons  of  material  weighing  KiO  lb.  per  cu.ft.  The 
bottom  of  the  buckets  is  constructed  of  Vi-in.  plate,  and 
on  tiiree  sides  is  provided  an  extra  14 "in-  plate-steel 
lining  fastened  (ui  with  countersunk-head  bolts  so  that 
they  may  lie  renwved  when  the  lining  is  worn  out.  The 
bucket  is  niduiited  on  two  axles  of  2i%-iii.  diameter,  with 


KTG.   1.    .AUTOMATIC  SKIP   HOIST   FOR   HOT  ORE   AT  BENSOX  MINES,  N.  T. 


under  the  hopper  to  be  full  of  steam  and  Imt  water.  .Vny 
sort  of  conveyor  or  elevator  was  of  c(iiirsc  out  "f  the 
(|uestion,  so  a  ski]i  hoist  was  built  that  is  cnlii-ely 
automatic,  requiring  no  ins]iecti(uv  wiuitcver  in  the  pit. 
The  material  handled  being  of  an  extremely  abrasive 
character,  a  gate  of  unusual  and  rugged  design  was 
adopted.  These  two  gates  are  furnished  with  an  (uitside 
shell  of  ca.st  steel,  with  rii)s  on  the  inside,  ilctwecn  these 
ribs  is  provided  a  special  hard-iron  lining.  Between  the 
inside  lining  and  the  outside  cast-steel  frame  is  an  air 
space  to  assist  in  the  cooling  of  tiu'  gate.     For  stopping 

•Engineer.  C.  O.  Bartlctt  &  Snow  Co.,  ClcvoUind.  Ohio. 


the  outer  ends  fitted  with  flanged  rollers,  which  are  keyed 
to  the  axles.  The  axles  in  turn  rotate  in  a  bearing  on 
the  under  side  of  the  skip  bucket.  The  rollers  are  14  in. 
in  diameter.  The  two  rear  i-ollers  have  sjiecial  treads, 
so  as  to  dump  the  bucket  at  the  discharge  end  of  the 
skip  hoist.  Tlie  buckeis  are  provided  with  heavy  forged- 
steel  bale  bars  fastened  to  the  lower  end  of  the  bucket. 
The  skip  hoist  is  entirely  automatic.  When  one  skip 
bucket  is  in  the  lower  position,  it  rests  on  a  counter- 
weighted  lever.  When  sufficient  weight  of  material  !■* 
deposited  in  the  bucket,  the  load  raises  the  counter- 
weighted  lever.  This  lever,  in  rising,  pulls  a  rop'  oper- 
atiuij  an  electric  switch,  which  admits  current  to  tlu^  liois) 
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FIG.   2.     DETAILS  OF  AUTOMATIC  SKIP  HOIST  AT  BEXSOX  MIXES 


)tor.  The  bucket  then  starts  upward  slowly,  allowing 
3  countenreighted  gate  to  close,  stopping  the  flow  of 
iterial.  After  a  short  period  of  time,  by  means  of  an 
tomatic  control  system  the  motor  is  accelerated  and  the 
(ket  travels  at  full  speed  until  it  is  within  a  few  feet 
the  top  or  dumping  position,  where  it  slows  down  and 
lies  to  a  stop,  at  the  same  time  discharging  its  load. 

the  time  one  bucket  is  going  up;  the  other  is  coming 
ttTi,  and  at  the  same  speed,  since  both  buckets  are 
ached  to  the  same  hoisting  drums.  As  the  descending 
:'ket  reaches  the  bottom,  it  pulls  the  gate  open  by  means 

a  dosr  engaginor  a  lug  on  the  sate  and  comes  to  rest 


on  the  counterweighted  lever,  thus 
completing  a  cycle  of  operation.  Fig. 
4  shows  the  detailed  construction  of 
the  mechanical  part  of  the  automatic 
mechanism  at  the  lower  end  of  the 
skip  hoist.  As  the  skip  bucket  descends, 
the  lug  on  the  bucket  E  engages  the 
roller  G  on  the  swinging  part  of  the 
gate  //,•  and  as  the  bucket  moves  down, 
it  pulls  the  gate  open,  allowing  ore 
to  run  into  the  bucket.  The  bucket 
is  brought  to  rest  by  means  of  an- 
ither  lug  D  on  the  bottom  of  the  bucket 
striking  the  small  carriage  C,  which 
is  mounted  on  wheels  in  a  guide. 
This  carriage  C  is  connected  by  means 
of  a  lever  and  bell  crank  to  a  coun- 
terweighted lever  on  which  is  mounted 
the  counterweight  A,  which  controls 
the  amount  of  material  to  be  loaded 
into  the  bucket.  Wlien  the  bucket  re- 
ceives enough  material  to  raise  this 
counterweight,  the  electric  switch  B 
is  operated  by  means  of  a  rod  connec- 
tion, which  admits  current  to  the  hoisting-engine  motor, 
and  the  bucket  starts  upward. 

At  the  top  of  the  runway  two  sets  of  rails  are  provided, 
one  pair  for  the  front  wheels  of  the  skip  bucket  and  the 
other  pair,  of  wider  gage,  for  engaging  a  special  tread 
on  the  rear  wheels.  These  wheels  are  shown  at  A,  Fig.  3. 
As  the  skip  bucket  reaches  the  top,  the  front  wheels  run 
on  the  rails  A,  Fig.  3,  while  the  rear  wheels  run  on  the 
rails  B,  thus  giving  bucket  its  dumping  position.  As  the 
bucket  reaches  the  position  F,  it  strikes  a  lever  D,  which 
operates  an  electric  switch  E,  thereby  cutting  off  current 
from  the  motor  and  allowing  the  solenoid  brake  on  the 
motor  to  set,  holding  the  bucket  in  the  dumping  position. 
A  bumping  block  is  provided  at  C  to  prevent  over-travel 
of  the  bucket. 

The  ropes  used  are  steel,  %  in.  in  diameter,  composed 
nf  si.v  strands  of  19  wires  each;  they  run  over  cast-iron 
sheaves  of  24-in.  diameter.  The  hoist  consists  of  a  heavy 
structural-steel  base  upon  which  is  mounted  a  2t-in. 
winding  drum  which  is  direct-connected  to  a  15-hp. 
440-volt  three-phase  fiO-cycle  induction  motor  by  means 
of  a  train  of  cut  s]iur  gears.  An  electric  solenoid  brake 
is  mounted  on  tiic  armature  shaft. 


iJt'MI'INO  CONTROL  AND  LIMIT  SWITCH 
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The  autoniatif  plec-trii'  control  coiit^i^^ts  of  a  plain  slate 
panel,  siipporteil  on  a  steel  frame  on  which  is  mounted 
a  solenoid-operated  primary  reversing  switch,  also  two 
solenoid-operated  accelerating  switches  with  their  current 
relay.  Tt  is  interesting  to  note  that  the  primarj'  reversing 
switch  opens  but  two  of  three  phases,  this  heing  all  that 
is  necessary  to  handle  in  order  to  reverse  the  motor.  The 
third  phase  remains  permanently  connected  to  the  line. 
The  accelerating  switches  automatically  cut  resistance  out 


of  the  rotor  circuit  under  control  of  current  relays.  Tli 
solenoid  switc-hes  are  so  designed  as  to  cut  one  stop  c 
resistance  out  of  the  three  phases  of  the  rotor  circiii 
simultaneously,  thereby  maintaining  a  pro]>er  eleetricn 
balance  at  all  times.  There  is  also  provided  an  emergem 
sv.itcli  so  that  the  .skip  hoist  can  be  operated  by  hand  i 
so  desired. 

The  skip  iioist  was  designed  and  patented  by  the  C.  ( 
Kartlett  &  .Snow  Co..  Cleveland.  Ohio. 


dimforcedl-CoiniCiretle  Pipe  Used 
for 
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SYNOPSIS — Man;/  railways  are  now  using  rein- 
forced-concrete  pipe  for  culverts,  and  some  are 
making  their  own  pipe.  This  article  describes 
several  different  types  adopted  on  Western  roads. 

Keinforced-concrete  pipe  is  being  used  very  extensively 
for  railway  culverts,  many  roads  employing  it  on  a  large 
scale.  It  is  of  tn-o  diiferent  types,  circular  and  slightly 
oval  in  section,  and  is  made  with  either  bell  or  sleeve 
joints,  the  latter  giving  a  flush  or  even  surface  to  the 
culvert.  Of  thirty-five  railways  using  these  culverts, 
twenty-six  purchase  the  pipe,  which  is  made  usually  to 
the  manufacturers'  specifications,  though  a  few  of  the 
roads  have  it  manufactured  to  their  own  .specifications. 
Six  railways  make  the  pipe  at  their  own  plants,  and  three 
of  them  both  manufacture  and  purchase  the  pipe.  The 
railway  plants  have  capacities  of  40  to  250  lin.ft.  per 
day. 

The  Great  Northern  Ry  jnirchases  the  pipe,  but  has  it 
made  to  its  own  plans  and  specifications,  though  it  is 
thought  that  the  pipe  might  be  cheaper  if  made  by 
company  forces.  Both  bell  and  sleeve  joints  are  used, 
the  latter  being  shown  in  Fig.  1.  The  pipe  is  slightly 
oval  in  section,  and  has  a  single  course  of  reinforcing 
rings  which  are  so  bent  as  to  lie  near  the  inner  surface 
at  top  and  bottom  and  near  the  outer  surface  at  the  sides. 
At  each  end  there  is  a  wrapping  of  triangular-niesh  wire 
netting ;  that  at  the  socket  end  lies  near  the  outer  surface 
while  that  at  the  .spigot  end  lies  near  the  inner  surface. 
To  insure  accuracy  in  placing  the  pipe  with  its  longer 
axis  vertical,  the  word  "top"  is  stamiied  at  top  and 
bottom. 

The  nominal  60-in.  pipe  is  (iO  in.  wide  and  iu  in. 
high,  nuule  in  lengths  of  C  ft.,  with  a  1-in.  socket  and 
spigot,  making  an  eft'ective  length  of  5  ft.  4  in.  It  has 
16  longitudinal  deformed  bars  and  15  hoops.  The  latter 
have  15-in.  laps,  which  are  located  at  45°  from  the  ver- 
tical axis  and  are  wrapped  with  wire.  The  ])i])e  has 
1.93  yd.  of  concrete  and  307.(i  lb.  of  steel:  it  weighs 
about  7.880  lb.  For  smaller  sizes,  a  greater  length  is 
used,  the  36-in.  pipe  (3()xl0  in.)  being  8  ft.  long  over 
all.  This  weighs  about  4,300  lb.,  with  }.0()  yd.  of  con- 
crete and  141.2  lb.  of  steel. 

The  concrete  mix  is  1:  1V2:4.  The  coarse  aggregate 
may  be  stone  passing  a  1-in.  and  retained  by  a  %-in. 
screen,  or  clean  gravel  that  will  pass  a  1-in.  screen.  The 
forms  are  .specified  to  be  of  metal  or  lined  with  metal, 
with  all  edges  filleted,  and  the  form  is  greased  before  each 


pipe  is  made.  The  concrctp  is  to  be  mixed  by  niachiii' 
when  the  amount  of  pipe  is  sufficient  to  warrant  thif 
and  is  to  be  spaded  or  puddled  against  the  faces  of  tili 
mold  as  it  is  di'iiositcd.  Special  care  is  to  be  taken  fc 
prevent  voids  and  to  have  the  reinforcement  thoroughl; 
embedded  and  in  its  proper  position.  The  reinforeemen 
must  be  not  more  than  1  in.  from  the  inner  surface  a 
to]i  and  bottom,  and  1  in.  from  the  outer  surface  at  & 
sides. 

The  Michigan  Central  E.E.  uses  pipe  of  truly  eircula 
section  (in.stead  of  the  oval  form  noted  above  and  uset 
on  several  other  roads).  The  circumferential  reiufo^oe 
ment  also  consists  of  two  concentric  sets  of  circular  ri||g 
.  and  longitudinal  bars,  instead  of  the  single  set  of  rilg 
and  longitudinals  arranged  in  oval  form,  as  in  the  J 
\ious  design.  This  latter  arrangement,  however,  is  ; 
nutted.  The  railway  company  purchases  the  pipe,  bu 
has  it  made  to  the  company's  specifications. 

This  pipe  is  shown  in  Fig.  1.  The  6-ft.  pipe  is  7^ 
in.  thick,  5  ft.  4  in.  long  over  all,  with  an  effective  lengtl 
of  5  ft.  All  reinforcement  is  of  i^-in.  square  defonaft 
bars  of  opcnhearth  medium  steel.  The  rings  are  spaCBi 
4  in.  c.  to  c.  in  each  row  (with  rows  staggered),  and  hlT 
;i-in.  laps  wrapped  with  24  turns  of  No.  1(5  wire.    Thes 


CHICAeO,  BURUN6TON  &.  QUINCY R.ff.        MICHIGAN  CENTRAL  F.ff. 
FIG.  1.    THREE  DESIGNS  OF  REINFORCED-CONCRETE 
PIPE   FOR   RAIL'SVAY    CULVERTS 
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:,ps  or  splices  are  at  points  45°  from  the  vertical  and 
::)rizontal  diameters. "'  The  longitudinal  bars  are  spaced 
it  less  than  12  in.  apart,  and  all  intersections  are  se- 
iivd  with  No.  16  wire  drawn  tight.  The  3-ft.  pipe  is 
1,4  in.  thick,  with  %-in.  rods  placed  %  in.  from  the 
irfaces.  This  is  made  in  lengths  of  G  ft.  4  in.,  the 
fective  length  Ijeing  6  ft.  The  concrete  is  specified  to 
•  a  1:2:4  mix,  using  either  gravel  or  crushed  stone 
liich  will  pass  a  1-in.  screen  and  l)e  held  on  a  14-^"- 
leen. 

Tlie  Chicago,  Burlington  &  Quinrv  li.lJ.  uses  a  pat- 
ited  pipe,  but  finds  that  it  can  nial;e  the  i)ipe  by  its 
,n  forces  cheaper  than  it  can  have  it  made  liy  contract 
ider   the    railway    specifications.     This    road    has    two 
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FIG.    2.    REINFORCED-CONCRETE    CULVERT    I'IPE: 
CHICAGO    &    NORTHWESTERN    RV. 

"-making  phints.  Tlie  ]iii)e  is  dt  sliglitly  oval  sec- 
n  with  liell  joints,  as  shown  in  Fig.  1.  The  reinforcing 
igs  are  of  round  steel  bars  bent  to  lie  near  the  inner 
lace  of  top  and  bottom  and  near  the  outer  surface 
the  sides.  The  longitndinal  liars  are  bent  to  extend 
o  the  bell-end. 

The  fi-ft.  pipe  is  G  ft.  wide  and  G  ft.  10  in.  high.   ; 

thick,  made  in  lengths  of  G  ft.,  or  5  ft.  G  in.  effective 

gth.     The  rings  are  either  of  Yo-in.  square  bars  31/^ 

c.  to  c,  or  %-in.  ronnd  bars  4  in.  c.  to  c,  with  a 

!  gle  12-in.  lap.     The  longitudinal  bars  are  1^  in.  square 

■•"und.  .  Each  length  of  pi])e  contains  3.5  cu.yd.  of 

■te  and  52:J  lb.  of  steel.     The  4-1't.  pipe  is  4ft.  l)y 

.  1  in.,  in  8-ft.  lengths,  which  have  an  effective  lensjtli 

1  r  ft.  8  in. 

The  Cliicago  &  Northwestern  liy.  uses  sleeve-joint  con- 
I  t<!  pij)e  wliich  is  of  true  circular  section  (like  that 
I  the  Micliigan  Central  K.R.).  but  in  which  the  rein- 
1  c-ement  consists  of  a  single  set  of  oval  rings  and  a 
'  gle  row  of  longitudinals  as  in  the  other  ])i])es  men- 
t  nod.  In  ])ii)e  from  18  to  30  in.  in  diameter  tlie  cir- 
I  iiferential  ri'inforcenient  consists  of  a  slieet  of  trian- 
jlar-mc'sh  wire  netting,  but  in  31',-  to  GO-in.  pipe  it  is  of 
n'\  rings. 

The  sizes  of  rein  forced-concrete  culvert  pi]ie  range 
f  111  12  in.  to  7  ft.  in  diameter.  Some  roads  use  a 
y  le  range  including  both  these  sizes;  others  use  a  smaller 
ilige,  H\ich  as  from  18  to  IS  in.,  or  24  to  72  in.  As 
t  the  cost,  roads  wliich  make  their  ])ipe  consider  that 
!■  eoRt  is  less  than  if  purchased  ;  sonu!  roads  which  pur- 
tiso  pipe   consider   that    tlicy   could    make    it   at    lower 


cost  provided  it  was  made  in  large  quantities.  The  ap- 
jjroximate  range  of  quoted  cost  for  pipe  purchased  and 
manufactured  by  the  railways  is  shown  in  the  accom- 
panying table. 

The  mininuun  time  for  curing  ranges  from  40  to  GO 
days,  and  some  roads  require  that  all  pipe  laid  mtist  l)e 

REINFORCED-CONCRETE  CUIA'ERT  PIPE 


Cost  per  Lin. Ft. . 

Purchased,         -Made  l)y  Rail-  Tliicliiifss, 

Doliars              way,  Dollars  In. 

0.95  to  2. .50         OOGtol.TS  2  to  4! 

2.  10  to  4.00          l.(K)to2,40  3  to  .5 

4.04  to  5.75          1.47  to  2.88  4  to  (i 


.00  to  S.OO 
10.00 
1.5  00 


.54 


Length,  W^t.   per 

Ft.  Ft.-Lb. 

2  to  6  225  to  405 

2  to  S  445  to  590 

6  to  8  815  to  890 

6  1,200 

15  1,700 

6i  2,000 


lit  least  90  days  old.  Failures  and  breakages  seem  to  be 
So  limited  as  to  be  insignificant;  green  pipe  is  an  occa- 
.-ional  cause  of  failure,  and  breakage  occurs  generally  in 
handling.  Practice  seems  to  be  about  equally  divided  as 
to  cementing  the  j(.)ints,  and  one  road  reports  that  cement 
is  used  only  in  the  liottom  of  the  joint.  The  minimum 
depth  from  the  liase  of  rail  to  top  of  pipe  is  18  in.  in 
one  case,  and  from  2  to  G  ft.  in  other  cases.  Someroads 
limit  this  depth  to  a  maximum  of  20  ft.,  others  have  no 
limit,  and  one  road  uses  these  culverts  in  banks  as  high 
as  G5  ft.  The  l?ock  Island  lines  have  two  classes  of  pipe, 
one  for  fills  u])  to  20  ft.  high  and  the  other  (of  heavier 
construction)  for  greater  heights. 

The  thickness  and  length  of  the  pipe  vary  widely,  espe- 
cially in  the  smaller  sizes,  as  shown  by  the  table.  The 
weight  is  also  very  varialile,  due  to  the  thickness  and 
steel  reinforcement.  Thus  in  24-in.  pipe  there  are 
weights  of  225  lb.  per  ft.  for  2-iii.,  2G0  to  405  lb.  for 
3-in.,  and  395  lb.  for  4i/^-iii,;  3()-in.  pipe  varies  from 
445  lb.  for  3-in.  to  590  lb.  for  4-in. ;  and  48-in.  pipe 
varies  from  815  lb.  for  |i4-in.  to  933  lb.  for  51/2-in.  and 
980  lb.  for  5-in.  ])ipe.  In  the  large  sizes  the  weight  is 
about  1,200  lb.  ])cr  ft.  for  GO-in.,  l.TOO  lb.  for  T2-in.  and 
2,000  lb.  for  84-in. 

In  distrii)utiug  the  pipes,  they  are  generally  rolled 
from  the  cars  to  the  roadbed,  except  that  the  larger  ones 
are  slid  off  liy  means  of  tackle.  The  largest  sizes  are 
iiandlcd  ijy  a  derrick.  Tlie  pipes  may  be  hauled-  into 
place  on  skids  witli  the  aid  of  tackle.  In  laying  them 
under  trestles  wliicli  are  to  be  filled,  however,  the  Fort 
Dodge,  l)es  ^loines  &  Southern  Ry.  uses  a  derrick  car 
which  ])icks  uj)  the  ])ipes  from  the  roadi)ed,  carries  it 
out  on  the  trestle  and  lowers  it  into  position. 

The  large  84-in.  ])ipes  (84x89  in.)  are  used  for  cattle- 
]«as.ses  on  the  Minneapolis,  St.  Paul  &  Sault  Ste.  Marie 
Ry.,  and  for  this  ])urpose  the  bottom  has  a  flat  floor  for 
a  width  of  2  ft.  These  pipes  were  made  by  the  C.  F. 
Mas.sey  Co.,  of  Chicago,  whose  standard  design  of  pipe  is 
made  in  this  oval  form.  Their  pipe  is  in  sizes  from  ]2x 
IG  in.  to  72x78  in.,  weighing  82  to  1.54G  lb.  per  lin.ft. 

The  information  given  in  the  foregoing  as  to  the 
use  of  reinforced-concrete  pipe  for  railway  culverts  has 
been  obtained  from  several  railways  and  from  detailed 
statistics  ])repared  by  a  committee  of  the  American  Kail- 
way  Bridge  and   Building  Association. 

A  Drmnnil  for  HlicUnny  ICuiclnrrrH  exi.?ts  today,  according 
to  atatlstlcH  cornplRd  Ijy  the  National  Automobile  Chamber  of 
CominiM-ce,  whose  headquarters  are  In  New  Yorit  City,  It  is 
claimed  that  nearly  1,600  enftlneers  are  now  employed  by  the 
24  state  commissions,  and  In  addition  about  2,000  are  employed 
as  county  and  tity  eri(jrlncers  In  19  of  the  states;  salaries  of 
hlffhway  engineers  ranKe  from  $900  to  $5,000  a  year,  the 
averase  bclnt?  about  $1,800, 
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Wgafter^WorMs  S©tr^ace  Pipes''' 

The  toimiiittee  began  its  investigations  bv  requesting 
information  in  regard  to  the  materials  and  methods  u.sed 
in  service-pipe  construction,  the  troubles  experienced  and 
other  matters  which  appeared  to  the  committee  to  be  of 
interest  in  this  connection. 

At  two  meetings  of  the  committee  a  number  of  su])- 
erintendents  who  appeared  to  have  had  exceptional  oppor- 
tunities to  obtain  valuable  experience  along  lines  which  it 
seemed  important  to  investigate  were  invited  to  be  pres- 
ent, and  each  of  these  men  was  in  turn  questioned  in 
regard  to  the  details  of  his  practice  and  experience. 

In  considering  the  information  contained  in  the  replies 
received,  it  should  be  borne  in  mind  that  the  returns  [248] 
from  New  England  included  a  large  number  of  small 
places.  The  returns  from  outside  of  New  England  [56] 
are  chiefly  confined  to  larger  places. 

Materials  Used  for  Service  Pipes 

The  returns  in  regard  to  the  material  noA\-  used  for  new 
services  ma.y  be  summarized  as  follows:  Wi'ought  iron  or 
steel,  13;  galvanized  iron.  14.'J;  lead,  48;  lead  lined,  13; 
cement  lined,  oT  ;  galvanized  and  lead,  14 ;  galvanized  and 
cement  lined,  4;  galvanized,  lead  and  cement  lined,  2; 
galvanized  and  lead  lined,  10;  iron  and  cement  lined.  2; 
cement  lined  and  lead  lined,  1 :  cement  lined  and  lead.  2  : 
lead  and  lead  lined,  4;  lead  and  wrought  iron,  ;i :  mis- 
cellaneous. 6 ;  total,  304. 

The  use  of  plain  wrought  iron  or  steel  is  becoming  rare. 
while  nearly  one-half  of  the  places  sending  in  reports  now 
use  galvanized  wrought  iron  or  steel  exclusively;  in  56% 
of  the  places  galvanized  iron  is  used  either  exclusively 
or  in  part.  In  !)5  places  lead  or  lead-lined  pipes  are  used, 
and  cement-lined  pipes  in  48  places.  It  is  noticeable  that 
the  use  of  cement-lined  pipe  is  largely  confined  to  Mas.sa- 
chusetts  and  New  Hampshire,  46  of  the  48  places  using  it 
being  in.  these  two  states. 

Of  the  new  water-works  systems — those  constructed 
within  the  past  10  years — the  following  materials  have 
been  used  for  services:  Galvanized,  24;  plain  wrought 
iron,  1 ;  lead,  2 ;  cement  lined,  9. 

The  disfavor  with  which  plain  iron  and  steel  are  re- 
garded is  shown  by  the  fact  that  22  places  have  changed 
I'rom  these  materials  to  some  other,  while  only  one  place 
has  reported  as  having  taken  up  this  material,  (lalvan- 
ized  pipe,  on. the  other  hand,  has  lost  only  IT  while  gaining 
46.  Lead  and  lead-lined  pipes  have  gained  18  and  16 
places  respectively  and  lost  6  and  8.  Changes  to  cement- 
lined  pipes' have  occurred  in  11  places,  and  changes  from 
tement-lined  pipes  to  some  other  material  have  occurred 
in  27  places. 

A  comparison  of  the  number  of  places  now  using  the 
diil'ercnt  matei'ials  with  the  number  of  places  where  this 
matc>rial  has  been  abandoned  shows  that  ()37(  of  those 
formerly  using  jiiain  iron  or  steel  pipes  have  changed  to 
some  otiier  material.  Eight  per  cent,  have  changed  from 
galvanized  iron,  19%  from  lead  or  lead  lined  and  42% 
from  cement  lined. 

'I'he  changes  from  plain  and  galvanized  ])ii)es  arc  almost 
entirely  on  accountrof  rust.  The  changes  from  lead  pipes 
arcv  largely  on  account  of  the  possibility  of  lead  poisoning. 


•Portions  of  preliminary  Report  of  Committee  on  Service 
Pipes,  suljmitted  to  tlie  New  Kngliunl  Water-Works  Assocl-i- 
tion  Sept.  14.  191G,  by  W.  S.  .Iohn.son.,H.  W.  Clark.  Georpe  A. 
Stacey,  William  F.  Sullivan  and  A.  13.  Martin.  The  full  report 
will  appear  in  tlie  ■■Journal"  of  the  A.ssociation. 


allhougli  in  some  cases  it  has  been  on  account  of  expend 
or  because  of  the  bursting  of  the  pipes  under  pres.suiv 
Lead-lined  pipe  has  been  abandoned  on  account  of  le:i 
jioisoning  and  trouble  from  bursting  and  because  of  th, 
difficulty  in  making  joints  which  will  not  corrode.  Of  2u 
places  reporting  the  abandonment  of  cement-lined  pipe.'; 
8  were  on  account  of  trouble  at  the  joints,  6  for  conven- 
ience, 2  on  account  of  expense,  1  on  account  of  the  ditii 
culty  in  getting  good  work,  1  because  of  rust,  1  becaupi 
the  cement  broke  off,  1  because  of  outside  rust. 

A  large  proportion  of  the  places  where  the  works  liavi 
been  in  operation  for  a  sufficient  time  report  trouble  wit! 
service  pipes  no  matter  what  the  material  used,  excep- 
in  the  case  of  cement-lined  pipes.  With  cement-linci 
pipes  54%  of  the  places  heard  from  report  little  or  u. 
trouble.  With  galvanized  pipe  36%  of  the  places  repori 
little  or  no  trouble,  and  with  lead  pipe  10%  so  report 
The  trouble  with  iron  and  steel  pipes,  both  plain  and  ga 
vanized,  appears  to  be  through  the  entire  length  of  tli 
])ipe.  The  trouble  with  lead  pipes  appears  largely  at  tlii 
corporation  cock.  The  trouble  with  cement-lined  pipt 
is  very  largely  (-(U-rosion  of  the  outside  of  the  pipe  ju^ 
inside  the  cellar  walls,  with  some  trouble  at  the  leai 
gooseneck. 

The  main  sources  tit  ti'ouble  from  corrosion  are  largel 
inside  the  pipes,  due  to  the  action  of  the  water,  li 
certain  soils,  however,  there  is  a  rapid  corrosion  of  tin 
pipes  on  the  outside,  and  in  ease  the  inside  is  protecteii 
as  in  the  case  of  cement-lined  pipes,  this  is  the  main  soiii-i 
of  trouble.  Pipes  laid  in  salt  marsh  or  in  cinder-fill  aiv 
certain  to  be  acted  upon  rapidly.  Pipes  in  clay  are  imul 
more  subject  to  corrosion  on  the  outside  than  those  in  saiii 
or  gravel.  One  of  the  common  places  where  trouble  occiii 
is  at  the  corporation  cock,  or  wharo  a  gooseneck  is  usei 
at  the  junction  of  the  gooseneck  with  the  service  pipt 
Some  of  the  troubles  at  the  corporation  cock  are  due  to  tli 
tuberculation  of  the  main  pipe,  which  tends  to  cover  tli 
corpoiation  cock.  This  can  be  overcome  in  a  large  nieasui 
bv  inserting  the  corporation  cock  well  beyond  the  inside  u 
the  main. 

Plain  \\'i;or(;iir  iiiox  and  Steel 

The  commitlee  believes  ihat  there  are  very  few  cast' 
where  the  use  of  either  wrought  iron  or  steel  pipes  will 
out  some  protective  coating  for  services  is  justifiable.  Tin 
are  certain  to  become  filled  with  rust,  and  the  expense  i 
cleaning  or  renewing  them  will  much  more  than  offsi 
the  i>\ti-a  first  cost  of  construction.  Covering  the  met; 
w  itii  some  ]irotective  paint  seems  to  increase  its  life  bi' 
slightly. 

Tlie  experience  oi'  watei'-works  superintendents  as  ir 
dicated  by  the  returns  and  as  shown  by  previous  discus 
sions  in  the  meetings  of  the  association  is  decided! 
unfavorable  to  steel  pipe,  and  while,  undoulitedly,  man 
of  those  who  argue  iii  favor  of  wrought-iron  pijie  mn 
be  unfamiliar  with  anything  else  and  l)elieve  in  it  b( 
cause  they  were  taught  to  believe  in  it,  there  is  cei'tainl 
a  large  numlier  of  reliable  men  who  have  had  an  e.xteiuii' 
experience  with  botii  materials  who  are  firmly  convince 
that  wrought  iron  is  mudi  superior  to  steel,  nnil  tliei 
must  be  some  good   reason    for   this   iiclief. 

The  feeling  against  st^-cl  pipe  a]ipcai's  lo  be  cliicH 
confined  to  New  England,  for  it  is  undoubtedly  a  fai 
that  a  majority  of  pipes  used  in  dtber  sections  of  tli 
couiilrv   are  of   steel,  and    it    is   apparent    tbat    no  ni"i 
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(lul)li'  is  expei-ii-ncc'd  Irom  the  Ui^e  of  steel  in  these  jihices 
lan  is  experienced  from  the  use  of  wrought  iron  in  this 
cinitv. 

Galvamzkd  Pipe  and  Lkad  I'ipk 

The  chief  trouble  with  galvanized  ])ipe  is  in  the  joints, 
liere  the  water  gets  directly  at  the  iron,  and  in  the  ini- 
■rt'ect  covering  of  the  iron.  As  pipes  are  manufactured, 
ere  is  a  large  quantity  of  scale  left  on  the  pipe,  especially 
I  the  inside.  When  the  scale  becomes  loo,se,  as  it  iii- 
riably  will,  the  metal  of  the  pipes  is  exposed  in  spots 
rectly  to  the  action  of  the  water  and  corrosion  begins, 
lich  tends  to  loosen  still  furtlier  the  scale,  and  soon  the 
pe  is  little  better  than  an  uncoated  pipe.  One  of  the 
•el  companies  has  now  perfected  a  method  of  removing 
lie  from  the  pipes  which  would  seem  to  be  of  enormous 
vantage  both  in  decreasing  the  friction  in  the  pipe  and 
making  it  possible  to  obtain  a  much  more  durable 
iting  of  zinc  when  galvanized. 

iJalvanized  pipe  appears  to  be  the  cheapest  practical 
iterial  for  services  where  the  class  of  street  surfacing 
;  not  such  as  to  make  the  renewal  of  the  services  a  mat- 
•  of  great  expense.  Whether  steel  pipe  is  as  durable 
len  galvanized  as  is  wrought  iron,  is  a  nuitter  which  is 
-a  to  discussion.  If  the  galvanizing  is  perfect,  it  would 
ike  little  difl'erence  whether  the  metal  under  the  zinc 
isted  corrosion  more  or  less.  With  the  process  for  re- 
iving scale  above  referred  to,  it  would  seem  that  a  long 
J)  Iiad  been  made  toward  getting  a  perfect  galvanized 
)e. 

Lead  is  in  many  respects  the  most  satisfactory  material 

use  for  service  pipes.     Its  pliability  and  its  compara- 

e  freedom  from  corrosive  action  make  it  almost  ideal 

m  a  mechanical  standpoint.     The  cost  of  lead  pipe  of 

I  Kcient  thickness   safely   to   withstand   the   pressure   is 

i  re  than  the  cost  of  many  other  mate^rials  used  for  ser- 

■  es,  but  in  a  paved  street  the  greater  duration  of  life 

;  )bably  more  than  compensates  for  the  extra  cost,  ami  in 

;  ces  where  the  streets  are  occupied  by  other  pipes  and 

I  iiluits  the  ease  of  getting  over  and  under  these  obstruc- 

ns  with  a  flexible  pipe  is  a  great  advantage. 

i'he  most  serious  objection  to  the  use  of  lead  pipe  for 

1  vices   is  the   possibility   that  the  water  7nay   dissolve 

t  )Ugh  lead  from  the  pipe  to  cause  lead  poisoning.     It 

i  certain  that  many  cases  of  lead  poisoning  have  been 

I  ised  by  the  use  of  lead  services.     On  the  other  hand, 

)  d  has  always  been  u.sed  tor  services  in  most  of  the 

I  ge  places  without  any  unfavorable  effects. 

It  seems  to  be  practically  impo.ssible  to  determine  defi- 

1  cly  in  advance  what  the  effect  of  any  water  on  lead 

I  le  will  he,  as  the  laboratory  results  fail  in  many  cases 

I  show  the  action  which  will  occur  in  actual   practice. 

'  its  of  ,«ervicc  pipes  in  use  for  a  considerable  period  are 

1  •  only  safe  guides. 

l-IAD-LlNKI)  AND  CiCMlOXT-El.VKr)    I'll'KS 

l-ead-liiied  |)ipe  as  manufactured  several  years  ago  gave 
I  nil  trouble  from  the  separation  of  the  lead  lining  fron. 
(:  iron,  leaving  the  metal  exposed  to  the  water.  The 
1  le  as  manufactured  today,  however,  appears  to  he  dur- 
1  e  and  prevents  the  corrosion  of  the  iron  or  steel  very 
t 'ctively.  It  would  seem  that  the  life  of  such  pipe 
vjuld  he  limited  only  by  the  corrosion  of  the  outside 
'I  the  pipe.  The  expense  of  the  lead-lined  pipe  is  much 
lU  than  that  of  lead  pipe. 


Ccmcnt-lincd  ](i[)cs,  if  jiroperlv  constructed,  make  ideal 
sei-vice  |iipes  as  far  as  ilir  iiUcrinr  oT  the  pipe  is  con- 
cerned. The  cenu'nt  is  not  acted  upon  by  water,  and  the 
interior  of  the  pipe  will  renuiin  smooth  for  an  indefinite 
tinu\  There  are  many  [ilaces  where  cement-lined  pipes 
liaM-  bei'ti  in  nsi'  lor  many  ycai's  without  any  trouble, 
and  there  are  many  others  where  they  have  given  so  much 
trouble  that  theii-  use  has  been  discontinued.  The  reason 
lor  the  troubles  which  have  been  experienced  are  found 
to  be  generally  the  improper  lining  of  the  pipes  or  the 
use  of  fittings  which  did  not  prevent  the  water  from  get- 
ting to  the  metal. 

Trouble  with  cement-lined  service  occurs  most  fre- 
((uently  from  c(n-idsicin  on  the  outside  of  the  pipe,  and 
especially  where  tlic  pipe  entci's  the  cellar.  In  many 
cases  the  action  on  the  outside  of  the  pipe  is  quite  rapid, 
and  samples  have  been  submitted  to  the  committee  where 
the  iron  has  been  completely  eaten  through  and  nothing 
but  the  cement  remains  to  hold  the  water.  This  rapid 
i-orrosiou  is  undoubtedly  due  to  the  dampness  inside  the 
c'cllar  wall,  ^'arious  methods  have  been  suggested  for 
remedying  this.  A  short  piece  of  the  pipe  where  it  passes 
through  the  cellar  wall  may  be  incased  in  cement.  An- 
other suggestion  is  that  a  coupling  be  placed  just  outside 
the  wall,  so  that  the  corroded  piece  may  be  readily  re- 
moved and  replaced.  Still  anotlier  method  is  to  put  in  a 
short  section  of  brass  pijie  wbeiv  it  passes  tlii-dugh  tlic 
wall. 

Sizio  OP  Skrvice 

The  standard  size  I'or  services  is  oi'dinarily  %  in.,  but  in 
several  cases  this  size  has  been  increased  to  1  in.  or  even  to 
1 1,4  in-  for  the  i)urpose,  chiefly,  of  lengthening  the  life 
i>r  the  service.  Where  plain  or  galvanized  steel  or 
wrought-iron  pipes  ar(!  used,  the  pipes  soon  fill  up  with 
rust,  but  the  service  which  they  render  is  fairly  satisfac- 
tory until  the  ]Hpes  become  nearly  choked,  when  they 
must  be  cleaned.  .V  1-iii.  ])ipe  has  about  twice  the  are^i 
of  •*4-in.  pipe  and  will  probably  last  at  least  twice  as 
long  liefore  it  will  recpiire  cleaning. 

h'igid  conne('tions  with  the  main  and  the  omission  of 
the  goo.senecks  ai-e  used  in  a  large  nundjcr  of  places,  and 
in  some  places  stub  connections  are  used  exclusively. 
Rigid  connections  make  a  considerable  saving  in  the  first 
cost,  and  are  much  more  readily  cleaned.  On  the  other 
hand,  the  goosenei-k  permits  the  dropping  of  the  servici' 
below  the  main  and  away  from  frost,  and  it  is  possible  to 
make  the  service  take  any  direction  from  the  main. 

Where  rigid  coniu'ctions  are  used  it  is  necessary  to  have 
a  good  soil  in  wliich  the  pipes  will  not  settle,  and  it  is 
necessary  to  have  the  pipes  rest  on  a  firm  foundation,  as 
any  .settlement  in  the  .service  pipe  near  the  main  will  cause 
the  service  to  break,  'i'he  digging  up  of  the  sti'eet  near 
the  main  may  also  cause  trouble  to  rigid  connections.  The 
fact  that  83  of  the  towns  reporting  use  rigid  connections 
to  a  greater  or  less  extent,  and  that  56  of  these  rejiort 
no  trouble  and  many  others  "little  trouble"  or  "some 
troul)le,"  would  indicate  that  the  use  of  rigid  connections 
is  thoroughly  practicable. 

During  the  past  few  years  great  advances  have  been 
made  in  the  methods  of  cleaning  service  pipes,  and  it  is 
now  possible  to  save  large  sums  which  have  heretofore 
been  paid  for  digging  up  tlie  services  and  for  renewals. 
The  committee  has  not  discu.ssed  the  merits  of  the  differ- 
ent types  of  cleaners,  l)ut  all  of  them  seem  to  have  some 
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iiRTit.  The  most  satisfactory  in  manv  cases,  and  especially 
with  lead  pipes  oi'  when  goosenecks  are  used,  is  the  force 
pump  and  wad  of  paper  which  permits  the  cleaning  of  the 
gooseneck  and  corporation  cock  as  well  as  the  straight 
pipe. 

MicTiioD  OF  Paying  for  Seevices 

('ustom  varies  as  to  the  method  of  charging  for  ser- 
vices, l>ut  in  Xew  Kngland  the  general  custom  is  for  the 
(lepai'tment  to  pay  for  the  service  from  the  main  to  the 
curl)  cock  or  to  the  property  lino,  the  icuiainder  being 
])Mi(l  fill-  1)V  the  owner.  Outside  ol'  .\e\v  I']nglaiid  the 
custoui  appears  to  he  quite  difi'erent.  and  in  the  majority 
of  ])laces  making  returns  the  customer  is  obliged  to  pay 
|)i-actically  all  of  the  cost  of  the  service  from  the  main  to 
the  house. 

The  almost  universal  opinion  anu)ng  superintendents, 
especially  in  New  l*]ngland,  is  that  the  water  department 
should  lay  and  maintain  a-11  the  services  from  the  nuiin 
to  the  stop-and-waste  in  the  cellar  whatever  portion  of 
the  expense  may  Ik-  borne  by  the  department.  The  cities 
and  towns  in  which  this  is  not  now  done  are  comparative- 
ly few,  and  in  these  places  the  superintendents  in  many 
cases  have  expressed  the  opinion  that  it  would  be  wise 
Cor  the  department  to  take  charge  of  the  entire  service. 


An  extremely  difficult  piece  of  nioimtain-road  con- 
struction between  West  Point  and  Cornwall  Landing, 
N.  Y.,  is  now  well  under  way. 

Tliis  short  stretch  of  road,  only  4i/i  nii.  in  length,  is 
the  last  link  needed  to  make  a  continuous  highway  on 
the  west  side  of  the  Hudson  River,  between  New  York 
and  Albany.  The  road  has  to  be  built  along  the  steep 
rocky  slopes  of  Stonn  King  and  Crow  Nest  mountains 


where  there  has  never  been  even  a  footpath.  These  moiii: 
tains  slope  steeply  down  to  the  river,  where  a  narr(i\ 
shelf  has  been  blasted  away  for  the  tracks  of  the  Wi'- 
Shore  E.E. 

So  steep  and  inaccessible  are  some  of  the  slopes  aloii 
which  the  road  has  to  be  built  that  in  making  survex 
for  the  road,  cans  of  white  ]iaint  were  fired  from  a  sm:i 
cannon  against  the  face  of  the  clifF  to  make  a  mark  ; 
which  the  surveyors  could  direct  their  instruments.  'Tl 
surveys  and  plans  for  the  road,  made  three  years  ago  wlii 
John  S.  Carlisle  was  Highway  Commissioner  of  Nf 
York,  were  described  in  Engineering  News,  Oct.  1 
]015,  p.  721.  A  contract  for  a  part  of  the  road  v;: 
let  under  Mr.  Carlisle,  but  was  annulled  when  Commir 
sioner  Duffey  took  office,  as  the  plans  on  which  the  roa 
was  then  being  bviilt  promised  to  exceed  the  availali' 
appropriation.  The  work  was  readvertised  and  the  coi 
tract  let  to  the  John  L.  Hayes  Construction  Co.  on  Jul 
26,  1915,  the  contract  price  being  $273,736.70  and  tli 
length  of  road  41^4  nii.  Work  started  in  the  middle  i 
August,  1915,  and  continued  until  the  severe  weather. 
December  brought  it  to  a  close.  It  started  again  Aji 
1  and  is  now  being  prosecuted  at  four  points  on  tl 
north  division  of  the  project. 

The  road  starts  at  Bay  View  Ave.,  Cornwall,  and  tIm 
gradually  along  the  side  of  the  mountain  to  an  elevatio 
of  390  ft.  above  the  river.  About  800  it.  of  this  sci 
tion  has  been  rough-graded,  and  a  small  gang  of  me 
with  a  10-ton  derrick  is  now  working.  Work  is  also  i 
progress  at  three  other  points,  the  gangs  amounting  t 
120  men. 

Last  fall  also  about  2,400  ft.  on  the  West  Point  en 
was  rough-graded.  The  most  work  was  done  at  the  ravir 
between  Stomi  King  and  Crow  Nest.  Here  a  10x15-1 
stone  culvert  154  ft.  long  was  constructed.  The  fill  ovc 
this   culvert   is    60   ft.    high   and   contains    42,000 
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.lust  above  this  ravine  fill  a  ,L;anj;-  started  blastiiijr  and 
ijding  on  Storm  Kino;  in  the  direction  of  Corn\v;ill. 
the  foot  of  the  mountain  is  the  abandoned  Sbiini 
nw  reek  crusher,  the  quarry  property  of  which  (ox- 
isive  of  machinery)  has  been  purchased  by  the  state, 
ck  from  the  blastincr  fell  upon  the  crusher  building, 
liiiise  of  this,  about  the  middle  of  August,  an  injunction 
>  filed  restraining  the  contractor  from  further  work 
this  location. 

riie  most  difficult  portion  of  the  work  at  the  present 
]!■  is  along  the  slopes  of  Crow  Xest  Mountain  (Sta. 
112).  The  ground  here  is  very  preci|)itous  and 
.'ged.  .Machinery  can  be  moved  forward  at  no  faster 
e  than  the  advance  of  the  road  itself.  This  condition, 
>ugh  aggravated  here,  is  by  no  means  peculiar  to  Crow 
st,  but  is  a  very  general  condition  and  one  that  har- 
>s  the  contractor. 

The  roadway  is  24  ft.  wide  and  the  jjresent  plan  is  to 

]  .6  it  with  16  ft.  of  l)ituminous  macadam.     The  road 

nearly  all  in  side-hill  cut,  the   fdl  on  the  lower  side 

ng  held  by  retaining  walls,   10  to  50  ft.  high.     The 

-■'•ting  courses  of  the  retaining  wall  are  laid  up  in  inor- 

for  a  depth  of  3  to  S  ft.  and  above  that  a  dry  wall 

.  laid.     The.se  <lrv-  rubble  walls  are  laid  with  a  batter 

1  2  in.  per  ft.  on  the  face  and  -I  in.  per  ft.  on  the  back. 

.  .stone  parapet  laid  up  in  mortar,  with  rough  coping, 

i  built  on  top  of  the  wall.     Weep  pipes  4  in.  in  diaui- 

'  r  are  provided  at   10-ft.  intervals. 

Ml  the  e.vcavation  is  done  by  hand.  Sand  and  cement 
I  the  footing  mortar  is  delivered  in  bags  by  i)oat  at 
•  eral  points  along  the  river  and  is  transjiorted  by  hand 
I  088  the  We.st  Sliorc  R.I{.  tracks,  and  then  carried  up 
I  mountain  side  either  by  mule  and  .stone  boat  or  by  a 
I  id-opera1e(|   (■al)le   railroad    bavin;:  a    ina.ximum   grade 

Ml  tlie  maciiinery  is  air  ojjerated.  The  compre.s.sor 
I  rit,  located  at  Sta.  25,  was  purcha.sed  from  tlie  Oscar 
I  nieln  Co.  and  is  one  formerly  u«ed  in  building  the 
M.skill  Aipiednrt.  .Mr.  Hayes  has  not  had  to  move  the 
l!  lit,  having  obtained  a  three-year  lease  for  the  ground 
"  which  it  staiuls  from  the  Board  of  Water  Supply, 
lanaiilv  of  the   plant    is   1,100  cu.ft.   per  min.      It 


is  the  liigersiill  •■Imperial"  tyjJC  and  electric  driven.  The 
l-in.  air  line  is  :!  mi.  long.  In  colder  weather  no  diffi- 
culty is  experienced  with  condensation.  In  the'  .summer 
season,  however,  this  is  something  of  a  problem.  The  air 
is  of  good  quality  on  the  high  line,  but  the  condensation 
is  troublesome  on  the  low  line  and  numerous  blow-offs 
must  be  ])rovi(le(l.  The  connected  load  on  the  air  line 
comprises  12  Jaekhamers,  two  cranes,  three  hoists,  four 
blacksmith    foiges  and   a  steel-sharpening  machine. 

The  slope  on  which  the  work  is  carried  on  is  so  steep 
that  much  of  the  mck  bla.sted  .slides  down  onto  the 
railroad  tracks,  sometimes  breaking  a  rail.  To  mininii/.e 
this  danger,  logs  of  greater  diameter  than  the  height  of 
a  105-lb.  rail  are  ])laced  along  all  rails  in  the  immediate 
viciiuty  of  a  blast.  The  railroad  permits  shooting  at  8, 
10:50  and  1!  :  .JO  a.m..  and  at  1:  15  and  4  p.m.  On 
the  right-of-way  below  where  the  work  is  being  prose- 
cuted on  Crow  .Vest,  there  is  a  dispatcliei-'s  telephone 
and  two  local  telephones  for  flagmen.  Another  local  tele- 
phone has  been  installed  for  the  contractor  on  the  moun- 
tain. I'rior  to  a  blast  a  barricade  is  built  below  the  line 
of  the  road.  This  has  some  effect  in  checking  the  fall 
of  material.  Bai'ring  down  has  been  tried  instead  of 
blasting.  l)ut  much  rock  slid  lUiwn  tin-  mountain,  just  the 
same. 

On  Crow  Xest  .Mountain  about  ooO  ft.  of  road  has  been 
rough-graded  (extremely  rough)  and  this  particular  striji 
has  re(|uired  three  months'  work.  On  this  .section  the 
rocks  are  haiulled  by  a  two-drum  \alveless  hoist  built  by 
the  Dake  Co.  This  machine  weighs  only  1,200  lb.  and 
lifts  one  ton  on  a  single  line  ami  three  or  four  tons  with 
a  double  block. 

John  L.  Hayes  is  in  ]iersonal  charge  of  the  work,  his 
.sui)erintendent  being  A.  C.  Perkins.  .) .  L.  Wissing  is 
countv  assistant  and   is  located  at  Cornwall   Landing. 


WorliI'M  lliiNlrni  Mri-cl — oil  Fifth  .\vi-.  al  42th\  SI.  Ihe 
heaviest  tralllc  of  any  cll.v  in  the  world  exiMts  according  to  a 
recent  count.  Hctween  3:30  and  4:30  p.m.  I.U!)  vehicles  were 
counted  proceeding  south.  The  lop  flsure  for  the  Strand, 
London,  \n  900  vchicluM  per  hour,  and  in  Paris,  the  record  Is 
(100  In  an  hour  on  the  Boulevard  de  Capucines. — K.  W.  Stern, 
in    Annual    Report    of   lUiieau    of   HiKhwa.vs. 
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fujise  Imclinierator  for 


r>V    J.    C.    \A'0()DMAX* 


SV.\OFSIS~A  JOO-ton  all-sterl  wiilrr-jarlrr/nl 
Dpcarie  plant  that  at  medium  teniperaturc  and 
icifh  forced  draft  hums  refuse  coiisi.tliru/  lan/elt/ 
of  garbage    without    the    use   of   coiniiiPnial   fuel. 

A  rt'l'iise  destructor  with  a  daily  capacity  of  100  tons 
was  put  into  operation  in  April,  1916,  by  the  Borough 
of  Queens,  New  York  City,  and  has  since  been  consuming 
a  very  wet  mixture  of  refuse  without  the  use  of  any  com- 
mercial fuel  whatever  anil  witlunit  creating  any  nuisance 
to  the  surrounding  residence  districts.  The  destructor  is 
of  the  Decarie  all-steel  water-jacketed  design.  Kelly  & 
Kelley,  Long  Island  City,  were  the  successful  bidders  for 
the  installation  at  $98,700,  and  the  machinery  was  fur- 
nished and  set  up  by  the  Decarie  Incinerator  Co.,  of 
Alinueapolis,  Minn. 

In  the  selection  and  installation  of  the  destructor  the 
Borough  of  Queens  was  represented  by  Daniel  Ehntholt, 
Commissioner  of  Street  Cleaning,  and  by  Hans  Licl)au. 
Architect  of  the  Borough. 

•Superintendent  of  Construction,  Decarie  Incinerator  Co., 
Minneapolis.  Minn. 


The  pl.-mt  (Fi,i;s.  1  and  2)  consists  of  two  50-ton  imit- 
\ery  similar  in  design  and  arrangement  to  a  single  tin: 
of  the  same  capacity  at  Roanoke,  Va.,  described  in  Enn 
iierriug  Xeirs  of  Apr.  8,  1915.  The  distinctly  sanitai 
feature  of  the  plant  is  the  absence  of  any  storage  bin 
All  material  coming  for  destruction  is  dumped  from  tli 
wagons  on  tlie  upper  floor  of  the  building  directly  throui: 
a  hopper  opening  in  the  floor.  Each  unit  is  capable  . 
holding  16  cu.yd.  of  refuse  at  one  time  without  in  an 
way  tending  to  smother  the  fire.  This  is  possiiile  br 
cause  of  the  patented  basket-grate  construction,  which  i 
a  distinctive  feature  of  this  type  of  plant  and  which  \\i\ 
described  in  the  article  on  the  Roanoke  plant,  alreail 
mentioned. 

Each  unit  is  independent  of  the  other,  so  they  can  li 
operated  simultaneously  or  separately.  Each  unit  hn 
its  gas-combustion  chamber,  preheater,  induced-  an. 
forced-draft  fans.  The  forced-draft  fans  are  No.  lli 
Special  American  Blower  Co.  fans,  and  the  induced  dral 
fans  are  No.  8  Sirocco  fans  made  by  the  same  firm.  A! 
fans  are  driven  by  steam  engines,  the  steam  being  gen 
crated  in  the  water  jacket  of  the  furnace  by  the  burnin; 
garliage.     An  electric  motor  drive  is  also  provided  for  th. 


PIG.  1.    VJVAV  OF  QT'EEN'S  KOROnOH  I.NCI.VIOR.ATOR.  NEW  YORK  CITY.  FROM  T.OAVER   FLOOR 


I  September  28,   1915 
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rced-draft  fans  to  be  used  in  starting  up  the  plant,  but 
date  (July  8,  1916)  it  has  not  been  found  necessary 
use  these  motors  at  all. 

The  chimney  is  of  radial  i)rifk  construction,  f!  ft.  in 
,  imeter  by  150  ft.  high;  lined  to  the  top.  The  build- 
— -«■' >;< is-3'  ■  >. 


F  .  2.    GENERAL  PLAN  AND  CROSS  SECTION  Ol<    QLCrNS 
BOROUGH    REFUSE    LNCLNERATOR 

ij  is  of  heavy  brick  construction  with  concrete  Uoors 
a  Spanish  tile  roof.  The  wagons  enter  from  the  street 
t<  he  upper  floor  over  a  reinforced-coucrete  a()proach  18 
f  .vide  and  209  ft.  long. 

'he  mo.<t  distinctive  results  obtained  by  this  destructor 
a  the  low  cost  per  ton  consumed,  due  to  the  small  amount 
0  aiwr  necessary,  and  the  ability  to  consume  the  niatc- 
r  without  tlie  use  of  fuel  (see  accompanying  table). 
T  •  guarantees  given  by  the  bidders  were  substantially 
aj  ollows : 

^  capacity  to  con.sume  at  the  rate  of  50  tons  In  24  hr.  In 
••  1  unit  operating  separately,  or  to  consume  100  tons  In  21 
h  when  both  units  were  operating. 

"he  material  to  be  consumed  to  be  as  collected  from  day  to 
*  by  the  city  carts  in  the  Ridecwood  section  and  to  be  on 
H  average  a  mixture  of  about   "0<;{    wet  garbage  to  309f    of 


'hat  all  materials  would  be  consumed  to  a  mineral  ash 
■tically  free  from  organic  material. 

"hat  the  plant  in  its  operation  would  cause  no  nuisance 
ugh  the  escape  of  obnoxious  odors,  gases  or  dust  from 
er  the  building  or  the  stack. 

'hat  the  cost  to  operate  the  plant.  Including  all  labor, 
Tvlslon  and  fuel  necessary  when  both  units  were  worlting, 
id  not  exceed  60c.  per  ton,  and  with  either  single  unit 
atlng  not  more  than  7.5c.  per  ton;  labor  to  be  figured  at 
er  8-hr    day  and  supervision  at  $4.50. 

'hat  the  cost  per  ton  under  the  same  conditions  as  above, 
also  Including  the   cost   of  electric  current   necessary   to 


operate  the  forced-draft  fans,  would  not  exceed  SOc.   and   97c. 
respectively. 

These  guarantees  were  covered  by  a  $62,000  bond,  which 
has  been  returned  since  the  plant  has  been  officially  ac- 
cepted by  the  city.  The  results  of  the  official  test  made 
under  supervision  of  a  committee  of  the  Board  of  Esti- 
mate of  New  York  City  were  as  follows: 

RESULTS  OP  TEST  ON  DECARIE  INCINERATOR  PLANT  AT 

RIDGEWOOD,    BOROUGH    OF    QUEENS,    NEW 

YORK  CITY,  MAY,  1916 

Date    of    test Mays  May  10  May  1.5 

Unit    tested    No.  1  No.  2  Nos. 

1  and  2 

Weather   Clear  Clear  Clear 

Duration  of  test,  hr 17  15.5  17.5 

Mixed  refuse  consumed,   lb. — garbage  74.770  71,325  141,681 

Mixed    refuse    consumed.    lb. — rubbish  30,585  29,990  60,330 

Total  material  consumed,  lb 105,355  101,315  202,011 

Rated  capacity  of  units  operated,  tons 

per   24   hr 50  50  100 

9;   of  material,  garbage 70.9  70.3  70.1 

%  of  material,    rubbish 29.1  29.7  29.9 

Refuse  consumed  per  hour,   tons 3.09  3.26  5.77 

Equivalent  incineration  in  24  hr.,  tons  74.16  78.24  138. 4S 
Equivalent     incineration     per    square 

foot  grate  per  hour,  lb 69.67  72.4  64.1 

Labor  cost  as  per  term.s  of  contract.  .  $22.31  $20.35  $36.09 

Labor  cost  per  ton  as  per  contract...  42. 3u.  40.1c.  35.'7c. 
Actual  labor  cost  as  operated  by  the 

city    $2S.69  $26.16  $42.65 

Actual  labor  cost  per  ton  as  operated 

by    the    city 54.5c.  51.6c.  42.2c. 

Cost  of  fuel  required  per  ton 0  0  0 

Total  cost  of  operation  per  ton  as  per 

terms  of  contract 42.3c.  40.1c.  35.7c. 

Total    cost    of    operation    per    ton    as 

actually  operated    54.5c.  51.6c.  42.2c. 

Guaranteed  cost  of  operation  per  ton  75c.  75c.  60c. 

Condition  and  amount   of  smoke 4 '"'^■'J'       ""'^-l!'       H^-!?' 

(  white      white      white 
"o   carbon  in  free  state  in  the  clinker  5.39*  6.5S*  1.13 

%   of  ash  and  clinker   produced 9.3  10.7  12.3 

.\verage    temperature    in    combustion 

chamber  of  No.  1  unit,   °   F 1,040  ....  1,290 

Average    temperature    in    combustion 

chamber  of  No.  2  unit,   °   F 1,161  1,340 

Maximum  temperature  in  combustion 

chamber  of  No.  1  unit.   "   P 1,580  ....  1,650 

Maximum  temperature  in  combustion 

chamber  of  No.  2  unit,   °   P 1,600  1,810 

-Average  temperature  of  forced  draft 

beneath   grates    391  496  510 

•Average  stack  draft,  in.  of  water....  0.94  0.99  0.98 

Average  steam  pressure  on  No.  1  unit, 

lb.    per    sq.in S6.2  ....  96.0 

.A.verage  steam  pressure  on  No.  2  unit, 

lb.    per    sq.in 93.7  90.0 

•The  higher  percentage  of  carbon  in  these  two  tests  was 
due  to  the  fact  that  the  units  were  being  overloaded  to  far 
above  capacity,  as  rate  of  combu.stion  per  square  foot  of  grate 
will  show  as  compared  with  rate  of  combustion  in  third  test. 
May  15. 

The  plant  exceeded  its  capacity  by  48  to  56%  with 
units  operating  .separately  and  by  38.5%  when  both  units 
were  working,  burning  as  higli  as  72.4  lb.  of  this  wet  mix- 
ture per  square  foot  of  grate  per  hour  without  any  fuel 
or  ashes  to  help  maintain  the  temperature.  The  plant 
is  capable  of  consuming  any  class  of  material,  wet  or  dry, 
or  with  ashes  mixed  in  with  the  other  refui5e. 

The  analysis  of  the  gases  leaving  the  stack  from  time 
toi  time  showed  an  average  of  about  6  to  8%  of  carbon 
dioxide,  an  excess  of  free  oxygen  of  about  16%  (due,  of 
course,  to  the  fact  that  the  plant  has  forced  draft),  to- 
gether with  a  trace  of  sulphur  dioxide.  There  was  no 
carbon  monoxide  or  hydrogen  sulphide  ])re,sent — which, 
with  tiie  al)seiice  of  any  dark  heavy  smoke,  indicated  free- 
dom from  gases  that  could  cau.«c  any  nuisance. 

The  cost  per  ton  to  opcrale  under  the  actual  working 
conditions  was  from  :?0  to  10%;  under  the  guaranteed 
costs.  The  cost,  including  the  electric  power,  was  of 
course  fully  met,  as  no  electric  jwwer  has  been  necessary 
to  date. 

The  average  temperatures  in  the  gas-combustiou  cham- 
I)ers  show  that  this  ty])e  of  plant  is  between  the  so-called 
high-temi)('raturo  class  and  the  slow-burning  low-tempera- 
ture type  of  ])lant.  The  temjierature  in  the  furnace  proper 
greatly  exceeds  this  shown,  as  tin  cans,  bottles,  crockery, 
dir1,  I'lc,  are  fused  into  a  vitreous  clinker. 
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Tilt'  most  strikiiii;-  IVaturc  is  that  these  teiii]ie  rat  hits 
could  l)e  inaiiitaiiu'd  without  liaving  auy  ashes  in  the 
refuse  ami  without  usin.ir  anv  eonuuorcial  fuel  wliatever. 
even  when  haiifllinff  material  70^  wet  irarliaire.  some  of 
which  had  heen  stored  on  the  jiTound  in  the  raiji  for 
several  hours.  The  hot  forced  draft  is  an  essential  fea- 
ture that  helps  to  ohtain  these  results  and  to  save  fuel 
that  nii<iht  otherwise  be  necessary. 

Complete  combustion  of  the  gases  is  obtained  in  this 
plant  l)v  maintainin<r  temperatures  sufficiently  high  to 
iiruite  these  gases  and  by  introducing  into  the  combus- 
tion chamber  a  small  stream  of  hot  air  from  the  forced- 
draft  fan  so  as  to  get  a  complete  chemical  action  before 
the  gases  reach  the  stack.  Unnecessarily  high  temper- 
atures are  avoided  because  of  a  greater  maintenance  ex- 
pen.se  that  is  created  when  these  are  produced.  An  excess 
of  steam  over  that  necessary  to  operate  the  ])lant  is  gen- 
erated, and  in  this  installation  a  small  portion  of  it  will 
be  used  to  heat  adjacent  city  buildings. 

r.V   ClIAIil.KS   11.    llKHilXS* 

The  greatest  field  for  ])ost-mortem  examinations  is  in 
medical  .science:  init  in  engineering,  accounts  of  them  are 
common  after  a  physical  failure,  and  from  them  we  learn 
much.  There  is  another  kind  of  failure,  to  w'hich  engi- 
neering construction  is  particularly  su.<ceptible,  that  is 
equally  instructive  when  the  remains  are  carefully  and 
scientifically  examined — the  financial  failure. 

The  financial  failure  of  industrial  plants  is  probably 
as  common  as  their  ]5hysical  failure  and  may.  in  fact,  be 
due  to  the  latter.    Although  the  failure  to  function  prop- 

•Consulting  Engineer,  30  Church  St.,  New  York  City. 


eriy  is  not  so  dramatic  as  a  complete  physical  collapse  of  a 
structure,  it  is  not  less  to  he  guarded  against  in  desion 

A  feeling  of  responsibility  and  the  con.sequent  study  of 
this  economic  side  of  the  design  are  perhaps  as  much  a- 
anything  wdiat  as  a  rule  distinguish  the  design  of  the  engi- 
neer from  that  of  the  architect.  Consequently,  an  analv.«is 
after  financial  failure,  while  no  more  cheering,  niav  li. 
equally  instructive  with  the  analysis  so  conunon  after 
])liysical  collapse. 

For  the  reasons  mentioned,  the  analysis  of  the  physical 
pro])ei'ty  of  a  certain  industrial  plant,  which  was  close'l 
■  through  bankruptcy,  is  here  presented.  In  common  witli 
most  descriptions  of  failures  this  is  not  complete,  but 
from  the  facts  jiresented,  suggestions  made  may  be  taken  ti^ 
guide  the  designer  of  other  indu.strial  planis. 

The  prospectus  of  the  Traders  Paper  Board  Co.  a]i- 
peared  in  June,  1906.  and  the  jjlant  was  constructed  dur- 
ing that  year.  Its  histoi-y  during  the  latter  part  of  190; 
was  one  of  difficulties  not  uncommon  to  industrial  plants. 
But  the  struggle  went  on,  and  it  was  not  until  early  in 
lid 2  that  the  ]iroperty  was  to  be  sold  by  the  trustee  in 
bankruptcy,  and  that  the  referee  appointed  appraisers 
to  make  an  inventorv-  and  valuation.  The  author  was 
one  of  the  appraisers  and  compiled  the  unanimous  report. 
the  other  appraisers  being  Frank  B.  Stratford  and  Charles 
Behlan. 

The  plant  of  the  Traders  Paper  Board  Co.,  as  suggested 
by  the  name,  was  built  for  the  purpose  of  manufaeturiiif: 
the  material  from  which  card-board  or  paste-board  boxes 
are  manufactured.  The  principal  raw  material  u.sed 
waste  paper. 

The  following  paragraphs  from  the  prospectus  of  the 
company  are  illuminating: 

Capital  Investment — The  low  capital  investment  of  the 
company,  in  proportion  to  its  daily  output,  will  afford  it  an 
additional  advantage  over  all  its  competitors.  The  capital 
invested   in  all  other  similar  plants  of  the  country,  so  far  as 
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TABLE  1      DETAIL.S  OF  APPRAISAL: 


Buildings  Net  Cosi 

\"o.     2  Wdls 7,449 

3  Reservoir 1,140 

4  Dock 4,329 

.5,  6  Intake,  drain 1,525 

7  Concrete  buildings 164,284 

8  Frame  buiidinKS  1,741 
0  Spec,  found 9,.500 

10  Elevators  -                        .  2,.'i.50 

11  Fire  protection.  4,768 

12  Airlift 7,700 

Li  Heating 8,000 

14  Lighting :j,145 

Power  Plant 

15  Coal  machine 4,9.50 

16  Boilers 15,800 

17  Economizers 12,825 

18  Stacks 744 

19  Engines 18.781 

20  Generators 2,730 

21  Pumps 7,509 

22  Motors 1,815 

23  Wiring 2,3.iO 

24  Piping 36,742 

104.246 
Paper-Making  Machinery 
25,  26 

27  Dusters,  etc 1,775 

28  Beaters 14.211 

29  Jordans 4,166 

30  Stuff  pipes...  800 

31  Stuff  chests 0,816 

32  Pumps 3,600 

33  Shafting 6,002 

34,  35  Cranes,  scales 2,451 

.30  Screens 4,118 

37  Paper  machine 85.745 

38,39 

40  Binder-cutter 2,500 

41  Belts 3,279 

135,463 

Cirand  total $-1.5.5,660 

Per  ton  daily  capacity              .  0,114 


(41 

Xet  Cost 
plus  12"?; 
8,387 
1.277 
4,848 
1,708 
183,998 
1,9.50 
10,640 
2,632 
5,330 
8,624 
8,960 
3,522 

241,878 

5,544 
17,696 
14, .364 
833 
21.0.35 
3.058 
,S,410 
2,033 
2,632 
41,151 

116,7.56 


1,988 
1.5,916 
4,666 
896 
7,634 
4,032 
6,722 
2.745 
4,612 
96,034 


151,717 

$510,349 

10,207 


I.'') 


(6) 


(7) 


TRADERS  PAPER  BOARD  CO 
(8)  (9)  (10) 


•^c       Scrap  Wearing 

Scrap  Value  \'alue 

8,387 

1,277 

4,848 

1,708 

183,998 

1,950 

10,640 

2..i00 


100 
517 


..170 
8,107 


1,489 

240,337 

277 

5,267 

1,239 

16,457 

862 

13,.502 

42 

791 

1,472 

19,563 

306 

2,752 

505 

7.905 

203 

1,830 

290 

2,342 

2.881 

38,270 

8,078 

108,679 

60 

1.928 

637  • 

15,279 

280 

4,386 

18 

878 

76 

7,558 

242 

3,790 

807 

5,915 

137 

2,008 

184 

4,428 

5,702 

90,272 

140 

2,660 

367 

3,305 

8,710 

143,007 

$18,277 

$492,023 

.33i 
33  i 
16; 

16; 


(111 

(12) 

(13) 

Present  Value 

.-Vnnual  Dq). 

as  Going 

Sir.  I.inr 

eprcciation 

Concern 

Bafis 

6,290 

2,097 

639 

638 

1.3 

582 

4,266 

261 

171 

1,.537 

34 

1S,.500 

165,598 

3,680 

780 

1,170 

98 

2,128 

8,512 

428 

500 

2,132 

100 

1,034 

4,296 

207 

6.080 

2,544 

102 

1,702 

7,258 

■m 

1,080 

2,442 

21fi 

39,386 

202,490 

5,477 

1,756 

3,788 

3S5 

5,486 

12,211 

1,097 

2,2,50 

12,114 

450 

132 

701 

2« 

3,913 

17,122 

783 

688 

2,370 

138 

1,581 

6,829 

316 

610 

1.423 

122 

781 

1,8.51 

1.56 

7.6,54 

.33,497 

1,.531 

24,851 

91,906 

5.000 

643 

1,345 

129 

5,093 

10,823 

1.110 

877 

3,7.S9 

438 

458 

a    , 

2,519 

.5,115 

^  1 

948 

3,084 

1,183 

5,5:J9 

237    1 

,522 

2,223 

104 

1,476 

3,136 

18,054 

77,980 

3,611 

532 

2,268 

106 

1,653 

2,020 

33.938 

117,780 

8,120 

198,175 

$412,176 

1,964 

8.244 

372 
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\n  be  ascertained,  is  from  $10,000  to  $30,000  per  ton  of  daily 
utput.  One  of  the  plants  most  recently  erected  and  now 
inducted  upon  a  very  profitable  basis  shows  a  capital  in- 
ested  of  $10,000  per  ton.  The  capital  invested  by  the  Traders 
aper  Board  Co.  will  be  only  $6,800  per  ton,  and  even  this  is 
!ised  upon  buildings  and  equipment  designed  for  a  larger 
ipacity.  which,  when  added,  will  reduce  the  capital  invested 
I  $5,000  per  ton  of  daily  output. 

Estimated  Profits — In  estimating  the  probable  cost  of  man- 
facture.  the  company  has  based  its  figures  upon  the  long 
id  practical  experiences  of  Mr.  Ivins,  thus  assuring  that  no 
iiportant  item  of  cost  will  be  ignored  or  under-estimated. 
r.  Ivins  has  furnished  to  the  company  the  following  esti- 
ate  [cost  of  production  of  the  cheapest  and  least  profitable 
rade  of  paper  boards] : 

Per  Ton 


ist  of  raw  material 

ist  of  manufacture:  Per  Ton 

Labor    $3.50 

Felts    25 

Twine    

Insurance    

Taxes    

Belting    

Uepairs    

oils    

Kuel      


$S.OO 


.10 


2.65 


I  expense  of  management  and  sales. 
Total,  f.o.b.  Bogota 


Table  No.  2  is  a  summary  of  the  appraisers'  report,  and 
e  item  "Dedurt  40%  for  forced  sale  and  lack  of  going- 
ncem  element"  tells  its  own  tale  of  a  shut-down  plant. 

TABLE  2.    APPRAISAL   OF  TRADERS  PAPER  BOARD 

PLANT,  BOGOTA,  N.  J.,  APRIL,  1912 

Summary 

nd    

lilding  and   appurtenances 

wer  plant   

per-making  machinery   

ols    

pair  parts  and  tools 

ice  furniture  and  fixtures 


Present  value  as  going  concern 

duct  40%    for  forced   sale  and   lack  of   going-con- 
■ern  element    

Actual  present  value  at  forced  sale $263,414 

w  materials   $s.521 

lished    stock    8,300 


for  forced  sale. 


12,616 

Total  actual  present  value  at  forced  sale $276,030 

ilt,  except  small  part  noted,  in 1906 

lal  cubic  feet  of  buildings  of  all  kinds 2.083,000 

tal  square  feet  of  buildings  of  all  kinds 103,000 

tal  horsepower,  engines    1,200 

tal  horsepower,  boilers    1,600 

tal  capacity   in   tons  per  day  of  paper  board 50 

tual  present  value  per  ton  of  daily  capacity $5,528 

le  property  sold  at  auction  by  the  trustee  for  close  to 
s  figure  named  as  the  "Total  actual  pre.seiit  value  at 
•ced  sale."  The  view  from  the  wash-drawing  perspective 
l)]ishpd  in  the  prospectus,  illustrates  fairly  well  the  ap- 
irance  of  the  plant  when  constructed  and  at  the  time 
the  appraisal. 

Table  1,  from  which  the  principal  items  in  Table  2  are 
awn,  gives  in  conden.sed  form  the  details  of  cost,  scrap 
lue,  life,  depreciation,  present  value  as  a  going  concern 
i]  annual  depreciation. 

.Vunil>ers  in  the  first  column  of  Table  1  refer  to  sec- 
ns  in  the  apprai.sers'  report,  where  the  items  named 
the  second  column  are  described  and  where  the  ccst 
..en  in  column  3  is  arrived  at  through  quantities  and 
it  prices.  Section  2  of  the  appraisers'  re]Jort  reads  as 
lows: 

2.  Wells — Six  deep  wells,  said  to  be  from  3ri1  to  420  ft. 
-p.  and  one  well  12S  ft.  deep,  with  7-ft.  screen  between  31 
||  88  ft.  Total,  2,483  lin.ft.;  about  40  ft.  through  drift  Into 
j  idstone.     Each  of  former  said  to  have  shown  In  test  by  well 

llerg  3.';  to  40  gal.  per  mln.  separately,  and  the  latter  20  gal. 
r  mln.;  S-ln.  casing.  None  of  the  wells  has  been  in  use  for 
considerable  time. 

Wells,  2,483  Iln.ft.    (ff    $3,   $7,449. 


These  wells  did  not  meet  expectations  as  to  quantity 
of  water  and  their  use  was  discontinued.  This  condition  is 
indicated  in  column  10  of  Table  1  by  the  high  depreciation 
fixed  by  the  ap])raisers,  to  whose  minds  at  the  same  time 
there  a]ipeared  an  element  of  value  remaining,  as  indi- 
cated in  column  12.  Here  we  have  an  example  of  func- 
tional depreciation,  which  appears  again  in  Sections  3  and 
12,  "Reservoir"'  and  "Air  Ijift,"  these  devices  having  been 
installed  for  use  in  connection  with  the  wells.  The  other 
items  in  column  12  indicate  depreciation  from  use — that 
is  to  say  wear  and  tear. 

Column  -1  shows  flie  cost  arrived  at  by  adding  12%  to 
the  net  cost,  column  .'i,  this  percentage  covering  overhead 
charges,  such  as  design,  supervision,  interest,  etc.  The 
scrap  values  in  column  6  deducted  from  the  sums  in  col- 
umn 4,  give  the  wearing  values  in  column  T.  This 
repre.sents  the  amimiit  of  investment  which  is  fi.xed  in 
the  plant  and  can  only  be  returned  through  operation. 

In  column  8  are  set  down  the  appraisers'  estimate  of  the 
average  life  of  each  group.  These  simple  figures  will  not 
be  passed  over  lightly,  as  on  them  is  largely  dependent  the 
final  results.  Varying  as  they  do  in  the  table  from  2  to 
50  years,  the  determination  of  them  draws  more  heavily 
on  the  judgment  than  any  other  figures  in  the  table. 

The  figures  in  columns  10,  11  and  12  follow  naturally 
from  7,  8  and  9,  and  bring  us  to  the  annual  depreciation 
of  each- group,  shown  in  column  13.  Now,  this  is  the  real 
cost  to  be  borne  annually  and,  taken  with  columns  4  or  7, 
is  of  the  greatest  interest  to  the  designer  in  making  stud- 
ies for  a  truly  efficient  design.  For  example,  "No.  24, 
Piping,"  which  cost  -$11,1  Til,  resulted  in  a  lower  annual 
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charge  than  belting,  which  co.st  $3,672 — that  is  to  say, 
$1,530  as  against  $1,653  per  year. 

It  will  he  noticed  that  the  plant  is  divided  under  three 
heads— "Buildings,"  "Power  Plant"  and  "Paper-:Making 
Macliinery" ;  it  is  interesting  to  observe  that  in  a  plant  for 
a  highly  specialized  purpo.se  the  general  items  of  "Build- 
ing" and  "Power  Plant"  amount  to  more  than  double  the 
special  item  of  "Paper-Making  !\Iachinery,"  illustrating 
how  much  of  a  plant  for  a  highly  specialized  process  is, 
after  all,  made  up  of  general  items  common  to  industrial 
plants. 

Nor  should  the  last  item  at  the  foot  of  the  table  be  over- 
looked, for  here  we  liiid  cost  reduced  to  terms  most  clearly 
illumiiiating  the  purpo.se — namely,  cost  in  teniis  of  pro- 
ducing capacity.  In  tlie  tabic,  capacity  is  given  in  tons 
per  day  of  21  hr.,  while  the  annual  depreciation  charge  is 
given  in  dollars  per  vear.     But  if  we  estimate  300  work- 
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ing  days  iu  the  yo-ar,  wp  find  a  cost  of  .$1.-J.")  jicr  ton  oC 
]iroduetioii. 

It  is  interesting  to  comiiare  tliis  with  the  figures  quoted 
from  the  prosjjectus  and  to  notice  how  small  the  item  of 
$1.25  per  ton  appears  as  compared  with  $17  per  ton  for 
other  charges.  The  fact,  Iiowever,  cannot  be  lost  sight 
of  that  this  is  a  fixed  charge,  ])ractically  independent  of 
the  volume  of  production,  and  it  is  not,  unlike  the  other 
items,  to  be  escaped  by  closing  dowi  the  plant.  It  may 
be  noted  that,  when  the  plant  was  again  operated,  this  item 
had  been  cut  in  half  through  the  property  having  been 
bought  at  the  sale  for  about  one-half  the  original  outlay. 
as   mentioned  at  the   beginning. 

These  are  only  a  few  of  the  interesting  things  to  be 
gathered  from  a  taide  arranged  in  such  fashion ;  and  any 
person,  whether  designer  or  owner,  with  such  a  table  be- 
fore him  for  the  plant  he  is  proposing  to  build,  will  appre- 
ciate much  better  the  difference  between  cheapness  and 
economy  and  may  design  for  true  saving  of  expense  in.stead 
of  either  running  into  extravagance  on  the  one  hand  or 
parsimony  on  the  other.  "Between  them  lies  the  path  to 
tlie  truly  efficient  design  of  industrial  plants. 


Ps'®dltuic©E'°<GsiS  EimgBEii©s  ©rfve 


The  City  of  Wheaton,  111.  (population  4.000),  is  mak- 
ing improvements  in  its  water-works  system  so  as  to  give 
ijoth  increased  supply  and  greater  pressure.  The  city  is 
mainly  of  a  residential  character,  and  is  about  25  mi. 
west  of  Chicago.  Its  average  daily  consumption  is  :500.- 
000  gal.,  with  a  maximum  record  of  510,000  gal. 

The  water  is  obtained  from  two  10-in.  wells,  1~5  ft. 
deep,  the  bottom  being  in  rock  for  about  65  ft.     These 
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wells  penetrate  a  local  deposit  of  glacial  drift  about  100 
ft.  deep  which  constitutes  a  natural  reservoir.  This  drift 
is  underlaid  by  Niagara  limestone,  which  contains  num- 
erous fissures  and  cavities  tiiat  arc  filled  with  water  from 
(he  overlying  sand  and  gravel.  Neighboring  cities  which 
are  not  on  this  body  of  drift  require  wells  about  2,000 
ft.  deep. 

The  water  level  in  the  drift   is  aboiii   2(!  ff.  below  the 
surface,  and  when  flic  |iuni|is  are  working  the  water  in 


llir  wells  is  about  fiC  ft.  below  the  surface.  The  water 
level  has  had  the  same  elevation  for  several  years,  but 
il  was  feared  that  with  increased  pumping  it  might  lu 
lowered.  At  several  cities  in  the  northern  part  of  the 
state,  where  the  water  is  drawn  from  deej)  wells,  such  m 
depression  of  the  water  table  has  been  observed  due  tn 
increased  pumpage.  In  these  cases,  however,  the  supply 
is  taken  from  the  St.  Peters  and  Potsdam  sandstones. 

Investigation  indicates  that  there  is  no  liability  nl 
serious  depression  of  water  level  at  the  Wheaton  water- 
works, since  the  comparatively  shallow  wells  have  shcI. 
a  Inige  body  of  water  to  draw  ijpon.  If  deep  wells  wen 
sunk,  as  had  been  proposed  before  the  inve.stigation  wa> 
made,  these  woidd  have  proliably  a  much  lower  water 
le\el,  while  draft  on  the  supply  in  the  lower  watcr-liearin;; 
formations  which  they  would  tap  will  be  steadily  in- 
creased in  future  by  additimial  deep  wells  in  adjoininj: 
eoninnmities.  It  was  recommended  therefore  that  tin 
city  should  continue  to  draw  from  the  wells  in  the  drif: 
rather  than  sink  deeper  wells  in  the  underlying  rock 
strata. 

The  two  lT5-ft.  wells  are  20  ft.  apart,  and  about  mid 
way  between  them  is  a  brick-lined  pump  well  5  ft.  ii 
diameter  and  34  ft.  deep.  In  this  well  is  an  Aniericai 
Well  Works  vertical-shaft  centrifugal  pump  with  a  ca 
liaeity  of  fiOO  gal.  per  min.,  and  having  6-in.  connection- 
to  the  two  supply  wells.  This  pump  discharges  into  r 
covered  concrete  surface  reservoir  approximately  32  ft 
square  and  1~  ft.  deep,  having  a  capacity  of  about  116,001" 
gal. 

The  total  head  is  only  65  ft.,  against  which  the  piini] 
ilelivers  about  680  gal.  per  min.  The  pump  was  do 
signed,  however,  for  a  capacity  of  520  gal.  against  a 
total  head  of  200  ft.  in  order  to  enable  it  to  pump  directly 
into  the  mains  under  215  ft.  head  if  necessary.  This 
would  give  about  30  to  35  lb.  fire  pressure.  The  pumj' 
is  driven  from  a  Na.sh  vertical  three-cylinder  gas  engine 
of  60  h]i.,  which  is  supplied  with  gas  from  a  75-hp.  pro- 
<lucer  of  the  suction  type,  built  by  E.  D.  Wood  &  Co.  Th( 
jiroducer  burns  pea-anthracite  coal,  costing  about  $5.5C 
]ier  ton  in  the  bin  at  the  plant.  A  twisted  belt  runs 
o\(>r  indleys  on  the  horizontal  shaft  of  the  engine  anr 
tlie  vertical  shaft  of  the  pump. 

.\  service  ))um]i,  belted  to  the  gas  engine,  delivers  watei 
fi'oin  tlie  n'servoir  to  a  standpipe,  14  ft.  in  diamefei 
and  120  ft.  high,  having  its  top  130  ft.  above  the  main- 
This  reservoir  has  a  capacity  of  138,000  gal.  It  was  Iniil 
in  1890.  The  pump  can  deliver  650  gal.  per  min.  wit! 
the  standpipe  full. 

With  only  one  engine  and  pump  there  is  a  risk  « 
troidile  from  breakdown,  and  the  pumping  plant  is  nov 
being  enlarged  so  as  to  provide  two  separate  units.  Fi" 
this  purpose  an  additional  Nash  gas  engine  (with  i' 
own  producer)  is  to  be  installed,  and  the  present  wcl 
pump  will  be  re])laced  with  two  larger  vertieal-shii: 
pumps  built  by  the  American  Well  Works.  The  n<^ 
engine,  built  by  the  National  l^lcter  Co..  of  New  York 
will  be  of  105  hp.,  having  three  vertical  cylinders  13xb 
in.,  and  running  at  250  r.p.ni.  It  will  be  served  by  ■ 
gas  producer  of  125-hp.  capacity,  of  the  Sharpo-Baspct 
tyi'c.  built  by  the  Reliance  Boiler  Works,  of  Milwaukn 
\\'is.  The  well  pumps  will  be  driven  by  twisted  beb- 
as  formerly,  and  the  plant  is  .so  arranged  that  cither  vi 
sine  can  drive  one  of  the  pumps.  The  accompanvn 
drawing  shows  the  lavout  of  the  new  plant. 
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Each  of  the  new  well  pumps  wUl  have  a  capacity  nT 
oO  gal.  per  iiiin.  against  70  ft.  total  head.  They  will 
jave  8-in.  suction  connections  to  the  snf)ply  wells  and 
i-in.  discharge  pipes.  There  will  be  also  two  service 
nimps,  one  of  500  gal.  and  the  other  of  750  gal.  per 
nin.  capacity.  Each  gas  engine  will  drive  a  well  pnnip 
nd  a  service  pump,  the  new  engine  driving  the  larger 
lump.  This  arrangement  will  give  a  total  pumping  ca- 
lacity  of  1,250  gal.  per  min.  when  necessary,  and  the 
lead  will  deliver  four  70-ft.  fire  streams  of  250  gal.  ])ei' 
nin.  at  the  center  of  the  city.  An  electric  sump  pump 
.•ill  be  provided  for  keeping  the  pump  well  dry. 

A  water  tower  with  elevated  steel  tank  of  200,000-gal. 
apacity  is  to  replace  the  present  staiidpipe,  the  latter 
eing  located  on  low  ground  while  the  base  of  the  tower 
ill  be  10.2  ft.  hieher  than  the  base  of  the  standpipe. 
'he  tower  is  138  ft.  high  from  the  piers  to  the  circular 
irder  around  the  base  of  the  tank.  The  tank  itself  is 
8  ft.  in  diameter  and  34  ft.  high  in  the  cylindrical 
ortion,  with  a  segmental  bottom  li  ft.  dee])  and  a 
)nical  steel  roof.  The  ilemphis  Steel  Construction  Co., 
f  Greensburg.  Penn.,  has  the  contract  for  the  tank. 
■  The  purchase  of  electric  current  for  pumping  was  pro- 
iised,  but  was  not  adopted  for  reasons  of  cost  and  the 
■ar  of  possible  interruption  of  the  supply  at  some  crit- 
■al  time.  A  new  brick  pum])ing  station  is  to  be  built. 
8.\90  ft.  Its  floor  will  be  about  12  ft.  above  the  present 
nor  level,  with  concrete  piers  for  the  two  engines.  The 
iiilding  will  have  a  curved  roof  carried  on  I\rcKeown 
ood  lattice  trusses. 

\Mien  the  present  34-ft.  pump  well  was  ])ut  down,  a 
•w  years  ago,  the  water  from  the  supply  wells  broke  in 
id  caused  considerable  trouble  before  the  well  could  be 
impleted  and  sealed.  The  bottom  of  the  well  is  yjlugged 
ith  concrete.  In  trying  to  keep  this  well  pumped  out, 
rge  quantities  of  sand  were  discharged  by  the  pump, 
lusing  surface  settlement  which  threatened  to  be  serious. 
he  cavity  was  filled  up  later,  but  as  its  extent  is  not 
lown  definitely  it  was  considered  inadvisable  to  put 
ilunins  on  this  fill,  and  part  of  the  pumping  station 
ill  be  carried  by  girders  spanning  the  fill. 
The  cost  of  the  improvements  will  be  about  $35,420, 
)portioned  as  follows :  Water  tower,  $8,843 ;  founda- 
im,s  for  tower,  $1,071 ;  gas  engine  and  producer,  $8,237  : 
im^.S  belting,  etc.,  $4,695;  1,700  ft.  of  12-in.  main  to 
'imect  with  new  water  tower  (including  pipe  laying), 
!,518;  pumping  station,  $9,056.  The  engineer's  esti- 
ate  was  $35,000.  but  between  the  making  of  the  esti- 
ate  and  the  letting  of  contract^  there  were  important 
icrea.ses  in  market  prices.  The  cost  will  i)e  paid  out  of 
bond  issue.  The  water-works  improvements  were  de- 
irned  by  L.  .1.  T?uddock,  City  Engineer,  and  are  l)eing 
Tried  out  under  his  direction. 

Miaiancnpall  ILa^lhlftnE!^^  Plairat 

The  municipal  electric  lighting  plant  of  Cleveland, 
hio,  furnishes  current  at  a  ma.ximuni  rate  of  3c.  per 
.v.-hr.  and  has  now  been  in  <)])eration  for  over  two 
•ars.     A  description  of  the  jilant  was  ))id)lished  in  the 

^ue  of  July  30,  1914,  and  a  brief  review  of  the  finan- 

jal  redidi^  obtained   during  its  first  year  of  operation, 

let.  28.  1915,  p.  859. 

'  In  the  Ufilifirs  Maf/azine  for  July,  Frederick  W.  Bal- 
rd,  the  former  Commissioner  of  the  Cleveland  Light 


l>('])artment,  who  designed  and  built  the  plant  and  was 
in  charge  of  its  ojierations  u])  to  Jan.  1,  1916,  reviews 
the  Hiiaiicial  results  of  operation  and  shows  that  at  pres- 
ent the  phiui  is  cai'ning  a  large  profit  over  and  above  its 
fixed  charges.  M  r.  Ballard  is  this  year  President  of  the 
Cleveland  Engineering  Society. 

During  the  first  year  of  its  operation,  as  us\ially  hap- 
pens in  starting  a  new  public  utility,  the  profits  of  the 
Cleveland  ])lant  were  insuHicient  to  meet  the  fixed  charges, 
owing  to  the  length  of  time  rerpiired  to  take  on  cus- 
tomers sufficient  to  give  the  station  a  paying  load.  The 
results  for  the  (>ntire  year  1015,  however,  were  very  sat- 
isfactory. They  are  summarixed  by  Mr.  Ballard  as 
follows: 

Gross  revenues   $.T2s.s.5r. 

Operating  expenses: 

Generation    of    current $112. .">7S 

(General    office    expense :i:i.7se 

Distribution    of    current 1.39.391 

Damage    claims    paid 7. .340 

Overhead    charge.s    from    citv    administra- 
tion             13.000 

Interest  to  Water  Department   for  use   of 

land    .-).040 

Total   operating  expenses 311.13.'j 

Net    revenue     $217,721 

Mr.  Ballard  states  that  the  investment  in  the  jdant 
is  just  about  $3,000,000.  He  estimates  fixed  charges 
on  this  investment  as  follow.s: 

Taxes  at   IVz'/i    on   $3.000,000 $4ri.00n 

Interest    on    bonds 119.sri0 

Depreciation    at    3'/r 90,001' 

Total    fixed    charges $2,T4,sr)0 

\V\n\e  the  net  earnings  for  the  year  1915,  as  shown,  are 
somewhat  below;  the  fi.ved  charges,  there  has  been  a  great 
increase  in  the  revenues  in  the  past  year,  the  earnings 
for  January,  lOlfi,  being  nearly  double  those  of  January, 
1915,  and  the  plant  is  now  earning  a  handsome  surplus. 
The  financial  results  for  the  first  quarter  of  1916  were: 

Revenue    $lS8,04."i 

Operating    expenses     21,919 

Net  revenue    $16fi.l2fi 

It  will  be  seen  from  these  figures  that  for  the  first 
quarter  of  1916  the  Cleveland  municipal  lighting  plant 
made  net  earnings  over  operatimr  expenses  at  the  rate  of 
$665,000  per  annum  and  showed  profits  at  the  rate  of 
$210,000  ])er  annum  after  paying  the  fixed  charges  cAi 
the  capital  invested  in  the  ])lant.  It  .should  be  noted 
that  these  fixed  charges  include  a  3%  charge  for  depre- 
ciation and  a  tax  rate  at  11/2%  on  the  full  value  of  the 
jiroperty,  which  is  ))robably  a  larger  tax  than  the  city 
would  actually  receive  if  the  plant  were  owned  by  a 
private  company  instead  of  by  the  city. 

Mr.  Ballard's  estimate  of  fixed  char<res,  moreover,  errs 
if  anything  on  the  side  of  unfairness  to  the  ])lant.  The 
outstanding  bonds  issued  against  the  plant  are  oidv 
$2,770,000,  and  of  this  amount  $200,000  was  apjilied  to 
the  construction  of  an  ornamental  street-li.irhting  system 
that  was  not  a  necessary  part  of  the  municipal  lighting 
jilant. 

Mr.  Ballard  slates  that  the  competition  of  the  muni- 
cipal lighting  ])lant  with  the  Cleveland  Electric  Illum- 
inating Co.  has  reduced  the  rate  charged  by  the  company 
on  street  lamps  by  about  $20  per  year,  and  has  also  re- 
duced the  rati'  charged  iiy  the  company  to  users  of 
current  for  power  and  lighting,  so  that  the  total  saving 
to  the  citizens  of  Cleveland  resulting  from  the  building 
and  operation  of  their  municipal  electric  light  plant  he 
computes  to  be  $1,085,209  per  annum. 
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to  tlh®  S®ai.Ib®^rdl 

For  more  than  75  year?  one  ol'  the  hig  problems  of  the 
••iiijiiieeriiig  prol'essiou  in  Ameriea  has  been  that  of  eco- 
noiiiie  transportation  between  the  Great  Lakes  and  the 
Atlantic  seaboard.  The  fir.«t  great  engineering  achievement 
in  tliis  field  was  tlio  completion  of  the  Erie  Canal  in  18-25. 
A  generation  later  eame  the  building  of  the  trunk-line 
raiiwavs  and,  on  the  Canadian  side  of  the  boimdarv.  the 
construction  of  the  'Welland  and  St.  Lawrence  canals, 
which  enabled  Lake  vessels  of  moderate  size  to  pass  from 
the  upper  Lakes  to  tidewater  at  Montreal. 

Xear  the  close  of  the  last  century  there  was  general 
discussion  of  larger  water  routes  from  the  Lakes  to  the 


At  about  the  same  time  a  project  was  developed  in 
Canada  for  building  the  Georgian  Bay  canal,  a  waterway 
from  the  northern  portion  of  Lake  Huron  to  the  head- 
waters of  the  Ottawa  River,  and  following  down  that 
stream  by  a  system  of  slack-water  navigation  to  ^lontreal. 
The  surveys  for  this  canal,  completed  in  1908,  provided 
for  a  waterway  23  ft.  deep  and  440  mi.  long,  the  estimated 
cost  of  which  was  $125,000,000.  Xo  action  was  taken 
by  the  Canadian  parliament  upon  this  project  at  the  time 
tiie  re])ort  of  these  surveys  was  presented  ;  but  five  years 
later,  in  IDll,  a  commission  was  appointed  to  investigate 
the  question  whether  or  not  it  would  pay  Canada  to 
spend  -$125,000,000  upon  this  work. 

The  chairman  of  this  commission  was  W.  Sanford 
Evans,  of  Winnipeg.  A  progress  report  just  presented  by 
Mr.  Evans  contains  the  most  com- 
plete investigation  of  traffic  conditions 
between  the  Canadian  Northwest  and 
the  seaboard  that  has  ever  been  made. 
AMiile  some  studies  in  the  same  field 
were  undertaken  by  the  United  States 
Deep  Waterways  Commission  in  1898 
and  by  the  Xew  York  State  Barge 
Canal  Commission  in  1900,  the  figures 
then  obtained  do  not  apply  to  pres- 
ent-day conditions.  Mr.  Evans'  report 
is  one  that  will  be  in  general  de- 
maud  for  engineering  reference  libra- 
ries. The  full  title  of  Mr.  Evans' 
report  is,  "Statistical  Examination  of 
Certain  General  Conditions  of  Trans- 
portation Bearing  on  the  Economic 
Problem  of  the  Proposed  Georgian 
Bay  Canal."  These  "general  conditions 
of  transportation"  are  of  interest  not 
only  as  bearing  on  the  question  whether 
a  Georgian  Bay  canal  woidd  be  a 
paying  enterprise,  but  because  they 
liave  direct  relation  to  the  conditions 
in  other  transportation  routes,  e.visting 
and  proposed.  The  investigations  of 
waterways  from  the  Lakes  to  the  sea- 
board made  20  years  ago  developed 
the  fact  that  at  that  time  the  export- 
grain  traffic  from  the  Lakes  eastward 
was  rapidly  decreasing.  When  the  up- 
per Mississippi  Valley  was  first  set- 
tled and  began  pouring  its  vast  crop.< 
of  grain  to  market,  there  was  a  hugf 
surplus  of  this  grain  available  for  ex- 
jjort.  The  rapid  growth  of  ])opulation 
in  eastern  cities,  however,  with  the 
opening  of  new  outlets  for  export  grain 
at  X"ew  Orleans  and  Galveston,  mata- 
rially  reduced  the  volume  of  Western 
grain  flowing  eastward  by  way  of  the 
seaboard.  The  United  States  cxijciuUmI  nearly  a  million  Great  Lakes  and  was  undoubtedly  one  reason  why  tbo 
dollars  making  survevs  for  a  deep  waterway  'from  Lake  I'nitcd  States  lost  interest  in  its  projected  dee])  waterway. 
Erie  to  tidewater  at  Xew  York,  some  of  the  routes  being  Conditions  liave  again   been   radically  altered  by  the 

across  Xew  York  State  to  the  TTudson  at  Albany,  ami  enormous  development  of  wheat-growing  in  the  Canadian 
others  down  the  St.  T>awrencc,  thence  by  canal  to  Lake  Xorthwest,  since  the  beginning  of  the  present  century  nnM 
Champlain  and  southward  to  the  Hud.son.  This  project  esiieciallv  in  the  last  half-dozen  years.  Mr.  Evans  stati?- 
was  abandoned,  however,  when  the  State  of  Xew  York  tics  show  that  in  1913  there  were  145.000,000  bushels  o 
undertook  the  construction  of  the  Xew  York  Barge  Canal,  Canadian  wheat  brought  to  elevators  at  Port  Arthur  anU 
now  nearing  completion.  F"rt  Williams  as  against  f.G.000.000  bushels  in  1900. 


M\P   SHOWING    EASTWARD   MOVEMENT   OF  CANADIAN   WHEAT    IN    1913 
AND  A  STATEMENT  OF  DISTRIBUTION  THROUGH  OCEAN  PORTS 

United  States  Ports 


Canadian  Ports 

Bushels 

Montreal    26.834,373 

St.    John    7,666,998 

HaUfa.x    


554.712 


Total    3.5.056,083 


Bushels 

Portland    if-sH'q^? 

Boston    14.334,932 

Xew    York       22.616,905 

Philadelphia    12,797,843 

Baltimore    12,690.009 


Total    70,663,152 

STATEMENT   OK    DISTRIBUTION  TO  INTERIOR   PORTS 


From  Fort  William  and  Port  Arthu 
From  Duluth  via  Gre 


To  Chicago    

To  Depot  Harbou 
To  Pi>rt  McNicoU 

To  Tiffin    

To  Midland    

To  Collingwood    . 
iford 


To 


eh 


374,967 

:;,963,915 

7,774,110 

11.639,728 

630,000 

337,869 

110,000 

6.608,085 

3,992,437 

386,142 


To  Detroit    

To  Toledo    

To  Port  Stanley 
To  Fairport    .... 

To  Erie    

To  Port  Colborne 


950,525 

340,302 

5,198.205 

7.62S.S24 

20,806.5 


To  Buffalo    54,643,639 

To  Kingston  direct  by  water.  1,972,473 

To  Prescott    80.059 

To  Montreal    11,559.887 

Bushels 

65,209.097 

■  ■■■■ 72,803,597 


Total  Canadian  and  United  States  ports   138,012,694 

By  all-rail  for  export  via  Canadian  Pacific  Ry 1,030.000 


Septi'iiihor  28,   191G 
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As  to  thu  future  inerense  in  the  production  of  wheat  in 
tiie  Canadian  Xorthwest.  Mr.  Evans  says  it  is  impossible 
to  set  a  limitation.  "There  is  more  wheat-growinof  land 
in  western  Canada  that  can  by  any  stretch  of  probability 
l)e  turned  to  account  within  a  generation  or  two.  The 
nninnnt  of  wheat  produced  in  that  region,  therefore,  will 
-imply  depend  on  the  market  demands.  In  the  past,  out 
rif  every  .seven  bnsheJs  of  flour  shipped  bv  all  exporting 
•nuntries.  Europe  has  absorbed  a  little  over  six  bushels." 

The  great  bulk  of  this  Canadian  wheat  crop  nmst  find 
final  market  across  the  ocean.  The  less  the  cost  of 
ransportation  between  the  farms  in  the  Canadian  Xorth- 
west and  the  final  purchaser  in  Europe  the  higher  will  be 
the  price  the  Canadian  growers  will  receive  and  the  better 
the  chance  for  the  Canadian  wheat  in  competition  with 
wheat  from  Argentina.  India  and  Eussia.  Canada  is  fur- 
!l<er  interested  in  having  as  much  as  possible  of  this  wheat 
•arried  to  the  seaboard  over  Canadian  transportation  lines 
ind  shipped  through  Canadian  ports.  The  question  that 
nost  interests  Canada,  therefore,  is  whether  the  proposed 
Iteorgian  Bay  canal  would  reduce  the  total  cost  of  traus- 
;  lort  and  whether  it  would  restore  to  Canadian  ports  some 
if  the  Canadian  wheat  that  is  now  diverted  to  routes 
"hrough  the  United  States. 

Flow  of  Wheat  to  thi-;  Skaboard 

There  is  reproduced  herewith  from  Mr.  Evans'  report  a 
nap  on  which  the  flow  of  Canadian  grain  from  the 
vestern  end  of  Lake  Superior  to  the  seaboard  is  shown 
:raphically.  It  will  be  seen  that  while  very  little  grain  is 
■arried  all-rail  eastward  from  Fort  William,  a  large 
iniount  is  carried  by  rail  from  the  ports  on  Georgian  Bay 
o  Montreal.  Most  of  the  grain,  however,  goes  by  water 
o  the  eastern  end  of  Lake  Erie  and  there  divides  into 
wo  streams,  one  turning  south  to  Fnited  States  ports  and 
lie  other,  considerably  smaller,  going  through  the  Wel- 
and  Canal,  Lake  Ontario  and  the  St.  Ijawrence  to  Mon- 
real.  Xo  attempt  has  been  made  to  show  on  the  maj)  the 
livision  of  traffic  between  competing  trunk-line  railways 
ojlowing  various  routes  between  tlie  eastern  end  of  the 
-akes  and  Atlantic  seaports,  but  only  the  proportions 
inally  delivered  at  each  port. 

There  is  .sharp  competition  for  this  traffic,  not  only 
iniong  the  various  water  and  rail  transportation  lines,  but 
imong  the  several  ports.  Montreal.  Boston  and  Phiiadel- 
'hia  have  been  particularly  active  in  the  development  of 
heir  port  facilities  with  a  view  to  increasing  their  propor- 
ion  of  this  and  other  comjietitive  traffic.  It  is  of  great 
iiterest  in  connection  with  this  competition  to  note  the 
Mvestigations  by  Mr.  Evans  of  tiie  causes  for  the  diversion 
if  Canadian  grain  to  ports  south  of  the  international 
loundary  line.  The  route  from  the  grain-growing  dis- 
ricts  of  Canada  to  northern  Europe  via  the  St.  Lawrence 
s  far  shorter  than  the  route  via  Fnited  States  ports;  and 
et  in  1913  more  Canadian  wheat  was  shipped  from 
■^nited  States  ports  than  from  Canada. 

Mr.  Evans  investigates  this  ])robk'm  and  finds  that  the 
liversion  was  not  due  to  the  physical  inaliility  of  the  Can- 
idian  routes  to  handle  more  traffic.  The  St.  Lawrence 
mrl  Welland  canals  have  never  carried  more  than  a 
noderate  fraction  of  the  traffic  tliat  could  be  pas.sed 
hrough  them.     Difference  in  inland  freight  rates  does 

I  lot  explain  the  diversion.    On  the  whole,  Canadian  wheat 
liverted   to  United    States   ports   appears   to   have   paid 

jngher  rates  to  the  seaboard  than  v/heat  sliip|)ed  to  Mon- 


treal. Mr.  Evans  then  inquires  whether  eonditi(jns  of 
ocean  transportation  and  not  the  relative  facilities  of 
com]ieting  seaports  or  of  inland  transportation  routes  arc 
not  after  all  the  determining  influence  that  governs  the 
routing  of  export  shipments.  He  then  pre.sents  the  results 
of  an  extended  investigation,  which  indicates  that  ocean 
freight  rates  are  the  controlling  factor  in  the  routing  of 
this  traffic. 

OcEA.v  Fj;eic;ht  K.iTEs  Control  Ixlaxd  Tijafkic 

It  is  commonly  supposed  (hat  the  rate  (i.xcd  by  tramp 
steamers  determines  the  cost  of  ocean  transportation. 
This  is  true  on  many  classes  of  cheap  bulk  freight.  In  the 
transport  of  grain,  however,  the  regular  liners  and  not 
the  tramp  steamers  fix  the  rate.  A  liner  secures  its  chief 
revenue  from  the  carriage  of  passengers  and  high-class 
merchandise.  Whatever  space  it  has  left  availal)le  it  will 
fill  with  grain  at  whatever  freight  rate  it  can  get.  The 
amount  of  grain  ex])orted  from  ilontreal  in  1913  appears 
to  have  been  substantially  that  whicli  the  regular  liners 
at  that  port  had  room  for.  Any  grain  in  excess  of  that 
capacity  had  to  be  diverted  to  other  ports  for  shipment. 
The  amount  of  grain  carried  liy  tramps  froiu  Montreal 
was  very  small. 

Here  is  the  probable  explanation,  also,  why  Xew  Tork 
still  holds  first  place  among  T'nited  States  ports  in  the 
export-grain  traffic,  notwithstanding  the  well-known 
heavy  expense  involved  in  handling  grain  thci-c.  Xcw 
York,  because  of  its  enormous  trade  in  high-class  import-;, 
has  a  far  larger  number  of  regular  steamer  lines  ruiniiu',' 
to  it  than  any  other  American  port.  These  liners  are 
willing  to  take  wheat  and  other  grain  at  a  very  low  rate 
in  order  to  fill  up  surplus  cargo  space.  This  will  doubt- 
less continue  to  be  the  ca.se  no  matter  what  superior  port 
facilities  may  be  provided  at  other  Atlantic  ports. 

The  bearing  of  this  investigation  on  the  Oeorgian  Bay 
canal  project  is  obvious.  If  ocean  transportation  and  not 
inland  transportation  is  the  governing  factor  in  the  com- 
petition among  Atlantic  seaports,  then  Canada  might 
Iniild  the  Georgian  Bay  canal  and  gain  no  benefit  what- 
ever in  the  restoration  of  grain  traffic  to  Canadian  routes. 

Othei!  Hexefit.s  of  .v  Deep  Wateuway 

On  the  other  hand,  there  are  possibilities  not  touched 
upon  by  Mr.  Evans  in  the  through  shipment  of  grain  from 
Lake  ports  to  Europe  without  transshipment  at  the  sea- 
board, if  a  deep  waterway  were  available.  The  engineers 
who  have  made  investigations  of  deep  waterways  from 
the  Lakes  to  the  .seaboard  have  hitherto  assumed  that  the 
Lake  vessels  were  unfit  for  ocean  service  and  hence  that 
if  a  deep  waterway  were  built  by  which  Lake  vessels  could 
reach  a  seaport,  transfer  of  their  cargo  would  have  to  be 
made  there. 

Conditions  have  materially  changed,  however,  in  the 
past  20  years.  Tiio  Lake  steamers  have  attained  an  a\er- 
age  tonnage  much  exceeding  that  of  the  average  ocean 
freight  steamer.  The  cost  of  transshijiping  has  been 
increasing.  Again,  the  war  conditions  of  the  past  two 
years  have  ])roduced  unprecedented  conditions  in  ocean 
traffic.  Had  it  been  possible  during  the  past  two  winters 
for  the  shipping  of  the  Great  Lakes  to  have  engaged  in 
ocean  freight  carrying,  instead  of  remaining  idle  during 
the  winter  months,  the  vessels  would  have  earned  enough, 
in  all  probability,  to  have  paid  the  entire  cost  of  a  ship 
canal  from  the  Lakes  to  the  Atlantic. 


606 


E  X  G I X  E  E  i;  I  X  ( ;    X  ]■:  w  s 


Vol.  :ii.  Nu.  1:5 


1©M  amid  ©: 


SIIIIIJIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII^ 

Engineer  talks  on  night  work — Crude  diving  helmets  that  worked  and  are  still  working — Old  well  relined  with  precast 
rings — Home-made  pile  hammer  replaced  steam  hammers — Expansion  joints  placed  only  when  concrete-road  work 
stopped   for  30  minutes — Sheetpile   coffer-dam   driven   as  unit  by  use  of  templet — Hair  is  pumped  without  difficulty 


By  a.  M.  Shaw- 

It  will  Ik!  generally  conceded  tliat  all  cdnstruction 
work  can  he  carried  throutrh  more  eeononiically  luider 
favorable  light  conditions  than  when  only  an  indift'er- 
ent  light  is  available.  Special  conditions  may  exist — 
snch  as  those  mentioned  in  the  Eiujiiieerinfj  News  edi- 
torial of  Ang.  27 — under  which  heavy  traffic  or  the 
weather  may  be  a  deciding  factor;  but  ordinarily  the 
ctmtractor  or  the  engineer  is  not  called  on  to  decide  as 
to  which  is  to  be  preferred,  day  or  night  work,  but  the 
question  is :  "Will  it  pay  to  run  both  a  day  and  a 
night  crew?" 

Judged  solely  by  the  net  cost  of  operation,  it  is  not 
usually  economical  to  do  night  work  on  jobs  that  re- 
cpiire  a  relatively  large  amount  of  hand  labor.  This  is 
especially  true  on  work  of  a  varied  nature,  scattered  over 
a  considerable  area  and  not  provided  with  an  ample 
supply  of  artificial  light.  Such  conditions  entail  ineffi- 
cient work,  poor  supervision  and  often  are  the  cause  of 
numerous  injuries  to  employees.  The  urgency  of  the 
ca.se  frequently  demands  that  night  work  be  done  under 
these  imfavorable  conditions,  an  example  of  which  may 
be  found  in  the  repairs  following  railroad  wrecks  and 
washouts.  On  such  jobs  every  recurrence  presents  a  new 
set  of  conditions;  the  lighting  is  usually  poor  and  the 
men  frequently  are  unfamiliar  with  the  duties  required 
of  them.  Xight  work  is  undertaken  most  advantageously 
under  a  combination  of  the  following  conditions : 

1.  When  a  considerable  proportion  of  the  cost  of  the 
job  is  represented  by  overhead  expenses,  such  as  interest 
on  the  investment,  insurance,  office  force,  etc.,  which 
items  arc  little  affected  (if  at  all)  by  increasing  the 
working  force  so  as  to  work  at  night. 

2.  When  the  nature  and  location  of  the  work  make  it 
practicable  to  provide  an  ample  sup])ly  of  artilicial  light 
at  small  expense. 

3.  When  a  relati\ely  small  nitml)cr  of  men  is  em- 
ployed, and  these  men  i)erform  routine  duties  with  which 
they  are  familiar. 

In  the  field  of  earth-liandling  contracts  the  two  extreme 
conditions  may  be  illustrated  by  team-and-scraper  work, 
which  can  seldom  be  iuindled  to  advantage  at  night,  and 
the  operation  of  a  large  modern  dredging  plant  con- 
structing a  canal  and  wasting  the  earth  at  the  sides 
of  the  canal.  In  tlie  former  ease,  proper  illumination 
at  a  rea.sonable  cost  is  impracticable,  and  both  men  and 
animals  work  at  a  greater  disadvantage  at  night.  In 
the  case  of  the  dredge,  practically  all  the  conditions 
enumerated  as  being  favorable  to  night  work  are  found. 
We  have  here  a  heavy  investment  in  equipment,  a  snuill 
crew  engaged  in  work  with  which  thev  become  familiar, 
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and  it  is  practicable  to  provide  a  liberal  amount  of  arti- 
ficial light  at  small  expen.se. 

Another  advantage  is  the  saving  in  fuel  resulting  from 
the  practically  continuous  oi)eration  of  a  steam  plant. 
Under  single-crew  operation  a  considerable  amount  of 
fuel  is  lost  in  firing  up  each  day  and  in  laying  by  at 
night.  This  saving  in  fuel  and  the  saving  in  night 
watchmen  may  easily  more  than  offset  the  cost  of  fii- 
nishing  light  and  even  cover  the  possible  reduction  in 
efficiency   due  to  night  work. 

Siesta  Better  Than  Xight  Woek  in  the  Tbopics 

It  is  doubtful  if  any  permanent  gain  is  made  by  wort 
ing  men  at  night  rather  than  in  the  day  time  on  account 
of  hot  weather.  A  better  plan  would  be  to  follow  the 
Mexican  cu.stom  and  provide  for  a  siesta  during  the  hot- 
test part  of  the  day,  say  from  twelve  to  three  o'clock. 
On  jobs  not  requiring  contimious  operation  this  may 
often  be  done  to  good  advantage.  This  custom  is  also 
common  on  sugar  plantations.  Laborers  employed  in 
construction  camps  are  more  adaptable  to  such  a  change 
of  hours  than  those  living  at  home,  as  the  latter  class 
do  not  take  kindly  to  a  change  that  breaks  in  on  their 
accustomed  hours  for  rest  and  recreation.  By  working 
men  all  night  the  natural  order  is  upset,  and  in  veiy 
hot  weather  they  seldom  get  a  proper  amount  of  restful 
sleep  in  the  day.  A  visit  to  the  homes  of  city  laboring 
men  discloses  the  fact  that  if  they  work  at  night,  they 
are  compelled  to  seek  their  rest  in  hot,  stuffy  roonig, 
often  with  a  horde  of  children  romping  about  and  with 
interruptions  from  the  usual  day  noises,  making  uormal, 
refreshing  sleep  impossible  for  the  average  man.  Even 
in  large  camps  equipped  with  a  special  view  to  the  com- 
fort of  the  men  who  sleep  during  the  day  the  rest  se- 
cured in  very  hot  weather  cannot  be  compared  to  that 
ol)tained  in  the  comparatively  cooler  nights.  Men  work- 
ing continuously  at  night  in  hot  weatlier  will  usually  be 
found  to  l)e  lacking  in  energy  and  initiative. 

.\  good  plan  of  handling  double  crews  is  to  have  them 
alternate  weekly,  making  the  change  on  Sunday.  On 
dredging  jobs  a  considerable  amount  of  Sunday  work 
is  necessary.  This  is  done  by  the  Saturday-night  crew, 
making  their  "long  .shift"  about  16  hr.  On  the  follow- 
ing week  they  are  let  off  on  Saturday  night  and  do  not 
come  back  to  duty  until    Monday  night. 

HEPAiiii.vt;  WiiAr  the  Xkhit  Chew  Bheaks 

On  a  land-excavator  job  on  which  the  writer  wa' 
engaged  a  numl)er  of  years  ago  it  was  jiracticabic  tn 
operate  the  machine  with  a  crew  of  only  two  men,  an 
additional  ground  force  being  required  to  lay  track,  briiif.' 
up  fuel,  etc.  Tliis  outfit  was  operated  on  doulilc  shift. 
Sufficient  track  material  was  provided  so  that  the  da\ 
men  could  lay  up  track  for  the  night  crew.  One  of  the 
crews  exprcs.sed  a  preference  for  night  work,  so  this  crew 
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vas  not  alternated.  It  soon  became  apparent  that  the 
lutput  of  the  night  crew  was  consistently  in  excess  of 
hat  of  the  day  men.  An  explanation  was  requested  of 
he  day  operator,  which  was  promptly  given  as  follows: 
•It  takes  us  half  a  day  to  fix  up  the  things  that  the 
ither  fellows  bust."  An  investigation  proved  this  to  be 
ubstantially  correct.  Owing  to  the  nature  of  the  equip- 
nent  it  was  impracticable  to  keep  up  a  proper  system 
■f  inspection  and  repairs  during  the  night,  and  the  night 
•ork  was  discontinued. 

The  placing  of  lights  so  as  to  avoid  objectionable 
hadows  deserves  more  careful  thought  than  is  given  to 
t  on  the  average  construction  job.  Men  cannot  work  to 
dvantage  in  semi-darkness  or  where  bewildering  and 
:»oving  shadows  interfere  with  a  proper  view  of  their 
ork. 

Electric  lighting  is  not  always  feasible,  but  is  us- 
ally  preferred  when  practicable.  On  many  construction 
.)bs  independent  lighting  plants  may  be  installed  to 
dvantage,  if  current  is  not  available  from  local  sources. 
f  a  steam  supply  is  not  available,  internal-combustion 
;  ngines  may  be  used  for  driving  the  generator.  Owing 
)  the  present  high  price  of  gasoline,  engines  equipped 
)  operate  on  a  low  grade  of  kerosene  are  preferred  to 
asoline  engines,  and  they  are  now  made  so  that  they 
ill  operate  for  hours  with  very  little  attention. 

Electric-lighting  outfits  may  be  transferred  from  one 
)b  to  another  with  practically  no  loss  in  material  and 
juipnient,  beyond  a  small  amount  of  wire  that  may  be 
asted  in  making  the  change.  So  far  as  practicable, 
ghts  should  be  stationary  and  protected  froni  the 
eather  and  from  unnecessary  vibration.  Carbon  lamps 
lould  be  employed  only  when  absolutely  demanded  by 
le  character  of  the  service,  the  higher-efficiency  lamps 
yiag  used  wherever  it  is  possible  to  gi\e  them  protec- 
on  from  excessive  vibration. 
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J  Irilelinffi©4s 

Two  remarkable  home-made  diving  helmets  were  used 
in  emergency  underwater  work  by  J.  J.  Grafflin,  Engi- 
neer-Superintendent of  the  New  York  Dock  Co.,  foot 
of  Montague  St.,  Brooklyn,  N.  Y.  Fig.  1  shows  the 
first  of  these  and  explains  the  M-ork  on  which  it  was 
employed. 

It  was  necessary  under  one  of  the  wharves  to  connect 
up  a  10-in.  fire  line — under  water  and  in  a  limited  time. 
It  was  impossible  to  do  this  from  tlie  wharf  or  from 
a  boat,  and  a  diving  helmet  was  not  available.  A  sat- 
isfactory helmet  was  obtained,  however,  by  knocking  one 
head  from  an  empty  beer  keg.  To  steady  the  keg 
when  submerged,  a  man  stood  on  top,  holding  to  a 
strip  of  wood  that  was  nailed  to  the  keg.  With  this 
extremely  rough  outfit  it  was  possible  for  a  man  to  stay 
down  114  min.,  using  only  the  air  imprisoned  in  the 
keg.     The  pipe  was  bolted  to  the  elbow  successfully. 

For  later  work  on  this  same  fire  line  a  y'^-m.  brass 
nipple  was  fitted  into  the  head  of  the  keg,  and  to  this 
was  attached  a  rubber  tube,  through  which  air  was  forced 
by  means  of  a  common  foot  pump.  With  this  arrange- 
ment— which  was  used  only  in  shallow  water — a  man 
could  stay  down  about  8  min. 

Fig.  2  shows  the  next  step  in  home-made  diving  hel- 
mets instituted  by  ilr.  Grafflin.  This  arrangement  is 
one  end  of  an  ordinary  kitchen  boiler  notched  to  fit  the 
shoulders  and  weighted  with  chain,  as  shown.  Witli 
this  rig  and  an  ordinary  duplex  automobile  pump  it  was 


FIG.  1. 
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PIOS.    ?,   AND   4.    IMPROVED   "BOILER"   HELMET    USED   TO 
INSTALL    PUMr-TNTAKH       SCREEN    SHOWN 

possible  to  stay  down  15  min.  at  a  depth  of  30  ft.  Tlie 
coiitrivanee  was  used  in  the  summer  of  1914  to  clear 
out  in  front  of  the  intake  to  a  1,500-oal.  per  min.  cen- 
trifugal fire  pump  located  at  the  Xew  York  Dock  Co.'s 
(ierman-American  stores. 

In  this  outfit,  as  in  tlie  case  of  the  keg,  there  was  no 
window.  This  omission  was  not  an  item  of  importance, 
inasmuch  as  the  sense  of  sight  is  of  no  .service  under  the 
East  River.  Diving  work  tliere  must  ordinarily  he  done 
in  the  dark.  As  a  general  convenience,  iunvevi^r.  the 
boiler  helmet  was  ultimately  provided  with  a  window, 
which  was  merely  an  oblong  glass  paperweight  cemented 
to  a  hole  cut  in  the  front  of  the  helmet.  With  the  ])res- 
ent  rig  (Fig.  3)  and  a  regular  deep-sea  pump  Mr.  CTraf- 
flin  has  stayed  down  fi/o  hr.  This  helmet  was  used  in 
the  summer  of  ISil.a  to  e.xcavate  about  lYo  yd.  ol'  silt 
and  rock  in  10  ft.  of  water,  in  a  space  not  over  3x4  ft. 
in  plan.  The  excavation  was  at  the  intake  of  the  same 
centrifugal  fire  ])unip  before  mentioned  and  was  to  ])er- 
mit  the  installation  of  the  .'screen  in  front  of  the  intake 


(Fig.  4).     Fig.  •")  shows  the  screen  in  place  and  indicate> 
the  service  it  performs. 

The  rough  helmet  described  has  the  advantage  of  oeeu- 
pying  only  al>out  one-half  the  .^pace  of  a  res'ular  helmet. 
The  sandals  were  made  by  the  company  blacksmith  froin 
%x4-in.  iron.  They  are  provided  with  a  i/fexll/o-in.  straji 
across  the  toe  and  tied  above  the  inste]i  with  sasli  conl 

following  the  drought  in  northwestern  Texas  in  lOOH 
and  1910.  the  Fort  Worth  &  Denver  City  Ry.  increascil 
its  water-sujiply  at  Clarendon  by  sinking  a  second  well. 
the   firsi   being  100   ft.   deep  and   the  new  one   114  It. 
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j.    .SHOWING    SCREEN   IN  PLACE  AND   THE 
RESTRICTED  WORICING  QUARTERS 


A   114-,1-'T,  WICLL  LINLN'i;   nV  PRECAST  CONCRETK  RINGS 

'I'liis  well  was  made  Hi  ft.  square  and  was  lined  with 
8xl(i-in.  timbers,  it  was  in  use  for  about  four  years, 
when  pumpiiotise,  wellcover  and  pump  suddenly  d'^- 
ap])eared  one  morning,  leaving  only  a  cone-sbaiied  crater 
to  mark  the  spot. 

As   the   well   was  dcjiondable  as  a   watei'-i)rodiicer,  it 
was  decided  to  reliuiid   it.     There  was  no  suitable  stoHi' 
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to  use  for  curbing  or  lining,  and  it  was  derided  to  do 
the  relining  with  precast  concrete  rings.  A  railway 
lerrick  car  with  a  40-ft.  boom  handling  a  dump  bucket 
tvas  used  to  clean  out  the  well,  remove  the  remains  of 
:he  wooden  curbing  and  place  the  concrete  rings. 

These  rings  were  6  ft.  inside  diameter,  o  ft.  high, 
12  in.  thick  from  the  bottom  to  44  ft.  above,  and  10 
11.  thick  from  there  to  the  top.    They  were  not  reinforced. 

The  nii.x  was  1:3:5,  using  crushed  stone  for  the  coarse 
iggregate.  The  concrete  was  placed  by  hand  in  steel 
orms.  After  three  days,  when  the  fonus  were  removed, 
he  rings  were  thoroughly  wetted  three  times  a  day  for 
wo  weeks.  The  rings  were  then  allowed  to  cure  for 
it  least  two  months  before  use. 

Through  the  water-bearing  sand  six  special  rings  were 
ised,  perforated  with  three  rows  of  32  slots  each,  these 
lots  being  8  in.  in  length  and  li/o  in.  in  width  on 
he  outside. 

Six  Ii4xl2-in.  dowels  at  each  horizontal  joint,  set  in 
%x6-in.  sockets  molded  in  the  rings,  took  care  of  lateral 
iiovement. 

;  The  work  of  cleaning  out  the  well  presented  no 
larticular  difficulties,  except  that  two  pumps  had  to  be 
ept  continuously  in  operation  to  keep  it  unwatered.  On 
lie  bottom  a  slab  of  concrete  31/2  ft.  thick,  reinforced 
.ith  steel  rails,  was  laid.  This  was  allowed  to  set  for 
wo  weeks  before  building  up  the  well  lining  on  it. 

Behind  the  perforated  rings  screened  crushed  rock  was 
laced  by  hand  and  well  tamped,  and  above  the  water- 
earing  sand  earth  well  puddled  was  u.sed  for  backfilling, 
ill  of  the  rings  were  set  without  accident,  aiul  so  far 
s  could  be  determined  by  inspection  there  has  been  no 
■ttlement  or  displacement  of  any  of  them,  and  the  flow 
f  water  is  fully  equal  to  what  it  was  prior  to  the  cave-in. 

A  cost  table  is  given  herewith.  The  work  was  done 
y  the  railway  company  under  the  supervision  of  R.  C. 
iowdy,  chief  engineer.     The  steel  forms  were  made  in 

le  railway  company's  shops;  the  cost  of  their  material 
■  not  included,  as  it  was  used  over. 

COST  OF  CLARENDON  WELL  LINING 

aterial: 

70  cu.yd.  crushed  stone $45.50 

35  cu.yd.  sand    35.00 

440  sacks    cement 189.60 


92  lift    rods. 
210  pieces  pipe,  2x12  in 

20  wood  bloclts.  2  ft.  by  12x12  in 
105  pieces  round   iron,   l'/4-^12   in. 


abor: 

Building  forms:  2  men  12  days  each  O  i 
KlllinK  forms;  1  foreman  10  days  &  $3.. 
l-'llling  forms;  10  men  10  days  each  ifj   $2 


23.90 
17.40 


$66.00 

30.00 

275.00 


371.00 


Total  material  and  labor $697.00 

.ibor  setting  23  concrete  pipes  in  well: 

1  foreman   5  days   ®   $3 $15.00 

10  men  5  days  each   igi  $2.75 137  " 


152.50 


Total  labor  and  material  making  blocks  and  plac- 
InK    In    well 


Pile  HaBmimiier  foir  SfteeH  Piles 
By  D.  A.  W.vTT* 

In  the  construction  of  the  lock  and  dam  in  the  TTudson 
iveratTroy,  N.  Y.,  recently  completed,  several  thousand 
eel  sheetpiles  were  driven  in  the  cott'er-danis.  Steam 
■'itniors  were  employed  almost  entirely,  as  they  could 
used  from  a  derrick  boom  and  thus  reach  places 
aci'.Ksible  to  the  ordinary  fixed-lead  piledrivcr.  How- 
United    states    Engineer 


ever,  their  constant  breakdowns  caused  much  expense  and 
delay,  and  in  addition  they  lacked  the  driving  power  of 
a  drop  hammer.  Piles  driven  on  adjacent  work  with 
a  drop  hammer  went  down  deep  in  heavy  gravel  14  '"• 
at  a  blow,  while  those  driven  a  few  feet  away  with  a 
steam  hammer  would  come  to  absolute  refusal  at  a  (con- 
siderably less  depth  of  penetration. 

In  an  attenijit  to  remedy  these  defects  a  home-made 
drop  hannner  was  devised  by  E.  C.  Quinlivau,  Sho]) 
Superintendent.  It  consisted  of  steel  bars  bent  as  shown 
in  Fig.  1  and  having  a  total  weight  of  about  1,500  lb. 
The  bars  straddled  the  pile  and  were  raised  by  a  single 
line,  from  a  derrick  boom,  the  legs  of  the  hammer 
moving  on  each  side  of  the  pile,  acting  as  leads  and 
guiding  the  blow.  The  anvil  (Fig.  2)  was  made  of  a 
piece  of  steel  pile,  surmounted  by  a  steel  block  that 
received  the  direct  blow  and  riveted  to  two  channel  irons 
that  kept  the  anvil  from  falling  off  the  pile  and  at  the 
same  time  acted  as  guides  for  the  lea's  of  the  hammer. 


Steel  block  h  receive 
blow  of  Hammer. 


FlS.l  Hammer 
of  Bent  Plates 


Fie.t   Anvil  Block 
HAMMER  AND  ANVIL  USED  IN  DRIVING  SHEETPILES 

As  the  design  was  not  worked  out  until  toward  the 
end  of  the  construction  it  was  tested  only  to  a  limited 
extent,  but  as  far  as  used  proved  vei'y  .satisfactory'.  About 
the  only  defect  in  the  hammer  itself  was  due  to  the 
tendency  of  the  legs  to  spring  gradually  apart  from  the 
shock  of  succeeding  blows  and  thus  eventuaJly  wedge 
on  the  anvil.  With  a  cast-steel  hammer  of  suitable 
design  this  tendency  could  be  removed.  The  short  ]uecc 
of  ])ile  ill  the  anvil,  resting  directly  on  the  pile  being 
driven,  should  preferably  be  of  ca.st  steel  with  its  web 
not  less  than  1  in.  in  thickness,  so  as  to  give  ample 
bearing  surface. 

CoEacirette  Psi'^emiieKatls 
Hv  I).  A.  Thomas* 
The  revisea  s])ecifications  for  concrete  roads  recently 
issued  by  llie  .Michigan  State  Highway  Department  ])r()- 
vide  for  expansion  joints  only  at  points  where  tlie  work 
i.s  8top])ed  for  more  than  30  min.  The  clause  relating  to 
expansion  joints  roads  as  follows : 

•MiihitTin    sr.ii.'    Highway.   Department,    Lansing,    Mich. 
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Vertical  transverse  expansion  joints  shall  be  placed  across 
the  entire  width  of  the  concrete  roadway  perpendicular  to  the 
center  line  %vhere  work  is  stopped  for  more  than  30  min.  All 
joints  shall  extend  througfi  the  entire  thickness  of  the  pave- 
ment and  shall  be  perpendicular  to  the  surface. 

Heretofore  joint.*  were  required  at  33-ft.  intervals.  The 
value  of  expansion  joints  in  concrete  roads,  except  at 
sections  where  the  work  is  stopped  long  enongh  for  the 
cement  to  acquire  its  initial  set.  has  often  been  debated 
amontr  enaiueers.  It  is  the  belief  of  the  Michigan 
State  Highway  Department  that,  if  expansion  joints  are 
omitted,  cracks  will  form  at  approximately  the  same 
points  at  which  the  joints  are  customarily  i)laced  and 
tliat  such  cracks  can  then  be  maintained  in  the  same 
manner  as  joints.  The  early  maintenance  cost  and  the 
(■(instruction  costs  are  thereby  reduced  to  no  small  extent. 


the  method  is  fully  as  simple:  First,  erect  perpendiculars  a 
.\  and  B,  and  B  and  C,  respectively.  With  the  table  set  a 
X.  set  the  alidade  on  A;  with  its  straight-edge  lying  alons 
the  perpendicular  erected  at  A,  orient  on  signal  B;  clamp  th^ 
table,  swing  the  straight-edge  so  as  to  sight  on  signal  A.  an. 
draw    AE.      This   reproduces   from    the    perpendicular  at  A  th. 
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-V  t'^IVer-Daiii  Frjime,  or  templet,  for  hohling  sheetpiles 
was  used  in  putting  down  the  coffer-dams  for  the  new  Milton 
(Penn.),  bridge  of  the  Philadelphia  &  Reading  Ry.  over  the 
Susquehanna  River.  The  templet  was  moved  from  one  pier 
location  to  another  along  the  timber  service  trestle,  as  shown 
in  Fig.  1.  The  coffer-dams  were  20x40  ft.  in  plan.  The  piling 
was   3S    ft.   long,   penetrating   to   rock    through  about   IM    ft.    of 
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sand.  In  accordance  with  the  best  practice  at  the  present 
time,  F.  P.  Kemon  set  up  all  the  94  piles  of  a  cofter-dam  be- 
fore driving  any.  The  No.  3  Union  sheetpile  hammer  wa.'^ 
swung  around  the  piling,  on  the  end  of  a  crane  arm,  so  that 
the  coffer-dam  was  driven  as  a  whole. 

Simple  Cieometricnl  SoliiUoii  of  Three-Point  Prolileni — The 
fi>Ilowing  method  of  solving  the  three-point  problem  doe.s 
not  seem  to  be  given  in  any  of  the  textbooks,  yet  a  simpler 
graphical  solution  would  be  hard  to  And.  The  rule  may  be 
stated  thus:  Connect  the  known  points  A.  B  and  C  by  straight 
lines.  At  each  two  points  lay  off  from  the  line  connecting 
them  the  complement  of  the  measured  angle  between  the 
points  from  the  unknown  point.  Continue  each  pair  of  lines 
to  their  intersection.  Check  by  noting  that  the  two  lines  of 
each  pair  must  be  of  equal  length.  The  two  intersections  are 
the  centers  of  two  circles  each  passing  through  two  of  the 
known  points  and  intersecting  at  the  required  or  unltnown 
"oint.  In  plotting  transit  notes  the  rule  is  literall.v  followed 
ijy  use  of  straight-edge,  triangle  and  compass.  The  geometrical 
proof  can  be  seen  from  the  accompanying  figure  at  a  glance: 
ABE    +    AXP.   =    '/;    arc    BAK'    -    90".      With    the    plane    table 


angle  AXB  and   therefore   its  supplement    EAB.     In  a  similar 
manner  BE,   BD  and  CD  are   obtained   and   the  centers  of  the 
two    circles    E    and    D    graphically    determined.      Their    inter- 
section   is    tile    I'etiuired    .station    of    the    plane    table. — H*.    K.  ' 
Higgins,  Jackson,  Mich. 

A  40.000-Giil.  Steel  Flour  Bag  on  the  top  of  a  steel  tower 
contains  the  water  necessary  for  the  operation  of  an  auto- 
matic-sprinkler system  recently  in- 
stalled at  the  Campbell  Flour  Mills 
Co..  Ltd.,  Toronto.  The  top  of  the 
tank  is  152  ft.  above  ground.  The 
tank  is  37  ft.  deep  by  IS  ft.  wlrto 
and  has  an  oval  cross-section.  Tin- 
Chicago  Bridge  and  Iron  Works 
built   the   tank. 

I^iiiipiii^r  Hnir  is  done  by  a  No.  I 
Nye  stt'am  pump  at  the  plant  of  the 
Wilder-Manning  Tanning  Co.,  Wau- 
kegan.  III.  The  pump  is  locate4  be- 
tween two  hidescraping  machines 
that  take  all  the  hair  oft  the  hides. 
The  hair  is  washed  down  by  small 
jets  of  water  to  a  sloping  runway  at 
the  back  of  the  scrapers,  and  down 
this  runway  to  the  pump  sump.  The 
mixture  is  pumped  vertically  about 
30  ft.  and  horizontally  along  under 
the  second  floor  about  100  ft.,  where 
it  is  discharged  into  a  washer  and 
later  dried  and  baled.  The  pump 
replaced  an  elevating  conveyor  that  is  said  to  have  had  a 
tendency  toward  freezing  up  in  the  cold  months.  Another 
pump   of   this    type    will    shortly   be   installed   here. 

A  fulvert  Iiitenileil  To  Be  Overflowecl  during  times  of  ex- 
treme high  water  is  shown  in  the  accompanying  view.  This 
culveit  is  on  the  Shelbyville  turnpike  between  Shelbyvlllf 
and  Wartrace  in  Bedford  Count.v,  Tennessee.  The  waterwn> 
consists  of  10  semicircular  arches  of  36-in.   span.     The  crown 


1 

■ 

■i 

p^ 

^ 

■ 

^^^^^Bi'' 

m 

^ 

■■ 

U|^'? 

■  '.A^ 

^ 

» 

f 

1%   <3& 

H 

M 

rm 

rjl^ 

— ■  - 

■  y.i«^ 

1 

1 

■ 

M 

II 

■ 

OVERFLOW  CULVERT  ACROSS  BUTLERS  CREEK 

thickness  of  the  arches  is  .I  in.  of  plain  concrete.  The  wholo 
structure  is  60  ft.  long,  14  ft.  wide  and  cost  $17.'').  When  tl" 
culvert  and  pavement  are  submerged,  wires  are  strung  aloiij: 
one  side  so  that  the  traveler  will  have  little  difflculty  I" 
"following  the  trail."  This  culvert  was  designed  and  buil: 
by  C.  L.  Shoffner.  general  manager  of  the  Shelbyvlllf  turn- 
pike. It  is  obviously  a  variation  of  the  arroyo  crossings  of  It" 
arid  West,  described  in  "Engineering  News,"  Sept.  14.  ISl" 


September  28.   1!116 


EN(i  I  X  E  K  i;  I  X(;      X  K\V8 


611 


^dlMori^ls 


Selec^ioEii  simidl  Use  &i  Csirs 

The  review  of  \ari<iu.s  txpcs  of  lars  used  in  conslniction 
nd  iiiii)rovenient  work,  wliiih  is  given  elsewhere  in  tliis 
isue.  suggests  a  consideration  of  the  classes  of  work  for 
liich  different  types  of  cars  are  adajned. 
The  selection  of  equi])nient  for  any  one  jjiece  of  work 
ill  depend  largely  upon  the  local  conditions  and  u]Kin  the 
|uipnient  already  owned  by  the  contractor,  railway  or 
ther  i)arty  doing  the  work.  Among  the  local  conditions 
I  lie  taken  into  account  will  be  the  general  character  oi 
ic  work:  whether  the  work  is  convenient  to  or  distant 
■om  railway  or  other  means  of  coinmunicatinii ; 
;  liether  cuts  and  fills  are  heavy  or  light;  the  kind  and 
)tal  quantity  of  material  to  be  handled;  the  length  oi 
iiiil,  duration  i>\'  work,  etc.  Foi-  work  that  is  difficult 
'  access  the  cars  must  lie  of  such  size  and  weight  as  to 
Iniit  of  being  transported  to  the  site  by  wagons  or  other 
cans. 

In  sele(-ting  c<|uipment  for  railway  woik  to  lie  done  by 

inipany  force,  the  (piestion  may  be  whether  to  buy  cars 

lat  can  be  used  in  work-train  service  only  or  those  that 

n  be  assigned  to  ordinary  freight  service  in  winter  or  at 

her  times  when  not  required  on  construction.     Cars  of 

,e  latter  class  offer  advantages   in   the   fact  that  they 

ay  be  kept  practically  in  continual  use  instead  of  lying 

le  at  times.     On  the  other  hand,  they  might  be  needed 

both  kinds  of  sei'vice  at  the  same  time,  and  the  car 

itable  for  one  kind  of  service  might  be  less  suitable  (and 

-s  economical )   for  service  of  another  kind. 

Wliere  a  railway  has  extensive  and  costly  const luction 

improvement  work  to  be  done,  it  will  often  Ite  both 

Ivantageous  and  economical  for  the  engineering  or  con- 

luction  department  to  have  its  own  equipment  and  not 

required   to   rely   u]ion  some  other  department   for   its 

ppiy.      Narrow-gage   (roustruction   equipment    is    rarely 

sned  by  railways,  as  it  is  of  s])ecial  class  and  its  use  is 

restricted  availability.     Such  cars  are  frequently  found, 

iwever,  in  railway  contract  work  and  are  of  particidar 

rvice  in  widening  loadbed  and  cuts,  where  they  can  be 

•crated    very    oftni    w  iiliout    interfering   with    running 

licks  an<l  regular  tiallic.     In  this  way  the  occupation  of 

ain  track  by  work  trains  may  be  avoided. 

it  must  be  borne  in  mind  that  it  is  not  always  ailvisable 

en  possible  to  adoi)t  the  equipment  that  theoi'etically 

-I  siiite<l  to  the  work  and  conditions  of  a  pai'ticular 

'.     Hoiii  contractors  and  railway  departments  are  eom- 

lled  sometimes  to  work  under  conditions  not  favorable 

tlie  lowest  cost,  because   they  have  to  use  equi|)inent 

b  is  in  hand,  and  they  cannot — or  do  not  wish  to — 

-t  ca|)ital  in  ailditional  equipment  that  might  not  be  of 

iicl)  service  for  future  work. 

This  is  true  especially  of  jobs  of  the  smaller  class.     On 

iige  piece  of  work    (contract  or  otherwise)    it  is  not 

-able  or  economical   to  attempt  to  carry   it  on   with 

-iitHcient  e(|uipment ;   but   even    here   tiie   use   of   such 

I  iiipnient  may  be  obligatory.     Tlius  expediency  and  arbi- 


trary liinilalic>ii>  are  often  imporiant  factoi's  in  the  selec- 
tion of  ei|uipniciit. 

Thciv  i>  aiinllier  >ide  to  this  investment  phase  of  the 
c|Uesti(in.  however,  and  that  is  the  possibility  of  leasing  or 
renting  cars.  I'ndcr  suih  an  arrangement  the  contractor 
OI'  other  user  can  obtain  the  equipment  best  suited  to 
ilie  work  without  tlie  possible  objection  of  having  it  idle  on 
liis  hands  latei'.  on  ace  iiunt  of  its  being  unsuitable  lor 
other  jobs.  The  leasing  plaii  is  adopted  by  a  number  of 
lirms  that  build  or  supiil\  cars,  and  it  covers  ])ractically 
every  class  of  car   lor  constinu-tion  work. 

An  important  point  in  relation  to  the  ellicieiit  and  eco- 
nomical operaiinii  i<(  the  cars  is  the  maintenance  of  the 
leiu)iorar\  or  c niisl  rud  ion  trai-ks  in  good  running  condi- 
tion. This  need  is  not  always  recogni/.ed.  and  men  in 
charge  are  api  1"  as,-ume  that  almost  any  kind  of  ti-ack  is 
good  enough  Ini-  dump-cai-  trains.  Hut  the  weight  of 
train  hauled  ami  the  ellicient  progress  of  the  work  are 
affected  matei-iall\  by  track  conditions.  Derailments  also 
ai'e  likely  to  bi'  frecpient  on  ])oor  track,  and  these  cause 
delay  and  inh-i-ruplion.  extra  repairs,  etc.  m-  pei'haps  the 
loss  of  a  loail  of  concrete.  All  these  a(l\erse  conditions  ai'c 
reflected    in    an    increased    total    cost   of   woi'k. 

(iood  tra<k.  sulisiantiallv  built  and  well  maintained,  is 
liighlv  desirable  for  economic  reasons.  It  may  increase 
the  hauling  i-apacity.  enable  trains  to  be  run  safely  at 
higher  sjjeed,  re<luce  delay  and  expense  du(>  to  derailments, 
minimize  vai'ious  other  troubles  and  thus  facilitate  the 
progress  of  the  work  and  tend  to  reduce  its  cost.  The  ini- 
poi-fance  oi'  gooil  construction  track  increases  rapidly 
with  the  weight  and  capacity  of  the  -ais  employed.  The 
object  of  using  large  cars  is  to  reduce  unit  cost  by  speed 
and  economv  in  handling  matei'ial.  and  this  cannot  be  at- 
tained where  trains  are  stalled  and  cars  are  derailed  Fre- 
quently. 

A  eorollai-v  to  the  jiroposilion  of  gooil  track  maintenance 
is  the  pro])osition  of  keejiing  the  cars  in  ])ro]icr  repair  and 
good  running  condition.  Delays  in  transportation  and 
dmn|)ing  due  to  liad-ordcr  cars  are  (piite  as  serious  as  those 
due  to  track  in  poor  condition.  These  are  matters  for  the 
special  attention  ami  watchfulness  of  the  cngineei-  oi-  <u]>- 
ei'intendent   in  charge  of  construction  wurk. 


ecti  ©if  Bilesife  oia  IRsifte  of 
Flow  of  Fiends 


The  ]iaper  i>y  W.  I..  Uiitcher.  published  in  Engiiirrviini 
Xrirs  of  .\ug.  n.  reviewing  cx])eriments  which  indicate 
that  the  rate  of  llow  of  water  is  materially  increased  by 
rising  tcnqierature.  has  brought  us  several  letters  from 
correspondents  who  ap])reciate  the  im])ortance  of  this 
matter.  It  ha.s,  of  course,  long  been  well  known  that  the 
heating  of  oils  has  a  great  elTect  on  their  viscosity  and 
eon.>;e(|nent  rale  of  llow.  Many  engineers,  from  i)ractical 
experience  with  automobil(>  <-arbnretors,  have  become 
familiar  with  the  very  great  influence  a  change  in  temjier- 
i.hire  has  upon  the  rate  of  flow  of  gasoline  throtigh  the 
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narrow  passage  oJ  a  iarl)uret()r  nozzle.  It  is  reasonable 
to  believe  that  it  a  li(|ui(l  which  has  so  little  apparent 
viscosity  as  gasoline  will  nevertheless  have  its  rate  of  How 
materially  attected  bv  heat,  then  the  same  thing  may  i)e 
true  of  water. 

The  limited  amonnt  of  ihila  wliiili  .Mr.  Butcher  was 
able  to  unearth  in  technical  literature  indicates  that 
this  may  be  the  case:  but  as  \arioiis  corres]>ondents  point 
out,  there  ought  to  be  availal)k'  for  the  use  of  engineers 
iuciirate  and  complete  information  and  data  showing  what 
corrections  shouhl  i)c  used  in  com)>utations  for  the  How 
of  liquid  where  large  \ariatiiins  in  tcnipcratni-c  arc 
involved. 

There  would  seem  to  lie  an  <iii|iiirtuiiity  hcrr  for  useful 
work  Jby  post-graduate  stinieiits  in  snnic  ol'  the  engineering 
schools  which  have  suitable  hydraidic  laboratory  facilities. 
]\)ssibly  the  Bureau  of  Standards  might  take  the  matter 
11]).  although  we  believe  the  work  of  original  investigatioji 
already  accumulated  by  that  bureau  is  sufficient  to  keep 
it  busy  for  a  long  time  to  come. 

It  may  he  worth  while  iiu|uiring.  too.  whether  any 
similar  effect  occurs  in  the  How  of  gases.  The  i)reser.t 
formulas  for  the  How  lA'  gases  take  into  account,  of 
course,  variations  in  flow  due  to  the  change  in  volume 
of  the  gas  as  a  result  of  heating.  It  is  qtiite  possible  that 
there  may  be  some  variation  in  the  internal  friction  of  a 
gas  due  to  its  heating  corres))(nuling  to  what  takes  iibcc 
in  the  ease  of  liquids.  If  so.  it  should  he  possible  to 
discover  this  by  accurate  experiments  and  apply  suitable 
corrections  in  the  formulas. 


Medkaiaac®.! 

In  a  bulletin  just  issued  to  the  membershiii.  the  oHicers 
of  the  American  .Society  of  Mechanical  Engineers  state 
that  the  last  of  the  bonds  issued  by  the  s(^ciety  to  finance 
its  part  of  the  Engineering  Societies"  r>\iilding  enter- 
prise were  ])aid  off  on  .lidy  1.  and  the  society  is  now 
out  of  debt.  Many  will  recall  that  when,  a  dozen  years 
ago,  Andrew  Carnegie  electrified  !he  ennineiM-ing  ]iro- 
fession  with  bis  genercuis  ollVr  of  .$1  .."iOO.DOO  to  erect  a 
great  building  in  Xew  York  City  as  a  home  for  the 
national  engineering  societies,  he  cou])lei|  with  it  the 
stipulation  that  the  societies  themselves  should  purchase 
the  land  on   which  the   building  was  to   be  erected. 

The  cost  of  this  land  wa<  about  .$.-,10,000,  and  this 
investment  in  itself  seemed  to  many  a  large  burden  to 
lie  assumed  by  the  three  societies  that  accejiteil  the  olfer. 
The  immediate  financing  was  made  ea.-^y.  however,  by 
-Mr.  Carnegie,  who  advanced  the  moiu>y  for  the  land  pur- 
(•hase.  For  a  number  of  years  this  loan  was  continneil. 
the  societies  paying  interest  ujion  it.  Ivnh  of  the  so<'ieties 
made  energetic  efforts  to  raise  the  moiu'y  to  pay  oil  this 
delit  by  circulating  subscri)>tion  jiapers.  It  was  hardly  to 
he  ex])ected.  however,  that  so  large  a  suni  would  be  raised 
liy  direct  sid)scri])tion,  and  there  was  a  general  opinion 
that  the  societies  themselves  siiould  bear  the  burden. 
I'rincipally  through  the  efforts  of  the  late  Charles  Wal- 
lace Hunt,  who  was  for  many  years  active  in  the  c(uincil 
of  the  American  Society  of  Mechanical  Engineers,  a 
|)lan  was  devised  by  which  the  nu)uey  was  raised  to  pay 
olf  the  balance  of  the  debt  for  the  land  in  the  following 
manner:  The  .society  issued  interest- hearing  bonds  e(|ual 
ill  face  value  to  the  amount  of  the  del)t,  aniu)unce(l  that 


the  portion  of  its  income  derived  from  initiation  fee- 
would  be,  segregated  each  year  to  pay  off  an  installineni 
of  those,  bonds  and  invited  subscriptions  from  the  mem 
hers  of  the  society.  The  sxim  desired  was  promptly  sc 
cured  and,  as  announced  above,  the  last  of  these  hnnd- 
lias  now  been  paid  off. 

Another  announcement  in  the  bulletin  issued  to  tin 
society  members  is  of  genei-al  interest.  There  is  a  nion 
or  less  general  impression  among  the  members  of  tlii 
national  engineering  societies  that  a  large  part  of  the 
money  they  ])ay  in  for  their  annual  dues  is  expended  ir. 
hiaintaiuiiig  the  expensive  offices  ami  headquarters  in 
the  big  liuilding  in  Xew  York  City. 

To  those  who  may  have  held  such  an  opinion,  it  will 
lie  of  interest  to  note  the  statement  issued  by  Calvin  W. 
liice.  Secretary  of  the  American  Society  of  Mechanical 
Engineers,  that  at  the  present  time  less  than  .-)'~y  of  that 
society's  annual  income  from  dues  is  absorbed  in  paving' 
its  share  of  maintaining  the  building  in  Xew  York  City. 
If  the  society  o^nled  jio  property  whatever  aiul  merely 
rented  the  .space  absolutely  necessary  for  the  clerical  forot 
required  to  carry  on  its  work  at  its  headquarters,  ii>( 
>,e\v  York  or  any  other  large  city,  the  annual  rental 
would    amount    to    more    than    ^^'7r    of    its    iiiciuue   from 


steel  sheetpiling  is  worth  recovering  because  unlike 
most  secoml-hand  steel  it  can  be  used  repeate<lly.  A  few 
years  ago  the  feeling  was  quite 'general  that  steel  sheet- 
piling — e\cn  though  driven  in  structures  of  temporary 
sei-\ice  only — was  a  dead  loss  and  therefore  ex]iensive  and 
of  Mil  emergency  nature.  .Since  then  a  number  of  seheme!: 
have  been  devised  for  recovering  the  ])iles  econoniieallV. 
and  it  is  now  unusual  not  to  attempt,  at  least,  to  recover 
piling  tised  in  temporary  structures  such  as  coffer-dai 

.Mioiit  two  years  a'io  a  machine  designed  esjieeiaDy 
for  ]uilling  i)iling  was  develoyied  in  England  and  was  de- 
scribeil  in  Kin/iiicn-iiH/  Xeirs  of  June  11.  1i)14.  This 
machine  was  jiractically  an  inverted  steam  hammer. 
Since,  ordinary  steam  hMiuiuers  June  been  used  inverted, 
one  manufacturer  making  a  s])ecial  ]ioin1  of  this.  This 
methoil  has  been  successful  in  many  cases  and  is  nova 
luiittei-  of  general  knowledge  and  fairly  extensive  e.tpefj- 
cnce.  A  large  and  successful  operation  of  this  kind  was 
the  pulling  of  the  coffer-dam  construction  f<ir  the  land 
connection  of  the  Harlem  River  crossing  of  the  new  Lex- 
ington .\ve.  suliway,  Xew  York  City.  The  extractor  con- 
sisted of  an  ordinary  steam  hammer  with  a  few  minor 
ndditions  suggested  by  the  contractor's  superintendent. 
.\ccording  to  the  latter,  this  tool  jiiilled  ])iles  which  three 
derricks  working  together  were  unable  to  budge.  The 
inverted  hammer  weighed  1..J00  lb.  and  withdrew  piles 
that  had  been  ]uit  down  liy  a  .l.OOO-lb.  hammer.  Thin 
same  .scheme  has  been  tried — i)ut  not  with  remarkable 
success — in  ]inlling  the  jiiling  for  the  coH'er-dams  used 
in  building  the  munici])al  ))iers  at  liih  .St.  in  the  Xorth 
K'iver,  Xew  York  City.  This  is  an  extremely  ditlieult 
ji>b  and  other  methods  than  the  inverted  hamnier  have 
pro\('d   inadeqiuite  on  it. 

Hydraulic  jacks  have  been  u.sed  in  several  instance- 
witli  more  or  less  success.  One  of  the  first  instances  el 
tliis  kind  was  at  one  of  the  shafts  of  the  Xewark  Bay 
tunnel  of  the  Passaic  Yalley  .sewer.     Blocking  was  plainl 
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lose  against  both  sides  of  the  piles  to  be  pulled  and  a 
0-ton  jack  was  mounted  on  each  set  of  blocks.  This 
icthod  was  not  noted  for  its  speed.  A  crow  of  five  men 
lid  a  foreman  sometimes  required  eijilit  lunii-s  td  pull 
IIP  pile.  Tn  pullinu-  tlic  sheetpilcs  from  the  earth-tilled 
ifFer-dam  at  Troy.  X.  Y.  (Etuihiecrhig  Ncirx  of  Ana. 
1).  1.50-ton  hydraulic  .fiuks  were  employed.  To  jack 
it  a  key-pile  required  one  t<i  two  days.  An  inverted 
cam  hammer  was  tried  hern,  lint  breaka^ijes  were  cx- 
ssive  and  the  method  Avas  nut  certain. 
.\  novel  expedient  was  ti'icd  recently  in  recoverinir  a 
n'e  tonnagje  of  fiO-ft.  steel  shcctiiiliui;'  driven  in  the 
rni  of  a  series  of  arcs.  A  (iiinbinatiiin  of  water  and 
I-  jets  was  used  to  loosen  the  material  about  the  pile 
he  pulled.  The  method  was  eminently  successful. 
Tt  is  evident  from  the  foreiioinnf  that  a  uund)pr  of  nieth- 
s  have  been  develo]ied  for  recoverin<r  sheetpilintr.  Not 
Iv  does  this  indicate  that  the  operation  has  a  tendency 
be  difficult,  but  it  also  shows  that  the  desire  to  recover 
is  pilino'  is  quite  general.  In  view  of  conditions  in  the 
>el  market  at  the  present  time,  steel  pilinji'  is  worth 
■  -overing  for  its  scrap  valne.  even  tlmuuh  it  be  not  used 
ain  in  a  struetural  capacity.  The  nu'thod  adopted  on 
specific  job  is  usually  de])endent  not  only  on  the  char- 
ter of  the  piling — size,  penetratiim,  soil,  etc. — but 
o  upon  the  machinery  availalde. 


Xcw  Jersey  has  come  to  llie  front  with  a  notable  act 
veniinj;  nflinicijial  and  connty  debts.  The  act  estab- 
les  a  relationship  between  the  life  of  Imnds  and  the 
rks  they  are  to  pay  for  and  limits  bdnded  debt  in 
■portion  to  the  assessed  valuation  of  real  pn)|)erty. 
e  first  is  a  new  departure  in  the  T'nited  States,  so 
■  as  we  are  aware,  and  both  features  of  the  act  are 
i  only  worked  out  logically  but  means  are  ju'ovided  to 
■     that  they  are  enforced. 

There  has  lieen  no  lack  heretofore  of  limitations  <in 
I  life  of  bond  issues,  but  the  limits  have  been  arln'trary 
1  I  have  meant  but  little.  ^loreover.  there  has  been 
I  often  no  ade(|uate  provision  to  make  certain  the  re- 
<  nption  of  the  lionds  at  maturity,  although  of  late  there 
I  •  been  a  strong  and  coinniendalile  tendency  to  jiay  off 
I  id  i.s«ues  in  installments  instead  of  relying  on  that 
I  eat  against  sound  municipal  finance,  a  ])oorlv  giiai'decl 
f  king  fund. 

riie  New  Jersey  act  of  IDKi.  abstracted  elsewhere  in 
t  -  issue,  compels  city  and  county  officials  to  face  tw<i 
'  stioHK  whenever  a  bond  issue  is  authorized  and  to  write 
t  answers  boldly  in  the  liond  ordinance.  The  first  quos- 
t  1  is.  How  long  may  these  proposed  works  be  exjiected  to 
I  form  useful  service?  The  second  question  is.  What 
«  1  Im;  llie  net  debt  of  the  city  if  these  bonds  are 
1  10(1?  .More  wholesome  questions  could  not  be  pressed 
1  IIP  whenever  an  increase  in  the  niuiiici]ial  debt  is 
<•  teniplatid. 

s'(>t  content  with  forcing  city  ami  county  fathers  to  ask 
t  inwlves  what  the  life  of  the  jnoposed  works  will  lie, 
t  New  Jer.sey  act  sets  limits  iieyond  wliicii  too  san- 
}£  Me  aiilhorities  cannot  go.  In  like  manner  it  fi.vcs  a 
t  nipjpai  (iclit  limit  and  tells  how  it  must  be  eoni- 
I<  ed.  The  iiarticular  limit  .set  on  the  life  of  the  bonds 
"jiin  the  amount  of  net  debt  a  city,  town  or  coiinty  may 
•jiir  may  or  m;iy  not  be  wise.  The  main  point  is  that 
ij'  cardinal  principles  in  .sound  public  limime  have  not 


only  been  recognized,  but  that  a  well-considered  law  to 
put  them  in  force  has  Ix-en  worked  out  in  considerable 
detail  and  jilaccd  on  the  statute  books  of  an  American 
commonwealth. 

Fortunately,  these  sound  jirinciples  of  public  finance 
can  be  widely  adopted  in  other  states  without  specific 
legislation,  lliindreds  of  cities  are  free  to  make  the  life 
of  their  iiiuids  e(uue  within  tile  probable  life  of  the  works 
for  which  they  are  (o  ])ay:  the  majority  can  ]ierliaps 
choose  serial  bonds  in  place  of  sinking  funds;  f(>w  if  any 
can  be  forced  against  their  judgment  and  will  to  pile 
up  municipal  debts  faster  than  sound  mnnicipal  finance 
warrants. 

But  wliile  nny  municipality  may  go  far  along  these 
lines  if  it  doires  to  do  so.  iminy  will  make  no  move  in 
tliat  directiini  unless  eoni]ielle(1.  Kiigiiieers  slKuild  there- 
fore u.se  voice  and  ])en  \u  create  liotli  loc:i]  and  state  ])ul)lic 
opinion  against  iiiling  lioml  i<sue  on  liond  issue  for  pub- 
lie  wol-ks  worn  out  hi'I'oiv  llic  first  bonds  are  redeemed 
and  (lulilic  debts  out  of  pi-oportioii  to  financial  resources. 

The  following  remarks  ajipearcd  in  the  London  "Sur- 
veyor"" of  .\ug.  25,  l<)Ui,  under  the  heading  -The  Outlook 
lor  British  Engineers  in  Canada"": 

Is  it  not  possible  that  when  the  Oifat  Cri.sis  is  over  many 
of  our  returned  ensineers  may  loiik  to  Canada  as  a  fertile 
field  for  the  exercise  of  their  professional  skill?  If  so.  our 
advice  to  them  would  be.  emphatically.  Don't  I  We  have  it 
on  excellent  authority  that  most  of  the  towns  and  cities  there 
have  spent  so  much  in  the  past,  and  the  war  has  caused  such 
a  great  setback,  that  it  will  take  a  loner  time  for  them  to  re- 
vive the  stage  when  the  services  of  consulting  engineers  will 
be  needed  frequently.  Moreover,  practically  all  the  plums  in 
this  line  are  given  to  American  engineers.  For  many  reasons 
there  is  a  strong  tendency  to  select  them,  while  the  next 
choice  falls  to  Canadian-born  engineers.  It  is  generally  held 
that  Ameiican  methods  and  ideas  are  best  suited  for  Canada, 
and  no  doubt  this  belief  is  sedulously  fostered  by  interesteil 
Americans.  Anyhow,  men  from  the  Old  Country  are  not  en- 
couraged, and   it  is  well   this  should  be   put   plainly, 

Tt  may  be  well  to  warn  liritish  engineers  not  to  look 
to  Canada  as  a  field  lor  employment:  but  the  reasons 
might  lia\c  been  iikm-c  accurately  stated.  .\ltlioui;li  some 
of  the  cities  in  We-feni  Canada  went  to<i  fast  and  far  in 
munici])al  expenditure  and  particularly  in  real  estate 
booming  before  the  War,  .-ind  while  all  of  them  have  been 
sacrificing  men  and  money  and  curtailing  mnni<ipal  and 
<ithcr  civil  e.\-|)enditures  during  the  War.  it  is  probable 
that  Canadian  muni<-ipalities  as  a  whole  will  resume  the 
construction  of  pulilic  impi-oxcmeiits  on  a  large  scale  .soon 
after  the  War  cikU.  I'.v  I'ar  the  larger  jiart  of  the  engi- 
neering work  in\ol\e(I  will  natui'ally  and  pro|ierly  be  done 
by  Canadian  engineers.  These  men  are  destined  to  harvest 
most  of  tlie  ]ilums-  -anil  the  lemons  also.  A  few  consult- 
ing engagements  will  (buibtle.ss  come  to  engineei-s  in  the 
rnited  States,  but  our  liritish  contemiiorary  is  far  afield 
in  its  .supposition  that  all  the  best  enoagements  and  large 
k'v<  go  across  the  internaticnial  boundary. 

What  is  more  natural  than  that  engineers  of  Canada 
and  of  the  United  States  should  be  given  ]n-eference  over 
those  of  (ireat  Britain,  when  the  first  are  on  the  spot 
where  tlie  work  is  to  be  done:  the  seeiuid  are  ni'xt  at  hand 
while  the  third  are  a  long  ocean  journey  awa\? 

As  to  it  being  "generally  held  that  American  metliods 
and  ideas  are  best  .suited  for  Canada.'"  this  is  so  oliviously 
in  accord  with  the  facts  as  to  leave  no  need  whatever 
that  the  "belief"  sluuild  be  "sedulously  fostered  by  in- 
terested Americans."" 
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Desi^Es  BJe©dl®dl  for 

Sir — The  report  on  tlie  "•Klat-Slab  Floor  Failure  Due 
to  I'oor  Brick  AVall  Ctiliiinns,"  appearing  in  your  is^uc 
of  Aug.  10.  19 1(),  .should  do  much  toward  the  abolition 
iiiid  suppression  of  the  criminal  practice  of  designing  flat- 
slal)  floors  resting  on  exterior  brick  piers  in  practically  the 
same  manner  as  if  they  were  carried  on  reinforced- 
concrete  columns  capable  of  taking  the  l)ending  moment 
induced  in  them  by  the  eccentric  application  of  the  loads. 
Some  engineers  have  jjecome  so  enthusiastic  over  Hat-shdi 
construction  that  they  seem  to  think  it  will  do  the 
impossible.  That  any  designer  can  so  lose  himself  in  the 
mathematics  of  the  problem  as  to  ignore  the  broad 
principles  of  commonscnse  is  almost  beyond  comprehen- 
sion. Picture  a  building  three  bays  wide,  having  spans  of 
•<J2.\20  ft.  3  in.  with  reinforced  "pipe-stems"  12x12  in. 
in  cross-section  forming  the  interior  su]iports  of  a  flat-shil) 
roof  resting  on  exterior  brick  piers  13  in.  thick.  Such 
was  the  shop  i)uilding  of  the  Boys'  Industrial  School  at 
]?oxbury.  Mass.  If  that  can  be  called  "good  practice/' 
then  the  work  of  our  various  joint  committees,  engineer- 
ing societies  and  city  iuiilding  departments  has  been  an 
litter  waste. 

It  is  now  generally  conceded  by  designers  that,  owing 
to  the  monolithic  nature  of  the  construction,  bending 
moments  of  consideral)le  magnitude  may  be  induced  in 
the  exterior  colunms  and  those  adjacent  to  the  exterior 
by  unequal  distribution  of  loads.  That  a  12xl2-in.  column 
reinforced  with  four  %-iii-  ro'ls  is  good  for  a  relatively 
small  moment,  and  much  less  so  a  brick  pier  12  or  13  in. 
thick,  can  be  readily  appreciated  by  an  engineer  without 
much  computing.  The  direct  load  on  the  column  may 
warrant  the  use  of  one  very  small  cross-section,  which 
when  inve.stigated  for  its  resistance  to  bending  may  be 
wiiolly  inadequate.  Some  of  the  nmre  jirominent  city 
liuilding  ordinances  and  riiling<  on  tlat-slal)  design  take 
this  into  account  liy  s|)ccifying  minimum  sizes  of  columns 
or  the  amount  of  hciuling  wliich  the  columns  must  resist 
in  addition  to  the  direct  load. 

'I'hc  Chicago  ruling  >ays :  "Tlic  least  dimension  of  any 
concrete  column  shall  be  not  less  than  one-twelfth  of  the 
]>anel  length,  oi-  one-twelfth  of  the  clear  height  of  the 
column."  The  Clexeland,  Ohio,  code  limits  the  diameter 
of  interior  spirally  reinforced  columns  to  one-thirteenth 
of  the  s])an  for  floors  and  one-fonrteenth  for  roofs.  An 
exterior  column  supporting  a  roof  the  Philadelphia  code 
requires  to  be  figured  as  taking  80%  of  the  negative 
moment  develoiied  in  the  roof  slab  at  the  edge  of  the 
column  head,  and  <ithcr  wall  columns  as  taking  40%  of 
tlie  negative  nu)ment  de\cloped  at  the  edge  of  the  column 
head,  above  and  lielow  the  Ibior  considei'ed. 

The  interior  roof  columns  in  the  building  in  iptestion 
had  dimensions  of  one-twenty-first  of  the  axerage  si)an, 
while  to  conform  with  the  Chicago  code,  instead  of  being 
12  in.  sfpiare  they  would  have  been  21  in.  square,  an 
increase   in  section   which    no  doubt  would   have  enabled 


them  to  resist  the  additional  moments  coming  upon  tlieiii 
due  to  the  inaliility  of  the  brick  piers  to  take  bending,  aiii! 
possibly  might  have  avoided  the  failure.  The  framers  (if 
the  codes  mentioned  are  to  be  commended  on  placiii- 
limitations  on  the  minimum  sizes  of  concrete  colunih- 
allowable  in  flat-slab  buildings,  based  on  the  span  of  sl;il 
as  well  as  the  unsui)ported  length  of  colunm.  ISinl 
failures  as  the  one  in  question,  demonstrate  the  absohi!' 
need  of  such  requirements.  The  largest  columns  in  tin 
lioxburv  liuilding  were  only  18  in.  square,  which  w;i 
smaller  by  several  inches  than  the  minimum  or  top-stor\ 
lolunin  should  have  been.  Combined  with  the  uncertaii  . 
action  of  brick  piers  as  exterior  sujiports.  the  results  art 
not  at  all  surprising. 

For  the  best  interests  of  all  concerned  and  for  the 
iidvancement  of  good  construction,  flat-slab  floors  wit! 
brick  walls  as  exterior  su]j])orts  should  be  absolute!) 
];rohiliited  by  law.  unless  designed  in  accordance  with  th( 
most  conservative  assumptions  as  to  spans  and  moments 
and  the  bearing  walls  stiffened  by  projecting  pilasters  oi 
piers  at  frequent  intervals,  preferably  to  line  up  \ 
interior  columns,  which  should  have  a  sufficient  cross- 
section  to  withstand  bending  moments  induced  in  then 
liy  unbalanced  loadings  on  slabs.  ALBEirr  ]\I.  WoLi'. 

Chicago,  111.,  Auff.  14,  1916. 


Sir — Sanford  E.  Thompson  is  quoted,  in  your  articli 
on  the  Boys'  Industrial  School  at  Eoxbnry.  as  havinj 
stated.  "Afy  criticism  of  the  design  relates  chiefly  to  thi 
irnpro]ier  combination  of  the  reinforced-concrete  flat  slal 
with  the  brick  walls.  This  combination  is  a  i)oor  con 
struction  at  best."  With  this  statement  of  Mr.  Tlionip 
son's  we  thoroughly  agree.  By  tests,  deflection  n,i,easiire 
meiits.  tluMui'tical  analxscs,  and  practical  ex])erien.ce,  dur 
ing  the  last  few  years,  it  has  been  proved  beyond  doub 
that  the  combination  of  brick  w'all  bearings  and  an; 
rcinforcecl-concrete  construction  depending  upon  coHtinn 
ous  action  in  its  members  is  not  to  be  considered  as  gooi 
engineering  jiractice. 

Even  ]iro\idcd  that  the  walls  and  wall  piers  ar 
brilt  of  1irst  gi'.-idc  material,  and  that  first-class  work 
nianship  is  aiiplied,  a  ditt'ercnce  in  the  settlemen 
of  the  walls  as  coiiiparcd  to  the  settlement  of  th 
construction  at  the  best.  In  fact,  we  would  consider  i 
as  an  impossible  con-triict  ion  from  the  view]ioint  of  gOO' 
engineering  practice  l-^ven  jirovided  that  the  walls  aH' 
wall  piers  are  built  of  liist  grade  material,  and  that  first 
class  workmanship  is  a]i|ilied,  a  difl^erence  in  the  settli 
incnt  of  the  walls  as  coiiqiared  to  the  settlement  of  tli 
intcri(u-  columns  can  hardly  be  avoided,  and  it  is  a  wi' 
known  fact  that  uneven  settlement  of  these  .support 
generates  mm'v  cxcessixe  moments  over  the  interior  ce 
umns,  and  also  negative  moments  in  the  center  portie 
of  the  interior  ])anels.  Although  the  jxisitive  nioniei 
in  the  exterior  jianels  may  be  designed  with  the  assumi 
lion  of  a  free  suiqiort  on  the  walls.  tln>  elastic  deform: 
tion    in   the  slab  will   cau.se  a   negative   inonient  of  som 
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uagnitiide  in  the  walls,  since  no  provision  can  be  made, 
"rem  a  practical  standpoint,  for  hinges  at  the  wall  sup- 
lort.  The  eccentric  conditions  of  loading'  thus  gener- 
tted  in  the  walls  will  cause  an  increase  in  the  compressive 
:tresses,  and,  possibly,  tensile  stresses  over  a  part  of  the 
".-all  section,  which  stresses  are  more  safely  taken  care  of 
)y  reinforced-concrete  wall  columns.  From  a  viewpoint 
)f  economy  also,  we  have  found,  in  our  experience,  that 
I  combination  of  wall  columns,  lintels  and  curtain  walls 
s  more  advisable  than  bearing  walls  and  piers,  when  the 
atter  are  designed  and  constructed  at  their  best. 

In  addition  to  the  apparent  carelessness  in  the  de- 
ign and  construction  of  the  exterior  walls,  it  seems  to 
IS  that,  according  to  the  information  given  in  the  ar- 
icle,  the  methods  of  choosing  the  dimensions  of  the 
.ther  structural  members  were  just  as  hazardous. 

From  the  column  schedule  we  learn  that  the  interior 
olumns  in  the  higher  portion  of  the  biiilding  are  13  in. 
qiiare,  reinforced  with  four  y^-in.  round  rods.  Tt  is  a 
igidly  enforced  law,  required  by  most  of  the  well  known 
luilding  ordinances,  that  the  smallest  diameter  of  the 
•olumn  shall  not  be  less  than   jV  of  the  clear  span  of 

•  he  slab,  for  flat-slab  construction,  and  not  l^ss  than 
h  of  the  clear  story  height  for  any  reinforced-concrete 
•onstruction.  This  minimum  is  entirely  justified  from 
lie  viewpoint  of  good  engineering  practice,  since  an  un- 
lalanced  distribution  of  loads,  or  an  excessive  ratio  of 
lenderness,  is  apt  to  cause  l)ending  stre.sses  in  the  col- 
!mns.  It  is  true  that  the  bending  moments  in  the  col- 
inms  will  be  reduced,  due  to  the  fact  that  the  columns 
re  re.'^trained  vertically  liy  the  columns  above  and  below, 
nd  laterally  by  the  adjoining  slabs,  thus  forming  a  rigid 
lanie  with  the  adjacent  ])anels  as  well  as  the  stories  above 
lid  beneath.  Xo  matter  how  small  this  moment  may  be, 
•owever,  it  is  there  just  the  same,  and  the  conscientious 
iesigner  will  take  it  into  consideration.  This  building 
i'ould  require  columns  at  least  21  in.  in  diameter,  with  a 
:ross  sectional  area  of  3Ki.4  sq.iii. 

With  respect  to  direct  load,  we  find  that  the  columns 
ised  in  the  building  are  barely  able  to  withstand  the 
uperimposed  dead-load.  Considering  the  relative  large 
mportance  of  a  column,  a  factor  of  safety  of  5  is  not 
00  conservative.  Moreover,  it  is  a  generally  accepted 
ule  not  to  use  the  fireproofing  portion  of  a  column  for 
he  direct  load.  Using  these  principles  as  a  basis,  the 
diowable  safe  unit  stresses  for  a  mixture  of  1:2:4:  con- 
rete  would  be  400  lb.  per  sq.iu. :  for  a  mixture  of 
:1V^:3,  480  lb.  per  sq.in.  on  the  net  sectional  area  of 
lie  columns,  using  an  n  of  15  and  of  12  respectively, 
or  the  allowable  .<afe  unit  stresses  in  the  vertical  roin- 
orcing  steel.  Kefiguring,  on  this  basis,  the  total  loads 
vhich  the  columns  are  able  to  withstand,  we  find,  as 
dready  stated,  that  there  is  no  jiermissible  live-load. 
'\Iaking  the  unsound  assumption  of  a  factor  of  safety 
■  >4,  for  concrete  in  direct  compression,  and  using 
'"■  gross  area  of  the  column,  the  largest  ))ossible  live- 
oad  the  columns  are  able  to  withstand,  according  to  our 
iivestigations.  would  lie  2~)  11>.  per  .-iq.ft.  on  the  roof  and 
ibout  75  lb.  ))er  sq.ft.  on  the  first  and  second  floors.     We 

•I'ish  to  emphasize,  however,  that  this  load,  considering 
he  bending  moments  in  the  columns,  would  .seriously  ini- 

j  >air  the  .safety  of  the  structnre,  and  we  used  this  basis 
'f  design  only  in  order  to  find  the  live-load  which  the  man 

jiaying  out  the  building  might  have  had  in  mind  while 

liHsuniinj:  the  diiiicnsions. 


The  same  inconsistency  with  respect  to  relative 
strengths  appears  in  the  flat-slab  designing.  Making  the 
most  favorable  assumption,  that  all  the  slab  rods  are  bent 
up  over  the  columns,  thus  being  effective  in  the  top  por- 
tion of  the  slab,  we  find  that  the  resisting  moment  over 
the  column  would  be  able  to  carry  safely  a  uniformly 
distributed  live-load  of  only  60  lb.  per  sq.ft.  in  addition 
to  its  dead  weight,  while  the  slalj  at  the  center  of  the 
panel  is  strong  enough  to  withstand  a  load  of  600  lb., 
or  ten  times  as  much  as  the  other  portion.  It  is  one 
of  the  fundamental  principles  of  engineering  design  that 
each  memljer  of  a  structure  shall  have  a  degree  of  safety 
in  proportion  to  its  relative  importance,  giving  the  struc- 
ture an  even  strength  throughout.  Using  100  lb.  per 
sq.ft.  live-load  as  a  basis  for  designing  the  building,  a 
saving  of  about  15  to  25%  could  have  been  obtained  in 
addition  to  the  100%  of  cost  due  to  rebuilding  the  en- 
tire structure. 

Failures  of  this  kind  do  not  only  reflect  upon  the  re- 
sponsible party,  but  ujion  the  entire  engineering  pro- 
fession, jeopardizing  its  reputation  and  integrity;  also 
discrediting  a  type  of  construction  and  structural  material 
that  has  proven  its  merit  for  many  years.  The  engi- 
neering profession  in  corpore  should  apply  strict  and  en- 
ergetic methods  to  prevent  repetitions  of  a  similar  char- 
acter, not  only  for  our  own  sake  but  primarily  for  the 
protection  of  our  clients  and  for  the  safety  of  the  general 
l'"l'li<--  Curt  Von"  Mueller, 

Concrete  Steel  Products  Co. 

Chicago,  111..  Aug.  2."),  1916. 


Becoffiffi©  lEira^lKaees^  OiSlcei?® 

Sir — It  is  expected  that  the  next  examination  of  candi- 
dates from  civil  life  for  appointment  as  second  lieutenants 
in  the  Corps  of  Engineers,  U.  S.  ,\.,  will  be  held  on  or 
about  Jan.  2!),  191;.  There  will  probably  be  about  30 
vacancies,  which  it  is  desired  to  fill  from  that  examina- 
tion. Candidates  to  take  this  examination  must  be  (al 
unmarried,  (b)  between  21  and  29  years  of  age,  (c)  gradu- 
ates of  approved  technical  schools,  (d)  eligible  for  ap- 
pointment as  junior  engineer  in  the  Engineer  Bureau  of 
the  War  Department. 

It  is  believed  that  there  :ire  a  large  niiniber  of  well- 
qualified  young  engineers  who  cimiply  with  the  conditions 
(a),  (b)  and  (c)  above  and  who  will  desire  to  take  this 
examination.  In  order  to  qualify  under  Hem  (d)  above, 
it  will  be  necessary  for  all  such  youny  men,  who  are  not 
already  so  qualified,  to  take  the  Civil  Service  Commission's 
examination  for  junior  engineer,  civil,  to  be  held  at  nu- 
merous points  throughout  the  country  Oct.  11  and  12, 
1916.  The  Civil  Service  Commission  informs  me  that  the 
results  of  the  October  examination  will  lie  determined 
in  ample  time  to  allow  the  successful  candidates  to  take 
the  War  department  examination  for  secontl  lieutenant  on 
or  about  .Tan.  29,  1917. 

Applications  from  persons  along  the  .Mlaiitic  Coast  to 
take  the  examination  Oct.  11  and  12  should  be  subiiiitled 
so  as  lo  reach  the  United  States  Civil  Service  Commission, 
Washington,  D,  C,  at  the  very  latest  by  Oct.  «.  For  other 
parts  of  the  country  applications  must  be  submitted 
earlier.  In  every  case  applications  should  be  submitted 
as  soon  as  possible  to  insure  the  recei])t  of  the  approved 
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appikatioii  at  tlie  |)law>  of  examination  by  Oct.  11.  A])- 
plication  blanks  may  l)e  secured  by  addressing  the  Civil 
Service  Commission.  Washington,  D.  C,  or  by  addressing 
or  calling  upon  llie  secretary  of  any  of  the  civil-service 
districts.  These  districts  with  their  headquarters  are  as 
follows : 

First    Boston.   Mass Post  Office  Buildins 

Second     New  York,  N.  Y Custom  House 

Third    Philadelphia,   Penn Post  Office  Building 

Fourth    Washington.  D.  C. 

Fifth     .\tlanta.    Ga Post  Office  Buildinp: 

Sixth   Cincinnati.   Ohio Post  Office  Buildinp 

.Seventh    Chicago,    111 Post  Office  BuildinR 

Eighth    St.    Paul.   Minn Post  Office  Building 

Ninth     St.   Louis.  Mo Post  Office  Building 

Tenth     New  Orleans,  La Custom  House 

Eleventh   Seattle,    Wash Post  Office  Building 

Twelfth    San    Francisco,    Calif Custom  House 

It  may  l)e  stated  that  while  the  examinati(in  ]ia]iers 
from  the  recent  examiiialion  foi-  st'cond  lieutenant,  held 
.\iig.  21  to  25  of  this  year,  lunc  not  yet  been  com])letely 
marked,  a  preliminary  report  received  from  the  board 
marking  the  pajiers  s]iows  that  several  of  the  candidates 
will  probably  receive  marks  of  over  90%,  from  which  it 
would  appear  that  the  examinations  are  not  too  difficult 
for  the  class  of  men  desired.  W.  'SI.  Black, 

Chief  of  Engineers,  U.  S.  A. 

AVashington.   D.   C..   Sept.    2:).    IDKi. 

Sir — I  liiid  that  this  state  (Kentucky)  ha.s  not  enough 
road  contractors,  or  contractors  who  are  capable  of  doing- 
good  rein  forced-concrete  work.  I  think  it  would  be  well 
for    contractors    to    iu\estigate    prosi)ects    in    Kentucky. 

R.  Wiley, 
State  Commissioner  nf  I'ulilic   linads. 
Frankfort,  Ky.,  Sej)!.  21,  l!Mi;. 
Si 

Sairadls^  Soils 

Sir — .\  |)iei-e  of  road  undei-  improvement  near  here 
cro.sses  some  hills  of  line  shifting  sand,  and  most  of  us 
doubt  whether  the  surfacing  will  Uist.  'I'lie  sand  gives 
very  poor  footing  and  is  considered  a  treaeherous  foun- 
dation material.  Will  a  eoncrete  slab  laid  on  such  sand, 
without  reinforcement,  be  aide  to  last  without  crai-king 
and  breaking  np? 

This  subject  of  roads  on  unrelialile  sand  .soils  is  not 
thoroughly  discussed  in  the  \'r\v  books  available  here. 
The  town  officials  have  asked  me  whether  .some  kind  of 
clay  ()!■  stoin'  or  mixed  surfacing,  or  anything  cheaper 
than  a  bard  paxement.  can  l>e  used  successfully  on  this 
sand.  liu|ii-ovemeiit  of  sc\ci'al  roads  besides  the  one  men- 
tioned is  ])lanned,  and  thc\'  also  cross  sand  sti'ctches  in 
part. 

You  would  do  a  service  if  \iiu  coidd  gixc  a  lii'icf  out- 
line of  the  subject  of  road  construction  on  bad  sand  soils. 
especially  in  the  direction  of  indicating  cheap  types  of 
construction  for  light-weight  traffic. 

IIi:ni;v    D.  .Idiivson. 

,  Long  Island.  Sept.  1.   I'.iUI. 

I A  member  of  the  editorial  stiitf  of  h'lii/iiirrriini  Xcirs 
visited  the  I'oad  in  <piestion.  and  he  belie\cs  that  the 
doubt  as  to  the  durability  of  the  concrete  pavniu^nt  under 
construction  is  well  founded,  but  not  on  account  of  the 
Bandy  soil  under  it. 

An  adjoining  stretch  of  |)avement  on  the  sami'  I'oad. 
whidi  was  comjileted  last  season,  shows  wheel-track  ruts 
and   other  evidences  of  very   jioor  concicle,   but    no  evi- 


dences of  foundation  failure.  There  seems  no  good  it 
son  for  believing  that  a  sandy  soil  makes  other  than  .< 
excellent  foundation   for  concrete  pavements. 

The  road  in  question  does  not  a])peai'  to  be  a  lieavi 
traveled  highway,  and  were  clay  available  a  sand-cl. 
surfaced  road  might  have  answered.  On  tin?  other  ban 
the  conditions  are  almost  identical  with  tho.se  on  ('a| 
Cod.  where  the  Massachusetts  State  Highway  Connni 
sion  has  ix-en  very  successful  in  constructing  oiled-sai 
roads  by  both  the  )ienetratioii  anil  the  mixiiii;  metlioijs.- 
Kditor.j 

Sir — I  notice  in  EinjiiiccriiKj  Xrir.s  id'  Sejit.  1  a  coii 
munication  from  C.  K.  \'..  Syracuse.  N.  Y..  entitle' 
"Why  Put  a  (4ravel  Cover  on  a  Concrete  Floor  of 
Bridge?"  \Miile  J  agree  with  C.  E.  V.  that  the  avefii} 
country  bridge  is  in  danger  of  (Mcrloading  fi-iuu  th 
lanse.  there  is  a  very  good  reason  foi'  carrying  the  rof 
metal  across  the  bridge  Hoor. 

Anyone  familiar  with  road  maintenance  knows  t' 
difficulty  of  keeping  the  gravel  or  macadam  ii))  to  i 
level  id'  the  bridge  flooi-.  The  wheids  of  vehicles  comii 
olf  the  concrete  onto  the  road  metal  are  sure  to  cause  I 
depi-ession.  This  depression  is  not  only  annoying  to  aut 
ists.  but  becomes  a  source  of  real  danger  to  traffic.  The 
is  but  one  satisfactory  method  of  avoiding  thi.s — nainel 
carrxiug  ihc  i'omiI  metal  ai-i'oss  the  bridge  so  that  the 
will   lie  no   iircak   in   the   road  surface. 

Decatur,  hid..  Sept.  1  I.  I'.ili;.  K.  E.  Loxosiioitl-. 


MOTES  AMP  QUJEIRECS 


Kerry    at    Oal<land.    Calif.,    mentioned 
Sejit.   7.    is  not  the  first  of  its  kind.     T 
I>ei'ates  a  oai-   ferry  across  the  Oii 
Ind..    on     its    interurban     line     hetwf 


Co 


'■'lie  PnnipiiiK  Station  at  ShrenHbiiry,  ManK,,  illu8tratew< 
1>.  433.  of  the  issue  of  Sept.  7  was  designed  by  E.  Worthingm 
Consulting  Engineer,  Dedham,  Mass.  The  view  shown  i^l 
lear   of  the   station. 

The  Effeet  of  Iliehloride  of  Mereury  in  a  very  diluted  for 
on  <-ast-iron  pipe  or  nn  monolithic  concrete  is  the  subj* 
of  an  inquiry.  If  anyone  !-as  any  data  on  the  subject  "Eiit 
iieering  News"  would  be  glad  to  give  publicity  to  them. 

'I'lie    Soil    PreHNiire  TeMt   Device,   described    in    "Engineerll 
News,"    Aug.    24,    1916,   was   devised    by    E.   B.    Smith   and  A. 
c.oldbeck,    of   the   United   States   Office    of   Public    Roads.     J 
Smith    was    inadvertently    referred    to    in    that    note    as   T. 
Smith. 

Tlie  Kleefrie-Car 
"Engineering  News," 
ICv.ansville  Railways 
River  at  Kvansville 
llvansville  and  Henderson.  Ky.  The  boat  is  a  "side-wheeli- 
120  ft.  long,  with  each  wheel  driven  by  a  54-hp.  gasoline  e 
gine.  This  ferry  was  described  and  illustrated  in  "Ent: 
neering  News,"   Nov.   21,    11112. 

Concrete  for  nriclv-Pnvenient  BaHc- — W.  H.  W.  writes  fr( 
Pennsylvania: 

In  laying  l)rick  paving  is  concrete  made  of  slag  preferal 
1(1  concrete  made  from  hard  stone?  The  specifications  we  a 
using  for  brick  paving  call  for  a  concrete  base  6  In.  thli 
using  a  good  hard  rock  in  the  mix.  The  brick  is  to  be  I" 
on  a  sand  cushion.  The  question  has  arisen  whether  It  wou 
not  be  better  to  use  a  sl.ag-conorete  base  n  in.  thick,  with 
1-in.  mortar  cushion.  Recent  tests  seem  to  show  that  in  nn 
(ases  the  slag  concrete   is  stronger  than   the  stone. 

The  variations  in  test  results  on  different  samples  of  C" 
Crete  are  often  so  great  that  figures  may  seem  to  show 
superiority  of  concrete  made  from  one  material  over  anoth 
when  no  such  superiority  exists.  It  is  doubtful  whether  le 
change  in  the  aggregate  used  would  justify  reducing  t 
thickness  of  .i  i)avement  found.ation  frtun  (i  in.  to  ">  in.  H 
garding  the  change  in  tlie  cushion  used  under  the  brick,  whi 
most  brick  paving  is  still  laid  on  a  sand  cushion,  recent  pni 
tice  favors  the  use  of  the  moilar  bed 
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liv  Ei.i'.Kirr  E.  LdriiiniicEf 

('(lagulation  by  sulphate  of  ahiniina  prior  to  slow  saiiil 
Itratioii  has  been  the  praetice  at  the  West  Parish   liltcr 
lant  of  Springfield,  Mass.,  since  its  eonstructinn.     I'ei- 
rds  are  now  available  covering  six  full  years.     Dining 
le  last  four  years  of  this  time  the  method  of  application 
as  been  so  altered  that  materially  reduced  amounts  of 
>agiilant  are  necessary,  although  at  all  times  it  has  been 
)ssible  to  jjroduce  satisfactory  water.     This  method  has 
■en  the  application  of  overdoses  of  sulphate  of  alumina 
i  the  water  intermittently.     The  filters,  si.x  in  number. 
V  of  the  slow  .sand  type  and  of  one-half  acre  area  each, 
he  water  of  Little  River  as  it  conies  to  the  filters  is  that 
a  mountain  stream  usually  clear,  of  low  alkalinity,  but 
ith  a  varying  color,  which  with  the  rise  of  the  stream 
av   increase    several    fold    within    a    few    hours.      This 
lor  in  the  river  water  may  be  low  enough  for  use  with- 
it  anv  reduction  for  a  long  period  of  time,  when  snd- 
■ 'nlv  a  rise  in  the  stream  will  cause  a  large  increase  of 
lor  which  makes  the  water  objectionable  for  use. 
The  Little  liiver  at  the  point  of  diversion  has  a  catch- 
.■nt  area  of   IS  sq.nii.     The  water  is  diverted  from  the 
cam  in  a  decji  and  narrow  gorgf  and  .<ent  through  a 
of  tunnel   to  a   sedimentation   .lasin  eight  acres  in 
with  a  capacity  of  40,000.000  gal.,  or  between  three 
lour  days'   supply.      From   this   small    reservoir   the 
I  is  drawn  to  the  filters.     The  water  from  the  tunnel 
larried  by  a  concrete  conduit  to  an  arm  at  the  greatest 
stance  from  the  outlet.     There  are  no  I)affles  or  other 
rificial  obstructions  in  this  reservoir.     The  coagulant  is 
plied  in  solution  to  the  water  in  transit  in  the  concrete 
ifluit  at  a  ]ioint  which  causes  it  to  travel  with  the  cur- 
it  5-10  ft.,  permitting  some  mixing  before  its  submc?  L'vd 

livery  into  the  basin.     Water  is  constantly  flowing  fr 

■  river  to  this  basin  through  the  conduit  and  is  drawn 
ifornily  froni  tiiis  basin  to  the  filters. 

I)i;ti:i;.\i  I  NATION  oi-  Aiiorxr  ok  ('iik.micai. 

The  determination  of  the  amount  of  aluminum  sul- 
ate  necessary  for  coni]dete  reaction  is  made  in  a  .series 
i  2-gal.  bottles  from  fifteen  to  twenty  in  number,  which 
;■  filled  each  day  with  the  river  water.  To  these  aiv 
I  led,  in  uniformly  varying  increments,  definite  amounts 
I  sulphate  of  alumina.  Within  a  few  hours  all  of  the 
i  -ties  with  amounts  of  coagulant  in  exc^ess  of  the  "rcac- 
tn  point'"  will  indicate  complete  color  removal,  and  tlir 
1 'cipitatioii  ol  foreign  matter  will  be  complete,  while 
1  bottles  containing  less  coagulant  than  this  ainoui'! 
"  I  be  in  a  cloudy  m-  murky  condition,  indicating  incoin- 
1  te  reaction.  The  determiinttion  Is  made  in  this  man- 
1  •  each  day,  permitting  a  study  of  the  effects  of  the  i  i>e 
I  1  fall  of  the  stream,  the  effect  of  storms,  melting 
^  iw»,  etc.  The  ani(uuit  of  coagulant  actually  applied  to 
I  water  is  always  a  little  in  excess  of  the  reaition  point 
<  ennined,  and  during  the  ))eriod  of  a])])licatioii  this  is 
'jtM  nearly  constant  as  jiossibje. 

iVith  the  amount  or  rate  of  coagulant  application  per 
IjirthuM  known,   it   is  still   necessary  to  determine  tlie 

. 'Abitract  of  a  paper  read  bi-foie  the  New  lilnKlaiicI  Water- 
'  Tki    AsBOclatlon    at    I'ortlaml,    Maine.    Sept.    13.    1916.      The 
I  ler  win   be   printed    In    full    In    the    ".lournar'    of   the   aH»o- 
cltlon. 
tlTllef   KnKlneer,    SpriiiKtt.ld    Wntir-Work.H. 


nuinlier  ai'  hours  per  day  during  which  it  shall  be  added. 
Throughout  most  of  the  year  from  4  to  (i  hr.  per  day  is 
sufficient,  but  at  a  time  of  flood,  resulting  in  a  very  mate- 
rial increa.se  in  color,  this  period  mar  be  lengthened  to 
12  hr. 

(4enerally  sjicaking.  the  standard  set  for  filtered  water 
i>  that  of  no  coagulation  if  the  color  does  not  exceed  25. 
Before  the  filtered  water  reaches  this  figure,  coagulant  is 
resorted  to,  and  during  such  ap]ilicatioii  the  color  is  to  be 
kept  at  20  or  below.  Tinder  the  old  method  of  constant 
c-oagulant  use.  it  was  found  impossible,  especially  at 
times  of  low  alkalinity  or  sudden  changes,  to  add  suffi- 
cient sulphate  of  alumina  to  reduce  the  water  to  a  satis- 
factory color  at  all  times.  The  addition  of  soda  ash  or 
lime  was  necessary  for  restoring  alkalinity  at  such  times. 
This  is  entirely  uniieeessary  with  tlie  intermittent  appli- 
eation.  as  but  ;i  small  |Mirtion  of  the  alkalinity  is  nsi'd  in 
the  roi-inatiiui  <ir  the  tloe. 

S'l'Kl'S   IN    rilK  ('(I  ACIM-A  IIUN    I'l.'OCKss 

The  first  coagulation  in  the  cinidiiit  and  basin  results 
in  a  water  of  substantially  zero  color,  with  at  least  a 
theoretically  slightly  acidic  reaction.  This  treated  por- 
tion of  the  water,  which  has  entered  the  basin  chemically 
active,  with  the  ])reci|)itate  or  floe  forming  rajudlv.  is 
then  followed  by  untreated  water  in  a  (|uantity,  because  of 
the  bmger  ]ieriod  of  time,  in  excess  of  the  treated  water. 
The  thorough  mixing  of  this  -raw  water  with  the  treated 
Mater  is  brought  about  at  the  outlet  of  the  siibnicrgcd 
conduit  as  it  ilis|ilaces  the  basin  water  at  this  point.  The 
second  reaction  begins  at  once  and  is  carried  to  coniple- 
tion  with  a  restoration  of  alkalinity  to  the  entire  supidy. 
this  action  pi-obably  being  eoiisnniniated  during  the  period 
whieli  elapses  bel'ore  the  next  ajiplication  of  coagulated 
vater. 

The  floe  of  the  treated  water  has  not  had  an  oppor- 
tunity to  settle  when  the  raw  water  is  admitted,  and 
readily  rurnishes  a  base  about  which  the  additional  pre- 
cipitation resulting  I'roin  this  secondary  reaction  foinis. 
and  serves  to  cai'ry  down  color,  sediniciit  and  bacteria  nu'- 
chanically,  as  well  as  tliro\igli  the  ehcmical  rea<tion 
which  is  taking  place  in  e\ery  part  of  the  untreated  water 
a-  it  nnxcs  with  the  owrdoseil  watiM'.  The  resultant  I'c- 
duetion  of  color  is  tberefoi'e  due  to  the  efl'ect  of  dilution 
I'i  the  liiuher-colored  water  with  water  of  no  color:  to  the 
second  reaction,  wliieli  is  in  reality  the  comjiletion  of  a 
icaction  started  under  lavonible  i-onditions  of  overdosing, 
and  which  reaction  chemically  is  always  complete,  as  the 
excess  of  the  applied  coagulant  is  taken  u])  by  the  alka- 
linity of  the  untreated  water,  resulting  in  the  eonipletioii 
of  tlu'  mass  reaction  ;  and  also  to  the  mixing  of  the  Hoc  of 
the  fully  treated  portion  with  the  mass  of  the  entire  dav"s 
water-supply,  before  it  has  the  o])portunity  to  .settle.  The 
precipitate  thus  formed  in  large  ])art  settles  before  it  is 
carrie(l  to  the  filters. 

Ill  conclusion  it  may  be  said  that  the  use  of  intcrinit- 
teiit  coagulation  results  in  a  saving  in  expense,  uniform 
results  of  .satisfactory  quality,  coagulation  witlumt  ex- 
luuisting  alkalinitics  in  soft  waters  and  coagulation  with- 
out excessive  ovcrloaoin.L  of  the  ))n'cipitatcd  hydrate  on 
the   filter   beds. 


lloldrrM  itf  .\i-titulrtl-Slu<lKr  rutriitu  ;irc  requested  to  cor- 
respond with  AdaniM-HydraullcH.  Ltd..  manufacturer  of 
t<ewage-diS|>o>ial   appllanees.    York,    10n>;land. 
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IBooinffl  Tests  C©inictr©S®  F]l©®2= 

liV     IIeXKY    JSl.OdD* 

On  Au".  oO  a  section  of  steel  boiler  stack  weighing 
(i.TOO  lb.  was  dropped  145  ft.  to  the  roof  of  a  two-story 
wing  of  the  Pittock  Block  in  Portland,  Ore.,  by  the  break- 
ing of  the  derrick  that  was  hoisting  it.  The  accident  not 
only  was  interesting  as  a  strnctnral  failure  of  a  timber 
derrick,   but   it  affords   an   exceptional   example   of   the 


FIG.    1.     BOILER    .ST.\c/K    oX    TUH;    DIOUKU'K    A     I'KW 
MI.VUTKS    BKKORK    IT    FKLL 

ability   of   a   good    concrete    iloor   to    stand    up    under   a 
most  severe  test. 

The  Pittock  Block  is  a  reinforccd-concreic  ollicc  build- 
ing, erected  in  1913.  It  is  200x200  ft.  The  south  half 
is  eight  stories  in  height;  the  north  half  was  designed 
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for  eight  stories,  but  constructed  only  to  the  third  flooi 
oil  which  a  temporary  wooden  roof,  covered  Avith  t;i 
and  gravel,  was  placed.  The  roof  framing  consists  ■- 
4xl:-in.  caps  and  sills,  and  4x4-in.  posts  spaced  5  ■ 
G  ft.  on  centers  in  both  directions.  The  third  floor  i 
a  reinforced-concrete  slab  with  girders  and  intermedial 
beams,  and  it  was  designed  for  a  superimposed  load  of  li 
lb.  per  sq.ft.,  using  the  stresses  allowed  by  the  Portlan 
code. 

The  auxiliary  steam  plant  of  the  Northwestern  Eleetri 
Co.  is  located  in  -the  basement.  It  has  a  stack  10  ft. 
in.  in  diameter,  inclosed  by  two  separated  tile  partitim 
and  extending  about  35  ft.  above  the  roof  of  the  eigli 
story  wing  before  the  new  work  was  started.  At  tiiii- 
when  the  boilers  were  being  forced  to  take  on  a  heai 
load,  a  considerable  volume  of  smoke  was  emitted.  Tli 
annoyed  the  tenants  of  a  neighboring  office  buildiiu 
and  ill  an  effort  to  abate  the  nuisance  the  company  w; 
adding  50  ft.  to  the  height  of  the  stack.  This  was 
three  sections;  the  lower  one  was  30  ft.,  weighing  ai 
proximately  8,400  lb.,  and  the  upper  two  were  15  f 
long,  weighing  G,TOO  lb.  each.  The  first  and  second  si' 
tions  had  been  raised  and  riveted  in  place.  The  up]' 
section  was  within  1  ft.  6  in.  or  2  ft.  of  the  top  when  tl 
accident  occurred.  Fig.  1  is  a  view  taken  from  t! 
street,  looking  southeast,  a  few  moments  before  the  se 
tion  fell. 

The   derrick  had  an  A-frame   composed   of   14xl4-u 
Douglas  fir  timbers,  with  a  vertical  height  of  45  ft.  i 
a  spread  of  50  ft.     It  had  no  stiff-legs,  but  was 
to   the   roof  with   two   sets   of   steel   cables,   making 
angle  of  60°  or  70°  with  each  other,  extending  back  al 
50  ft.  from  the  derrick  and  fastened  through  hole&j 
in   the  slab,  around  concrete  girders.     The  base  hsi 
timber  under  eatli  leg,  connected  by  poorly  made  jo 
to  a  short  girder  built  up  from  I-beams,  with  top 
bottom  plates,  to  form  a  seat  for  the  boom.     Back  of 
sill  there  were  two  diagonal  timbers,  and  a  center 
12  ft.  long.     The  boom  was  a  single  stick  of  Dof 
fir  106  ft.  long,  14  in.  in  diameter  at  the  top  and 
ai  the  bottom.     It  worked  on  a  vertical  pin  41/8 
diameter.     Its  weight  with  fittings  was  about  6,6C 

The  legs  of  the  A-frame  were  connected  at  the 
two  wide  steel  plates,  4  ft.  D  in.  long.     The  front  pla  ~ 
was  %  in.  and  the  back  plate  fV  in.  thick.     The  low 
corners  of  the  back  plate  were  cut  off,  so  that  they  (i 
luit  extend  as  far  down  the  legs  as  the  front  jilate. 


FIG.   2.    CLOSE  VIE\\ 
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arge  number  of  bolts,  mostly  %  in.,  joined  the  plates 
nd  legs,  some  being  below  the  back  plate.  A  heavy 
(irging  passed  through  the  plates  near  the  top.  It  had 
n  eye  in  each  end.  The  center  of  the  front  eye  was 
■lA  in.  from  the  face  of  tlie  plate:  that  of  the  back  eye 
lioiit  5  in.  The  boom  gny  was  fastened  by  a  link  and 
levis  of  r2i/4-in.  metal  to  the  front  eye.  It  was  a  six- 
lart  %-in.  steel  cable.  The  back  stays  were  attached 
ly  a  horizontal  pin  and  shackle.  The  running  line  from 
lie  boom  guy  passed  through  a  block  held  by  a  U-bolt 
icar  the  bottom  of  the  front  plate.  The  derrick  was  set 
aeing  north  on  large  timbers  laid  on  the  roof.  A  side 
uy  ran  from  the  end  of  the  back  .shackle  to  the  east 
.all,  to  take  the  strain  when  hoisting  from  the  street 
ver  the  west  wall.  The  position  of  the  derrick  was 
ot  changed  in  doing  this.  Each  stack  section  was  set 
own  on  the  roof  before  raising  it  to  the  stack. 

All  cables  and  connections  appeared  amply  .strong  for 

lie  loads.     The  superintendent  stated  that  the   derrick 

,-as  designed  to  handle  3()  tons  at  an  elevation  of  30°. 

t  was  u.sed  in  erecting  the  Broa<lway   Ijridge  and   had 

-  pen  lying  outside  quite  a  while. 

Two  engineers  of  the  Northwestern  Electric  Co.  were 
n  the  roof  watching  the  work,  and  they  observed  all 
leps  of  the  failure.  It  was  caused  by  the  west  leg  of 
lie  A-frame  twisting  or  tearing  off  just  below  the  top 
onnection.  The  boom  fell  in  a  vertical  plane  toward 
lie  north,  struck  on  the  firewall  and  broke  off  a  few  feet 
utside.     The  broken  end,  whicli  was  about  40  ft.  Inns:-, 


FIG.    4.    THK    FALI.K.V    SKCTION    OF   .STACK    .-^TICK    I.V 
THE    TlMr!p:K    ROOF 

'•11  close  to  the  wall,  the  top  end  punching  a  hole  through 
lie  wooden  roof  about  2o  ft.  from  the  wall  and  the 
■roken  end  leaning  against  the  wall  at  a  window.  The 
'locks  swung  violently  against  the  wall,  smashing  win- 
'ow8  at  the  fifth,  si.xth  and  seventh  floors  in  the  second 
ow  from  the  west  corner.  Several  workmen,  and  em- 
ployees in  two  or  three  offices,  had  narrow  escapes. 
The  stack  section  struck  with  it.s  nearer  side  about 
0  ft.  from  the  wall.  It  crushed  the  wooden  roof  to  the 
■oncrete  slab,  but  stopped  on  the  latter  and  apparently 
lid  not  seriously  damage  it.  The  frame  of  a  skylight 
•n  which  the  upper  end  of  the  stack  .struck  wa.s  bent  at 
ine  comer,  and  .some  pieces  of  wire  glass  were  broken 
"ose.  The  well  of  another  skylight  a  few  feet  away  had 
1  horizontal  crack  all  around,  2  or  3  ft.  Iiclow  the  lop. 


The  stack  was  flattened,  and  its  angle  rings  were  badly 
twisted.  It  had  to  be  returned  to  the  shop.  A  couple 
of  small  holes  were  cut  through  the  main  roof  by  sheave 
blocks,  the  firewall  was  slightly  crushed,  and  pieces  of 
brick  were  knocked  from  several  window  jambs. 

The  derrick   kicked  backward,   not  being  fastened   to 
the  roof,  struck  a  corner  of  the  firewall  and  was  turned 
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toward  tJie  west.  The  base  timber  l)roke  off  near  the  east 
leg.  Xo  cables  or  connections  were  broken.  Fig.  2 
>how.s  a  clo.se  view  of  the  top  connection  and  primary 
break.  Fig.  3  is  a  view  of  the  stack  as  it  lay  on  the 
iiiof.     The  ])botograi)hs  were  taken  the  next  inorning. 

Cai'.se  of  F.viLrwE 

The  timliiT  was  not  entirely  sound.  Imt.  no  real  ileeay 
was  visible.  It  was  seriously  weakeiied  by  the  bolt  boles. 
There  were  three  %-in.  holes  in  a  transverse  row  and 
two  more  only  2i/2  >»•  from  tlicni  at  the  point  of  failure. 
The  wood  Ijrokc  through  all  fi\c. 

There  was  an  old  crack  or  chci-k  about  2  in.  from 
the  outer  face,  extending  for  some  distance  along  the 
I'beis.  It  may  have  been  caused  by  some  previous  strain. 
I!ut  even  with  these  defects  the  stick  was  safe  for  a 
much  larger  direct  load  than  it  had. 

In  my  opinion  the  break  was  due  to  a  twisting  moment 
iin  the  derrick  head  produced  by  eccentricity  of  the  guy 
foiinections.  This  was  not  nearly  as  large  when  the 
ijoom  was  at  a  moderate  elevation  as  when  it  was  in  a 
high  position.  It  was  elevated  at  an  angle  of  70°  or 
72°  from  the  horizontal  at  the  time  of  the  failure.  An 
examination  of  the  photograph  shows  that  there  would 
be  considerable  twi.sting  in  this  position,  which  would 
cause  tension  in  the  front  face  of  the  legs.  The  con- 
nection of  the  boom  lifting  line  to  the  bottom  of  the 
front  plate  added  to  this  eccentric  action.  The  direct 
stress  in  the  leg  was  tension  also. 

But  the  heaviest  twisting  moment  could  have  occurred 
when  the  boom  was  swung  to  the  west  to  hoist  from 
the  street.  It  was  then  nearly  ])arallel  t«  the  front  of 
the  A-frame,  and  its  guy  formed  with  the  side  guy  from 
the  east  wall  a  couple  liaving  a  lever  arm  of  20  in.  or 
27  in.  The  leg  may  have  been  slightly  cracked  by  this 
strain  and  so  weakened  that  when  the  hooni  was  in  its 
uiuisiially  high  position   it  easily   failed. 

It  is  quite  unlikely  that  there  woidd  have  been  a 
failure,  if  the  top  connection  had  been  designed  to  avoid 
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cotentriiitv  with  the  load  in  any  position  and  if  the  side 
guy  had  Jiot  been  attaehed  to  the  back  .-^haikle.  This 
i.s  a  detail  that  shouUl  receive  more  carefnl  con.sideration. 
Derricks,  hoists,  scaffolding  and  other  erection  equipment 
sliould  have  projier  design  and  in.spection,  as  well  as  more 
permanent  structures.  They  need  not  necessarily  have 
the  same  factor  of  .safety;  this  depends  upon  the  impor- 
tance and  place  of  u.-^e.  They  sliould  l)e  sufficiently  strong 
to  avoid  risk,  and  the  details  should  not  be  weaker  than 
the  members  they  connect.  This  is  not  a  criticism  of 
anvone  connected  witii  the  work. 

Tes^  ©f  BJ©'w?  Type  IIle£inif<oiPcedl° 

The  .Minnesota  Highway  Commission  has  developed 
a  new  standard  design  of  reinforced-concrete  bridge  for 
short  spans  in  which  the  volume  of  concrete  is  reduced  by 
(•ells  in  the  under  side  of  the  slab  so  as  to  form  six  longi- 
tudinal beams  and  also  three  transverse  beams  to  dis- 
tribute the  concentrated  load.  This  design  saves  about 
one-third  of  the  volume  of  concrete  required  in  the  fiat- 
slab  type  for  the  same  load  and  using  the  same  unit 
stresses. 

In  order  to  test  this  design  and  also  to  demonstrate 
the  strength  of  reinforced  concrete  when  built  properly 
and  uiuler  engineering  inspection,  the  Commission  con- 
structed a  model  bridge  from  the  ])hn  shown  in  Fig.  1 
as  a  ])art  of  their  exhibit  at  the  Minnesota  State  F'air,  at 
St.  Paul,  Sei)t.  4  to  !),  and  arranged  with  the  Experi- 
mental Engineering  division  of  the  State  University  to 
conduct  a  .series  of  public  tests. 

This  model  was  one-half  size  of  a  23-ft.  span,  18-ft. 
roadway  bridge  built  under  standard  specifications  of  the 
Highway  Commi.ssion  by  men  in  the  bridge  department 
acting  a.s' laborers.  The  slab  mixture  was  one  part  cement, 
two  and  one-half  parts  sand  and  four  parts  gravel,  hand 


mixed,  and  the  reinforcement  plain,  square  bars.  Tli 
bridge  was  designed  for  a  20-ton  traction  engine  with  ! 
tons  on  the  rear  axle.  The  unit  stresses  used  were  stc. 
in  tension  16,000  lb.,  in  shear  10,000  lb.,  concrete  i 
compression  650  lb.,  in  bearing  400  lb.  and  in  shear  50  ! 
The  forms  for  the  cells  are  made  of  arched  eorruwai^ 
Xo.  26  iron  with  wood  bulkheads  which  may  he  taken  ou 
nested,  moved  to  another  bridge  site  and  used  again. 

The  bridge  was  cast  .June  li).  Wooden  ])lugs  in  cont^i, 
with  tlie  steel  were  placed  with  the  forms,  to  be  pull, 
mit  later,  and  permit  of  strain-gage  readings  on  the  stcr 
and  steel  plugs  were  set  in  the  top  of  the  slab  for  coniprc 
sion  readings  in  the  bottom  of  the  girder  for  dedc 
tion  readings.  Tests  for  shrinkage  stresses  were  made  . 
intervals  between  June  19  and  Sept.  4,  the  openint^  da 
of  the  Fair. 

A  stone  wagon  was  then  |ilaced  on  the  bridge,  pig  in) 
being  loaded  on   it  over  the  rear  axle  in  increments  o 
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FIG.    1.     DETAILS    OK    REINFORCED-fONCRKTIC    BRIDGE 
TESTED  BY  MINNESOTA  HKSHW.VY  COMMISSION 


PIG.  2.     MODEL  OF  FORMS  FOR  BRIDGE  .4S   EXHIBITED 
AT  .ST.^TE  PAIR 

'iy-i  tons  until  the  normal  calculated  load  of  71/2  tons  i» 
on,  equivalent  to  a  30-ton  traction  engine  on  the  full 
size  bridge.  These  loads  were  moved  around  to  differen 
positions,  and  readings  extending  over  four  days  wer 
taken  at  each  position.  The  wagon  was  then  remove 
and  replaced  by  a  platform  support  on  two  6x42-ir. 
timliers  on  which  pig  iron  was  piled  at  intervals  until  th 
calculated  breaking  load,  30  tons,  was  reached,  equivaleD 
to  60  tons  on  the  full-size  bridge. 

The  maximum  longitudinal  steel  strains  under  th 
designed  live-load  was  3,80(1  lb.  ]ier  s(|.in.  and  the  deflec 
tion  0.022  in.  Under  20  tons  concentrated  (ui  two  6x42 
in.  timbers  the  deflection  was  0.06  in.  at  first  and  afte 
21  hr.  0.08  in.  and  the  steel  stress  4..soo  lb.  TTnder  th 
breaking  load  after  4  hr.  the  longitudinal  steel  strain  W» 
12.000  to  l.-).<ioo  11).  per  s(|.in.  and  the  maximum  dcfiectioi 
o.:i  ill. 

.Vs  no  cracks  appeared  anywhere  in  the  bridge  uiuler  tli 
lircaking  load,  excejiting  a  cleavage  crack  along  the  bat 
of  the  abutment  indicating  the  bottom  and  side  lines  of  tli 
slab,  on  the  afternoon  of  Sept.  !)  tiie  reinforced-concrct 
railings  were  broken  down  with  sledge  hammers.  Tli 
girder  effect  of  the  railings,  which  were  not  figured  " 
the  design,  was  ajiparent  in  the  slight  doHectiou  of  tlii 
outside  girder  (0.1  in.  as  com]iared  to  0.3  in.  at  tli 
center).     After  their  removal  a   hair  crack  apjieared  i' 
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FIG.  3.   te;st  bridge  u.n'dkr  load 

lie  bottom  edi^es  of  the  oiitsiilc  ^nnlers  at  their  ceiitor  and 
heir  deflection  was  (1.3.5  in.  Slight  transverse  crac-k-s  also 
ippeared  in  the  bottom  of  the  cross  jjirders.  Tiie  bridge 
vill  be  aUowed  to  stand  under  this  load  for  further 
k'velopments. 

A  (oniplete  analysis  of  stresses  as  determined  by  the 
ests  must  lie  made  before  many  deductions  can  be  drawn, 
lilt  in  general  the  tests  indicated  that  a  safe  and  less 
•ostly  type  of  bridge  has  been  developed  by  the  Minnesota 
lighway  Commission;  also  that  with  insured  engineering 
nspection  higher  nil  it  stresses  miglit  lie  used  in  concrete 
liglnvay  bridges  with  perfect  safety,  with  a  still  greater 
aviiig  in  cost  resulting  in  the  construction  of  more 
lernianent  highway  bridges.  The  TTighway  Commission 
s  now  allowed  .'!^  fur  di'awiiig  ])liins,  sujiervision  and 
iispecfion. 

The  bridge  was  designed  and  built  under  the  super- 
ision  of  C.  1*].  Nagel,  Bridge  Engineer  of  the  ITiglnvay 
'oinmission.  and  the  tests  were  made  l)y  F.  R.  McMillan. 
''ngiii(H>r  of  Tests.  Kxjieriniciilal  Engineering  Depart- 
neiit.  University  of  Minnesota.  .V  complete  analysis  will 
le  made  l)y  Professor  McMillan  and  pnlilislied  in  a 
'iilletin  later. 


Tft&aclketr  ISirndlfle  P®i<leini<t  ILos®^ 

In  th(!  United  States  District  Court,  iSoiitiiern  Dis- 
lict  of  Iowa,  Central  Division,  Judge  ^fartin  J.  Wade 
>n  Sejit.  18.  U)1(),  handed  down  a  decision  against  the 
riiaclier  reinforced-concrete  i)riflge  patent  (Xo.  fi17,- 
'13).  The  suit  was  by  Pldwin  Tbacher  against  the  au- 
liorities  of  Polk  County.  Iowa,  and  was  defended  by 
lie  nepartment  of  Justice  of  the  State  of  Iowa.  The 
lecision  is  by  far  the  broadest  of  the  three  which  have 
recently  Iiex-n  mad(?  against  the  ])atent.  inasmuch  as  it 
holds,  first,  that  Thacher's  swearing  back  of  his  inven- 
tion before  the  von  Eni|)ergcr  jiatent  which  it  obviously 
infringes  was  not  valid;  second,  that  the  ''inde])endence" 
»f  the  reinforcement  six-cificd  in  the  Tliaclier  patent 
must  be  rigidly  construed  and  third,  that  Thacher  should 
l«  estopped  from  maintaining  his  patent  because  of  Jaehes 
in  (iefciujiiig  It  through  the  first  fifteen  years  of  itx 
L'-xistence. 

Judge   Wade's    decision    in    the    main,    is   as    f(dli>ws: 

I  'In  not  [laBs  upon  the  validity  of  the  patont  In  .ho  far 
an  the  Hamc  was  afffcted  b.v  the  prior  art.  or  prevlouB  puhnra- 


liiin.  except  as  the  same  is  affected  by  the  von  Emperger 
I'atent.  The  patent  to  von  Emperser  embodies  the  idea 
upon  which  the  plaintiff  procured  his  patent,  and  1  hold  that 
the  von  Empergei-  patent  was  an  anticipation  of  the  pat- 
ent   granted    to   the    plaintiff. 

I  also  hold  that  the  proof  furnished  to  the  patent  ottioe 
to  establish  the  fact  that  the  plaintiff's  invention  antedateil 
the  von  Emperger  patent,  is  not.  in  view  of  the  evidence  in 
this  case,  sufficient  to  justify  a  court  in  sustaining  the  claim 
of  the  plaintiff.  Such  proof  must  be  at  least  "satisfactory 
iiiid  convincing."  The  proof  in  this  case  is  not  "satisfactory." 
iioi-  "convincingr."  It  is  too  uncertain  to  justify  a  court  in 
■netting  aside  letters  patent. 

So  that  in  my  view,  the  patent  to  plaintiff  is  invalid  be- 
cause anticipated  by  the  von  Emperger  patent.  In  truth 
I  am  convinced  that  the  only  invention  upon  which  the 
plaintiff  procured  a  patent,  was  developed  by  him — not 
prior  to  the  von  Emperger  patent,  nor  even  at  the  time  he 
Hied  application  for  his  own  patent,  but  that  it  really  was 
invented  by  him,  if  at  all,  under  the  spur  of  repeated  rejections 
by  the  patent  office,  of  his  application  for  a  patent  upon  in- 
ventions entirely  different  from  the  one  for  which  pat- 
ent   finally    issued. 

I  agree  with  Judge  Thomas  in  Thacher  vs.  Transit  Con- 
.struction  Co.,  22S  Fed,  906,  that  the  Thacher  patent  is  speci- 
fically limited  by  the  language  "each  bar  of  a  pair  being  in- 
dependent of  the  other."  The  proceedings  in  the  patent 
office,  and  the  proof  as  to  the  prior  art,  clearly  convince  me 
that  it  was  only  .by  reducing  his  claims  to  this  specifia  descrip- 
tion, that  plaintiff  ever  procured  a  patent;  in  fact,  a  broader 
construction  would  in  my  judgment  render  the  patent  void 
because  of  the  prior  art.  aside  from  the  von  Emperger  pat- 
ent. But  whether  it  would  or  not,  the  proceedings  in  the 
patent  office  clearly  makes  effective  the  self-imposed  limi- 
tation, that  the  bars  to  come  within  the  scope  of  the  pat- 
ent luust   be  each   "indet)endent  of  the   other." 

Under  this  construction  of  the  plaintiff's  patent,  even  if  it 
were  valid,  there  was  no  infringement  In  this  case.  The 
bars  used  in  the  construction  in  issue  are  not  "each  independ- 
ent of  the  other."  The  bars  are  a  part  of  a  rigid  or  semirigid 
structure,  consisting  of  longitudinal  and  cross-bars  and  lattice 
bars,   all   firmly   bound    together   by    wire   ties   at   intersections. 

I  am  convinced  upon  the  whole  testimony  that  the  cross- 
bars and  lattice  bars  and  ties  have  functions  to  perform,  I 
cannot  agree  with  the  apparent  theory  of  Mr.  Thacher  as  a 
witness  that  these  serve  only  the  purpose  of  maintaining  the 
independent  bars  in  place  during  the  construction.  If  any- 
thing were  necessary  to  convince  me  that  the  construction 
used  b.v  the  defendants  does  not  consist  of  pairs  of  bars  each 
bar  "being  independent  of  the  other,"  I  find  it  in  the  letters 
written  by  Thacher  himself  through  many  years.  These  ap- 
peals b.v  Thacher  for  use  of  the  Melan  and  von  Emperger 
t.\-pes  in  preference  to  his  own,  and  the  failure  to  use  the 
strictly  independent  bar  system  in  any  construction,  so  far 
as  the  record  discloses,  convinces  me  that  Thacher  himself 
recognizes  that  cross-bars  and  ties  and  lattice  bars  used 
with  longitudinal  bars  have  a  function  and  a  purpose  in  con- 
crete construction;  in  fact  it  is  quite  apparent  from  the  record 
in  this  ca.se,  that  limited  strictly  to  the  bars  independent  of 
each  other,  in  no  manner  connected,  or  held  together,  or  held 
apart,  the  Thacher  invention  is  not,  and  has  not  been,  of 
practical  use.  Without  further  discussion  of  the  evidence.  I 
am  convinced  that  there  is  no  infringement   in   this  case. 

I  am  also  of  the  opinion  that  the  plaintiff  i.s  estopped  b.v 
laches  from  asserting  any  such  construction  of  his  patent  as 
would  bring  the  structure  involved  in  this  case  within  its 
meaning. 

This  patent  was  issued  in  1S99;  it  expired  before  this  case 
was  tried.  During  all  the  years  from  the  is.suance  of  the  pat- 
ent up  to  the  present,  the  plaintiff  has  been  in  close  touch 
with  concrete  construction  all  over  the"  United  States.  For 
years,  bridges  and  other  structures  have  been  erected  which 
come  as  near  infringing  the  plaintiff's  patent  as  does  the 
structures  in  controversy  and  no  action  was  ever  brought 
liy  the  plaintiff  until  1913  or  1914  —  fourteen  or  fifteen  years 
after  the  issue  of  his  patent.  The  plaintiff  permitted  in- 
dividuals and  municipalities  to  proceed  apparently  In  good 
faith,  with  private  and  public  work,  and  made  no  pi'otest  until 
a  comparatively  short  time  before  his  patent  expired.  In  fact 
I  am  convinced  that  the  plaintiff's  present  view  of  the  con- 
struction of  his  patent  as  Including  structures  such  as  those 
In  controversy,  is  a.  discovery  made  by  him  or  some  one  else 
within  recent  years.  I  do  not  believe,  during  all  these  years 
when  he  (|Uietly  allowed  those  he  now  claims  to  be  Infringers 
to  proceed  without  asserting  any  right,  that  he  understood  or 
believed  that  these  structures  came  within  the  claln\s  of  his 
patent. 

There  will  be  a  decree  dismissing  the  plaintiff's  liill  and 
judgment  against   the  plaintiff  for  costs. 
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The  editors  of  Engineering  News,  after  the  publica- 
tion of  the  is.<iie  of  .Sept.  1-t  with  the  account  of  the 
accitlent  at  Quebec,  invited  a  number  of  prominent 
ensrineeri?  to  comment  on  the  disaster.  The  following 
replies  were  unfortunately  crowded  out  of  the  issue  of 
.Sept.  21  : 

The  accitlent  proves  asrain  the  faUibility  o(  the  human 
mind  even  where  highest  qualifications  are  in  commission. 
The  failure  seems  to  be  chargeable  to  an  erection  plan  con- 
taining a  casting  that  failed,  thus  producing  eccentricity  and 
the  kicking  out  of  the  supporting   girder. 

The  first  Quebec  Bridge  failure  was  due  to  an  erroneous 
compression  formula  and  too  small  a  purse.  Engineers  who 
have  studied  the  present  design  and  seen  the  work  now 
-sta-nding  have  been  profoundly  impressed  with  the  great 
advances  represented  over  the  old  design.  Engineering  fol- 
lows the  rules  of  evolution  the  same  as  every  other  art:  only 
in  engineering  the  inexorable  laws  of  nature  expose  our 
troubles  where  other  professions  do  not  reveal  them.  The 
shoulders  of  the  engineering  profession  are  strong  and 
courageous,  and  this  failure  will  be  translated.  I  am  sure, 
into  a  fine  success  by  the  very  men  whose  responsible  souls 
have  been  so  severely   tried  by  this  accident. 

Some  engineers  will  say,  "Of  course,  the  design  at  this 
point  was  bad,"  and  so  on.  but  such  critics  have  done  littb- 
in   life   but   criticize. 

I  am  sure  that  the  engineering  profession  will  be  strength- 
ened by  the  accident  and  that  the  present  organization  will 
carry  to  complete  success  this  very  bold  undertaking.  The 
general  public,  often  indifferent  to  the  multitude  of  respon- 
sibilities that  have  to  be  absolutely  solved  in  every  detail, 
may  be  here  awakened  to  the  extent  of  the  exactions  of  our 
profession,  for  it  is  quite  likely  the  casting  was  only  one  of 
ten  thousand  problems  in  tliis  structure  of  equal  importance 
to   final   success.  HUOH    L.    COOPER. 

101    Park   Ave.,   New   York   City,    Sept.    14.    I!tl6. 


I  did  not  have  the  benelit  of  first-hand  observation,  but 
liave  had  the  report  of  two  other  experienced  eye-witnesses. 
It  was  evident  to  all  observers  that  the  contractors,  the  St. 
Lawrence  Bridge  Co..  had  spared  no  care  or  expense  to  make 
a  perfect  success  of  this  unprecedented  operation,  and  they 
should  receive  every  sympathy,  particularly  from  the  engi- 
neering profession,  which  profession  appreciates  that,  in  the 
great  strides  made  from  time  to  time,  the  pioneers  are  called 
upon  to  pay  the  toll  of  advance  experience.  There  is  no  reason 
to  be  discouraged  in  the  slightest  degree:  the  contractors 
will   ultimately  complete   the  work   promptly  and  successfully. 

I  think  it  is  plain  thire  was  no  defect  in  the  design  of  the 
main  structure,  either  in  the  cantilevers  or  in  the  suspended 
span,  that  contributed  to  the  disaster.  It  would  be  presump- 
tuous on  the  part  of  any  member  of  the  profession  to  make 
any  suggestion  as  to  the  cause  of  the  disaster  in  advance  of 
the  report  of  the  contractor,  whose  engineers  and  field  forces 
are  entirely  competent  and  are  the  only  ones  in  a  position  to 
know  the  sequence  of  events  that  actually  led  up  to  the 
trouble.  I  well  know  they  may  be  depended  upon  to  en- 
lighten  the  profession   fully  and  completely. 

JOHN   STERLING   DEANS, 
Vice-President  and  Chief  Engineer,  Phoenix  Bridge  Co. 

Phcenixville,    Penn.,    Sept.    l.'i.    191(5. 


The  second  failure  .seems  to  have  originated  like  the 
first — from  a  cause  which  would  be  apparent  to  the  mechanic 

As  the  shopman  questioned  the  make-up  and  lacing  of  the 
chords  of  the  first  ill-fated  design,  so  in  llise  manner  the 
mechanic  familiar  with  the  use  of  jacks  and  the  trouble  in- 
cident to  "kick"  would  be  inclined  to  expect  more  than  the 
usual  difficulty  owing  to  the  carefully  hinged  bolster  support 
built  up  high  upon  the  stirrup  girder. 

A  safe  and  cheaper  support  would  have  been  secured  had 
a  low  flat  shoe  well  bolted  to  the  top  of  the  girder  been  em- 
ployed with  stiff  chords  in   the  end  panels. 

There  is  no  new  lesson  apparent  in  the  collapse  further 
than  to  emphasize  to  u.s  all  the  ease  with  which  some  of  the 
best  of  us  may  overlook  the  simplest  and  most  obvious  things. 

The  unsurpassed  skill  exhibited  in  floating  and  swinging 
the  great  span  has  unfortunately  gone  for  naught  because  of 
the   insufficiency  of  a   mere   trifling   detail. 

C.    A.    P.    TURNER. 

Minneapolis,    Minn.,   Sept.    15,    Pilf.. 


During;  the  past  August  a  temporary  rock-fill  dam 
was  built  across  the  Colorado  River  by  the  Tinperial  Ir- 
rigation District  under  the  direction  of  C.  E.  Kockwood. 
chief  engineer.  The  purpose  of  the  dam  was  to  divert  the 
low-water  flow  of  the  river  into  the  main  irrigation  canal 
of  the  district  and  thus  save  irrigated  crops  in  the  Im- 
perial Valley.  During  June,  it  is  explained  by  Mr.  Rock- 
wood,  the  flood  tl()\v  of  the  river  leaves  an  enormous 
deposit  of  silt,  building  up  the  canal  bottom,  while  at  the 
same  time  erosion  of  the  river  channel  causes  the  river 
lied  to  fall.  When  the  peak  of  the  flood  is  past,  the 
river  generally  falls  very  rapidly,  resulting  in  a  low  river 
bed  and  a  high  canal  bottom.  Several  months  are  re- 
((uired  for  the  gradual  filling  up  of  the  channel  and 
erosion  of  the  canal  bottom  to  establish  an  equilibrium. 

In  1910  a  rock-fill  dam  or  weir  was  jilaced  in  the  Col- 
orado River  under  the  direction  of  Mr.  Clark,  then  Chief 
Engineer  of  tlie  California  Development  Co.,  at  that  time 
the  owner  of  the  canal.  From  1910  until  this  year  the 
(loveniment  has  refused  repeated  requests  for  permission 
I11  construct  another  rock-fill  weir.  In  1915,  however, 
|icriiii.>^si(in  was  granted  by  the  Government  for  a  tem- 
jiorary  hydraulic-fill  dam  across  the  Colorado  River. 
The  construction  of  this  dam  was  described  in  Engineer- 
iiir/  News  of  June  22,   1916,  pp.  1170-1 1.> 

The  construction  of  a  hydraulic-fill  dam  in  the  Col- 
orado is  not  possible,  except  at  times  of  very  low  flow. 
Such  a  flow  did  not  occur  this  year,  and  con.sequently 
])ermission  to  construct  the  rock-fill  dam  was  a  godsend. 
It  should  be  understood  that  these  dams,  whether  hy- 
draulic fill  or  rock  fill,  have  to  be  removed  before  the 
river  again  goes  into  flood. 

The  construction  of  the  rock-fill  dam  this  year  has  been 
thus  descrilied  for  Engineering  Xeu:-<  by  Mr.  Rockwood: 

We  have  h.ad  for  years  a  standard-gage  railroad  track 
running  from  our  quarries  at  Andrade  to  our  intake  at  the 
river.  From  this  track  we  threw  a  spur  across  the  river  at 
right  angles  to  the  direction  of  flow.  The  river  channel  at 
this  point  is  650  ft.  wide,  and  the  trestle  was  700  ft.  long. 
The  trestle  was  an  ordin.ary  four-pile  bent,  15-ft.  span  struc- 
ture. From  the  trestle  we  dumped  rock  on  either  side,  carry- 
ing first  a  thin  blanket  of  rock  across  the  channel,  gradually 
raising  it  until  we  had  a  sufficient  amount  of  rock  in  the 
channel  to  divert  the  required  amount  of  water  to  the  canal. 
We  used  no  rock  exceeding  %-cu.yd.  capacity.  All  of  it  was 
loaded    with   steam    shovels. 

We  used  for  hauling  rock  12-  and  16-yd.  .air-dump  cars 
and  have  placed  a  total  of  1,146  cars  to  date  (Aug.  28).  The 
weir  was  completed  10  days  ago,  find  the  only  rock  that  18 
now  being  used  is  for  repair  work  where  some  slight  breach 
occurs  in  the  top  of  the  dam. 

We  shall  remove  the  trestle  in  October  and  before  the  ap- 
proach of  next  summer's  floods  will  remove  the  rock,  or  as 
much  of  it  as  may  be  necessary  to  avoid  seriously  obstructing 
ilie  ('haiinel   during   flood. 


l^llvetrirK-iitioii  of  <lir  St.  (iothanl  Ity.  in  Switzerland  has 
been  unde:  taken  by  the  Swiss  Government,  which  Is  spending 
about  $600.1100  i>n  the  work  this  year  and  will  eventually  spend 
about  $7,500,000.  The  length  of  line  to  be  electrifled  is  about 
6S  mi.  Two  power  stations  are  being  built,  one  at  Amsteg 
where  the  water  of  the  river  Reuss  is  utilized  under  a  head 
of  900  ft.  and  the  other  at  Piotta  where  the  head  of  water  Is 
2,642  ft.  and  39,000  hp.  will  be  developed.  The  commission 
appointed  to  Investigate  as  to  the  system  of  electriflcation  to 
be  adopted  has  recommended  a  single-phase  system  similar  to 
that    used    on    the   Lotschberg    tunnel   line. 


'The  description  mentioned  was  taken  from  a  paper  by 
.1.  C.  Allison,  of  Calexico,  Calif.,  Chief  Engineer  of  the  Cali- 
fornia Development  Co.,  printed  in  the  May  "Proceedings"  of 
the  .Vmerlcan  Society  of  Civil  Engineers.  The  paper  wa.i  read 
before    the    society   on   .'^ept.    6,    1916. 


!  September  28.   191^ 
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^Siillwsi^^  ]R®aidliiiffis».§£®2'S  Meet 

The  thirty-fourth  annual  convention  of  the  Kmid- 
isters'  anil  ilaintename  of  Way  Association,  lield  in 
■w  York  City,  Sept.  19  to  22,  was  the  best  attended  on 
■ord.  Over  250  members  were  registered,  and  there 
■re  57  exhibitors  of  track  appliances  and  appurtenances. 
The  committee  reports  on  the  "Seasonal  Distribution  of 
•lintenance  Work  and  Forces,"  on  "Eecoramended 
actice  for  Anchoring  Track,  Unifonm  Spacing  of  Ties 
d  Elimination  of  Slot  Spiking,"  and  on  "Ecjuating 
ack  Values"  were  the  principal  features  of  the  meeting. 
The  committee  on  seasonal  distribution  of  maintenance 
,  irk  reported  in  favor  of  a  monthly  payroll  allowance 
d  a  yearly  material  allowance.  That  monthly  payroll 
nwauce  gives  greater  elasticity  in  labor  hire  and  that 
arly  material  allowance  results  in  greater  economy  in 
rchases  were  the  contention. 

The  discussion  showed  much  difference  of  opinion  on 
th  these  heads,  some  favoring  a  permanent  section  force 
e  year  round  and  others  e.xpressing  themselves  against 
e  maintenance  of  a  considerable  labor  force  during  the 
raparatively  idle  winter  months.  The  experience  of  the 
•ng  Island  R.R.,  described  by  Coleman  King,  supervisor, 
s  shown  that  the  gain  in  efficiency  resulting  from  perma- 
nt  employment  pays  the  railroad  for  the  unproductive 
ne  during  the  winter.  Moreover,  it  has  assured  the 
ilroad  of  plenty  of  labor  at  a  time  when  other  roads 
■re  suffering  from  shortage  of  labor.  The  experience 
the  Buffalo,  Rochester  &  I'ittsburgh  Ry.  has  been  much 
e  same. 

The  report  of  the  connnitteo  on  anchoring  track  outlined 
e  damage  done  by  creeping  rails  and  strongly  advocated 
e  economy  of  rail  anchors,  which  it  was  estimated,  save 
•proximately  $250  to  $400  per  mi.  in  tie  renewals,  driv- 
g  back  rails,  squaring  up  slewed  ties,  surfacing  track, 
2.  In  the  discussion  it  developed  that  some  thought 
is  too  high  an  estimate  of  saving.  It  was  stated  that 
th  the  New  York  Central  and  the  Canadian  Pacific  lines 
e  using  track  anchors  on  single-  as  well  as  on  multiple- 
ack  lines. 

The  spacing  of  ties,  the  committee  reported,  should  be 
uniform  distance  between  edges  instead  of  a  uniform 
stance  center  to  center.  The  recommended  method  gave 
liforni  bearing  for  the  rail  irres])ective  of  the  width  of 
e  tie,  although  the  time  honored  metliod  is  to  place  so 
any  ties  per  rail  length.  Tiic  committee  reported  again.st 
int  fastenings  slotted  for  spiking,  which  were  held  to  be 
I  ineffective  method  of  preventing  rail  creeping  and  only 
iided  to  weaken  the  track  and  increase  maintenance  ex- 
•nse.K. 

The  connnittee  on  equating  tinck  values  outlined  the 
'llowing  course  to  Ije  pursued  :  ( 1  )  Classification  of  rail- 
I'ads  on  basis  of  traffic  liandleil ;  (2)  determination  of 
roper  standard  of  maintenance  lor  main  track,  sidings, 
pitches,  etc-.;  (3)  the  selection  of  special  test  sections  of 
rack  from  which  accurate  records  of  hilmi-  distriliution, 
I  e.,  could  be  compiled. 


Fnnn  availalile  data  the  committee  ])reiiared   the   UA- 
lowinLi  tabic  of  rcronnneiulations : 


?£       >s|    ='^s    =-'^s    t^^    «'=2 
liP—     'SijM     ci;£     co;£     £^t    £cf. 

Cla.'^s                                        o*  ^        z^ .  4).™  o  v^  c  « «i  0  —  rt  o 

fc.^3      HSo  gS&.  Sgfa  SSfe.  SS5:. 

A.     Double-track   (   S         G  men  I      a  J  0.78  0.67  1.29  1.50 

Hnes    \\V        3  men  )  I.  0.44  0.33  2.2.5  3.00 

A.  Single-track     I    S         4  men  ?      r,  (  0.S3  0.66  1.20  1.50 

Unes    )W        3  men  )  (0.66        0.50        1.50        2.00 

B.  Single-track     j   S     •     4  men  )      -         (  0.71        0..')7        1.40        1.75 

lines    jW        2  men  j  10.57        0.43        1.75        2.33 

C.  Single-track     (   S         3  men  I      c        J  0-50        0.37        2.00        2.67 

lines   i  W        2  men  1  -  J  0.37        0.25        2.67        4.00 

The  following  officers  were  elected :  President,  'SI. 
Burke,  roadmaster,  Chicago,  Milwaukee  &  St.  Paul  Ry., 
Chicago ;  first  vice-president,  A.  Grills,  superintendent  of 
track.  Grand  Trunk  Ry.,  St.  Thomas,  Ont. ;  second  vice- 
president,  J.  B.  Oatman,  Buffalo,  Rochester  &  Pittsburgh 
Ry. ;  secretary,  P.  J.  McAndrews,  roadmaster,  Chicago  & 
Xorthwesterii  Ry.,  Sterling,  111. ;  treasurer,  W.  H.  Kos- 
mehl,  Elgin,  111.  The  newly  elected  officers  of  the  Rail- 
way Supply  Asociation  are:  President,  R.  A.  Van  Houton. 
Sellers  ^lanufacturing  Co.,  Chicago ;  vice-president,  E.  T. 
Howson,  engineering  editor,  Railwai/  Age  Gazette,  Chi- 
cago: secretarv-treasurer,  AV.  C.  Kidd,  Ramapo  Iron 
AYorks,  Hillburn,  N.   Y. 


Sift  Moinxftipe^Il 

The  fifth  annual  convention  of  the  American  Associ- 
ation of  Port  Authorities  was  held  at  Montreal,  Sept. 
13  to  15,  with  a  large  and  representative  attendance  from 
all  parts  of  the  United  States  and  Canada.  W.  G.  Ross, 
President  of  the  Montreal  Harl)or  Hoard,  spoke  of  the 
advantages  of  annual  gatherings  as  productive  of  harinon- 
ions  international  cooperation  and  dealt  at  length  with 
the  benefits  of  the  public  as  compared  with  i)rivate  control 
ol'  harlior  facilities.  Until  re(-ent  yeai-s  organization 
in  American  ])orts  has  been  in  the  hands  of  interests  or 
railroads  vying  witli  each  other  to  capture  freight  and 
secure  the  best  competitive  terminals.  Of  late,  however, 
pui)lic  control  is  i)eing  instituted  for  private  owiiershi]), 
and  almost  every  .seaport  of  note  will  presently  be  organ- 
ized in  this  manner.  Mr.  Ross  explained  conditions  in 
]\fontreal,  where  there  are  no  wharves  under  private 
ownership  and  the  jurisdiction  of  the  Harbor  Commis- 
sioners extends  over  a  distance  of  17  mi.,  inclmling 
both  sides  of  the  River  St.  Lawrence.  Tliomas  R.  Will- 
iams, of  the  Board  of  State  Harbor  Conimissioners.  San 
Francisco,  read  a  paper  on  concrete  wharf  supports. 

Robert  Bridges,  President  of  the  Seattle  Port  Commis- 
sion, read  a  ]>a|)er  on  the  British  ])olicy  of  national 
control  of  ports,  as  exemplified  in  Canada  at  Montreal 
and  Vancouver,  wliere  the  Harbor  Boards  are  appointed 
by  the  Canailian  Governnient.  Thi.s  policy  keeps  public 
control  of  access  to  tlie  ocean;  and  if  private  individuals 
construct  wharves  out  to  deep  water  or  become  squatters 
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nil  tide  lai)(l.<.  rhc  (ioxci'imu'iit  \vd>  (Hily  Tn  pay  the  value 
1)1'  any  iiiiproveiiieiits  aiul  order-  tlieiii  otf.  The  AiiuTicaii 
attitude  as  regards  pul)lie  eontrol  of  ports  is  ehangiiig 
and  the  completion  of  the  Panama  Canal  is  a  great  stim- 
ulus to  port  improvement. 

F.  W.  Cowie.  Chief  Engineer  of  the  Harbor  of  Mont- 
real, gave  an  addre.ss  on  "Canadian  Ports,'"  pointing  out 
the  diffieulties  of  the  problem  of  providing  transportation 
facilities  for  Canadian  prodiiee.  owing  to  the  climale 
and  the  great  distances  to  l)e  traversrd  through  a  sparsely 
.settled  country.  That  this  problem  has  not  lieeii  solved 
may  i)e  judged  from  the  fact  that  of  :?! 2,000,000  bushel, 
of  wheat  .shipped  from  the  head  of  the  lakes  durinu'  \-i 
months,  1()1,000,000  Imsliels  were  iliverte(l  to  American 
ports. 

The  delegates  were  eiilertained  at  hmcheon  by  Mayor 
"Afartin  and  in  the  evening;  were  baiupieted  by  the  Mont- 
real Harbor  Commission.  The  delegates  insiK'cted  the 
railway  terminals,  clevalois  and  other  facilities  of  the 
harbor  and  were  entertained  at  hmcheon  by  the  Shi])]iing 
Federation  of  Canada. 

The  following  ]}i-iniipal  olhcers  were  elected:  Presi- 
dent, W.  G.  Ro.ss.  .Montreal:  Secretary,  W.  J.  Barney, 
Xew  York:  Treasurer.  Harry  C.  Calm.  Cleveland.  Tt 
was  decided  to  hold  tile  next  convention  in  Cleveland, 
(.'bio. 


)E^dli^e  lEa  Im^dlisi 


Activated-sludge  studies  at  three  points  in  India,  with 
particular  attention  to  IVi-tilizcr  po.ssibilities,  are  to  be 
made  by  Dr.  Gilbert  J.  I-'owIim',  who  was  for  many  years 
I'hemist  and  superintendeni  and  llien  consulting  chemist  ol' 
the  sewage  works  of  Maiiclicsler,  England,  and  whose  pio- 
neer activated-sludge  work  is  well  known  by  sanitary  engi- 
ncer.s.  Some  months  ago  Dr.  l''owli'r  became  Professor  of 
Ajjplied  Chemistry  at  the  Indian  In^litutc  of  Science. 
Hehbal,  Bangalore,  India.  Iiidcr  date  .if  .Inly  3S.  IDIC. 
l)i-.  Fowler  wrote  Eiif/ini'i'rinf/  Xc/rs  that  he  e\|iected  ex- 
|)erimental  activated-.sludge  plants  would  be  installed  in 
connection  with  the  Institute  at  Hebbal.  and  also  at  Cal- 
cutta and  Hvdeialiad. 


few  ClhiHCSiil®  IR®i.flIl"wsiy  TeiPirimnimaill 


Tentative  plans  lor  the  new  terminal  slation  of  (be  Illi- 
nois Central  R.H.  at  Chiiago  ha\'e  been  submitteil  to 
the  City  Council  committee  on  railway  terminals. 
These  |)lans  provide  for  the  use  of  the  new  station,  not 
oiilv  by  the  roads  now  entering  (he  pre,<en(  station,  but 
al.'^o  by  those  using  (he  Dearborn  Station  and  possibly  by 
those  using  the  La  Salle  Station.  The  location  will  be- 
at the  southeast  corner  of  13th  .SI.  and  Fndiana  .\ve. 
Both  of  these  thoroughfares  are  blockc(l  by  the  present 
station,  but  will  he  continued  |)asl  the  new  station.  The 
headhou.se  will  be  about  :00x'>()()  It.,  four  stories  liii;b. 
and  in  architectural  design  it  will  harinoni/e  with  the 
neighboring  Field  Museum.  The  Irainshed  ,-ind  plat- 
forms will  extend  nearly  to  Kith  St.  .\  Hush  type  of 
tramshed  will  he  used. 

A  special  feature  f>\  the  design  is  that  it  is  to  he  a 
three-level  terminal.  The  to])  deck,  level  with  the  new  12th 
S(.   viaduct,  will   ha\e  the  main   i)assen';('r  tlooi-,  with   21 


tracks.  At  the  street  level  will  he  the  express  and  niailhau 
ling  platform.s,  while  below  this  will  be  the  .suburb; 
tracks.  These  last  tracks  will  be  depressed  in  a  subw; 
beginning  at  about  22nd  St.,  and  (as  at  present)  w 
ext<'n(l  beyond  the  main-line  terminal  station  to  t 
suburban  terminal  at  Randolph  St.  The  lower  ])latfor 
may  later  be  developed  for  through  passenger  traffic. 

lOlectritication  of  the  suburban  lines  is  pro|)osed  as  ■ 
of  the  project.  The  total  cost  is  estimated  at  $25,000,00 
^lore  complete  ))lans  have  been  called  for  by  the  city,  i 
iludinu  plan.s  I'or  such  a  station  as  would  be  required 
(he  other  railways  continue  to  use  their  present  terniina, 

OpnBfiSoETiS  OEa  IBtaaldlnEagl  Vfllb2=sitioi 
CoM®ct©dl  h>y  C®Batrs-icft®rs 

.\m  nupiiiy  on  the  seriousness  and  injurious  elfects 
xibration  in  building-s  containing  machineVy  is  aui 
niarized  by  the  Aberthaw  Construction  Co.,  27  School  S 
lioston,  in  a  little  pamphlet  just  issued  under  the  tit 
■'The  Effect  of  Vibration  in  Structures;  Preliinina 
lie|tort  of  the  Aberthaw  Investigation."  The  sumiiiary 
base(l  (HI  several  hundred  rei)lies. 

Concerning  the  etfect  on  workers,  this  citation  is  tj] 
cal  :  "ruder  certain  conditions  it  was  impo.ssible  for  o 
employees  to  stand  it  for  a  very  long  time.  .  . 
the  I  iise  of  women  it  seemed  impossible  for  them  to  stai 
the  xibi'atiou  even  temporarily  on  account  of  its  iiervo 
elfec(."  In  another  jilaiit  a  case  of  paralysis  of  the  le 
was  attributed  to  vibration. 

The  amount  of   \"il)ration    iii\ol\i'd   in   severe  cases 
unstable  buildings  appears  to  be   rather   indelinile.     0 
d<'sci'ipti\('  i-emark,  which  may  be  exaggerated   I'or  i 
relates  to  an  extraordinarily  bad  case:  "I  ha\e  seen  m  , 
buildings    vibrating    so    much     from    the    movement 
machinery  that  a  hair-(ille(l  pail  of  water  placed  uiwn  t 
upper  llooi-  Would  spill  over." 

.\  fi'w  cases  are  re])or(ed  of  vibratimis  due  to  machine 
so  severe  in  cbaractei'  as  to  injure  the  structural  strengi 
or  stahilitv  of  the  building.  In  the  ca.se  of  a  set  of  belt 
grinding  machines  the  machines  when  set  on  the  flci 
vibrated  badly:  the  vibration  "was  so  .severe  that  it  won 
lie  onlv  a  (piestion  of  a  short  time  until  we  would  ha- 
liad  to  repair  the  brickwork."  In  another  case  slinfti. 
was  thrown  out  of  alignment.  <iwing  to  the  ilistortioll 
the  building.  In  anothei'  case:  "We  have  ol'tcn  be 
obliged  to  reline  sbalting.  and  also  aflei'  adopting  high' 
rates  of  speed  we  found  it  necessary  to  install  adc 
Iiiinal   posts  supporting  .several  Hoors." 

Taking  rei)airs  as  evidence  of  structural  injury,  a  ve 
decided  statement  says:  "In  all  ca.ses  the  loading  oft 
lloors  is  within  the  .safe  limits  of  the  floor  constnictio 
but  we  have  found  that  the  vibrations  in  many  instanc 
ha\e  caused  the  loosening  of  the  floor-joist  siii)iiorts  in  t 
walls  and  have  in  .some  cases  made  repairs  necessary  tot 
building." 

Increase  of  output,  possilulitv  of  ibiing  more  delica 
work,  and  greater  fi'eedoin  from  st<ippa,iiv  of  work  on  Sfl' 
niacliines  as  looms  and  spinning  fi'ames  are  repiu'ted  ii 
considei-alile  number  of  cases.  P,y  pultii:'ia  machine  ei 
solid  foumlati(Ui  "the  increased  oulpiH  li\  making  li 
cliange  was  almost  40%,  owing  to  the  l.ict  thai  the  op' 
ator  could  take  measurements  with  the  machine  i-uniiii 
when  there  was  no  vibration,  but  was  unable  to  do  so  wli' 
\  ibi-a(ion  was  so  great.    The  (piality  of  the  work  wa.s  id 
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jreatly  imi'i'o^ftl-"  T'littini;-  i;,-iii(liii<>-  machines  on  m 
-olid  foundaticiii  "'iiureased  the  i»-rindiiig-  capacity  oi  the 
machines  possii)ly  10%  witlioiit  using  any  more  wheels." 
In  textile  mills  liefore  stiffening  np  the  building  by 
|iiiasters  and  new  flooring  "there  was  a  great  deal  more 
repairs  on  looms  and  thei'et'ore  necessarily  less  produc- 
;ion."     Also  "a   rigid   hiDni   phici'd  on  a  firm  foundiition 

ivill  turn  out   better   w<nk    am!    re   ol'   il    than   (iiie  of 

iifhter  frame  subject  in  itsdr  tn  vibration  and  standing 
111  a  vibrating  floor.  The  same  is  true  of  carding 
iiachines."  Foreign  fabrics  are  thought  to  be  lietter  than 
ome  of  the  American  fabrics  liecan.se  of  more  attention 
ibroad  to  building  construction  and  solid  setting  of  the 
Iiachines.  It  has  been  estiniatcd  that  about  ll)%  increase 
II  output  may  be  eft'ected  liy  eliminating  vibrations  in 
p.xtile  mills. 

A  printing  concern  reports  that  since  moving  into  a 
igid  modern  building  fnim  an  old  brick  and  wooden 
milding  it  can  run  its  presses  'iO^  faster.  A  chemical 
aboratory  reported  much  dillicuity  in  weighing  on  the 
ahoratory  balances,  owing  to  vibration,  and  cure  of  this 
;  rouble  by  moving  into  anothiM-  building.  A  machine- 
onl  manufacturer  says:  "We  have  difficulty  in  taking  fine 
Measurements  where  very  sensitive  indicating  mechan- 
-ni.s.  both  mechanical  and  opliial.  ari'  used." 

There  is  comment  from  a  few  in  the  direction  of  iiidi- 
iiting  rapid  "crystallization  of  machines  and  niachine 
•arts  where  they  rest  on  concreic  tloors  nr  othcrwisi>  lia\e 
ibration  transmitted  directly  to  them  by  rigid  coniiec- 
ions."  This  testimony  is  i>\'  uncertain  tenor,  however. 
n  other  cases  there  is  trouble  from  bro>akage  of  machines 
"here  they  are  set  on  very  rigid  supports:  and  in  general 
:  is  evident  that  the  question  of  flexibility  or  cusliioii 
ffect  is  bound  up  with  tin'  i|U('sliiiii  nf  \  ibration 
iflucnces. 


ENGHHEEIREMG    SCIuIOOIUS 


UxiVEli.siTY   OK  AiazoN.v 
Tile  Uni\(Msity  of  Arizona  has  added  to  its  curricula 
four  year  course    in    architectural    engineering,   which 
ork  will  be  offered  beginning  in  September  of  this  year. 

U.NIVKIiSITY    OF    TfA'.VS 

A  four-year  course  leading  to  the  degree  of  R.  S.  in 
lechanical  Engineering  will  be  offered  this  fall  for  the 
r.^it  time.  The  new  work  offered  will  include  machine 
enifrn  and  operation,  steam-  and  gas-])ower  engineering, 
pfrigeration,  and  manufacturing  methods.  Additional 
•cture  rooms,  laboratories,  offices  slio]>s  and  drafting 
Minis  have  lieeii  secui-ed  by  the  erection  of  a  new  power 
uiUling  on  the  canijins.  .\  larger  amount  of  new  ecpiip- 
lent  has  been   secured. 

Univkusity  oi'  Towa 

This  institution  has  abandoned  its  four-year  course 
1  chemical  engineering  and  substituted  a  five-year  course 
hich  it  has  ainu'd  to  make  as  complete!  as  any  offered 
I  the  country.  I'esides  the  formal  course  of  study,  the 
Indents  will  be  rcipiired  to  make  at  least  two  inspection 
rips  and  sp(Mi(l  two  six-w(!ck  periods  in  em|)loymcnt  at 
>ine  industrial  pbml. 

Two  combined  business  and  tec  liiiiial  courses  have 
een  established  jointly  by  the  College  of  Applied  Science 
ml  the   nei)artmeiit  (d'    Kcoiioniics  of  the   [jiberal    Arts 


Ctdlege.  One  is  for  the  business  end  of  chemical  indus- 
tries and  one  for  work  when  the  fundamentals  of  engi- 
neering practice  must  be  known.  The  latter  course  has 
been  established  to  meet  the  demand  for  city  and  indus- 
trial-plant managers,  engineering  salesmen,  etc.  The 
niunber  of  electives  in  this  course  allows  the  student  to 
lean    toward    mechanical,    electrical    or  -civil   cna'ineeriiiu' 

licl(l>. 

( )(ii.i:iiiiii;i'i';  I'MVKiisnY 
The    President    and    lioard   of    l)iieclors    have   just   an- 
nounced   the    rm-nial    opening    of    Oglethorpe    University, 
at  Atlanta,   tia..  on   Sept.   20.      The  announcement  goes 
on  to  say  that : 

The  total  subscription  in  the  present  campaign  (or  the 
founding  of  Oglethorpe  as  a  great  Presb.vterian  university  in 
the  South  is  rapidl.v  appi'oaching  $1,000,000,  the  goal  set  being 
$3,000,000.  Ground  will  soon  be  broken  for  additional  build- 
ings. The  Universit.v  includes  the  following  schools:  Liberal 
Arts,  Literature  and  Journalism,  Commerce,  and  the  School  of 
Science  leading  to  B.  S.,   M.  S.,  and  Ph.   D.   degrees. 
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Htj  .M!iu:i«er  \\  iiiitril  l>y  I'or»siiit>utli.  \  a. — Applications 
accompanied  by  recommendations  will  be  received  by  L.  1'. 
Slater,  City  Clerk,  until  Oct.  20.  1916,  at  noon,  marked  "Appli- 
cation for  position  of  City  Manager.  Portsmouth,  Va."  The 
population  of  Portsmouth  by  the  1910  census  was  about  33.000. 

The  Sliile  on  the  I'linanin  Canal,  which  tied  up  traffic  from 
-Vug.  30  to  .Sept.  7  inclu.sive,  for  ships  drawing  over  17  ft.  "f 
wat^r,  was  due  to  the  sudden  movement  into  the  canal  prism 
of  a  large  rock  in  the  base  of  the  Cucaracha  slide.  This  rock 
mass  was  vei-y  hard  and  compact,  and  it  was  necessary  to 
tlrill  and   blast    it  before  the  dredges  could    remove   it. 

Kmilloynient  Aitencics  in  Prnnsylvaniu  which  furnish 
laborers  for  engineering  and  construction  work,  and  all  other 
piivate  labor  agencies,  must  obtain  from  the  State  Depart- 
ment of  Labor  and  Industry  before  Oct.  1  new  licenses,  for 
which  a  fee  of  $50  and  a  bond  to  the  amount  of  $1,000  are 
required.  Receipts  on  standard  forms  must  hereafter  be  is- 
sued by  the  labor  agencies  to  every  person  who  pays  them 
for   the   purpose   of   olitaining   employment. 

I'ennNylvaniu  Turnpike  Onlereil  Paved — Following  a  joint 
complaint  by  the  motor  clubs  of  Harrisburg  and  Lebanon, 
Penn..  the  Public  Service  Commission  of  Pennsylvania  h.as 
ordered  the  Berks  and  Dauphin  County  Turnpike  Co.,  which 
operates  a  toll  road  between  Humnielstown  and  Wernersvillc. 
a  distance  of  3!j  mi.,  to  rebuild  a  section  of  the  load  between 
Palmyra  and  Myerstown,  a  distance  of  17  mi.,  before  July  1. 
1917.  The  other  parts  of  the  road  must  be  put  in  repair  be- 
fore that  date.  The  commission  has  specified  a  concrete  ))asc 
for  the  part  to  lie  rebuilt.  This  order  of  the  Public  Service 
Commission  is  looked  upon  as  a  sweeping  precedent  and  a 
number  of  similar  complaints  are  expected. 

The  l-:nKineerlnK  FiMindation.  founded  a  year  ago  by 
.\mbrose  Swascy,  of  Cleveland,  has  elected  as  its  flist  Secre- 
tary Dr.  Gary  T.  Hutchinson,  of  New  York  City.  Dr.  Hutchin- 
son's name  was  selected  from  a  list  of  16  candidates  considered 
by  the  board  of  trustees.  Dr.  Hutchinson  was  born  in  St. 
Louis  in  1S66,  where  he  graduated  at  Washington  University. 
He  looks  a  post-graduate  course  in  physics  at  Johns  Hopkins 
University  under  Professor  Rowland.  He  Is  widely  known 
for  his  work  In  electrical  engineering  and  his  contributions 
to  engineering  literature.  For  some  time  he  was  a  member  of 
the  firm  of  Sprague.  Duncan  &  Hutchinson,  but  has  in  recent 
year.s  been  In  independent  practice  In  connection  with  electric 
railway  construction  and  h.vdro-electric  development.  He  was 
Chief  Knglneer  of  the  McCall  Ferry  Power  Co.  and  Consulting 
Rnglneer  for  the  Great  Northern  Ry.  in  the  electrification  of 
the  Cascade  Tunnel.  Dr.  Hutchinson  has  also  been  selected  as 
the  .Secretary  of  the  National  Research  Council,  recently 
organized  under  the  auspices  of  the  National  .Xcademy  of 
Sciences.  In  addition  to  the  funds  availabli-  from  the  original 
endowment  by  Mr.  .Swa.sey,  an  additional  contribution  of  $5,000 
for  the  current  year  has  been  made  by  Mr.  Swascy.  to  meet 
the  expenses  incident  to  the  organization  of  the  Foundation's 
work. 

A  llnrKe  llulK  «f  <'onere<e  recently  conipleteil  in  Norway 
has    lieen     wl<lel.\'    heralded     In    newspaper    dispatches    as    (he 
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first  vessel  of  this  Itind  to  be  built  in  the  world.  Many 
engineers  will  recall  that  previous  vessels  of  this  type  have 
been  built  in  the  United  States.  Some  reinforced-concrete 
barges  were  built  at  Panama  and  were  used  to  support  the 
hydraulic  pumping  machinery  used  for  lifting  excavated  ma- 
terial in  some  of  the  dam  construction.  Two  concrete  barges 
were  also  built  in  1912  and  1913  at  Fairfield,  Md..  by  the 
.A.rundel  Sand  and  Gravel  Co.,  of  Baltimore,  Md.  The  boats 
were  about  112  ft.  long  and  2S  ft.  beam.  One  of  them  was 
abandoned  early  in  the  present  >'eai-  but  the  other  is  still  in 
service. 

The  Mississippi  River  BrlilKe  or  Tunnel  projected  by  the 
City  of  New  Orleans  must  be  begun  by  May  1,  1920,  and  com- 
pleted within  five  years  thereafter,  according  to  the  terms  of 
the  constitutional  amendment  on  which  the  electors  of  Louisi- 
ana are  to  vote  on  Nov.  7.  As  stated  in  the  note  referring  to 
this  projected  bridge  or  tunnel  in  "Engineering  News,"  of 
Sept.  7,  1916,  p.  477.  the  project  is  in  charge  of  the  Public 
Belt  Railroad  Commission  of  New  Orleans.  The  Commission 
has  received  applications  from  a  number  of  engineers  for  ap- 
pointment as  chief  engineer  of  the  work  and  announces  that 
it  is  desirous  of  hearing  from  any  other  firm  of  engineers 
whose  record  of  work  performed  and  general  reputation  as 
bridge  or  tunnel  engineers  will  warrant  their  consideration 
for  so  large  and  important  an  undertaking.  Wm.  B.  Bloom- 
field,  of  New  Orleans,  is  the  Chairman  of  the  Commission. 

Coke-Oven  Byproducts  of  the  plants  of  the  United  States 
amounted  to  nearly  $30,000,000  in  1915.  The  manufacture  of 
coke  is  an  industry  that  is  on  the  increase,  as  evidenced  by 
the  fact  that  last  year's  income  for  byproducts  was  greater 
than  the  previous  record  by  $17,500,000.  Numerous  plants  are 
being  erected  at  the  present  time.  One  of  special  interest  on 
account  of  its  location  is  on  the  Hackensack  meadows,  Jersey 
City,  N.  J.,  that  is  designed  to  work  up  in  the  New  York 
district  an  interest  in  domestic  coke.  Although  there  were 
material  increases  in  the  output  and  value  of  gas,  tar  and 
ammonia — as  was  to  be  expected  in  view  of  the  greater  output 
of  byproduct  coke — the  increase  in  benzol  products  presented 
the  most  interesting  feature  of  the  year.  The  value  of  these 
products  rose  from  less  than  $1,000,000  in  1914  to  more  than 
$7,760,000  in  1915,  according  to  the  United  States  Geological 
Survey.  In  1914  there  were  14  benzol  plants  in  the  United 
States,  all  controlled  by  one  company.  Last  year  16  addi- 
tional coke  plants  were  equipped  w-ith  benzol  apparatus.  The 
benzol  products  obtained  in  1915  amounted  to  16,600.657  gal. 
More  than  13,000,000  gal.  of  the  total  output  was  crude  light 
oil,  having  an  average  value  of  33c.  per  gal. 

The  Hisrh-Pressure  Pire-Service  System  of  Boston,  on  which 
work  has  been  delayed  many  times  by  the  failure  of  the 
authorities  to  agree  upon  a  pumping-station  site,  may  not 
be  completed  as  originally  planned,  as  a  cheaper  layout  has 
been  recommended  by  Joseph  Rourke.  engineer  in  charge  of 
the  project.  The  design  included  a  station  with  electrically 
driven  pumps  of  IS. 000  gal.  per  min.  capacity  at  300-lb.  pres- 
sure and  with  provision  for  additional  units  at  some  later 
time.  Owing  to  a  dispute  with  the  Edison  Electric  Illum- 
inating Co.  regarding  rates  to  be  charged  for  power,  studies 
have  been  made  for  a  smaller  station  to  contain  pumps  of 
6,500  gal.  per  min.  capacity  at  240-lb.  pressure,  driven  by  gas 
engines.  The  remarkable  increase  in  the  amount  of  sprinkler 
equipment  in  hazardous-risk  buildings  and  the  enactment  of 
new  and  strict  flre-prevention  laws  have  made  the  larger 
capacity  unnecessary  in  the  opinion  of  the  engineer,  and  the 
saving  in  cost  at  the  station  would  enable  the  city  to  build 
about  111^  mi.  of  pipe  system  instead  of  the  614  mi.  contem- 
plated with  the  original  appropriation.  An  objection  to  the 
proposition  is  that  the  city  contracted  for  a  pump  with  elec- 
tric equipment  at  a  cost  of  about  $176,000  over  two  years  ago, 
and  it  would  be  necessary  to  obtain  release  from  this  obliga- 
tion. 

A  Water-StornKe  Project  in  Connecticut,  to  increase  the 
flow  of  water  in  the  Naugatuck  Uiver,  during  low-water  pe- 
riods, is  being  promoted  by  a  number  of  the  principal  man- 
ufacturing concerns  in  the  Naugatuck  Valley.  The  Nauga- 
tuck River  drains  an  area  of  326  sq.mi.  above  its  junction 
with  the  Housatonic.  There  are  many  dams  and  mill  ponds 
on  the  river  and  its  tributaries,  and  during  the  four  dry 
months  of  the  year  there  is  very  little  water  flowing  in  con- 
siderable stretches  of  the  river.  The  population  discharging 
sewage  into  the  river  is  estimated  at  140,000,  and  it  receives  a  ' 
large  amount  of  manufacturing  waste  in  addition.  The  banks 
of  the  river  arc  coated  with  a  heavy  layer  of  decomposing 
sludge  and  other  deposit.s.  Two  years  ago  the  principal  man- 
ufacturing concerns  in  the  cities  along  the  course  of  the  river 
held  meetings  and  raised  funds  for  the  purpose  of  in- 
vestigating the  possibilities  of  water  storage  to  supplement 
the  dry-weather  flow.  Chas.  H.  Preston,  Jr.,  Waterbury,  Conn., 
was  engaged  as  engineer,  and  has  made  plans  for  a  storage 
reservoir   on   Lead    Mine   Brook.      After   investigating   various 


possible  sites  for  the  dam,  one  was  chosen  which  permits  t 
storage  of  about  3',i  billion  gallons  ot  water,  or  10,477  acre-i 
at  a  cost  of  $914,500  or  $S7.29  per  acre-ft.  The  dam  w 
be  1,300  ft.  in  length  and  142  ft.  in  maximum  height.  A 
suming  that  this  reservoir  were  emptied  at  a  uniform  in 
beginning  June  1,  it  would  provide  a  stream  125  ft.  in  wid 
with  a  velocity  of  3  mi.  per  hr.,  2%  in.  deep,  for  12  hr.  ea 
day  and  6  days  each  week,  for  the  period  from  June  1 
Oct.  1.  The  dam  will  be  a  gravity  dam  of  Cyclopean  mason 
The  foundation  conditions  are  very  favorable.  A  solid  led 
extends  across  the  valley  the  entire  length  of  the  dam,  n 
only  5  to  6  ft.  of  earth  covering.  Plans  for  the  dam  ha 
been  approved  by  the  State  Board  of  Engineers.  Furth 
prosecution  of  the  enterprise  is  to  be  considered  at  a  meetii 
of  the  manufacturers  interested  on  Sept.   14. 


R.  R.  Feller  has  been  made  County  Engineer  of  W0< 
County,  West  Virginia,  to  succeed  Burdette  Woodyard,  r 
signed,  as  noted  elsewhere. 

R,  P.  Boyd  has  resigned  as  Assistant  State  Highway  El 
gineer  of  Alabama  to  take  charge  of  a  half  million  dollar  roi 
improvement    project    at    Monroe,    La. 

W.  F.  Fourrier  has   been   appointed   Assistant   Engineer 
the  Atchison,  Topeka  &  Santa  Fe  Ry.,  Coast  Lines,  at  Needle 
Calif.,  to  succeed  B.  H.  Quinham,  resigned. 

C  \V.  Hays,  formerly  with  Boyts,  Porter  &  Co.,  Coi 
nellsville,  Penn.,  is  now  in  charge  of  the  pump  departmei 
of  the   Ross   Mechanical   Supply   Co.,   Pittsburgh,   Penn. 

H.  E.  Steven.s,  M.  Am.  Soc.  C.  E.,  Bridge  Engineer  of  tl 
Northern  Pacific  Ry.,  has  been  promoted  to  be  Chief  Engines 
succeeding  William  E.  Darling,  resigned,  as  noted  elsewhere. 
T.  F.  Malloy  has  been  appointed  Engineer  of  the  Falls  at 
Sewell  Mountain  road  districts  of  Fayette  County,  West  VI 
gini.a,  where  highway  improvement  involving  the  expenditui 
of  $330,000   is  to   be  done. 

Edward  St.  C  Smith,  Assoc.  M.  Am.  Soc.  C.  E.,  ConsultiD 
Engineer,  Boise,  Idaho,  has  been  appointed  Engineer  in  ehari 
of  highway  construction  of  the  Piedmont  road  district  ot  Mil 
eral   County,   West  Virginia. 

John  Martin,  former  chief  bookkeeper  of  the  Clevelan 
Ohio,  Water  Department  has  been  appointed  Deputy  Con 
missioner  to  succeed  Charles  P.  Jaeger,  resigned,  as  noted  i 
these   columns    of    last   week. 

Harold  E.  Ketchum,  Superintendent  of  Construction  on  tl 
Detroit-Superior  High  Level  bridge  for  the  Hunkin-ConkI 
Construction  Co.,  has  accepted  a  position  with  the  Graft  Coi 
struction    Co.,    Seattle,    Wash. 

Henry  R.  Beehe.  Assoc.  M.  Am.  Soc.  C.  E.,  of  Utica,  N.  T., 
the  candidate  for  State  Engineer  of  New  York  on  the  Demi 
cratic  ticket.  The  Republican  candidate  is  the  present  SU' 
Engineer,   Frank  M.  Williams. 

<ieorse  ^.  ^Vheatley,  Jun.  Am.  Soc.  M.  E.,  formerly  Ii 
structor  in  Mechanical  Engineering  at  the  University  of  Peni 
sylvania,  has  accepted  a  position  with  the  engineering  depar 
ment  of  the  Cambria  Steel  Co.,  Johnstown,  Penn. 

William  .\.  Bartlett,  Jun.  Am.  Soc,  C.  E.,  of  Colorac 
Springs,  Colo.,  has  been  appointed  Resident  Engineer  on  tf 
construction  of  a  coal  unloading  station  to  be  construott 
for    the    American    Brass    Co.,    at    Stratford,    Conn, 

J.  B.  Converse,  of  .Selma,  Ala.,  for  several  years  Residi'i 
Engineer  of  the  Alabama  State  Highway  Department,  li^ 
been  promoted  to  be  Assistant  State  Highway  Engineer,  sU' 
feeding   R.   P.   Boyd,    resigned,   as   noted   elsewhere. 

Norman  F.  Strachan,  of  Dallas.  Tex.,  has  been  appointed  A- 
sistant  Engineer  of  the  Kansas  State  Bo.ard  of  Health.  He 
a  graduate  of  the  University  of  Kansas  and  has  been  eii 
ployed   by  Myers  and  Noyes,  Consulting  Engineers,   Dallas. 

Burdette  Woodyard,  former  County  Engineer  of  W("' 
Count.v,  West  Virginia,  has  been  appointed  Engineer  of  Hi 
Walton  and  Spencer  road  districts,  Roane  County,  West  Vi> 
ginia,  where  nearly  half  a  million  dollars  is  to  be  expended 
H.  .1.  Parker,  General  Superintendent  of  the  Eastern  line 
Atchison,  Topeka  &  .Santa  Fe  Ry.,  has  been  promoted  to  I' 
General  Manager  of  the  Western  lines,  with  headquarters  i' 
Amarillo,  Tex.,  succeeding  Fred  C.  F.ox,  promoted  as  noli 
elsewhere.  He  began  his  railway  work  in  1872  as  a  brakt 
man. 

Fred  C.  Fox,  General  Manager  of  the  Western  lines  of  'I' 
Atchison,  Topeka  &  Santa  Fe  Ry.  at  Amarillo,  Tex.,  has  bie 
promoted  to  be  General  Manager  of  the  Eastern  lines  at  Ti' 
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.pka,    succeeding   the   late   Charles   W.    Kouns.      He    began    his 
ailway  experience   in   ISSO   as  a   telegraph   operator. 

James  .H.  Herbert,  former  President  of  the  Colorado,  Wyo- 
iiing  &  Eastern  Ry..  Laramie.  Wyo..  has  been  elected  Presi- 
tient  of  the  Missouri  Bridge  and  Terminal  Co.,  St.  Louis.  Mo., 
succeeding  the  late  F  H.  Britton.  He  was  recently  elected 
^Irst  Vice-President   of  the  St.   Louis  Southwestern   Ry. 

H.  A.  Lane.  M.  Am.   See.   C.   E.,   Assistant  Engineer  of  Sur- 

iS  of  the  Baltimore  &   Ohio  R.R.,   has  been   promoted   to  be 

vs.sistant   to   the    Chief    Engineer,    with    headquarters    at    Bal- 

imore.    Md.      He    has    been    with    the    Baltimore    &    Ohio    since 

1902  and  has  been  Assistant  Engineer  of  Surveys  since  1910. 

Henry  Welles  Durliam,  M.  Am.  Soc.  C.  E..  County  Engi- 
leer  of  Bergen  County,  Hackensack,  N.  J.,  and  former  Chief 
Engineer  of  the  Bureau  of  Highways.  Borough  of  Man- 
lattan.  N.  Y..  is  a  corporal  in  the  Seventh  New  York  Regiment 
.n  the  Mexican  border.  He  has  recently  returned  to  his 
egiment  in  Texas  after  two  months'  furlough  to  attend  to 
lis  other  public  duties, 

Edward  Raymond,  who  was  recently  appointed  General 
•luperintendent  of  the  Eastern  district.  Eastern  Lines.  Atchi- 
jon.  Topeka  &  Santa  Fe  Ry.,  has  the  distinction  of  being  one 
jf  the  few  high  operating  officials  who  has  come  up  from 
he  track  department  as  section  foreman  and  roadmaster  to 
;rainmaster  and  superintendent.  He  has  been  continuously 
>vith  the  Santa  Fe  since  1ST7. 

George  B.  Dusinberre,  M.  Am.  Inst.  E.  E.,  Consulting  Engi- 
neer of  Wellsboro.  Penn.,  formerly  Manager  of  the  Westing- 
house  Electric  and  Manufacturing  Co.  at  Cleveland,  Ohio,  has 
'  been  appointed  Commissioner  of  the  Cleveland  Water  De- 
partment. He  is  a  mechanical  engineering  graduate  of  Cornell 
University  and  for  many  years  was  "with  the  Westinghouse 
companies  in  this  country  and  in  England. 

F.  H.  TillinKhast,  :\I.  Am.  Soc.  C.  E.,  and  W.  Parker  Ireland 
have  formed  the  engineering  firm  of  Tillinghast  and  Ireland, 
Consulting  and  Constructing  Engineers,  with  ofBces  in  the 
Forum  Bldg.,  Sacramento,  Calif.,  and  the  Nixon  Bldg..  Reno, 
N'ev.  They  will  specialize  in  irrigation,  drainage,  hydraulic 
and  sanitary  engineering.  Mr.  Tillinghast  has  been  in  the 
employ  of  the  United  States  Reclamation  Service  for  the  past 
ten  years  in  charge  of  construction  of  irrigation  works,  the 
most  recent  of  which  is  the  Lahontan  dam  of  the  Truckec- 
Carson  Project  in  Nevada.  Mr.  Ireland  was  formerly  in  the 
Water  Department  of  Chicago,  Later  Hydraulic  Engineer  with 
the  Chicago,  Milwaukee  &  I'uget  Sound  Ry.,  and  until  re- 
cently was  Constructing  Engineer  with  the  State  Engineering 
Department   of  California. 

Matthew  C  Brush  has  been  elected  President  of  the  Boston 
Klevated  Railwa.y  Co.,  succeeding  William  A.  Bancroft.  Mr. 
Brush  has  been  Vice-President  of  the  company  since  1910.  He 
is  a  native  of  Minnesota  and  was  educated  at  the  Armour 
Institute  of  Technology,  Chicago,  and  Massachusetts  Institute 
'•f  Technology  at  Boston,  where  he  was  graduated  in  me- 
chanical engineering  in  1901.  His  first  engineering  experience 
was  with  the  motive  power  department  of  the  Union  Pacific 
K.R.  at  Omaha,  Neb.  Later  he  was  with  the  Chicago,  Rock 
Island  &  Pacific  Ry.  From  1903  to  1909  he  was  Vice-President 
and  General  Manager  of  the  properties  operated  by  the  Bos- 
ton Suburban  Electric  Co.  From  1909  to  1910  he  was  Gen- 
eral Manager  of  the  Jamestown.  Chautauqua  &  Lake  Erie  R.R. 
and  the  Chautauqua  Steamship  Co. 

William  1,.  DnrliiiK.  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of 
the  Northern  Pacific  Ry.  for  many  years,  has  resigned,  ef- 
fective Oct.  1.  He  was  graduated  from  Worcester  Polytechnic 
Institute  in  1877  and  entered  the  railway  service  in  1S79  as  a 
Resident  Engineer  on  the  old  Northern  Pacific  R.R.  Later  he 
was  Locating  Engineer  of  the  Chicago,  Burlington  &  Quincy 
P..R.  and  of  the  Florida  Ry.  In  1885  he  had  charge  of  much 
construction  work  as  Engineer  in  charge  of  terminals  of  the 
Chicago,  Burlington  &  Northern  R.R.  He  was  Assistant  Engi- 
neer and  Chief  Kngineer  of  lines  which  subsequently  became 
part  of  the  Northern  Pacific  Ry.  until  1898.  when  he  became 
Assistant  Chief  Engineer  of  the  entire  system.  He  was  Chief 
EnBlnecr  from  1901  to  1903.  when  he  resigned  to  become  Chief 
Engineer  of  the  Rock  Island  System,  but  in  1905  was  re- 
called to  his  old  position  with  the  Northern  Pacific  and  took 
charge  of  many   extensions  in    the  Northwest. 


Bckley  B.  Coxe.  Jr.,  of  Hazlcton,  Penn..  !i  member  of  a 
pioneer  family  of  anthracite  coal  operators,  died  Sept.  20,  aged 
43  years.  He  was  known  to  engineering  students  and  In- 
structors   as    the    translator    of    Welsbach's    "Mechanics."    In 


recent  years  he  was  much  interested  in  Egyptian  archaeolog- 
ical explorations. 

Frank  E.  Shedd,  M.  Am.  Soc.  C.  E..  a  mill  and  hydraulic 
engineer  and  vice-president  of  Lockwood.  Greene  &  Co.,  of 
Boston,  died  at  his  home  in  Dorchester,  Mass.,  on  Sept.  22.  He 
was  born  in  Sharon,  N.  H.,  in  1856  and  was  graduated  from 
Dartmouth  College  in  ISSO.  Mr.  Shedd  was  a  member  of  the 
American  Society  of  Mechanical  Engineers  and  of  the  Boston 
Society  of  Civil   Engineers. 

Fremont  Wilson,  a  civil  engineer  of  Marion,  Ind.,  was 
killed  in  that  city  Sept.  15  as  the  result  of  a  collision  between 
an  interurban  electric  car  and  the  automobile  in  which  he  was 
riding.  He  was  at  one  time  engineer  in  charge  of  construc- 
tion of  the  Chicago.  Indiana  &  Eastern  Ry..  from  Muncie,  Ind. 
to  Converse  (now  a  part  of  the  Pennsylvania  System),  and 
he  was  County  Surveyor  of  Grant  County  from  1908  to  1912. 
At  the  time  of  his  death  he  was  in  charge  of  some  road 
construction  near  Marion.  He  is  survived  by  a  widow  and 
three  children. 


EHGEHEEMUHG  SOCSETIES 


AMERICAN   CHEMIC.A.L  SOCIETY. 

Sept.    25-30.       Annual    meeting    in    New     York     City.       Secy., 
Charles  L.  Parsons,  AVashington,  D.  C. 

EFFICIENCY  SOCIETY  OF  AMERICA. 

Oct.    7-9.      Annual   meeting  at   New   York   City.      Secy.,   G.    E. 
Burroughs.    Pittsburgh,    Penn. 
AMERICAN  SOCIETY  OF  MUNICIPAL  IMPROVEMENTS. 
Oct.   9-13.      Convention   in   Newark.   N.   J.      Secy.,   Charles   C. 
Brown,  Indianapolis,  Ind. 

AMERICAN   ELECTRIC    RAILW.VY    ASSOCIATION. 

Oct.    9-13.      Convention    at   Atlantic   City,    N.    J.      Secy..    E.    B. 
Burritt.   8  West   40th  St..   New   York  City. 

AMERICAN   RAILWAY    BRIDGE   AND    BUILDING    .4SSOCI.-V- 
TION. 
Oct.  17-19.     Convention  in  New  Orleans.  Secy.,  C.  A.   Lichty, 
C.  &  N.  W.  Ry.,  Chicago. 

.\MERICAN   GAS   INSTITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  (5.  G.   Rams- 
clell,  New  York,  N.  Y. 

AMERICAN    PUBLIC    HEALTH    ASSOCIATION. 

Oct.    24-27.      Annual    convention    at    Cincinnati.    Ohio.      Secy., 
Prof.    Selskar   M.   Gunn.    Boston,    Mass. 

RAILWAY    ELECTRIC    SUPPLY    MANUFACTURERS'     ASSO- 
C1.\TH)N. 
Oct.  30-Nov.  3.     Annual  meeting  at  Chicago.     Secy.,  J.  Scrib- 
ner,   General   Electric  Co.,   Chicago. 
NATIONAL    ASSOCIATION    OP    R.\ILWAY    COMMISSIONERS. 
Nov.    14.      Convention    in    Washington.    D.    C.      Secy..    W.    H. 
Connolly,    Washington. 
R.\ILWAY    GARDENING    ASSOCIATION. 

Dec.    5-7.      Annual    meeting   in    New   Orleans.      Secy..    Charles 
E.    Lowe.    Sewickly,    Penn. 

PORTLAND    CEMENT   ASSOCIATION. 

Dec.    11-13.      Annual    meeting    in    New    York    City.      Assist- 
ant to  General  Manager,   A.  H.   Ogle.   Chicago,    111. 

The  .\meriean  Society  of  Civil  ISngineers  will  hold  its  an- 
nual meeting.  Jan.  17.  in  the  Society  House,  220  W.  57th  St.. 
New  York  City. 

The  Canadian  Society  of  Civil  Knelneers  will  hold  its  an- 
nual meeting  the  third  week  in  .lanuai-y.  The  secretary  is 
Prof.    C.    H.    McLcod.    176    Mansfield    St..    Montreal. 

The  New  E:iiK'lnnd  Wafer-Works  .Vssneintion  will  hold  its 
annual  meeting  in  Boston  on  the  second  Wednesday  of  Jan- 
uary.    The  secretary  is  Willard  Kent,  Narragansett  Pier,  K.   I. 

The  Society  of  ConstriivtorM  of  Federal  BuildinKS  will 
hold  its  seventh  annual  convention  in  Washington,  D.  C,  Jan. 
15  to  18.  The  secretary  is  Charles  Reed  Marsh,  Brattleboro, 
Vt. 

The  ^intlonnl  Commercial  Gas  ANsiielntion  will  hold  its  an- 
nual convention  Nov.  13  to  18.  in  Atlantic  City  at  the  Hotel 
Traymore.  The  secretary  is  Louis  Stotz.  61  Broadway,  New 
York    City. 

The  Society  for  Street  CieanhiK  and  Refuse  Dis|>osnl  will 
hold  an  annual  convention  In  New  York  City.  Oct.  13  and  14. 
at  the  New  York  Department  of  Street  Cleaning,  on  20th 
St.   near   6th   Ave. 

The  .\nierlcan  Foundry-men's  Association  and  the  American 
Institute  of  Metals  held  a  Joint  annual  meeting  In  Cleveland, 
beginning  Sept.  13,  and  a  very  large  machinery  exhibition  in 
Wigmore  coliseum. 

The  Comiiressetl  (;as  Manufaeturerx'  .\MMnelatlon  will  hold 
Its  annual  meeting  in  New  York  City  at  120  Broadway,  on 
Monday,  Jan.  15.  The  secretary  Is  Otto  S.  King  i20  Broad- 
way.   New    York    City. 
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The  Society  ol  Munici|>al  Improvements  will  hold  its  an- 
nual convention  in  Newark,  X.  J.,  Oct.  9  to  13.  which  will  make 
it  possible  for  the  members  of  this  society  and  of  the  .Society 
for  Street  Cleaning  and  Refuse  Disposal  to  take  in  both 
conventions   with    the    maximum    of   convenience. 

The  American  Piililic  Health  .Vssoeiatlon  will  hold  its 
annual  meeting  in  Cincinnati.  Oct.  24  to  27.  Two  of  the  papers 
are:  "What  Are  the  Limitations  of  Public  Health  Administra- 
tion" and  "Public  Health  Administration  on  the  District  Plan: 
an  Experiment  by  the  New  York  City  Department  of  Health." 
The  secretary  of  the  society  is  Prof.  Selskar  M.  Gunn.  while 
the  chairman  of  the  Public  Health  Administration  section  is 
Dr.   G.    W.   Goler,    Rochester.    X.    Y. 


.\    Tool    for    Roug'hinK    Slippery    Siili 

.\n  air-operated  tool  has  bt'Cn  developed  foi 
concrete    sidewalks,    the    complete    outfit    li 


<^ppla^!ni<E©s  SiEtidl  M^.tteir'asills 
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Composite  Metal  Lath   Formeil  of  ^Vire  Cloth  anil   Clay 

One  of  the  latest  additions  to  the  field  of  fireproof  or 
fire-resistive  walls  is  a  composite  metal  lath,  consisting  of 
annealed  wire  cloth  on  which  is  pressed  a  coating  of  brick 
clay.  This  arrangement  provides  a  plaster  base  that  has 
considerable  solidity,  yet  at  the  same  time  possesses  a  cer- 
tain amount  of  flexibility.  The  latter  quality  is  emphasized 
in  the  luwer  view,  showint;   this  lath  construction  bent  around 


THE    COMPOSITE    LATH    AND    ITS    APPLICATIOX    TO 
ELECTRIC   CABLES 


intended   to   fireproof.      .4fter 
the    metal    lath    is    covered 


an  electric  cable,  which   it 

ing    bent    around    the    calile,    tht 

cement    mortar,   as   shown. 

Another    application     is    the 
concrete    is    subsequently    to    be    covered    with    plaster 
On    removing    the    forms    there    is    a    plastered    surface,    sat 
factory   for   bonding. 


^•here     tli. 
til.- 


Outdoor   Meter    Station    for   HiBli-Tendion    Lines 

On' account  of  the  growing  number  of  small  high-tension 
branches  on  electric  transmission  lines — without  substations — 
an  outdoor  high-tension  metering  station  has  been  developed 
by  the  Westinghouse  Electric  and  Manufacturing  Co.  So  far 
the  equipment  has  been  made  for  BO-cycle  polyphase  service — 
not  over  200  amp.  and  above   11,000  volts. 

Each  equipment  consists  of  a  standard  polyphase  watt- 
hour  meter,  two  current  transformers,  a  polyphase  voltage 
transformer  and  three  choke  coils,  all  inclosed  in  a  sheet-steel 
ca.se  with  cast-iron  cover  supporting  three  high-tension  out- 
door type  terminals.  The  sheet-steel  case  is  subdivided  into 
two  compartments,  one  of  which  is  filled  with  oil  In  which  the 
transformers  and  choke  coils  are  immersed,  while  the  other 
serves  to  inclose  the  meter  and  meter  panel.  On  the  meter 
panel  are  also  mounted  two  fuses  to  protect  the  voltage  cir- 
cuit of  the  meter  and  two  calibrating  links  located  in  the 
current  circuit  of  the  meter.  These  calibrating  links  consist 
of  fuse  clips  with  a  brass  tube  Inserted  instead  of  fuses.  The 
meter  may  be  read  or  checked  upon  opening  the  hinged  door 
which  covers  the  entire  front  of  the  meter  compartment.  The 
arrangement  is  such  that  the  entire  outfit,  including  meter 
panel,  can  be  raised  out  of  the  tank  without  disconnecting 
meter  leads.  Choke  colls  are  inserted  between  the  voltage 
transformer  windings  and  the  outgoing  leads,  to  protect  the 
transformer    windings  against    high-frequency   disturbances. 


Avalks 
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ROL'i.JHl.N'i;   TOOL    FOR   SIDEWALKS 

It  is  an  ordinary-  ijlug  drill  fitted  with  a  casehai-dened  steel 
block  with  16  sharpened  raised  points.  The  first  machine  of 
this  character  was  recently  purchased  by  the  Brinkoetter 
.Monumental   Co..   of  Quincy. 
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IN    IMiKSS  KUK  URIOi'KTTlX 
METAL  SCRAP 


ettinK  Metal  Mante 

.  brought  out  by  the 
Hydraulic  Press 
ManufacturingCo., 
Ml.  Gilead.  Ohio, 
designed  to  form 
briquettes  of 
metal  borings, 
turnings,  etc.,  so 
that  they  may  be 
remelted  without 
the  loss  of  valtt- 
alile  constituents. 
This  process  pre- 
vents  oxidation 
and  also  puts  the 
material  in  a  con- 
venient form  for 
handling.  The 

press  is  of  the 
four- rod  invertsd- 
cylinder  type  and 
is  built  in  thrM 
sizes  and  pressUXft 
capacities  —  1,0M 
tons,  T.'iO  tons  and 
300  tons.  The  ac- 
companying vlftji 
shows  the  1,0 
t<m    press. 

The  briquette  1» 
made  as  follows 
The  material  i 
placed  in  a  floai 
i  n  g  m  o  1  d  s  u  p- 
ported  by  four 
springs.  Whe" 
I  lie  pressure  i 
applied  froi 
above,  the  fric- 
tion of  the  ma- 
terial of  the  sides 
of  the  111  0 1  '1 
causes  it  to  lie" 
down  over  a  sl.i 
tionary  plunv;. 
that  projects  Ini 
tlu-  mold  from  1" 
low.  Pressure  i 
thus  exerted  on 
bottom  as  we 


ll 


as  on  the  top  of  the  material,  and  a  briquette  of  uniform  dens 
ity  is  obtained.  After  being  formed,  the  briciuette  is  ejected  from 
the  mold  by  the  pressure  of  the  main  ram  applied  upon  tli' 
briquette  with  the  lower  plunger  removed.  The  briquette  fall- 
through  to  the  base  of  the  press,  whence  It  is  removed  by  ■ 
conveyor    Installed    by    the    customer. 


I 
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The  pavement  over  the  terrace  chambers  of  the  United 
ates  Capitol  at  Washington,  D.  C,  after  years  of  effort 
s  at  last  been  made  water-tight.  Ever  since  the  ter- 
es were  built,  in  1856,  each  attempt  except  this  last 
prevent  the  down-leakage  of  storm  water  has  been 
trtive. 

As  may  be  seen  from  Fig.  1,  the  terraces  form  a  mason- 
esplanade  on  three  sides  of  the  Capitol.  There  are 
■  I)  levels  connected  at  frequent  intervals  by  short  flights 
steps.  Along  the  edge  of  the  upper  terrace  and  be- 
.'en  the  steps  are  masonry  plant  cases.  The  chambers 
(ler  tlie  terraces  at   first   were   used   as   Congressional 


in  liJOO  of  a  sheet-lead  pan  placed  under  one  section. 
The  lead  sheet  was  l)edded  on  cement  mortar  on  the 
base  slab  and  was  covered  with  a  3-in.  reinforced-concrete 
slab  and  a  1-in.  wearing  .surface.  But  even  this  con- 
struction was  of  no  avail,  partly  because  of  the  extreme 
expansion  movement,  partly  because  of  unskilled  burn- 
ing of  the  sheet  joints  and  partly  because  of  the  inlierent 
difficulties  of  flashing  around  the  vault  light  frames.  The 
lead  sheets  on  being  uncovered  were  found  to  be  con- 
siderably pitted. 

The  exjjansion  and  contraction  of  the  terrace  struc- 
ture are  excessive,  owing  to  wide  variations  iu  tempera- 


0  «8,  but  since  the  completion  of  the  House  and  Senate 
b  Iflings  they  have  been  used  mostly  as  building-service 


r  me. 


Vbout  every  waterproofing  scheme  known  has  been 
•fl  on  «onie  part  of  this  great  expan.se  (about  200,000 
t.)  of  walk — felt  and  t«r  ])itch,  asphalt  and  liiirlap, 
pt  asphalt,  etc.  Perlia|)s  the  most  notable  sclienie  eni- 
nvpd  lip  to  the  recent  HUccessful  att<^nii)t  was  tlie  use 


ture  and  extreme  exposure.  The  walls  on  cither  end  nf 
the  terraces  were  forced  21/2  in.  out  ol'  plundj.  At  least 
60%  of  the  Scotch  granite  stones  on  the  plant  cases  were 
out  of  alignment,  and  the  larger  part  of  the  marble 
lialu.strarle  had  been  forced  out  of  line.  All  this  dis- 
tortion was  due  to  insuflicient  provision  for  inevitable 
expansion  movement,  and  to  this  defec't  can  be  finally 
traced  the  rc'peafed  failures  to  keep  the  terrace  chambers 
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vvatcT-li.ulit.  Final  sucwss  was  lar>;ely  due  -lo  rL'cogiiiy.iii'; 
ihe  c.\])aiisioii  (liHiciilties  and  providing  for  Hudi  move-. 
iiieut   In-    water-tight   sealed   exi)aiision   joints. 

Tjik  Latest  Attempt  Successful 

As  a  result  oT  a  final  investigation  in  1914,  made  by 
l-;ili()tt  Woods,  Su)ierintendent  of  the  United  States  Cap- 
itol Building  and  Grounds,  and  David  Lynn,  Civil  En- 
giueei",  it  was  believed  that  a  sueeesst'ul   job   eould    be 


struetiire  ol'  this  sort.  Eaeli  eraek  of  this  description  wa- 
treated  as  an  expansion  joint.  The  cracks  were  cleaiui 
out,  lieated  with  a  gasoline  torch,  partly  tilled  with  com 
]K)und  aiul  tooled  with  a  hot  iron — all  as  shown  in  Fi<;- 
2,  ;>  and  I.  The  slab  was  also  cut  for  expansion  joint- 
as  shown  in   Fig.  .5. 

After  the  expansion  joints  weic  filled,  then  the  puM 
nients  were  brought  up  to  subgrade  (about  C  in.  abo\' 
the  brick  supporting  arches  and  base  slab  and  about  2'. 


--(■•- 


Lirrr 


inn 
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FI<;S.    2    to    i.     SLAB   CRACKS    MADK    INTO    K.\PANSION   JOINTS,    CAPITOL  TERR.\rHS 


secured.  Specifications  were  issued  and  tenders  were  re- 
ceived, a.s  a  re.sult  of  which  the  material  and  laying 
sxsteni  of  the  IMasonry  Waterproofing  Co.,  Brooklyn,  N. 
Y..  were  selected  as  the  most  desirable  for  the  conditions 
involved.  The  notable  features  of  this  concern's  pro])osal 
(employing  what  is  commercially  known  as  the  Sheffield 
Ol-  ■'Ijarutau"  system)  consisted  (1)  in  securing  a  bitii- 
iiiinous  coni])ound  blended  to  secure  maximum  adhesixe- 
ness  and  cohesi(m,   (2)  in  using  small   (1-sq.yd.)   freshly 

^  Tn:insverse  £xp.  Joirrf.  Dehii/X 


in.  below  finished  grade)  by  a  filling  of  ]::?:(>  conci-pti 
Upon  the  leveled  subgrade  were  laid  single  siieets  of  im 
])regnated  cotton  drill.  The  sheets  were  1  yd.  squai- 
anci  were  laid  with  3-in.  laps.  A  small  area  of  subgraii 
was  cleaned  and  mopped  with  hot  com])ound  just  )iii 
vious  to  laying  each  sheet.  The  laps  were  made  by  ful 
lowing  with  a  hot  smoothing  iron.  To  prevent  the  luen'.' 
shoes  from  injuring  the  menibranc  while  working,  a  Httli 
|iilc  of  sand   was  placed  in   the  center  of  each  sheet  *  I 


Chmpaurtar  — 
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Transverse  Joirrf  in 
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FIG.    ."..      WATRRPUOOKING    SYSTEM    EMPLOYED    ON   C.aPITOL    TERRACES   AND    EAST   STEPS 
Deiiignerl  by  the  Masonry  Waterproofing  Co.,  Brooklyn,   N.  Y.;  Oscar  Sheffield,   Chief  Engini'er 


saturated  membrane  slieets,  with  wide  la]>s,  moi)])ed  into 
place  and  armored,  (3)  in  free  use  of  s))ecial  expansion 
and  flashing  joints. 

The  material  over  the  terraces  was  leiiioNcil  down  to 
the  concrete  .slab  over  the  floor  arches.  When  the  wear- 
ing surface  was  removed,  there  \\M-(i  found  numerous 
fractuj'os    in    the    base    slab,    inevitablv    occurring   in    a 


(I  pile  ' 
was  lai' 


laid.     The  men  coidd  ea-sily  walk  from  one  sai 
another.     Upon  the  membrane  thus  made  there 
as  armor  for  the  waterproofing  and  as  a  w(>aring  surfan 
a  granolithic  pavement  (1:1:2  nuxture  with  %-  to  •*! 
in.  washed  l)luestone  chips),  marked  off  in  squares,  w:' 
arated  by  expansion  joints  continuous  with  the  expansi' 
joints  in  the  sub-base,  as  sbov-n  in  Fig.  ■'i,  along  the  Dal'i- 


1 !)  Hi 
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ijiik's,   vault   liL;hls  and   at  cvei-y   poiut  wluTe    tlasliiiif;  the  juiiit  ])()iiitiMl   with   inoi-lur.     The  joint  was  (iovi.Tcil 

inulil  ordinarily  have   heen  eni|jloyed.     There  was  over  wilh  a  patcii  stri])  (see  detrtii  on  Fig-.  5),  completing  thr 

..'lOO  lin.l't.  of  these  joints;  not  a  piece  ol'  metal  fia.shing  lower  half.     Wlien  the  granolitiiie  paving  was  laid,  wood 

I  as  used  on  the  work.  strips,  tajicrcd  -^4  to  y^  in.,  were  inserted  as  joint  form,'- 

The  expansion  joints  are  of  particular  importance,  in-  When  the   concrete;   iiad   set,  the   wood   was   pulled    out. 

crest  and   novelty.     The   cut   in   the    bottom   slab   was  the  opening  heated  and  partly  filled  with  compound.  'J'iic 

eated,  painted  and  partly  filled  witli  compound.     Then  remaining  space  was  pointed  with  mortar.     In  this  way 

he  mcnihranc  was  brought  down  into  the  reservoir  and  a   i;,\. -'.■,'    in,!    -,',il,i|    r,.,.|,,,ii    w-i-   created  at  each   cx- 


FIGS.  «  TO  8.    WATEUrrtoOKTiN'G  TllIO  CAPITOIj  TRURACKS  AT  WASHINGTON 

(n|)I>ii) — Laying  the  membrane.     V\k.  "!■■  (MldrHc) — Plaolnjt    (tinnoUthli'    iirmoi-    on    the    membrane. 

(Lower) — A  coiner  oC  the  coinrileliMl   temuieM 
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|iansi()ii  joint.  As  thu  slriipture  contracts  and  cxiiamls. 
llie  mortar  i)lu<r  is  drawn  down  or  forced  out,  the  seal 
beinj;  preserved.  On  inspection  this  summer  the  joints 
were  found  all  <-l()sed  nearly  tight,  demonstrating  that 
l)y  use  of  a  thin  plastic  membrane  \inderlying  the  wear- 
ing sui-face  the  latter  could  be  kept  from  spalling  or 
cracking. 

Before  the  wearing  surface  was  placed,  it  w-as  decided 
to  remove  the  old  stone  gutter  which  had  been  set  in 
the  old  construction  and  which  in  some  parts  of  the  ter- 
races was  a  stumbling  l)lock.  To  secure  good  drainage 
a  slight  valley  was  formed  in  the  wearing  surface  w-itli 
enough  drains  at  intervals  to  carry  off  any  downpour. 
The  valleys  are  so  slight  as  to  be  hardly  noticeable  to 
the  pedestrian.  During  the  past  winter  the  entire  area 
was  drained  so  successfully  that  the  iisual  slippery  sur- 
faces of  earlier  years  were  eliminated. 

The  scheme  of  using  expansion  joints  along  the  edge 
of  the  paving  eliminated  tlie  cutting  of  reglets  in  the 
marble  balustrade  and  granite  base  and  prevented  the 
disfigurement  that  would  have  resulted. 

Steps  and  Pl.vnt  Case.s 

The  steps  leading  from  the  higher  to  the  lower  terrace 
levels  had  to  be  reconstructed.  The  old  steps  were  simi)ly 
stone  slal)s  or  beams  resting  on  pier  walls.  They  were 
removed  and  a  brick  barrel  built  up  (see  Fig.  5)  to  sup- 
])ort  the  stone.  On  the  brick  was  placed  a  4-in.  layer 
of  concrete;  on  this  in  turn  was  the  waterproof  mem- 
brane, laid  as  already  noted,  and  finally  on  this  II/2 
in.  of  mortar  armor.  At  last,  on  the  completed  and 
waterprocrl'ed  barrel,  brick  steps  were  laid  up  to  carry  the 
stone  treads. 

The  plant  cases,  being  directly  over  the  basement  corri- 
dors, were  made  into  water-tight  basins.  The  earth- 
filling,  existing  waterproofing  and  a  part  of  the  concrete 
bottom  were  remo\ed.  First,  new  concrete  was  laid  so 
as  to  give  an  elliptical  basin — to  prevent  the  freezing  of 
the  earth-fill  from  dislodging  the  sides.  The  waterproof- 
ing membrane  wax  laid  on  the  concrete  and  a  2-in.  grano- 
lithic armor  ])laced  over  it.  A  flashing  joint  was  made 
between  the  concrete  and  granite  coping  stones,  similar 
to  the  expansion  joints  on  the  terrace.s,  already  described, 
and  the  membrane  was  sealed  into  it.  This  joint  was 
Cnade  to  prevent  leakiige  in  the  unexpected  event  that 
the  coping  stones  were  again  moved   out  of  alignment. 


U'ATKKPKOOKI.N'O    PLANT    CASES 


FIG.    10.     W.^TERPROOP'ING    THE    BARREL   OF    CAPITOL 
EAST    STEPS 

The  chipped,  scaled  and  cracked  condition  of  the  steps 
at  the  east  front  of  the  Capitol  had  been  the  subject  of 
criticism  for  years.  An  appropriation  was  made  for  re- 
constructing tliese  at  the  time  of  jnaking  the  appropria- 
tion for  waterproofing  the  terraces.  The  work  was  done 
at  about  the  same  time,  and  the  vaults  under  the  steps 
were  given  the  same  treatment. 

Kebuildixg  the  East  .Steps 
These  steps  were  originally  built  on  a  masonry  barrel. 
.\fter  the  old  stone  triads  were  removed,  the  brick  fill- 
ing was  cleaned  away  down  to  the  arch.  An  inch  of 
lean  mortar  was  put  on  to  give  a  smooth  bed  for  the 
waterproof  membrane.  Over  this  was  6  in.  of  grano- 
lithic armor.  On  the  enlarged  barrel  thus  built  up. 
brick  risers  were  constructed  to  carry  new  stone  slabs. 

The  appropriation  for  the  terraces  was  $83,500,  but  the 
tender  for  the  desired  material  and  work  ran  in  e.xces8 
of  the  appropriation.  However,  a  way  out  of  the  diffi- 
culty was  found  without  the  delay  necessary  to  increasing 
the  amount  available.  The  Superintendent  of  the  Cap- 
itol, Elliott  Woods,  secured  an  agreement  with  the  Jlason- 
ry  '\\'ater]i roofing  Co.  whereby  the  concern's  system  and 
materials  were  used,  but  the  actual  labor  was  done  under 
the  Government  payroll — the  company's  workmen  (a 
supervisor  and  seven  men)  being  temporarily  hired  by 
the  Capitol  Superintendent.  In  addition,  Oscar  Sheltield. 
the  chief  engineer  of  the  company,  gave  personal  atten- 
tion to  the  work.  As  a  result  the  work  on  the  terraces 
proper  was  don«  with  an  expenditure  of  $(i'i'.000  out  of 
the  ap])ropriation.  The  waterproofing  of  tlu'  cast  steps 
and  other  work  not  covered  in  the  first  specifications  re- 
quired $1  l,()!)2,  leaving  an  unexpended  balnncc  of  s|!l,80fl- 
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111  Cliica.u'o  there  avo  1  vj  tiiiiiiels  Tor  carryiiii;-  ixiwer 
ihles  across  the  river  niul  several  otliers  for  telephone 
ibles,  gas  jiipes  and  uatrr  ]i\]<f>.  In  Detroit,  similar 
iniiels  are  used  for  gettiiij;-  conduits  through  alleys  that 
•0  blocked  uear  the  siirfaci-  hy  otiier  structures. 
The  Chicago  power  and  liglit  tunnels  are  built  in  the 
ia])e  of  an  inverted  U  with  tlie  vertical  height  6  ft. 
in.  in  the  clear,  and  tlie  width  (5  ft.,  with  9-in.  con- 
ete  walls.  The  tunnel  has  a  slope  of  1  or  2%  toward 
sump  at  the  foot  of  one  of  the  shafts,  so  that  it  can 
'  pumped  out  as  a  preliminary  to  cable  pulling.  At 
ich  end  of  the  tunnel  is  a  shaft  (>  ft.  6  in.  internal 
anieter.  with  lo-in.  concrete  walls.  At  the  u])per  end 
each  shaft  is  a  manhole  which  forms  the  terminus  of 
le  conduits  leading  to  and  from  the  tunnel.  It  is  found 
iiivenient  to  have  the  tunnel  shaft  extend  2  ft.  aliove 
e  bottom  of  the  mauhole.  for  convenience  in  working 
111  as  a  protection  to  the  workmen.  A  ]iernianent  gal- 
iiiized-iron  grating  is  placed  over  tlie  unoccupied  jwrtiou 
the  u])per  end  of  the  shaft  so  as  to  jirevent  accidents. 
On  completion  of  the  tunnel  a  standard  conduit  is 
stalled  in  the  horizontal  ]iorfion  and  in  each  of  the 
affs.  leaving  a  gap  at  the  jiinclion  of  the  tumiel  with 
c  shafts  1(1  allow  for  ])ro]>er  training  of  the  cables.  Thi-; 
nctioii  should  lie  built  with  a  <-urve  having  a  radius 
aliout  I!  or  S  ft.  til  uive  ]irii|ii'r  working  space  and 
•rniit  the  calilc  to  be  iustalled  with  easy  curves.  The 
rtical  conduit  in  llie  shafts  can  be  liuilt  with  sini;le- 
ict  vitrilied  tile,  liber  pijie  or  stone  conduit.  Tec  irons 
c  fitted  into  the  shafts  at  intervals  of  about  2  ft.,  so 
to  leave  a  dear  space  in  the  center  of  the  shaft  about 
ft.  wide.  With  the  dimensions  given  for  the  shaft  about 
or  to  ducts  can  be  installed  between  the  tee  irons  and 
I'  shafts  on  each  sidi'. 

.\  brick  or  concrete  ])icr  under  the  ciirxc  in  the  cables 
the  lower  end  of  the  shaft  will  support  a  considerable 
■rtion  of  the  weight  of  the  vertical  calile.  Some  addi- 
inal  nu'ans  of  .support  for  each  cable  should  be  installed 
the  top  of  the  shaft.  Care  should  be  exercised  to 
oid  damping  the  cable  too  tight  or  ])lacing  too  great 
-train  on  lead  sheath. 

The  tek'iihone  eom])any  in  Chicago  has  used  iron  pijies 
chisively  for  the  vertical  conduits  in  shafts,  and  has 
ide  the  connections  lietween  these  vertical  pipes  and  the 
iidiiits  in  the  tunnel  with  bends  of  G  or  8-ft.  radius 
siK-h  a  manner  that  the  duct  is  continuous  from  the 
1>  of  one  shaft  to  the  to])  of  the  other.     Copper  pull 
res  are  installed  at  the  time  the  conduit  is  built,  so 
to  avoid   difficulty  which   might   be  exiierienced  with 
HI  wires.     Tt   is  thus  practicable  to  ])ull   in  the  cables 
any  future  time  without  |uini|iing  out  the  tunnel,  and 
the  same  time  eliminate  all   joints  from  the  bottom 
the  shafts.     Tt  is  jirobable  that  the  same  scheme  could 
used  with  smaller  cables  for  cle(-(ric  light  and  jiower 
ir|ioses.  but  this  is  not  the  practice. 
\  n.xefnl  auxiliary  in  connection  with  such  tunnels  is 
motor-driven   pump  of  about    lo-hp.   cajiacity  for  re- 
iving the  water  from  the  tunnel.     Such  pumps  can  lie 
tained  with  eith(!r  a  direct-current  or  alteriiatiiig-cur- 
nt  nuitor.  which  can  be  readily  lowered  into  the  clear 
lare  in  the  tunnel.     Tliese  outfits  arc  built   iirefcraldy 

j   •From   .1   report    of   the    romnilttee    on    tlnderKrouncI    Con- 
ruction.  preHenterl  at  the  annual   conv 
I'ctrlc  Light  Association,  In  Chicago. 


with  M  \erlieal  ^lialt,  and  inr  eoincnieiiee  in  assenililiiig 
arc  made  in   tun  parts. 

The  tunnel  shaft,  should  he  erected  from  25  to  oO  ft. 
away  from  the  river  edge,  depending  Tipon  local  con- 
ditions. Where  the  river  bank  consists  of  made  ground, 
it  may  be  necessary  to  use  a  steel  shield,  extending  into 
the  impervious  clay  below  the  river.  With  a  stitf  c-lay 
the  depth  of  the  tunnel  below  the  lowest  portion  of  the 
river  should  be  about  15  to  20  ft.  If  there  is  not  suffi- 
cient dejith  of  clay  above  the  rock  to  give  this  amount 
of  clearance  to  the  river  the  tunnel  should  be  built  in 
the  rock.  In  Chicago  these  tunnels  are  made  at  least 
15  ft.  below  the  surface  of  the  rock,  so  as  to  avoid  any 
danger  of  letting  in  water  while  blasting. 

The  cost  of  such  a  tunnel  in  clay  will  be  about  -$25 
to  .t-'35  per  lin.ft.,  plus  $50  to  -^liO  per  foot  for  the  shaft. 
If  built  in  rock  the  expense  will  be  increased  alxuit  50%. 
These  prices  do  not  include  manholes  at  the  top  of  the 
shafts,  or  the  conduits  in   the  tunnel   and   shafts. 

Very  little  water  has  been  encountered  in  building 
tunnels  in  hard  blue  clay.  Considerable  water  is  usually 
present  in  Imilding  tunnels  through  rock,  as  the  sur- 
rounding rock  is  somewhat  shattered  by  the  blaslim;-.  tliiis 
opening  u|i  water  seams  which  add  ciiiisiderably  to  the 
dilticulty  of  constructing  the  tunnel.  When  iMnipleted. 
tunnels  through  clay  are  generally  dry  uhile  those  throiiuli 
rock  arc  soniewliat  leak  v. 

Slight  leaks  that  iln  not  interlere  with  eiuist  ruetinn 
\>o|-k  or  prevent  pumping  the  tunnel  nut  for  cable  in- 
stallalions  are  iint  objeetionable,  as  it  is  the  practice  to 
allow  the  tunnels  to  till  up  with  water  after  the  cables 
are  installed.  Tunnels  built  in  the  maimer  described 
have  been  in  service  for  about  twelve  years  and  no  dif- 
ficulty has  been  experienced  in  the  operation  of  th(.!  cables 
contained  therein. 


stroiiKT  llri'ilitf  I'his  for  holding  lonether  tho  Imcket  line 
on  (levator  dredges  are  of  the  utmost  importance  and  arc 
discussed  in  the  "Engineering  and  Mining  Journal"  by  Ralph 
-A.  Young,  Chemist  and  Engineer  of  Tests,  Marion  Sleaiii 
Shovel  Co.  The  first  pins  with  which  Mr.  Young  is  familiar 
were  forged  from  steel  of  about  0.2.')  to  0.30%  carbon,  ma- 
chined. These  being  very  soft  they  soon  wore  out  and  had  to 
be  replaced.  The  ne.\t  were  made  of  openhearth  steel  of  0.40'; 
to  0.45%  carbon  content,  and  these  gave  better  service  but 
were  not  trustworthy.  Later,  higher  carbon  steels  were  used. 
but  at  0.90%  the  leaf  of  the  pins  began  to  break,  while  the 
cost  also  increased  owing  to  the  dilticulty  in  machining. 
Manganese  steel  has  not  proved  a  satisfactory  metal  for 
dredge  pins.  Tt  has  a  high  coefficient  of  e.\pansion  and  a 
very  low  heat  conductivity.  A  dredge  pin  in  use  on  one  of 
the  larger  machines  is  7  or  8  in.  in  diameter,  and  unless 
the  manner  and  speed  of  heating,  the  temperature  and  the 
(luenching  are  absolutely  correct,  internal  checks  develop. 
Manganese  steel  to  be  of  any  value  must  contain  12  to  13% 
manganese.  In  1914  Sn%  ferro-manganese  sold  at  $3fi  per  ton; 
At  the  present  time  it  is  quoted  at  $400  to  $4.T0.  Mr.  Young 
has  endeavored  to  produce,  in  a  measure,  from  carbon  .•iteel 
the  same  results  that  have  been  attained  b.v  use  of  alloys. 
First,  a  steel  was  chosen  whose  carbon  content  would  will! 
proper  treatment  produce  a  high  degree  of  hardnes.s,  yet  re- 
tain sufficient  toughness  to  prevent  breakage.  It  mu.st  al.so 
be  of  uniform  composition,  free  from  burnt  oxides,  incorpor- 
ated slag  and  piping.  When  the  billets  from  which  the  pins 
are  to  be  forged  re.ich  the  forge  department,  test  drillings  arc 
taken,  to  check  the  mill.  Test  specimens  are  also  cut  from 
many  of  the  billets,  and  these  are  prepared  and  examined 
under  the  microscope.  The  pins  are  sent  next  to  the  machine 
shop  and  thence  to  the  bucket  line.  Following  are  a  few 
results  selected  at  random  from  a  recently  manufactured  line 
of  pins: 

1  2  3  4  r. 

Tensile  .strength,  lb.  per  sq.ln.   88,500  88.680   8.1.750  8a.000  88,400 

Elastic  limit,  lb.  per  sq.ln 55,700   54,100  63,400  58,250   52.610 

Elongation  In  2  In.,   % 23.5        2S.0        24.5        21.5        23.6 

Reduction   in  area.  % 61.2        64.7       5S.7        53.8        57.6 
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Sewer  districts  Nos.  2  and  3  at  Clinton,  Iowa,  now 
under  construction,  will  serve  all  the  territory  known 
as  the  Hill  District  and  also  part  of  the  business  sec- 
tion of  the  city,  a  total  area  of  about  352  acres.  This 
southern  part  of  the  city  has  been  very  closely  built  up 
during  the  past  30  years,  but  owing  to  the  large  size  of 
sewers  required  and  the  low  valuation  of  the  property, 
the  city  hitherto  has  been  unable  to  finance  the  project. 
The  system  comprises  6.3  mi.  of  sewers  ranging  from 


PIG.    1.    SEGMENTAL    BLOCK    SEWER    CONSTRUCTION 
AT   CI^INTON,    IOWA 

10  in.  to  54  in.  in  dianictei-.  with  a  .54-in.  oiitfall  in 
5th  St.  and  a  3;i-in.  outfall  in  Franklin  Ave.,  discharg- 
ing into  Beaver  Slough. 

Three  interesting  features  of  the  work  are  the  use  of 
\i(  rifled  segmental  sewer  blocks,  the  large  amount  of 
nick  excavation  and  tlirec  diilicult  crossings  under  the 
adjacent  main  tracks  and  yards  of  tiie  Chicago  &  North- 
western Ry.,  the  Chicago,  Burlington  &  Quincy  R.R.  and 
the  Chicago,  Milwaukee  &  St.  Paul  Hy.  Sewers  24  in. 
ill  diameter  and  larger  are  built  of  two-conr.se  vitrificil 
segmental  blocks,  of  the  Ferguson  type.  An  e.xceiition 
to  this  is  the  bS-in.  doul)le-strength  vitrified  ])ipe  tiiat  wa- 
u.sed  in  tlic  Franklin  Ave.  outfall  sewer.  S(>\v('rs  Ic^s 
than  24  in.  in  diameter  are  of  vitrilied-clay  pipe.  Man- 
holes and  catcjiliasins  are  of  concrete. 

In  the  segniental-Iilock  (■(instruction  the  liiocks  lA'  the 
outer  course  are  hollow,  wiiiie  those  of  the  iniici-  course 
are  flat  liner  blocks  having  a  smooth  surface  curxed  Id 
tlie  re(iuired  diameter  and  two  ribs  on  the  back  to  key 
or  interlock  with  the  outer  course.  Tliis  construction 
is  shown  in  Fig.  1.  The  blocks  are  laid  up  in  1  : 2 
cement  mortar,  and  the  inner  blocks  are  laid  in  a  b(!d  of 
this  mortar,  so  as  to  mak(!  a  water-tight  and  rigid  struc- 
ture.    The  chambers  in   the  outer  lilocks  serve  to  carry 


llie  drainage  or  seepage  water  during  the  construction 
tiuis  enabling  the  men  to  work  in  a  trench  pra<.'tical! 
dry. 

A  considerable  amount  of  the  trenching  was  rock,  wit' 
a  depth  of  1  to  10  ft.  and  a  cover  of  2  to  !)  ft.,  so  tha 
the  maximum  depth  of  trench  to  grade  was  about  19  fi 
The  rock  excavation  amounted  to  9,000  cu.yd. 

Backfilling  from  the  spoil  bank  of  soft  material  del 
jiosited  by  the  excavator  was  done  by  means  of  a  Waterloil 
backfiller.     This    machine    consists   of   a   ga.soline   hoisj 
mounted  on  a  truck  and  operating  a  cable  attached  to  :j 
scraper  on  the  opposite  side  of  the  trench.     The  scratpe  f 
is  guided  and  pulled  back  by  hand,  two  men  being  re  I 
quired  to  operate  it.     The  hoist  is  on  a  revolving  plat  I 
form  carried  by  the  truck,  so  that  it  can  operate  thi 
cable  through  a  considerable  angle  and  thus  backfill 
good   length  of  trench  from  each  position  before  teinji 
shifted.     This   hoist  was   used   also   to   pull   the  trend 
sheeting.     A  fall  was  hooked  to  a  tripod  straddling  tin 
trench,  with  a  grip  at  one  end,  while  the  other  end  wa 
led  to  the  uiggerhead  of  the  hoist. 

The  railway  tracks  and  yards  of  the  three  railway , 
were  crossed  at  5th  St.,  loth  Ave.  and  Franklin  Ave. 
the  length  of  crossing  being  approximately  240  ft.,  38( 
ft.  and  200  ft.  respectively.  The  first  two  were  con 
sfructed  with  double-course  vitrified  segmental  blocki 
and  liave  interior  diameters  of  39  in.  and  45  in.  Thi 
tliird  crossing  was  conistructed  with  33-in.  double-strengtl 
vitrified  sewer  pipe.  In  all  cases  the  blocks  and  pip 
are  suiTounded  with  4  in.  of  concrete,  made  with  1  pan 


FIG.  2.    TRENCH   E.XCAVATION  IN  ROCK   FOR   SEWERS 
AT   CLINTON.   IOW.\ 
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of  cement  to  0  parts  of  river  gravel.  The  concrete  was 
reinforced  with  a  continuous  sheet  of  American  Steel 
and  Wire  Co.'s  woven-wire  netting  with  4-in.  triangular 
mesh.  This  was  bent  in  oval  form,  being  1%  in.  from 
the  inner  surface  at  the  vertical  diameter  and  l^^  i"- 
from  tlie  outer  surface  at  the  horizontal  diameter.  Tliis 
reinforcing  sheet  had  9-in.  longitudinal  lap  joints  in 
he  upper  quarter  of  the  concrete  ring. 

The  sewers  were  constructed  under  the  railways  in 
i])pn  cut,  the  tracks  ])eing  snjiported  on  pile  bents  driven 
ly  a  steam  piledriver  mounted  on  trucks.  These  Iionts 
vere  capped,  and  stringers  were  placed  to  carry  the 
racks.  Owing  to  the  large  amount  of  traffic,  no  ohstnic- 
ious  al)ove  the  surface  conld   be  allowed. 

The  contract  for  this  work  was  let  Sept.  14,  1915, 
(I  Tliomas  Carey  &  Sons,  of  Clinton,  Towa.  The  con- 
ract  prices  for  block  sewer  work  were  $8.15  per  ft.  for 
■Mn.,  .$7.15  for  4.5-  and  iW-in..  $fi.l.')  for  .36-in.,  $5.15 
.ir  3.3-in.  and  $4.15  for  ;30-in.  Tlie  cost  was  paid  partly 
y  .special  assessment  to  al)iitting  property  according  to 
lie  benefits  received.  Tlic  l)a1ance  was  rai.sed  by  bond 
■  ^sues  supported  by  a  district  tax  and  a  main  sewer 
i.\,  as  provided  by  the  Towa  law.  Tin's  sewer  system 
)r  the  two   districts   was   designed   by   J.    (i.    Thorne, 

ity  Engineer,  and  was  constructed  under  Jiis  direction. 


Fireproof  Aslhjpate 

In  the  concrete  coal  pits  of  i-nilway  Loaling  stations  of 
le  elevator  type  it  is  essential  that  the  pit  (fo.  the  eleva- 
■r  bucket)  should  be  water-tight.  The  pit  is  usually  con- 
derably  below  tlie  groundwater  level  and  is  subject  to 


course  of  time  it  would  still  form  a  waterproof  diaphragm 
by  combination  with  the  cement.  The  concrete  is  a  1:5 
mix,  made  with  gravel,  and  mixed  moderately  wet.  The 
use  of  a  similar  boot  composed  of  burlap  and  asphaltic 
composition  has  given  fair  success.  To  place  a  waterproof 
lining  outside  of  the  concrete  would  involve  greater  exca- 
\ation  and  additional  fomi  work. 

In  concrete  ashpits  or  clinker  pits,  where  locomotives 
clean  and  draw  their  fires,  the  concrete  frequently  deterior- 
ates under  the  action  of  the  intense  heat  from  the  bed  of 
clinkers.  In  time  large  pieces  fall  out  of  the  walls  and 
repairs  are  ditficult  to  make  and  maintain.  After  some 
experimenting  it  has  been  found  that  a  fire-resistive  con- 
crete can  be  made  with  gold-ore  slag  as  the  aggregate, 
and  this  has  been  used  with  entire  success.  The  mainte- 
nance work  is  very  small.  The  slag  is  obtained  from 
smelters  or  refineries  at  Omaha  and  Denver,  and  costs  only 
about  90c.  per  ton.  It  is  screened  to  a  size  of  U/^  in.  for 
the  concrete,  and  a  1 :  "2  :  5  mix  is  employed,  using  portland 
cement,  sand  and  slag. 

A  clinker  pit  made  in  this  way  is  shown  in  Fig.  3.  It 
is  100  ft.  long,  5  ft.  deep  and  3  ft.  8  in.  wide,  with  heavy 
side  and  end  walls  and  12-in.  concrete  base.  An  18-in. 
cross-wall  divides  the  pit  into  two  sections,  each  of  which 
has  a  6-in.  overflow  for  the  water  used  in  qnencliing  the 
elinkei-s.  There  is  also  a  (i-in.  overflow  pipe  in  the  cross- 
wall.  Tlie  corners  of  the  walls  are  faced  with  steel  angles 
VixSy^  'n->  and  second-hand  rails  embedded  in  the  floor 
]n-otect  the  concrete  from  damage  by  the  grab  liuckets  used 
in  removing  the  clinkers.  These  buckets  are  handled  by 
locomotive  cranes. 

On  each  side  wall  is  a  continuous  %-in.  stcol  ])late,  12 
in.  wide,  liored  to  fit  ly^-in.  Ll-bolts  which  are  embedded 


/     Corn  Bars, 
9-4-"hng)  V 

spaced  B4'C.-hCr^ 


FIG.    1.    CONCRETE    COAL    PIT    WATER- 
PROOFED WITH  STEEL  BOOT 

esBure,  and  when  once  put  in  operation  it  is  a  matter  of 

flficulty  and  expense  to  get  at  it  and  make  repairs. 

.\  plan  which  has  been  u.sed  with  success  is  to  place 

thin  the  concrete  a  steel  Iioot  or  tank  with  joints  soldered 

the  field.    A  C-in.  thickness  of  concrete  is  placed  first. 

d  then  the  steel  boot  is  set  in  position  and  soldered. 

hen  this  has  been  made  water-tight  it  is  lined  with  G  in. 

concrete.    All  attachments,  bolts,  ladders,  etc.,  are  set 

this  inner  lining. 

The  drawing  shows  a  pit  having  a  boot  G  ft.  11  in.  by  11 

^  6  in.  and  with  a  height  of  11  ft.,  its  top  being  above 

<l)iui(lwater  level.    It  is  made  of  Xo.  20  galvanized  iron, 

tlie  exjicctalion   is  that  if  the  metal   should   rust  in 


•  Section 

FIG.    2. 


"^ox^     Long\+udinal      Section 


ClXnER    PIT    WITH    FIRE-RESISTIVE    CONCRETE 
MADE  WITH  GOLD-ORE  SLAG 

in  the  concrete  and  spaced  2  ft.  c.  to  c.  The  track  rail  is 
laid  directly  upon  this  plate  and  secured  liy  clips  and 
nuts  on  the  bolts. 


Motiirx  for  i;i€T<rlll.Ml  I,Iii«-n  In  Soutlicin  Fiance  and  to  the 
Spanish  frontier  arc  beins  huilt  in  the  American  shops  of  the 
Westlnghouse  Electric  and  Manufacturing  Co.  They  are  -iS 
In  number  and  win  form  the  drive  for  eight  1,500-hp.  Midi 
Ry.  locomotives.  They  are  bcinK  made  here  on  account  of 
the  crowded  condition  of  the  French  Westinprhou.'io  Co.'a  shops. 
Single-phase  current  was  first  used  on  the  Midi  Ry.  In  190.S. 
10  mi.  of  trnci<  near  the  Mediterranean  coast  beinpr  experi- 
mentally operated.  In  1910  change  of  motive  power  on  70  mi. 
of  main  line  and  lOii  mi.  of  branches  was  authorized.  Large 
amounts  of  hjdro-clertric  power  are  avallabie. 
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By  a.  J.  Clear V* 
A  general  dosci-iption  of  the  Twin  Peaks  tunnel,  the 
new  highway  on  the  line  of  Market  St.  in  San  Francisco, 
was  published  in  Engineering  Neivs  of  Feb.  IS,  1915. 
Since  construction  was  started,  on  Nov.  30.  1914.  the 
bore  lias  been  advanced  from  both  ends  an  aggregate 
distance  of  i.oOO  lin.ft.  Eureka  Valley  station  and  70% 
of  Laguna  Honda  station  have  been  completed,  as  well  as 
the  two  shaft*  by  which  the  tunnel  will  be  ventilateil. 
.\n  (Uitline  of  the  construction  procedure  was  containc<l 


the  station  the  direction  of  advance  was  on  a  3%  down 
slope  through  very  wet,  loose,  clayey  sand.  When  tlie 
heading  was  started  eastward  from  Laguna  Honda  station 
it  was  found  that  300.000  gal.  of  water  daily  drained  into 
the  face  of  the  drift.  The  tunnel  under  these  difficult 
(onditions  was  advanced  in  the  following  manner: 

Nkw    ilETHOD  OF   AdVANCIXC.   TlXXEL 

\  pilot  drift  5x7  ft.  in  section  was  started  eastwani 
from  the  station.  As  it  proceeded,  sumps  were  bored  jn 
its  heading  to  which  were  led  the  suctions  of  three  3-ih., 
centrifugal  pumps.  These  served  to  keep  the  drift  um* 
watered    and    also    by    continual    operation    lowered   l^e 


FIG.    1.     PROFILE    THROUGH    TWI.X    PEi\KS    TU.NN'I';!-.    SAN    FRA.VCISCO.    SHOWING    PROGRESS   TO    DATE 


in  Engineciiiig  Xcirs.  \n\.  K  1!(I5.  |i.  S(i!».  In  tlir  in- 
terim several  new  features  in  the  method  of  handling 
the  work  have  been  introduced. 

Key  and  wall-plate  ])ilot  drifts  with  solid  timbering 
are  .still  excavated  in  advance  of  the  main  headings.  Be- 
sides, from  a  point  near  the  west  portal  a  fourth  drift 
had  to  be  run  at  invert  grade  eastward  along  the  center 
line.  600  ft.  in  advance  of  the  heading  to  drain  the  wet, 


wati'i-  plane  in  ilie  surrounding  forniation  a  depth  of  (id 
ft.,  but  working  conditions  were  still  extremely  unfavor- 
able. To  afford  more  adecpiate  drainage  a  second  driH 
was  started  westward  from  the  ventilating  shaft  liuatcil 
1.300  ft.  east  of  I^aguna  Hcnda  station.  The  \entilatini: 
shaft  finished  will  be  13  ft.  in  inside  diameter,  but  exca- 
vation for  it  was  made  5iO.\32  ft.  and  110  ft.  deep,  si 
as  to  include  the  full  tunnel  width  and  allow  for  timheriiir 


h'K?.   ?..     (11.11   1    I ,\  .ST    POFiTAl,  OF  TW'I.V    PP;A1<S 

•IT.VNRl, 

loose  sand  foi-nialion  Iraver.sed  west  of  Lagnna  llmula 
station.  In  both  directions  from  this  station,  with  a 
summit  elevation  of  375  ft.,  the  tunnel  slo]ies  downward — 
toward  the  west  on  a  1.15%  grade,  and  toward  the  east 
on  a  3%  grade. 

No  nnnsnal  problem  was  presented  in  draining  the 
3,000  ft.  extending  from  the  west  portal  to  Laguna 
Honda  station,  for  the  grade  of  the  boring  was  up  hill 
all  through  a  sand  fonnation  in  which  comparatively  little 
water  was  encountered.    But  in  proceeding  eastward  from 

•As.slstant   City   EnRlneer.   San    Fr.iiicisco.   Calif 


FIG.  3.    INTIcnioP.  OF  TF.\Ni:i;.  SHOWING   Fi~>l!MS  .\Nli 
TIMHKKTNG 

and  forms.  Timbering  for  the  shaft  cnnsisted  of  vcrtic:! 
piles  forming  a  solid  shei'tinii  and  held  in  plare  by  r.'sl- 
in.  bracing. 

Several  very  treacherous  deposits  of  quicksanil  wi'n 
traversed  by  the  latter  drift  as  it  was  advanceil  ea.st<?rl' 
from  the  vent  shaft.  Tn  one  case  it  was  necessary  ti 
bore  an  additional  drift  adjacent  to  the  original  one.  ii 
order  to  drain  the  fonnation.  On  July  20.  lOlfi.  tli' 
drift  from  Lagnna  Honda  station  reached  the  heading  " 
the  original  drift  from  the  ventilating  shaft.  The  poi' 
of  meeting  was    i?0    ft.   westerly    from    llu'   shaft.     'I 'i' 
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rough  drift  amply  drains  the  formation  traverseil  and 

ikes  possible  rapid  progress  in  the  eonstrnetion  projier. 

As  tlie  heading  advanced  from  the  easterly  portal,  verv 
.tie  except  local  pockets  of  water  was  encountered  in 
I  ?  chert  fomiation,  and  the  tunnel  excavation  was  almost 
I  tirely  in  rock.  Several  means  of  disposing  of  excavat; 
I  iterial  were  tried.  At  tlic  (»ast  end,  where  the  subway 
;tion  was  constrncted  in  open  cut,  an  endless-chain 
I  alator,  as  showni  in  Fig.  4,  was  used  te  backfill  over  llic 
It-top  structure.  When  (his  backliliing  was  completed. 
1  iter  trucks   were   loaded   right  at  the   east  face   and, 

ng  the  completed  tnljc  as  an  avenue  of  travel,  emerged 
;  the  east  portal  and  carried  the  excavated  material  to 
'  ais  Creek  district,  5  mi.  distant,  to  fill  swamp  lands. 
'  e  poisonous  gases  from  the  exhaust  of  the  motor  true 
i  ide  the  completed  tnnnel  caused  the  abandonment 
(  this  scheme,  since  which  time  cars  have  been  hauled 

m  the  face  by  mules  and  conveyed  to  the  top  of  bunk- 
f  ,  into  which  they  are  dumped  on  an  automatic  elec- 


Inied  liefore.  Excavation  for  the  invert  and  tlic  pi 
of  the  concrete  in  the  invert  are  postponed  unt 
necessity  of  carrying  muck  and  materials  over  a. 
stretch  is  relieved  by  the  building  of  a  new  working 


JUriHii' 
11  the 
.given 
inlet. 


FIGS.  4  AND 


AfETHODS  OP  RRMOVING  SPOIL  FROM   TWIN  PE.\K.'<  TUNNEL  .AT  S.\N  FRANCISCO 
Earlier  escalator  shown  at   left  and  later  elevatoi-  at   right 


II  ally  operated  elevator  situated  in  the  slal)  opening  or- 
ij  lally  occupied  by  the  escalator. 

'oncretc  is  now  placed  in  the  tunnel  lining  by  the 
|J  umatic  process.  Two  plants  have  been  installed, 
v.  near  each  portal.  Specifications  for  concrete  call 
f«  a  consistency  of  1  part  cement  to  2i/j  of  sand'  with 
fH  icient  rock  added  so  that  the  mortar  fills  the  voids — 
a-  roximately  5  parts.  With  every  100  lb.  dry  cement 
•i  >.  hydrated  lime  is  mixed  for  waterproofing. 

Special  Pxeumatic  Delivery  of  Concrete 

••'in  the  mi.wrs  on  the  surface,  charges  are  dropped 
t»  'Ugh  a  measuring  hopper  into  the  air  chamber,  whence 
it  i  forced  into  the  forms  througii  a  pipe  with  spiral 
p  ections  to  give  the  mixture  a  rotary  motion.  At  the 
W'  t  end,  concrete  has  been  conveyed  pneumatically  2,500 
ft  ip  a  1.1. ">%  grade,  and  it  is  anticipated  that  a  distance 
<rf  ,000  ft.  will  be  served  up  the  3%  grade  from  the  east 
ni  ing  plant.  The  sequence  of  the  concrete  operations 
fciws:  (1)  100  ft.  of  footing  jwured  on  each  side; 
(J  second  and  third  days  following,  footing  forms 
<t  tped,  tracks  laid  for  form  tower  and  steel  forms  set; 
('  40  ft.  of  side  walls  and  ceiling  slab  started  tlie  third 
It  after  initial  pour:  (  :)  while  section  of  walls  and  ceil- 
n  arc  being  poured,  the  remaining  wall  and  ceiling 
are  set,  excavation  finished  and  next  forms  set. 

"■  arch  was  poured  in  long  continuous  sections, 
■lyieing  part  of  the  regulai'  scbedule  I'or  pouring  as  oiit- 


IJotli  the  design  and  the  const riutioii  oT  Twin  Peaks 
tunnel  are  under  the  direction  of  City 'Engineer  M.  M. 
O'Shaughnessy.  L.  T.  McAfee  is  resident  engineer  for 
the  city.     I'obert  Storrie  &  Co.  are  the  contractors. 

Competent  KuR-ineerH  tlMNential  to  Road  ('oiiMtriictlon — The 

main  question  that  the  people  of  the  Union  are  immetliately 
concerned  with,  is  whether  we  shall  get  a  dollar's  result  for 
every  dollar  we  spend  for  roads.  If,  as  the  result  of  this 
Act.  the  people  are  induced  fully  to  realize  the  necessity  of 
placing  skillful  and  experienced  men  in  charge  of  road  build- 
ing and  road  maintenance,  a  great  advance  will  have  been 
made  and  the  efforts  of  those  who  labored  to  secure  the  leg- 
islation will  have  been  rewarded.  I  assume,  as  a  matter  of 
necessity,  that  this  law  will  require  the  employment  in 
every  state  of  experts — of  real  experts.  This  word  is  very 
much  misused  and  abused,  as  the  word  "theorist"  is.  I  fre- 
quently hear  a  contrast  drawn  between  the  theorists  and  the 
practical  men.  There  is  no  basis  for  it.  The  classification 
ought  to  be  into  good  theorists  and  bad  theorists,  between 
practical  men  and  unpractical  men.  A  really  good  theorist 
is  highly  practical;  and  so  is  a  real  expert.  The  public 
la  somewhat  suspicious  of  experts,  because,  I  think,  so  many 
people  pose  as  experts  who  are  not.  I  repeat  that  this  Act 
win  necesitate  trained  intelligence  in  the  service  of  the 
state  as  well  as  in  the  service  of  the  Federal  Government.  It 
requires  the  state  to  accept  it.  That,  as  I  understand  It,  im- 
plies the  assent  of  the  state  to  every  provision  of  the  Act. 
One  of  these  provisions  Is  that  projects,  plans,  .specifications, 
and  contracts  shall  be  submitted  for  approval  to  the  Depart- 
ment of  Agriculture;  and  I  have  a  suspicion  that  plans  and 
specifications  will  not  be  approved  unless  they  arc  submitted 
by  people  who  know,  about  such  things. —From  an  address 
by  Secretary  Houston,  of  the  Department  of  Agriculture,  be- 
fore the  delegates  of  37  states  Interested  in  Federal  aid  to 
state   road   construction. 
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By  Clifford  OLDKiif 

A  (l(\<trueti\o  storin  distorted  a  steel  bridge  over  the 
Kankakee  Kiver,  near  the  line  between  Kankakee  and 
!i-..(|ii()is  Counties,  Illinois,  on  Mar.  31,  191G.  The  bridge 
was  left  in  snch  condition  that  the  effect  of  the  wind 
pressure  could  be  traced  plainly. 

The  bridge  consists  of  two  lH5-ft.  spans,  with  trusses 
■iCi  ft.  high  .spaced  17  ft.  3  in.  apart.  It  was  l)nilt  prob- 
ably about  15  to  30  years  ago. 

As  a  result  of  the  storm  the  trusses  of  the  west  span 
now  lean  decidedly  toward  the  north  (see  Figs.  1  and 
'!).  The  east  span  was  not  so  badly  damaged,  l)ut  it 
also  has  an  inclination  in  the  same  direction. 

.SiiKAi;ix(i  Faiukk  of  the  Poin'Ai.s 

The  top  chords,  though  disjilaced  laterally,  were  fonnd 
to  be  in  ])erfect  alignment.  The  to]i  lateral  struts  and 
diagonals  were  ])ractically  undamaged.  The  upper  lat- 
eral system  is  light,  and  there  is  no  sway  bracing  inter- 
mediate of  the  portals  (Fig.  '■'>)  ;  further,  the  top  lateral 


length.  The  distortion  occurred  largely  in  the  portioi 
not  affected  by  the  kneebraces  (Fig.  2).  The  ladi; 
liars,  which  were  Hat  bars  with  one  rivet  at  each  inte: 
section,  were  buckled  in  tliejicompression  .system,  an 
some  of  the  bars  in  the  tension  system  were  pulled  : 
two. 

It  seems  evident  that  a  slightly  greater  wind  Ion 
W(mld  have  caused  comjilete  failure  of  the  ])ortals,  r. 
-r.lting  in  tipping  over  of  the  tnisses  and  complete  eo 
lapse  of  the  spans. 

The  original  shop  drawings  do  not  give  the  nanii'  n 
ihe  sliojj  or  the  name  of  1he  designer.  The  jiortal  i 
marked  "Standard  Portal  Xo.  5,"  with  the  not<\  "3l/,x:; 
V|-in.  angles,  i-ivets  %,  open  holes  jif." 

Li)w?:i;  Ciioiii)  Failed  as  CnoiiD  of  Wind  Tnv^s 

A  ])artial  failure  of  the  lower  lateral  system  of  etuli 
.-pan  occurred  also.  In  the  case  of  the  west  .span  thi- 
was  of  such  kind  that  failure  was  imminent  here,  as  wcl 
as  in  the  poitals.  Xotice  the  curve  of  the  stringer  liiu- 
in  Fig.  1. 

The  lower  chords  are  eye-bars  for  the  full  length  of 
the    span.     The    lateral     rods    are     round     bars    pas.<e(l 


KIGS.   1   TO  4.    HOW  THE  KANKAKKE  UTVER    BRIDGE  FAILED  I'NDER  WIND  rRESSlI'Rl'; 
Fis.    1 — From    the    h  e.st,    .showing    we.-st    span    leaiuiiK    to  lupith  and  hotli  iioiimIs  distoitoil.     Fis.  2--De.<struction  o(  we.sl 
Iiorlal    of  west   span.      F'itf.    3 — The   buckled   bottom-chord    cvc-b.iis    on    lhi>    scnth    .-ide    of    the    west    span        Fisi.    4 — Ciirveil 
alieiiment  of  the  strinsers,   showing  the  Lateral    faUnre 


struts  were  too  shallow  to  transmit  any  of  the  toi)-ch.iril 
wind  load  into  the  ]ios1s  by  portal  action. 

From  the  facts  and  the  condition  of  the  portals  it  is 
evident  that  the  top  lateral  system  served,  as  intended 
in  the  design,  to  carry  the  wind  load  to  the  jiortals.  The 
jiortals,  however,  proved  to  be  too  weak  to  transmit  it 
down  the  end  i)ost«  to  the  foundation. 

The  portals  of  the  west  span  and  the  west  |)ortjil  of 
the  east  s])an  were  distorted,  with  contrartexure  near  mid- 

•Heprinted  with  slig-ht  condensation  from  an  article  in 
"Illinois  Highway-s." 

tBridne  lOnsineer,  Illinois  Hishwav  Pppartment,  Sprinp- 
flcld,  III. 


ihrongh  holes  near  the  ends  of  the  lioor-beams  and  liein 
iiig  on  heiit  [dates  riveted  to  the  Hoor-heam  Avebs  oi 
the  far  side.  They  did  not  fail,  although  the  bent  plate 
were  somewhat  distorted  by  the  pressure  of  the  nuts  aii' 
lilt-  rods  were  ])rol)ably  somewhat  overstres.sed.  Some  <> 
the  diagonals  of  the  opposite  inclination,  however,  sliottvi 
signs  of  failure  of  the  wind  truss  as  a  whole  by  liei"- 
imslied  through  until  the  nut  was  an  iiuh  or  more  awii 
from  the  bent  ]ilate  (Fig.  •">). 

The  partial  failure  of  the  lower  lateral  sy.stenis  (" 
ciirred  because  of  rever.<al  of  the  dead-load  stress  in  tli' 
lower-chord  bars  on  the  windward  side.  The  lower  dienl 
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1.  S.    VIEW   DOWNWAItn   AT  l 
LATERAL  SVSTK.M.  SH<J\VLVi 


ir.\Tl-:R   ROD  I.\  LOWER 
NTT   I'l'SHKI)  AWAY 


1  re  found  (]ispl;ur(l  laterally,  liiit  arr  in  ])erfect  alii;n- 
1  nt  from  the  second  panel  ])oiiit  at  one  end  lo  the 
I  nnd  panel  ])oiiit  at  the  opposite  end  of  eaeli  truss. 

liiumiK  Ska  IS  1  )i>i'i.a(KI)  by  thk  Pi  i,l 

it  is  evident  that  the  wiiid  force  hrougiit  to  the  shoes, 
i  excess  of  that  necessary  to  overcome!  the  horizontal 
I  iiponent  of  the  dead-load  thrust  of  the  end  posts,  would 
I  e  a  tendency  to  ])ull  the  shoes  off  the  foundations. 
'  at  this  e.xcess  load  was  considerable  was  indicated  by 
I  displacement  of  tlie  stones  on  whicli  tlie  shoes  rest  at 
1  pier.  Movement  of  the  upper  ends  of  the  end  posts, 
I  the  portals  yielded,  no  doidit  aided  the  displacement 
1  the  stones.     It  is  (Imilitfiil    if   nuicli   unlift  occnrrcd. 


load  stress  in  the  end  posts.  It  is  difficult  to  determine 
just  what  wind  load  would  produce  such  a  force,  owin"- 
to  the  complicated  action  of  the  lower  lateral  system 
after  reversal  of  the  dead-load  stress  in  .some  panels  of 
the  lower  chord.  Approximate  computations  seem  to 
indicate,  however,  that  the  wind  pressure  must  have  been 
ill  excess  of  220  Hi.  per  lin.ft.  of  lower  chord. 

The  County  of  Los  Angeles,  Calif.,  is  constructing  a 
concrete  pavement  of  special  design  for  the  use  of  motor 
trucks  between  the  harbor  of  the  City  of  Los  Angeles 
at  San  Pedro  and  the  business  district  of  the  city.  The 
total  length  of  this  route  from  Alameda  and  Slausou 
St.  in  the  City  of  Los  Angeles  to  the  northwest  boundary 
of  Wilmington,  which  is  a  portion  of  the  City  of  Los 
Angeles,  is  13.3  mi. 

The  concrete  base  for  this  road  will  be  2-t  ft.  in  width 
and  8  in.  thick.  It  is  made  of  1:2:4  concrete.  This 
ba.se  will  rest  on  a  cushion  of  decomposed  granite  5  in. 
thick  and  40  ft.  in  width.  Shoulders  8  ft.  wide  will 
be  built  of  decomposed  granite  on  each  side  of  the  con- 
crete base.  The  standard  section  for  most  of  the  Los 
Angeles  Comity  highways  is  a  concrete  base  20  ft.  in 
width  and  5  iiL  in  thickness,  with  r)-rt.  shoulders. 
Transverse  exjjansion  joints  across  the  full  width  of  the 
concrete  will  be  jilaced  at  25-ft.  inteivals. 

On  tlie  concrete  is  to  be  a  bitinninoiis  carpet  of  a 
character  common  in  California  roadwork.  The  s|iecili- 
( at  ion  for  the  surfacing  is  worded  as  follows: 

After  the  concrete  pavement  has  been  constructed,  ull  du.st. 
mud.  earth  or  foreisn  material  of  any  kind  which  may  have 
accumulated  upon  it  shall  be  removed  and  the  sui'face  flushed 
with  water.  When  it  has  become  sufficiently  hard  and  dry 
and  in  the  opinion  of  the  Road  Commisioner  is  ready  to  re- 
ceive it,  asphaltic  oil  shall  be  applied  in  one  application  of 
approximately    Vi    gal.   to  the  square  yard. 

Directly  after  the  oil  has  been  applied,  stone  screenings  or 
sand  shall  be  uniformly  spread  upon  it  in  suflicient  quantity 
to  combine  with  the  oil  without  leaving  any  excess  screenings 
or  sand  on  the  finished  road  surface.  The  stone  screenings  or 
sand  are  to  be  spread  in  a  direction  parallel  with  the  road 
and  never  crosswise.     If  necessary,  from  time   to  time,   addi- 
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I  -ause  of  the  lack  of  sway  bracing  and  the  failure  of 
' '  portals. 

No  hinged  bolsters  were  provided,  hut  rollers  were 
i  place  under  the  pier  shoes.  Tliis  expansion  device 
I  lears  to  have  l)een  sufficiently  servicealde  to  have  per- 
I  ttcd  a  recovery  movement  of  the  lower  end  of  the  end 
l-f!<  when  the  wind  load  was  relea.sed.  This  movement 
'  ■<  limited,  however,  by  the  lengtli  of  the  slotted  holes 
1  oiigh  which  the  anchor  bolts  passed. 

The  horizontal  component  of  the  dead-load  stress  in 
< '  end  posts  was  not  sufliiient  to  push  the  shoes  hack 
I  Jtlace  after  the  wind  subsided.  Xcgjecting  uplift,  tliis 
"  idd  lead  to  the  conclusion  that  the  total  wind  force 
'.plied  to  the  shoes  during  the  stonn  must  have  iieen 
'Tc  than  double  the  horizontal  component  of  the  dead- 


tlonal  screenings  or  sand  shall  be  spread,  as  the  Road  Com- 
missioner may  direct,  to  cover  any  oil  which  may  come  to  the 
surface,  until  the  final  completion  and  .acceptance  of  the  work. 

It  is  estimated  that  tiiis  road  will  cost  approximately 
.$2fi,000  per  mi.  The  Ciuinty  of  Los  Angeles  is  furnish- 
iui;  all  material  used  in  its  construction. 


TeMt  for  CorrOMlon  KeHlMtniu-e  with  .Aerntol  Wiiter— Ry  cir- 
culating heated  and  aerated  water  from  a  small  slorago  tank 
nt  fairly  rajild  rate  through  coils  of  pii>e  inaile  uj)  of  alter- 
nate li-ngths  of  dilTcrent  kinds  of  pipe,  V.  N.  Speller,  of  the 
National  Tube  Co.,  has  been  able  to  get  in  a  short  time 
comparisons  of  the  corrosion  resistance  of  the  several  khuls 
of  pipe  used.  A  test  of  three  months,  he  states,  kIvch  about  as 
much  corrosion  as  two  years  of  normal  service  In  a  hot-water 
line.  An  air  ejector  Is  used  to  aerate  and  circulate  the  water. 
The  ejector,  with  pump,  a  thermostat-controlled  gas  heater, 
and  the  tank  nnd  coll  nf  pipe  make  up  the  whole  device. 
The  nir  Is  first  filtered   Ihronth   exielsior  to   remove  nil. 
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ypes  of  Dujiinap=Cars  Used 


SYNOPSIS — The  first  part  of  this  description  of 
rarious  ti/pes  of  dump-cars  used  on  contract  and 
other  construction  work  was  published  in  "Engi- 
neerinf/  Sews"  Sept.  28,  1916,  and  dealt  with 
various  stifles  of  cars  of  1-yd.  to  SO-ijd.  carrying 
capacity.  The  present  article  describes  other  types 
of  cars  with  capacities  ranging  from  IS  yd.  to  J/O 
yd.  and  also  includes  the  use  of  unloader  plows  for 
dumping  material  from  flat-cars  and  gondola  cars. 

The  dump-cars  described  in  the  former  article  are  all 
of  the  tilting  type,  and  one  special  class  of  ears  of  this 
type  remains  to  be  dealt  with,  before  taking  up  the  non- 
tilting  type  of  car. 

Sectioxal  Tilting  Caks 

Sectional  tilting  cars  are  unusual,  although  .several 
varieties  of  them  have  .been  built.  The  car  has  three  or 
more  roctangidar  boxes  (sometimes  V-shaped  hoppers) 
mounted  on  the  underframe  and  so  arranged  as  to  dump 
iiidc])endently  and  to  either  side.  In  this  way  material 
may  be  discharged  in  small  lots  at  different  points,  or 
different  materials,  as  sand  and  stone  for  concrete,  may 
be  carried  on  one  car.  These  ears  have  been  used  also 
lor  handling  concrete.  In  one  design  the  boxes  are  set 
much  lower  than  usual,  convenient  for  hand  loading,  and 


TRAIN  OF  FLAT-CARS  WITH  SIDE  BOARDS  TO 
INCREASE  THEIR  CAPACITY 


have  a  lateral  travel  to  one  side  before  tilting,  so,-a6 
deliver  the  load  clear  of  the  track. 

Several  street  railways  have  used  construction  care  ■ 
this  general  type,  but  of  two  different  classes.  One  cla 
has  separate  boxes  or  bodies,  as  just  described;  the  oth' 
has  a  single  body,  but  divided  by  transverse  partitioi 
into  separate  compartments  each  having  its  own  doors, 
train  of  18-yd.  ears  of  this  class  (motor  car  and  trailer> 
is  shown  in  Fig.  2,  operating  on  the  Cleveland  Eleote 
Ry.,  Cleveland,  Ohio.  These  cars  were  built  by 
Differential  Car  Co.,  of  Xashville,  Tenn.  With  .such  cai 
different  materials  can  be  carried  in  one  load,  or  wit 
the  load  level  full,  not  heaped  up,  the  contents  of  tl 
compartments  can  be  delivered  at  different  points  aloD 
the  line. 

Flat-Caus  and  Unloaded  Plows 

While  the  flat-car  does  not  dump  its  load,  but  reqoin ' 
a  plow  for  power  unloading,  it  is  employed  so  extensivel 
in  handling  material  on  con.struction  and  maintenanc 
work  that  it  must  properly  be  included  here.  In  raihre 
service  the  use  of  flat-cars  in  connection  with  unloadc 
])lows  is  general  for  handling  excavated  material,  botho 
construction  work  and  in  such  maintenance  work  as  ditcl 
ing  and  widening  cuts,  also  to  some  extent  for  ballastin 
track.  One  reason  for  this  is  that  the  cars  are  part  of  tk 
I'egular  equipment  of  the  road.  They  are  suitable  fc 
miscellaneous  work  when  it  is  not  practicable  or  ecoaom 
cal  to  invest  in  special  equipment,  and  they  can,  I 
adapted  either  to  work-train  or  freight-train  servioa^  i 
may  be  required.  The  question  of  the  factors  affe( 
the  selection  of  the  type  of  car  for  any  particular  Wt 
was  discussed  editorially  in  Engineering  News,  i 
28,  1916. 

The  ears  are  liable  to  damage  from  rough  treatmen 
but  repairs  are  likely  to  be  simple  and  cheap,  due  to  tt 
use  of  standard  parts.  JIuch  work  has  been  done  we 
and  at  low  cost  with  flat-car.s,  especially  where  the  add 
tlou  of  sideboards  has  enabled  fairly  heavy  loads  to  1 
carried. 

Flat-cars  maj'  be  of  advantage  in  handling  hea^7  rod 
stumps,   logs   or   other   material    that   cannot  well  \> 
dumped.     Some  railways  consider,   however,  that 
cars  are  not  economical  under  ordinary  conditions  BD 


sectional   nt'MP-CARS  O.V   RLKPTRir   RAILWAY  AT  CLEVELAND.  OHIO 
Difftrential   C.-xr  Co..   N.'i.shvHIe.   Tenn.,    huililer 
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STDK-DOOK    (JONUOl^A    CAK    WITH     TWO     HOOKS 
IN  POSITION  FOR  tTNI.OADIN(; 

li  t  on  account  of  the  relativi^ly  small  aiiKniiit  of  material 
i  t  can  be  loaded  on  a.  flat-car  it  is  better  to  have  iliimii- 
(•■  '  and  to  leave  the  flat-cars  I'or  revenue  freight  service. 
'  )n  some  of  the  work  in  the  Culebra  Cut  of  the  Panama 
(  lal  the  excavation  came  out  in  such  large  blocks  that 
h  dling  ])}•  flat-cars  was  about  the  only  practicable 
n  hod.  The  cars  for  this  work  had  one  solid  side  and 
0  open  side,  with  the  floor  extended  about  13  in.  on  this 
!i  er  side.  They  were  unloaded  by  a  side  plow  that 
vt  lid  throw  off  the  rocks  wliatever  their  size.  With  these 
ft;  heavily  loaded  and  the  material' piled  against  tlie 
fi  d  side,  the  center  of  gravity  was  thrown  to  one  side 
0  he  center  line  oC  the  car.  This  caused  severe  wear  of 
tl  rail  head  and  liigli  cost  of  track  maintenance',  espc- 
I-  ly  on  curves. 

Inly  a  limited  yardage  per  car  can  be  loaded  unless 
s  boards  are  used.  These  may  be  loose  boards  held  by 
«■  ;eR  in  the  car  pockets,  or  they  may  be  permanently 
a  ched  by  hinges  or  short  chain.s,  so  as  to  fall  down 
a  inst  the  sills  when  lowered.  .V])rons  cover  tlie  sjjaces 
b  reen  tlie  cars,  so  that  the  material  being  unloaded  will 
n  fall  through  upon  the  track,  and  th(;y  also  carry  the 
p  V  at-ross  these  openings.  Fig.  1  shows  a  train  of  flat- 
i:  ■■  in  railway  ditching  work,  with  loose  side  boards 
a  ched  by  chains  and  held  in  place  by  stakes.  The 
d  liing  machine  travels  along  the  train,  and  the  boards 
a  ))laced  as  the  cars  are  loaded. 

I'ith  tiie  old  style  of  blunt  plow  this  mi'thod  of  iinload- 
ii    material   was   rather  slow.     With   the  more   modern 


plow  of  smaller  angle  and  greater  length  this  objection 
does  not  apply,  as  the  material  does  not  pile  up  upon  the 
plow  and  the  pressure  of  the  material  against  the  sides  of 
the  car  is  not  nearly  so  great.  In  this  way  there  is  less 
obstruction  to  the  movement  of  the  jdow,  with  consequent 
higher  speed  and  less  damage  to  the  ears.  In  operating 
on  curves  the  cabh;  must  be  led  through  snatch  blocks 
bitched  to  the  car,  and  there  is  liability  of  additional 
damage  due  to  the  strains  on  stakes  and  stake  pockets. 

Unloading  material  in  this  way  has  the  advantage  that 
it  can  be  distributed  in  (piantity  as  desired  by  stopping 
or  moving  the  train  while  unloading.  The  use  of  plows 
in  connection  with  gondola  cars  is  discussed  later.  The 
field  for  flat-cars  is  where  the  material  is  to  be  liamlli'd 
over  existing  standard-gage  tracks,  particularly  where  il 
is  necessary  to  load  by  band. 

SlOh:-l)o()l;  (ioXJ)((l._\    (  '  \|;s 

These  i-ar.s.  like  flat-cars,  do  not  dum|i  the  load,  but 
require  shoveling  or  plowing.  They  are  similar  to  ordinary 
open  freight-cars,  hut  the  sides  instead  of  being  fixed  arc 
formed  by  swinging  j)auels.  They  may  have  low  side.^ 
hinged  at  the  bottom,  but  generally  the  sides  are  higher 
and  hinged  to  a  top  rail.  Latches  hold  the  doors  closed. 
Movable  ends  or  end  gates  are  fitted. 

Fig.  5  shows  a  large  car  of  this  type  for  track  elevation 
and  other  work  on  the  Chicago  &  Western  Indiana  R.li. 


R 
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Fii;.   I.    T)i:i>i'-i:oTTo,\i  liONUoi.A  CAK   I'Mi:  sidio 

IltTMPING 
li.nlslon    Steel    Co..    ('oliiinl)U.s,    oliio.    Iniililt-i- 

The  cai-s  are  10  ft.  long,  with  a  carrying  capacitv  of  ")() 
tons  and  a  light  weight  of  19  tons.  They  were  built  by 
the  Haskell  &  Barker  Car  Co.,  of  Michigan  City,  Imi. 
The  top  rail  of  the  side  frame  is  cari-ied  on  heavy  stakes, 
and  to  this  the  side  panels  or  doors  are  attached  by  strap 
binges.  A  locking  bar  extending  along  the  sill  has  lugs 
that  bear  airainst  the  doors  to  hold  them  closed,  and  Ibis 


■;ini:-nooR  oonpola  car  for  iisk  witfi  rN[,(iAi>i;i 

H«sk«n  *   Barker  Car  f'o.,  Mfchlt^iin  Clly.   Irnl.,  I.iillilei- 
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UNLOADING 
Rodger  Ballast   Car 


iw.wi;i;tii;lii;  into 
with  plow) 

Co.,    Chicago,    builder 


UDK-Duuli  uuXDuLA   CAR    FLiH 


rod  is  operated  by  end  levers  to  lock  or  release  the  doors. 
Fig.  3  is  an  interior  view  of  the  car,  showing  the  doors 
unlatched  and  the  two  doors  at  the  end  propped  open  in 
the  jJosition  they  oceiipy  when  material  is  being  plowed 
out.  At  the  far  end  of  the  car  is  shown  the  steel  apron  to 
cover  the  opening  between  cars  and  prevent  material  from 
falling  on  the  rails. 

The  gondola  ear  Avill  hold  20  to  40  cu.yd.,  as  against 
S  to  n  yd.  (or  VI  to  15  yd.  with  side  lioards)  on  ii  fbit- 


ow^ 


car  32x81/2  ft.  But  the  doors  cause  slower  unloadii 
means  of  the  plow,  and  unloading  by  hand  is  slow" 
exjjensive.  However,  in  some  cases,  as  on  track  elevatid 
a  large  gang  of  men  unloads  the  cars  and  then  distribul 
the  material  and  raises  tracks  until  the  ne.xt  train  arrivi 
If  the  contents  are  to  be  plowed  out,  the  end  gates  a 
removed  from  the  ears  Ijefore  loading,  and  the  spac' 
between  the  cars  are  covered  by  steel  aprons.  For  uiiloa< 
iiiL!'  liy  hnml.  Ilie  end  gates  may  be  left  in  place,  in  whii 


FIG.    7.    CONVRRTIBLK    CENTER-DUMP   AND   SinK-nUMP  CAR 
The  right   view  .mIidws  the  interior  of  the  ear  arranged   for  halla.stlng.    with    slo|iing   ttoor   and    longitudinal    hopper.     Tin' 
left   view   show.s  hopper  euvered   ami   .■m    vnifiild.-    r..i    u.n.ral    1  ransportation.       Willi     ends     icnioved     Ihe     lonteiil.s     may    w 
lilowed    oul    tlirongh    .side    doors 
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M'  larger  loads  cau  be  carried.  While  some  engineers 
wide  experience  consider  that  these  cars  give  economi- 
l  service  with  the  use  of  unloader  plows,  others  believe 
em  economical  only  for  such  light  materials  as  sand 
id  cinders  and  not  for  heavy  plowing.  It  has  been  sug- 
■sted,  however,  that  unfavorable  opinions  are  based  [)r()b. 
ily  on  efficient  handling  or  experience  with  the  older 
vie  of  equipment,  as  with  modern  equipment  properly 
udied  the  plow  is  a  quick  and  effective  means  of 
doading. 

Tiie  cars  are  favored  more  by  railways  than  ijy  contrac- 
is  and  have  the  advantage  that  when  not  re(|uirc(l  in 
irk-traiii  service  they  can  i)C  put  to  regular  freight 
•vice.    Tlieir  special  advantage  is  where  large  quantities 


;    S.    TRAINS  OF  30-YD.  STEEL  HOPPER  CARS  PLACIN'G! 
BALLAST    AND   WIDENING    FILL 
CJoodwin   Car  Co.,   New   York,   builder 

'  M)atei'ial  are  to  be  handled  on  main  line  and  for  eon- 
I  erable  distances :  when  running,  they  have  more  stabil- 
:  than  dump-cars.  They  have  been  employed  exten- 
I  ely  on  filling  for  track  elevation  and  for  filling  trestles 
I  bridges.  For  distributing  ballast  they  have  been  used 
:  a  limited  way.  but  center-dump  cars  are  generally  pre- 
red  foi'  tin's  work. 

Ditoi'-BoTTOM  Gondola  Caks 
riiesi^  are  flat-bottom  cars  with  closed  ends  and  fixed 
I  L'8,  having  the  bottom  composed  of  panels  hinged 
I  linst  the  center  sill  and  dropping  toward  the  side  to 
I  angle  of  nearly  45°.  Usually  half  the  doors  on  each 
•  e  are  operated  independently,  making  four  sections. 
'  e  cars  are  seen  largely  in  revenue  service  for  hauling 
cd  and  in  work-train  service  for  filling  trestles.  They 
t-  URiallv  too  hcavv  for  temporary  trestles  in  making 
1  AT  fills. 

V  car  of  this  ty|)c  built  by  the  Walstoii  Steel  Car  Co., 
f  Colundius,  Ohio,  is  illustrated  in  Fig.  1.  The  doors 
I '  raised  and  lowered  by  a  cranked  operating  rod  carried 
ii  bearings  beneath  the  ends  of  the  transoms  of  the  main 
1|  mc.  This  view  shows  all  the  doors  on  one  side  lowered, 
l|f  half  the  doors  on  each  side  can  be  operated  independ- 
<  ly  of  the  others.  The  TJalslon  car  was  described  in 
Oinecrliif/  Xpws,  Mar.  :^i'.  H'Hi. 


The  cars  are  specially  suitable  for  dumping  through 
the  open  floors  of  trestles  and  track  hoppers.  On  solid 
track,  however,  much  6(  tlie  material  rolls  back  on  the 
rails  and  must  be  remox'od  before  the  car  cau  proceed. 
Hand  shoveling  in  this  way  is  slow  and  troublesome. 
Sometimes  a  tie  is  chained  across  the  rear  truck  to  act  as 
a  plow  in  clearing  the  rails.  This  is  objectionable  prac- 
tice, as  the  heavy  loads  will  skid  the  wheels  and  cause 
flat  si)ois,  while  the  tie  is  likely  to  get  blocked  and  cause 
derailment.  Some  material  also  will  fall  through  the 
spaces  between  the  ojjened  doors  anfl  thus  drop  ui)on  the 
rails.  These  cars  are  rarely  found  in  connection  with 
steam-shovel  work. 

As  practically  the  entire  bottmii  (li-iips.  the  cars  are 
self-cleaning.  If  used  for  widening  a  bank  on  one  side, 
however,  only  half  tlie  drop-floor  can  be  operated,  and 
shoveling  is  necessaiy  to  empty  the  car.  The  operation 
of  the  dumping  levers  is  not  always  convenient  or  safe 
on  trestles,  but  in  some  such  cases  the  lever  has  been 
worked  from  the  ground  by  means  of  a  long  rope.  The 
doors  being  operated  in  four  groups,  the  load  can  be 
distributed  along  the  track  or  at  different  ])oints,  which 
may  be  desirable  in  ballasting.  The  cars  nuist  be  substan- 
tially built,  or  after  a  little  rough  usage  the  doors  will  not 
close  projierly. 

Centkii-Dump  Cai; 

Equipment  of  this  class  includes. gondola  cars  with  a 
longitudinal  V-shaped  hopper  beneath  the  floor,  the  lower 
yiart  of  this  l)eing  formed  by  doors  hinged  at  the  upper 
iide.    The  hopper  may  be  in  the  center  of  a  flat  floor,  or 


FIG.   9.     FILLING   STEEL  TRESTLE  FROM   SO-YD.  CARS 
WITH    TRAIN   IN   MOTION 

it  may  extend  to  the  vertical  side^  (jf  the  car.  In  tlic 
former  case,  for  a  convertible  car,  hinged  panels  extend 
the  slope  from  the  top  of  the  hoijper  to  the  sides. 

As  dump-cars  they  are  used  maiidy  and  very  exten- 
sively for  ballasting.  The  material  can  be  discharged 
while  the  train  is  moving,  the  amount  being  regulated 
by  the  width  of  dump  opening  and  the  sjieed  of  the  train. 
A  plow  under  the  rear  car  levels  the  material  and  throws 
it  clear  of  the  rails,  fare  must  be  taken  not  to  open  the 
doors  too  wide  or  too  rapidly,  as  the  rush  of  material  may 
cover  the  track  and  cau.se  stalling  or  derailment  of  the 
train.  Such  cars  may  be  so  built  as  to  be  available  for 
hauling  grading--  ?nafeiial  and  Hlliug. 


r,  1 1 


EN(;  I  N  K  K  K'lN(i     N  K  W  S 


Vol.  ^(;,  No.  14 


'I'Irc  lliirt  (-()ii\('rtil)le  car  nl'  lliis  tyjie,  Fi,i;s.  (i  aiiil  7. 
liiii  In;  ()|K>iatt'il  as  a  ceiiter-diiiiip  car.  a  sido-duiii])  ^oii- 
ilola  lor  use  with  an  unloader  ptow,  or  as  an  orilinary 
jroiidoja  car  in  freialit  service'.  This  car  has  a  flat  floor, 
willi  a  loiiijitudiiial  hopper,  and  niovahle  panels  extending 
I  lie  slope  of  the  hopper  to  the  vertical  sides  of  the  car. 
'I'lu'se  [lanels  arc  hinged  at  the  edges  of  the  ho])per  and 
ran  h'.  Folded  down  so  as  to  cover  it  and  make  a  flat  floor. 
The  vertical  sides  may  also  Ije  comjKJsed  of  panels  hinged 
at  the  top  so  that  the  car  may  serve  as  a  side-dump  gon- 
dola for.  making  fills,  widening  banks,  etc.  With  this 
last  arrangement  the  car  may  be  unloaded  by  hand  shovel- 
ing, or  the  ends  may  be  removed  to  permit  the  use  of  an 
unloader  plow.  This  car,  therefore,  can  he  utilized  for 
handling  and  depositing  excavated  material,  distributing- 
ballast  and  carrying  revenue  freight. 

Fig.  6  shows  a  steel-frame  Hart  car  of  'oO-ton  capacity 
and  a  light  weight  of  23  tons,  as  used  on  the  Missouri, 
Kansas  &  Texas  My.  for  ballasting  and  filling.  The 
longitudinal  central  hoiiper  may  be  seen  behind  the  deep 
girder  sill,  and  the  sides  are  formed  by  doors  hinged 
at  the  top,  as  in  the  side-door  gondolas  already  described. 
Fig.  7  shows  the  car  arranged  for  two  kinds  of  work.  At 
the  left  is  the  position  for  ballasting,  with  the  centi'al 
hopper  uncovered  and  its  slope  extended  to  the  sides  by 
the  hinged  floor  ])anels.  The  end  gates  are  set  back  to  the 
hopper,  which  of  course  is  only  between  the  trucks.  At 
the  right  is  the  |)osition  for  ordinary  freight  service,  with 
the  panels  folded  down  to  form  a  solid  floor  and  the  end 
gates  shifted  out  to  the  end  sills.  For  v-.^l  with  an 
unloader  plow,  the  solid  floor  remains  and  th"  end  gates 
are  removed,  wliile  hinged  steel  api'ons  cover  the  openings 
l)etweeii  cars.  These  cars  arc  built  by  the  Rodger  Bal- 
last  Car  Co.,  (.r  CJhicago. 

Sii)i;-l)i'.\i;    Cm;   with    Inci.inkh   I''i,i)(ii; 

lu  this  type  of  cai-  Ibe  Hooi'  is  df  .V-sbape,  slo|iing  down 
from  a  center  ridge  to  Ibe  sides,  which  are  hinged  at  the 
top  SO  as  to  swing  outward.  These  cars  arc  nut  used 
extensively  in  construction  work.  They  lia\e  been  em- 
ployed to  a  limited  extent  in  distributing  small  lots  of 
ballast  locally,  also  for  dumping  material  for  shouldering 
permanent  track  or  raising  such  track  to  a  new  grade. 
.Vn  objection  is  that  they  dejiosit  the  material  too  near  the 
track.  They  are  apt  to  be  rather  to]j  heavy  for  lilling 
trestles,  and  some  engineers  consider  them  uneconomical 
foi'  widening  banks.  Further,  the  load  is  likely  to  damage 
the  doors  as  it  escapes,  causing  high  repair  cost. 

The  principal  field  for  cars  of  this  type  is  in  railway 
service,  for  handling  ashes  from  locomotive  tei'minals  and 
removing  refuse  from  yards  and  busy  freight  stations. 
For  this  work  they  may  be  small  cars  on  four  wiicels  or 
larger  cars  on  trucks.  They  must  dump  on  both  sides, 
unless  hand  shoveling  is  resorted  to,  though  a  few  special 
cars  have  been  built  with  the  floor  sloping  from  the  top 
of  one  side  to  the  l)ottom  of  the  opposite  side. 

Combined  Cknter-  a.vd  Sipk-Dump  Car 

A  special  type  of  large  car  for  a  great  variety  of  pur- 
poses is  the  Goodwin  dump-car.  This  has  a  fixed  steel 
body  of  hopper  shape,  provided  with  bottom  doors  and 
aprons  for  regulating  the  discharge,  and  so  arranged  that 
the  car  can  empty  its  contents  on  either  side  or  both  sides 
of  the  track  (outside  the  rails'),  or  on  the  inside  of  one  or 
both  rails,  or  partly  outside  and  partly  inside  the  track. 


for  the  side  discliai'ge  the  flow  iil'  niaierial  can  h. 
restricted,  or  the  entire  side  of  the  car  can  be  swunir  (m* 
to  give  full  and  unrestricted  dumping.  The  lower  pan 
of  the  sides  are  hinged  at  the  u]iper  edge  and  are  normall 
inclined  inward  to  form  a  A^-shaped  hopper.  Their  posi 
tion  is  regulated  by  means  of  chains  attached  to  the  side,' 
and  led  to  the  |)iston  I'ods  of  horizontal  air  cylindeH 
placed  across  the  top  of  the  car. 

The  (loodwin  cars  are  built  entirely  of  steel,  and 
capacity  is  30  yd.  level  full  or  40  yd.  with  heaped  load. 
The  dumping  is  effected  by  hand  or  by  air  and  can  be 
done  for  the  cars  separately  or  for  the  entire  train  simul- 
taneously. The  inclined  aprons  throw  the  material  cleai 
of  the  track,  and  the  slope  of  the  sides  is  such  as  to  make 
the  cars  self-clearing  even  with  sticky  material.  As  thf 
body  is  fixed  and  nontilting,  the  dumping  can  be  done 
on  bridges  and  trestles  without  causing  shock  to  the  struc- 
ture, even  whenthe  train  is  in  motion.  The  ears  an 
built  by  the  Goodwin  Car  Co.,  of  New  York. 

Cars  of  this  kind  are  shown  in  Figs.  8  and  9.  Tbi 
upper  view  in  Fig.  8  shows  a  train  in  motion  depositijij 
stone  ballast.  The  car  at  the  right  is  delivering  Qu. 
ballast  inside  the  rail.  The  next  ear,  on  which  the  oper 
ator  is  riding,  is  delivering  outside  the  rail,  the  flow  beiiif 
controlled  by  the  operator.  The  lowei'  view  shows  a  trail 
making  a  fill,  the  sides  of  the  cars  being  released  ani 
banging  free,  .so  that  they  give  unrestricted  flow  to  thi 
contents. 

On  much  of  the  work  done  the  cars  ai'e  unloaded  whili 
the  ti'ain  is  moving  at  in  to  2(1  mi.  pei-  hr.  In  this  wa; 
the  filling  or  i)lacing  of  material  progresses  rapidly  aD( 
lite  work  trains  can  be  o])erated  on  main  track  with  I 
tninininm  of  interference  with  regular  traffic.  Fig. 
shows  the  tilling  of  a  steel  \  iadnct  by  means  of  these  cars 
with  the  train  in  motion. 

The  cars  can  handle  i-ock  and  boulders  as  well  as  loa* 
material,  and  in  industrial  service  they  are  employed  fo 
trans])orting  such  articles  as  i)ig  iro7i,  billets,  rail  endt 
scrap,  etc.  They  are  used  extensively  both  by  contractor 
aiul  railways  for  grading,  making  and  widening  fills,  dis 
tributing  ballast,  filling  trestles  or  old  bridges  and  fo 
hauling  stone,  sand  or  gravel. 

llredeini;  for  Coal  in  the  rivers  of  Pennsylvania  is  an  to 
(lii.stry  by  which,  it  is  estimated,  about  250.000  tons  are  M 
nuany  recovered.  The  method  of  dredging  is  described  1) 
Howard  I.  Moses  in  the  June  issue  of  the  "Journar"  of  th 
t5nprineers'  Society  of  Pennsylvania.  The  anthracite-coal  dl» 
trict  of  Pennsylvania  is  found  principally  in  L.ackawanM 
Luzerne.  Carbon,  Schuylkill  and  Northumberland  Counties,  aB' 
liver  80,000,000  tons  of  coal  is  mined  yearly.  Nearly  one-bal 
of  this  coal  is  prepared  by  the  "wet  process."  requiring  th 
use  of  vast  quantities  of  water  which,  when  wasted,  carrle 
in  suspension  millions  of  tons  of  fine  culm,  by  which  name  I 
designated  the  fine  coal  that  pas.ses  through  the  smalles 
screen  in  a  dry-process  breaker.  Much  of  this  finds  its  w» 
into  the  principal  rivers  draining  the  anthracite  distrlct- 
the  Lackawanna,  the  Susquehanna  and  its  north  branch,  th 
.Schuylkill  and  the  Lehigh.  They  carry  culm  waste  for  roan 
miles  downstream,  depositing  it  in  shallows  and  eddies,  bao 
of  dams  and  over  valley  bottoms.  There  are  two  princl] 
types  of  dredges  in  use  for  recovering  the  coal — the  suetl( 
dredge  and  the  bucket  dredge.  The  former  is  used  excluslvi 
at  llarrisburg.  while  the  other  type  is  more  favored  elsewhen 
The  season  averages  eight  months,  and  the  total  output  of 
dredge  ranges  from  8,000  to  10,000  tons.  The  dredging  nm 
chinery  is  generally  mounted  in  a  stern-paddlewheel  flat-boi 
tom  boat  of  lT>-m.  draft.  The  coal  is  discharged  into  flatboai 
or  scows  having  a  capacity  of  12  to  14  tons.  In  and  aboi: 
llarrisburg,  river  coal — steaming  sizes — sells  from  $1.10  ' 
$1.50  per  ton  delivered,  and  f.o.b.  Hats  at  river's  edge  from  ' 
to  90c.  per  ton.  Compared  with  similar  sizes  of  run-of-min 
anthracite  at  the  prevailing  pricts,  these  show  a  considerabi 
saving. 
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By  W.  B.  Pattex* 

The  central  portion  of  Diiluth,  Miuu.,  is  an  example  of 
1  V  planning  without  regard  to  topography,  sjonmetrical 
I  iwth,  transportation  or  intercommunication.  Although 
r  upving  a  hillside  i-ising  rapidly  from  the  shores  of  the 

ke  and  Bay  of  Superior,  the  liiglnvays,  with  two  excep- 
1  ns,  were  designed  on  the  gridiron  system  (see  accom- 
mying  map).  The  streets,  300  ft.  apart,  running 
1  proximately  parallel  with  the  shore  line  and  contours, 
I  ee  light  grades  throughout  their  length,  except  where 
t  'v  cross  the  so-called  Point  of  Hocks,  which  separates 
! '  main  business  and  residence  sections  from  the  West 

d.     The  avenues,  400  ft.  apart,  being  at  right  angles 


St.,  through  the  civic  center  A  to  a  connection  at  B. 
with  a  rural  highway  leading  northerly,  and  with  The 
Boulevard,  which  is  a  driveway  constructed  along  the  old 
lake  beach  475  ft.  above  the  present  lake  level. 

From  the  intersection  of  this  arterial  highway  with 
Fourth  St.,  at  C,  using  platted  streets  where  possible,  and 
condemning  across  property  where  necessary,  a  route  is 
shown  passing  through  points  marked  D,  E,  F,  G,  which 
opens  up  the  thinly  populated  districts  near  the  center 
of  the  city. 

The  highway  from  U  to  /  is  a  relocation  of  Washington 
Ave.,  formerly  vacated  :  and  that  from  K  to  L  is  an  exten- 
sion to  First  St.  of  Woodland  Ave.,  the  present  terminus 
of  which  is  at  Fourth  St.  At  AT  is  a  secondary  civic  center 
with  two  large  auditoriums  frequently  used   for  public 
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PROPOSED    ARTERIAL    HIGHWAYS    AND    CIVIC    CE.XTERS  FOR  DULUTH.  MINN 


h  the  streets,  are  generally  normal  to  the  contours. 
'•.  exception  to  the  rectangular  system  is  Mesaba  Ave., 
ich  skirts  the  easterly  .side  of  the  Point  of  Rocks  and 
ich  has  been  improved  to  the  top  of  the  hill,  about  500 
above  the  main  business  street,  but  it  is  poorly  located 

1  has  long  stretches  of  grades  running  from  0  to  121/^%. 

2  other  diagonal  thoroughfare  was  called  Washington 
3.  and  was  about  1 '/{  mi.  east  of  Mesaba  Ave.  This 
nue,  except  for  one  l)lock,  was  vacated  in  the  early  his- 
V  of  the  city. 

Vcting  as  a  iiiciiibcr  of  the  City  Planning  Committoe 
the  Duhitb  Commercial  Club,  the  writei',  who  was  I'or- 
rly  city  engineer  of  Diihith.  lias  planned  .several  di- 
■nal  arterial  highways  leading  up  the  hill  by  ca.sy  grades 
rii  proposed  main  and  secondary  civic  centei's  near  the 
erf  rout. 

I'he  new  layout  is  shown  on  the  accom|ianying  map. 
^  main  thoroughfare  extends  diagonally  from  Superior 

'Manager.  Duluth  Engineering  Co.,  Pall;.(lin  Hull.lInK, 
utn,  Minn. 


assemblages.  It  is  proposed  to  open  a  diagonal  highway 
from  this  point  to  an  intersection  with  the  one  first  de- 
scribed at  N  and  with  an  extension  westerly  to  a  con- 
nection at  0  with  Mesaba  Ave.  above  its  steep  grades,  and 
below  its  junction  with  several  rural  highways,  which 
are  heavily  traveled,  and  at  its  intersection  with  The 
Boulevard. 

The  projected  civic  center,  hotels,  freight  and  passenger 
depots  and  docks,  and  the  main  wholesale  district  lie  on 
the  lower  levels  of  the  city  and  just  cast  of  the  Point  of 
Kocks,  the  olTice  buildings  and  retail  trade  adjoining  to  the 
east.  The  residential  sections  ai'c  nortii  :iud  east  of  the 
business  zone. 

The  steepest  part  of  the  hillside  is  in  the  immediate 
vicinity  of  the  civic  center,  the  rise  being  over  500  It. 
in  less  than  3,000  ft.  The  growth  of  population  has  been 
toward  the  east  and,  except  along  street-railway  lines  that 
have  been  found  feasible,  with  decreasing  density  as  the 
hill  is  ascended.  There  are  thus,  within  very  short  dis- 
tances hoiizontaliv  of  (he  business  center,  liir<re  tracts  of 
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l;ni(l  tliat  are  almost  luiiDopulated.  A  small  part  of  this 
icrritorv  is  given  the  limited  service  of  an  elevated  incline 
])assengcr  railway,  which  operates  in  connection  w"ith  a 
stirfac-e  railway  running  to  a  settlement  back  of  the  crest 
of  the  hill. 

The  local  street-railway  company  refuses  to  operate  ou 
grades  of  over  1^%.  Conse(]uently,  its  service  is  not  ex- 
tensive and  above  Superior  St.  is  confined  to  those  streets 
that  can  be  reached  by  selecting  avenues  which  are  within 
the  maximum  grade  limit.  This  leads  to  a  duplication 
of  lines  on  portions  of  some  streets  and  roundabout  routes 
with  fre(iuent  right-angle  turns.  Thus,  the  West  Fourth 
St.  line  in  running  from  .^lii  Ave.  West  and  Superior  St. 
to  its  termiuus,  which  is  less  than  1,500  ft.  distant  hori- 
zontally, travels  10,800  ft.  and  turns  four  square  cornci-s; 
and  of  this  distance  over  (5,000  ft.  is  over  streets  ou  which 
other  lines  are  compelled  to  run  and  which,  owing  to  its 
proximity  to  the  center  of  the  city,  is  also  a  minimum- 
revenue  territory. 

To  overcome  the  present  ditficulties  and  to  avoid  the  in- 
conveniences and  congestion  of  traffic  which  will  come  in 
the  future,  following  the  large  increase  in  pojndation 
which  is  confidently  expected,  the  writer  has  suggested  the 
establishing  of  the  several  arterial  highways  shown  on  the 
accompanying     plat    and     just     explained     in     detail. 


Basins  1  and  2  of  the  Walnut  Hill  reservoir  for  tli. 
Metropolitan  Water  District  of  Omaha,  Neb.,  were  built 
some  years  ago  by  throwing  up  earth  embankments  sur- 
rounding roughly  square  basins  and  lining  the  bottom 
and  the  inside  slopes  with  a  6-in.  thickness  of  plaii; 
concrete.  Some  time  ago  this  concrete  lining  began  ti 
crack  badly  (see  Fig.  3)  and  although  the  destination  oi 
the  leakage  was  not  evident,  the  presence  of  nearliv 
houses  and  the  possibility  of  the  loss  of  the  eniljank- 
nient  led  the  engineers  to  reline  both  basins  with  an 
additional  4  in.  of  reinforced  concrete  laid  directly  on 
the  old  lining. 

The  new  lining  consisted  of  -1  in.  of  l:2y^:  -ii/^  concrete 
reinforced  in  both  directions  with  %-in.  square  twistci! 
rods  spaced  7  in.  c.  to  c.  No  expansion  joints  weri' 
jirovided  in  the  whole  new  lining.  The  reinforcement 
was  laid  on  the  old  concrete,  as  shown  in  Fig.  1,  over 
the  whole  area  before  any  of  the  new  concrete  was  placed, 
the  rods  being  tied  and  held  the  proper  distance  from  the 
old  lining  with  special  clips. 

The  concreting  was  carried  out  with  the  special  niixiuj; 
and  placing  outfit  shown  in  Fig.  2,  which  had  been  de- 


Ii;.   1.    BASIN  NO.   1   OF  WALNUT  HILL  RESERVOIR.  OMAHA.   WITH   REINFORCI.Ni ;    r:iil> 
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FIG.  2.    MIXER  AT  WORK  LINING  BOTTOM  OF  RESERVOIR 
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G.  3.  CRACKS  IN  OLD  LINING 


FIG.   4.    CHUTE   FRAMK  ON  TOP  OF   RESERVOIK 


I  iifd  by  Homer  V.  Knou.se.  Construction  Engineer  of 
>  Watei*  District,  for  tlie  lining  of  Basin  (i  at  the 
',  )rence  Station  of  the  \Yater  District.  This  outfit  cou- 
I  ts  of  a  Smith  mixer  mounted  on  a  timber  platform 
•  ich  wa.s  set  on  the  top  of  the  embankment,  and  pro- 
■  led  with  a  feeding  track  extending  down  the  X)uter 
I  pe  and  a  chute  extending  down  the  inner  slope.  This 
:  xing  plant  was  complete  in  itself,  was  self-driven  by 
1  team  engine  and  remained  in  this  one  location  through- 
I  fc  the  relining  of  the  Ijasin. 

The  mixer  was  fed  from   the  ground   elevation   oui- 
I  e  the  basin   (Fig.  2)   by  a  skip  which  traveled  on  a 
I  ck  laid  down  the  slope  and  which  was  controlled  from 
I  loisting  cable  at  the  mixer.     The  special  track  was 
med  at  the  mixer  so  that  the  skip  would  ihini])  di- 
I  tly   into   the  drum.     Sand,  stone  and 
I  iicnt  were  all  stored  at  the  lower  leve 
1  1  dumped  into  the  skip  as  needed   for 
I  h  batch. 
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In  the  truss  sjjans  of  the  recently  remodeled  Herron 
Ave.  bridge  in  Pittsburgh,  use  was  made  of  a  novel  type 
of  expansion  bearing  roller,  developed  by  the  Bridge 
Division   of   the   city's   Bureau   of   Engineering    (T.   J. 
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riic    delivery    from    tlic    ini.xer    was    made    tliroui; 

I 'cially  designed   iliutc    (Fig.    U    mounted   on   ii   struc- 

'  -al  frame  which  was  laid   parallel   to  the   inner  slojic 

'ig.  2).     When  the  bottom  was  being  concreted,  this 

:  me  was  fastened   to  the  mixer  and  the  concrete  wa.s 

II    directly    into    it    and    at    the    l)ottom    was    dropped 

1  -ougb  a  liopiKM-  into  buggies  which  were  wheeled   to 

!■    re(iuired     location.     In    concreting    the    slope,    the 

'  iti'  frame  was  detached  from  the  mixer  and  rested  on 

Is  running  at  the  tf)p  and  bottom  of  the  reservoir. 

concrete  from  the  mixer  was  then  carried  in  l)ug- 

lo  the  top  of  the  chute  and  fed  down  the  slo])e  to 

required  place.     The  chute  was  in  .sections  .so  that 

i  could  be  detached   and  the  concrete  allowed   tf)  spill 

«  any  part  of  the  slope. 

j'The  work  was  done  under  the  direction  of  fieo.  T. 
lince.  Chief  Engineer  of  the  Metropolitan  Water  Dis- 
lict  of  Omaha. 


W'ilkcrson,  Division  Kngineer).  Troui)lesome  experience 
with  tiie  ordinary  type  of  segmental  roller  on  tlie  new 
Point  bridge  showed  that  a  change  in  design  which  would 
prevent  the  rockers  from  tilting  over  too  far  was  desirable. 
At  the  Point  bridge  one  of  the  5;n-ft.  spans  stood  during 
an  unusually  cold  winter  with  no  i)aving  or  sidewalk  slabs 
in  ])lace.  The  rollers  had  i)een  .set  to  the  correct  position 
lor  lull  dead-load,  and  in  conse(|uence  of  the  extreme 
temperature  contraction  and  the  fact  that  the  bottom 
chord  was  not  elongated  to  its  normal  dead-load  length 
they  were  rocked  btn'ond  the  safety  ])oint  and  tipped  ovei-, 
shearing  the  bolts  in  the  side  bars.  To  rejilace  the  rollers 
was  a  dilbcult  problem,  involving  the  lifting  of  the  end 
of  the  span  in  very  restricted  space.  It  was  accomplished 
by  the  use  of  niekel-ehromo  steel  billets  for  lifting  beams, 
and  special  bearings  under  eye-bar  heads  and  pin  ends. 
Tiie  roller  is  shown  in  the  drawing  on  the  next  page. 
One  side  of  tiie  segment  is  cut  away,  as  is  frequently  done 
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to  save  weight,  while  the  other  is  cut  to  a  double-ceuterecl 
curve  so  designed  that  after  a  horizontal  movemeut  of 
■'54  iu.  either  way  from  the  vertical  the  roller  will  lock. 
While  in  the  usual  type  of  bearing  the  locking  j^laces  the 
entire  load  on  a  few  easily  sheared  bolts,  in  this  design 
there  is  a  roller-to-roller  contact,  giving  stability. 

The  new  rollers  promptly  Justified  themselves.     After 
erection  defective  expansion  in  the  long  girder  approach 
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NEW  SELF-LOCKING  ROLLERS  FOR  PITTSBURGH  BRIDGE 

at  the  south  end  was  found  to  throw  a  considerable  move- 
ment into  the  top  of  the  last  bent  of  the  approach,  which 
is  tied  to  the  bent  supporting  the  span.  The  movement 
at  the  top  of  these  two  bents,  added  to  the  normal 
temperature  elongation  of  the  span  during  summer 
weather,  has  been  enough  to  cause  the  rollers  to  reach 
their  maximum  position  of  roll,  at  times,  and  to  lock. 


Standardized  general,  metered-  and  fiat-service  rult- 
and  regulations,  for  use  by  water-supply  utilitie.s  ii, 
]\lontana,  have  recently  been  adopted  by  the  Publi, 
Service  Commission  of  that  state.  In  connection  witi 
these  rules  standard  forms  for  stating  rates  have  also  beci 
adopted  and  all  water-utilities  are  required  to  revise  thci: 
schedules  to  this  form.  The  forms  of  course  do  noi 
prescribe  the  actual  amount  of  the  rates,  as  will  be  seen  iii 
the  accompanying  reprint  of  the  new  schedules. 

The  prescribed  general  rules  require  service  to  all  appli- 
cants but  permit  asking  a  deposit  of  fi/^  times  tin 
estimated  regular  bill.  Interest  at  6%  is  to  be  paid  on 
deposits.  The  company  taps  the  mains  at  its  own  expeiw, 
but  the  cost  of  laying  and  maintaining  service  pipes  i> 
borne  by  the  consumers.  Leaky  plumbing  fixtures  have  ti> 
be  repaired  immediately  or  water  may  be  shut  oil. 
S])ecial  permits  have  to  be  secured  for  use  of  water  ui, 
construction  work,  sprinkling,  etc.  Violation  of  the  rule- 
by  a  customer,  or  nonpayment  of  bills,  is  penalized  bv 
shutting  ofl:  water ;  when  service  is  resumed,  the  cost  of 
turning  water  off  and  on  may  be  collected — up  to  $1. 

The  flat-rate  service  rules  penalize  for  serving  outsidi' 
persons  without  permission  by  shutting  oft"  water  and 
adding  the  cost  of  this  to  the  bill.  Flat-rate  bills  arc 
payable  in  advance.  Additional  fixtures  may  be  instaileil 
on  notice  to  the  water  company;  reductions  may  ijf 
similarly  cared  for  with  a  reduction  of  charge. 

Under  the  metered-service  rules,  any  customer  niav 
have  a  meter  set  on  request.  Meters  are  to  be  owned  bv 
the  companies,  and  may  be  placed  on  any  service  when' 
there  is  waste.  When  a  customer  desires  more  than  oiif 
meter  on  one  service  line,  he  may  be  required  to  pay  $1 
a  month  for  installation,  maintenance  and  reading. 
Where  a  meter  has  stopped  or  has  been  tampered  witii, 
ihe  bill  may  be  based  on  the  average  of  the  past  twu 
months. 


Commercial  Meter  Rates. 
For  Each  100  Cubic  Feet  (750  Gallons)  Monthly. 


Industrial  Meter  Rates. 
For  Each  100  Cubic  Feet  (760  Gallons)  Monthly. 


Cubic 
Feet 

Qalloos 

Rate 
OentB 

Total 
On,  Ft 

Total 
OalloDS 

Total 
Amount 

Cubic 
Feet 

Gallons 

Rate 
Cents 

Total 
Cu.  Ft. 

Total 
Gallons 

Toltl 
Ainouot 

100 
100 
100 
100 
200 
200 
200 
200 

:)00 

SX) 

100 

100 

400 

."OO 

.MO 

.100 

.500 

1.000 

1. 000 

1.000 

1.000 

1.000 

.■i.OOO 

5.000 

5.000 

5.000 

5.000 

5.000 

10.000 

10,000 

10.000 

10,000 

10.000 

10.000 

10.000 

10.000 

10.000 

10,000 

750 

750 

7.50 

750 

1,.W0 

1.500 

1,500 

l.SOO 

2.250 

2,250 

.1.000 

.3,000 

:i.ooo 

S.-.'iO 
3.750 
3.750 
3.750 
7.500 
7.600 
7,500 
7,.W0 
7..500 
37..500 
37.500 
37,.500 
.S7,.50O 
37..500 
37.500 
75.000 
75,000 
75,000 
75,000 
75.000 
75,000 
75,000 
75,000 
76,000 
76,000 

100 

200 

300 

400 

600 

800 

1,000 

1.200 

1,.M0 

1,800 

2,3)0 

2,000 

3,000 

3,500 

4,000 

4,500 

5,000 

6,000 

7,000 

8,000 

9.000 

10,000 

15,000 

20,000 

25,000 

.%.00O 

.15.000 

40.000 

50.000 

60.000 

70,000 

80,000 

90,000 

100,000 

110,000 

120,000 

180,000 

140,000 

140.000 

750 
1,600 
2,260 
S.OOO 
4,600 
6,000 
7,500 
9,000 
11,260 
i:,600 
16,500 
19,600 
22,600 
26,250 
30.000 
.13,750 
37,600 
45,000 
62,600 
60,000 
67,600 
75,000 
112,500 
150,000 
187,500 
225,000 
262.500 
.'!00,000 
375,000 
450,000 
.525,000 
600,000 
675,000 
780,000 
825,000 
900,000 
975,000 

i.aw.ooo 

1,060,000 

Flret 
Next 

AU  over 

3,000 
1,000 
1,000 
5,000 
5,000 
5,000 
5.000 
5.000 
10,000 
10,000 
10.000 
10,000 
10.000 
20.000 
20.000 
20.000 
20.000 
20,000 
20,000 
.'lO.OOO 
.W.OOO 

.w.ooo 

.•ill.OOO 
100. (XtO 
100,000 
100.000 
1  (10,000 
100,000 
100.000 
200,000 
200,000 
200,000 
200.000 
200.000 
200,000 
200,000 
200,000 
200,000 
200,000 

22„500 
7,600 
7,500 
37„500 
37,500 
H7,.50O 
37.600 
37.500 
75.000 
75.000 
75.000 
75.000 
75,000 
150,000 
1,50.000 
1.50.000 
150.000 
1.50.000 
1.50.000 
.375.000 
.375.000 
375,000 

S.OOO 
4.000 
6,000 
10,000 
16,000 
20,000 
25,000 
30,000 
40,000 
50,000 
C0,000 
70,000 
80,000 
100,000 
120,000 
140,000 
160,000 
180,000 
200,000 
2,')0,000 

:ioo,ooo 
r«,ooo 

400,000 

r«o.ooo 

000,000 
700,000 
SOO.OOO 
■•10,000 
l.noo.ooo 
1 .2«1,000 
1,100,0110 
1,I»0.000 
1,SI)0.I100 
2.000.000 
■2.200.000 
2.400.000 
2.600,000 
2,800,000 
3,000,000 
3.000.000 

22,600 

30,000 

37,500 

76.000 

112..500 

140,000 

187„500 

226,000 

300,000 

375,(100 

4.50.000 

.525,000 

ii(IO,000 

7.50,000 

•J00,000 

1, (►'10,000 

1,200,000 

1,3,50,000 

]. 500,000 

1,875,000 

2,250.000 

2,6i5,000 

3,000,000 

3,7,50,000 

4,500,000 

6,250,000 

6,000,000 

(■.,7.5O,0»0 

7,500.000 

9.000,000 

10,500,000 

12,000,000 

l,'!,.50O,00O 

15,000,000 

16„5OO,00O 

18,000,000 

19.500,000 

21,000,000 

22,500,000 

22.500,000 

T.W.OOO 
7.50.000 



!I^^H 

.!^^H 

::::::]H 

,■;:,,::: 

ri^^^l 

fllHl 

i,.'«i,««i 

I,.'i00,ti00 
1„500,000 
1., 500,000 
1,600,000 
1,500,000 
1,500,000 
1.600.000 

:::::;;r^ 

AU  over 



- 

MONTANA  STANDARD  FORM  FOR  METERED  WATER-SERVICE  RATE  SCHEDULE 


(ic'iobrr  5,   1!)1() 


]•:  N  Ci  1  N  E  E  1?  I  N  0     N  E  W  S 


649 


.  Apartmeiitfl   

Bakery    

Banks    

Barber  Shops 

Barrel   

Bath,  Tubs 

Shower 

Beer  Pumps 

Blacksmith   Shop    . 

Boarding  HouBe   . . 

Book  Bindery 

Bottling  Works  and  Brew- 
eries     

Brickyard 

Building  and  Construction 


1  Not  over  5  rooms  or  pereons  . .  .  .$ 

Kach  additional  room   

Kach  additional  person     

2  Using    not    more    than    1    barrel 

flour  per  day 

Each  additional  barrel   

2  Not  more  than  5  persona 

Each  additional  person 

2  One  chair    

Each   additional   chair    

Each  time  filled    

3  Private,  one   

Each  additional  one    

Public,  one 

Each  additional  one   

8  Private,    one    

Each  additional  one   

Public,   one    

Each  additional  one   

Each  ■ 

2  One    fire    

Each  additional  fire    

l.SNot  more  than  5  persons 

Each  additional  person   

2  Not   more    than    5    persons    .... 

Each  additional  person   

2  Not  more  than  5  persons 

Each  additional  person 

2  Not  more  than  5  persons   

Each  additional  person 

Brick,  per   1000    

Cement  walk,  per  100  sq.  fc?t  . . 

Concrete  work,  per  cubic  yard  . . 

Lime  or  cement,  per  barrel    .... 

Plastering,  per  100  sq.  yds.  . . 
1  coat 


'  2  coata   

Settling  rartii.  per  10  en.  yds. 

Stoni-  wurk.  per  pLTch   ( HU  c, 
.   Butclipr    Shop    2  Not  more  than  5  persons   . . . 

Each  additional  person 

,  Cement    See  Buildinp. 

Church    ' 20ne  cold-water  faucet 

Kach  additional  one   

Each   hot-water   faticet 

.  Cistern    Each  100  cu.  ft.;  Min c 

Each  additional  100  cu.  ft.   . 
City   Building    i.aOne  cold-water  faucet 

Each  additional   one    

Each  hot-water   faucet    

,  Concrete    See  Building. 

County  Building l.20ne  cold-water  faucet 

Each  additional  one    

Each  hot-water  faucet   

,  Cowa    One  cow    

Each  additional  cow   

.  Dairy     Not  more  than  5  cowa 

Each  additional  cow   

.  Dwelling   2  Not  more  than  5  rooms  or  pcrs 

Each  room  in  excess  of  5   . .  . 

Each  person  in  excess  of  6    . 
.  Elevators,  Hydraulic   Not  more  than  two  etorica  . 

Each   additional   story    

.  Foundry      2  Not  more  than  5  persons   . . . 

Each  additional  person   

.  Fountain     g^"    nozzle  ....    ^g"    nozzle 

r      "    ....  i"     ." 


28.  Fire    Protection 


Stand    Pipes   and    Auto- 
matic Sprinklers 


nal  one  . . 
Private,  first  hydrant 
Each  iidditiona'l  one 
1'  pipe  .  13"  pipe  .  2 
1\"  "  .  2"  "  .  2 
U"  "  .  2i"  "  .  3 
1"     "  3 

U"  "  4 


Hotel 


Hydrant— Yard  ... 
Ice  Cream  Parlors 
Jail    


Laundry,  Hand   . . 

Steam  

Lavatory,  Private 

I^odging  House    . . 


Market,  Meat,   Fish,   Vege- 
table    


Municipal   Stables 


,  l-2Ba80  Rate:  Kitchen  dining  room 
and  sitting  room   

Each  additional  room   

Not  more  than  5  persons 

Each  additional  person 

.  I.20ne  table  or  counter 

Each  additional  one  , 

.   8  One  cold-water  faucet   

Each  additional  one   

Each  hot-water   faucet    

.    2  Not  more  than  b  persons   

Each  additional  person   

.    2  One  washing  machine 

Each  additional  one    

Private,  one 

Each  additional  one   

Public,  one 

Each  additional  one   

.  l.«Not  over  10  rooms 

Each   additional   room    


Manufactories    and    Shops, 
N.  0.  S.« 


Office  Building    

Photograph  Gallery 
(Commission  recommends 

meter  rate) 
Printing   Office    , 


2  Not  more  than  5  persons 
Each  additional  person  . . 
Two  animals,  1  vehicle  .  . 
Each  additional  animal  . 
Each  additional  vehicle    . 

»  Not  more  than  5  persons 
Earh  additional  person 

2  Each    room   or   office    

*Not  more  than  'i  persons 
Each  additional  person 


lUilroad  Depot 

Restaurant 

Saloon   

Scbool    

Sink,  Private  . . 


Soda   Fnuntftin 
Stable,  Livery   . 


Private 


Sprinkling    . .  . . 

Bute  Building 

Steam    Engines 
Traction  .... 


.   •  Not  more  than  f)  persons   

Each  additional  person     

.   2  Not  more  than  5  persons   

Each  additional  person    

.  1.812  chairs  or  stools  or  less 

Each  additional  4  chairs  or  stools 
.  l.2Not  more  than  S  persons 

Each  additional  person     

.  l.2Not  more  than  30  pupilb 

Kach  additional  C  pupils  

One,  not  more  than  .'>  persons  . . 

Each  additional  sink     

Each  additional  person     

.    1  Each  one  fountain    

.   84  stalls   (2  double)    k  2  vehicles 

Each  additional   stall    

Each  additional  vehicle    

.    8  One  animal  and  one  vehicle  .... 

Each  additional  animal    

Each  additional  vehicle    

Lawn,  sidewalk,  etc.,  Ist  25  ft. 
front  

Each  additional    foot    

.  L80ne  cold-water  faucet 

Each  additional   one    

Kach  hot-water  faucet   

Each  horse    power,    per   hr.    p«r 

Eaoh  tinif  filled    


Wash  rack,  one  car   

Each  additional  car    

■  Public,  5  cars  or  less  capacity  .. 

Each  additional  5  cars 

nh  rack,  5  cars   

Each  additional  5  cars    

nment  Building    ....  lizone  cold-water  faucet 

Each   additional  cold-water   fau- 


Kach  bot-water  faucet    . 
31.  Greenhouses   2  ivich  100  eq.  ft.  of  lloor  i 


32.  Halls,  Lodge 


oold -water  faucet 
l.ach  additional  one  .  . 
Earii  hot  water  faucet  . 


57.  Store,   l>rug   

Grocery,  Candy,  Fruit 
Wholesale  Liquor  . .  . 
N.  O.  S. « 


60.  Tubs,  Private  Laundry 
ei.  Urinal,  Private 


62.  W*t<r-CIo'«et,   Private 


.  l>2Not  more  than  5  persons 

Each  additional  person 
.  I.aNot  more  than  5  persons 

Each  additional  person 
,  i.2Not  more  than  6  persons  . 

Each  additional  person    . . 
.l.2Not  more  than  5  persons 

Each  additional  person 

Each  time  tilled   

.    SOne    cold-water    faucet    ... 

Each  additional  one    

Each  hot-water   faucet    . .  . 

One  cold-water   faucet    . .  . 

Each  additional  one   

Each  hot-water  faucet    . . . 

One,  self-closing   

Each  additional  one   

One,  continuous   flow    . . . . 

Kach  additional  one   

One,  self-closing   

Each  additional  one   

One,  continuous   flow    .... 

Each  additional  one    . . . . . 

One,  self-closing   

Each  additional  one   

One,  continuous   flow    .... 

Eacli  additional  one   

One,  self-closing   , . . 

Each  additional  one    

One,  continuous  flow    . . . . 

Each  additional  one    ...    . 


Minimum  Meter  Charges. 


Min.  Mo.  Chg. 


1  Include*  sink  and  hot  and  cold  wbUt  faucets. 
8  Docs  not  include  bath,  urinal,  water-closet. 
I  Not  otherwise  specified. 


Min.  Mo.  Chg. 
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Tn  previous  issues  of  Eii(/iiircnii(/  News  it  luis  \)wu 
pxplained  how  the  eaiisc  >A  the  disnstcr  in  tlie  Quebec 
bridtfe  ereetioii  on  Sept.  11  was  traced  to  the  l)reaka.i;-e 
of  the  steel  rocker  eastin.ir  l)etween  tlie  soutliwest  end 
shoe  of  the  liridge  and  the  lifting  girder. 

The  question  asked  by  engineers  everywhere  is,  AMiy 
did  this  casting  break?  Was  it  designed  ot  sufficient 
strength?     '^Hiat  were  its  loads  and  stresses? 

Permaxext  STEETcinxfi  or  the  Southea.st  Haxcei; 
Chaixs 

A  new  fact  of  great  iniiiortanee  to  this  question  has 
been  revealed  by  careful  measurements  just  made  to 
determine  whether  the  hanger  chains  suffered  any  per- 
manent stretch  during  the  fall  of  the  span.  The  meas- 
urements were  made  hy  tape,  measuring  from  the  lowest 
free  pinhole  of  each  chain  link  to  the  lowest  open  hole 
of  the  link  next  below.  The  chains  of  the  souflieasf 
hanger  shov  %-?'«■.  to  %-iii.  .stretch  in  each  30-ff.  linl! 
A  slight  stretch,  -jV  in.  to  %  in.  per  link,  was  found  in 
the  southwest  hanger  chains.  The  north  hangers  liave 
not  yet  been  measured,  but  there  is  no  s])ecial  reason  to 
expect  a  stretch  here. 

The  significant  conclusion  follows  from  the  great  stretch 
of  the  southeast  chains  that  this  hanger  was  subjected 
during  the  fall  to  an  excess  load  of  something  between 
(50%  and  100%.  Tests  on  steel  bars  like  those  of  the 
chain,  made  two  years  ago  for  the  bridge  company,  showed 
elastic  limits  ranging  around  27,000  lb.  per  sq.in.  stress 
on  the  net  section.  Because  of  the  small  leneth  of  net 
section  in  the  chain  links,  and  the  large  stretch,  it  is  be- 
lieved by  those  closest  to  the  work  that  a  stress  of  at 
least  30,000  lb.  per  sq.in.  on  the  net  secti(m  must  have 
been  acting  when  this  stretching  occurred.  Since  the 
dead-load  stress  was  only  about  17.000  lb.  per  sq.in.,  the 
excess  load  during  the  fall  nnist  have  attained  a  value  of 
over  60%. 

This  excess  is  the  load  wliich  was  tbrown  on  the  south- 
east hanger  (after  the  southwest  support  had  failed)  by 
the  resistance  of  the  ])oi-tals  and  lateral  sy.stems.  Tlic 
top  laterals,  which  were  the  weakest  elements,  consisted 
each  of  four  4x4xV2-iii-  l'>  %-'"•  angles  of  nickel  steel, 
with  end  connections  of  unusual  strength.  Computation 
shows  that  the  forc'c  required  to  tear  these  laterals,  np- 
plied  at  one  corner  of  the  span,  is  not  far  below  the 
1,200-ton.  dead-load  reaction  at  that  corner.  The  jiicture 
taken  during  the  fall  proves  that  the  to])  laterals  tore 
bodily. 

Thus  the  southeast  rocker  withstood  at  least  (>09(  more 
than  normal  load,  iritliout  failing,  the  latter  fact  being 
fully  shown  by  the  evidence  ])resented  in  Engineering 
NewK  of  Sept.  21.  This  ])roved  high  strength  of  this 
rocker  is  striking,  in  view  of  the  failure  of  the  adjaceirt 
southwest  rocker,  and  may  not  be  lost  sight  of  in  con- 
sidering the  question  of  the  stresses  to  which  the  rockers 
were  subjected. 

Load  ox  the  FAii.En  Ivockkh 
The  entire  end  su])i)ort  of  the  suspended  span  was  de- 
signed for  3,000,000  lb.  load  at  each  corner.     This  figure 
represents  a  weight  estimate  of  2,.'')00,O()O  II,..  and  20%. 


allowance    fur    impact.     It    includi-s    the    weight   of  tl 
rocker  su])|)oi't  itself. 

Since  the  span  was  perfectly  (|uiescent,  there  can  I 
no  question  of  impact  addition  at  the  time  of  the  failw 
'l^he  load  at  this  time  was  2,370,000  lb.  There  coul 
not  then  have  been  any  excess  of  load  at  one  or  anothc 
corner  due  to  imeven  action  of  the  jacks,  hecause  the  spj 
was  hanging  from  the  pins  in  the  fixed  jacking  girdei 
(see  sketch  Fig.  2),  and  therefore  was  in  balanced,  ui 
strained  condition. 

With  respect  to  load  on  the  rocker  at  other  times,  ii 
creased  load  due  to  lifting  one  corner  a  trifle  ahead  ( 
the  adjoining  corner  was  a  possibility.  The  lifting  open 
tions  were,  however,  held  under  such  control  that  tli 
adjoining  ends  were  never  more  than  I/4  in.  apart  i 
level  (1/^  in.  on  the  indicator).  If  hy  chance  tlie  tw 
ends  of  the  span  were  momentarily  in  opposite  phaf 
with  respect  to  out-of-level  condition,  there  would  be 
twist  in  the  span  corresponding  to  l^  in.  lift  of  on 
corner.  The  lifting  force  required  for  this  lift  is 
and  does  not  add  appreciably  to  the  normal  shoe  reaetioi 

All  the  rockers  carried  the  span  while  on  falsewor 
at  Sillery  Cove,  and  here  they  bore  an  overload  froi 
track,  a  30-ton  locomotive  crane,  and  material  trains 
Careful  reestimates  of  this  overload  give  its  stati 
amount  as  more  than  10%,  apart  from  the  impact  wpn 
viliration  effect  of  the  locomotive  crane.  Thus, 
failed  rocker  had  carried  perhaps  15%  overload  withou 
hreaking.  In  addition  it  had  resisted  the  longitudina 
ti])ping  moment  arising  from  pin  friction  as  the  spai 
slid  along  the  longitudinal  (lower)  rocker  pin 
of  expansion  on  the  falsework.  This  friction  is 
mated  at  possibly  8% ;  its  overturning  lever  arm  wa 
about  10  in. 

TiiF,  HiiiixiK  Compaxy's  Sti!E.ss  Calculations 

The  St.  Tjawrcnce  Bridge  Co..  in  accordani'C  with  it 
jiiilicv  of  giving  to  the  profession  fidl  information  a 
to  all  the  facts  and  circumstances  in  connection  witi 
ll'c  disaster,  has  furnished  at  our  request  a  calculatioi 
slici't.  which  they  state  is  "a  copy  of  our  calculations  ii 
designing  the  casting,"  and  it  is  printed  in  full  below 

The  unit  stresses  (for  erection  material)  were  fixed  b; 
the  specifications  at  20'7r  higher  than  those  allowed  il 
liarts  of  the  permanent  structure.  Thus  the  figures  0 
1R,000  lb.  per  sq.in.  for  rolled  steel  and  IC.OOO  lb.  pe' 
sq.in.  for  steel  castings,  as  s]>ecified  for  iiarts  of  the  bridge 
wen^  raised  for  the  erection  appliances  to  21,(100  lb.  pei 
.<q.in.  for  rolled  steel  and  10,200  lb.  per  sq.in.  for  stee 
castings.  Later,  s]iecial  consideration  of  the  chain  hang 
ers,  based  on  elaborate  tests,  led  to  an  agreement  betwori 
the  bridge  company  and  the  Board  of  Kngineers  to  liim 
the  hanger  tension' to  20,000  lb.  per  sq.in.  (for  load  yh 
20%  imjiact).  In  this  way  it  came  about  that  substji" 
tially  equal  unit  stress  was  employed  for  the  chain  bni 
and  the  steel  castings. 

The  bridge  company's  calculation  sheet,  below,  liii 
three  parts. 

The  first  relates  to  the  bending  effect  on  tlie  Iowti 
bracket    arm    of    tbc    ro<-ker.      The    calculation    invoJM- 
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!■  assiiinption  that  tlie  casting  does  not  \>onv  mi  tlu' 
ti  all  the  way,  hut  rlpflpcts  away  from  llir  pin  .-li  ilic 
els;  and  this  ar-tioii  is  assuincd  to  bo  just  cnduuh  In  re- 


h-. 


i  Lon^'tfudinal  Pin  9f"y.46f"    '  B' 
E  Transtrerse  Pin  8  "x  F&  -^  " 
C  Lffwer  Fhrf  of  Fillef 
'j^'high  sqcarec^  -h>  Pit 

^rrfer  of  Transyerse  P:r 
ii* above  Base 


--4.- 


FIG.   1.     ROCKER    AND   LOWER   SHOE 
>heet  lead  %  in.  thick  un.der  siioe.     Centering  plates  bolted 
t  iides  of  shoe  and   projecting   up   to   fit    tight   against   side 
b  ;ket  at  C. 

d  e  the  bending  action  at  the  root  of  the  hracket  to  the 
a  wed  stress  intensity  of  20,000.  The  second  conipu- 
ti  on  deals  siniihirly  with  the  lower  pin.  The  tliird, 
■  nsing  the  same  method  of  calculation,  deals  with  tlie 
-hoe  casting,  which  rests  on  the  lifting  girder. 

otal  load  on  castings  including  20%  impiict  =  3.000,000  lb. 
E  ribution  of  load  allowing  bending  units  of  20,000  lb.  per 
SI  I.  for  steel  castings  and  .30,000  lb.  per  sq.in.  for  pins. 

3.000.000 

Stress   per  unit  of  length  =  

914    +   2x 
3,000,000         X-'  3x= 


M 


9M; 


X 


19  +  4x 


-lO'- 


Sec.   Mod.   of  casting  =  182.5 
Allowable  Mom.   =   20.000    X    1S2.5   — 
3.65   X    10» 


19 


4x 


3.65; 


X  =  7.S    in. 


Casting    will    distribute    load    9.5     + 
7.S    X    2    =    25.1   in. 

3.000,000 
Bearing  unit   =  =  15,000  lb. 


.1  X  8 


Ijer  sq.in. 


p        '-.M-U--      '■■■■ 


Sec.  Mod.  of  S-in.  pin  =  50 
Allowable    Mom.    =    30,000    X    50    = 
1.5  X  10" 


Tliroiigh  tiie  courtesy  of  C.  N.  Monsarrat.  Chairman  ot 

the  Board  of  Engineers,  Enfjinecriii;]  News  has  heen  fur 

iiisiied  witii  a  copy  of  the  original  calcnlations  made  in 

checking    the    design    of    the    lifting-apparatus 

castings.     The  calculation  is  introduced  hy   the 

following  statement: 

EXPLANATION     OF      A.SSrMPTIONS — The      XL<i 
joint   of  the   suspended   span    [at  the  end  of  the  bot- 
tom   chord]    is  designed   by   means  of   heavy   vertical 
cross  diaphragms  and  bottom  plates  to  take  this  full 
load  concentrated  on  the  middle  rib  and  distribute  it 
to  the  outside  ribs  in  proportion  to  the  areas  of  these 
ribs.      Foi"   this   reason   it   is   assumed   that   the   upper 
casting.    Pattern    No.    210,    delivers    75%    of    the    load 
to    the    middle    rib    and     12V4%     to    each 
of    the    outside    ribs.       It    is    also    evident 
that     the     series     of    castings     and     pins, 
acting  as  a  whole,  will  deflect  more  under 
a     unit     load     than     the     surfaces     against 
which    they    bear.      For    this    reason    the 
bearing   pressures  at   or   near   the   vertical 
axis  of  the  castings  and   pins  will  be   the 
greatest   and    therefore   the    following   as- 
''  sumptions  of  uniforml.v  distributed  bearing 

pressures  over  the  limited  areas  shown  will  be  justified  inas- 
much as  the  resulting  calculated  bending  stresses  in  thi- 
casting  will  be  greater  than  can  actually  be  the  case. 

The  upper  shoe,  which  is  a  cross-shaped  easting  not 
dissimilar  to  tlie  rocker  in  its  general  form,  is  accord- 
ingly analyzed  for  a  central  load  of  2,176,000  lb.  on 
91/,  in.  width,  and  end  loads  of  362,000  11).  each  cen- 
tering 24. ()  in.  from  the  middle  of  the  shoe,  and  for  a 
]iin  reaction  distriimted  uniformly  on  the  entire  26%-in. 
lengtii  of  tlie  transverse  rocker  pin. 

The  rihs  of  the  shoe  are  stres.sed  to  18,400-lb.  tiMisidu 
and  21.700-lh.  com])rcssion  if  the  side  rihs  carry  this 
amiiunt.   liiit  the  longitudinal   rihs  have  ample  strength. 

Same  Method  Followed  in  Check  Calculations  by 
BoAHD  OF  Engineer? 

To  find  how  this  8x26%-in.  pin  delivers  the  load  to 
the  to|)  of  the  rocker  casting,  its  Ifending-moment  capacity 
at  30,000  11).  fiber  stress  is  computed,  and  then  by  cal- 
culation it  is  found  that  if  the  reaction  against  the  bot- 
tom of  the  pin  is  distributed  over  a  length  of  22.32  in.. 
the  overhang  of  load  over  reaetion  develops  the  full  30.- 
000  lb.  unit  stress  in  the  pin.  The  22.32  in.  length  of 
reaction  is  accordingly  taken  to  be  the  true  length  of 
distribution,  and  from  it  the  stresses  in  the  rocker  cast- 
ing are  determined,  as  follows: 

Upper  or  Transverse  Bracket   [of  rocker  casting]. 
Moment  on  Section  a-a   [at  root  of  bracket]. 


i(22  3  -  9i) 
22.3 


lower  Casting 


X  2,900,000  X  1(22.3  -  9J)  =  2,650,000  in.-lb. 
Section   modulus   =   18 
BendiiiK  fiber  stress 


1.65   In.^ 

2,650,000 
'     188.65 


14,000  lb.  per  sq.i 


25.1  +  2X2 


Mom.   on    easting  =  1.5 —  x  10" 

2 
Sec.  .Mod.   =   52.3 

Allowable  Mom.    =   20.000    X    52.3   = 
1.046  X  10" 
1.046 
X    -  2  =  1.4  In. 


Lower  or  Longitudinal  Bracket — 

Section  modulus  of  casting  =  188.65  in.-'  If  casting  is 
.strained  to  19.200  lb.  per  sq.ln.  In  Section  lib  r-it  rool  of 
bracket].  It  will  be  distributing  the  2,900,000-lb.  load  uni- 
formly over  length  x.  The  moment  the  casting  Is  resisting 
for  this  condition  Is  19,200  X  1SS.65  =  3,600,000  In. -lb. 
Therefore 

2,000,000  „  X  -  9.6  ,,  j(  -  9. 


+    1.4    X    2 


=  3,600,000 


•ote— The   8-ln.   pin   w.is  changed   to   a    9'/"-ln.    pin    at   the 
1  'PBtlon  of  the  Board. 

vill  lie  .>;ccn.  as  the  final  result  of  this  calciihition, 
the  lower  shoe  is  sxtppnsi'd  to  bear  on  the  girder  for 
ijngtli  of  only  31. !i  in.,  although  actually  the  .«hoe  is 
iltit  twice  this  lenirth. 


Solving  for  x,  x  =  25.4  in. 


Calculation  of  9Vt-in.  Pin — 

Section  modulus  of  pin  =  84.0  ln.»  If  pin  is  strained  to  30,- 
000  lb.  per  »<i.ln.,  acting  as  .i  cantilever  beam,  it  will  dis- 
tribute the  2.fl00,0fl0-lb.  load  uniformly  over  a  length  x 
.Moment  pin    l.s   resisting  Is  84.0  X   30,000  =   2,520,000   In. -lb 


2.non,o(K) 


1.4.T0.000  X  - 


25  5 


2.520,000,  or  X  =  32  J  iii. 


C,n2 
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Calculation   of  Lower  Shoe  Casting — 

Section  motiulus  of  casting  =  39.92  in.=  Casting  receives 
its  loatl  uniformly  distributed  over  a  length  of  32 14  in. 
and  can  distribute  this  load,  while  acting  as  a  cantilever 
beam,  uniformly  over  a  length  of  x  inches.  Moment  cast- 
ing can  resist  =  39.92  X  19.200  =  765,000  in. lb. 
2,900,000  ,,  X  .,  X        .32. .5 


X  2  X  V  -  1,4.50,()00  X 


=  76.5,000. 


:  =  .34 


In  addition  to  this  the  two  ')i-in.  cover  plates,  which  are 
well  riveted  together  and  to  whicli  the  casting  is  bolted 
with  li<i-in.  turned  bolts,  will  distribute  the  load  over  a  beai-- 
ing  length  of  35.5  in. 

The  area  of  the  diaphragm  material  covered  by  this  bear- 
ing length  of  35.5  in.  is  99.3  sq.in.,  giving  a  bearing  pre.s.sure 

^     2.900.000 
per   square    inch    of    -   gg  3        =   29,000   lb.   per  sq.in.,    this    unit 

pressure    including    the    209;    of  the   lifted   load    as    impacl. 

The  CALrcL.vTiovs  E.ni'l.mnkii  hy  CoMiMitrsov  avttii 

OtIIKH   r():M]>IFTKll   T^K.'^rLTS 

Wliile  the  above  ciileiilaticiii.-i  foUnw  an  iiini,~;nal  iiietlKid. 
fiirtlior  e.xplanatioii  of  tlieni  would  be  of  little  interest 
if  the  Tiiiit  .stresses  were  low  or  the  oa.stiiig  iiiiiinportaiit. 
Tiifler  the  circumstances  of  the  case,  however,  it  is  essen- 
tial that  the  calculation  be  stiulied  closely  to  determine 
what  decrree  of  appro.ximation  it  involves  and.  if  not  ex- 
act, how  large  an  error  it  may  introduce.  The  followiiii;- 
explanatory  statements  are  therefore  added  : 
^  1.  The  calculation  deal.s  with  a  hypothetical  condi- 
tion, or  a  hypothetical  .set  of  castings  and  pins.  The 
real  support  can  lie  transformed  into  the  one  involved 
ill  the  calculation  by  cutting  off  the  ends  of  tlie  lowci- 
shoe  casting,  .so  as  to  reduce  its  length  from  fih%  to  .■!l.!i 
in.:  cutting  off  the  ends  of  the  lower  pin  so  as  to  re- 
duce its  length  from  4CA/2  to  29.1  in.,  and  cuttiiii;-  <iir 
the  ends  of  tlie  front  and  rear  brai-kets  of  tlie  rocker  so 
tliat  they  project  only  7.8  in.  instead  of  HiV,  in.  When 
all  parts  are  brought  into  tliis  condition,  they  are  then 
strong  enough  to  carry  the  load  if  distribnle'd  on  them 
as  a.ssumed.  The  view  l)eing  held  that  the  real  or  longer 
ca.stiiigs  and  ])ins  are  stronger  than  what  is  left  after 
cutting  off  jneces.  it  followed  that  the  rocker  support 
as  designed  was  safe. 

2.  The  method  of  caleulMtinn  employed — namelv.  de- 
termining the  length  ,,r  beaiing  that  will  (with  uniform 
distribution  on  that  lengtli)  keep  the  bending  .stresses 
within  prpvimtshi  fixed  limits— might  bo  applied  to 
even  smaller  castings  and  pins  with  the  same  results. 
except  that  still  shorter  lengths  of  loading  would  be 
found.  For  example,  the  brackets  of  the  rocker  mioht 
be  only  714  in.  thick  in.stead  of  91/2,  iu  which  case  they 
would  be  only  three-fourths  as  strong;  yet  the  niethoil 
of  calculation  would  show  the  same  bending  stress  of 
20,000  11).  per  sq.in..  i.e.,  it  would  show  them  lo  he.  jusi 
as  safe  as  Uie  thicker  rocker  brackets.  This  ^irocess  could 
be  carried  as  far  as  desired,  evidcntlv. 

.'3.  The  method  of  calculation  ordinarily  used,  ba.sed 
on  the  a.ssumption  of  uniform  distribution  of  the  load 
along  the  full  length  of  the  pin  seat,  gives  much  higher 
l)ending  stresses  in  the  rocker  bracket:  For  3.000.000 
lb.  load,  r)l,(iOO  11).  per  .sq.in.;  for  3,500,000  lb.  load 
(net  load  after  deducting  the  20%  impact  addition). 
13,000  lb.  per  sq.in.:  for  2.370,000  lb.,  the  actual  load 
sustained  on  Sept.  11.  40,700  lb.  jier  sq.in.  These  stresses 
I'crtain  to  the  lower  or  longitudinal  rocker  brackets;  they 
represent  tensions  in  the  lower  edges  of  the  rocker,  eacii 
edge  only  %  in.  wide. 

This  narrow  edge,  more  susceptible  to  cracking  than 
a  flat  or  rounded  face,  was  further  affected  by  the  jires- 
ence  of  the  n-CMitraiil    angle  at  the  root  of  tiie  bracket 
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■Top  Supporting  Oirder 
90"  Deep, ?^'/ nebs 

■  6" Pin,  Total  Bearing  Thick- 
ness in  Suspender  8'/^' 

■  8  Longit.  Pin,  1-9'  long 

■Suspender,  4  PI.,  ?7x 
"''16' battened 

SuspenderStub  45i?4^4' 
1:PI?,44'x%';?PI?,73'x^/6'; 
4e,8'xdi%'x-a'-6"bolted 
into  fixed  Jacking  giit/er 

■8' Pin,  like  Upper 
A-Flat6ulde-Pad 
a'-  Notched  Ouide-Pad  ■ 
A"- Notched  6uide  Plates 
for  Chain  ' 

Hovable  Jacking  Girder 
l08''i'deep,2RiS5,each   , 
IWeb,IOS'x%'i?l\8'x8'x"/ie. 
spaced  BZ'BtoB.PI^ 

^-Jacking  Diaphragm  I'ffeb 

C-DoubleChain  Diaphragm 

W  thick  total,sp.l5  Vs'clear, 

tbngerChain  between;  2 

full  Pinholes, I Half.oifat 

Holes,  bottom  part  6  '/ei 

rad.  for  12'  Pin 

D-H^draulic  jack,rafed 
loop  tons,out5  diam.  33 ''2 ' 
i'-4^'4hiah  over  all, ram 
22',stro'ke2r:tesi 
pressure  6000  lb./in\\ 
pressure  Sept  II  ■   ~ 
3600  lb/in' 

E-  Screw-jack  for  follow- 
ing up,  seated  in  ■■ 
movable  girder 


spa'cedAS"  B  to'B.  FIf 

?-Jack  Diaphragm 
2  PI?,  43';,  ^b' 

■  Each  Chain ,  A  PI?,  30  xl^' 
stitch-riv.  in  Pairs;  oval 
Pinholes  for  I?"  Pin, 
6' C.  to  C ;  Length 
30' C.toC.  End  Holes 

H  -SoxHanger.  45idePI?,  33'x 
li"xT-IO<ZTiePIKI2'A'ii 
^/8A- 7-654'  4l\4"x4yA'it 
V-IO";  Upper  Pinhole. 
I2"t'/5?"xl2<'4'fi/iz'^l2' 
Pin;  Lower  Pinhole,!? 
tHzlrlS'.i'iiiiforlS'Pin 

J  -  Side  Brackets  to  Top 
Flange.each  I  PL  ll'/ilt  '/I'x 
3'-6'/i,2S,&'x3'¥xiH'; 


K  -  End  Brackets,  ?i*  6'/ 
3'h'xyt,'x2'-V/i' 


Uflina6irder,  bV'z'dap, 
2Webs,'yis'i4L',8'x8x 
"/io'x2i';4  Cover  PI?, 
66'xiii" 

n'S'i'above  Wafer  at  lowest 
Position  of  Sport 


I!.  2.    I'KR.SPECTIVK  DIAGRAM  OF  ONE  HANGER  OF  THI 

.)i'i:i!i'X'  liKintji.;  susiMONnioi)  span,  to  siii)\v  flex- 
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here  the  lon<ritnrlinal  and  transverse  brackets  join.  This 
n^le  was  filleted  to  2-iu.  radius  in  the  casting,  but  the 
jwer  part  of  this  fillet  had  to  lie  partly  chipped  away 
)  make  a  bearing  for  the  edge  of  the  centering  plate 
cited  to  the  lower  shoe  and  extending  up  to  engage  the 
oeker. 
4.  If,  on  account  of  the  deflection  of  the  rocker  braek- 
ts  when  under  load,  the  bearing  pressure  l)e  taken  as 
TO  at  the  front  and  rear  ends  and  maximum  over  the 
iitral  ^Yo-in.  length  of  the  rocker,  varying  uniformly 
lenee  to  the  ends,  the  bending  stress  at  the  root  of 
le  bracket  is  only  about  half  as  great.  For  a  load  of 
,000,000  lb.  the  stress  is  28,000,  for  a  load  of  2,000,000 
,.  it  is  23,400,  and  for  a  load  of  2,370,000  lb.  it  is  32.200 
I.  per  sq.in. 

.5.  The  greatest  vertical  load  on  the  rockers  occurred  at 
illery  Cove;  taking  it  as  10%,  it  raised  the  bending 
ress  at  the  root  of  the  front  bracket  to  44,800  lb.  per 
|.in.,  if  the  pin  bearing  pressure  was  uniform,  and  24,000 
the  bearing  pressure  tapered  down  to  zero  at  the 
ids. 
.  6.  The  preceding  figures  for  vertical  load  take  no 
count  of  expansion  stresses.  The  span  at  Sillery  was 
■ranged  to  slide  on  the  longitudinal  (lower)  rocker  pin 
>d  did  so  slide,  a  maximum  amount  of  2%  in.:  this 
IS  one-sided  creep  of  the  span,  due  to  connection 
ith  the  material  track,  and  because  of  it  the  shoes  at 
le  end  were  then  blocked  against  longitudinal  motion. 
le  sliding  friction  tends  to  overturn  the  rocker  longi- 
dinally,  and  thereby  increases  the  pressure  under  the 
aeket  toward  which  the  expansion  is  taking  place. 
This  effect  increases  the  bending  stress  at  the  root  of 
e  rocker  bracket  somewhat.  For  71^%  friction,  with 
-in.  lever  arm,  the  increase  is  about  3,000  lb.  per  sq.in. 
ider  the  uniform-pressure  condition  of  the  rocker,  and 
Mut  4,000  lb.  per  sq.in.  for  the  tapered-pressure  condi- 
Jii.  These  increments  would  not  be  simidtaneous  with 
I'  10%  excess  load. 

Xo  damaging  effects  of  the  loading  at  Sillery  Cove 
■re  noticed.  This  is  in  a  measure  negative  evidence, 
no  close  examination  of  the  rockers  was  made.  The 
t  visit  to  the  supports,  for  inspection  of  the  centering 
ites  just  before  lifting  started,  by  George  F.  Porter 
d  S.  P.  Mitchell,  was  made  in  early  morning.  At 
is  time  the  rocker  supports  were  fairly  well  in  the 
rk  and  therefore  this  visit  affords  no  data  for  judging 
the  condition  of  the  castings. 

Quality  op  the  Castings 

The  steel  castings  for  rockers,  shoes,  etc.,  were  required 

1)6  of  oi)enhearth  stock  containing  not  less  than  0.10% 

•l)on  at  any  period  of  the  melt,  and  in  ladle  test  not 

>re  than  0.04%    ])hosphorus   (or  0.06  for  acid  steel), 

"•'►sulphur,  O.?.")  manganese,  and  0.3.5  silicon.    Tension 

from  coui)ons   (annealed)   were  to  show  3.5,000  lb. 

■■[.in.  elastic  limit,  fi.5,000  lb.  ultimate  strength,  and 

'  <"longation  in  2  in.,  besides  a  120°  bend  on  a  diameter 

'  twice  thickness.    These  requirements  were  fixed  by  the 

'cifictitiiiii  for  the  pennanent  l)ridge  structure. 

The  specification  was  fully  met  by  the  material   fiir- 

.  lied.     The   material    was   acid    openhearth,    made   by 

Y  Canadian  Sti'cl  Foundries  Ltd.     The  test  report  from 

^!  foundry's  lalmratory  shows  for  the  chemical  composi- 

'n:    Carbon,    0.20%;    phosphorus,    0.033%;    sulphur, 

"'32%;  manganese,  0..')')%  ;  and  for  test  results:  Elastic 


limit  3f),300  lb.  per  sq.in.;  maximum  strength,  f)9,700 
lb.  per  sq.in.;  elongation,  29%i ;  reduction  of  area,  44.7%. 
The  heat  from  which  the  rockers  were  cast  included 
other  castings,  and  it  is  not  known  from  which  casting 
the  test  coupon  was  taken.  Nor  can  the  coupon  be  lo- 
cated now  for  examination  of  fracture  and  structure. 
However,  the  process  of  molding,  pouring  and  annealing 
was  carried  out  in  exactly  the  same  way  as  for  other 
highest-grade  castings.  The  melt  was  treated  with  1,2G5 
lb.  ferrosilicon  and  .525  lb.  ferromanganese  to  18  tons 
charged.  The  rockers  were  molded  top  down,  bottom- 
gated,  with  four  shrink  heads  taken  off  the  sides  of  the 
top  (the  lower  or  longitudinal  brackets)  and  rising  20 
in.  high  above  the  casting.  No  welding  or  other  curing 
of  defects  was  done,  it  is  stated  very  positively.  An- 
nealing was  done  at  1,700°  to  1,800°  F.,  and  according 
to  best  recollections  these  castings  were  in  the  furnace 
3(i  hr. 

FioruEs  AXD  Facts  Disprove  Claims  that  Support  of 
Span  Was  Unstable 

A  large  number  of  inquiries  have  been  made  of  Engi- 
iicmng  Xens  as  to  the  stability  conditions  of  the  lifting 
ciiains  that  carried  the  span  in  hoisting. 

The  diagrammatic  .sketch.  Fig.  2,  with  dimensions 
and  make-up  of  the  lifting  rig,  has  been  prepared  to 
supply  the  needed  data.  It  exhibits  in  full  the  ample 
provision  for  flexibility  and  self -adjustment  of  the  suspen- 
sion. The  dimensions  of  the  overturning  and  righting 
lever  arms  at  the  critical  point — lifting  girder  and  rocker 
— are  given  in  full.  The  suspension  pin  of  the  lifting 
girder  is  shown  to  be  2%  in.  above  the  upper  rocker  pin, 
which  assures  the  stability  of  the  assemblage. 

Quite  apart  from  the  sketch  and  figures,  however,  the 
facts  of  the  accident  as  reported  in  full  in  Engineering 
\ews  of  Sept.  21  prove  that  the  question  of  stability 
played  no  part  in  the  fall  of  the  span.  Tipping  of  one 
or  more  of  the  lifting  girders  did  not  take  place  before 
th(!  fall  started.  The  severe  thrust  kick  through  the  span 
which  necessarily  would  have  followed  a  primary  tipping 
of  one  lifting  girder  was  not  observed.  Tipping  through 
iin  angle  of  nearly  90°,  as  would  be  inevitable  if  the  fall 
was  originated  in  that  way,  would  have  left  indisputable 
evidence  of  its  amount;  but  on  the  contrary  the  amounts 
of  rotation  shown  by  the  several  girders  are  relatively 
small ;  and  the  greatest  rotation  was  found  at  the  north 
girders,  where  it  merely  records  the  tipping  of  the  entire 
span  as  the  south  end  went  under  water.  Further,  a  con- 
dition of  low  stability  in  the  supports  would  not  have 
permitted  the  north  end  to  remain  firmly  seated  while  the 
south  end,  in  falling,  was  twisting  the  span  with  force 
sufficient  to  destroy  both  laterals  and  main  trusses.  On 
the  contrary,  the  behavior  of  the  north  ends  is  striking 
))roof  that  the  niethod  of  support  was  insensitive  to  even 
very  large  impact,  torsional  and  longitudinal  forces.  In 
fact,  considering  the  low  metacentric  height,  a  surpris- 
ingly high  degree  of  stability  was  evidenced. 

The  preceding  relates  to  rotation  on  the  lowest  joint 
of  the  hanger  system,  the  ]iin  in  the  top  of  the  box  hanger. 
The  pin  in  the  lower  end  of  the  box  hanger  is  not  a  hinge 
but  a  shear  connection  ti'ansmitting  the  girder  load  to  the 
hanger  chain.  The  box  hanger  and  girder  are  held  rigidly 
together  by  a  strong  riveted  connection  at  the  top  flange 
of  the  girder.  This  connection  remained  entirely  undis- 
tiirl)ed  in  the  fall  of  the  span. 


("il 


I.'  XT  ( ;  T  M  h:  itM?  T  M  ( ; 


NT  R  \V  S 


Vol.  rC).  No.  u 


©ties  from  FieM  s^mdl 


I ,„|||| 1,1111, ,„„ ,1,1 iiiiiiiiiiiiiiiiiiiiiiiiiiii iiiii II iiiiiiiiiiiiiiii uiiiiiiiiii mill iiiiiiiiimiii II I mm mmmmiiiimiiii iiiiii mmii iimiiiii mil i iiii iiiii nnin 

Contractor  speaks  of  night  work  and  Sunday  work— Concrete  road  finishing  cheapened  by  a  superintendent's  kink- 
Water  pipe  on  wheels  for  street  flushing— Precision  of  difficult  tunnel  work  assured  by  careful  survey 
methods,  New  York  and  Milwaukee— Roller  piledriver  for  sewer  sheeting 


JlY  (;.  II.  Hailey* 

The  article  by  Mr.  Michel  as  to  the  relative  cost  of 
nio-ht  and  day  shifts  on  construction  work,  in  Engineer- 
ing News  of"  Aug.  17,  is  very  interesting.  Wliere  any 
considerable  amount  of  night  work  is  performed,  data 
as  to  its  cost  in  comparison  with  day  work  would  be 
very  valuable  to  contractors. 

We  have  not  found  it  necessary  to  put  on  night  shifts 
except  in  a  few  cases,  and  then  only  for  a  few  nights  to 
meet  an  emergency,  so  that  we  have  no  separate  data 
as  to  the  cost.  In  our  concrete  work  we  have  very 
often  continued  running  until  8  or  9  p.m.  in  order  to 
complete  a  certain  portion,  such  as  the  turning  of  an 
arch  ring  or  a  section  of  wall,  but  we  have  no  records 
as  to  its  cost  in  comparison  with  day  work. 

In  a  considerable  number  of  cases  where  railway  work 
was  being  done  under  traffic  we  have  found  it  aih  isable 
to  work  on  Sundays,  there  being  less  interference  with 
the  work  on  account  of  fewer  trains.  In  such  cases 
there  is  of  course  no  question  as  to  the  Sunday  work  being 
efficient,  and  the  same  would  ap])ly  to  night  work  where 
liie  number  of  trains  is  less  than  in  daytime.  In  a 
general  way,  however,  I  am  of  the  o])inion  that,  if  the 
night  work  is  charged  with  its  proper  share  of  the  re- 
|iair  work  and  other  overhead  e.\])enses  incurred  during 
tbe  (lay,  the  cost   will  be  II4  to  11/2  tli"f  of  day  work. 

Instead  of  the  usual  method  of  finishing  concrete  pave- 
ment l)y  means  of  trowels  or  floats  which  the  flnishers 
manipulate  from  a  bridge  spanning  the  roadway,  a  new 

•Chief  Engineer.  Cleary  Wliite  Construction  Cn..  Chic:ib;o. 


device  has  been  in  use  by  the  Board  of  County  Road  Gpp 
missioners,   Wayne    County,    Mich.,   for   a   little   over 
year.     This  device  is  a  strip  of  canvas  belting  12  i: 
wide   with   handles   bolted   at   each   end.     The   strip 
about  1  ft.  longer  than  the  width  of  the  roadway. 

The  concrete  is  formed  to  the  shape  of  the  finishe 
roadway  in  the  customary  manner  by  means  of  a  woodi 
templet  spanning  the  roadway  and  sliding  on  side  fom 
Two  laborers  follow  this  operation  by  pulling  the  ea; 
\  as  strip  gently  back  and  forth  across  the  roadway,  givii 
the  smoothness  of  finish  desired. 

Patrick  ilcConalogue,  sujjerintendent  of  constructii 
for  the  Board  of  County  Road  Commissioners,  is  respons 
file  for  this  method  of  road  finishing.  It  seems  that  on 
day  when  his  finishers  had  quit  he  attempted  to  finish  t 
roadway  by  drawing  across  the  concrete  surface  a  canT 
tarpaulin  used  for  protecting  cement.  This  metjii 
rolled  the  stone  at  the  surface  and  was  rejected.  Sp 
ing  a  strip  of  canvas  about  4  ft.  wide,  he  tried  ti 
and  found  that  it  worked  fairly  well.  He  doubled  it  on 
with  better  results,  so  he  doubled  it  again  to  a  width 
about  13  in.,  and  a  very  satisfactory  finish  was  obtaint 
Ciincrete  collected  in  the  folds  of  the  cainas,  so  later 
was  replaced  by  the  canvas  belting  now  in  use. 

While  once  over  with  this  strip  gives  a  good  fini 
^!r.  MeConalogue  uses  a  second  strip,  a  duplicate  oft 
first,  which  is  operated  by  two  laborers  whose  cliief  dn 
it  is  to  follow  up  the  work,  finish  the  edge  of  the  1O8 
way,  and  remove  and  carry  forward  the  side  forms. 
this  way  any  uuevenness  or  rougluiess  in  the  surface 
eliminated  as  the  work  moves  along. 

The  canvas  belt  used  in  securing  the  first  finish 
operated  by  two  laborers  from  the  gang  working  at  1 
concrete  mixer.  As  the  mixer  is  being  moved  forwa 
these  laborers  drop  back  and  finish  the  section  just  plat 
2-')  rt.  of  roaduav  surface  being  finished  in  aliout  -i  111 
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In  this  way  three  finisher?  at  33i/^c.  per  hr.  have  been 
(lone  away  Avith,  resulting  in  a  reduction  in  the  payroll 
of  practically  $1  per  hour. 

Mr.  ilcConalogue  has  tried  rubber  belting  in  place  of 
tlie  second  "follow  up"  canvas  belt  and  has  been  able 
to  secure  a  glassy  finish.  However,  as  such  a  finish  is 
undesirable  for  a  roadway  the  canvas  belts  only  are  used. 
.\t  the  end  of  tlie  day  tlie  concrete  is  thorouglily  washed 
from  tlie  canvas  belts. 

'M 

P>Y  C.  ^I.  Holland* 
The  survey  work  in  connection  with  driving  the  East 
I'iver  tunnels  requires  a  large  survey  corps  to  be  on  duty 
Iwth  day  and  night  in  order  to  secure  accurate  and  fre- 
quent checks  upon  tlie  position  of  the  tunnel  shields. 
It  is  necessary  that  these  shields  be  ke]it  on  the  correct 
line  and  grade,  as  the  cross-section  of  the  tunnels  has 
l)een  reduced  to  a  minimum  for  jiurposes  of  economy. 
Any  considerable  deviation  from  the  theoretical  align- 
ment would  have  serious  eoiisequonces  that  might  delay 
the  completion  of  the  work  as  well  as  increase  its  cost. 

Surface  AVokk  axd  Pumbixg 
The  surface  surveys  and  triaiigulation  were  completed 
by  precise  methods  previous  to  construction  operations, 
Init  all  the  work  has  subsequently  been  rechec-ked  in  order 
to  guard  against  any  possibility  of  error.  The  triangu- 
lation  system  selected  in  each  case  is  a  quadrilateral, 
with  a  side  on  each  side  of  the  river  which  could  be 
niea.sured  and  used  as  a  check  on  the  computed  length  as 
detennined   from    the   angular   measurements.      All   the 
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KKi.   1.     VRR.N-IKR   ROOF  SCALE  USED  IN'   EA.ST  RIVER 
TUNNELS 

iigles  were  read  liy  repetition,  using  a  transit  grailuated 
to  read  to  10  in.  of  arc,  and  all  nieasurenieiits  were  made 
with  staiiilardized  tapes  corrected  for  ])ull  and  tempera- 
ture. A  system  of  coordinates  was  adopted  to  facilitate 
the  computation  of  tlie  tunnel  alignments  and  the  loca- 
tion of  jKiints  for  line  dropping  at  the  sliafts. 
The   tunnel    surveys   are   connected    with    the   surface 

irveys  \)\  plumbing  down  sliafts.     A  Imse  length  of  2(i 

'.  was  obtained  in  each  case.  These  |)lunil)iiigs  were 
|ieated  until  successive  plumbings  in  each  shaft  made  it 
itain  that  the  average  result  was  well   within  any  al- 

■wablc  error.  In  addition,  check  line  droppings  are  made 
iioni  time  to  time  in  order  to  defennine  whether  the  shaft 
points  as  already  established  have  shifted.  It  is  neces- 
••ary  to  do  this  work  on  Sundays,  as  the  vibration   inci- 

•Tunnel   Engineer,  Public  Service  Commission,  159  RcmHen 
St..  Brooklyn,  N.  Y. 


FIG.  2.    LINE  SIGHTING   FROM  AIR   LOCK 

dental  to  the  operations  in  progress  on  week  days  makes 
]irecise  work  impossible.  At  first  the  shafts  were  plumbed 
about  every  third  Sunday,  and  even  at  this  late  date  they 
are  plumbed  about  once  every  five  or  six  Sundays. 

The  present  distance  of  advance  from  the  shafts  aver- 
ages about  1,.')00  ft.  The  longest  di.stanec  any  line  will 
have  to  be  extended  from  shaft  to  heading  is  about  0,000 
It.,  (.r  over   100  times  the  length  of  the  shaft  base. 

In  the  undergniuiid  surveys  also,  continuous  repetition 
of  surNcy  work  is  the  only  guarantee  of  precision,  on 
accomit  of  the  atnio.-;plieric  conditions  and  tlie  movement 
of  the  tunnel  lining.  In  .soft  ground  the  tunnels  .shift 
.slightly  as  the  earth  resettles  around  them,  affecting  line 
points  often  some  distance  back  from  the  face  of  the 
heading.  Furthermore,  this  is  particularly  true  of  tun- 
nels driven  in  pairs,  where,  with  one  some  distance  ahead 
of  the  other,  it  often  occurs  when  the  second  tunnel  passes 
the  first  that  there  is  a  small  shift  in  the  line,  which  can 
be  detected  only  by  instrumental  observations.  Conse- 
(pieiitly,  reliance  is  placed  chieHy  upon  the  continual  repe- 
tition of  observations  with  ordinary  survey  equipment 
rather  than  upon  a  single  series  of  observations  of  a  much 
more   precise  charai-ter. 

Lrxi-:   Piioi.ovdATiox 

The  tunnel  surveys  in  the  East  Uiver  tunnel  work 
may  be  classified  in  three  group.s — the  [irecise  surveys, 
the  con.struction  surveys  and  the  shield   checks. 

The  precise  surveys  are  usually  made  bv  parlies  of 
four  men  each,  consisting  fif  a  chief  of  jiarty,  an  instru- 
mentman  and  two  men  for  scale  readings.  All  line  points 
are  carried  on  scales  stud-bolted  to  the  cast-iron  tunnel 
lining  (Fig.  1).  The  reading  on  each  scale  is  fi.xed  by 
means  of  a  vernier  graduated  to  read  to  0.002.  ft.,  anil 
it  is  customary  to  estimate  the  reading  to  the  nearest 
thousandth.     Every  effort  is  made  to  eliminate  all  in- 
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FIi.;.  :;.    INSTRUXIKXT  T'T.ATFORM  SUSPENDED  FROM  ROOF 

istnunentiil  citiun  in  iiiakii\^'  these  surveys,  and  ihe  use 
of  plunib-hdlis  lor  si'ttin--  over  or  under  points  is  elim- 
inated. All  line  work  is  done  by  ranging  the  transits 
into  line  ("wiggling"  or  "ijueking"  into  line),  for  which 
purpose  the  transit  is  set  on  a  slow-motion  shifting  head. 
In  addition,  eonsideralile  emphasis  is  placed  iipon  the 
proper  lighting  of  the  sights  and  keeping  all  equipment 
in  correct  adjustment.  .\ll  angles  are  turned  by  repe- 
tition with  transits  ri^nling  to  10"  of  arc,  and  the  meas- 
urements for  reading  the  angle  points  are  made,  as 
in  the  case  of  base-line  measurements,  by  standardized 
tapes  corrected  for  temperature  and  pull.  Errors  ol' 
])ersonal  equation  ai-e  worked  out  by  having  at  least  two 
parties  working  on  each  line  independently,  dependence 
being  placed  on  a  large  nundjcr  of  observations  by  dil- 
fcrent  instrumentmen.  These  precise  surveys  are  run 
into  eac'li  heading  at  least  once  a  week  when  the  atmos- 
pheric conditions  are  1h('  best.  The  fog.  which  is  a  very 
serious  factor  to  contend  with  in  the  survey  work,  some- 
times makes  it  impossible  to  get  long  shots,  l)ut  every 
ell'ort  is  made  to  get  shots  at  least  250  ft.  long. 

The  con.struclion  surveys  are  made  by  parties  of  three 
men  and  consist  of  prod\icing  the  ])recise  survey  lines 
ahead  of  the  forward  scale  i)oint.  so  that  a  line  is  always 
near  the  working  face  available  for  the  shield  che<k  sur- 
veys. This  liiU!  is  carried  forward  daily.  Scales  arc 
not  used  for  setting  this  line,  as  no  linal  readings  could 
l)e  maintained  close  uj)  by  the  sliield,  so  that  this  survey 
line  is  fi.ved  by  means  of  sjiads  driven  into  Iwards  wedged 
in  between  the  flanges  ol'  the  cast-iron  lining.  On  ac- 
count of  the  short  distance  which  these  surveys  are  car- 
ried in  advance  of  the  precise  lines  it  is  not  customary 
to  work  to  iuiy  great  degree  of  jirecision,  as  the  resiUts 
are  required  to  be  only  approximate. 


All  line  work  is  carried  along  the  roof  of  the  tunnel, 
using  suspended  platforms  (Fig.  3). 

COXTROLLIXG  THE   POSITION   OF   TUK    SlIIELD 

To  keep  these  shields  on  the  correct  alignment,  check 
measurements  are  required  each  time  a  shield  is  moved. 
These  shield  check  surveys  consist  of  determining  the 
alignment  of  the  diaphragm  of  the  shield  (center),  the 
alignment  of  the  tunnel  lining  already  erected  and  par- 
ticularly the  alignment  of  the  last  ring  of  iron  erected. 
The  transits  are  provided  with  a  level  on  the  telescopy 
and  from  a  near-by  benchmark  the  elevation  of  the  shield 
and  of  the  top  of  the  last  ring  erected  is  obtained  froSi 
the  same  setup. 

As  the  completed  tunnel  Tinder  the  action  of  the  shield 
jacks  always  moves,  except  in  very  firm  ground,  it  is  nee- 
essarj^  to  make  all  measurements  from  a  survey  line, 
dependence  cannot  be  placed  u])on  the  completed  struc- 
ture. The  reference  line  used  is  a  radial  line  reestab- 
lished by  the  construction  survey  party  every  24  hr.  and 
marked  on  the  lining.  It  is  tied  in  to  points  set  some 
20  ft.  back  in  the  tunnel,  so  that  it  can  be  checked  for 
any  movement. 

ileasurements  are  taken  from  this  radial  line  on  each 
side  of  the  tunnel  to  point.s  in  the  shield  which  deter- 
mine how  much  one  side  of  the  tunnel  is  in  advance  of 
tlie  other  with  relation  to  the  proper  direction  of  the 
tunnel  (Fig.  4).  These  measurements  are  designated 
as  the  ''lead"  of  the  shield  and  are  taken  by  the  inspector 
in  the  heading  as  the  shield  is  pushed.  The  foreman 
in  charge  of  the  .shove  is  kept  continually  informed  as 
to  whether  the  proper  leads  are  being  maintained,  and  he 
operates  his  jacks  accordingly. 

The  pointing  of  the  shield  for  grade  is  fixed  by  read- 
ing to  a  point  on  the  diaphragm  of  the  shield  from  a 
plumb-line.  The  plmnb-line  is  of  a  known  length,  and 
the  distances  to  the  diaphragm  from  this  plundj-line  va'iy 
with  the  grade  on  which  the  shield  is  traveling,  so  that 
ihe  pointing  of  the  shield  to  the  tunnel  grade  can  alway.< 
be  determined  by  reading  the  plumb-line.  These  read- 
ings are  made  continually  during  the  shove;  and,  as  in 
the  case  of  the  side  leads,  the  foreman  is  kept  informed 

as  to  how  his  shield  if 
traveling.  The  niethoi! 
of  shoving  the  tiium 
shield  and  reading  c 
leads  and  plumb  i 
shown  by  Figs.  4  am 
').  On  the  present  work 
it  has  been  unusual  tc 
lia\e  the  line  or  grade 
of  tlie  completed  struc- 
ture \<iry  nu)re  than  2 
in.  from  the  theo- 
retical, and  when  a 
greater  deviation  than 
this  has  occurred  il 
has  been  due  to  the 
shield  encountering 
strata  of  ilifferen! 
hardness  or  some  for 
eign  substance  thatliii 

Plan    showing    Mec.E.uremen4s  CaUScd       tllB       S  ll  1  C  1  ' 

■to    con+rol    Line  .^,  ,  ,,,        ^_    ,, 

either   to   settle  or  t. 

FIG.  4.  CHECK  MEASUREMENTS         .j       J^^3„ormallv.    Wh.M 
MADE  AT   EACH  SHOVE  i  Kl  HUiiui  iiwiu.) . 

OF  SHIELD  this     hiipiieiis.     evcr\ 
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irt  is  made  to  give  the  shield  a  new  plumb  and  a  new 
!  lead  to  overcome  this  action;  but  a  shield  weighing 
"e  than  100  tons  and  of  considerable  length  will  travel 
le  distance  before  it  plows  itself  back  to  the  normal 
ition.  The  greatest  difficulty  in  driving  a  shield  is  to 
1  it  to  grade,  as  the  character  of  the  ground  through 
ch  the  shield  is  passing  affects  its  grade  more  than  its 
,  since  the  shield  has  a  tendency  to  settle  in  soft  ground 

to  the  material  moving  out  from  under  the  shield 
<  into  the  tunnel. 

^fter  each  shove  of  the  shield  the  iiistructious  for  the 
t  shove  are  worked  out  from  the  data  as  to  line  and 
le  obtained  on  the  center  of  the  diaphragm  of  the 
Id,  the  side   lead    and   plumb-line    readings.      From 

information  the  grade  and  alignment  of  both  the 
ing  edge  and  the  tail  of  the  shield  are  computed. 
.ving  not  only  the  exact  ])osition,  but  the  pointing  of 

shield  relative  to  the  correct  lino  and  grade.  This 
f  the  utmost  importance,  for  it  shows  what  changes 
necessary  in  the  side  lead  or  plumbing  to  swing  the 
Id  back  to  the  correct  line  and  grade,  and  in  addi- 

detemiines  whether  a  straight  or  a  taper  ring  should 
provided  at   the   c()m])]efion    for  the   next   shove. 
'he  placing  of  the   cutting   edge   of  the   shield   in   a 
ler  position  after  making  allowances   for  settlement 

other  considerations  is  worked  out  by  experience.  It 
he  all-important  factor  in  determining  the  position 
he  timnel,  for  where  the  cutting  edge  of  the  shield 
-,  there  goes  the  completed  tunnel. 

VARIEn    BENfllMAllKS    TOK    TIIK    LeVKL    REAI)IN(iS 

.evels  are  divided  up  into  the  same  general  classes  as 
nment  surveys,  consisting  of  precise  levels,  construc- 
I  levels  and  check  levels.  The  precise  levels  arc  run 
repetition  at  least  once  a  week  down  into  the  tuiinci 
iling,  hitting  the  benches  that  have  already  been  es- 
ished  by  the  construction  survey  party.  The  level 
ty  consists  of  three  men,  a  chief  of  ])arty  who  acts  as 
irder,  an  instrumcntman  and  a  rodman.  The  equip- 
it  used  is  ordinary  survey  equipment  consisting  of 
ipy  levels  and  I'liiladelpliia  rods.  The  precise  bench- 
■ks  are  formed  by  screwing  stud  bolts  into  the  flanges 
the  cast-iron  lining  near  the  bottom  of  the  tunnel, 
HH  to  avoid  long  rods  which  would  be  necessary  in 
'  the  benchmarks  were  carried  in  the  roof  of  the  tun- 
The  construction    benchmarks  are  in    the   roof  of 


the  tunnel,  because  it  is  more  conven- 
ient to  work  with  these  from  the  trav- 
eling platform  that  follows  immedi- 
ately behind  the  shield.  The  shield 
checker  ha,s  for  his  benchmark  a  read- 
ing on  the  spad  under  which  he  sets 
for  line,  so  that  instead  of  requiring  a 
rodman  to  give  a  backsight  with  a  rod 
he  measures  from  the  spad  down  to 
the  center  of  his  telescope,  which  gives 
him  close  enoiigh  elevation  for  any 
one  individual  shield  check.  To 
take  every  op]5ortunity  for  increas- 
ing the  precision  of  the  survey  work 
and  guarding  against  error,  cross- 
checks between  tunnels  are  obtained 
about  every  500  ft.  by  driving  a  2-in. 
pipe  from  one  tunnel  to  its  mate  (the 
eight  tunnels  in  question  are  driven  in 
pairs,  at  South  Ferry,  Old  Sli]i.  Uth 
St.  and  (SOth  St.),  through  holes  drilled  in  the  shell  at 
points  computed  to  match.  The  pijie  itself  gives  a  cheek 
on  the  survey  work,  but  in  order  to  close  the  traverse  the 
angle  through  the  pipe  is  read,  the  distance  is  measured 
with  a  tape,  and  levels  are  read. 


Efforts  at  special  accuracy  were  made  in  the  instru- 
mental work  in  the  Shore  tunnel  of  the  new  Milwaukee 
water  intake  to  insure  correct  direction  of  the  headings 
and  precise  meeting.  The  tunnel  is  attacked  from  four 
headings  starting  from  two  shafts.  Compressed  air  is 
used  in  all  headings.  One  of  the  shafts  is  offset  from 
the  tunnel,  and  the  airlock  for  both  headings  from  this 
shaft  is  located  in  the  connecting  drift.  The  two  head- 
ings arc  at  fractional  angles  to  the  line  of  the  drift, 
necessitating  work  to  single  seconds  in  turning  the  angles. 
In  the  headings  it  was  necessary  to  give  line  for  the 
concrete  forms  at  frequent  intervals. 

The  tunnel  center  line  was  extended  forward  to  the 
excavation  face  twice  a  week.  This  particular  line  work 
consisted  in  estai)lishing  the  center  line  upon  "screw  eyes" 
(screws  with  flat  heads,  ])erforated  to  receive  a  plumb-bob 
string)  fastened  into  2x4-in.  wood  blocks  set  in  the  center 
line  of  the  arch  when  the  con- 
crete was  placed.  These  points 
were  placed  ;30  to  10  ft.  apart. 
The  last  three  screw  eyes  in 
position  were  used  for  estab- 
lishing the  center  line  for- 
ward, the  transit  being  sta- 
tioned under  No.  1  of  the 
screw  eyes  and  foresight  being 
taken  on  No.  .'?  and  checking 
on  No.  2  (No.  .3  being  the 
nearest  to  the  heading).  This 
work  did  not  require  high 
precision,  a^s  all  center-line 
screw  eyes  were  rechecked 
every  two  weeks  from  the  jier- 
manent  or  scale  center  line. 
The  city  inspectors  cmi)loyed 
these  screw  eyes  only  for 
"sighting   in"   by    means   of 


II-MWII.N'ATI'^n  SIGHTIN'r. 
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plumb-bobs,  for  establishing  excavation  center  lines  and 
checking  the  position  of  the  front  end  of  the  forms  for 
the  concrete  shell.  The  screw  eyes  were  at  all  times 
available  for  sighting. 

The  permanent  or  roof -scale  center  line  was  established 
on  roof  scales  (see  Engineering  News,  June  15,  1916, 
p.  1151,  for  illustration  of  these  scales,  the  screw  eyes 
and  a  quick-shift  instrument  table)  set  in  the  arch  con- 
crete even'  135  ft.  The  center  line  on  the  roof  scales 
was  carried  forward  ever}-  two  weeks,  the  scales  being 
read  to  0.01  in.,  the  totiil  number  of  readings  on  each 
r-cale  averaging  six.  After  the  last  scale,  or  the  one 
nearest  the  heading,  was  established  for  center  line,  the 
center-line  screw  eyes  between  the  last  scale  and  the  head- 
ing were  checked  itp  from  the  same  "set  up"'  of  the 
transit.  The  bottom  of  each  roof  scale  was  also  used  as 
a  permanent  lienclimark. 

The  length  of  sights  in  extending  the  permanent  center 
line  was  limited  to  about  500  ft.  because  of  the  presence 
of  vapor,  due  to  the  compressed  air. 

An  illuminated  sighting  box,  called  the  '"bait  box."' 
was  used  in  the  work,  because  plummet  lamps  were  not 
distinct  enough  for  accurate  work.  The  box  was  equipped 
with  two  200-watt  3.30-volt  Mazda  lamps.  A  20-ft.  cord 
attached  to  the  box  made  it  possible  to  connect  anwhere 
to  the  tunnel  lighting  system.  Held  behind  a  suspended 
plumb-bob  the  box  gave  a  clear  sight. 

The  tran.sfer  of  line  from  the  surface  into  the  tunnel 
was  checked  once  and  transfer  of  elevation  was  checked 
twice  after  the  initial  transfer  at  the  beginning  of 
tunneling.  From  the  marks  at  the  shaft  bottom,  line 
was  transferred  once  and  grade  transferred  twice  through 
tlie  airlock  into  the  heading,  using  the  roof  scales.  It 
would  have  been  done  oftener  if  it  had  not  required 
removing  the  air-pressure,  with  the  resultant  danger  of 
disturbing  the  soil  conditions  in  the  face. 

The  center  line  was  established  on  the  sitrface  on  114-in. 
steel  pins  set  in  concrete  monuments,  near  the  shafts  and 
adjacent  to  the  tunnel  terminal  points;  on  li/^-in.x-l-ft. 
.steel  pins  for  permanent  intermediate  stations ;  and  on 
Ix3xl8-in.  wood  .stakes  for  temporary  intermediate  sta- 
tions. This  surface  center  line  was  rechecked  tliree  times 
for  alignment  and  twice  for  distance.  The  center  line 
on  the  steel  pin«  was  the  intersection  of  a  cross  marked 
in  the  .steel  by  moans  of  a  chisel.  The  center  line  on  the 
wood  stakes  was  established  on  small  brads.  The  slant 
distance  or  lineal  measurement  between  stakes  and  steel 
pins  was  made  by  steel  tape  used  with  spring  balance. 
A  12-lb.  pull  was  maintained  on  the  tape.  Level  readings 
for  elevation  were  taken  on  the  center  points  and  correc- 
tions were  accordingly  made  to  secure  the  horizon  till 
distances.  All  level  readings  were  made  from  the  target. 
All  foresights  were  established  by  "double-centering"' 
twice  from  the  backsight,  result  of  the  double-centering 
being  divided  for  true  center. 

In  plumbing  the  shafts  two  20-lb.  plunib-bol)S  were 
used.  The  plumb-bobs  were  suspended  on  No.  8  piano 
wire  and  were  imnier.-^ed  in  oil  contained  in  buckets  at 
the  shaft  base. 

The  headings  between  the  two  shafts  met  late  in  .July 
and  very  satisfacton*  results  were  obtained  between  the 
center  and  grade  lines  of  the  two  headings. 

The  work  is  in  charge  of  L.  G.  Warren,  Resident 
Engineer,  under  the  direction  of  George  F.  Staal,  City 
Entrincer. 


Pal©  Hs^mmffiffi©!?   L©a<Ss  MotmiaUed 
©Ea  lR^oM©s=s 

An  unusual  piledriving  rig  was  employed  in  puttii 
down  wooden  sheetpiling  in  excavating  for  a  segment-ti 
sewer  in  St.  Louis.  The  piling  was  driven  by  a  :^.000-i 
zVrnott  steam  hammer  operating  in  a  set  of  double  fix(  j 


FIG.    1.    CARRIAGE    FOR    SHEETPILE    DRIVER    LEA! 

leads  that  could  be  moved  by  means  of  rollers  loca: 
on  each  side  of  the  ditch,  as  illustrated  in  Fig.  1.  & 
the  leads  were  braced  is  shown  in  Fig.  2. 

The  soil  through  which  the  sewer  was  constructed  n  I 
quicksand   overlain   by  yellow   clay.     Through  the  d  1 


FIG.    2.    BR.\CI.NG   BETWEE.N    I^EADS 

the  trench  was  braced  by  horizontal  sheeting.  Thrm 
the  fine  sand  and  quicksand,  however,  3-in.  tonguo-n 
grooved  wooden  sheetpiling  was  driven  to  a  deptlt  " 

ft.  Ix'liiw  tile  flow  line  of  the  sewer. 
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The  east  ai)proach  of  tlu'  Van  Burcii  St.  tunnel  under 
e  Chicago  Kiver  is  crossed  by  a  ol-ft.  alley,  the  east 
le  of  which   is  in  line  with   the  tunnel  portal.     The 
\-ins  is  carried  on   a   concrete   slab   resting  on   shelf 
oles  on  the  webs  of   24-in.   transverse  girders.     The 
pth  of  paving  and  slab  was  20  in.,  the  lower  portion  of 
e  <nrders  extending  about  18  in.  below  the  bottom  of 
e  concrete  slab.     These  girders  were  placed  in    1801. 
d  in   1915  their  condition  was  such  that  immediate 
pair  or  renewal   was  necessar}'.     The  former   method 
!s  decided  upon.     There  is  very  heavy  team  traffic  in 
t'  alley,  and  to  avoid  interruption  to  business  it  was 
cided  to  do  the  work  from  below,  the  tunnel   l)eing 
isi'd  on  aicount  of  recon.stauction  of  the  west  ai)proaeh. 
The  lower  flanges  of  the  girde:-s  were  wrai)]3ed  witli 
panded   metal,   and   strips   of  expanded  metal   in   the 
i-ni  of  an  arch  were  sprung  in  on  top  of  these  flanges 
.1  lietvveen  the  welis  of  each  pair  of  girders.     Trans- 
reinforcing  rods  were  placed  in  position  between  the 
IS.    Forms  were  then  made  and  supported  on  false- 
■ik.     Grout  pipes   were   placed  in   position,   openings 
re  calked  with  oakum,  and  a  gi-out  mixture  composed 
•?  parts  cement,  2  parts  powdei-ed  stone  and   1    \y,\r\ 
jirilo  .sand  was  forced  into  place  under  90-11).  air  pres- 
<•  hy  means  of  a  pneumatic  concrete  mixer.     A  hea\y 
•liini  was  placed  adjacent  to  the  girder  over  the  portal, 
(1  a  concrete  parapet  wall  was  l)uilt  in  place  of  the 
'  -uier  railing  on  this  side  of  the  alley. 
Tlie  work  was  dt)ne  l)y  company  force  by  the  Chiirago 
ilways  Co.,  under  the  direction  of  John  Z.   ilurphy, 
'ctrical  Engineer,  and  J.  W.  Harris,  Tunnel  Engineer. 


dti'eell    FItiaslhajail 


In  ilaker.  Ore.,  a  lity  of  10,000  populaticm,  a  method 
street  fiushiug  with  a  water  pipe  on  wheels  ha.s  been 
i-oduced,  which  is  apparently  new  in  this  country, 
hough  it  has  been  in  use  abroad  for  many  years, 
liaker  there   are    fire   hvdrants    in   everv    l>lock.    but 


FIG.     :;.     STRKET-F1-USH1.\U     OKVICK     .U.41I1-. 

BUFFALO  MUNICIPAL  EQUIPMENT  CO. 

they  are  too  far  apart  to  allow  more  than  half  a  hloek 
of  pavement  to  be  flushed  at  one  time  unless  a  hose  (■>( 
unwieldy  lengih  and  weight  is  used.  Therefore  in  jdace 
of  hose,  sections  of  2-in.  iron  pipe  mounted  on  little  ti'ucks 
have  been  adopted  (see  Fig.  1).  The  sections  of  pipe 
are  connected  with  short  pieces  of  hose  for  want  of  a 
better  flexi])le  coupling. 

A  supply  main  about  500  ft.  long  is  attached  to  a  hy- 
drant, and  to  move  the  device  a  horse  is  harnessed  to 
the  free  end.  where  a  swivel-jointed  pipe  permits  the 
operator 'to  turn  the  stream  in  any  direction  (Fig.  3). 
Two  men  are  recpiinMl  to  operate  the  pi])e  line,  one  being 
at  the  hydrant. 

There  is  a  ])atente(l  device  on  tiie  market,  made  by  the 
Buffalo  iluni(ii)al  Equii)nient  Co..  Buffalo,  X.  Y..  of  the 
same  general  character.     This  is  shown  in  Fig.  3.     There 
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i*  the  same  portable  water  pipe  on  little  wheel;;,  but 
instead  of  l>ein<^  tontinually  drairged  over  the  pavement 
the  jiijie  is  merely  pnlled  into  position  in  the  middle  of 
Ihe  street,  where  it  remains  while  the  pavement  is  flushed 
from  any  one  of  the  valve  opening-s  placed  at  the  joints. 
This  device,  unlike  the  first,  does  not  obstruct  traffic. 
H-s  planks  are  placed  on  either  side  of  the  pipe  where  it 
crosses  the  trafficway,  and  wagons  may  drive  over  it. 


Lnyiiif;  Sewer  Tiles  In  Cold  Weather  presents  a  difflcuU> 
in  the  "sweating"  of  the  tile  after  being  laid,  causing  tin 
mortar  to  fall  out  of  the  joints.  In  building  a  fairly  ex 
tensive  sewer  of  segmental  tile,  in  St.  Louis,  this  condition 
was  overcome  b.v  burning  straw  on  the  tile  before  lowering  i: 
into  the  ditch.  This  expedient  is  mentioned  by  Ben  Moreell. 
Assistant    Engineer.    Board   of  Public   Service,    St.    Louis. 

FiiHliiijj;-  n   <in.K   Leak   iWtli  a   Ligrhted   Match   seems  to   ha\< 
just    about    the    same    effect    on    a    church    as    on    an    ordinal 
building.     The  accompanying  view  shows  what  happened  to  j 
church    in    Par.sons.    Kan.,    on    Sept.    16,    when    a    j^lumber    \\a- 


\VH.\T  .V  UAS   K.KI'LOSIO.X  UIL)  TO  .\   K.V.XS.VS  I'HUKCH 

searching  for  the  source  of  the  strong  natural-gas  odor 
that  had  pervaded  the  church  cellar  for  some  time.  The 
building,  a  stuccoed  brick-wall  structure  with  a  roof  carried 
on  timber  trusses,  was  badly  shattered,  and  the  two  men 
and  a  child  in  the  cellar  at  the  time  were  seriously  hurt. 

A  «;e<>detie  Survey  of  Los  .\nBeles,  Calif.,  is  in  progress. 
according  to  the  annual  report  for  the  year  ending  June  30, 
1916,  of  the  city  engineering  department.  The  primary  tri- 
angulation  is  practically  completed  and  is  tied  into  the  United 
States  Coast  and  Geodetic  Survey  triangulation  net  at  San 
Pedro  Mountain,  Castro,  San  Fernando  and  Mount  Wilson.  An 
8-in.  Bausch  &  Lomb  direction  theodolite  is  used  for  this 
work,  and  a  150-ft.  invar  tape  is  used  for  base-line  measure- 
ments. Atmospheric  conditions  have  made  it.  necessary  to 
use  heliographs  for  the  primary  work,  wrfich.  caused  vex- 
atious delays.  The  methods  of  the  United  States  Coast  and 
Geodetic  Survey  are  being  followed,  and  a  high  degree  of 
accuracy  is  expected.  Homer  Hamlin  is  City  Engineer,  and 
Charles  P.  Cooke  is  field  engineer  in  charge  of  the  geodetic 
survey. 

A  Special  ForeHlgrht  for  Accurate  ^Vork — The  illustration 
shows  a  foresight  used  for  accuratel.v  prolonging  straight 
lines.  It  consists  of  a  New  York  level  rod  with  a  special 
target.  The  rod  is  mounted  on  two  tripods;  it  is  securely 
clamped  to  the  uphill  tripod  and  rests  in  the  fork  of  a  stick 
which  is  wedged  in  the  lower  tripod.  The  target  is  12x18 
in.,  painted  vermilion  and  white  and  is  fastened  to  the 
regular  level  target.  In  use  an  equal  number  of  shots  were 
taken  with  the  telescope  of  the  transit  direct  and  with  tele- 
scope reversed,  the  average  giving  the  position  of  the  point 
on  line.  The  instrument  man  gave  signals  with  a  large 
piece  of  orange-colored  cloth.  On  long  sights  a  telescope 
was  used  to  see  these  signals.  The  accurac.v  attained  de- 
pended on  atmospheric  condition.?,  length  of  sights,  .and  num- 
ber   of    shots.       Under    f;\vor.nble    conditions    with    a    length    of 


i,K\  iOL  i;mi)  usku  as  long-uistanch;  foresight 

foreiiight  up  to  1,500  ft.,  with  a  backsight  of  600  ft.  or  0V< 
.Tverages  of  10  shots,  5  with  telescope  direct,  and  5  wll  ] 
telescope  reversed,  were  less  than  0.01  ft.  apart;  with  a  bad 
sight  of  800  ft.  and  a  foresight  of  31,0  mi.,  the  averages 
two  sets  of  40  shots  each  were  one  inch  apart.  The  apparati 
can  be  set  up  in  from  five  to  ten  minutes,  and  shots  taki 
at  the  rate  of  40  to  60  per  hour  depending  on  the  length 
sight  and  conditions  of  the  atmosphere.  The  party  consiat> 
of  a  chief  and  one  or  two  assistants  who  manipulated  tl 
foresight,  an  instrument  man  and  a  man  to  watch  the  bat! 
sight. — R.    W.    Gansmann,    Browns    Station.    N.    Y. 

Board  Muttresse!!  for  Revetment  Work — The  Blodgett  C6 
struction  Co.,  of  Kansas  City,  Mo.,  is  doing  about  $45,000  1 
of  levee  and  revetment  work  on  the  Red  River  below  Shr6T 
port.  La.,  in  w^hich  the  niattress  work  is  made  of  lx6-in.  boart 
It  is  practicall.v  impossible  to  get  willows  for  this  work  K 
boards  are  specified  and  being  used.  The  boards  are  WOT 
together,  nailed  at  points  of  contact,  weighted,  anchored  a 
sunk  as  for  ordinary  mattress  work.  No  difficulty  has  be 
experienced  so  far  with  the  board  mattress,  and  those  tli 
have    been    sunk   are    filling   in   a   satisfactory    manner. 

Varied  Uses  of  Pipe — To  the  engineer  a  pipe  usually  m'" 
a  conductor  for  water,  sewage,  steam  or  gas.  The  appllcati 
of  pipe  at  the  present  day,  liowever,  is  of  remarkable  exte 
It  is  used  in  the  construction  of  agricultural  implemen 
automobiles,  architectural  ironwork  and  grillwork,  buildi 
columns,  refrigerating  machinery,  dry-kiln  apparatus,  t 
vator  car.s.  wheelbarrows,  work  benches,  ornamental  gm 
elevator  grain  spouts,  safety  ladders,  warship  masts,  lightni 
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GROWTH  OF  STEEL-PIPE  INDUSTRY   SINCE   18SS 

and  high-tension  poles,  electric-wiring  conduits,  railway-' 
nal  apparatus,  sprinkler  systems,  signal  tower.s,  etc.  Coli 
dent  with  the  extended  use  of  tubular  products  has  been 
only  increased  tonnage,  but  also  a  change  in  material.  P 
years  ago  practically  all  the  screw-joint  pipe  was  madt 
wrought  iron.  The  following  diagram,  made  up  by  the 
tional  Tube  Co.,  shows  the  effect  on  the  pipe  industry  of 
be.^semor  and   npcnlicarth   iirocesses   of  making  steel. 
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Tn  each  of  the  last  three  uumbers  of  Engineering  News 
n-e  has  been  reported  the  defeat  of  a  suit  for  in- 
n{rement  of  a  reinforced-concrete  structural  patent, 
li;!  ^ioquence  is  of  course  mere  coincidence,  but  the  ac- 
nnilation  of  such  cases  and  the  fact  that  they  were 
decided  against  the  patentee  are  significant.  The 
;es  show  a  commendable  though  recent  tendency  to 
ing  such  suits  to  court  rather  than  to  settle  them  by 

■  ivate  agreement;  the  decisions  indicate  either  an  in- 
ligent  conduct  of  the  defense,  hitherto   rare  in   such 

'.  its,  or  else  a  growing  understanding  by  the  judges  of 
•  real  nature  of  reinforced  concrete.  Perhaps  both 
>  counsel  for  defense  and  the  judiciary  have  been  help- 
iv  influenced  by  one  or  two  of  the  more  recent  canines 
ehres,  where  clear  thinking  and  exhaustive  research 
ve   illuminated   the   history    of   this   new — though    in 

I  ne  ways  quite  old — structural  material. 
\Miilo  there  is  no  essential  similarity  between  the  three 
tents  which  were  recently  decided  and  while  the  issues  on 

■  ich  they  were  fought  were  in  the  main  different,  there 
I  ms  to  run  through  each  of  the  three  decisions  (ren- 
1  -ed,  it  will  be  noticed,  in  widely  separated  districts) 

■  ■  same  strain   of   reasoning.     It  is  possible   that   the 

■  J  ne.xt  reinforced-concrete  decision  will  be  diametric- 
I  V  opposite  to  these ;  but  reading  them  broadly,  one 
•  uld  say  that  the  judges  are  beginning  to  recognize 
"  at  many  engineers  have  long  contended ;  that  is,  that 
1  •  arrangement  or  distribution  of  reinforcement  to  meet 
I  tain  peculiar  ideas  of  the  deviser  is  not  invention 
I  1  therefore  not  patentable. 

It  is  possible,  in  view  of  such  decisions,  that  sooner 
t  later  the  courts  will  definitely  set  up  the  ruling  that 
1  ■  essential  novelty  in  reinforced  concrete  is  the  com- 
\  lation  of  the  tensile-resisting  steel  with  the  compression- 
J  isting  concrete  in  such  fashion  as  to  cause  the  two 
1  terials  to  work  together.  This  idea,  of  course,  is 
<  te  old.  It  dates  back  to  the  '60's  in  the  design  of 
t  all  objects  such  as  flower  pots,  little  boats,  etc.,  but 
i  dates  back  to  the  '70's  even  in  the  design  of  large 
f  uctiires. 

The  Brannon  patent  (1874)  noted  in  the  Pittsburgh 
I  (■  in  this  issue  is  a  remarkable  e.xample  of  pioneer 
t  liking.  The  inventor  possilily  did  not  realize  the  stress 
1  uirements  of  the  combination  of  materials,  but  he 
1  st  assuredly  did  realize  its  structural  possibilities.  The 
f  iibination  of  metal  framework  witli  a  cementitious 
I  rtar  or  concrete  is  illustrated  in  that  patent  in  many 
>vs.  Hooped  columns  can  be  found  there;  a  canal 
8  leduct  with  slal)  bottom  and  vertical  sides  resting  on 
I;  ms  and  columns  is  illustrated  ;  and'  most  extraordinary 
f  all,  tiicre  is  a  perfect  facsimile  of  tlie  modern  hollow 
T|  nforced-concrete  caisson  that  is  ca.st  on  shore  and 
ijited  out  into  place,  there  to  be  filled  with  concrete 
Btl  to  .settle  into  its  location  as  a  solid  pier. 


Brannon,  beyond  all  doubt,  had  the  essential  idea  of 
reinforced  concrete  as  a  structural  material.  His  suc- 
cessors devised  a  theory  and  elaborated  the  design;  and 
in  the  mind  of  most  of  the  judges  recently  considering 
the  question  such  elaboration  and  amplification  do  not 
constitute  invention. 

It  would  be  foolish  as  well  as  dangerous  to  assume 
that  the  several  recent  decisions  against  reinforced-con- 
crete structural  patents  sound  the  death  knell  of  all  such 
patents.  There  may  be  many  that  are  still  legally  and 
morally  valid.  But  the  recent  decisions  go  far  toward 
putting  the  whole  question  of  structural  patents  on  a 
more  rational  basis. 


Because  safety  depends  on  strength  of  material  and  its 
proportioning  to  stress,  calculation  of  stress  is  a  vital 
element  in  engineering  and  is  bound  to  remain  so.  It  was 
vital  to  the  accident  at  Quebec.  The  bridge  rocker  cast- 
ing whose  breaking  caused  the  fall  of  the  suspended  span 
on  Sept.  11  broke  under  circumstances  where  no  one  knew 
how  high  a  stress  it  carried.  Both  the  builders  and  the 
Board  of  Engineers  assumed  that  the  stress  could  not  go 
higher  than  20,000  lb.  per  sq.in.,  but  they  had  no  assur- 
ance that  it  might  not  be  twice  as  high. 

The  rocker  casting  that  Iiroke  was  too  weak  by  its  very 
design.  It  was  unsafe.  So  also  were  its  three  brother 
rockers.  Because  one  of  the  four  broke  it  has  been  called 
defective — it  was  rendered  weaker  than  the  others  by 
some  internal  condition.  But  calling  this  one  rocker  de- 
fective does  not  mean  that  the  other  three  were  safe  and 
adequate. 

It  has  been  learned  that  one  of  the  other  rockers  car- 
ried nearly  twice  normal  load,  and  did  so  without  break- 
ing. This  discovery  is  most  noteworthy.  In  furnishing 
an  illustration  of  how  a  structural  member  may  develop 
very  high  strength,  it  supplements  the  demonstration  of 
low  strength  given  by  the  failed  rocker.  It  recalls  to 
mind  in  a  warning  way  the  fact  that  material  is  in- 
evitably variable.  That  is  why  we  employ  factors  of 
safety,  and  why  we  apply  large  factors  to  materials  whose 
variations  of  quality  are  likely  to  be  large,  and  smaller 
factors  to  more  uniform  material. 

The  stress  analysis  presented  on  another  page  brings 
out  the  plain  hard  fact  that  the  rockers  at  the  time  of 
failure  were  under  very  high  stress.  Figuring  on  neither 
the  most  favorable  nor  the  most  unfavorable  basis  of  cal- 
culation, it  is  certain  that  the  stress  was  higher  than 
would  be  considered  safe  even  in  the  very  dependable 
rolled  steel  members  of  bridges.  It  was  higher  than  the 
stress  which  the  engineers  of  the  Quebec  bridge  pennitted 
in  the  rolled  steel  bars  of  the  great  chains  liy  which  the 
span  was  being  lifted,  although  these  had  been  tested  so 
thoroughly  that  their  large  factor  of  safety  was  amply 
established. 
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Moreover,  the  eugiiieeis  knowingly  allowed  higher 
Htress  iu  the  rocker  tastiri,us  than  in  the  chains,  although 
(by  test)  the  chains  could  not  fail  imtil  GO.OOO-lb.  stress 
was  passed,  while  the  ultimate  strength  of  the  rockers 
was  entirely  prol)len)atical.  They  allowed  the  high  stress 
to  be  applied  as  a  tensile  stress  to  a  thin  projecting  edge 
of  a  casting,  where,  if  anywhere,  a  crack  might  have  its 
origin.  Even  worse,  the  thin  edge  carried  its  highest 
stress  at  the  root  of  a  reentrant  right-angle  corner  of  the 
casting,  where  the  fillet  had  lieen  notched  to  make  a  care- 
fully fitted  seat  for  a  eentei'ing  plate.  This  edge,  also, 
was  the  top  of  the  casting,  where  impurities  often  gather. 

Because  the  specifications  permitted  high  unit  stresses, 
a  fair  degree  of  defiuiteness  of  stress  calculation  was 
necessary  to  make  them  safe :  guessing  at  stresses  may  be 
good  enough  with  very  low  units,  l)ut  with  high  units  it  is 
a  bit  like  smoking  in  a  jjowder  magazine.  In  a  truss  or 
girder,  or  even  in  a  single  In-idge  member,  the  degree 
of  approximation  invohed  in  stress  calculation  is  pretty 
well  recognized.  The  question  .stands  otherwise  with  parts 
and  asseml)lages  of  the  kind  re])resented  in  the  shoe  sup- 
port of  the  suspended  span  on  its  lifting  girders. 

It  is  the  stre.ss  calculation  foi'  the  parts  of  this  support 
that  is  under  scrutiny,  rather  than  the  unit  stresses  al- 
lowed. The  units  may  still  lie  safe  if  the  method  of  com- 
l)utation  is  reliable.  That  is  an  "if"  which  the  designer 
nmst  meet,  and  meet  with  no  hesitation  or  frivolous 
conscience.  Looking  at  the  method  of  calculation  actually 
emi)loyed,  however,  the  best  tliat  can  be  .said  for  it  is  that 
it  will  hold  true  under  certain  conditions  not  definitely 
known. 

The  case  of  the  pin  and  casting  calculations  aifords  a 
striking  illustration  of  the  old  question  whether  a  part 
may  be  stronger  than  the  whole:  whether  a  piece  can  !)e 
strengthened  i)y  cutting  away  some  of  it.  The  Quebec- 
rocker  would  figure  out  to  be  strong  enough  if  its  longi- 
tudinal bracket  arms  were  cut  down  one-half  in  length. 
Does  this  justify  the  conclusion  that  without  such  cutting 
down  the  part  is  also  strong  enough?  The  question  is  se- 
ductive, and  one  is  tcni|)ted  to  answer  yes.  on  the  view  that 
the  smaller  part  is  necessarily  weaker.  But  in  the  case 
in  hand  such  reasoning  is  a  fatal  error. 

It  happens  that  elsewhere  all  stress  calculations  in- 
volving loads  of  indeterminate  distril)ution.  like  the  pin 
and  shoe  reactions  of  the  Quel)ec  span  supports,  are  coni- 
|)uted  according  to  much  more  conservative  principles 
tiian  used  there.  The  ]H-essure.s  are  always  assumed  to  be 
uniformly  distributed  exce])t  where  the  ])hysical  condi- 
tions make  likely  an  even  more  severe  distribution. 
Thousands  upon  thousands  of  column  bases  and  bridge 
shoes  are  in  use  throughout  the  country  which  were  de- 
signed in  this  way,  and  none  of  them  give  any  trouble. 
It  is  known  that  in  such  cases  the  distribution  of  contact 
])ressure  may  bo  altered  by  deflection :  but  it  is  also 
known  that  this  action  may  be  nullified  by  various  circum- 
stances in  the  condition  of  the  surfaces  too  minute  to 
tartrol  readily. 

A  bald  statement  ol'  the  method  of  the  calculation  em- 
l>lhyed  will  a])])ear  harsh  and  unfair.  Viewed  superficially 
at  least,  the  calculation  is  absurd,  since  it  ])lainly  tempers 
the  wind  to  the  .shorn  lamb:  i.e..  it  adapts  the  load-dis- 
tribution to  the  strength  of  the  part,  and  therefore,  while 
])urporting  to  determine  or  verify  the  strength  of  the 
part,  it  does  nothing  of  the  sort.  The  Board's  so-called 
check  calculation  presents  itself  as  a  verification  of  the 


strength  of  the  rocker  casting;  but  in  reality  it  is  iii 
such  verification,  by  any  stretch  of  reasoning.  All  ii 
shows  is  that,  to  make  the  shoe  safe,  the  reaction  on  tin 
base  of  the  shoe  ought  to  be  concentrated  on  the  middli 
half  of  the  shoe  length,  and  to  make  the  rocker  safe  it' 
reaction  ought  to  be  limited  to  similar  ratio.  It  does  noi 
show  that  either  the  shoe  or  the  rocker  is  safe.  Yet,  ap 
parently,  the  rocker  casting  was  approved  because  of  sonn 
indefinite  faith  that  the  base  pressure  would  concentratf , 
itself  in  accordance  with  the  limit  which  the  calculation 
showed  to  be  necessary.  No  attemjit  was  made  to  compel 
the  base  pressure  to  respect  this  limit. 

So  the  calculation  appears  on  its  face,  stated  without 
any  fuller  illumination.  As  a  matter  of  fact,  it  does  have 
some  show  of  reason.  It  contains  an  assumption  made  in 
the  design  or  analysis  of  certain  kinds  of  structure  and 
known  from  the  results  of  practice  to  be  safe  for  them, 
hut  never  before  applied  to  a  rocker  support  of  the 
kind  here  in  question.  The  assumjition  is  that  a  structun 
which  statically  might  resist  in  different  ways,  hut  when 
the  elastic  yielding  under  the  stresses  will  tend  to  decrease 
the  divergence  of  the  different  methods  of  aualy.sis,  Avili 
be  safe  and  adequate  if  any  one  of  the  methods  of  cal- 
culation shows  stability  or  safe  stress.  This  method  is 
used  widely  in  designing  masonry  arches,  and  has  been  «. 
used  for  many  years.  It  is  used  less  obtrusi\  ely  iu  man} 
other  cases  of  engineering  stress  calculations. 

Physical  recognition  of  deflection  is,  indeed,  invol*?d 
in  the  Quebec  support  calculation,  but  it  does  not  appeal 
on  the  surface  and  is  not  expressed  by  any  direct  compi 
tions  of  deflection.  The  calculation,  it  will  be  found 
on  examining  it,  is  at  every  point  conducted  in  such  a 
way  as  to  be  in  general  qualitative  accord  with  the  way  in 
which  the  several  parts  deflect.  Thus,  the  lower  shoe  Ci 
ing,  being  longer  than  the  pin  which  it  supports,  will  de- 
flect by  the  end  rising.  If  at  the  stiirt,  therefore,  reactioD 
pressure  was  distributed  tmiformly  over  the  base,  then 
by  the  deflection  of  the  casting  the  end  portion  will  tend 
to  rise  away  from  the  pressure  and  may  conceivably 
deflect  far  enough  upward  to  get  no  upward  load  at  all. 
This  latter  condition  is  what  the  calcubition  actually  as- 
sumes.    So  throughout  the  rest  of  the  assemblage. 

.Vs  to  how  true  the  calculation  is  quantitatively,  there 
is  no  information.  Xo  check  computations  ajjjiear  to  have 
been  made  to  see  how  much  the  several  parts  will  deflect. 
;in(l  whether  they  will  deflect  out  of  contact  with  each  other 
<ir  not.  It  is  doubtful  whether  such  che(-ks  would  have 
been  of  any  value,  as  the  controlling  physical  condition? 
are  too  nmch  in  doubt. 

The  fact  is  that  all  stress  calculations  dealing  with 
indeterminate  load  conditions  like  this  one  rest  ultimately 
on  the  conscience  of  the  designer,  and  the  resulting  design 
is  always  more  a  tribute  to  the  designer's  skill  and  in- 
stinctive knowledge  than  to  the  nuM-it  of  his  stre.ss  cal 
lation.     That  is  the  case,  too,  in  the  Quebec  problem. 

Simply  regarded,  the  "stress  calculation"  for  the  Quebec 
locker  support  is  merely  some  fornuil  and  unimportant 
figuring  to  verify  minor  features  of  the  design.  It  does 
not  analyze  or  approve  the  design,  but  tacitly  accepts  tin 
design  as  adequate  and  then  deduces  a  lew  auxiliary  Iv; 
ures  from  it.  It  is  therefore  chiefly  significant  as  beini 
an  expressiou  of  complete  faith  in  the  trained  eye  ami 
sound  judgment  of  the  designer  who  sketched  out  the  pru 
portions  of  the  eastings.  Unfortunately  that  liiitli  wii- 
not  justified  by  the  event. 
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Hatrogesi  lira   i^ctS'^mtedl  Sl'asd^® 

If  a  process  of  sewage  disposal  uoiild  l)o  perfected  that 
ould  yield  a  sludge  convertible  into  fei'tilizing  material 
t  less  than  capital  charges  and  operating  expenses  and 
ithout  creating  a  nuisance,  one  of  the  most  baffling 
lunicipal  problems  of  the  last  half  century  would  be 
)lved.  One  process  after  another  has  come  to  the  front 
ith  such  a  claim  and  gone  its  way  without  making  good. 

There  seems  to   be  genei-al   agreement  that   the   new 

tivated-sludge  process  of  sewage  treatment  yields  a 
udge  that  is  umisually  high  in  nitrdgcn.  so  that  it  may 
icceed  as  a  money  maker  where  uther  processes  have 
tiled.  Some  of  the  l)est  of  the  men  engaged  in  activated- 
udge  studies  go  further  and  assert  their  belief  that  the 
udge  from  this  process  can  be  rid  of  its  very  heavy 
ater  burden  and  marketed  at  a  iirofit. 

It  might  be  supposed  that  long  bel'oi-e  this  sewage- 
udge  dewatering  would  have  been  established  on  a 
lund  basis.  The  fact  is  that  the  sludge  from  each  new 
•ocess  is  a  law  unto  itself.  The  high  nitrogen  content  of 
:  le  sludge  from  the  activated  ])rocess  is  largely  offset,  as 
■t,  by  the  difficulties  experienced  in  handling  a  material 

at  is  99%  water. 

The  foregoing  and  other  related  facts  make  very  timely 

e  article  on  the  recovery  of  nitrogen  from  sewage  sludge, 

■  William  R.  Copeland,  and  the  discussion  of  the  subject 
George  W.  Puller  and  others,  presented  elsewhere  in 

is  issue.  The  conservative  yet  hopeful  attitude  of  these 
dders  in  sewage-treatment  work  should   inspire  others 

join  in  the  study  of  the  activated-sludge  process, 
lich  presents  so  much,  promises  and  yet  still  demands 

much  careful  engineering,  chemical  and  biological 
search.  Every  city  with  a  sewage-disposal  problem 
vith  exceptions  to  prove  the  rule)  may  well  feel  that  it 
under  obligation  to  itself  and  to  other  cities  to  take  a 
nd  in  activated-sludge  experimentation. 

Eiad   ©if  Septic  Tsiial}^  Fs^teirat 

There  is  no  longer  nny  question  as  to  whether  the 
iineron  septic  tank  patent  is  alive  or  dead.  The  United 
ates  patent  was  granted  Oct.  :5,  1899.  and  so  it  has  now 
pired,  regardless  of  the  question  of  whether  it  died  with 
e  expiration  of  the  British  patent  in  November,  1909. 
Some  important  questions  i-einain  to  be  settled.  One 
these  is  the  real  effect  of  the  see-saw  decisions  obtained 
the  Knoxville,  Iowa,  and  Winchester,  Ky.,  decisions, 
the  first  of  these  cases  the  court  flatly  declared  that 
'■  United  States  patent  expired  with  the  British  jnitent. 
the  second,  a  contrary  ruling  was  made.  The  holder 
the  patent  claims  that  the  Knoxville  decision  was  on 
pulation  and  affects  no  other  city:  that  the  Winchester 
ling  holds  throughout  the  United  States;  and  that 
,'anlle.ss  of  either  decision  the  British  jjatent  (or  what 
iH  left  of  it  after  the  Saratoga  Springs  decision )  was 
the  process. 
Another  unsettled   question   is,    What   damages   could 

■  e  holder  of  the  patent  collect  by  legal  jirocess?  This  in 
m  hanijs  on  a  third  and  fundamental  question.     That 

What  kind  of  tank  (septic  tank  a])paratus  claims 
viiig  been  disallowed)  produces  the  se])tic  process? 
le  .Saratoga  Springs  decision,  most  engineers  tiiink, 
rows  very  little  light  on  this  question.  Moreover, 
:hough  it  is  s<mie  nine  years  since  the  i^ourt  orden^d 
'timony  to  be  takr-n  to  determine  the  damages  in  the 


Saratoga  Spiinus  ciise.  the  amount  has  never  been  tixed. 
This  is  not  iill.  For  several  years  the  holder  of  the 
Cameron  patents  vigorously  pressed  claims  against  the 
United  States  Government  for  the  use  of  the  septic 
l)rocess.  The  claims  were  contested.  The  next  move  in 
these  claims,  we  tmdei-stand,  has  now  for  some  yeaiv 
rested  with  the  holder  of  the  patents. 

The  sum  of  the  whole  matter  is  that  the  real  statu > 
of  the  Cameron  septic  tank  patent  has  never  yet  been 
determined.  Numerous  cities,  counties,  states,  the  United 
States  itself,  have  ignored  the  patents.  So  have  public 
institutions,  private  corporations  and  individuals.  And 
so  have  unnumbered  engineers.  Seventeen  years  have 
passed.  The  patents  have  now  expired  beyond  all  question. 
The  Saratoga  Springs  decision  was  a  baiTen  victory  for 
the  plaintiff,  so  far  as  that  village  was  concerned,  for 
the  plant  involved  has  continued  in  use  and  Jio  royalties, 
so  far  as  we  enn  learn.  b;ive  ovcv  been  )niiil. 

Oil  ana  EimgliEae  Cs^laKa^es's 

We  ha\('  recei\e(l  a.  rejjort  stating  that  a  Nordberg 
]ioppet-valve  sujierheated-steam  engine  in  the  plant  of 
the  Rockwell  Manufacturing  Co..  at  Milwaukee,  in  the 
month  of  July,  with  a  total  running  time  of  2241A  hr.. 
used  only  2  gal.  of  cylinder  oil.  Computation  shows 
that  11%  acres  of  cylinder  surface  was  lubricated  fol- 
ic., which  it  is  claimed  surpasses  all  previous  records  of 
economi<-  cylinder  lubricati<m. 

There  is  a  \ery  general  idea  that  economy  in  the 
operation  of  steam  engines  is  measured,  to  some  extent 
at  least,  by  a  low  consumption  of  cylinder  oil.  It  may  be 
worth  while  to  inquire  whether  this  idea  has  any  better 
basis  than  the  fact  that  money  spent  for  cylinder  lubri- 
cants is  spent  outright,  where  one  can  see  it,  whereas 
the  expense  resulting  from  undue  economy  in  the 
Mjnonnt  of  cylinder  oil  which  is  used  is  not  seen 
and  hence  is  generally  overlooked.  The  usual  idea  re- 
garding the  reason  for  the  use  of  lubricant  inside  a 
steam-engine  cylinder  is  that  it  reduces  the  wear  and 
cutting  of  the  cylindin'  surface  and  rings.  In  addition  to 
this,  however,  if  one  stops  to  think,  there  can  hardly  be  a 
question  that  it  is  worth  while  to  lubricate  this  rub- 
bing surface,  like  any  other  rubbing  surface  in  machin- 
ery, merely  to  reduce  the  loss  of  ]iower  by  friction. 

The  piston  rings  of  an  engine  are  pressed  outwan' 
against  the  surface  of  the  ;'ylinder  by  a  considerabl 
force.  The  load  jjcr  square  inch  is  moderate,  it  is  true. 
lull  the  ])ressure  exists  nevertheless:  and  if  we  knew 
tli(!  eocflicient  of  friction  between  the  metal  of  the  rings 
and  the  cylinder  surface  under  working  conditions,  it 
could  readily  be  computed  just  how  much  power  is  used 
up  in  dragging  the  rings  over  the  cylinder  surface.  There 
is  no  room  for  doubt,  either,  that  this  loss  of  j)ower 
will  lie  greatly  ieduc('d  if  the  rul)bing  surfaces  are  lu- 
bricated, (•omi)ared  with  what  will  exist  if  they  are  dry. 

Thus,  even  though  it  be  true  that  an  engine  may  be 
run  with  so  little  cylinder  lubricant  that  11%  acres  of 
cylinder  surface  may  be  swept  over  by  the  piston  rings 
with  the  use  of  only  a  cent's  worth  of  cylinder  oil,  the 
question  arises  whether  it  would  not  have  been  l)etter 
economy  to  have  used  five  times  or  ten  times  as  much 
oil  and  g.iined  in  the  value  of  foot-pounds  of  power  saved. 
enough  to  pay  perhaps  ten  times  or  a  hundred  times  tbt 
additional  ex|)ense  for  oil. 
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just  the  manner  described  by  ^Ir.  Brush  as  havinw  beei 
jiursued  in  1909.  The  results  have  been  given  by  Ml 
Brush  as  of  that  date. 

It  will  be  renienibcred,  liowever,  that  the  Aqueduc 
Commission  and  the  Department  of  Water-Supply  wer 
ciistinet  organizations  at  that  time.  The  records  of  rain 
fall  and  runoff  were  kept  by  the  department,  which  con 
tinned  to  use  338.8  sq.mi.  The  writer  did  not  have  direc 
knowledge  of  the  later  inside  history  of  this  matter,  bn 
observed  that  the  old  incorrect  figures  continued  to 
vised,  the  result  being  that  all  precipitation  records  give 
in  inches  in  the  catchment  or  in  second-feet  per  squar 
mile,  even  those  contained  in  the  careful  computatio 
made  by  I\Ir.  Freeman,  were  too  large  to  the  exten 
of  4.4%. 

In  my  ''Report  on  Water-Supply,"'  made  to  the  stat 
geologist  of  New  Jersey  in  1894  (page  53)  I  gave  ffi 
correct  area  above  the  old  Crotoii  dam  to  be  353.1  sap 
Again  in  my  report  of  1899  (see  page  146,  "Annual^ 
port  of  the  State  Geologist  of  New  Jersey"),  I  sfSJ 
that  the  survey  made  by  me  showed  the  area  to  be  35 
sq.mi. 

Once,  when  attempting  to  correct  the  error  pul 
licly,  I  was  severely  chided  for  my  presumjjtion  by  a 
eminent  engineer,  who  assumed  I  was  reflecting  on  & 
late  Alphonse  Fteley,  whereas  he  and  Mr.  Worthen  ha 
stood  sponsor  for  the  survey  made  by  me.  Being  vei 
busy  with  other  matters,  I  did  not  enter  into  an  e; 
tended  controversy,  concluding  that  truth  would  be  stron 
enough  to  take  care  of  itself,  but  the  sequel  proves  thi 
it  has  needed  the  help  of  Jlr.  Brush. 

The  fact  that  the  original  measurement,  made  by  plai 
survey,  agrees  closely  with  the  geodetic  computation  ii 
dicates  merely  a  balancing  of  errors. 

C.  C.  Yekmkule. 

2-iO   Broadway.    New    York    City.    Sept.    ".'(i,    191G. 


Sir — I  was  very  ghid  to  see  in  an  article  on  "Correcting 
the  Area  of  the  Croton  Watershed,"  in  EiKjiiieering 
Nam  of  Sept.  21,  that  the  Department  of  Water-Supply. 
Cas  and  Electricity  of  the  City  of  New  York  has  at  last 
decided  to  adopt,  a.s  the  official  figure  for  the  area  of 
the  Croton  watershed  above  the  new  Croton  dam,  373 
sq.mi.,  instead  of  300  sq.mi.,  the  figure  hitherto  given 
in  all  official  reports.  The  very  careful  mathematical 
calculations  upon  which  the  former  figure  is  based  were 
made  more  than  10  years  ago  by  J.  Genthon,  one  of  the 
engineers  of  the  Aqueduct  Commission.  In  iireparing 
the  final  report  of  this  commission,  covering  tlie  years 
1895  to  1907,  I  tried  very  hard  to  get  the  correct  area 
of  the  Croton  watershed,  mentioned  above,  adopted,  but 
the  then  chief  engineer  refused  to  do  so,  on  the  ground 
that  the  published  tables  of  the  rainfall  and  runoff  of 
the  Croton  watershed  had  been  generally  accepted  and 
that  he  did  not  wish  to  cast  any  doubts  on  tlu'ir 
correctness. 

In  a  recent  water-power  case  I  had  occasion  to  use 
these  tables ;  and  when  their  value  was  attacked  l)y  the 
experts  of  the  other  side,  I  was  unalile  to  maintain  that 
they  were  accurate,  as  I  knew  that  they  were  not,  in 
respect  to  the  area  of  the  watershed. 

To  show  how  reluctant  some  officials  are  to  make  c-or- 
rections  when  errors  are  pointed  out,  I  will  mention  the 
curious  fact  that,  while  the  contents  of  the  reservoirs  of 
the  Croton  water- works,  built  prior  to  1842,  were  given  in 
Imperial  gallons  and  those  of  later  storage  basins  were 
stated  in  United  States  gallons,  they  were  added  together, 
in  getting  the  reservoir  capacity  of  the  works,  without 
making  any  corrections  for  the  different  units  employed. 
Tlius  the  contents  of  Croton  Lake  were  given  as  500.- 
000,000  gal.  when  they  were  really  600,000,000  U.  S. 
gal.  When  I  drew  the  attention  of  the  chief  engineer 
of  the  Water  Department  to  this  matter,  he  was  un- 
willing to  change  the  figures,  because  he  did  not  wisli 
to  make  any  changes  from  former  reports. 

Of  course,  it  will  involve  considerable  work  to  recal- 
culate the  runoff  of  the  Croton  watershed ;  but  when 
that  is  done,  the  Croton  rainfall  and  runoff'  tables  will 
be  accurate  and  valuable,  wliiih  they  are  not  in  their 
present  incorrect  state.  I'L  Wegm.vxx, 

Consulting  Engineer. 

Park  Bow  Building,  New  York  City,  Sept.  22,  19111. 

Sir — I  have  read  with  gratification  your  article  in  your 
last  issue,  entitled  "Correcting, the  Area  of  the  Croton 
Watershed."  In  1888,  when  the  late  William  E.  Worthen 
was  acting  as  consulting  engineer,  on  his  recommenda- 
tion the  writer  was  employed  by  the  Aqueduct  Com- 
mission to  make  a  careful  resurvey  of  the  entire  Croton 
watershed,  and  the  work  was  prosecuted  by  the  firm  of 
Vermeule  &  Bieii. 

On  the  completion  of  this  survey  in  1889  a  care- 
ful geodetic  com])utation  of  the  area  was  made  by  me  in 


The    BridKr-Brrctlon     Dianstpr    at    Quebec    is    the    aub)e 

of  an   inquiry  by  S.  R.    B.,  Dyeisburg,   Tenn..  who   writes: 

Was  the  loss  complete  so  far  as  the  material  and  eonstru 
tion  were  concerned,  or  was  insurance  carried  for  protectlo 
in  case  of  accident  to  the  span? 

According  to  our  information,  the  contractors  had  marli 
insurance  on  the  suspended  span  during  the  time  while 
was  floating  on  the  scows.  This  insurance  terminated,  hov 
ever,  when  the  feat  was  successfully  accomplished  of  tran 
forring  the  load  from  the  scows  to  the  lifting  chains.  Tl 
los.s   of   the   sp.-in    therefore    is   not   covered    by    insurance. 

Sc-reonN  for  ii  Wiiter-Wiirkx  Intake  are  desired  by  a  corr 
spondent  in  Michigan,  wlio  writes:  "We  are  figuring  on  bull 
ing  an  intake  crib  in  ,t  sliallow  rivor  for  .1  24-in.  suction  111 
feeding  our  cold  well.  We  want  to  get  hold  of  three  Intal 
screens,  each  one  capable  of  supplying  the  line  with  watt 
The  intake  fittings  should  be  so  arranged  that  they  may 
closed,  screen  removed  and  cle.aned,  then  reopened.  Also 
case  we  wish  to,  all  three  mivy  be  closed  and  the  intake  puitip 
out  for  purposes  of  repair  or  inspection.  While  It  Is  quite 
simple  matter  to  design  -Tuch  ,a  fitting,  we  felt  that  there  a 
surely  some  standard  designs  on  the  market,  hence  our  appc 
for   information   as  to  the   nuitiuf.acturers." 


October  5,  1016 
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sy.\OPSIS—A  rerinr  of  llie  possibililns  ami 
difficulties  of  recovering  nitrogen  from  seirnge 
sludge,  witlt  special  reference  to  the  activated- 
sludge  studies  at  Milwaukee.  Tlirre  follows  an  ab- 
stract of  some  discussion  hi/  George  11'.  F'uller 
and  otiter  engineers. 

Tlie  answer  to  the  question  as  to  whether  it  is  or  is  not 
actieable  to  recover  the  nitrogen  in  sewage  and  sewage 
udge  will  depend  upon  three  factors :  ( 1 )  The  amount  of 
trogen  contained;  (2)  the  cost  of  recovering  and  dis- 
)sing  of  the  nitrogen;  (3)  the  market  value  of  the 
trogen. 

Recovery  of  nitrogen,  from  the  standpoint  of  this  paper, 
■  s  to  do  principally  with  the  nitrogen  in  suspension, 
rause  that  is  the  portion  which  appears  in  the  greatest 
antity  in  the  sludge.  The  total  obtained  will  vary 
th  with  the  treatment  process  used  and  with  the  volume 
ntained  by  the  raw  sewage  (see  Table  1). 

rABLE  1.    COMPOSITION  OF  DRY  AND  10%   MOISTURE 

SEWAGE   SLUDGE 

On  the  Basis  of  Dry  Sludge* 

Sludge  Obtained  %  of 

Source  of  Sample  from  Nitrogen 

ankfurt-am-Main    Plain    sedimentation 2.85 

lumbus,    Ohio Septic    tank 1.40 

sen    Imhoff    tank 1.22 

lladelphia    Imhoft     tank 1.20 

)rcester.  Mass Chemical    precipitation..     2.77 

Sludge  Computed 
DOklyn  (Williamsburg) 
lumbus   testing   station 


By   WlI.LI.\iI   E.   Coi'EL.\XDf 

Much  of  the  albuminoid  ammonia  is  thus  changed 
into  free  ammonia  and  free  nitrogen,  which  escape  in  the 
liquor  or  bubble  out  at  the  gas  vents. 

Within  the  last  two  years,  however,  a  new  method  of 
sewage  purification  by  the  so-called  '"activated  sludge" 
process  has  been  tried  out  in  various  cities  of  America 
and  England.  One  of  the  distinctive  features  of  this 
process  is  that  the  colloidal  and  suspended  matters  of  the 
sewage  are  collected  in  the  sludge.  If  this  is  not  reaerated 
or  overaerated,  the  solids  are  not  liquefied  to  such  a  large 
degree  as  they  are  in  septic  tanks,  and  therefore  the  nitro- 
gen does  not  escape. 

For  example,  the  digested  sludge  accumulates  in  Imholf 
tanks  at  a  rate  of  from  -1  to  10  cu.yd.  per  million  gallons 
of  sewage  treated,  whereas  by  the  activated-sludge  process 
20  to  80  yd.  or  more  may  be  deposited  in  the  settling 
tanks,  varying  widely,  of  courise,  with  the  strength  of  the 
sewage  and  the  water  content  of  the  sludge. 

The  Milwaukee  sewage-testing  station  carried  on  a 
!-eries  of  experiments  during  the  summer  of  1915  where 
the  city  sewage  was  treated  by  the  Imhoff  and  activated- 
sludge  processes  simultaneously  (see  Table  2). 


2.     ANALYSES     OF     MILWAUKEE     CITY     SE' 
BEFORE  AND  AFTER   TREATMENT 
By  Imhoff  Tank  and  by  Activated   Sludge 

, Parts    per   Mlllion- 

T3  ^ Nitrogen  as— 


Basis   of   10%    Moisturet 

Dickson  (yeast)  process.  1.4 

(Grit-chamber   sludge....  1.2 

(  Plain  sedimentation  tank  1.6 

iladelphia    testing    station      Plain  sedimentation  tank  1.2 

[Plain    sedimentation 1.4 

■veland  testing  station  .  .  .  .  ■   Septic    tank 1.3 

I  Imhoff     tank 1.2 

jversville   testing   station.  [Plain    sedimentation 2.3 

I  Septic     tank 2.2 

)rcester.  M.  &  E..  Vol.  III.  )  Plain    sedimentation 2.7 

(Septic    tank 2.7 

anta   Imhoff   tank 1.5 

•From  Vol.  2,  Metcalf  &  Eddy's  "American  Sewerage  Prac- 
?."  tData  compiled  by  J.  R.  McCUntock.  Consulting  En- 
•eer,  New  York  City. 

The  gist  of  the  data  given  in  these  tables  is  that  the 
1  dge  which  has  been  obtained  heretofore  by  the  best 
'  ">wn  processes  of  sewage  treatment  contained  from  1.2 
'■"r  of  nitrogen.  These  figures  are  low  and  show  that 
-ludge  did  not  possess  as  much  nitrogen  as  the 
■•  Dunt  contained  by  the  raw  sewage  would  lead  us  to 
•  )ect.  This  condition  may  be  explained  by  the  fact  that 
» irge  share  of  the  colloidal  matter  carried  by  the  sewage 
J I  out  in  the  tank  effluent  and  took  nitrogen  with  it; 
<  in  the  case  of  chemical  precipitation  works  the  lime 
1  led  drove  nitrogen  off  in  the  form  of  ammonia  and 
«  uted  the  portion  remaining  by  increasing  the  amount 
'  inert  mineral  matter.  JForeover,  various  authors 
tie  that  from  10  to  fiO%  of  the  volume  of  the 
iidg  deposited  Ijy  sewage  in  the  sludge-digestion  chani- 
(■8  of  Imhoff  tanks  and  other  forms  of  septic  tanks  is 
diverted  into  .soluble  or  gaseous  form. 

'Slightly  condensed  from  a  paper  entitled  "Is  the  Hccovcry 
,     v.".    •^''trogen    in    Sewaf^e   Sludge    Practicable?"    read    before 
I    DIvlRlon  of  Water,  Sewage  and  SanI 
J  -mlcai  Society.  Sept.  2S,  1916.     An  ab 
',  ow«. 

•JtChemlBt    In    CharRc.    Sewage    Testins    Station,    Milwaukee, 


ci* 


August . 


Sewage 


2.'.  3 
10.5 


I  Imhoff  effluent. 

I  Activated-sludg 

effluent     14 

rSewage    300 

,.      ,       ,         J  Imhoff  effluent...    116 
September  <  Activated-sludge 


7.88 
6.10 


Z 

0.15 
0.19 

0.29 
0.25 
0.12 


6.00 
0.14 
0.09 


effluent. 

Samples  of  digested  .sludge  from  the  ImhofE  tank  and 
of  the  fresh  activated  sludge  were  al.so  collected  and 
analyzed  in  August  and  September  (see  Table  3).  While 
it  is  not  correct  to  say  that  these  sludges  represent  all  of 
the  raw  .sewage  passed  through  these  tanks  during  August 
•and  September,  it  is  fair  to  a.ssume  that  they  are  typical 
of  the  sludge  that  was  being  produced  liy  those  processes 
at  that  season  of  the  year. 

TABLE     3.    ANALYSES     OF     SAMPLES     OF     IMHOFF     AND 

ACTIVATED    SLUDGES    OBTAINED    FROM 

MILW.\UKEE  SEWAGE 


Source  of 
Date.    191.-.  Sample 

Imhoft  sludge    j  2.87 


trogen  Reported  as  NHn 
Basis  of  Sludge  Dried  to 
of  Moisture 


Activated   sludge    |  4  97 

y  _  I  "-04 

Imhoff   sludge    3.88 

Activated   sludge    )  S.69 

f  9.00 


The  data  given  in  Table  2  show  some  interesting  facts. 
For  example,  the  Imhoff  effluent  contained  on  an  aver- 
age more  than  100  parts  per  million  of  suspended  matter, 
whereas  the  effluent  from  the  activated-sludge  process 
contained  only  about  10  parts  per  million;  the  Imhoff 
effluent  contained  more  free  ammonia  than  the  raw  sew- 
age, whereas  the  activated-sludge  effluent  contained  only 
one-third  as  much.  The  Imhoff  effluent  contained  almost 
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;i>  imiili  albuiniuoid  ammonia  as  the  raw  sewage,  whereas 
t!ie  a<-tivated-sludge  effluent  eontaiued  only  about  oue- 
third  as  much.  The  Imhoff  effluent  contained  ahnost  as 
much  organic  nitrogen  as  the  raw  sewage,  whereas  the 
nitivated  shulge  contained  only  one-third  as  nuicli. 

What  became  of  the  nitrogen  carried  by  the  sewage? 
Evidently  mo.st  of  the  nitrogen  in  the  sewage  treated  by 
rhe  Imhoff  tank  passed  out  in  the  suspended  and  colloidal 
matters  carried  by  the  effluent.  The  activated-sludge  pro- 
cess, on  the  other  hand,  ctmverted  the  free  ammonia  into 
nitrate  and  stored  up  the  undissolved  albuminoid  am- 
monia and  organic  nitrogen,  as  indicated  by  the  large 
amount  of  nitrate  in  the  effluent  and  high  nitrogen  con- 
tent of  the  activated  sludge. 

In  short,  analyses  of  this  material  when  dry  show  that 
activated  sludge  contains  from  4  to  41/0%  of  nitrogen,  and 
sludge  from  certain  industrial  plants,  such  as  packing 
houses,  may  carry  even  more. 

When  it  comes  to  recovering  this  nitrogen,  however, 
we  meet  with  a  serious  difficulty,  because  as  the  sludge 
gathers  in  the  settling  tanks  it  contains  from  98  to  99% 
of  moisture  and  the  bulk  of  this  water  must  be  removed 
before  the  dry  material  can  be  sold  for  fertilizer. 

The  best  information  now  available  points  to  a  com- 
bination of  settling  and  decantation  as  a  preliminary  de- 
watering  process.  By  this  means  the  water  will  be  cut 
down  from  about  99  to  96%.  On  passing  the  concen- 
trated residue  through  a  pressure  filter  the  moisture  can 
be  cut  down  t«  75%.  The  press  cake  can  be  dewatered 
in  a  drier  to  10%  of  moisture  or  less.  More  than  30 
>aniples  of  activated  sludge  have  been  dewatered  by  sedi- 
mentation, deciuitation  and  ju'essing  at  ^lilwaukee. 

It  is  an  interesting  and  notable  fact  that  two  different 
types  of  press  can  handle  the  settled  sludge  without  re- 
quiring the  addition  of  lime.  The  sludge  is  not  as  gimimy 
as  was  expected,  and  it  presses  fairly  easily  down  to  75% 
of  moisture. 

In  order  to  tiy  out  the  feasibility  of  further  dewater- 
iug  the  sludge  four  samples  of  the  press  cake  were  sent 
to  fertilizer  plants  and  dried  there  on  a  commercial  scale. 
Three  of  these  tests  were  made  in  a  steam-jacketed 
(indirect-heat)  drier  and  one  in  a  semidirect-heat  drier. 
In  each  case  the  tests  ])roved  to  be  successful  from  three 
stand])oints :  (1)  The  sludge  dried  readily  to  a  satisfac- 
tory mechanical  condition;  (2)  the  proees-ses  did  not  re- 
quire much  power;  (3)  little  nitrogen,  if  any,  was  driven 
off  or  lost  by  drying.  From  the  mechanical  standpoint, 
therefore,  the  recovery  of  nitrogen  in  sewagi'  sludge  is 
practicable. 

With  i-egard  to  the  question  of  cost,  however,  the  situ- 
ation al  the  time  of  writing  is  not  so  clear.  The  pieces 
of  apparatus  used  for  settling  the  raw  sludge  and  drying 
ibc  press  cake  were  not  designed  to  handle  activated  sludge; 
in  the  most  economical  manner,  but  were  requisitioned  as 
i)eing  the  best  commercial  apparatus  available  at  the 
time. 

By  comparing  the  behavior  of  activated  sludge  with 
such  matters  as  packing-house  tankage  T  estimate  that 
this  sludge  can  be  dewatered  so  that  the  recovery  of  the 
nitrogen  in  it  will  probably  cost,  upon  present  evidence, 
about  $8  to  $12  per  ton  of  material  containing  10%  of 
moisture,  depending  upon  a  variety  of  local  factors. 
These  figures  are  intended  to  cover  interest  charges,  de- 
preciation, repairs  and  I'enewals,  and  a  liberal  provisi<m 
lor  labor  and   fuel,  as  well  a<  the  cost  of  resettliiiij  and 


ilecanting  of  the  water  of  the  original  sludge,  and  c\|H'iisr 
for  handling,  freighting  and  marketing  the  finished  pnw! 
uct.  Obviously,  the  total  cost  per  ton  will  be  soniewlia 
more  in  the  case  of  a  small  plant  than  for  a  large  one  Ku 
a  very  large  plant,  where  fuel  and  labor  are  relativii 
cheap,  it  is  possible  that  further  experience  will  reduce  tli 
cost  below  the  lower  limit  in  the  range  here  given. 

Analyses  of  dried  samples  of  sludge  are  given 
Table  4.  They  indicate  that  dry  activated  sludge  (basi 
of  10%i  moisture)  will  contain  4.6  to  5%  of  nitrogei 
figured  as  ammonia  and  0.(5  to  0.7%  of  available  phof 
phoric  acid.  In  addition  to  this  our  data  show  that  th 
dry  product  contains  about  i/i  to  y2%  of  potash  aud  froii 
.■>  to  4%  of  fatty  material.  At  present  prices  the  iiitro 
gen  is  worth  $2.50  per  unit  (or  per  cent.).     In  uonna 

TABLE   4.    ANALYSES   OF  COMMERCIALLY   DRIED   ACTH' 

ATED   SLUDCE.    MILW.\UKBE 

Basis   of   10  r,    -Moi.'iture* 

Sample  Nitrogen  as  Available 

No.  Character  of  Drier  .\iTiinonia  Phosphoric  Aci 

1  Semidirect   heat    4.3B  0.70 

2  Indirect    heat    4.76  O.Sl 

3  Indirect    heat     4.56  0.47 

4  Indirect    heat    5.06  0.39 

AveraKe  of  four  samples 4.6S  fl..")7 

♦Additional  .inalyses  for  perct-ntage  of  nitrogen  .i.'j 
monia  on  the  10%  moisture  basis  showed  the  following  result 
the  dates  being  dates  samples  were  collected:  May  3,  1916,  5.7' 
June  20,  1916,  4.65;  June  13.  1916.  4.SS;  June  14,  1916.  4.9: 
June  16,  1916,  5.01. 

times  this  nitrogen  would  be  worth  about  $2  per  mil' 
The  phosi)horic  acid  is  worth  about  50c, ;  and  the  potas 
may  be  worth  something  in  the  future,  although  the  Ijc.- 
that  can  h'.  .said  of  it  at  present  is  that  it  will  assure  fo 
the  fertilizer  a  more  ready  sale. 

The  fat  present  in  the  Milwaukee  sludge  is  negligibli 
It  would  not  pay  to  recover  the  fat,  nor  will  the  fat  injur 
the  selling  qualities  of  the  dried  sludge, 

SUJIMARY 

.Summing  up  the  whole  situation,  then,  we  see  ths 
the  dried  sludge  has  a  market  value  upon  present  figun 
of  $9  to  $15  per  ton  of  material  containing  10%  moishiri 
The  total  cost  of  getting  this  product  and  placing  it  o 
the  market  will  probably  nm  from  $8  to  $12  commerciall 
])er  dry  ton,  depending  upon  local  conditions.  For  larj 
])lants  this  cost  may  possibly  be  reduced  as  a  result  f 
further  experience. 

The  activated  sludge  containing  4%  or  more  of  uitii 
gen  is  much  nearer  a  commercial  possibility  than  tl 
sludges  obtained  by  the  older  methods  of  treatment,  sue 
as  chemical  pretiipitation,  septic  tanks,  or  the  Imhoff  pri 
<ess,  which  the  data  given  in  Table  1  indicate  to  contai 
only  11/.  to  3%  of  nitrogen. 

In  case  the  question  ari.ses  as  to  the  po.ssibility  ol  fim 
iug  a  market  for  the  dried  activated  sludge  it  should  I 
added  that  raw  materials  containing  nitrogen,  phosphotii 
a(dd  and  potash  are  capable  of  being  worked  up  readBl 
as  a  base  for  making  high-grade  lertilizera;  and  as  the 
are  not  very  plentiful,  they  are  in  good  demand, 

ri(>sumably,  however,  large  cities,  such  as  New  Yorl 
Chicago  and  others,  by  installing  this  activated-sludg 
process  would  produce  so  much  raw  material  if  this  cha 
acter  that  the  ])roduct  would  liave  to  be  parceled  oi 
among  a  number  of  manul'acturers.  It  is  even  possibl 
that  the  producition  might  be  sufficient  to  reduce  ^li 
price.  However,  the  dried  sluduc  is  a  good  fertilizer  jii- 
as  it  stands  and  contains  enough  \alne  to  pay  for  ssul 
and  distribution  in  quite  a   large  loial  market. 
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B\    (tF.OKdE  W.    Fl'LLEK* 

Experience  showed  years  ago  that  plain  sedimentation 
it'iuoves  ahont  one-third  of  the  total  organic  mattei'  in 
ordinary  sewages  and  that  chemical  precipitation  rcinoves 
libout  one-half.  That  which  is  removed  by  these  tankage 
treatments  normally  appears  in  the  accumulated  sludge. 
The  balance  passes  out  of  the  tank  with  the  effluent. 
Table  2  of  ilr.  Copeland's  paper  .shows  that  with  the 
iictivated-sludge  method  the  removal  of  organic  matter 
is  in  the  vicinitj'  of  70%.  This  seems  perfectly  logical 
in  comparison  with  the  results  of  plain  sedimentation, 
iwing  to  the  fact  that  the  activated-sludge  treatment  w- 
noves  colloids  and  other  nonsettling  organic  matters. 

When  we  consider  the  nitrogen  content  of  Imhotf  lank 
■ludge,  and  the  same  would  be  roughly  true  for  sludge  of 
dngle-story  septic  tanks,  it  is  necessary  to  recognize 
learly,  as  pointed  out  by  Mr.  Copeland,  that  there  is  a 
,  naterial  reduction  in  organic  matter,  due  to  the  liquefac- 
ion  and  ultimate  "gasification  of  organic  matters  in  a  form 
icrmitting  their  direct  release  into  the  atmosphere.  Ob- 
iously,  septicization  must  mean  a  loss  of  the  nitrogen 
■ontent  and  hence  of  the  fertilizing  value  of  sludge. 

On  the  other  hand,  activated  sludge,  reinforced  with 
he  nitrogen  content  of  colloidal  and  nonsettling  matters, 
<  not  only  spared  the  loss  of  nitrogen,  but  is  actually  able 

0  show  a  substantial  gain  in  nitrogen  as  a  result  of  con- 
iiining  some  of  the  more  or  less  oxidized  nitrogen.  The 
enioval  of  free  ammonia  (Table  3  of  Mr.  Copeland's 
aper)  is  quite  striking.  Part  of  it  doubtless  passes  to 
itrates,  but  it  would  be  interesting  to  know  what  portion 
r  it  l)ecomes  available  for  fertilizing  purposes  by  adher- 
Mce  to  the  solid  sludge  as  dried. 

NlTIKXJKN    ('ONTEXT    OK    DliV    AcTIVAIKn    SllDHK 

Figured  on  a  cimi menially  dry  l)asis  (10%  moisture), 
Ir.  Copeland's  axcrage  figures  show  a  nitrogen  content 
lat  may  be  compared  with  some  other  data  from  a^ti- 
iitcd-sludge  tests  as   follows : 

NitrOKen 

lilwauke.-   data    (Ci. inland) 4.40 

lanchester,    KiiKland    ( Arden) 4.60 

alford.   EriKland    ( .\1.  Uing) 3.75 

rbann.    111.    (Karti.w) 3.5  to  6.4 

rmour  &  Co.    (.Voblc) 4.6 

nglish   range    (Fowler) 4.0  to  6.0 

These  fipures  are  expressed  in  terms  of  nitrogen  and  not 
f  ammonia,  a.s  seems  to  be  the  cu.stom  in  speaking  of  the 
imposition  of  tankage  from  garbage  works.  Nitrogen  is  only 
i%  of  the  ammonia  content.  Many  published  analyses  refer 
)  absolutely  dry  .>iludge,  whereas  most  of  the  recent  data 
'fer  to  commercially  dry  sludge  with  10%  of  moisture. 

Prom  a  commercial  standpoint  it  is  highly  important  to 
now  whether  the  analyzed  samples  of  sludge  arc  rcpresent- 
tlve  or  not  of  the  annual  output  of  the  plant.  Where  sewage 
•»m  a  separate  system  of  sewers  is  treated,  this  is  not  so 
ital  a  matter  as  in  the  instance  of  the  sewage  from  combine<I 
•wers,  where  the  amount  of  mineral  detritus  is  bound  to 
iri'  materially.  Obyiously  mineral  matter  dilutes  the  organic 
udge  with  inert  material  which,  pound  for  i)Ound,  costs  as 
lucn  to  dry  and  prepare  for  the  fertilizer  tiade  as  in  the 
ise  of  organic  matter  free  of  street  wash  and  industrial 
HHten. 

l)EWATKI!IS(i   IX  TllRlCK  .ST.VfJICS 

It  is  an  altfjgether  different  matter  to  dewater  aiti- 

jited  sludge  obtained  from  a  settling  tank  in  a  flocculent 

iinditioii  and  mixed  with  99%  of  water  than  it  is  to  deal 

ith  Imliotr  sludge  containing  87%  of  water  and  mixed 

1  ith  gas,  so  distributed  as  to  cause  ])ractically  all  of  flic 
)iid  matters  to  rise  an<l  allow  the  witlnlrnwal  of  siiliriii- 
iiit  water. 

•Ponsultlng   FJngin.er.    170   Broadway.    .Vew    Vorit    i'H\. 


Clearly,  the  first  step  is  to  resettle  and  remove  by  dc- 
cantation  as  miu^h  surface  water  as  practicable,  as  de- 
scribed by  Mr.  Copeland.  This,  he  says,  at  Milwaukee 
allows  them  to  get  sludge  of  about  96%  water  content. 
To  larry  this  resettling  far  seems  to  be  impracticable. 
owing,  among  other  things,  to  the  fact  that  the  activated 
sludge  after  settling  and  during  storage  seems  to  undergo 
]jutrefaction  within  a  period  of  24  hr.  or  less.  Further 
ju'ration  for  4  or  5  days  would  make  this  settled  sludge 
n()n])utrescible,  btit  this  treatment  results  in  the  constimp- 
tion  of  a  substantial  portion  of  the  available  nitrogen. 

The  i-cal  problem  is  to  dewater  this  resettled  prodmt. 
The  speaker  has  given  a  good  deal  of  attention  to  thi> 
iiNittei-  recently  and  offers  comments  concerning  the  two 
l;ittei-  stages  of  dewatering,  as  follows: 

Dickson  Pkocess  for  Second  ])ew.\tkkino  St.vci-; 

Mr.  Copeland  describes  the  use  of  Worthingtou  presses 
for  reducing  the  water  content  from  about  96  to  77%. 
Based  on  general  experience,  it  will  cost  for  a  fairly  siza- 
lile  plant  about  $3  per  ton  of  absolutely  diy  solids  foi- 
pi'essing.  For  commercially  dry  sludge  with  \0'^,,  mois- 
ture this  figure  would  be  about  $2.70  per  ton.  This  makes 
no  allowances  for  interest,  depreciation  or  overhead 
charges. 

It  occurs  to  the  speaker  that  perhaps  the  Dickson  yeast 
fermentation  process  might  accomplish  this  result  at  a 
much  lower  figure,  although  he  is  not  prepared  to  give 
any  cost  data  at  present.  Within  the  past  few  months 
he  has  had  opportunity  to  investigate,  in  behalf  of  Xew 
York  bankers,  a  test  plant  built  in  Brooklyn  undei'  the 
eastern  end  of  the  Williamsburg  Bridge  for  treating  about 
.j()0,000  gal.  of  sewage  per  24  hr.,  according  to  the  Dick- 
sou  process  which  was  originally  iustiilled  at  Dublin, 
Ireland.  The  sewage  is  subjected  to  plain  sedimentation 
in  hopper-bottom  tanks  from  which  the  shtdge  is  removed 
at  intervals  and  a  portion  of  the  water  removed  by  fuithci- 
sedimentation.  This  sludge,  with  92  to  96%  of  water, 
is  mixed  with  about  %%  of  brewers'  yea.st  and  allowed  to 
ferment  for  about  24  hr.  in  long,  narrow,  round-bottom, 
sloping  tanks,  which  are  jacketed  and  keijt  hoiited  to 
about  90°.  Anaerobic  bacteria  decomjwse  the  yeast  cells 
and  cause  the  sludge  to  become  so  mixed  with  entrained 
■iMscs  that  the  solid  matters  rise  to  the  top  in  a  manner 
siniilai-  to  that  noted  with  Imbolf  tank  sludge,  and  a 
lairiy  clear  sub'natant  water  is  removed  through  a  per- 
forated ])ipe  at  the  bottom  of  the  tank.  The  w:Ttei-  con- 
tent of  the  remaining  sludge  averaged  about  80%,  accord- 
ing to  analyses  made  by  Ilill  and  Ferguson,  but  some 
snmpk's  showed  75%,  which,  with  im])roved  devices  could 
)irobably  be  obtained  regularly. 

N'o  activated  sludge  has  been  treated  at  this  plant,  wliicb 
has  been  shut  down  for  several  w<'eks  pending  changes. 
Tt  is  ])ropose(l  to  treat  activated  sludge  as  soon  as  mat<'rial 
may  be  obtained  from  the  Brooklyn  testing  station.  So 
far  as  known,  there  appears  to  be  no  reason  why  activated 
sludge  cannot  be  dewatered  by  the  yea.st  fennentation 
]u-ocess  in  a  manner  similar  to  that  experienced  with  the 
sludge  of  plain  sedimentation  tanks,  as  is  being  installed 
on  a  large  scale  by  Mr.  Watson  at  Birmingham,  England. 

SLUIKiK-DltYIXO  P0HSII!1LITIE8 

.Mr.  Copeland  refers  to  both  indirect-steam  driers  and 
ilirect-heat  <lriers,  with  results  that  ))romise  practical  suc- 
cess for  reducing  the  water  (;ontent  from  about  7.5  to  'iO'ft . 
Much  weight  .should  be  attaclied  to  tb(!  fact  that  success 
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has  attended  the  drying  of  wet  products  in  other  industries, 
such  as  garbage  tankage  and  refuse  from  stockyards,  pack- 
ing plants,  etc.  To  drive  off  4  to  6  lb.  of  water  with 
1  lb.  of  coal  seems  to  be  attainable  with  the  devices  now 
on  the  market.  Some  manufacturers  seem  willing  to 
guarantee  a  removal  of  10  lb.  of  water  for  1  lb.  of  coal. 
A  test  guarantee  of  8  lb.  evaporation  seems  reasonable, 
according  to  the  conclusion  arrived  at  in  the  oflfice  of  the 
speaker,  but  in  practice  it  would  probably  be  wise  to  make 
some  allowance  for  waste  heat,  which  is  characteristic  of 
all  plants  of  this  general  character. 

Whether  or  not  it  would  be  worth  while  to  use  an 
indirect-steam  drier  for  removing  a  portion  of  the  water 
and  then  tini.sh  the  drying  in  a  direct-heat  type  of  ma- 
chine is  a  point  perhaps  worthy  of  discussion  and  upon 
which  the  writer  has  reached  no  final  conclusion. 

Other  Eelated  Discussion 

Sewage-treatment  processes,  said  R.  S.  Weston,  cM-nic 
and  go,  giving  satisfactory  effluents,  but  the  sludge  prob- 
lem remains.  Driers  seem  practicable,  presses  douljtful. 
The  speaker  is  coming  to  the  conclusion  that  all  the  de- 
watering  must  be  done  in  one  process. 

In  the  course  of  a  paper  on  activated  sludge,  presented 
at  the  same  session,  George  T.  Hammond,  Brooklyn, 
N.  Y.,  made  some  remarks  pertinent  to  this  discussion. 
Although  dewatering  apparatus,  he  said,  has  long  been 
used  in  many  industries,  it  has  yet  to  be  adapted  to  sew- 
age sludge  and  particularly  to  activated  sludge.  The  pos- 
sibilities of  a  partial  dewatering  by  long-continued  aera- 
tion of  activated  sludge  in  the  lower  chamber  of  a  tank 
of  the  ImhofE  type  are  being  studied  at  Brooklyn  with 
good  promise.  The  water  is  withdrawn  from  the  upper 
chamber.  As  the  process  is  continued  the  volume  of 
sludge  to  be  reaerated  grows  less. 

In  concluding  the  discussion  Mr.  Fuller  said  that  Mr. 
Weston's   ideas   on   drying  were   good,   but  that   drying 
would  probably  cost  more  than  pressing. 
't& 

Aia®tllhie!r'  IReHEtiir<a)S'c®dl°C®ira<Eirete 

P^teirat  Decasi©ini 

By  Edward  Godfkey* 

A  patent  suit  has  just  been  decided  which,  if  it  had 
been  successful  for  the  patent  owner,  would  have  meant 
more  to  the  reinforced-concrete  industry  than  all  the 
other  patent  cases  rolled  together  and  multiplied  by  a 
large  figure.     It  was  decided  against  the  patent  owner. 

The  Schenley  High  School  of  Pittsburgh  is  a  large 
million-dollar  structure  just  being  finished  for  occupancy. 
The  construction  is  a  combination  of  steel  columns,  some 
steel  and  some  reinforced-concrete  girders  and  beams,  and 
reinforced-concrete  slabs,  including  rib  and  tile  floors 
for  the  wider  spans.  There  is  also  a  counterfort  retain- 
ing wall. 

The  writer  made  a  complete  review  and  re-design  of 
(lie  structural  work.  One  act  of  this  re-design  was  to 
throw  out  many  tons  of  stirrups.  Not  a  shear  member 
was  left.  Diagonal  tension  was  provided  for  in  all  beams 
and  girders  by  bending  up  main  tension  members  and 
cither  bending  them  down  again  over  the  supports  for 
anchorage  or  running  them  into  the  next  girder  or  beam 
to  serve  the  double   purpo.se   of   anchorage   and   tension 

•Monongahela    Bank    BuUUine.    Pittsburgh,    Penn. 


reinforcement  across  the  support  for  the  next  beam.  Bv 
one  of  those  ironies  of  fate  this  design,  that  had  been 
completely  swept  of  all  loose  shear  memliers,  was  the 
target  at  which  a  patent  owner  aimed,  whose  main  claim? 
are  for  unattached  shear  rods. 

Claims  of  the  Patentee 

Frederick  ^lelbcr,  to  whom  the  United  States  Patent 
OfTice  granted  patents  Nos.  660,  518  and  672,  175.  in 
1900  and  1001,  respectively,  entered  suit  against  the  con- 
tractors, Thompson-Starrett  Co.,  the  School  Board,  ami 
Edward  Stolz,  the  Architect  of  the  Schenley  High  School, 
for  infringement  of  his  patents.  Sample  claims  of  hi.'; 
patents  are  the  following: 

In  cement  or  concrete  construction  metal  reinforcing  Ijars. 
unattached  at  their  ends  to  other  metal  reinforcing  bars,  im- 
bedded therein  transversely  to  the  calculated  shearing  strains, 
and  other  metal  reinforcing  bars  imbedded  in  said  construc- 
tion  to   resist  the  tension  strains.      .      .     . 

An  anchor  for  cement  or  concrete  construction  consisting 
of  a  meml^er  imbedded  in  the  soil  in  line  with  the  direction  of 
the  thrust  to  be  counteracted  and  a  rod  or  rods  fixed  to  said 
member  and  partially  imbedded  in  the  base  of  said  construc- 
tion.    .     .     . 

In  cement  or  concrete  construction,  two  or  more  girders: 
metal  rods  imbedded  in  said  girders  along  the  lines  of  the 
tension  strains:  other  metal  rods,  unattached  at  their  ends, 
imbedded  in  said  girders  transversely  to  the  shearing  strains, 
and  floor  slabs  connecting  said  girders.     .     .     . 

In  cement  or  concrete  construction,  a  wall  of  cement  or 
concrete;  brackets  attached  to  said  wall  and  metal  reinforcing 
rods  imbedded  in  said  construction. 

If  these  claims  mean  what  they  appear  to  mean  on 
their  face,  every  building  having  unattached  stirrups, 
every  beam  and  slab  building  having  like  shear  members 
in  it,  every  piece  of  construction  that  is  anchored  to  a 
base  by  bolts  or  rods,  every  counterforted  retaining  wall 
built  in  the  last  sixteen  years  would  have  to  pay  tribute 
to  Frederick  Melber. 

This  case  is  illuminating  in  many  ways.  It  shows 
what  may  happen  to  the  innocent  bystander  in  the  person 
of  an  unoffending  contractor  when  a  patent  suit  bomb 
explodes.  These  contractors  were  put  to  the  expense  of 
thousands  of  dollars  because  the  United  States  Patent 
Office  did  some  clumsy  work  in  granting  a  patent  to  a 
man  for  things  that  were  described,  and  even  patented 
in  the  United  States,  long  before  he  made  application 
lor  his  patent. 

Such  things  ought  not  to  be.  The  Patent  Office 
ought  to  be  compelled  to  invalidate  a  patent  when  it  can 
be  shown,  by  interested  persons,  by  citing  references  and 
by  argument,  that  there  is  no  novelty  or  no  invention 
exhibited  in  the  specifications  or  the  claims.  The  only 
expense  this  should  place  on  the  interested  persons  should 
be  that  of  their  own  search  or  possibly  a  nominal  fee  to 
prevent  incessant  opening  of  cases  for  such  arguments. 
It  .'should  be  done  by  the  Patent  Office  examiners  and  not 
by  the  slow  and  cumbersome  methods  of  the  courts. 

It  will  no  doubt  be  instructive  and  useful  information 
for  readers  of  this  journal  to  record  here  the  anticipa- 
tions of  Melber's  alleged  invention,  as  brought  out  in 
this  suit,  also  to  state  .some  of  the  history  of  the  ca.se. 

It  is  doubtful  if  one  reinforced-concrete  engineer  in  a 
thousand  ever  heard  of  McUicr  and  his  patent,  though 
they  have  been  infringing  his  ))atent  claims  for  nea 
the  whole  life  of  his  ))atents,  which  expire  in  a  year  or 
two. 

The  wording  of  the  Melber  patent  and  the  testimony  of 
Mr.  Melber,  who  was  his  own  expert  witness,  all  show 
clearly   that  he   has   the   primitive   idea   that  steel   rod? 
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II  concrete  can  act  effectively  to  take  shear  between  suc- 
pssive  layers  of  concrete.  In  liis  testimony  he  was  asked. 
Did  you  ever  hear  of  what  is  railed  diagonal  tension  in 

lieam  ?"'  His  answer  was :  "That  is  wrong.  Whoever 
Mvs  that  there  is  diagonal  tension  doesn't  know  any- 
hing."  The  ])atent  drawings  show  short,  loose  shear 
lembcrs.  Though  the  bent-up  rods  in  the  high  school 
i-ted  to  take  diagonal  tension  and  were  not  designed 
or  shear,  and  though  they  acted  at  the  same  time  as 
lain  tension  reinforcement,  both  in  the  middle  of  the 
earns  and  over  the  supports,  llelber  claimed  that  they 
lied  his  description  of  unattached  shear  members  be- 
luisc,  forsooth,  there  were  two  ends  somewhere  to  the 
ing  rods,  that  were  not  attached  to  anything. 

A  thing  that  no  douht  gave  much  hope  to  the  eom- 
lainant  was  shown  in  one  of  his  exhibits.  A  sketch  from 
he  contract  plans  was  taken  which  showed  a  header  sup- 
orting  rib  and  tile  constrnction.     In  each  rib  was  shown 

vertical  line  indicating  in  foreshortened  view  the  long 
I'iiiforcing  bent-up  rod.  The  tiles  were  indicated  by  two 
iagonal  lines  in  the  ordinary  conventional  way.  Of 
•  Durse  the  tension  rod  was  shown  in  the  header.  This 
iew,  in  the  "Exhibit"  had  the  vertical  and  the  diagonal 
iiies  marked  "shear  rods."  Of  course  these  lines  did  not 
epresent  shear  rods,  but  this  blunder  probably  had  much 
II  do  with  the  bringing  of  the  suit  and  the  large  ueed- 
.'ss  expense  on  unoffending  parties. 

Anticipating  Patents  Cited 

One  of  the  patents  that  anticipate  Melber's  is  the 
liiglish  Patent  No.  28,  granted  to  Hyatt  in  1877.  This 
liows  clearly  steel  reinforcement  used  for  tension  near 
ho  bottom  of  a  concrete  beam,  also  compression  bars 
ear  the  top;  also  a  tension  bar  bent  up  near  the  ends 
f  Ijeani ;  also  flat  tension  bars  having  upright  bolts  or 
■ins  through  holes  in  the  flats,  the  forerunner  of  the 
tirnip,  which  many  consider  as  a  member  that  carries 
he  increment  of  horizontal  shear  to  the  tension  bar. 

Another  anticipation  is  in  U.  S.  Patent  No.  206,112, 
lyatt,  1878.  Reinforced-concrete  l)Gams  and  slabs  are 
hown  with  straight  tension  l)ars  near  the  bottom,  also 
he  combination  of  beam  and  slab. 

In  English  Patent  No.  2,128,  granted  to  Brannon  in 
874,  reinforced  concrete,  among  other  things,  is  de- 
cribed.  Steel  reinforcement  in  cement  concrete  is  one 
f  the  things  covered  by  this  patent.  Brannon  states, 
I  also  dispose  the  great  strength  of  the  tension  work  in 
he  plane  in  which  tension  forces  act  in  the  structure." 
ifelber  goes  to  great  length  to  describe  his  construction 
s  so  reinforced  that  tension  steel  is  placed  in  the  exact 
losition  of  the  resultant  tension  in  the  concrete.  Bran- 
ion  shows  a  connterforted  retaining  wall  among  the 
lifferent  classes  of  construction,  reinforced  throughout 
vith  steel.  Brannon  also  shows  floor  slabs  and  girders 
■ombined. 

It  is  interesting  to  note  in  passing  that  Brannon  de- 
scribes what  is  practically  a  hooped  column,  for  it  has 
1  steel  mosh  near  the  surface:  also  that  Hyatt  shows  a  real 
looped  column,  the  hooping  being  flats  in  circular  shape, 
he  wider  dimension  being  horizontal ;  upright  rods  pass 
hrough  holes  in  the  flats.  Thus  the  hooped  column, 
■vhich  some  claim  to  be  covered  by  a  patent  granted  in 
his  century,  was  anticipated  back  in  the  '70's. 
I  U.  R.  Patent  No.  472,277,  granted  to  Sickels  in  1892, 
I'hows  bridge  piers  anchored  by  means  of  a  well  extending 


below  the  pier  and  a  rod  in  the  well,  which  rod  extends  up 
into  the  pier,  the  well  being  filled  with  concrete.  This 
is  precisely  the  kind  of  construction  used  in  the  Schenley 
High  School.  The  "wells"  were  holes  made  by  driving 
steel  shells  into  the  ground  (Raymond  piles).  Rods  were 
let  down  into  these  and  concrete  was  poured  around  the 
rods.  A  short  portion  of  the  rod  extended  up  into  the 
footing. 

U.  S.  Patent  No.  590.690,  Small,  1897,  shows  anchor- 
age of  an  arch  at  the  abutment,  similar  to  Jlelber's  patent 
No.  672,175. 

U.  S.  Patent  No.  607,223,  De  Man,  1898,  shows  rein- 
forcement somewhat  similar  to  the  Schenley  High  School 
construction,  though  some  of  his  features  were  not  made 
use  of. 

IT.  S.  Patent  Nos.  611,907  and  611,908,  Hennebiquc, 
Oct.  4,  1898,  shows  construction  similar  to  that  of  the 
Schenley  High  School,  though  the  stirrups  shown  by  him 
were  entirely  omitted  in  that  building. 

U.  S.  Patent  No.  611,909,  Hennebique.  Oct.  4,  1898, 
shows  a  pile  having  u]iright  rods,  which  rods  project  aljove 
the  top  of  the  pile.  This  is  similar  to  the  high  school  con- 
struction and  anticipates  Melber. 

The  Deutsche  Bauzeitung  of  Dec.  15,  1894,  p.  621, 
describes  and  illustrates  a  test  made  in  1893  on  a  wall 
with  a  vertical  and  a  horizontal  slab  joined  by  triangular 
brackets  as  counterforts,  practically  identical  in  shape 
v-ith  the  retaining  wall  used  in  the  Schenley  High  School, 
and  with  reinforcing  rods  used  in  the  bracket,  all  of 
which  is  claimed  as  an  invention  by  ilelber.  Further- 
more, this  same  wall  had  an  anchor  into  the  ground  sim- 
ilar to  that  claimed  by  Melber.  An  L-shaped  wall  on 
the  same  page  is  also  anchored  similarly  to  Melber's 
claim. 

Judge's  Decision  Against  Patent 

Judge  J.  Orr  in  his  opinion,  in  which  he  declares  the 
jjatcnt  invalid,  pointed  out  the  fact  that  while  earlier  in- 
ventors made  no  attempt  to  locate  the  exact  position  of 
reinforcing  rods  nor  to  reason  out  just  why  rods  are  placed 
in  certain  positions,  the  inclusion  of  such  reasoning  and 
cx])lanation  in  Melber's  specifications  does  not  constitute 
invention  and  does  not  give  him  a  patent  right  on  these 
earlier  inventions.  To  quote  Judge  Orr,  "A  man  is  not 
entitled  to  a  ])atent  for  a  structure  which  is  old  just  be- 
cause ho  determines  the  reason  why  the  structure  should 
be  used.  Why  straw  was  necessary  for  the  making  of 
bricks  by  the  Egyptians  or  why  cow  hair  was  used  in 
mortar  where  large  surfaces  were  to  be  covered,  may  not 
have  been  scientifically  observed  by  those  who  first  en- 
gaged in  the  practices,  but  none  the  less  their  anticipa- 
tions should  jjrevent  the  granting  of  a  ])atent  to  one 
wiio  is  al)le  for  the  first  time  to  scientifically  state  the 
reason  for  such  uses." 


Concrete  RIectrIc  Condnltn  are  coming  into  extensive  use. 
reported  the  Committee  on  Underground  Construction  of 
the  National  Electric  Light  Association  at  the  recent  con- 
vention in  Chicago.  Single-duct  pipe  is  used,  with  the  fol- 
lowing standard  dimensions:  Length.  5  ft.:  internal  diam- 
eter. 3'/2  In.;  wall  thickness,  %  in.  Split  bends  and  straight 
lengths  are  made  as  specials.  When  laid,  adjacent  lengths 
are  held  In  place  by  a  sheet-iron  band  fitting  over  the  ends. 
A  minimum  of  1  In.  of  concrete  is  laid  between  ducts  and  be- 
tween layers.  It  Is  reported  that  cable  burnouts  are  not 
communicated  to  other  ducts,  as  often  is  the  case  with  vltri- 
fied-tlle  conduit.  The  cost  Is  about  the  same  ns  for  olay-tilc 
construction. 
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The  floor  of  the  highway  bridge  over  the  Missouri 
Hi\er  at  St.  Charles,  Mo.,  caught  fire  on  Sept.  26  aud 
praotioally  the  whole  flooi*  of  the  bridge  aud  the  east  ap- 
proach trestle  were  destroyed.  This  bridge  was  built  in 
1903  to  carry  a  single-track  interurban  line  and  a  high- 
way. It  consists  of  four  main  truss  spans,  three  of  which 
are  416  ft.  long  and  one  300  ft.  long,  approached  on  the 
east  end  by  a  160-ft.  deck  span  (Fig.  2)  and  a  timber 
trestle  aiul  on  the  west  end  bv  a  timber  trestle.    The  mniii 


line  of  the  Missouri,  Kansas  &  Texas  R.R.  passes^  uiulci 
the  west  end  of  the  bridge  just  outside  of  the  last  pier. 

The  floor  system  consisted  of  4xl6-in.  timber  stringers 
spanning  the  floor-beams.  On  top  of  these  stringers  mxtc 
6x8-in.  cross-ties  20  ft.  long  on  which  were  laid  3xl0-iii. 
longitudinal  planking  with  about  2-in.  open  spaces  and 
a  diagonal  plank  floor.  Two  years  iigo  tlie  top  floor 
planks  were  renewed  and  the  floor  w;is  relaid  with  iveo- 
soted  timber. 

About  five  o'clock  in  the  afternoon  of  Sept.  26  fire  wa,- 
(liscovered  in  tlie  wooden  floor  system  over  tlie  tracks  o! 
the  railroad  at  the  west  end  of  the  bridge.     In  spite  of 
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uiul,  and  the  whole  of  the  east  timber  trestle  were  com- 
]i]etely  destroyed.  It  is  supposed  that  the  fire  caught 
Jrom  a  spark  from  a  locomotive  under  the  Ijridge  which 
lodged  in  some  diy  rot  material  at  the  corners  of  the  old 
timber  stringers  and  was  whipped  up  iiy  the  wind  until 
the  creosoted  floor  took  fire. 

.\ji  examination  of  the  damage  is  being  made  l)v  Ira 
<i.  Hedrick,  the  consulting  engineer  of  tlie  original  con- 
.-truetion.  but  Mr.  Hedrick  luis  not  as  yet  prepared  an 
estimate  of  the  cost  of  replat-ement.  The  accompanying 
\  lews  show  some  of  the  damage.  It  will  be  seen  that 
file  wooden  structure  is  entirely  gone  and  tliat  the  steel- 
work is  quite  seriously  damaged  in  places.  The  south 
truss  is  apparently  uninjured,  but  the  bottom  chords  in 
the  lower  portion  of  the  uprights  of  the  north  truss,  which 
was  subject  to  the  more  .severe  heat,  are  badly  warped, 
some  of  them  being  jjent  to  a  letter  S.  ^Miere  the  circles 
are  on  Fig.  4  the  most  .serious  buckling  may  be  noted. 

An  interesting  feature  of  the  effect  on  the  steelwork  is 
ilic  fact  that  the  bottom  chord  members  are  also  waq^ed. 
and  the  anclior  bolts  on  the  piers  of  the  short  deck  span 
lia\e  been  pulled  out,  ajjparently  by  eonti'action.  This  is 
shown  in  Fig.  5.  Whether  this  action  is  due  to  the  sus- 
jiensiou  and  contraction  of  the  truss  under  the  heat 
or  wliether  the  falling  pieces  spalled  the  concrete 
so  tliat  there  was  jiot  sutficient  bearing  to  hold  the 
liiidge  is  not  known.     Damage  is  estimated  at  -^'^i.jO.OOO. 
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A  luiii-heou  was  given  by  William  L.  Saunders,  Chair- 
man of  the  Ingersoll  Rand  Co.,  in  New  York  City  on 
Sp]it.  28,  to  consider  plans  for  the  formation  of  an  organ- 
ization "to  bring  the  engineer  forward  to  a  position  of 
influence  in  the  affairs  of  government."  Those  present  at 
the  luncheon  included  the  presidents  and  secretaries  of 
the  luitional  engineering  societies  and  the  American 
Chemical  Society,  with  a  number  of  other  •wcll-knowm 
engineers. 

The  underlying  thought  on  which  the  discussion  at  the 
luncheon  was  based  was  that  a  complete  nation-wide 
organization  of  engineers  has  been  created  by  the  Xaval 
Consulting  Board,  through  its  committee  on  Industrial 
Preparedness,  and  has  demonstrated  the  value  of  the  ex- 
pert service  of  engineers  in  connection  Avith  the  Govern- 
ment's needs.  Ought  there  not  to  be  a  permanent 
organization  of  engineers,  free  from  the  rules  and  regu- 
lations which  govern  the  professional  societies,  which 
could  make  its  voice  effective  when  Congress  is  consid- 
ering such  questions  as  conservation  of  natural  resources, 
mining  laws,  railroad  regulation  and  other  questions 
which  call  for  national  and  state  legislation? 

Various  opinions  were  e.xpressed  in  the  discussion  which 
followed  the  luncheon  as  to  the  best  methods  by  whicli 
cooperation  among  engineers  to  effect  the  ends  desired 
could  be  brought  about.  It  was  voted  to  create  a  com- 
mittee of  five  to  .study  the  whole  matter  and  report  at  a 
subsequent   meeting. 
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A  combination  cif  pocu-  nuitcrials,  improju'r  mixing,  and 
the  careless  placing  of  concrete  caused  the  failure  of  a 
reinforced-concretc  girder  bridge  at  Independence,  Ore., 
on  Sept.  21.  The  bridge  failed  while  the  forms  were 
being  stripped  and  at  a  time  when  there  was  no  live-load 
being  carried.  The  accompanying  photograph  shows  the 
manner  (iT  failure.  Both  co'lunins  of  the  nearer  bent 
settled,  shearing  the  girders  of  the  miilille  span  at  the 
point  of  minimum  resistance  to  shear. 
After  dropping  about  4  ft.  these 
columns  developed  sufficient  resistance 
to  carry  the  load  and  the  total  col- 
lapse of  the  bridge  was  thus  prevented. 
An  examination  of  the  base  of  these 
columns  indicates  the  probable  cause  of 
the  failure.  The  aggregate  was  a  river 
gravel  made  up  of  generally  smooth 
pebbles  and  the  lack  of  adherence 
to  the  mortar  of  the  pebbles  was  due  to 
insufficient  mixing,  apart  from  the 
slight  coating  oF  clay  on  the  gravel.  At 
the  immediate  ])oint  of  failure  of  both 
columns  there  were  found  large  pockets 
of  the  coarse  aggregate  with  very 
little  sand.  This  may  be  attributed 
either  to  lack  of  mixing  or  segregation 
in  placing  the  concrete  in  the  column 
form.  A  sign  of  the  careless  work, 
which  also  without  doubt  was  one  cause 
of  the    failure,   was   tlu'   presence   of   a 


piece  of  2xS-in.   shiplap  about  2  ft.  long  embedded  in 
the  concrete  of  one  column  near  the  point  of  failure. 

The  broken  colunnis  were  reinforced  with  four  3/4-iii. 
bars  at  the  corners  and  wire  wrapping.  The  unit  stre>s 
under  dead-load  was  about  200  lb.  per  sq.in.  Tlu 
County  Court  under  whose  direction  the  bridge  was  bulk 
did  not  deem  it  necessary  to  have  any  engineering  supei;- 
\  isiou  of  the  construction,  and  the  work  was  done  without 
an  inspector.  The  question  of  the  responsibility  between 
the  county  and  the  contractor  for  the  bridge  will  probably 
be  dec'ided  in  court.  Repair  work  will  practically  involve 
reconstruction  of  the  entire  bridge. 


Progress  €s>m  Alaslfea  Railroads 

Up  to  Oct.  1  of  this  year  the  Department  of  the  Interior 
reports  the  following  progress  in  the  construction  of  the 
new  Government  railways  in  Alaska  : 

During  the  present  year,  grading  has  been  completed 
on  the  3S-mi.  branch  to  the  llatanuska  coal  field  from 
]\fatanuska  Junction,  a  point  36  mi.  northeasterly  from 
Anchorage,  a  tidewater  point  on  Cook  Inlet,  where  con-  • 
struction  began  a  year  ago,  and  the  rails  are  now  being 
laid  on  this  branch  line.     It  is  ajiticipated  that  the  line 
will  be  completed  before  the  end  of  the  open  season.    At 
iloose  Creek,  a  point  on  the  branch  line,  about  12  mi. 
from  ilatanuska  Junction,  a  coal  mine  has  been  ojiened. 
and  coal  is  now  being  taken  out  for  the  use  of  the  railroad 
and  tlie  town  of  Anchorage.     Clearing  and  grading  arc 
under  way  on  other  portions  of  the  line,  particularly  at 
points  northward   from    i\Iatanuska  Junction,   southerly , 
from  Anchorage  toward  Turnagain  Arm  of  Cook  Inlet 
and   in   the   vicinity  of  Talkeetna    (the  junction  of  the , 
Talkeetna    and    Susitna   River   about    100   mi.  north  of' 
Anchorage ) . 

The  heaviest  work  to  be  encountered  on  the  line  is  tlu 
hard-rock  cliffs  along  Turnagain  Arm.  Blasting  aii'! 
excavation  for  line  here  will  be  actively  pursued  duriii: 
the  winter.  The  Alaska  Northern  Ry.,  extending  freii 
Seward  to  Kern  Creek,  a  distance  of  71  mi.,  is  beiiii 
rehabilitated  throughout  and  put  into  condition  to  ban 
construction  material  for  the  work  along  Turnagain  Am 
between  Kern  Creek  and  Anchora<j;e.     Clearing  and  gnul 
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iig  are  under  way  on  the  northern  end  of  the  main  line 
n  the  vicinity  of  the  crossing  of  the  Tanana  Kiver  at  a 
loint  known  as  Nenana — the  aim  being  to  connect  the 
-'airbanks  mining  region  with  the  Nenana  coal  fields  (a 
listance  of  110  mi.)  as  early  as  possible. 

By  the  end  of  the  present  working  season  it  is  antici- 
lated  tliat  at  least  85  mi.  of  new  construction  will  have 
icen  completed. 


es^flc^ia  (CoEiapsi.ims''  To  Busal 


It  is  announced  this  week  that  the  Sienis-Carey  Railway 
ikI  Canal  Co.  ha.s  concluded  a  contract  to  build  1,100  mi. 
f  railway  for  the  Chinese  Government.  The  company  in 
luestion  is  controlled  Jointly  by  the  American  Interna- 
ioiial  Corporation  of  New  York  City,  and  ilessrs.  Siems 
:  Carey  of  St.  Paul,  ^linn.  The  American  International 
'orporation  has  already  advanced  $500,000  to  cover  the 
ost  of  preliminary  surveys  and  investigation,  and  will 
,  inance  the  construction  by  the  sale  of  Chinese  Govern- 
iient  bonds.  Under  the  contract  with  the  Chinese  Gov- 
rnnicnt,  the  railway  lines  are  to  be  built  at  cost  plus  a 
percentage.  The  work  of  location  and  construction  is  to 
■e  under  charge  of  an  American  chief  engineer,  wlm  will 
iter  supervise  the  operation  of  the  lines  when  compKicil. 
Unericans  are  also  to  be  employed  at  the  head  of  the 
uditing  and  traffic  departments.  It  will  probably  be  a 
ear  before  final  location  surveys  will  be  completed,  so 
liat  the  lines  may  be  placed  under  construction. 

Clhesimists  ^m<d   ^lagaEaeeirs  TsilliS. 

Nearly  :^0  papers,  mostly  on  various  phases  of  water- 
u])ply  and  sewage  disposal,  were  read  in  New  York  Citv 
II  Sept.  27  and  28  before  the  Division  of  Water,  Sewage 
nd  Sanitation  of  the  American  Chemical  Society,  under 
lie  chairmanship  of  Edward  Bartow,  Urbaiia,  III. 

J.  W.  p]l]ms  and  S.  J.  Hauser  reported  the  results  of 

')nie  e.xperiments  on  the  loss  of  head  in  mechanical  filters 

ue  to  microorganisms.     It  was  found  that  by  maiiipu- 

iting  the  valves  on  the  piping  system  the  sand  could  be 

haken  so  as  to  break  up  the  film  of  organisms  and  also 

top  air  binding,  thus  restoring  some  of  the  lost  head, 

,'ngthening  the  periods  between  wasliing  and  decreasing 

he  wash  water.    George  W.  Euller  related  some  early  ex- 

..•ricnce  that  corroborated  the  conclusions  of  the  authors. 

\  valuable  paper  by  AVilliam  R.  Copeland,  of  ililwau- 

'in  "Is  the  Recovery  of  Nitrogen  from  Sewage  Sludge 

'  ticable?"  dealt  largely  but  not  wholly  with  activaied- 

L'e  ex|ierience  at  .Milwaukee,  which  seems  to  answer 

'juestion  in  the  affirmative,  ilr.  Copeland  concluded. 

•  of  the  paper  and  an  abstract  of  the  discu.ssion  by 

'■  'ige  W.  Fuller  and  others  are  given  el.sewhero  in  this 

-•III'. 

\    review   of   tho   activated-sludge   method   of   sewage 

inent   wa.s   presented    by    George    T.    Hammond,    of 

•klyn.     (See  articles  by  .Mr.  Hammond  in  Eiujineer- 

Xpiis.  Apr.  27  and  July  K!,  liMlj,  for  many  of  tlie 

Is  made  in  this  paper.) 

"ream  inspection  as  an   important  aid  in  the  control 

wage-treatment  plants  was  advocated  by  C.  B.  Hoover, 

|Jolunibus,  Ohio.     Such  insjiection  should  in  s<jniu  cases 

Ixtend  from  2  mi.  alxive  to  25  mi.  below  the  sewage-works 


outlet  and  may  even  include  dragging  the  stream  bottom 
for  samples.  From  the  popular  viewpoint  it  is  important 
to  learn  the  opinions  of  riparian  owners  as  to  the  effect 
of  the  treated  sewage  on  the  stream. 

Water  meters  were  advocated  by  Henry  Lefi'mann, 
Philadelphia,  in  a  paper  on  "Water  Meters  in  their  San- 
itary Relations."  Jletors  are  particularly  desirable  where 
sewage  is  treated.  Leslie  C.  Frank,  Washington,  D.  C, 
suggested  that  the  cost  of  sewage  treatment  be  added  to 
bills  for  metered  water. 

R.  B.  Dole  was  elected  chairman,  and  II.  P.  Corson  was 
reelected  secretary.  The  next  meeting  will  be  at  Kansas 
City,  ilo.,  a  year  hence. 

The  Portland  Cement  Association  has  just  announced 
that  on  Sept.  1  it  entered  into  an  agreement  whereby 
it  will  hereafter  jointly  operate  the  Structural  ilaterials 
Research  Laboratory  at  the  Lewis  Institute  in  Chicago 
with  that  Institute.  This  laboratorj'  has  been  for  some 
time  conducting  e.xhaustive  researches  into  the  nature  and 
behavior  of  concrete  and  cement.  It  is  intended  in  the 
future  to  continue  these  researches  and  publish  them  for 
the  benefit  of  the  industry,  and  at  the  same  time  it  is 
hoped  that  the  laboratory  will  conduct  experimental 
studies  of  special  importance,  some  of  which  may  be 
charged  for.  The  details  of  this  part  of  the  work  have 
not  as  yet  been  announced.  The  laboratory  is  in  charge 
and  will  remain  in  charge  of  D.  A.  Abrams,  who  has  had 
considerable  experience,  both  in  the  Lewis  Institute  and 
in  the  University  of  Illinois,  with  the  testing  of  materials. 

SsMoUSe  A.Ib®i^ea]B®!mtt   CoiaveETitiaoini 

The  llrli  annual  convention  of  the  Smoke  Prevention 
Association,  held  at  the  Planters  Hotel,  St.  Louis,  Mo., 
on  Sept.  2()  to  29,  gave  evidence  of  the  practical  and 
economic  results  of  the  anti-smoke  movement.  'I'lie 
meeting  was  under  the  auspices  of  the  Joint  Smoke  Pre- 
vention Committee  of  St.  Louis,  which  represents  the 
Engineers  Club,  the  Civic  League,  the  Business  Men's 
League  and  the  Women's  Organization  for  Smoke  Abate- 
iiient. 

Standard  smoke  ordinances  and  standard  design.s  for 
boiler  settings  and  ai)])liances  were  jiresented  by  the  com- 
mittee on  standardization.  It  was  decided  that  these  should 
be  acce])ted  as  information,  action  as  to  their  adojitioii 
being  deferred  until  the  next  meeting,  so  that  there  might 
be  ample  time  for  their  consideration.  Two  papers  related 
to  smoke  from  heating  plants  and  the  design  of  heating 
boilers  and  furnaces.  Others  di.scussed  the  relation  of 
automatic  stokers  to  smoke  abatement,  and  the  relation  of 
chimney  draft  to  boiler  and  furnace  operation. 

The  effective  work  of  smoke  abatement  at  I'it1>lnirgli 
received  a  good  share  of  attention.  The  method  of  smoke 
regulation  was  described  by  J.  W.  Henderson,  Chief  of 
the  Bureau  of  Smoke  Prevention:  and  the  Soot-Fall  in- 
vestigations made  by  the  .Mellon  Institute  of  Industrial 
Research  (University  of  Pittsburgh)  wei'e  described  and 
illustrated  by  John  J.  O'Connor,  Jr.  .Moving  ])ictures 
were  shown  by  the  Pennsylvania  R.R.  officials,  illustrating 
the  methods  of  cleaning  and  building  (ires  in  locomotives 
without  causing   deii.se   smoke,   and  also   showing  lieavv 
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passenger  and  freight  traint-  running  through  the  lity 
without  the  emission  of  smoke.  This  is  effected  bv  the 
use  of  special  grades  of  coal  and  special  methods  of  firing. 

One  session  was  devoted  entirely  to  railway  work,  the 
|)ai)ers  covering  the  use  of  special  devices  on  locomotives, 
and  the  methods  of  firing  up  at  roundhouses,  these  meth- 
ods being  aft.erward  demonstrated  at  the  yard  of  the 
Terminal  Railroad  Association.  The  use  of  powdered 
loa!  was  dealt  with  in  two  papers:  One  on  its  use  for 
locomotives,  by  C.  W.  Corning,  of  the  Chicago  &  North- 
western R.R. ;  and  one  on  a  s])ecial  process  of  carburiza- 
tion  and  burning  of  powdered  coal  h\  A.  G.  Kiuyon,  of 
Chicago.  In  the  discussion  one  .speaker  stated  that  in 
furnaces  for  heating  steel  the  cost  for  fuel  \^•as  40c.  per 
ton  of  .steel  with  pulverized  coal  and  $2.25  with  oil,  while 
the  former  increased  the  daily  capacity  from  100  to  110 
tons. 

The  President  for  l!Jlt>-ir  is  W.  H.  Reed,  City  Smoke 
Inspector,  Chicago;  .Secretary,  Frank  A.  Chambers.  As- 
sistant City  Smoke  Inspector,  Chicago.  The  next  meet- 
ing will  be  held  at  Colundms,  Ohio,  in  IDL';. 

Derailment  on  au  l!:mbankment  cau.seil  the  wreck  of  a 
freight  train  on  the  St.  Louis.  Iron  Mountain  &  Southern  R.v.. 
near  Levesque.  Ark..  Sept.  24.  Two  trainmen  were  kiUed  and 
two    injured. 

A  Grade  Crossins-  Aceitlent  at  Detroit,  Mich.,  Oct.  1,  caused 
the  death  ot  10  persons  and  injuries  to  a  score  of  others. 
A  freight  train  on  the  Grand  Trunk  Ry.  collided  with  a 
.street  car  at  Forest  Ave.  and  Dequindre  St. 

The  Pennsylvania  R.R.  Detroit  Kxtension  will  not  cost 
over  $10,000,000,  according  to  an  official  announcement  of 
President  Rea.  Very  little  new  line  will  be  constructed,  as 
existing  lines  are  to  be  used  to  enter  the  city. 

V  40-In.  Water  Main  Hurst  near  the  eastern  pumpins  sta- 
tion, Baltimore  (Md.)  water-works,  at  11  a.m.,  Sept.  24.  Ac- 
cording to  newspaper  reports  it  was  impossible  to  operate  the 
large  valves  near  the  pumping  station,  and  the  flow  had  to 
he  shut  off  from  distant  gates. 

\n  Automobile  Racetrack  to  cost  $1,000,000  is  to  be  con- 
.^tnuted  in  Pittsburgh.  Penn.,  according  to  press  reports.  The 
race  course  is  to  be  a  two-mile  track  lor  motors,  with  an  in- 
.side  track  for  horse  racing.  J.  B.  Callahan  is  President  of  the 
Pittsburgh  Speedway  Co.,   which  is  financing  the  work. 

Fire  Destroyed  almost  the  entire  business  section  of  the 
village  of  Phcjenix,  N.  Y.,  Sept.  24.  It  was  impossible  to  check 
the  (lames,  for  the  water-works  pumping  station  adjoined  the 
power  plant  in  which  the  fire  originated,  and  was  among  the 
lirst  buildings  destroyed.  The  damage  is  estimated  at  $1.00P.- 
000. 

Traffic  .Survey  Field  Work  lor  the  Rapid  Transit  Com- 
mission of  Cincinnati  ha.s  been  completed  and  the  statistical 
data  will  be  available  for  the  Commission  about  Oct.  15. 
S.  R.  Morley  is  in  charge  of  the  comi)ilation  of  the  statistics 
and  F.  S.  Krug  is  chief  engineer  ot  the  Rapid  Transit  Com- 
mission. 

The  Electrolytic  Sewajte  Treatment  Plant  at  Decatur,  111., 
was  visited  on  Sept.  30  by  a  party  of  nearly  100  engineers, 
municipal  officials  and  others.  A  special  train  for  Chicago 
took  a  party  of  about  NO.  This  is  the  1,000,000-gal.  demon- 
stration plant  of  the  Landrelh  electrolytic-lime  process  de- 
scribed in  a  letter  from  W.  .S.  Shields,  consulting  engineer 
for  the  promoters,  in  a  lettei-  in  "KnLiiii.ering  News."  of 
.\ug.   24,    1916. 

UreakH  in  T>v»  Water  .Miiins,  an  IS-in.  and  a  24-in.,  oc- 
rurred  in  I'ittsbuigh.  Penn.,  Sept.  IT.  The  larger  main  burst 
;it  the  corner  of  Suismon  and  James  St.  about  7  a.m.,  under 
a  pressure  of  between  75  and  SO  lb.  per  sq.in.  The  pipe  is 
.said  to  have  been  cracked  the  entire  length  of  the  broken 
section.  The  other  break  was  on  Carson  St.,  near  the 
foundry  of  the  Jones  &  Laughlin  Steel  Co.  The  pressure  on 
this  main  was  about  S5  lb.  per  sq.in.  No  extensive  damage 
was  done  in  either  case. 

>'uiHanceM  on  the  Uneiiuechnn  Klver  at  and  near  Fall  River, 
.Mass.,  are  to  be  investigated  by  a  commission  which  is  to  re- 
port its  findings  and  make  lecommendations  as  to  the  con- 
struction of  dr:Ui»sii-and  sewers  and  other  improvements  by 
.\pr.  1,  1917.  The  report  will  be  addressed  to  the  City  Council 
(•f   Fall   River.      Joseph   Turner,   of  Fall   River,   has  been    made 


Chairman    ot    the    Commission,    and    H.    K.    Barrows.    H    Beacou 
St  .   Boston,   is  consulting  engineer. 

Typhoid  Fever  Deaths  in  Boston  numbered  only  12  toi-  tht 
first  eight  months  of  1916  and  of  the  12  three  were  nonresi- 
dents. There  were  15S  deaths  in  the  calendar  year  1908,  66  in 
1914  and  40  in  1915.  The  typhoid  death  rate  per  100,000  for  >y|i 
the  period  1906-10  was  16,  while  tor  the  year  1914  it  was  9.2 
and  for  1915,  5.3.  For  the  current  year  it  is  hoped  that  the 
rate  will  not  exceed  2.5,  which  would  allow  for  an  increase 
in    the    monthly    rate    during    the    last    remaining    part    of  the 

Committee  on  KuKineerine  Cooperation — Conforming  to 
resolutions  adopted  at  the  second  annual  conference  ot  the 
Committee  on  Engineering  Coijperation,  held  in  Chicago  last 
April.  Chairman  F.  H.  Newell  has  selected  Hunter  McDonald, 
Isham  Randolph.  Morris  Ij.  Cooke  and  C.  E.  Drayer  to  act  with 
him  as  a  subcommittee  on  plan  to  be  presented  for  formal 
consideration  at  the  third  conference.  A  draft  of  a  plan  is 
lieing  considered  by  the  subcommittee  which  expects  to  hold  a 
meeting  tor   its   further  discussion   probably   in   October. 

The  Park  Avenue  Viaduct,  Cincinnati,  Ohio,  will  be  dedi- 
cated on  C^ct.  7.  The  structure  is  of  reinforced  concrete  and 
provides  a  40-ft.  roadway  with  two  12%-ft.  sidewalks,  all  sup- 
ported on  a  three-ribbed  arch  ot  ISO-ft.  span.  The  viaduct 
is  the  connecting  link  between  Walnut  Hills  and  Eden  Park. 
Its  cost,  exclusive  of  engineering,  was  about  $132,000. 
Frank  L,.  Raschig  was  principal  assistant  engineer.  F.  S. 
Krug.  chief  engineer,  and  D.  P.  Foley,  contractor.  The  con- 
tractor's plant  was  described  in  "Engineering  News"  Apr.  S, 
1916,  p.  659,  and  the  structure  itself  replaced  l)y  the  new 
viaduct  in  May  IS,  1916,  p.  936. 

Flood  Control  in  the  Miami  River  is  the  subject  ot  a  hear- 
ing in  progress  this  week  before  the  Conservancy  Court  at 
Dayton.  Ohio.  The  plan  on  which  the  hearing  is  being  held 
is  that  submitted  to  the  Miami  Conservancy  District  by 
t^hief  Engineer  Arthur  E.  Morgan  and  adopted  by  the  Board 
of  Directors  May  10,  1916.  The  court  before  which  the  hear- 
ing is  held  consists  of  nine  judges  acting  under  the  new 
Conservancy  law.  Among  the  prominent  engineers  whose 
testimony  will  be  given  before  the  court  at  the  hearing,  in  ad- 
dition to  those  of  members  ot  the  Morgan  Engineering  Com- 
pany's staff,  are  Gen.  H.  M.  Chittenden,  of  Seattle,  Gen.  W.  H. 
Bixby,  of  Washington,  Prof.  D.  W.  Mead,  of  Madison,  John 
W.  Alvord,  of  Chicago,  Prof.  S.  M.  Woodward,  of  Iowa  City,  T. 
W.  Jaycox,  of  Denver,  Chas.  H.  Miller,  ot  Little  Rock,  H.  T. 
Barnes,  of  Toronto,  and  F.  J.  Fischer,  of  Los  Angeles. 

Official  Load-Llne  and  Bulkhead  Rules  for  use  in  the  con- 
struction and  operation  of  American  shipping  were  the  sub- 
.iect  of  a  conference  at  the  office  of  Secretary  Redfield,  of  the 
Department  of  Commerce  on  Sept.  27.  At  the  conclusion  of  the 
conference,  which  was  attended  by  the  principal  men  in  the 
shipbuilding  and  ship  operating  industry  in  the  United  States. 
Mr.  Redfield  named  a  preliminary  committee  ot  three  to 
select  a  permanent  committee  of  seven  members  to  formulate 
a  general  policy  for  load-line  and  bulkhead  rules.  These  rulef 
when  formulated  will  be  passed  upon  by  the  Department  ol 
Commerce,  by  the  new  shipping  board,  and  ultimately  by 
Congress.  The  members  of  the  committee  of  three  are  Steven- 
son Taylor,  I'resident  of  the  American  Society  of  Naval  Archi- 
tects and  Marine  Engineers,  Alfred  G.  Smith,  President  ol 
the  New  York  and  Cuba  Mail  S.  .S.  Co.,  and  Homer  L.  Ferguson, 
President  of  the  Newport  News  Shipbuilding  and  Dry  Dock  Co. 


Kdnln  Doepers,  formerly  an  architect  of  Indianapolis,  hM 
been  appointed  City  Engineer  ot  Bloomington,  Ind.,  as  a  salaiT 
of  S1.200  per  annum. 

Charles  .M.  Farron,  recently  Assistant  County  Enginesr  ol 
Montgomery  County,  Alabama,  has  been  made  County  Engi- 
neer of  Limestone  County. 

Atnood  I-.  Bliss  has  been  appointed  Engineer  to  assist  the 
i)irector  of  Wharves  and  Docks  of  I'hiladelphia,  Penn.,  suc- 
ceeding   Richard    A.    McSadden. 

William  H.  <'uniniinK.s,  formerly  of  Providence,  R.  I..  ••»■' 
entered  the  employment  of  the  Waugh  glazing  department  "' 
the   Asbestos   Protected   Metal   Co.,   Pittsburgh,    Penn. 

Kimer  IrvinK.  Supervisor  of  the  Pennsylv.^nia  R.R.  at  Lan 
caster.  Penn.,  has  been  promoted  to  be  Division  Engineer  "i 
the  Trenton  division,  succeeding  A.  W.   McClellan.  transferrd 

M.  J.  (irnhnm  has  been  appointed  County  Road  Engineer  m 
Jefferson  County,  at  Beaumont.  Tex.,  succeeding  George  ^\ 
White.  Mr.  Graham's  salary  has  been  fixed  at  $3,000  li<"i 
annum. 
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O.  M.  SleNeil,  a  graduate  of  the  University  of  Colorado, 
irmerly  with  the  American  Bridge  Co.,  has  been  appointed 
istructor  in  Structural  Engineering  at  the  University  of 
[ichigan. 

C.  H.  Niemeyer,  Division  Engineer  of  tile  Pennsylvania  R.R. 
t  Pittsburgh.  Penn.,  has  been  promoted  to  be  Assistant  Engi- 
eer  of  Maintenance-of-Way,  with  headquarters  in  Pliiladel- 
hia,  succeeding  A,  B.  Claris,  promoted,  as  noted  elsewhere. 

Ch»rle.«i  T.  Harris,  formerly  Secretary  of  the  Hollow  Build- 
ig-Tilo  Manufacturers'  Association  of  .\merica,  has  joined  E. 
;liuo  Martin  and  Joliu  E,  >Iorris  to  form  the  Martin-Morris- 
(arris  Co.,  Cleveland,  Ohio,  to  conduct  a  business  service  bu- 
eau. 

M.  H,  Cahill,  Superintendent  of  the  Cumljerland  division  of 
he  Baltimore  &  Ohio  R.R..  has  been  piomoted  to  be  General 
uperintendent  of  the  Pennsylvania  district  of  tlie  company  at 
ittsburgh.  Penn.,  succeeding  R.  A.  Peck,  who  has  been 
ranted  leave  of  absence. 

William  L.  DarliiiK.  M.  Am.  Soc.  C.  E.,  wliose  resignation  as 
hief  Engineer  of  the  Northern  Pacific  Ry.  was  noted  in  these 
olumns  last  week,  has  opened  an  office  in  St.  Paul,  Minn.,  as 
consulting  engineer.  speci.alizing  in  i-ailway  engineering  and 
onstruction. 

Thoma!)  R.  Tarn,  formerly  Division  Engineer  of  the  nie- 
iianical  division  of  the  Bureau  of  Water-Supply  of  the  City  of 
•ittsburgh,  Penn.,  has  resigned  to  become  Assistant  General 
lanager  of  James  Rees  &  Sons  Co.,  marine  engine  and 
teamboat  builders,  Pittsburgh. 
'  .*.  R.  Ayer.s,  recently  Piincipal  Assistant  Engineer  of  the 
<iuipment  department  of  tlie  New  York  Central  Lines,  New 
ork  City,  has  been  appointed  Superintendent  of  Motive  Power 
f  the  New  York,  Chicago  &  St.  Louis  R.R.,  with  headquarters 
t  Cleveland,  Ohio.  He  is  a  mechanical  engineering  graduate 
f  Cornell  University,  class  of  1900,  and  began  his  railway 
.\perience  as  a  special  apprentice  of  the  Lake  Shore  &  Mich- 
jan  Southern   Ry. 

^Villiam  J.  CunniiiKliam,  Assistant  to  the  President  of  the 
Boston  &  Maine  R.R.,  has  been  appointed  Professor  of  Trans- 
ortation  at  Harvard  University.  This  professorship  was 
stablishcd  to  commemorate  the  work  of  the  late  James  J. 
[ill  and  is  known  as  the  Hill  professorship.  Professor  Cun- 
ingham  was  born  at  St.  John,  N.  B.,  Apr.  29,  1S7.5.  His  rail- 
."ay  experience  began  in  1S92  as  a  stenographer  with  the 
anadian  Pacific  Ry. 

A.  B.  Clark,  formerly  Assistant  Engineer  of  Maintenance- 
f-Way,  Pennsylvania,  R.R.,  Philadelphia,  Penn.,  has  been 
I)pointed  Superintendent  of  the  Renovo  division,  succeeding 
he  late  J.  M.  James,  who  died  Sept.  17.  Mr.  Clark  graduated 
rom  Lafayette  College  in  civil  engineering  in  1891.  He  entered 
he  service  of  the  Pennsylvania  R.R.  as  a  rodman  in  1891, 
nd  has  been  with  this  railwa.v  continuously  ever  since.  For 
ine  years,  1901  to  1910.  he  was  Division  Engineer  of  the 
lenovo   division. 

Georice  A.  Kyle,  Assoc.  M.  \m.  Soc.  C.  E.,  Consulting  Engi- 
•■er,  Portland,  Ore.,  has  been  appointed  Engineer  in  charge 
f  location  and  construction  of  the  railwa.vs  to  be  built  in 
'hina  bj'  the  American  International  Corporation  and  the 
iems-Carey  Railway  and  Canal  Co.,  as  noted  on  p.  672  of  this 
ssue.  He  will  work  with  officials  of  the  Chinese  Government 
ii  deciding  upon  the  lines  to  be  built.  Mr.  Kyle  has  been 
.ssociated  with  John  Hays  Hammond,  Mining. Engineer,  in  the 
land.  South  Africa,  and  has  had  railway  building  experience 
n  Alaska.     Recently  he  was  with  the  Northern   Pacific  Ry. 


Rnhrrt  II.  liuynton,  Jun.  Am.  Soc.  C.  E.,  City  Engineer,  of 
•'rank fort,  Ind.,  died  Sept.  18.  He  was  born  at  Batavia,  N.  Y., 
May  21,  18S6.  He  was  graduated  in  civil  englnc-iring  at  the 
iJnlverslty  of  Michigan  in  1910.  His  first  engineering  experi- 
ence was  with  the  Missouri  Pacific  Ry.  and  with  the  United 
-states  Government.  He  was  appointed  City  Engineer  of 
[■'rankfort  in  1913. 


KFFICIENCY  SOCIETY  OF  AMERICA. 

'  "t.   7-9.      Annual    meeting  at   New    York   City.      Secy.,   G.    E. 

burroughs,    Pittsburgh,    I'eiin. 
!i:ilirA.V  SOCIETY  OF  MI'NICTPAL  IMPROVEMENT.S. 
"■I.   9-1.'!.     Convention    In   Newark,   N.   J.     Secy.,   Charles   C. 
Brown,  Indianapolis,  Ind. 


.VMERICAN    ELECTRIC    RAILWAY    ASSOCIATION. 

Oct.    9-13.      Convention   at   Atlantic    City,    N.    J.      Secy.,    E.    hs. 
Burritt,   S   West   40th   St.,   New   York   City. 

IRRIGATION   CONGRESS. 

Oct.    14-24.      23rd    International    Irrigation    Congress    at    El 
Paso,  Tex.     Secy.,  Arthur  Hooker,   El  Paso. 

AMERICAN   RAILWAY    BRIDGE    AND   BUILDING   ASSOCIA- 
TION. 
Oct.  17-19.     Convention  in  New  Orleans.  Secy.,  C.  A.   Lichty. 
C.  &  N.  W.   Ry.,  Chicago. 

.\MERICAN   GAS  INSTITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  Q.  G.  Rams- 
dell,  New  York,  N.  Y. 

AMERICAN    PUBLIC    HEALTH    ASSOCIATION. 

Oct.    24-27.      Annu.al    convention    at    Cincinnati,    Ohio.      Secy., 
Prof.    Selsl\ar    M.    Gunn,    Boston,    Mass. 

RAILWAY    ELECTRIC    SUPPLY     MANUFACTURERS'     ASSO- 
CIATION. 
Oct.  30-Nov.  3.     Annual  meeting  at  Chicago.     Secy.,  J.  Scrib- 
ner.   General  Electric  Co.,  Chicago. 

N.-VTIONAL    ASSOCI.\TION    OF    RAILWAY    COMMISSIONERS. 
Nov.    14.      Convention    in    Washington,    D.    C.      Secy.,    W.    H. 
Connolly,    Washington. 

R.\ILWAY    GARDENING    ASSOCIATION. 

Dec.   .1-7.     Annual   meeting   in   New  Orleans.     Secy.,   Charles 
E.   Lowe,   Sewickley,    Penn. 

PORTLAND    CEMENT    ASSOCIATION. 

Dec.    11-13.      Annual    meeting    in    New    York    City.      Assist- 
ant  to  General  Manager,   A.  H.   Ogle.   Chicago,   111. 

Tlie  American  Institute  of  Architects  will  hold  its  annual 
convention  in  Minneapolis,  Dec.  6  to  8.  The  secretary  is  Burt 
L.  Fenner,  The  Octagon,  Washington,  D.   C. 

The  American  Institute  of  Chemical  KnRineers  will  hold  its 
annual  meeting  in  New  York  City,  Jan.  10  to  13.  The  secretary 
is  J.  C.  Olsen,  Cooper  Union,  New  York   City. 

Tlie  Society  of  American  Bacteriolofrists  will  hold  its  an- 
nual meeting  in  New  Haven,  Conn.,  Dec.  26  to  2S.  The  seci'e- 
tary   is  A.   Parker   Hitchens,   Glenolden,    Penn. 

The  .\nierican  "Wood  Preservers'  .Association  will  meet  in 
New  York  City  at  the  Hotel  Astor,  Jan.  23  to  25.  The  secretary 
is   F.   J.   Angler,   Mt.   Royal   Station,   Baltimore,   Md. 

The  Uridite  Builders  and  Structural  Society  will  probably 
hold  an  annual  meeting  on  Jan.  12,  in  New  York  City.  The 
secretary  is  George  E.  GifEord,  50  Church  St.,  New  York  City. 

The  National  Municiiial  I.easrue  will  hold  its  annual  meet- 
ing in  Springfield.  Mass.,  Nov.  23  to  25.  The  secretary  is  Clin- 
ton Rogers  Woodruff,  705  North  American  Building,  Philadel- 
pliia,  Penn. 

Tile  ChattanooKa  Engineering  Society  has  been  organized 
with  92  members.  Already  there  are  40  applications.  It  is 
reported  that  G.  W.  Knight,  of  Knight  &  Quayle,  consulting 
engineers,  led  the  organization  movement.  The  new  society 
will  hold  two  luncheons  each  month. 

The  International  IrrlKation  Coni;re.ss  will  hold  its  twenty- 
third  session  at  EI  Paso.  Tex..  Oct.  14  to  24,  which  includes 
also  the  International  Farm  Congress  and  the  International 
Soil  Products  Exposition.  On  Saturday.  Oct.  14,  the  Elephant 
Butte  dam  of  the  Rio  Grande  project.  United  .States  Reclama- 
tion Service,  will  be  dedicated.  One  of  the  attractions  of  the 
congress  will  be  the  maneuvers  of  60,000  soldiers,  who  arc 
sojourning  in  the  vicinity  of  El  Paso.  The  secretary  of  the 
congress  is  Arthur  Hooker,   El   Paso. 

American  liailwny  Bridge  and  Buildin;::  .Association — The 
twenty-sixth  annual  convention,  to  be  held  in  Now  Orleans.  La., 
Ii.as  a  three-da.v  program  comn^oncing  Oct.  17.  Subjects  of  re- 
ports and  discussions  are:  Water-suppl.v;  floors  for  shops  and 
roundhouses,  etc.;  paint  and  its  application  to  railway  struct- 
ures: caring  for  and  handling  creosoted  materials;  blank 
forms  for  bridge  and  building  departments'  use;  modern 
methods  of  driving  piles;  flreproofing  roofs  of  wooden  build- 
ings; efficient  methods  of  handling  work  and  men;  station 
buildings  for  passenger  service  only;  economical  handling  of 
concrete  on  smaller  jobs;  and  small  coaling  stations.  The 
headquarters  of  the  convention  will  be  Hotel  Grunewald.  The 
secretary  is  C.  A.  Lichty,  Chicago  I'i  Nortliwestern  Ry.,  Chicago, 
III. 

Iowa  and  Illinois  .Sections  of  .Inipricnn  Water-Works  As- 
sociation— A  joint  session  will  he  held  Oct.  10  and  11  at  Daven- 
port, Iowa,  Rock  Island  and  Mollne.  III.  The  headquarters  will 
be  the  Hotel  Blackhawk.  Davenport.  The  program  includes  a 
round-table  discussion  of  water-works  practice  and  experience 
and  several  papers  of  unusual  Interest.  Including  one  on  "Ex- 
perience with  Trenching  Machines  on  the  French  and  Rus- 
sian War  Fronts,"  by  A.  E.  Miller,  of  Des  Moines.  Excur- 
sions include  visits  to  the  filter  plant  of  the  Rock  Island 
arsenal,  the  main  pumping  station  of  the  Davenport  Water 
Co.,  the  niter  plant  of  the  Rock  Island  water-work.s  and  the 
pumping  station  and  filter  plant  of  the  Mollne  water-works. 
All  water-works  men  are  Invited.  James  P.  Donahue,  Daven- 
port, Is  chairman  of  the  local  committee. 
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Applasiinices  asadl  Msiti©ipaaiSs 


An   iHOnietric  Dran'ingr  Form 

The    diawingr    instrument    shown    in    the    accompanying 
lustration  has  been  recently  put  out  by  the  Two  Rivers  Dn: 


Coniiiressed-Air    •*Paint    Gun'' 

A  new  design  of  compressed-air  paint  sprayer  lias  been 
recently  developed  by  the  Spray  Engineering  Co.,  of  Boston, 
Mass.  It  is  intended  particularl.v  for  rapid  work  and  uni- 
form paint,  var- 
nish or  lacquer 
coatings  on  ma- 
chines and  metal 
parts.  A  painting 
outfit  comprises 
the  gun  itself,  con- 
nected by  hose  to 
the  paint  contain- 
er and  an  air  fil- 
ter. The  tank  car- 
ries the  pressure- 
control  attachment 
and  gage.  The  gun 
itself  looks  like  a 
stubby  automatic 
revolver;  the  con- 
trol is  by  a  trig- 
ger that  governs 
both  the  air  and 
the  material  sup- 
ply. A  nose  caii 
adjusts  the  supply 
of  material,  and  a 
rear  stem  regu- 
lates the  air.  The 
control  head  on 
the  paint  contain- 
er shows  the  pres- 


sure    on     the 
li.ie     and     on 


matfrial. 


the 


irilAY   I'AINT  GUN 


Patented    AVords 

— Patents  have 
been  granted  the 
Permutit  Co.,  New 
York  City,  cover- 
ing several  words 
used  in  connection 
with  the  com- 
pany's trademark. 
The  words  "permutize,"  "permutized,"  "zerowater"  and  "zero- 
hardness"  may  be  used  only  in  referring  to  the  Permutit  Co. 
This  company  makes  a  special  type  of  filter  for  water  soft- 
ening. 

Autonaatic  Flap   Valves 

Automatic  flap  valves  have  long  been  used  in  drainage 
work,  particularly  in  the  Mississippi  Valley.  They  are  de- 
signed to  open  under  a  slight  pressure  from  within  the  pipe 
and   to   close   automatically   with   any   pressure   from   without. 


FORM    FOR    ISOMETRIC    DRAWING 

ing  Tools  Co.,  of  Two  Rivers,  Wis.,  as  an  aid  to  isometr 
projection  of  geometrical  forms.  It  is  claimed  that  a  great 
variety  of  uses  for  the  forms  is  found  than  is  obvious  at  flr; 

Monorail  Traveling?  Hoist 

A  small  single-speed  traveling  hoist  for  monorail  lines,  b 
with  the  same  completeness  of  detail  that  marks  the  large 
cranes,  has  been  designed  by  the  Shepard  Electric  Crane  ai 
Hoist  Co.,  of  Montour  Falls,  N.  T.  The  general  appearance  ci 
be  found  from  the  accompanying  figure.  The  brake  is  a  cor 
bined  mechanical  and  electrical  type  that  regulates  the  brai 


PATENTED    FEAl'    VALVE    MADIO    IN    LOS    ANGELES 


SHEPARU    MONORAIL    TRAVELING    HOIST 


The  California  Corrugated  Culvert  Co..  of  Los  Angeles,  Calif., 
has  placed  on  the  market  a  patented  cast-iron  valve  for  use 
on  corrugated  sheet-metal  pipe.  The  flap  is  hinged  from  the 
upper  part  of  the  casting,  as  shown  in  the  accompanying 
illustration. 


ing  action  according  to  the  load.  The  hoist  is  in  four  pa 
—  (1)  the  winding  or  center  section,  (2)  the  motor  end,  (3)  ' 
gear  and  brake  end  and  (4)  the  controller.  Each  section  i' 
complete  unit,  and  the  pieces  are  bolted  together.  Three  si: 
are  made,   the  capacities  being  of  500,   1,000  and  2,000  lb- 
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SYNOPSIS — Instead  of  paying  out  money  for 
garbage  disposal,  Los  Angeles  receives  51  c.  a  ton 
for  all  garbage  delivered  to  a  Cobwell  reduction 
plant,  owned  by  a  company.  The  company  collects 
and  reduces  dead  animals,  charging  the  owners  for 
the  service  and  turning  over  to  the  city  a  large  part 
of  the  fees.  Combustible  rubbish  is  collected  by 
private  contractors,  delivered  by  them  to  the 
garbage  contractor,  who  sorts  it,  sells  recovered 
matter  and  burns  the  tailings  for  plant  fuel.  Non- 
combustible  refuse  is  placed  on  dumps. 

Jompleting  its  first  year  of  full-scale  operation,  the 
•bage-disposal  plant  of  the  Pacific  Reduction  Co.,  in 
5  Angeles,  Calif.,  has  justified  the  predictions  that  it 
uld  be  the  most  successful  undertaking  of  its  kind  in 

•Associate  Professor,  Throop  College  of  Technology  Pas- 
■na.  Calif.;  Secretary  of  the  Municipal  League,  Los  Angeles. 


im 


tlie  country.  The  .system  employed  is  essentially  the 
Cobwell  method.  Following  the  good  results  in  Los 
Angeles  and  at  the  Panama-Pacifie  Exposition  in  San 
Francisco,  it  is  being  adopted  in  other  places,  having  been 
specified  in  the  recent  contract  in  the  City  of  New  York. 
Los  Angeles  has  a  population  of  about  550,000,  but  the 
garbage  from  the  e.xtrenie  southern  portion  of  the  city, 
with  a  population  of  about  oO,U00,  does  not  go  to  tiie 
reduction  plant.  In  October,  1913,  a  contract  was  entered 
into  with  the  Pacific  Reduction  Co.  to  handle  all  of  the 
city  garbage  for  a  period  of  ten  years,  the  company 
agreeing  to  pay  the  city  51c.  a  ton  for  all  garbage 
delivered  to  it.  While  the  plant  actually  started  operation 
in  April,  1915,  it  was  not  until  about  July  1  of  that  year 
that  it  handled  garbage  up  to  its  full  capacity.  Prior  to 
the  operation  of  this  plant  the  garbage  was  fed  to  hogs 
on  ranches  maintained  about  15  mi.  from  the  city,  and 
it  was  as  a  result  of  complaints  as  to  this  method  that  the 
citv  was  forced  into  taking  other  means  for  disposal. 


Flu.  1.   (Ji;.\i;i;-VL  vii;\v  uv  ujh  .\..\(;1':li^.s  (;.vitB.\(Ji;-ui",DUCTio.">J  wuuks 

I  On   the    left,    green    garbage    building   in    front   and    reducer  building  back  of  It  (mostly  out  ot  sight);  In  center,  condenser 
building;  on  right,  four  grease  storage  tanks,  with  olTicc  and  warehouse  extending  back   ot  tanks  alongside   the    track 
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Figures  just  given  out  by  the  city  engineer  siiow  the 
following  amounts  of  garbage  collected  and  delivered  to 
the  company  during  the  past  year: 

LOS  ANGELES  GARBAGE  COLLECTIONS  AND  DELIVERIES 
IN  TONS,  1915-16 

Delivered  to 
1915  Collected     Company,  Gross 

i^st-:;;;;;:;:;:;::::::::;:;:::}^i-^«^-^        {IMI 

September    5,510.8  3.161.3 

October    4.764.0  3,086.2 

November    4,296.4  2,848.1 

December    4,173.3  3,315.0 

1916 

January     4,279.3  4,290.3 

February    4,230.0  4,229.9 

March    4.520.6  4,520.6 

April     3,975.1  3.975.1 

May    3,812.3  3,812.3 

June,   estimated    4,500.0  4.500.0 

Total    55,769.0  44.09S.4 

This  indicates  tluit  since  Jan.  1,  1916,  all  the  garbage 
of  the  city  has  b(H.'n  taken  care  of  at  the  plant,  the  nioiilh 
of  June  showing  about  145  tons  a  day. 

The  disposal  plant  is  located  in  the  extreme  southeast 
portion  of  the  city  on  a  site  reached  by  the  Atchison, 
Topeka  &  Santa  Fe  and  the  Salt  Lake  railroads.  Over 
.514  acres  of  ground  have  been  provided,  a  part  of  it  being 
used  by  the  city  for  stables  to  house  the  collecting 
equipment.  One  objectionable  feature  in  connection  with 
the  location  is  the  long  haul  which  is  necessitated  for  the 
greater  part  of  the  city  garbage,  amounting  to  as  much 
as  9  mi.  at  a  ma.ximum.  Xo  unpleasant  odors  emanate 
during  the  process,  although  in  the  vicinity  of  the  garbage 
plant  there  is  conducted  a  private  tallow  refiuery,  which 
at  times  pollutes  the  atmosphere  very  objectionably. 

The  buildings  are  uniformly  of  concrete  and  brick 
construction,   with   steel   window  frames.     The  stack   is 

L0ADIN5  SPUR 


\  A.r.ecS.E  AND  5PL./ 


EUCTfflC  CRANl 


— -  I      \xucsi 

nrnn 


BOIUR    r^^ 


DU.LIU    I 1     ' ■_       _  IRUBBISH   ROOM 

wmii    \\.\ _^._ ,-i 

nwmiwit  \         ^^     EMPTrme  FLOOR 

m DUTCH,  OVEN  PRE55  gQjjf,       FOR  RUBBISH 

b  S  ii 


I         \lCAlCSi     -> — 


PIG.  2.    GENERAL  LAYOUT  OF  PLANT  OP  PACIFIC  REDUC- 
TION CO.,  LOS  ANGELES.  CALIF.,  LOOKING  SOUTHEAST 
Specially  prepared  foi-  this  article  by  the  author 

156  ft.  high,  aud  is  said  to  be  the  tallest  concrete  stack 
in  southern  California.  Fig.  1  is  a  general  view  of  the 
plant  and  Fig.  3  shows  its  layout. 

All  the  classes  of  city  waste  are  handled  in  one  manner 
or  another  at  this  plant.  The  refuse  is  divided  into  (1) 
garbage  which  is  collected  by  the  city,  (2)  combustible 
refuse  which  is  collected  by  private  contractors,  but 
delivered  to  this  plant;  (3)  noncombustible  rubbish, 
which  is  collected  by  the  city  and  de])osited  upon  various 
dumps,  a  large  one  being  located  at  this  plant;  and  (■!) 
dead  animals  collected  and  disposed  of  by  the  Reduction 
company.     Los  An,geles  does  not  have  to  contend  with 


the  ash  problem  to  any  extent,  since  oil  and  gas  fuel 
generally  used  throughout  the  city. 

About  forty  wagons,  each  having  a  removable  steel  bo  i 
]  3  ft.  6  in.  long,  3  ft.  5  in.  wide,  and  2  ft.  6  in.  high,  w 
a  holding  capacity  of  from  3,800  to  4,500  lb.  of  garbtl 
net,  are  used  by  the  city  in  the  garbage  collecti( 
requiring  a  force  of  86  employees.  During  last  year  tli 
were  added  two  2i^-ton  motor  trucks,  with  simi 
movable  bodies,  which  collect  the  garbage  in  the  more 
mote  districts.  The  general  type  of  wagon  is  well  shown 
Figs.  1  and  3.  The  full  wagon  is  weighed  upon  the  sea 
(Fig.  2),  then  driven  to  the  green-garbage  building  wh( 
the  body  is  picked  up  by  a  traveling  crane  ( Fig.  : 
carried  to  a  dumping  bin,  automatically  emptied,  wasl 
and  return(>(l  to  the  running  gear,  the  whole  operati 


FIG.    a.     IIOISTI.XG    G.\RBAGE-\V.\GON   B0.\ 

taking  about  four  minutes.  From  the  large  receiving  I 
the  garbage  is  raked  out  onto  a  conveyor,  during  wlii 
operation  tin  cans,  glass,  etc.,  are  removed  by  hand. 

Dead  animals  are  taken  care  of  at  the  same  plant,  a 
are  picked  np  by  the  crane  and  deposited  in  a  sepan 
jiortion  of  the  same  building  as  the  green  garbage.  T 
Reduction  company  receives  a  fee  of  $3.50  from  the  own 
for  the  collection  of  each  fvdl-size  dead  animal  and  $1 
for  calves,  etc.  The  city  receives  a  i)ayment  from  t 
company  of  $3  for  large  animals  and  80c.  for  small 
animals.  Tlie  animals  are  skinned  carefully,  and  tli' 
reduced  e-\actly  as  is  the  garbage,  although  kept  separa  ^ 
throughout. 

From  the  conveyor  in  the  green-garbage  building  til 
garbage  is  carried  by  a  scraper  conveyor  into  a  geDerl 
distributor  running  along  the  upper  part  of  the  reduej 
liuilding.      This    building    is    176x48    ft.    in    plan,  ail 
rontains  33   reducers    (Fig.   2).     Since  the  photogra[| 
(Fig.  4)  in  the  interior  was  taken,  another  row  of  nii 
reducers  has  been  jdaced  above  the  lower  two  rows,  maki: 
a  clear  photograph  of  the  interior  practically  impossib' 
Through  the  movable  chutes  shown  the  garbage  can  be  fi 
into  the  various  reducers  from  the  conveyor. 

The  reducer  is  the  central  feature  of  the  dispa- 
]>rocess  known  as  the  CobwcU  system,  which  was  desigm 
by  C.  0.  Bartlett  &  Snow  Co.,  of  Cleveland.  Tl 
apparatus  consists  of  a  steam-jacketed  cylindrical  sti' 
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FIG.   4.    CHARGING  FLOOR  OF   REDUCER  BUILDING,  SHOWING  FEED  PIPES  AND  MOTOR   DRIVES  FOR 

ROTARY  AGITATORS 
Since  the  view  was  taken,  nine  reducers  have  heen  placed  on  this  floor  where  tlie  railing  is  shown 


mber,  about  8  ft.  in  diameter  by  4  ft.  higli.  The 
Tior  is  fitted  with  a  rotating  agitator  actuated  by  gears 
g.  4)  driven  by  motors.  From  five  to  six  tons  of 
)age  are  contained  in  each  reducer  per  charge.  Upon 
placing  of  this  amount  within  the  apparatus  a  solvent 
wn  as  cobolene,  which  closely  resembles  naphtha,  is 
litted  in  sufficient  quantity  to  completely  cover  the 
)age,  after  which  steam  at  a  pressure  of  about  90  lb. 
dmitted  in  the  jacketed  walls  and  bottom,  and  the 
ating  device  is  started.  As  the  mass  becomes  heated 
vapors  containing  both  the  solvent  and  evaporated 
er  pass  through  a  large  vapor  pipe  line  to  a  condenser 
re  the  solvent  is  separated  from  the  water  and  returned 
he  reducer.  The  essential  feature  is  that  the  water  is 
orized  at  a  lower  temperature  when  evaporated  along 
\  a  solvent  having  a  low  boiling  point  than  otherwise. 
s  part  of  the  operation  is  continued  until  the  solvent 
ea  over  to  the  condenser  free  from  water.  The 
lage  is  then  completely  dehydrated, 
'he  solvent  at  this  point  contains  a  large  amount  of 
ise  which  has  been  liberated  from  the  garbage,  and  the 
s  of  solvent  and  grease  is  then  drained  from  the 
icer  to  a  still  from  wliich  the  grease  can  be  recovered 
jvaporation  of  the  solvent.  The  last  trace  of  grease 
be  removed  from  the  tankage  by  running  more 
ent  through  the  mass  and  the  residual  solvent  evap- 
ed  by  additional  heat  so  that  very  little  loss  is 
?rienced.  The  tankage,  free  from  grease  and  solvent, 
intomaticaljy    emptied    from    the    reducers    onto    a 


conveyor.  The  whole  operation  consumes  from  15  to  1!) 
hr.,  depending  upon  tiie  amount  of  water  in  the  garbage 
and  its  general  character. 

From  the  reducer  the  tankage  is  conveyed  to  the  ware- 
house where  it  is  screened,  ground  and  sacked  (Fig.  5). 
In  its  final  form  the  product  is  not  dissimilar  in 
appearance  to  unroastcd  ground  coffee.  About-  630  lb. 
of  tankage  are  produced  from  each  ton  of  garbage,  which 
shows  a  much  larger  yield  than  that  usually  found  in 
other  garbage-reduction  processes. 

An.  average  analysis  of  the  tankage  shows :  Nitrogen, 
3.05%;  phosphoric  acid,  1.96;  potash,  1.23;  crude  fiber, 
16.55;  carbohydrates,  45.75;  grease,  1.71%. 

Practically  none  of  the  tankage  falls  below  3%  of 
ammonia.  Naturally  this  product  brings  a  good  price 
upon  the  market  for  fertilizer  purposes.  The  company 
today  is  receiving  $14  a  ton  for  its  garbage  tankage  and 
about  $55  a  ton  for  dead-animal  tankage.  A  considerable 
portion  of  the  tankage  is  sold  for  stock  feed,  ^^'hcn 
soaked  with  water  the  tankage  is  highly  nourishing,  and 
is  readily  eaten  by  hogs  and  other  stock. 

Each  ton  of  tankage  also  produces  about  70  lb.  of 
grease.  That  this  is  of  high  quality  is  proved  by  the  fact 
that  it  is  sold  at  from  5i/ic.  to  6%c.  per  lb.  in  the  local 
market  as  a  soap  ingredient.  Under  the  terms  of  its 
contract  the  reduction  company  guarantees  that  the  grease 
shall  contain  less  than  10%  free  fatty  acid,  and  in  practice 
it  runs  below  7%>.  It  contains  7%  glycerin  and  less  than 
2%  foreign  solids  and  water. 
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The  steam  i>laiit  reqiiireil  consists  of  three  500-hp. 
boilers  and  one  emergency  boiler  of  300  hp.  It  is 
estimated  that  about  660  lb.  of  steam  are  reqiiired  to 
produce  heat  for  one  reducer  charge.  From  50  to  60% 
of  the  fuel  required  is  furnished  by  waste  rubbish  and 
papers  that  are  left  over  after  a  sorting  process.  The 
remaining  fuel  is  furnished  by  crude  oil. 

In  connection  with  the  combustible  rubbish  it  shouid 
be  said  that  the  company  charges  60c.  a  ton  to  the  private 
collectors  who  deliver  the  refuse  to  the  plant  for  disposal. 
The  refuse  is  thrown  onto  a  wide  steel  belt  and  passes 
between  rows  of  sorters  where  all  useful  substances  are 
recovered.  The  tailings  are  fed  into  the  furnace,  as  shown 
in  Fig.  6. 

Bv  the  terms  of  its  contract,  the  city  furnishes  the 
necessary  water  for  the  condensing  and  cooling  process. 
This  naturally  employs  a  large  amount  of  water,  but  not 
more  in  proportion  than  is  used  in  other  reduction  plants. 
Thus  the  water  required  per  ton  of  garbage  reduced  at 
Los  Angeles  averages  1,700  cu.ft.,  compared  with  2,300 
at  Boston  and  2,600  at  Xew  York.  As  Los  Angeles  has 
a  large  amount  of  excess  available  water  this  is  not  a  drain 
upon  the  city,  although  figured  at  cost  the  water  probably 
amounts  to  more  than  $8,000  a  year. 

Through  the  operation  of  the  plant  the  city  has  received 
an  income  of  about  $40,000  during  the  past  year. 
Deducting  the  water  expense,  this  amounts  to  a  net 
income  of  about  $32,000  from  the  garbage  after  collection. 
In  spite  of  the  longer  haul  the  collection  system  has  not 
proved  more  expensive  than  in  previous  years,  chiefly 
because  of  the  more  perfect  methods  now  in  use.  The  city 
engineer's  office  gives  the  following  average  costs  per  ton 
for  collection:  Day  collection  wagons,  $2.39;  night  collec- 
tion, wagons,  business  district,  $1.15;  trucks,  distant 
collection,  $2.75;  average  (all  fonns),  $1.87. 

These  figures  take  in  all  charges  and  expenses, 
including  feed  and  care  of  stock,  rentals  and  sun- 
dry supplies,  maintenance,  interest  and  depreciation 
of    equipment    and    salary    of    superintendent. 


;agi:  tank.'Vge  baggkd  and  iu;auv  for 

BAGGING 


FIG.  6.    RUBBISH  TAILINGS  BEING  FED  TO  FURNACE 

It  is  difficult  to  estimate  the  profits  made  by  the  redii. 
tion  company.  Its  initial  investment  was  approximate 
$425,000.  A  total  of  52  operators  in  three  shifts  a  d: 
are  employed,  in  addition  to  which  there  is  an  admini 
trative  force,  salesmen,  etc.  The  chief  engineer  is  H.  .• 
Bighouse,  while  H.  J.  Murphy  is  treasurer. 

X'oncombustible  rubbish  is  collected  by  the  city  in  sevf 
motor  trucks.  During  the  year  nearly  48,000  eu.yd.  ha\ 
Ijeen  collected  at  an  average  cost,  according  to  the  cil 
engineer,  of  94c.  per  cu.yd.  This  rubbish  has  bee 
deposited  in  five  dumps  located  in  different  sections  ( 
the  city. 

The"  Board  of  Public  Works  of  the  city  and  the  cit 
engineer  express  themselves  as  entirely  satisfied  with  t\ 
operation  of  the  plant.  An  explosion  which,  but  for  tl 
fireproof  character  of  the  buildings,  might  have  bee 
serious,  occurred  in  the  reducer  building  in  April.  Exce] 
for  the  temporary  disabling  of  the  reducers,  a  compan 
tively  small  property  loss  was  sustained.  The  plai 
suffered  no  ill  effects.  Without  doubt  tlie  present  metho 
of  disposal  is  highly  preferable  to  the  old  hog-feediu 
plan.  From  a  sanitary  and  aesthetic  viewpoint,  nothin 
further  could  be  desired,  while  financially  it  is  believt 
that  Los  Angeles  has  the  most  profitable  arrangement  ( 
aiiv  city  in  the  United  States, 


The  LonKest  Water  Conduit  in  the  world  is  the  taamt 
Coolsardie  line  in  West  Australia,  built  in  1902.  Water 
pumped  from  a  river  in  the  humid  coast  region  and  is  carrtt 
tlirough  Sf)!  mi.  of  30-in.  lock-bar  steel  pipe  to  KalgoorllO 
the  West  Australian  gold  field,  in  a  district  where  rain  saT"^ 
fails.  The  pumping  engines  which  force  the  water  t)>"^ 
this  main  not  only  have  to  overcome  the  friction  head  b»^ 
raise  the  water  a  total  height  of  1,447  ft.  At  the  time  W 
pipe  line  was  laid  it  was  thoroughly  protected  with  a  mlxWU 
i>r  coal  tar  and  Trinidad  asphaltum  applied  hot,  but  wlthlB 
\ .  ry  few  years  after  completion  it  was  found  that  sectiom  < 
the  pipe  were  badly  corroded.  The  annual  report  of  the  en» 
neer  of  West  Australia  in  charge  of  the  Water-Supply,  Sewern. 
and  Drainage  Department  is  reviewed  in  "The  Ent?ine' 
(London)  of  Aug.  IS  and  gives  interesting  particulars  rega' 
ins  the  further  corrosion  of  this  pipe  line.  The  most  seric 
corrosion  has  been  due  to  the  action  of  mineral  salts  In  ' 
Koil  of  certain  districts  through  which  the  line  passes.  T 
interior  of  the  pipe,  however,  has  become  covered  In  m:v 
places  with  tubercles  under  which  corrosion  goes  on.  T' 
increase  in  corrosion,  from  the  figures  in  the  report,  appf' 
to  he  rapid.  In  the  year  1911-12  the  number  of  holos  ■' 
curring  from  external  corrosion  was  only  124.  In  ISM- 
there  were  2,07S.  In  the  first-named  year  £17.000  was  expf"' 
ed  on  maintenance.     In  1914-15  the  e.xpenditure  was  £51,000. 
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SYNOPSIS— A  $300,000  huildimj  badly  cracked 
bi)  subsidence  over  old  mine  workings;  old  work- 
ings opened  up  and  made  accessible  by  2-ft.  bore 
hole  in  street;  surveys  made  and  masonry  pillars 
built  in  old  workings  to  prevent  further  settlement. 

One  of  the  buildiugs  mentioned  as  seriously  damaged 
the  subsidences  over  coal-mine  workings  in  the  City 
Scranton,  Penn.,  described  in  Engineering  News,  Aug. 
,  1916,  is  the  13th  Regiment  Armory,  bounded  by 
i-rtle  St.,  Adams  and  Jefferson  Ave.    A  corner  of  this 

;  00,000  structure  was  illustrated. 
For  some  months  past,  the  work  of  putting  foundations 
der  this  building  has  been  in  progress,  although  the 
nature  itself  is  so  badly  damaged  that  it  may  eventu- 

•  y  be  largely  rebuilt.  This  work  involves  some  engi- 
2ring  features  of  an  unusual  character,  including  tlie 
velopment  of  a  network  of  underground  surveys  from 
base  line  established  with  two  plumb  bobs  suspended 
ly  17%  in.  apart,  as  will  be  described  farther  on. 
The  armory  building  extends  from  Adams  Ave.  to  Jef- 
son  Ave.  along  Myrtle  St.,  a  distance  of  325  ft.,  and 
~  a  width  of  175  ft.  on  the  avenues.  The  title  to  the 
id  on  which  it  is  built  came  through  the  Lackawanna 
m  and  Coal  Co.     The  building  was  erected  chiefly  by 


public  subscription  and  by  the  city  about  12  or  15  years 
ago,  being  subsequently  taken  over  by  the  state. 

The  Lackawanna  Iron  and  Coal  Co.  began  mining 
operations  in  this  vicinity  in  the  fifties.  The  armory 
lot  is  on  what  was  known  as  the  Fairlavm  or  Lewis  Jones 
tract,  where  the  mining  privilege  was  leased  to  the  Fair- 
lawn  Coal  Co.,  Ltd.,  in  1872.  This  company  mined 
under  a  considerable  part  of  the  tract,  particularly  in 
the  seam  known  as  the  Clark,  which  is  the  most  worked 
'  seam  in  this  immediate  neighborhood.  The  Fairlawn 
Coal  Co.  sold  out  to  the  Lackawanna  Iron  and  Coal  Co.  in 
1891. 

There  are  several  seams  of  coal  under  the  armor}'.  The 
famous  Big,  or  14-ft.,  seam,  also  known  as  the  G  seam, 
outcro])s  near  the  armory  on  Adams  Ave.,  but  is  not  un- 
der the  Imilding.  The  uppermost  worked  seam  below  the 
surface  at  the  armory  site  is  the  Clark,  which  runs  7  to 
8  ft.  thick  and  lies  about  150  ft.  below  the  surface.  Un- 
der this  are  the  three  so-called  Dunmore  seams.  The 
lowest  of  these,  the  No.  3,  known  as  tlie  China  seam, 
is  about  150  ft.  below  the  Clark  seam. 

The  accompanying  map.  Fig.  1,  shows  the  condition  in 
which  the  Clark  scam  was  abandoned  by  the  Fairlawn 
Coal  Co.,  the  dark  portions  being  the  pillars  of  coal  left 
to  support  the  150  ft.  of  rock  cover.  This  plan  is  based 
on  actual  surveys  by  J.  H.  Eittenhouse  &  Son,  civil  and 


FIG.   :.    PLA.V  OF  CLARK  COAL  SEAM   UNDER   SCRANTON  ARMORY,  SIIOVVINO  PILLARS  OF  COAL  A.V'D  MASONRY 

PILLARS  WHICH   HAVE   BEEN    ADDED  TO  ."^fl-I'ORT  THE  ROOF 

Dark    portions  arc    pillars   of   coal 
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mining  cnw-ineers  of  Sfranton,  who  have  charge  of  both 
the  engineering  and  the  construction  work  on  the  armory 
foundations  for  tlie  stiite.  The  condition  of  things  in 
tlie  No.  2  Dunni'ire  seam,  so  far  as  present  investigations 
indicate,  appears  to  be  aboiit  as  bad.  Survey  lines  have 
l)een  extended  under  parts  of  the  building  by  reopening 
olil  workings.  In  the  other  seams,  which  have  been 
wori<ed  by  more  conservati\'e  methods  of  mining,  there 
is   little  likelihood  of  squeezes  or  subsidences. 

Effect  of  Subsidences  on  Arjuort 

The  armory  is  only  one  of  several  properties  damaged 
by  subsidences  in  this  vicinity,  which  during  the  last 
few  years  have  amounted  all  told  to  several  feet.  Levels 
taken  on  the  drill-hall  floor  by  Messrs.  Eittenhouse 
showed  that  the  end  toward  the  front  of  the  building  has 
remained  nearly  level  and  that  this  condition  continues 
80  to  100  ft.;  then  there  is  a  gradual  inclination  to  the 


safe  for  use.  Much  other  damage,  such  as  broken  win 
dows,  tilted  sills,  iron  girders  pulled  away  from  the  Ton 
and  out  of  alignment,  cracks  and  crevices  in  the  floor  an ( 
walls,  etc.,  is  ample  evidence  of  the  racked  condition  n 
the  great  structure. 

The  accompanying  views,  taken  July  22,  stow  soiu 
of  the  injuries  to  the  armory.  Fig.  2  is  taken  inside  tli 
drill  hall,  looking  toward  the  spectators'  gallery  at  tli 
administration  end  of  .the  building.  One  of  the  iron  post 
supporting  the  roof  over  this  gallery  has  been  brokei 
squarely  off,  about  halfway  up.  Needless  to  say,  use  u 
the  gallery  is  not  permitted.  Fig.  3  shows  the  nort! 
corner  tower  (see  plan.  Fig.  1).  The  drill  hall  is  stil 
used,  as  the  roof  is  supported  by  steel  arches  on  pier 
independent  of  the  walls,  and  there  appears  to  be  D' 
immediate  danger  of  collapse. 

The  current  practice  throughout  the  city  and  on  th 
railroads  of  the  valley  is  to  reinforce  the  pillars  of  coa 


Fig.  •> — View   of 


FIGS.  2  TO  1.     EXTERIOR  AND  INTERIOR  VIEWS  OF  DRILL  HALL  AT  SCRANTON. 
rior  of  drill   hall   of  armory.     Fis.   3 — North  tower,  showing  settlement  cracks. 


showing 


I'ENN. 
Fig.   4 — North  wall. 


rear  end,  which  is  2  ft.  lower  than  the  front.  The  drop- 
ping of  the  rear  2  ft.  broke  the  side  walls  in  several 
places. 

The  foundations  of  the  armory  are  cracked  and  broken 
in  many  places.  The  swimming  pool  has  cracks  in  the 
sides,  and  the  doors  of  the  lavatoiT  adjoining  cannot 
be  closed,  due  to  settling  of  the  jambs  and  floors.  The 
stone  arch  over  the  iMyrtle  St.  entrance  is  l)roken,  and 
part  of  it  has  slipped  otit  oF  line  an  inch  or  more.  The 
interior  of  the  front  of  the  armory  containing  tlie  ad- 
ministration -offices  is  badly  damaged,  great  ■])ie(«s  of 
l)lastering  having  fallen  off  the  ceilings  and  walls;  the 
woodwork  is  warped,  and  this  part  of  the  building  gen- 
crailv  is  in  such  condition  as  to  be  considered  no  iongcr 


under  important  structures  with  concrete  or  masonry  pi' 
li'.rs  or  columns.  This  is  generally  done  by  use  of  tii' 
fallen  roof  rock  found  in  the  old  workings.  Walls  <i 
these  stones  (laid  up  in  cement  mortar)  arc  liuilt  aroiin' 
the  coal  pillars  and  in  places  as  crosswalls  from  ])illii 
to  pillar.  The  spaces  between  the  pillars  or  walls  iir 
finally  filled  with  loose  rock  or  otlicr  material.  Tli' 
linildiug  of  concrete  piers  under  some  of  the  iirifl|,'i 
foundations  of  the  Delaware.  Lackawanna  &■  Westcri 
\l.U.  at  Seranton  was  described    in    Kin/inrrniu/  New 

Jan.   11,   11)12,  p.  (!0.  

-  Messrs.  Kittenhouse  state  that  they  have  tried  tli' 
method  of  building  concrete  ret^iining  walls  and  fillin- 
back  of  them   bv   flushing   in  culm   or  ashes,  and  tlwi 
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FIG.    5.    MINE   CAGE   FOR   ASCENDING    24-IN. 
BORE  HOLE 

is  method  is  not  to  be  relied  upon  when  all  subsidence 
to  be  prevented  or  guarded  against.  In  such  cases 
lid  masonry  pillars  sufficient  to  carry  tlie  whole  load 
'■  essential. 

Method  of  Getting  Under  the  Armory 

The  Clark  seam  immediately  under  the  annory  is  in- 
cessible  from  any  present  mine  working,  except  in  a 
ry  roundabout  way  through   old   passages   which  had 

be  reopened.  It  was  accordingly  decided  to  get  at 
e  work  by  drilling  a  34-in.  hole  in  the  street  (Adams 
ve.)  about  200  ft.  north  of  the  armory.  A  2-ft.  bore 
•le  was  advisable  rather  than  a   larger  shaft,   because 

was  feared  that  blasting  might  start  another  squeeze 
lelow  ground )   or  subsidence.     It  was  determined  that 
liber,   powder,  mortar,  etc.,   as   well   as   tlie   workmen 
uld  be  lowered  through  a  24-in.  ixjre  hole. 
The  hole  was  accordingly  drilled  through  tlie  150  ft. 

solid  rock  cover,  and  it  had  the  good  fortune  to  end 

one  of  the  pillars  of  coal  in  the  Clark  seam,  as  was 
tended   by  the  engineers.     This   prevented  tiic  end   of 


KT  \  i;    Ufi-Kiri'    A.VI  '   'I'l;  \.\i 
OF  BORE  HOLE 

the  drill  from  punching  through  the  roof  of  a  chamlKr 
and  probably  blocking  the  bottom  of  the  shaft  with  fallen 
debris  from  the  roof.  The  liottom  of  tlie  bore  hole  was 
reached  tlirougli  the  old  workings  and  the  connection 
made. 

The  bore  hole  was  remarkably  straight,  proof  of  whicli 
ih  that  it  was  possible  to  suspend  two  plumb  lines  ITi/o 
in.  apart.  This  was  the  means  of  carrying  the  survey 
underground.  It  was  found  that  with  such  a  short  base 
tlie  ordinary  j^lumb-line  wires  were  out  of  the  question, 
so  a  special  method  was  developed  of  accurately  pro- 
longing the  line.     This  is  shown   in   Fig.  9. 

The  15-lb.  plumb  bobs  were  suspended  by  ordinary  irmi 
stove-pipe  wire,  except  for  about  2  ft.  aijove  the  bobs, 
viiiere  in  one  case  a  length  of  No.  (i  jack  chain  was  used 
and  in  the  other  case  a  section  of  No.  10  jack  chain. 
Tlie  plumb  liobs  were  of  course  immersed  in  buckets  of 
water.  The  instrument  was  set  up  15  ft.  from  the 
plum!)  lines;  and  as  the  bobs  with  the  chains  rotated, 
the  opening  in  each  link  went  through  a  complete  circh\ 
Since  tiie  two  halves  of  each  link  were  at  right  anghv  tn 
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each  other,  when  one  opening  cliangcd  to  an  ellipse,  then 
to  a  narrow  slit  and  finally  vanished  completely,  the  open- 
ing of  the  other  link  was  changing  from  a  narrow  slit  to 
the  full  opening. 

A  light  was  held  behind  the  No.  10  chain  so  that  the 
instrmnentman  could  see  its  links  through  the  links  of 
the   No.   6   chain.     By   catching  the   light  through  the 

narrowest  slits  of 
both  chains  simul- 
taneously it  was  pos- 
.sible  to  line  in  the 
instrument  with 
great  accuracy.  From 
this  line  prolonged, 
the  underground  tra- 
verse system  shown 
by  the  dotted  lines  in 
Fig.  1  was  estab- 
lished. Passageways 
under  the  armory 
were  reopened,  and 
about  70  masonry 
pillars  were  built,  as 
shown  in  Fig.  1. 
These  were  placed  to 
supplement  so  far  as 
possible  the  remaining  pillars  of  coal.  The  rock  for  these 
masonry  pillars  was  gathered  up  from  the  old  workings. 
The  stones  were  laid  up  in  cement  mortar  as  tightly 
against  the  roof  as  possible,  and  judging  from  the  present 
cracked  condition  of  some  of  the  stones  in  these  columns 
they  were  not  long  in  assuming  a  part  of  the  roof  load. 
Taking  the  site  of  the  armory  as  an  independent  unit, 
a  cover  of  rock  150  ft.  thick  would  exert  a  pressure  of 
22,500  lb.  per  sq.ft.  If  this  pressure  is  concentrated 
on  about  20%  of  the  area,  as  is  the  case  in  these  old 
workings  under  the  armory,  the  unit  pressure  is  five 
times  as  great,  or  112,500  lb.  per  sq.ft.  =  56.25  tons 
per  sq.ft.  The  masonry  pillars  probably  do  not  add  more 
than  5%  to  the  area,  so  that  the  pressure  must  still  be  in 
the  neighborhood  of  45  tons  per  sq.ft. 


FIG.  9.  SKETCH  SHOWING  METHOD 
OF  SUSPENDING  PLUMB  BOBS 


The  space  between  and  around  the  masonry  pillars  is 
filled  to  the  roof  with  hand-placed  stone  and  debris — 
gob,  as  it  is  called — but  this  would  not  come  into  plav 
as  a  column  until  some  squeeze  or  settlement  had  oc- 
curred. All  visible  pillars  have  painted  numbers,  and 
the  passageways  are  to  be  left  open  permanently,  so  that 
it  will  be  possible  to  make  inspections  of  the  underground 
conditions. 


PIG.  10.    GOB  WALLS  AROUND  AND  BETWEEN  MASONRY 
riLLAKS 


is  (CSttiies 
By  Samuel  A.  Gkeeley* 

Eeports  on  refuse  collection  and  disposal  have  been 
made  by  the  writer  to  the  two  Illinois  cities  of  Danville 
(35,000)  and  Galesburg  (25,000)  after  investigations 
extending  over  several  months.  An  act  passed  by  the 
Illinois  legislature  in  1915  authorizes  cities  and  villages 
with  populations  of  less  than  100,000  to  establish  and 
maintain  plants  for  the  collection  and  disposal  of  garbage 
and  to  levy  a  tax  for  the  purpose  not  to  exceed  two 
mills  on  the  dollar.  This  makes  available  in  Danville 
about  $18,000  per  year  and  in  Galesburg  $14,000. 

There  are  approximately  7,000  houses  in  Danville. 
Nine  private  scavengers  collect  garbage  from  some  200 
customers,  charging  about  25c.  per  week.  If  this  rate 
were  applied  to  all  the  houses  in  the  city,  the  annusl 
cost  would  be  over  $80,000.  The  garbage  is  dispo! 
of  by  dumping  and  by  feeding  to  pigs.  There  are  sevei*l 
dumps,  and  they  are  particularly  unsightly  on  account 
of  the  tin  cans  and  rubbish. 

Night  soil  is  removed  by  licensed  private  scavengers 
and  is  taken  to  a  concrete  dumping  platform  and  emptied 
into  the  main  sewer. 

Disposal  of  Garbage  and  Refuse 

After  a  careful  analysis  of  local  conditions  and  com- 
parison with  accurate  records  of  refuse  production  in 
otiicr  cities  it  was  estimated  that  the  daily  refuse  pro- 
duction of  Danville  in  1920  would  be:  Garbage,  12.9; 
ashes,  32.4;  rubbish,  6.5;  tin  cans,  2;  maiuire,  12.5; 
total,  66.3  tons.  Careful  estimates  were  also  made  of 
the  monthly  and  daily  variations  of  refuse  materials, 
as  shown  by  Table  1. 

^lethods  of  refuse  disposal  were  compared  for  each  of 
the  refuse  materials  and  for  mixed  refuse.     For  garbage 

table  1.  MONTHLY  PRODUCTION  OF  GARBAGE  IN 
PERCENTAGE  OP  TOTAL  ANNUAL  PRODUCTION 

Fort  Wayne.  Danville, 

Columbus,  Dayton,        Ind..         Racine.  111.. 

Month  Ohio  Ohio      Estimated  Wis.      Estlm»tM 

January     6. 28  6.5S  6.20  5.56  6.10 

February    5.67  6. 82  6.00  5.12  5.90 

March     6.36  7.45  6.70  6,22  6.B0 

•Aiiril     6.70  7.05  6.70  6.54  6.90 

May     7.7S  7.20  7.40  7.23  7.40 

June     7.82  8. IS  8.30  9.22  8.40 

July    9.40  10.21  10.10  10.89  10.00 

August     12.24  10.74  11.20  11.29  11.20 

September    ...      12.95  11.08  12.00  12.29  12.40 

October    9.20  8.94  9.40  9.04  9.20 

November     . . .        7.83  S.IO  S.IO  8.35  8.10 

December    ....        7.77  7.62  7.90  7.65  7.90 

100.00  99.97  100.00  99.40  100.00 

tile  methods  of  disposal  considered  were  burial,  feeding 
to  ])igs,  incineration  and  reduction.  Burial  was  recom- 
mended for  the  present,  the  estimated  area  of  land 
required  being  15  acres.  With  the  growth  of  the  city 
other  methods  would  become  advisable,  as  outlined  later. 

•Consulting  Sanitary  Engineer,  64  West  Randolph  St, 
Chicago,  111. 
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A  summary  of  the  estimated  costs  of  different  methods 
f  garbage  disposal  is  given  in  Table  2.  The  annual 
osts  are  for  1930,  with  4,000  tons  of  garbage  for  the 
ear.  These  costs  include  land,  scales,  roadways,  sewers, 
ater  connection,    coal    siding,    etc.      A    rubbish-sorting 

TABLE    2.    SUMMARY    OF    ESTIMATES    OF    COST    OF 
GARBAGE  DISPOSAL,  AT  DANVILLE,  ILL. 

„-  , — Annual  Cost — v  "S 


£E  =, 


"'is 


cSO, 


.   2     12.9 


uHal   

eeding    to 
pigs    ....   1       .  . .  • 

eduction. .  1  36.0 

eduction.  .   1  24.0 

iclneration  1  40. OJ 


fcO  Cs  6.0  fri 

$19.180t  $2,600  $1,215   $3,815 


None 


44,000  7.300  2,819  10.119  $15,000  $4. SSI 
63,250  7.540  5,060  12,500  21,600  None 
45,000       7.540     3,375   10,915     12,600     1,685 

31,350       4,480     2,445      6,905       None      

•Land    sufficient    for   additional    capacity;    buildings    easily 

Ided    and    pigs    bred    as    required.  tincludes    land    to    last 

Ttil  1920.  tincludes  capacity    for   rubbish. 

lant  was  estimated  to  cost  $9,020,  and  the  gross  revenue 
a.s  estimated  at  $6,800  per  year. 

Refuse  Collection 
,  .Special  consideration  was  given  to  the  collection  service 
;  a  mo.st  important  phase  of  the  problem.  A  population 
)ot  map  of  the  city  was  made,  from  which  the  wagon 
stricts  were  determined.  Where  possible,  each  wagon 
as  planned  to  make  one  trip  per  day.  The  number 
wagons  was  then  determined  for  each  refuse  material 
id  for  each  method  of  disposal.  Thus,  for  disposal  of 
irbage  by  burial  two  collections  per  week  were  assumed, 
lie  wagon  capacities  were  planned  for  the  maximum 
lantity  of  garbage.  On  the  average  each  wagon  was 
timated  to  serve  200  houses  per  day,  a  total  of  10 
igons  being  required.  The  first  cost  of  wagons  and 
uipment  was  estimated  to  be  $3,850,  and  the  annual 
St  $11,377. 

For  garbage  disposal  by  feeding  to  pigs  two  collections 
•r  week  were  assumed  for  the  fall,  winter  and  spring 
id  three  collections  per  week  during  the  three  summer 
onths.  Owing  to  the  longer  haul,  each  wagon  was 
timated  to  serve  an  average  of  167  hou.ses  per  day.  The 
st  of  wagons  and  equipment  was  estimated  at  $5,600 
id  the  annual   cost  at  $14,850. 

For  tJie  separate  collections  of  rubbish  a  10-day 
terval  in  collections  was  e.stimated.  The  wagon  capac- 
.■  was  figured  at  8  cu.yd.  Two  men  were  to  work 
th  each  wagon,  and  the  wagons  wore  to  make  two  trips 
r  day.  Three  wagons  were  required  for  the  service, 
miiar  estimates  of  the  collection  service  were  made  for 
iier  conditions. 

ReCOM.MEXDATIOXS    FOU    RkFU.SE    Dl.si'O.s.vL 

The  recommendations  resulting  fmni  tiie  investigation 
■re  summarized  as  follows: 

1.  That  an  ordinance  should  be  adopted  establishing 
oper  sanitary  methods  for  the  house  treatment  of  refuse 
d  thn  stable  treatment  of  manure. 

2.  That  10  collection  wagons  be  purchased  at  an  esti- 
iled  cost  of  $3,850.  Specifications  should  be  prepared  and 
Is  received. 

3.  That  a  permanent  system  for  garbage  collection  should 
established    to    give    regular    service    twice   a    week.      The 

iRons  should  be  owned  by  the  city,  and  the  horses  and  col- 
•lors  should  he  hired.  Collectors  should  be  required  to  wear 
lakl  or  duck    uniforms. 

4.  That  garbage  be  disposed  of  for  the  present  by  burial 

I  two  fields  located  on  each  side  of  the  city.  Five  loads  of 
rbage  would    be   buried   daily  at   each    field.      The   estimated 

l»t  of  weighing  scales,  roadway.s,  etc.,  at  the  burial  fields 
$4,180.  Garbage  should  be  given  to  farmers  who  call  for 
In  proper  wagons  at  these  fields,  thus  reducing  the  amount 
garbage    to    be    burled. 


5.  Proposals  should  be  entertained  for  disposal  of  garbage 
by  contract  at  some  isolated  location  at  an  annual  cost  favor- 
able to  the  city.  Such  arrangement  should  Include  a  formal 
contract  in  which  the  character  of  plant  and  equipment  it: 
clearly  defined  to  be  of  a  type  that  can  be  operated  on  r 
sanitary  basis.  The  contract,  however,  should  not  include 
collection. 

6.  A  site  with  an  area  of  about  one  acre  should  be  pur 
chased  along  the  Chicago  &  Eastern  Illinois  Ry.  at  some  lo- 
cation near  the  center  of  production  of  refuse.  The  sito 
should  be  used  tor  shipping  tins  and  rubbish  to  the  market. 
It  should  be  reserved  for  a  future  incinerator,  when  disposal 
of  garbage  by  burial  or  otherwise  is  no  longer  feasible,  due 
to  the  increased  population  and  scarcity  of  land  for  burial. 

7.  As  the  garbage-collection  service  becomes  established, 
the  collection  of  tins  and  rubbish  should  be  started,  and  they 
should  be  shipped  to  the  market  tor  sale.  After  a  site  is 
secured,  plans  and  specifications  should  be  drawn  up  tor  a 
loading  station   tor  these  materials. 

The  estimated  first  cost  for  the  collection  and  disposal 
of  garbage  by  liurial  is  $9,000,  and  the  annual  cost  of 
operation  is  estimated  to  be  $11,300. 

For  garbage  disposal  by  bui'ial  a  trench  is  dug  or 
ploughed  about  3  ft.  wide.  G  in.  deep.  Into  this  the 
garbage  is  dumped  from  the  wagons  and  spread  in  a 
thin  layer.  A  trench  for  the  ne.xt  day's  garbage  is  dug 
and  the  excavation  from  this  used  to  cover  the  garbage 
already  spread.  About  160  lin.ft.  of  trench  would  be 
required  per  day  at  each  field  for  the  average  daily 
quantity  of  garbage  of  12.9  tons. 

For  cold  weather  two  methods  are  feasible.  A  sufficient 
length  of  trench  to  last  through  the  winter  may  be 
opened  before  the  frost  sets  in ;  or  the  garbage  may 
be  spread  on  the  gi-ound  and  covered  with  ashes  and 
dirt,  the  mixture  being  ploughed  into  the  soil  during 
the  spring.  The  preferable  way  is  to  plough  enougli 
furrows  for  garbage  burial  during  the  winter  and  t(. 
cover  the  garbage  in  the  furrows  with  adjacent  earth, 
ashes  or  street  dirt.  No  decomposition  takes  place  during 
the  winter,  and  the  covering  can  be  trimmed  and  rein- 
forced in  the  early  spring. 

The  equipment  should  include  a  scale  and  scalehousc. 
with  a  room  and  stove  for  the  operator  and  a  place 
for  washing  the  wagons.  During  the  summer  months 
garbage  containing  maggots  should  be  .soaked  in  a 
germicide.  Sodium  ai'senate,  creosote  or  other  coal-tar 
derivatives  can  be  used. 

Somewhat  similar  i-ecommeiidations  were  made  for 
(ialesburg,  except  that  the  work  was  limited  to  the 
collection  and  disposal  of  garbage.  At  Galesburg,  options 
iiave  been  secured  on  burial  fields,  the  rental  to  be  about 
$100  per  year.  The  council  has  passed  the  ordina.ice 
and  has  authorized  the  purcha.se  of  wagons.  At  Danvilie. 
negotiations  for  burial  fields  are  still  pending. 

The  Klepliniit  liiitte  IJnm  on  the  Rio  Grande  River  is  to  jo 
formally  dedicated  on  Oct.  14,  at  the  time  of  the  Irrige.tio)' 
Congress  meeting.  The  dam  has  been  built  by  the  Unitet' 
States  Reclamation  Service.  Its  completion  was  recorded  in 
"Engineering  News"  of  May  IS,  p.  964.  An  official  announce- 
ment of  the  dedication,  issued  by  the  Interior  Departmen;, 
states  that  the  dam  surpasses  any  dam  ever  before  constructed 
In  the  volume  of  water  stored  behind  it,  as  the  reservoir  when 
filled  "will  contain  S56  billion  gallons,  enough  water  to  cover 
the  State  of  Delaware  2  ft.  deep."  The  compiler  of  this 
announcement  evidently  forgot  the  Gatun  Dam  on  the  Panama 
Canal.  According  to  the  paper  by  F.  D.  Wlllson,  Chief  Hy- 
drographcr  of  the  Panama  Canal,  at  the  International  Engi- 
neering Congress,  Gatun  Lake,  when  Its  surface  is  87  ft,  above 
sea  level,  contains  1.442  billion  gallons  of  water,  which,  It  will 
be  seen.  Is  nearly  twice  as  much  as  the  c.ipaclty  of  the  Ele- 
phant Butte  reservoir.  Both  of  these  big  bodies  of  water  are 
modest  lakes  compared  with  the  great  reservoir  behind  the 
Assuan  Dam  on  the  River  Nile,  where,  as  staled  in  "Engineer- 
ing News"  of  May  11,  p.  906,  the  volume  of  water  stored  Is 
over  20  times  the  volume  of  Gatun  Luke. 
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iS'i\YOP.S/N — Layout,  details  of  desir/n  and  rate>' 
on  operating  experience  of  plant  for  treating  part 
of  the  sewage  of  Milwaukee  hy  aeration  in  the 
presence  of  activated  slndije. 

Luckily,  just  as  the  activated-sludge  process  of  sewage 
treatment  appeared  on  tiie  American  horizon,  Milwaukee 
n^as  in  position  to  give  it  a  thorough-going  test  at  its  sew- 
age experiment  station.  From  laboratory  apparatus  and 
fair-sized  outdoor  tanks  of  the  iill-and-draw,  and  then 
of  the  continuous-flow  type,  the  city  went  on  to  a  2,000,- 
000-gal.  continuous-flow  unit,  put  in  operation  on  Jan. 
22,    1916.      A    description    of    this    large    unit    follows. 


Before  describing  the  plant  it  may  be  noted  that  a  fac- 
tor in  its  design  was  the  possible  conversion  of  the  acti- 
vated-sludge tanks  into   digestion  chambers   for  IinhotI 
tanks  in  case  the  new  process  does  not  prove  to  do  all  that  : 
tliere  is  reason  to  hope. 

The  activated-sludge  plant  is  located  on  Jones  Island,  i 
alongside  a  large  outfall  sewer  of  the  comljined  system.   ]J 
consists  of  eleven  tanks.    Eight  of  these  are  used  in  sei^:  j 
for  aeration  of  the  sewage  in  the  presence  of 
sludge;  one  is  a  sedimentation  tank  and  two  are 
aeration  tanks.     Fig.  1  shows  the  layout  of  the 
Figs.  2  to  5  give  details  of  the  various  tanks.     Of  fife ' 
three  views,  Figs.  6  and  8,  shows  the  plant  under  con- 
struction, and  Fig.  7  shows  a  group  of  filtros  blocks  or  air 
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FI6. 1  LAYOUT  OF  TANKS,'      Ma,nOuffa/l 
CHANNELS   AND  AIR  PIPES        Channe/ 
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Sludge  Piping  for  Sludge-Aera+Ing  Tanlo 
SLUDGE  -  AERAT1N6      TANKS 


Fil+ros  Plates  in  Cos+-lron  Frame 
FIO.   5  A\R-D1FFUSER  SYSTEM 


FIGS.   1  TO  5.    LAYOUT  AND  DETAILS  OF  2,000.000-GAL.  ACTIVATED-SLUDGE  PLANT,  MILWAUKEE.  WIS. 
Sewage  and  "seeded"  sludge  are  aerated  In  tanks  1   to  S,  the  combined  sewage  and  sludge  passing  on  from  one  tank  to 
another  and  then  into  sedimentation  tank  il.     From  the  bottom  ot  a  deep  well  in  tank  9  the  sludge  is  discharged  by  gravii.* 
into  either  sludge-aeration  tank  10  or  11.    The  aerated  sludge  from    these    two   tanks    passes   outside    the    tanks   to   a   4S;iii. 

vertical  cast-iron  pipe  set  2S'4   ft.  in  the  ground,  from  which  il  is  lifted  b.v     '  " .  .         _ 

tank  1 


\\x  and  relumed  to  the  inl;l  to  sewagc-aSratlng 


October  Ivl.   VJUi 
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FIGS.   6  TO   8.     CONSTRUCTION  AND   nETAII.   VIEWS   OF  ACTIVATED-SLUDGE  PLANT,  MILWAUKEE,    WIS. 

Fig.  6 — General  view  taken  wliile  plant  was  under  construction,  showing  several  tanks  with  platforms  in  place  above 
tops  of  baffles.  Fig.  S — Curved  baffles  to  guide  sewage  How  in  aerating  tanks.  Fig.  7 — Looking  down  on  a  set  of  flltros 
air-diffusers  in  V-shaped  bottom  of  curved  portion  of  tlowing-tlirough  chamber;  showing  air-supply  pipe  on  the  right 


ffusers  in  place.  The  general  scheme  of  operation  i.'^ 
ated  in  descriptive  note  beneath  Figs.  1  to  5  on  the 
eceding  page. 

Each  of  the  eleven  tanks  is  built  of  reinforced  concrete, 
IS  an  internal  diameter  of  30  ft.  and  has  side  walls  ex- 
nding  13  ft.  above  its'inner  bottom.  The  total  depth  of 
wage  and  sludge  is  10  ft.  and  the  average  depth  is  9  ft.  in 
e  ten  tanks  used  for  aeration.     The  sewage  and  sludge 

tlie  sedimentation  tank  is  35.2  ft.  deep. 
Tlie  holding  capacity  of  each  of  the  eight  sewage-aerat- 
g  tanks  is  ■l."),000  gal.,  or  360,000  for  the  group.     The 
len  area  of  each  of  these  tanks  is  662.84  sq.ft.  and  all 

them,  5,303  sq.ft. 

The   sedimentation    tank    has    a   holding    capacity    of 

!,000  gal.,  not  including  the  2,260  gal.  held  by  the  4S-in. 

st-iron  sludge  pipe  extending  below  its  bottom. 

Normal  lake  level  is  at  El.  — 1.4.    The  sewage  level  in 

ink  1  is  at  El.  -|-0.8  and  the  weir  in  the  sedimentation 

nk  is  at  El.  -f  0.5,  giving  a  fall  of  0.3  ft.  in  water  level 

rough  the  series  of  tanks. 

By  means  of  the  curved  baflle  or  division  walls  shown  in 

e  illustrations,  the  sewage  travels  and  is  subjected  to 

ration  for  a  distance  of  912  ft.    Air  diffusion  is  effected 

means  of  12.\12-in.  filtros  plates,  78  to  each  scwage- 
id  sludge-aeration  tank.  This  gives  a  ratio  of  diffusing 
rface  to  tank  surface  of  1  to  8.5.  The  filtros  plates  are 
t  in  cast-iron  frames,  which  afford  an  air-supply  conduit 
neath  the  center  line  of  each  plate.  The  estimated  air 
pacity  of  the  filtros  plates  in  the  eight  sewage-ac'rating 
jnks  is  2  cu.ft.  per  min.,  and  in  the  two  sludge-aerating 
Inks  it  is  12  cu.ft.,  in  each  ca.se  under  a  2-in.  water 
I  essure. 


Compres.sed  air  is  supplied  by  a  Coimei'svijle  positive 
blower  of  the  Boston  type,  with  a  capacity  of  2, 100  cu.ft. 
ol'  free  air  per  minute,  compressed  to  5  lb.  per  sq.in. 
This  blower  is  belted  to  an  alternating-current  variable- 
speed  motor  of  75  h]).  To  prevent  interruption  in 
service  this  equipment  is  in  ilnpjicate.  The  two  units 
cost  $2,087,  erected,  including  a  frame  house. 

The  volume  and  rate  of  air  supply  is  measured  l)y  indi- 
•ating  recording  integrating  General  Electric  meters,  there 
being  one  for  the  eight  .sewage  tanks  and  another  for  the 
two  sludge  tanks.  These  meters  cost  $314  and  $305, 
respectively. 

The  plant  capacity  under  three  different  operating-rate 
schemes  is  as  follows:  (1)  With  25%  activated  sludge 
in  the  aerating  tanks,  a  4-hr.  running-through  period,  a 
velocity  of  3.8  ft.  per  min.,  and  a  27-min.  sedimentiition 
jicriod,"  1,620,000  gal.  a  day;  (2)  25%  activated  sludge,  3- 
hr.  running  thi-ough,  5-ft.  velocity  and  20-inin.  sedimen- 
tation, 2,160,000  gal.;  (3)  with  20%,  activated  sludge,  3- 
hr.  running  through,  5-ft.  velocity  and  19-niin.  sedimen- 
tation, 2,301,000  gal.  capacity. 

'i'he  plant  has  a  total  ground  area  of  0.347  acre,  or 
0.173  acre  per  1,000,000  gal.  capacity.  The  contract  price 
for  the  eleven  tanks,  including  72  piles  40  ft.  long  under 
each  tank  and  all  piping,  was  $55,000.  Adding  the  cost 
of  the  motors,  blowers  and  air  meters  gives  $58,606  as 
the  total  contract  ])rice  of  a  2,000,000-gal.  activated- 
sludge  ])lant  under  Milwaukee  conditions.  The  final  total 
e.stimate  was  $58,606.  To  this  should  be  adtlcd  $2,!t30 
for  engineering  ami  inspection,  making  a  grand  total  of 
$61,536  or  $30,768  per  1,000,000  gal.  The  bonds  bear 
-ll/C;%  interest  and  require  a  sinking  fund  of  5%, 
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Tlie  plant  was  built  by  tbo  Milwaukee  Sewera.ee  Com- 
luission,  of  which  George  H.  Benzouberg  is  chairmaii,  T. 
Chalkley  Ilatton,  chief  engiueer,  and  William  E.  Cope- 
land,    chemist    and    bacteriologist. 

Resilts  Obtaixei)  IX  Opekatiox 

The  results  of  the  operation  of  the  Milwaukee  activated- 
sludge  plant  through  the  first  months  of  its  service  was 
summarized  for  Engineering  News  by  Mr.  Hattou  on 
Aug.  15,  1916,  as  follows: 

The  plant  went  into  operation  on  Jan.  22.  lOlG,  and. 
with  few  interruptions,  has  been  working  under  varied 
schedules  up  to  the  present  time. 

Early  in  the  operation  it  became  apparent  that  the 
sedimentation  tank  was  not  designed  to  properly  meet 
the  conditions,  in  that  the  velocity  through  the  tank  was 
too  great  and  the  bottom  slope  was  too  little.  Instead  of  a 
27-min.  .sedimentation  ])eriod  the  indications  are  that 
about  ()0  min.  will  be  reipiired  to  permit  the  finer  floe 
to  settle  out. 

'Jlie  settled  sludge  rested  itpon  the  sloping  bottom  to  a 
considerable  extent  and,  unless  removed  at  frequent  in- 
tervals by  using  a  squeegee,  became  septic  and  consumed 
the  dissolved  o.xygen  contained  in  the  influent.  In  addi- 
tion to  this,  sludge  accumulated  in  the  48-in.  cast-iron 
pipe  which  was  not  removed  by  the  air  lifts,  and  this  also 
became  septic. 

Instead  of  a  4-'J°  slope  the  bottom  of  the  sedimentation 
tanlc  shotild  not  be  less  than  a  60°  slope  from  the  hori- 
zontal, and  the  sludge  should  be  removed  from  a  pipe 
built  at  the  apex  of  the  conical  bottom  so  as  to  insure 
its  constant  and  complete  removal. 

With  the  sedimentation  tank  as  built  it  has  not  been 
possible  to  get  more  than  1.000.000  gal.  of  clear  stable 
etfluent  per  day  through  the  plant  without  losing  the 
sludge. 

In  order  to  try  out  horizontal-flow  sedimentation,  Xo. 
11  tank  has  been  improvised  into  three  compartments, 
each  of  which  can  be  operated  separately.  So  far  the 
indications  are  that  an  average  horizontal  velocity  of 
o  ft.  per  mill,  will  be  sufBcient  to  secure  satisfactory 
sedimentation,  Init  this  figure  is  subject  to  further 
determinations. 

In  o))eratiiig  the  large  plant  throughout  the  last  seven 
months  several  inijiortant  matters  have  been  fully  deiiion- 
.-trated,  among  which  may  be  mentioned:  That  an  in- 
crease of  air  pressure  is  required  due  to  the  partial  silting 
up  of  the  tn]3  surface  of  the  diffuser  jilates.  which  indicates 
that  provision  must  lie  made  to  clean  olf  lliesc  plates  at 
intervals. 

That  when  the  temperature  of  the  sewage  is  .")0°  F.,  or 
under,  more  air  is  requiri'd  to  produce  an  equal  ellluent 
from  sewage  having  a  temperature  of  60°  F.  or  over. 

That  circular  tanks  are  not  so  efficient  as  rectangular 
tanks  either  in  lirst  cost  oi-  in  o])eration  and  require 
much  more  area  to  treat  an  equal  volume  of  sewage  than 
<lc)  rectangular  tanks. 

'i'hat  the  mixed  sewage  and  activated  sludge  must  not  be 
run  througli  conduits  as  the  tendency  is  for  the  sludge  to 
settle  out  immediately  in  the  conduits  and  become  sep- 
tic. The  sedimentation  tank  must  be  connected  to  the 
aerating    tanks    witliout    conduits. 

That  the  settled  sludge  must  be  constantly  and  com- 
pletely removed  from  the  sedimentation  tanks  to  prevent 
septic  action. 


Hems'  BJ©w  Yoffe 


Work  was  started  last  April  on  the  construction  of  a  by- 
product coke  ]ilant  on  the  Hackensack  meadows,  nesr 
Jersey  City.  The  site  of  this  plant,  comprising  abon 
35  acres,  lies  just  north  of  the  Delaware,  Lackawanna  a 
\\'estern  R.R.  tracks  on  the  west  bank  of  the  Hackensai 
River  and  just  across  the  river  from  the  power  plant  n 
the  Public  Service  Co.,  of  New  Jersey.  The  gas  mam, 
facttired  in  this  byproduct  coke  plant  will  be  piped  li 
way  of  a  timnel  under  the  Hackensack  River  to  the  ga- 
holders  of  the  Public  Service  Co..  on  the  opposite  bank 
From  there  it  will  be  pumped  by  means  of  a  new  pipe  liin 
to  Newark  and  there  distributed.  This  plant  is  beiii. 
built  by  H.  Koppers  Co.,  of  Pittsburgh,  Penn.,  for  tin 
Seaboard  Byproduct  Coke  Co..  of  Xew  Jersey,  and  wil 
consist  of   110  Koppers  byproduct  coka  uvens,  togetliei 


Fit!.    1.     .MIXING   PL.\NT  .-VNO   HOIST  TOWKRS 

with   a   complete   .system    for    the    recovery    of   coal  bv 
products. 

The  ground  is  very  poor  for  foiiiiilatinii  juirposes,  be 
ing  made  u])  of  a  considerable  depth  nf  silt  undorlai: 
by  strata  of  sand  and  gravel.  Beilroi'k  or  hardpan  is  fouiii 
very  deep.  .A  ])eculiarity  of  the  soil,  however,  is  that  aftf 
]Mles  have  been  put  down  and  left  a  while  it  is  practii 
ally  impossible  either  to  withdraw  them  or  drive  then 
farther.  The  ])acking  of  the  material  by  a  number  of  pik 
seems  to  bind  them  very  tightly  in  place.  On  account  v 
this  peculiarity  of  the  soil  only  the  heaviest  loads  ar- 
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FIG.  2.    GENERAL  VIEW  OF  CONCRETE-DISTRIBUTING  PLANT  OK  H.  K(  H'l'l-MiS  CO.  AT  JERSKY  CITY 


irried  on  piles  driven  to  rock.  The  total  imniber  of 
iles  required  for  the  foundation  work  in  this  plant  will 
;  3  about  15,000. 
The  first  operation  for  foundation  work  was  to  put  do^^^l 
iling  for  the  oven  batteries  and  the  two  200-ft.  stacks, 
he  remainder  of  the  piles  for  the  byproduct  building, 
inks,  etc.,  are  being  put  down  as  needed.  As  soon  as  the 
iles  for  the  ovens  and  stacks  were  in  place,  the  concrete 
lant  was  erected.  This  is  an  extensive  system  and  is 
lown  by  the  views. 

The  concrete  materials  are  delivered  to  a  dock  by  barges 
1  the  Hackensack  River.  The  materials  are  unloaded 
ito  an  elevated  hopper  at  a  temporary  wharf,  by  means 
■  a  stiff-leg  derrick  equipped  with  a  grab  bucket.  This 
jpper  is  built  over  a  narrow-gage  track  running  on  a 
inber  trestle  from  the  dock  to  the  main  hoist  tower.    Two 


cars  coupled  together  arc  operated  on  this  trestle  by  means 
of  an  endless  cable.  The  cars  are  loaded  under  the  hopper, 
which  is  provided  with  two  outlets,  and  are  then  hauled 
up  the  trestle  incline  and  dumped  either  in  bins  at  the 
mixing  plant  or  into  storage  piles  along  the  way.  AVhen 
sand  or  crushed  stone  is  required  from  the  storage  piles, 
it  is  loaded  into  the  two  cars  by  the  locomotive  crane, 
shown  in  Fig.  2.  and  then  conveyed  directly  to  the  mixing 
bins. 

'i'he  mixing  j^lant  consists  of  a  %-yd.  Lakewood  mixer 
with  the  necessary  sand  and  stone  bins  and  a  cement  hoist 
connected  to  the  mixing  platfonn  by  means  of  a  belt 
conveyor.  Water  is  pi])ed  directly  to  the  mixer  plat- 
form. The  mixer  discharges  into  a  bucket  elevator  operat- 
ing in  a  13o-ft.  Lakewood  steel  hoist  tower.  From  this 
tower,  concrete  is  conveyed  by  chutes  either  directly  to 
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foi'ms,  or  it  is  relayed  to  the  forms  througli  a  second 
tower  105  ft.  high  and  about  100  ft.  distant  from  tlie 
fir.st  tower. 

Concreting  is  carried  on  night  and  day.  Davis  flood- 
liglit  projectors  furnish  excellent  lighting  for  the  night 
work.  Quarters  have  been  erected  for  about  a  hundred 
laborers  who  live  right  on  the  job. 

Concreting  was  started  on  July  1  and  is  going  forward 
at  the  rate  of  400  eu.yd.  per  day  from  one  central  plant. 
The  total  concrete  work  will  amount  to  3.5,000  cu.yd.. 
witli  about  700  tons  of  reinforcement.  A  standard  flat- 
car  has  just  been  equipped  with  another  %-yd.  concrete 
mixer  with  tower  to  do  the  concreting  that  is  beyond  tlie 
economical  reach  of  the  central  plant.  This  work  is  car- 
ried-on  under  the  direction  of  T.  S.  Fillebrown,  Erecting 
Engineer  for  H.  Koppers  Co. 


waSlhi  IR.eairaffoff'cedl  Coiacs'etl© 

The  practice  of  resurfacing  worn-out  concrete  pave- 
ments on  country  roads  is  too  new  to  have  accumulated 
much  in  the  way  of  actual  experience.  Bituminous  car- 
[lets  have  been  tried,  and  brick  pavements  have  been 
suggested  for  resurfacing,  but  so  far  as  now  appears,  the 
Board  of  Eoad  Commissioners  of  Wayne  County,  Michi- 
gan, is  the  first  highway  authority  to  try  resurfacing 
concrete  pavement  with  new  concrete. 

The  road  selected  for  the  experiment  was  built  in  1910 
as  a  two-course  pavement.  It  was  6^  in.  thick  and  16 
ft.  wide,  laid  on  a  crowned  subgrade.  The  4-in.  bottom 
course  was  1 :  21/2 : 5  mix,  using  crushed  limestone  lor 
the  coarse  aggregate.  The  wearing  course,  2y2  in.  thick, 
was  1:2:3  mix,  crushed  fieldstone  being  used.  The 
pavement  was  laid  in  25-ft.  sections  with  i/4-in.  tar-paper 
strips  for  joints. 

The  surface  was  struck  off  with  a  templet  and  was  some- 
,what  irregular  in  finish,  as  the  same  care  and  thorough- 
ness that  are  found  in  the  present  practice  were  not 
exercised  at  that  time  with  regard  to  finishing.  The 
edges  of  the  road  were  rounded  off  with  about  a  %-in. 
radius  (a  practice  since  abandoned). 

A  traffic  census  in  1912  showed  about  7,500  vehicles  a 
week,  of  which  40%  were  horse  drawn.  The  territory 
has  been  built  up  rapidly  since  this  traffic  count  was  taken, 
and  an  actual  count  at  the  present  time  would  undoubt- 
edly show  a  very  material  increase  in'  the  number 
of  vehicles  passing  the  section  where  the  road  is 
reconstructed. 

Road  Widened  and  Resurfaced 

To  accommodate  better  this  increased  traffic,  it  was 
decided  to  widen  the  road  to  20  ft.  In  order  to  do  this 
the  rounded  edge  was  broken  off,  and  concrete  was  added 
on  each  side  of  the  old  road  to  bring  it  to  the  required 
width.  A  1:2:4  mix,  6  in.  thick,  of  washed  and  screened 
pebbles  and  washed  and  screened  sand — of  the  same 
quality  as  the  present  specifications  require — was  used. 

All  the  Tarvia  surfacing  and  filling  used  to  cover  the 
cracks  were  removed.  The  cracks  and  holes  were  then 
filled  with  concrete  to  make  an  even  surface  20  ft.  wide. 
The  expansion  joints  were  mostly  worn  down.  Where  a 
joint  was  spallod  to  a  considerable  extent,  the  old  concrete 
was  broken  away  sufficiently  to  give  a  bond  for  the  new 
concrete  on  both  sides  of  the  joint.     Ex])iinsion  felt  was 


then  placed  in  the  joint  and  the  whole  surface  brought  t 
an  even  grade. 

On  top  of  this  base  was  placed  a  3-in.  layer  n 
1  :  11/2:21/2  concrete — using  Marquette  (Mich.)  traproc-k 
graded  in  size  from  1/4  to  1  in.  for  the  coarse  aggregati 
;ind  washed  and  screened  bank  sand  for  the«fine  aggregai' 
Tills  surfacing  is  in  no  place  less  than  3  in.  thick  ani. 
is  reinforced  with  Xo.  26  triangular-mesh  wire. 

Xo  attempt  was  made  to  bond  the  top  course  to  the.oU 
base  with  a  rigid  bond.  The  surface  of  the  old  conerett 
was  first  sprinkled  with  water,  then  a  hot  mixtuie  oil 
Tarvia  A  and  Tarvia  X  was  .sprinkled  over  it,  using  ar 
ordinary  hand  sprinkling  can.  This  was  done  immedi- 
ately before  placing  the  new  wearing  surface.  The  Taryia 
falling  on  the  moist  concrete,  spread  out  in  a  very  thir 
layer  and  was  immediately  chilled,  thus  forming  an  ever 
coat  over  the  old  surface. 

The  expansion  joints  in  the  new  top  course  were  maidi 
to  coincide  exactly  with  the  expansion  joints  in  the  bottffl| 
course.  A  piece  of  wood  3x4  in.  by  20  ft.  long  was  in 
over  the  old  joint  and  the  concrete  deposited  as  thom 
no  joint  was  to  be  made.  A  Baker  automatic  finishifll 
machine  was  used  to  finish  the  surface.  Afterward,  thi 
piece  of  wood  was  removed  and  armor  plates,  sus]iendei 
from  installing  bars,  with  expansion  felt  between,  wer^ 
set  in  place,  the  felt  of  the  new  joint  meeting  the  tar  pape 
of  the  old  joint. 


Xo  Adhesion  of  Old  to  Xew  Concrete 
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This  method  of  entirely  separating  the  old  base  fron 
the  new  surface  was  decided  to  be  better  than  pouring  th 
fop  course  directly  on  the  old  surface,  as  a  slight  niovt 
meiit  due  to  difference  of  expansion  or  heaving  wouli 
result  in  cracks  in  the  top  course  if  they  were  rij 
bonded  together.  The  Tarvia,  although  very  th: 
spread,  permits  a  slight  movement  of  each  course  withoii 
interfering  with  the  other. 

Before  trying  this  type  of  construction  small  slabs  ( 
concrete  were  made,  a  coat  of  Tarvia  was  put  on  top  an 
another  course  of  concrete  deposited.  It  was  found  in 
only  impossible  to  separate  the  two  layers,  but  a  bid' 
sufficient  to  crack  the  top  course  also  cracked  the  bottoi 
one. 

This  section  of  the  road  has  been  in  use  for  aboii 
three  montlis,  and  a  few  cracks  have  developed.  A  yea 
from  now  a  positive  statement  as  to  the  success  of  thi 
]iavemeiit  may  be  forthcoming. 

The  above  data  were  furnished  by  Edward  X.  Hinft 
:i  member  of  the  Board  of  Wayne  County  Commissioner; 
wlio  writes  that  he  wishes  it  understood  that  the  wor 
described  is  considered   entirely  experimental. 


Accldentd  on  Ktnte  Higrhnays  do  not  make  the  state  IlabI  I 
for  damages,  even  thouKh  the  accident  was  due  to  negligenc  I 
of  employees  of  the  State  Highway  Department,  according  t  I 
a  decision   just   rendered   in   Pennsylvania.     Under   the   P«nB  I 
sylvania   constitution,   in   order   to   bring   a   suit    for   damage | 
against    the    state,    an    enabling    act    must    be    passed    by  thi 
state    legislature.      William    D.    Dietrich,    of    Indiana,    Penn  I 
was  authorized  by  an  act   passed  June   S,   1915.   to  bring  suij 
against    the    state    to    recover    damages    for    injuries   suffer*  1 
while   driving  on   a  state   highway.     The   attorney-general  "I 
the  state  filed  a  demurrer,  claiming  that  the  action  could  no  I 
be  maintained.     In   the  Court  of  Common   Pleas,  Judge  U  If 
Davis  decided  that  the  state  was  not  liable  for  the  wrong 
acts  of  its  officers  or  agents,  such  as  those  in  charge  of  hig 
way  work,   unless   it   had   voluntarily  assumed   such   liablll^ 
An    act    permitting    the    injured    party    to    bring    suit    mer 
placed  his  cause  in  shape  so  that  it  could  be  passed  upon 
tlie  court 
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A  remarkable  examiile  of  the  destruction  bv  the  action 
■  motor  trucks  of  a  pavement  especially  designed  for 
>avv  traffic  is  to  be  seen  on  West  42d  St.,  New  York  City. 
The  motor  trucks  that  carry  broken  rock  from  the  sub- 
av  excavations  to  the  waterfront  run  down  42d  St.  They 
\>  four-wheel  rubber-tired  tractors  hauling  steel-tired 
.o-wheel  trailers,  the  whole  vehicle  with  its  load  of  rock- 
led  skips  weighing  some  19  tons.  On  the  block  from 
h  to  Kith  Ave.  the  traffic  is  not  dense,  there  is  a  slight 
iwn  grade,  and  the  loaded  trucks  frequently  obtain 
eeds  estimated  at  l.J  to  '.'O  mi.  per  hour.  The  terrific 
i|iact  of  these  vehicles  was  sullicient  in  only  some  four 
iiiiths  to  cru.sh  a  number  of  the  granite  paving  blocks 
powder  and  leave  holes  in  the  pavement,  necessitating 
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FKJ.  1      UKST  42ND  ST..  NEW  YORK  CITY,  SHOWING 
DAMAGE  TO   I'AVK.ME.VT 

aying  79%  of  it  on  the  north  side  of  tlie  street,  the  side 
'd  by  the  loaded  trucks. 

This  stretch  of  pavement  was  laid  in   1912  under  tlic 

rough  of  Manhattan  specifications  for  improved  gran- 

-idock  ])avempnt.'     H.  \V.  Durliam  was  then  chief  engi- 

■r  of  the  Bureau  of  Highways.    Tlie  pavement  is  similar 

many  otliers  laid  aiiout  the  same  time  and  since,  which 

liowiiig  e.Ncellent  wearing  qualities.    It  ought  to  have 

I  good,  ill  the  estimation  of  experts,  for  at  least  25 

J  irs'  service.     The  failure  of  the  pavement  by  grinding 

nnd  splitting  of  the  granite  blocks  was  unlooked  for 

most  extraordinary-.    It  furnishes  ample  proof  that  a 

'  ngincering  department  can  hardly  hope  to  design  a 

,  \cment  that  will  stand  up  under  such  traffic. 

The  half  of  the  pavement  north  of  the  street-car  tracks 

'Ids  block  has  an  area  of  l.S.IO  .sq.yd.     On  Apr.  15  of 

iTOsent  year  the  pavement  was  carefully  gone  over, 

minor  repairs  were  made,  which  put  it  in  first-class 

•lion.     Between  .\pr.  15  and  Aug.  24  this  north-side 

'.Square-cornereil    fi-ln.    Rranlte    blocks.    1-ln.    nand    cushion 
Id  »-ln.  concrelp  roundatlon.     Blocks  lalcl  with  not  more  than 
In.  Joints,  l.ituminoua  fin<-<l. 


pincnient  su  tiered  damage  that  required,  between  Aug.  24 
and  Sept.  16,  the  relaying  of  1,470  sq.yd,,  or  79%  of  the 
whole  area.  New  blocks  were  required  for  12%  of  the 
area  relaid.    The  cost  was  not  less  than  $2,000, 

The  evidence  shows  practically  conclusively  that  the 
damage  was  done  by  the  extraordinarily  large  motor 
trucks  used  to  haul  to  the  Xorth  River  waterfront  the 
material  excavated  for  the  new  Broadway  subway.  The 
blading  and  handling  of  these  trucks  were  briefly  described 
in  Engineering  News,  Feb.  17,  1916,  p.  324.  An  accom- 
]-;inying  view  shows  one  of  the.se  trucks.  About  two-thirds 
of  the  load  of  the  six  large  steel  rock  skips  carried  comes 
on  Jie  steel-tired  wheels. 

'i'nc  speed  of  these  heavily  loaded  vehicles  on  an  open 
stretch  of  level  jiavement,  such  as  that  on  West  42d  St. 
between  9th  and  10th  Ave.  is  almost  unbelievable.  An 
estin.ate  of  15  to  20  mi.  an  liour  has  been  made  by  several 
trusvworthy  ob.servers.  The  effect  of  12,000-lb.  wheel 
loads  on  8-in.  steel  tires  at  this  rate  of  speed  is  ruinous  to 
any  jiavement.  The  impact  of  the  wheels  jumping  from 
one  sliglit  humi)  to  another  crushed  and  split  the  granite 
liloc-ks  to  fragments,  as  is  shown  in  Fig.  1,  notwithstand- 
intC  \\bate\ci'  cushioning  effect  the  sand  heddnig  nia\'  have 
had. 


FIG.    3.    WHEEI.    HCTS   ALONG    STREET-CAR    RAIL 
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The  theory  has  been  advanced  that  the  pavement  would 
have  suffered  less  had  it  been  of  smooth  eement-grouted- 
joint  tvpe.  This  is  probably  true  to  a  certain  extent,  yet 
ever  so  small  a  depression  or  hump  would  have  started 
the  hammering  on  adjacent  blocks,  and  the  result  sooner 
or  later  would  have  been  the  same,  for  one  depression 
inevitably  leads  to  another.  It  does  not  appear  that  the 
(lualitv'  of  the  granite  was  a  contributing  cause,  for  paving 
blocks  in  10th  Ave.,  which  is  of  the  toughest  and  hardest 
granite  used  in  Xew  York  City  paving  work,  have  begun 
to  go  in  exactly  the  same  way. 

It  is  evident  that  the  speed  of  these  vehicles  is  a  larger 
factor  in  the  destruction  of  the  pavement  than  the  wheel 
loads,  extraordinarily  heavy  though  they  are.  Other  cross- 
town  streets  used  by  the  same  vehicles  are  narrower  and 
do  not  permit  of  the  speed  possible  on  42d  St.,  and  the 
pavements  on  these  streets  show  less  damage.  Moreover, 
during  the  period  referred  to  the  larger  part  of  the  traffic 
apparently  went  via  43d  St. 

Investigation  showed  that  the  concrete  foundation 
under  the  Ijloiks  had  not  been  injured,  but  had  remained 


SHOWING  HOW   BI.i  ii-KS 
CRUSHED 


ARE   BRCiKEX   AND 


FIG.    6.     ASPHALT-CARPETED    SURFACE.    SHOWING 
ABRASION  ON  BLOCKS  BELOW 

to  the  present  practice  of  the  Bureau  of  Highways,  undc 
E.  W.  Stern,  chief  engineer. 

The  joints  were  refilled  with  asphaltie  grout,  and 
carpet  coating  of  the  same  material  was  spread  over  th 
surface  of  the  pavement  for  the  purpose  of  cushioning  tb 
effect  of  any  future  hammering.  The  result  has  not  bee 
wholly  satisfactory,  as  Fig.  6  shows.  The  heavily  loade 
steel-tired  wheels  are  picking  up  the  a.sphalt  carpetiiif 
and  the  white  powder  of  crushed  granite  has  aliead 
(Sept.  21)  begun  to  appear  on  the  relaid  blocks.  • 

The  corporation  counsel  of  the  City  of  Xew  Torlp 
advised  against  an  attempt  to  collect  damages,  on  th 
ground  that  the  pavement  is  not  new,  and  that  it  ma 
Tiot  be  legally  ])roved  that  the  damage  was  done  by  th 
particular  trucks  in  question.  Xew  York,  like  most  othe 
American  cities,  has  no  special  ordinance  limiting  wh« 
loads  or  motor-truck  speeds,  to  prevent  damage  to  pavt 
ments.  There  are  instances,  however,  where  the  city  1 
collected  damages  for  manhole  covers  broken  by  e0l 
sivelv  heavv  loads.  , 


intact.  The  failure  of  the  pavement  is  wholly  one  of 
crushing  of  the  granite-block  wearing  surface  under  traffic 
. — an  unheard-of  thing  up  to  this  time. 

In  making  repairs,  as  many  of  the  old  blocks  as  were 
sound  were  reused,  but  about  12%  of  new  blocks  was 
required  to  take  the  place  of  those  crushed.  The  blocks 
were  relaid  on  a  1:4  cement  mortar  bedding,  according 
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TYPE  OF  .MOTOR  TRUCK  WHICH  DOES  THE 
DAMAGE 


A  standpipe  having  an  interior  diaphragm  or  bottoi 
so  that  iti5  lower  portion  may  be  used  for  ordinary  storag 
while  its  upper  portion  is  converted  into  an  elevated  pie 
sure  tank  for  fire-protection  sprinkler  service  is  an  intei 
esting  type  of  structure,  of  which  two  examples  are  de 
scribed  below.  Both  of  these  were  designed  and  built  i' 
1iU.5  by  the  Chicago  Bridge  and  Iron  Works,  of  Chica;.'' 

The  combined  stand]iipe  and  tank,  shown  at  the  left  i 
Fig.  1  and  in  Fig.  3,  is  at  South  Polaiul,  Maine.  It  ws 
Ijuilt  for  Hiram  Ricker  &  Sons,  bottlers  of  the  I'olan 
>liring  water.  It  is  30  ft.  in  diameter,  with  a  total  heij;! 
•  if  !)0  ft.  The  tank  portion  is  shallow,  being  formed  1' 
a  segmental  bottom  of  the  builder's  staiulard  type  a' 
larh?d  to  the  inside  of  the  upper  edge  of  the  top  course  > 
shell  plates.  The  capacity  of  this  sprinkler  tank  is  26,00' 
gal.,  while  that  of  the  standpi]ie  proper  is  100,000  gal. 

The  load  of  the  tank  is  carried  directly  by  the  shell ' 
the  standpipe,  stiffeners  being  riveted  only  on  the  U' 
courses,  as  shown  in  Fig.  2.  A  peculiar  feature  is  tlw 
the  stiffeners  are  slotted  in  order  to  provide  openin,!: 
through  which  the  upper  portions  of  the  seams  of  tn 
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tank.  It  is  at  the  plant  of  the  Aiiier- 
icaii  Can  Co.,  at  Maywood,  111.  The 
iliaineter  is  19  ft.,  and  the  total  heiuht 
is  121  ft.  The  standpipe  portion  is 
75  ft.  high  (73  ft.  8  in.  to  water  level), 
with  a  capacity  of  15J:,000  gal.  The 
tank  portion  is  45  ft.  high,  with  a  ca- 
pacity of  90,000  gal.  It  has  a  stand- 
ard hemispherical  bottom,  as  shown  in 
Fig.  2.  For  each  portion  there  is  a 
■2-in.  pipe  for  hot  water,  this  being  of 
i)rass  inside  the  tank  and  standpipe. 
Owing  to  the  much  greater  tank  load  in 
this  case,  the  standpipe  is  reinforced 
for  its  full  height  by  stiffeners  extend- 
ing from  an  outside  5x3-in.  angle-iron 
ring  at  the  level  of  the  ba.«e  of  the  tank 
to  the  base  of  the  standpipe.  These  stif- 
I'eners,  eight  in  number,  are  composed 
of  pairs  of  angles  3x2l4x-f%  m.  They 
are  slotted  at  the  top  for  riveting  the 
tank-l5ottom  seams,  as  in  the  other 
struct\ire.  Between  the  bottom  of  the 
tank  and  the  standpipe  overflow  out- 
let is  a  flat  roof  of  %-in.  plates  sup- 
ported by  (i-in.  channels  spaced  24  to 
'M>  in.  c.  to  c.  and  having  their  ends 
resting  on  an  interior  angle-inm  ring. 


:r,S.    1    .\ND   2.     DETAILS   OF   TWO   COMBINATION  STANDPIPES  AND  T.\NKS 

Fig.  1  (Lett) — Construction  of  combined  standpipe  and  tank  at  South  Poland, 
line,  showing  detail  of  tank  bottom.  Fig.  2  (Right) — Combined  standpipe  and 
nk  at  Maywood,  111.,  showing  tank  bottom  and  pipe  connections 


nk  bottom  could  be  reached  for  riveting.     The  lower 

I  tions  of  these  seams  are  accessible  from  the  inside  of 

-tandpipe.     Another  feature  is  the  use  of  a  safety 

i'T,  having  a  cage  on  the  outer  side  to  prevent  men 

iiu  falling. 

The  water-supply  is  led  to  the  tank  through  an  outside 
in.  pipe  that  runs  horizontally  across  the  top  of  the 
iiidpipe  to  its  connection  at  the  center  of  the  tank  hot- 
A  platform  in  the  standpipe  affords  access  to  this 
connection.  The  overflow  outlet  of  the  standpipe 
-'>  placed  that  the  water  cannot  rise  to  the  level  of  the 
itform.  There  is  also  a  hot-water  pipe  leading  into  the 
"k.     Both  pipes  are  inclosed   in  a   frostproof  casing. 

8-in   pipe  serves  for  both  inlet  and  outlet. 

V  very  novel  and  interesting  feature  in  this  structure 

the  use  of  Armco  rustless  ingot-iron    plates  for  the 

Ilk  bottfjm  and  for  the  upper  courses  (about  30  ft.)  of 

•  standpipe  shell.     As  these  plates  are  not  rolled  in 

4e  sizes,   these   courses  are   only  about  4^/2   ft.   high, 

lile   the   lower   portion   of   the   standpipe   has    7l/^-ft. 

iirnes  of  steel  plate.    The  owners  decided  on  this  use  of 

lal  metal  for  the  rea.sons  that  the  air  lieneath  the  tank 

'111  will  be  laden  with  moisture  and  that  the  upper 

■  of  the  standpipe  will  be  alternately  wet  and   dry, 

nliiig  to  the  varying  level  of  the  water.     The  struc- 

was  given  two  coats  of  gra])hite  ])aint,  one  at  the 

•~  and  the  other  after  erection.    The  frostproof  casing 

l^e(l  two  field  coats  of  gra))hite   ])aint. 

le   combination   standpipe   and    tank   shown    at   the 

''    of    Fig.    3    and    in    Fig.    2    has    a    miicji    larger 

"ixirtion    of     its     conlcnts    utilized     as     a     siM-inkler 
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By  Fkank  S.  Bailey* 
The  diagrams  here  shown  give  the  spacing  of  vertical 
etirrups  in  reinforced-concrete  beams  for  both  the  U-  and 
tlie  "W-shaped  stirrup,  for  rods  of  i%,  %  and  y2-in.  diam- 
eter and  for  steel  tensile  values  of  16,000  and  18,000 
lb.  per  sq.in.  They  are  based  on  the  Joint  Committee 
specifications  according  to  the  formula 
sfsjd 

r 


s 


in  which 

,s'  =  Spacing  of  vertical  stirrups  in  inches; 
(Is  =  Total  sectional  area  of  steel  in  stirrup  in  square 

inches ; 
_/j  =  Allowable    fiber    stress    in    stirrup    per    square 

inch ; 


*Stone    &    Webster    Engineering    Corporation,    112 
River  Road,  Cambridgo,  Mass. 


j  =  Eatio    of    lever    arm    of    resisting    couple   t 

depth  d; 
c?=  Depth  of  beam  to  center  of  steel  in  inches; 
V  =  Total  shear  in  pounds. 
The  formula  is  based  upon  the  assumption  that  twi 
thirds  of  the  total  shear  produces  stress  in  the  stiraf 
and  that  one-third  is  taken  care  of  by  the  concrete.^] 
the  safe  unit  shearing  stress  in  the  concrete  is  t#e 
at  40  lb.  per  sq.in.,  then  the  cross-section  of  the  beu 

must  be  so  proportioned  that  r  =  p-,  shall  not  excee 

three  times  40  lb.,  or  120  lb.  (v  =  shearing  unit  stre: 
and  1)  =  breadth  of  beam  in  inches).  The  minimm 
spacing  of  stirrups  will  be  required  at  the  end  of  the  beai 
where  the  largest  shear  occurs.  The  distance  from  tl 
edge  of  the  supporting  column  or  wall  to  the  first  stimi 
in  the  beam  may  be  taken  as  one-half  the  miniinni 
spacing:  that  is  the  practice  with  one  firm  which  does 
ereat  deal  of  construction.     Another  firm  uses  the  fo 
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l:,'ing  rule:  For  beams  18  in.  or  less  deep,  distance  to 
fit  etirrup  equals  4  in. ;  24  in.  deep,  6  in. ;  over  24  in. 
dip,  8  in.  One  well  known  textbook  advises  placing  the 
f;t  stirrup  2  in.  from  the  support  in  all  eases. 

[n  beams  uniformly  loaded,  as  the  shear  varies  from  a 
r  ximum  at  the  support  to  zero  at  the  center,  the  spacing 
a  any  part  of  the  beam  is  easily  found  after  the  mini- 
r  m  spacing  at  the  support  is  known.  Thus  if  m  = 
I    spacing  at  the  support  and  /  =  the  length  of  clear 

:■  n  then  at  a  distance  -  from  the  support  the  spacing 
vl  be  Vs  "''  ^t  a  distance  -:   tlic  spacing  will  be  2  /«, 

V  ile  at  a  distance  ^  no  stirmps  are  needed.     It  is  rec- 

0  mended  by  the  Joint  Committee  that  the  longitudinal 

8  cing  of  stirrups  should  not  exceed  three-fourths  the 

d  ith  of  the  beam.     Where  concentrated  loads  occur  it 

i  oecessary  to  know  the  shear  at  these  points. 

To  illustrate  the  reading  of  the  diagram,  suppose  a 

t  d  shear  of  40,000  lb.  is  to  be  provided  for  by  a  beam 

i  in.  wide,  where  the  concrete  can  be  safely  stressed  to 

a  lb.  per  sq.in.  and  the  steel  to  18.000  lb.  per  sq.in.  The 

i  t  shear  for  concrete  and  steel  together  ■therefore  must 

b  limited   to    loO   lb.   per   sq.in.    (((uurete   taking   one- 

,     ,  40,000 

t  -d  total   shear)    or   loO 


25.4  in. 


-— ^—        ,  and  d  = 

12    X   I   X  d 

40,000 
i  '  X  12  X  I 

/'ailing  (I  =  26  in.  and  assuming  /jj-in.  square  stirrups 
0  he  W  type  will  be  used,  we  start  at  the  side  of  the  dia- 
g  m  at  an  effective  depth  of  26  in.,  go  horizontally  to  the 
d  :Conal  line  "shear  =  40,000  lb.",  then  vertically  down 
t  the  bottom  where  it  is  seen  that  T^y-in.  W  stirrups 
a  uld  be  spaced  about  6  in.  apart. 

f  a  larger  shear  than  40,000  lb.  were  to  be  designed 
f  the  section  of  the  beam  would  have  to  be  changed — 
b  being  made  wider  or  deeper — and  if  a  shear  of  20,000 
II  only  had  to  be  taken  care  of,  a  considerably  smaller 
»  ion  could  be  used— if  the  shear  alone  were  the  only 
f  :or  to  be  considered.  On  a  lightly  loaded  beam  of 
It  X  span  the  section  necessary  for  resisting  the  bending 
"  'lont  is  often  the  controlling  factor. 


Ne^ 


By  Theodore  R.  Rlnxixg* 


V  new  method  of  determining  the  rate  of  flow  of  water 
«  r  weirs  has  been  tried  in  the  hydraulic  laboratory  of 
'  l^niversity  of  Michigan  with  gratifying  results.  The 
advantage  in  the  new  method  is  that  it  requires  only 
-  ..igle  experiment  for  determining  the  rate  of  flow  of 
•  er  over  a  weir  for  different  heads  and  is  applicable  to 
»  IS  of  high  as  well  as  of  low  heads. 

'  experiment  described  below  was  carried  out  with  the 

lance  of  C.  X.  Ward,  H.  R.  Leach,  T.  A.  Nagler  and 

•5  F.  Sher/er,  all  graduate  students  in  the  College  of 

1*'/ineering,   University  of   Michigan.     To  the  critical 

iiient  and  valuable  suggestions  of  H.  W.  King,  Pro- 

■'  of   Hydraulic   Engineering  in   the   University   of 

a  bigan,  the  writer  is  particularly  indebted. 

'Associate   Professor  of  Mathematics,    University   of   Mlch- 

iin. 


Fig.  1  shows  the  relation  of  the  different  parts  of  the 
tank  and  other  apparatus  used  in  the  experiment.  The 
tank  ABC  had  a  right-angle  V-notch  weir  fitted  into  the 
end  at  C.  The  weir  was  made  from  a  y^-in.  steel  plate, 
beveled  to  a  sharp  edge,  though  not  a  knife-edge.  Inside 
of  the  weir  was  a  closely  fitting  gate  that  prevented  the 
water  from  flowing  out  until  ready  to  begin  the  experi- 
ment. Water  was  pumped  into  the  tank  through  the  pipe 
at  B.  Precautions  were  taken  to  prevent  leakage  through 
this  pipe  after  the  pumping  was  discontinued.  A  stilling 
box  with  float  G  was  connected  with  the  tank  by  the 
opening  F. 

The  recording  apparatus  consisted  of  a  chronograph  •/, 
connected  electrically  with  a  seconds  pendulum  at  K  and 
with  a  fixed  dial  H.  A  fine  wire  was  wound  several  times 
around  a  shaft  to  which  was  attached  a  hand  that  com- 
pleted the  circuit  at  four  points  on  the  dial  H.  One  end 
of  the  wire  was  attached  to  the  float,  and  a  counterweight 
L  at  the  other  end  prevented  the  slipping  of  the  wire  on 
the  shaft.  The  distance  between  two  contacts  on  the  dial 
represented  a  lowering  of  the  water  surface  of  0.108  ft. 

The  pendulum  was  accurately  rated  (single  vibration 
1.19  sec.)  and  made  electric  contact  through  a  drop  of 
mercury  at  K.  Contact  of  the  penduhmi  with  the  mer- 
cury was  indicated  on  the  record  by  a  short  side  move- 
ment of  the  pen  (caused  by  a  small  electromagnet).  Con- 
tact on  the  dial  was  recorded  by  another  pen. 

Part  of  the  record  as  taken  from  the  chronograjih  is 
shown  in  Fig.  2.    This  diagram  is  self-explanatory;  it  may 


Elevcri-ion 

FIGS     1    AND    2.     T.\NK    ARRANGED    FOR    EXPERIMENTS 
.\.ND  PART  OF  CHRONOGRAPH  RECORD 

l)e  stated,  however,  that  fractional  parts  of  a  second  were 
detemiined  by  measuring  the  distance  a,  which  represents 
the  time  between  the  beginning  of  contact  on  the  dial  and 
the  beginning  of  the  last  contact  of  the  pendulum,  and 
dividing  it  by  the  distance  representing  one  second.  Time 
was  read  from  the  record  correct  to  hundredths  of  a 
second,  and  head  correct  to  thousandths  of  a  foot. 

,\fter  filling  the  tank  with  water  and  before  beginning 
the  experiment  it  was  necessary  to  determine  the  height  of 
the  water  surface  above  the  lowest  point  of  the  weir. 
This  was  done  with  a  great  deal  of  care.  The  error  in 
this  determination  was  less  than  0.001  ft. 

The  pendulum  and  chronograph  were  now  set  going, 
and  the  weir  gate  was  quickly  removed.  The  lowering 
water  surface  carried  with  it  the  float,  which  in  turn 
brought  about  contacts  on  the  dial.  After  the  water  had 
lowered  to  within  about  1  in.  of  the  lowest  point  on  the 
weir,  the  chronograjjh  was  stopped  and  the  record  re- 
moved. From  the  record  the  following  sets  of  values  were 
obtained,  //  being  head  in  feet  and  /  time  in  seconds: 


ues  of  h 

Va 

ues  of  t 

Values  of  h 

Values  of  t 

1.661 

9.12 

0.905 

49.22 

1.553 

10.75 

0.797 

63,08 

1.445 

11.94 

0.689 

85.82 

1.337 

16.02 

0.581 

116.60 

1.229 

21.56 

0.473 

165.67 

1.121 

27.75 

0.365 

253.14 

1.013 

37.28 

0.267 

437.28 

G9() 
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The  point  Ironi  which  /  wa.s  inensured  on  tlip  record 
was  arbitrary  and.  as  will  be  seen  later,  ati'ected  in  no 
wav  whatever  tlio  final  result.  It  was  essential,  however, 
that  h  represent  as  accurately  as  possible  the  height  of 
the  water  surface  above  the  lowest  point  of  the  weir. 
The  correspondinsr  values  of  h  and  t  were  plotted  in  Fig. 
3.  For  the  purpose  of  determining  the  law  connecting  f 
and  /(    the  following  sets  of  values  were  read  from  the 


figure 


—163 
—90 
—51 


In  the  foregoing  table  the  values  of  li  were  taken  in 
ii  geometrical  series;  and  since  the  first  differences  (A/) 
of  the  corresponding  values  of  t  form  very  nearly  a  geo- 
metrical series,  we  conclude  that  the  relation  between  the 
variables  is  expressed  to  a  close  approximation  (within  the 
limits  of  the  experiment)  by  the  equation 

/  =  a  +  bh' 
where  a,  h  and  <:  are  constants  to  be  determined  by  the 
data.  These  constants  are  first  determined  approximately. 
Fig.  3  gives  a  graphical  determination  of  a.  The  process 
is  as  follows :  Select  any  three  points  P,  Q  and  R  whose 
abscissas  form  a  geometrical  series,  and  locate  two  other 
points  S  and  T,  as  indicated  in  the  figure.  The  two  lines 
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-O«-0i-0.4-03-K-O.I   0  0.1  02  03  0.4 
Volues     of     Log     h 

PLOTTED  RESULTS  OF  WEIR   FORMUL.\ 
EXPERIMENTS 


PQ  and   >"r  intersect  in  a   point  whose  ordinate   is   n. 
For,  let  the  coordinates  of  the  points  be  the  following: 

P=  (/i„  a  +  hh{); 

Q=  ('•/',.«  +  hh(r): 

R=  {r-h„a  +  bh{r^'); 

,S'=  {h^,a  +  bh{r');' 

T  =  (rh„  a  +  hhlr-'); 
The  equation  of  the  line  through  the  points  /'  and  (J  is 
bhii'-'-l),    ,     ,    ,    ,,,,,       hh{{r'—i) 


t 


K  ('• 


-  1)  ,  ,,  hhi{r'  — 

ly '  +  "  +  '''-  -7=T 


(I) 


t  = 


d  subtractiuf: 


(2)   from  the  re- 


The  equation  of  the  line  through  the  points  S  and  T  is 

K{r—\) 
Multiplying  (1 )  b 
suit,  we  have 

(r<^_l)/  =  (f~V)a  and  /  =  a 
From  Fig.  3  we  see  that  a  is  ajiin-oximately  — 24.  In 
Fig.  4  the  logarithms  of  the  values  of  i  +  24  are  plotted 
to  the  logarithms  of  the  values  of  )i  as  abscis.sas.  The 
equation  of  the  straight  line  that  most  nearly  passes 
through  all  of  the  points  is 

hcj  {t  -\-  24)  =  Imj  01  —  1.4G  lug  h. 


The  irregularity  of  the  points  near  the  high  heads  is  un- 
doubtedly due  to  the  disturbance  caused  by  the  sudden  re- 
moval of  the  gate.     The  approximate  formula  then  is 

i  =  —  24  +  647(-i-^« 
Correcting  the  values  of  a,  b  and  v  by  the  method  of  least 
squares,  we  obtain 

t  =  —  24.438  +  63.647  /*  - ' «»  (3) 

The  differential  equation  that  expresses  the  fluctuation 
of  water  level  is 

Qdt  =  —  Sdh  (4) 

where  Q  is  rate  of  outflow  per  second  of  time,  and  S 

is  area  in  square  feet  of  the  horizontal  section  of  the  tank. 

By  differentiating   (3)   we  obtain 

f/if  = —(63.647)   (1.469)/«- 2.^59  f///  (5) 

Multiplying  this  equation  bv  S  and  dividing  bv  (03.647) 
( 1.459 )'/(- 2*59  ^.g  have 

SI  2.4.i9 

(63.647)  (1.459y'         r/^  =  -  .^  (6) 

Since  the  right-hand  members  of  equations  (4)  and  (6) 
are  identical,  the  left-hand  members  must  be.     The  area 
of  the  mean  horizontal  section  of  the  tank  used  in  the  ex- 
periment (including  the  stilling  box)  was  231.021  sqit ' 
The  left-hand  member  of  (6)  gives  for  the  fonnula  fori 
particular  weir  used  in  the  experiment 

§  =  2.488 /i-«9  q^ 

or  less  approximatelv 

'  Q  =  2.49  A"6 

Since  the  cross-section  of  the  tank  is  about  33  sqj 
the  velocity  of  approach  for  the  maximum  value  of 
less  than  1/3  ft.  per  sec.    The  correction  for  this  velo 
of  approach  is  very  small  and  need  not  be  considered  hi 

For  comparison  the  table  below  may  be  of  interest.  Th^ 
column  headed  Q^  gives  the  values  of  Q  computed  by  for 
mula  (8),  and  the  column  headed  Q.,  gives  the  correspond- 
ing values  of  Q  which  Professor  King  obtained  experi- 
mentally with  the  same  weir  by  another  method  and  whic! 
he  has  kindly  permitted  the  writer  to  use. 

h  Q,  Qo  h  Q,  Q. 

O.ISD  0.027  0.029  1.014  2..';S0  2.614 


0.370 

0.216 

0.529 

0.521 

n.6is 

0.764 

D.GS2 

0.973 

1.202 

3.919 

4.030 

1.324 

4.971 

5.089 

1.433 

6.037 

6.1U 

1.790 

10.440 

lo.sa 

u   ■ 

if 


It  is  noticed  that,  with  one  exception,  the  values  of  Q 
are  larger  than  the  corresponding  values  of  Q^.  Tlii 
can  be  accounted  for,  to  some  extent  perhaps,  by  the  fai 
tbat  in  the  experiments  from  which  the  values  Q.,  wei 
derived  the  pump  was  working  continuously  and  the  watc 
thus  entering  through  the  pipe  at  B  would  give  to  th 
water  in  the  tank  a  slightly  greater  velocity  of  approacl 
than  that  of  the  water  in  the  experiment  from  which  thi 
values  of  Q  w-ere  obtained. 

.Vnother  element  that  may  help  to  account  for  tb 
difference  in  the  corresponding  values  of  Q  is  the  posaiWt 
lagging  of  the  water  in  passing  from  the  smaller  into  flu 
larger  tank  through  the  opening  at  F.  Through  such  i 
large  opening,  however,  the  lagging  would  be  slight  > 
most. 

It  may  be  well  to  point  out  that  the  method  describei 
is  very  well  adapted  for  experiments  on  the  flow  of  wate 
through  pipes. 

A  Stnnilard  Ciiiiucily  for  l.lnii-  lliirrriM  was  tixed  by  an  BC 
of  CoiiKress  approved  on  Aug.  23.  The  law  specifies  tw 
sizes  of  barrel — a  small  barrel  to  eontain  ISO  lb.  net.  and 
larger  barrel  containing  280  lb.  net.  Lime  may.  however.  I' 
sold  in  smaller  containers  than  the  small  barrel,  provided  tl' 
net  weight  is  stenciled  upon  the  package. 


iOctober  1-i,  19t(* 


!•:  -X  (i  J  A"  K  E  R  1  X  ( ,     X  K  W  S-  - 


6&< 


M^mcipal  Docllis  atl  Astoria 


By  J.  P.  Xewell* 


SYNOPSIS — Tiru  piers  jus!  f'</iii jili'lcil  in  iiiiiiii- 
cipal-dock  enterprise  on  north  Pacific  Coast.  Struc- 
tural design  of  piers  fine  example  of  modern  tim- 
ber and  earth-fill  wharf.  Unu.^iial  detail  in  lagging 
to  hold  fill.  Pier  sheds  of  limber,  'concrete  and  clay 
tile,  specially  designed  to  be  fireproof. 

The  Port  of  Astoria,  Astoria,  Ore.,  at  the  iiioutli  of  the 
(  umbia  River,  has  been  engaged  for  the  past  two  years 
L  constructing  numicipal  terminals  for  the  accommoda- 
1 1  of  ocean-going  traffic.  Two  piers  1,300  ft.  long 
h  e  been  built,  inclosing  a  slip  400  ft.  wide  at  the  en- 
t  Qce  and  250  ft.  at  the  rear  end.  Some  features  of  the 
c  struction  are  believed  to  be  novel  and  of  interest  to 
e  :ineers. 

The  general  type  is  that  of  n  pile  structure  inclosing 
d  earth-fill  (Fig.  3).    The  bulkhead  is  l.OOO  ft.  in  length 


to  form  a  1  on  2  slope,  the  lower  edge  of  each  panel 
beiug  2  ft.  lower  than  tlie  toj)  of  the  one  next  below  it. 
Hemlock  planks  were  used  for  lagging,  with  3.\-l(5-in.  lir 
stay  lath  spiked  on  about  4  ft.  apart.  Panels  100  ft. 
long  were  built  in  place  against  the  piles  at  the  water 
surface.  Guide  piles  were  tried  at  first  to  hold  the  panels 
during  the  sinking  but  on  account  of  the  tendency  to  move 
endwise  it  was  found  better  to  u.se  yokes,  each  composed 
of  two  %-in.  bolts  and  an  Sx8-in.  by  6  ft.  timber,  ample 
room  being  left  to  allow  for  irregularities  in  the  spacing 
of  the  piles.  At  least  four  yokes  were  used  for  each  panel, 
and  they  were  placed  alternately  at  the  top  and  bottom 
edges. 

The  chief  difficulty  in  sinking  was  caused  by  rapid  flow 
of  the  tides,  which  vary  from  4  to  12  ft.,  with  a  maxi- 
mum velocity  of  4  mi.  per  hr.  The  sinking  was  accom- 
plished by  means  of  a  piledriver  at  each  end  of  the  panel. 
.\  ■■push-ilown  stick."  f\m.  S(|uare  and  about  50  ft.  long. 


FIG.  1.   LOOKi.vo  OUT  ri'oN  'Piii:  Ni;\i: 


•  V   COMPLETED  MU.NICIPAL  DOCKS  AT  ASTORIA,  ORE. 


ilie  entire  area  inclosed  is  43  acres,  filled  to  grade 

Hiaterial  dredged  from  slips  and  channel.    The  orig- 

lepth   of  water  at  mean   low   tide   varied   from    0 

ft.,  averaging  15  ft.     The  slips  liave  been  dredged 

t'  I  (leptii  of  30  ft.,  but  an  extra  depth  of  5  ft.  is  con- 

tc  plateil  at  a  later  date.     The  first  dredging  was  done 

■    :■■  the  toe  of  the  slope  to  perun't  the  lagging  to  be 

4. 

iic  method  of  holding  the  sand-fill  in  place  is  shown  in 
fj.  3.  Against  rows  of  piles  10  to  l(i  ft.  apart,  panels 
B  le  up  of  (;xl2-in.  lagging  were  placed  in  steps  so  as 


I'Newell.    OoflBCtt    anfl 
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with  scalis  bolted  on  the  lower  end  to  make  a  fork,  was 
framed  in  the  loads,  the  hammer  being  removed.  The  pile 
line  was  attached  to  the  top  of  the  stick  and  run  through 
a  block  at  the  bottom  of  the  leads  and  thence  to  the  drum. 
.\  shorter  stick  for  each  driver  was  set  up  at  an  interme- 
diate point  and  held  in  place  by  a  turn  of  a  lino  around 
a  pile.  For  these  the  blocks  were  fastened  at  the  water 
surface  and  the  lines  carried  to  the  niggerlieads  on  the 
drivers.  By  means  of  these  lines  the  ])anels  were  pushed 
down  to  the  pi'oper  dejitli  and  held  there  by  stay  lath 
bolted  to  the  piles. 

I'Acept  for  an  occasional  stay  lath  broken  by  drift  logs, 
but  little  ditficulty  was  found  in  holding  the  panels  below 
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FIG.    2.     GENERAL   PLAN   OF   /  STORIA    MrNICIPAL    DOCKS 

low  water,  but  with  those  between  liioh  and  low  tide 
considerable  trouble  was  experienced.  The  southwest 
Kales  sometimes  reached  a  velocity  of  (iO  mi.  per  hr..  with 
a  sweep  across  2  or  3  mi.  of  open  water  Ijefore  reaching 


was  sutficient,  but  the  clayey  material  would  find  its  -iva 
out  through  even  the  smallest  opening.  Cracks  wev, 
battened  with  inch  boards  and  burlap,  btit  in  spite  of  al 
precautions  breaks  occurred  which  had  to  be  stopped  wit! 
Inush  and  sacks.  An  additional  foot  of  seal  would  ha\ 
reduced  these  troubles,  but  the  e.xtra  expense  would  no 
have  been  justified.  Wave  action  caused  some  damafri 
Ij}-  washing  out  sand  over  the  top  of  the  lagging,  and  i 
was  found  necessary  to  follow  up  closely  with  the  ripra]i 
The  slopes  were  covered  with  rock  from  1  to  -t  ft.  deep 
In  sheltered  places  the  riprap  was  carried  down  to  oni 
about  5  ft.  under  low  water,  the  lagging  being  relied  n 
to  protect  the  fill  below  that  level.  Eock  from  egg  siz. 
to  2  ft.  in  diameter  was  used,  the  object  being  to  mak 
the  densest  possible  covering  in  order  to  protect  the  fin, 
sand  underneath.     About  35,000  yd.  was  required. 

Details  of  Track  Layout 

Special  attention  has  been  paid  to  track  facilities.    Ii 
the  rear  of  the  building  the  tracks  are  arranged  in  sban 
spurs  holding  two  cars  each,  with   platforms  between 
This  enables  cars  to  be  "spotted"  with  the  least  possible  in- 1 
terference  with  the  loading  of  other  cars. 

The  herringbone  tracks  serve  only  for  freight  passing 
through  the  building.    A  three-rail  track  is  provided  ali 
the   front  side  of  the  dock   for  freight  passing  direCH} 
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FIG.  :j.     DETAILS!  OF  PIER  .\ND  SUED  .\T  .VSTOKIA  DOCKS 


tiie  (lock  site,  'i'lu^  lagging  had  to  witiistaiid  the  force 
of  the  waves  tlius  created  until  it  could  he  sup])ortcd 
by  the  I)ack(illing. 

.\s  soon  as  the  lagging  bad  been  placed  a  sullicient  dis- 
tance ahead,  material  from  the  slip  was  pumped  in  behind 
it.  A  suction  dredge  with  21-in.  pipe  was  used,  and  1,- 
250,000  yd.  was  deposited  in  the  piers.-  Dredging  opera- 
tions extended  from  September,  1014,  to  May,  1!)1-").  The 
material  handled  was  nu)stly  fine  heavy  sand,  but  the  re- 
nuiinder  was  sand  mixed  witii  finely  divided  clay,  making, 
when  pumped,  a  nearly  fluid  mass.  Below  low  water 
there  was  very  little  difnculty  in  holding  the  dredged 
material.  Above  low  water  the  presence  of  clay  caused 
frequent  blowouts  with  considerable  loss  of  material. 
Witii  clean  sand  the  2-rt.  seal  between  successive  panels 


between  t-ars  and  ships.  This  arrangenu'nt  penults  can 
to  be  i)laced  cIo.se  to  the  edge  of  the  dock  or  at  a  sufficien 
distance  back  to  make  room  for  handling  slings.  It  gTTOi 
most  of  tlie  advantages  of  a  double  track,  with  a  saving  o 
space  and  conse(iuent  distance  of  trucking. 

Building  Constiuiction 

The  building  on  Pier  1  occujues  the  side  and  the  end  » 
the  pier  and  is  1,08.")  ft.  in  length  by  i)0  ft.  in  witlll 
The  frame  is  of  timber;  all  inclosing  walls  and  the  Ii* 
fire  walls  are  built  of  Denison  interlocking  hollow  ti'- 
The  roof  is  carried  on  transverse  wooden  trusses,  the  Wii 
ends  being  supported  on  rein  forced-concrete  coluiiui 
which  are  in  turn  incased  with  l-in.  tile.  The  curtin 
walls  between  columns  arc  S  in.  in  thickness,  reinforn 
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G.  4.    INTERIOR  OF  ONE  OF  THE  ASTORIA  PIER  SHEDS 

th  %-in.  horizontal  rods  every  3  ft.  in  height,  grouted 

the  joints.  All  fire  walls  are  12  in.  thick  and  extend 
ft.  above  roof  lines. 

,  A  driveway,  with  a  elear  width  of  2i'>  ft.,  extends  the 
i  tire  lengtli  of  the  building.     The  bent  centers  are  15 

6  in.  ajiart.    Doors  and  windows  are  placed  in  each  al- 

■nate  bay.     The  doors  are  a  standard   type  of   roller 

I  el  door,  with  a  clear  width  of  opening  of  13  ft.     The 

I  )structure  has  been  designed  to  carry  ?50  lb.  per  sq.ft. 

'  le  windows  are  all  of  steel  sash  set  directly  in  tiie  tile- 

rk,  eliminating  the  conunon  objections  found  in  the 
•  ■  of  wooden  frames.  The  steel '  sash  has  been  glazed 
1  'oughout  with  y^-in.  ribbed  glass.  Owing  to  the  con- 
1  uous  monitor  windows  and  the  use  of  white  paint  on  the 
i  erior,  the  dock  is  exceptionally  well  lighted. 

The  electric  wiring  has  been  run  in  c:onduit,  \\ith  alt 
<  .lets  located  on  the  truss  chords.  Control  cabinets 
!  located  on  the  fire  wails,  and  additional  switches  con- 
'  liently  placed  govern  small  groups  of  light  for  loading 
1  rposes. 

FiRK  PliOTICCTIO.V    Sl'IX-IAI.l.V    CONSIDKUKD 

The  building  is  well  ecpiijiped  with  fire-fighting  appa- 
I  us.  In  addition  to  a  dry-pipe  sprinkler  system  the 
i  erior  is  protected  by  2l^-in.  standpipes  with  hose  at- 
i  hed.  Outside  fire  hydrants  are  located  at  regular  intcr- 
'  s,  and  all  hose  and  hydrant  connections  are  the  same 
i  the  city  standard. 

In  addition  to  the  special  fire  protection  there  are  six  3- 
i  water  lines  carried  to  the  face  of  the  dock  to  jn-ovifle 
\  ter-fiupply  for  ships ;  these  are  terminated  by  a  Siamese 
^.,  )ranch  having  a  fire-hose  coupling.  A  .50,()()()-gal.  tank 
i|  jsed  as  an  auxiliary  supply  to  the  main  water-supply 
i  m  the  city  mains. 

The  sprinkler    system    jnoper,    not    including  supply 

li  ins,  includes  2,550  heads  and  cost  $12,000.     The  hy- 

t  nte,  standpi])es,  water-mains  and  tank  were  let  under 

If  aratc  contracts  and  aggregate  an  additional   $S,.')00. 

"^  is  e(|ui[)incnt,  together  with  the  type  of  building,  has 

•  possible  a  very  low  rate  of  insurance  on  the  build- 

:is  well   as   on   commodities    placed    in   storage,   the 

i^'c  rate  being   lOc.  on  a  -i-yv.  jiolicy. 

liA.\II'    K(iLII'.Mi;NT 

'  untiiipiilifin  of  tli(!  transfer  Imsiness  six  small  slips 
I  '■  licen  provided  with  adjustable  ramjjs  for  tlu'  handling 
0  freiglit  to  and  from  river  boats  and  barges.  The  ramp 
f  tfohns  have  been  eijuippcd  with  an  especially  designed 


hodstei'  rliain  to  carry  the  loaded  trucks  u])  tlr.'  incline. 
J'wo  lial  to])  rluiins  uw  used,  running  on  rolic's  in  channel- 
iron  guides  placed  on  the  same  centers  as  tlie  wheels  o'' 
the  trucks  used  on  the  dock.  The  chains  are  driven  by 
sprocket  wheels  mounted  on  the  hinge  shaft  and  have  semi- 
attached  steps  that  engage  the  truck  wheels  until  the  top 
of  the  incline  is  reached,  when  they  automatically  droj) 
and  pass  through  the  opening  in  the  floor  with  less  thai 
l/4-in.  clearance,  eliniinating  the  fre(Hient  accidents  hereto- 
fore met  with  in  the  use  of  the  various  types  of  boosters 
on  the  market. 

The  railroad  tracks  are  carried  across  the  slips  by  mov- 
able platforms  that  are  raised  and  suspended  above  the 
openings  when  the  slijjs  are  in  use.  The  raising  of  the 
platfonn,  the  adjustment  of  the  ramp  and  the  driving  of 
the  booster  chain  are  ai-complished  by  means  of  a  ii/^-lip. 
alternating-current  motor  placed  under  the  dock  floor, 
as  shown  in  Fig.  5,  controlled  by  a  drum-type  controller 
with  reversing  handle  connected  with  reversing  variable- 
S])eed  motor.  The  three  levers  controlling  the  various 
operations  are  interlocking  and  engage  friction  clutches 
under  the  dock  floor.  .V  speed  of  280  ft.  per  min.  for 
the  travel  of  chain  was  found  to  be  the  most  efficient. 

The  cost  of  a  ramp  complete,  including  steel  trussed 
beams,  all  mechanical  e(|ui|imcnt  and  power  ii-ansinission. 
was  $.3,000. 

A  satisfactory  improvement  has  l)een  made  in  the 
cleats  by  the  extension  of  the  l)ack  ])art  to  a  ln'aring 
on  a  timber  a  foot  below  the  stringpiece  on  wiiiih  the 
cleat  rests.  This  prevents  bending  or  shearing  strains  on 
the  bolts. 

Data  on  Vsit  and  Totai.  Costs 

The  price  ])aid  for  dredging  was  12c.  per  yd.,  but  this 
figure  was  made  possible  only  by  the  fact  that  the  work 
was  measured  in  excavation,  so  that  losses  due  to  wash 
outs  did  not  fall  on  the  contractor.  The  bulkheads  were 
built  and  maintained  under  a  separate  contract.  The  work 
was  handled  in  such  a  manner  that,  when  a  blowout  oc- 
curred, the  delivery  of  material  was  changed  to  some  dis- 
tant point  until  repairs  could  be  effected.  The  dredge 
was  in  practically  continuous  operation,  delays  owing 
to  lack  of  a  place  to  deliver  material  aggregating  not 
over  three  days  for  the  entire  eight  months  of  operation. 


FIG.   5.    DETAILS  OF    FIMOKJHT    HANDLER   "UOOSTER"   ON 
A.STdUlA   I'lER 
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Stomiv  weather  and  aceirlents  to  machinery  resulted  in 
interruptions  amounting  to  about  30  days.  Shifting 
dredge,  elianging  pipe  lines,  moving  pontoons,  and  failure 
of  the  power  company  to  supply  current  caused  delays, 
equal  to  about  one-third  of  the  time  from  beginning  to 
end  of  construction.  The  work  was  reasonably  profitable 
to  the  contractor.  The  substructure  up  to  the  joists  was 
let  in  one  contract  at  the  following  prices: 

straight  piles,   $2  each,  plus  10c.  per  ft. 

Brace  piles.  $5  each,  plus  10c.  per  ft. 

Miscellaneous  lumber,  $20  per  M 

Caps,   $15  per  M 

Lagging,   $20  per  M 

Wrought   iron,   5c.    per  lb. 

Cast  iron,   4i4c.   per  lb. 

All  material  paid  for  in  place 

The  going  price  for  timber  at  the  mills  was  $12  per  M 
for  dimension  stuff.  Contractors  at  the  time  of  letting 
were  willing  to  take  work  at  very  low  figures  in  order  to 
keep  their  outfits  busy.  The  above  prices  are  about  20% 
too  low',  the  loss  being  considerable  on  caps  and  lagging, 
making  allowance  for  reasonable  profit.  The  proper 
schedule  of  prices  at  that  time  would  have  been  as  follows  : 

straight  piles,  $2.50  each,  plus  lie.   per  ft. 

Brace   piles,   $5   each,   plus   lie.   per   ft. 

Miscellaneous  lumber,   $22. 

Caps,  $1S. 

Lagging,   $26 

Wrought  iron,  6c. 

Cast  iron,  4  l^c. 

The  contract  jirices  for  the  superstructuiv  were:  Tim- 
ber in  decking  and  platforms,  $18,50  per  M;  iron,  4c.  jjer 
lb. ;  building  complete  above  deck,  $68,000.  These  prices 
were  10%  too  low  foi-  reasonable  profit. 

The  contractor  for  the  substructure  was  the  J.  A. 
McEachern  Co.,  of  Seattle;  for  the  superstructure,  C.  L. 
Houston,  of  Astoria,  Ore. ;  for  the  dredging  and  filling, 
Tacoma  Dredging  Co.,  of  Tacoma.  The  booster  was  de- 
signed and  constructed  by  Helser  &  Unden,  of  Portland, 
Ore.  F.  J.  Walsh,  of  Newell,  Gossett  &  Walsh,  Port- 
land, Ore.,  was  Chief  Engineer:  E.  R.  Bartlett,  Assistant 
Engineer  in  charge  of  designing;  and  K.  E.  Ilodgman, 
Assistant  Engineer  in  charge  of  fieldwork. 


A  piece  of  railway  construction  which  is  notable  and 
interesting  from  several  points  of  view,  is  the  building 
of  the  second  track  on  the  Wyoming  division  of  the 
Union  Pacific  R.R.  from  Emory  eastward  to  Wahsatch, 
the  summit  of  the  Wahsatch  Mountains,  near  the  boun- 
dary of  Utah  and  Wyoming.  This  work  is  through  the 
famous  Echo  Canon,  and  is  one  of  the  two  places  on  the 
Wyoming  division  of  the  Union  Pacific  where  the  reduc- 
tion of  the  gradients  to  a  maximum  of  0.82%  or  4-3.3  ft. 
per  mi.  is  not  feasible.  The  other  i)lace  is  from  Cheyenne 
westward  to  Buford. 

The  stretch  from  Emory  to  Wahsatch  up  the  head 
waters  of  Echo  Creek,  about  131/^  mi.  long,  which  is  now 
under  construction,  presents  some  interesting  ])roblems 
in  railway  location.  This  is  a  part  of  the  original  line 
located  in  1864  l)y  Samuel  B.  Reed,  who  .selected  the 
\\'eber  and  Echo  Canon  route  as  the  most  feasible  out- 
let from  the  (ircat  Salt  Lake  Basin  to  the  Ea.st,  after 
many  explorations  and  reconnoissanccs  made  under  try- 
ing conditions.  He  went  overland  by  stage  to  Salt  Lake 
City  and  worked  eastward. 

The  double-tracking  of  tiie  line  througji  fliis  mountain 
pass  is  a  part  of  the  extensive   i)rogram  of  iK'ttermcnt 


adopted  by  the  Union  Pacific  management  in  1898.  Ti 
construction  work  was  inaugurated  some  time  later  I 
J.  B.  Berry,  then  chief  engineer  of  the  company.  .\ 
most  complete  study  of  the  problem  was  made  from  tli 
previous  surveys  and  explorations  and  from  new  survc 
These  studies  were  continued  down  to  the  commencenic 
of  the  work  on  this  section  last  fall. 

A  profile  of  the  original  line  (with  some  subseqiu 
improvements)  is  shown  in  the  upper  part  of  the  opp. 
site  page  and  tlie  profile  of  the  new  second  track 
the  lower  part.  A  study  of  these  will  prove  iiitr 
esting,  if  it  is  borne  in  mind  that  the  new  line  shi» 
great  improvement  over  the  old  in  other  ways  tli; 
grade  reductions  (see  accompanying  table)  ;  althou- 
the  actual  decrea.se  in  total  ascent  is  only  ITi/o  i^ 
and  the  saving  in  distance  is  practically  nothing,  t 
saving  in  total  curvature  is  more  than  a  half.  The  in 
line  has  a  fairly  uniform  grade  of  1.14%  (compensate- 

COMPARATIVE    SUMMARY    OP    OLD    AND    NEW    LINES  0 
UNION  PACIFIC  R.R.,  WAHSATCH  TO  EMORY,  UTAH 

Via  Present 

Operated  Via  Difterenc  I 

Physical  Characteristics           Line  New  Line  Saving 

Distance     16.159  mi.  15.S17  mi.  0.34»,ni 

Maximum   curve    6°  00'  3°  00'  3'  01  ; 

Total   curvature    (angle)...    1,321°  43'  564°  04'  757*  J! 

Total   curvature    (length)..      7.654  mi.  5.703  mi.  1.951,111 

Per  cent,  of  line  on  curve..        47.3%  36.1%  11.W 

Maximum  grade,  eastljound          1.77%  1.14%  VSfl 

Total    ascents,    east  bound..      905.40  S87.92  17.48 

Maximum  grade    93.0  60.0  33.0 

or  60  ft.  per  mi.,  while  the  grades  on  the  old  line  oi 
the  approach  to  the  summit  average  about  1.7%  wifli 
maximum  of  1.7'i'%  or  93  ft.  per  mi. 

This  was  accomplished,  however,  only  at  large  expens 
as  may  be  judged  from  the  very  heavy  grading  on  th 
new  line  as  shown  on  the  profile.  There  are  three  tuD 
nels  in  this  U-mi.  stretch,  and  several  fills  of  a  hal ' 
million  cubic  yards  or  more  each,  one  of  which  has 
maximum  height  of  nearly  130  ft.  The  cost  of  these  13^ 
mi.  is  in  excess  of  $3,000,000,  which  proves  the  trut' 
of  the  statement  made  by  Mr.  Berry  in  1904  that  th 
great  reduction  in  curvature  and  grades  would  not  stan 
as  a  criticism  of  the  work  of  the  pioneer  engineers  wh 
made  the  original  location.  The  original  lines  locate 
under  the  direction  of  the  late  Gen.  Grenville  M.  Dodg< 
chief  engineer,  was  allowed  by  law  a  maximum  gradien 
of  116  ft.  per  mi.,  yet  the  grades  were  actually  held  dow 
to  a  maximum  of  about  90  ft. 

As  shown  in  the  plan  the  new  second  track  i 
never  more  than  2,000  ft.  from  the  old  track.  It  lie 
njostly  on  the  north  or  oi)])osite  side  of  the  canon, 
crosses  the  old  line  at  two  ])laces. 

Much  of  the  country  is  picturesque  and  in  the  cafio 
between  the  two  tracks  is  a  portion  of  the  now  faniou 
fvincoln  Higiiway.  The  accompanying  views  show  th 
|)rogress  of  the  work  on  June  1,  in  the  vicinity  of  Castl 
Hock,  Utah.  The  chief  engineer  of  the  Union  Padfi 
R.R.  is  R.  L.  Huntley,  to  whom  Eiu/inecring  .VctP*  ) 
indebted  for  the  iilan  and  i)rofiles. 


In.spee«lon  of  C'liMt-Iron  ripi-  for  the  Chicago  water-worl- 
in  1015  cost  $12,150,  or  27. Se.  per  ton  for  the  44,769  tons  testi 
The  percentage  of  pipe  rejected  was  34.4%.  The  cost  of  i' 
:-.peetion  was  much  larger  than  in  previous  years,  owl" 
chiefly  to  the  fact  that  a  large  number  of  foundries  are  ' 
the  field,  requiring  many  more  inspectors,  while  the  tonnat 
iif  pipe  purchased  did  not  increase  In  proportion.  .Ml  " 
.spection  work  of  the  Department  of  Public  Works  is  don 
by  the  Testing  Division  under  the  supervision  of  L.  S.  Marsl 
engineering  chemist   in   charge. 
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By  L.  G.  \YAiiitEX* 

In  grouting  the  concrete  tunnel  shell  of  the  shore  tun- 
nel, Linwood  Ave.  intake,  Milwaukee,  Wis.,  a  recipro- 
cating pump  operated  by  air  was  used  with  great  success. 
The  original  intention  was  to  \ise  a  Caniff  grouting  ma- 
chine and  grout  proportions  of  1  cement  to  2  of  sand. 
However,  early  in  the  work,  in  grouting  hack  of  the 
timber  bracing  and  shell  of  Shaft  1  a  trial  was  made 
of  a  No.  4-A  Cameron  pump  operated  by  air  and  pumping 
neat  cement  grout.  In  this  case  the  grouting  behind  the 
upper  portion  of  tlie  timbering  entirely  closed  the  water- 
l^earing  area  and  greatly  aided  the  subsequent  shaft- 
sinking  operations,  and  the  grouting  behind  the  shaft 
concrete  made  the  shaft  absolutely  water-tight.  This  suc- 
cess with  the  pumping  method  led  to  the  almost  exclusive 
use  of  the  pump  for  grouting  in  the  tunnel. 

Several  other  reasons  were  of  influence  in  deciding 
on  the  use  of  a  pump  in  place  of  a  pneumatic  grouting 
machine:  The  pump  reduces  the  volume  of  entrained 
air  forced  with  the  grout  as  compared  with  an  air-ejection 
tank  grouting  machine ;  it  removes  the  danger  of  distiirb- 
ing  and  rupturing  the  excavation  roof  behind  the  con- 
crete— as  may  occur  in  gravel,  sand  or  other  soft  soils — 
by  the  high-pressure  blast  of  air  coming  from  a  tank 
grouting  machine;  it  secures  a  more  iiniform  flow  of 
grout;  it  eliminates  the  periodic  batch  placing  that  a 
.single  tank  machine  effects;  and,  finally,  it  reduces  the 
possibility  of  rupturing  the  concrete  shell  with  unbal- 
anced air  pressures. 

The  results  thus  far  secured  witli  the  pumping  of  grout 
in  the  tunnel  include  steady  flow  of  grout,  greater  area 
and  distance  covered  from  one  grouting  pipe,  very  small 
volume  of  entrained  air,  great  speed  of  placing  and  the 
ready  possibility  of  continuous  operation. 

Neat  cement  grout  mixed  to  liquid  consistency  has 
been  used  throughout.  The  procedure  in  groiiting  a  drift 
after  completing  the  tunnel  shell  to  the  face  is  to  place  a 
double  bulkhead  of  3  in.  or  G  in.  of  timber  and  9  to  12 
in.  of  concrete  against  the  face,  allowing  this  to  set, 
and  then  grouting  through  short  pipes  previously  set  in 
the  tunnel  shell.  The  bulkhead,  while  it  is  an  extra 
expense  and  delay,  is  Justified  by  securing  a  high  pres- 
sure of  grout  and  assuring  the  sealing  of  the  concrete 
shell  against  loss  of  compressed  air.  The  high  grout 
])rcssure  obtained  gives  a  very  tight  result. 

The  grouting  pump  was  placed  on  the  tunnel  floor  with 
an  open  barrel  as  a  grout  reservoir  attached  by  2-iu.  pipe 
to  the  suction  of  tlie  pumj).  Above  the  barrel  an  ordi- 
nary mortar  box  was  placed,  with  opening  covered  by  a 
screen  arranged  to  discharge  into  the  barrel.  A  1-in. 
water  pipe  discharged  continuously  into  the  mixing  box. 
Two  laborers  unloaded  cement  in  bags  from  the  tunnel 


cars  and  dumped  the  cement  into  the  mixing  box.  Tw 
other  laborers  continuously  mixed  the  cement  and  moi 
tar  by  hoes.  The  grout  as  fast  as  mixed  flowed  from  ti 
mixing  box  into  the  barrel  and  from  here  was  drawn  inl 
the  pump  and  ejected  through  the  discharge  pipe,  ti 
operation  thus  was  continuous  mi.xing  and  placing.  Tl 
required  force  consisted  of  the  four  laborers  and  one  fori 
man,  the  latter  supervising  the  pump  operations  as  we 
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as  directing  the 
mixing. 

Allien  leakage  of  grout  showed  through  the  concn 
shell  in  the  form  of  very  small  streams,  they  were  ^ 
with  small  sharpened  wooden  plugs.  However,  as  loi 
as  the  leakage  was  clear  water,  it  was  allowed  to  ru 
Only  when  grout  showed  in  the  water  was  it  plugjt 
Clear  water  always  showed  before  the  grout  started 
escape.  When  leakage  developed  over  a  large  aTM 
lliat   plugging  would  not  be  successful,  a  grouting  p 
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Js  used.  This  was  a  board  jjadded  with  waj^te,  hehl 
il  ao^ainst  the  leaking  area  by  a  trench  jack.  The  grout- 
iij  pad  gave  satisfactory  results. 

Bran  was  mixed  (one  handful  of  bran  to  one  bag  of 
Client)  with  the  liquid  grout  in  the  barrel  reservoir  to 
8,  as  an  aid  to  the  wooden  plugs  and  grouting  pad  in 
s  pping  leaks.  The  bran  was  a  valuable  agent  in  clos- 
i:  small  leaks. 

The  maximum  hourly  rate  of  placing  neat  grout  by  the 
riup  method  has  been  86  bags,  and  the  average  rate  72 
Ijs.  Placing  bags  behind  4,405  lin.ft.  of  tunnel  shell 
Y-  averaged  4.605  bags  per  foot.  The  maximum  travel 
c  the  grout  over  the  concrete  arch  from  one  pipe  was 
3')  lin.ft.  and  the  average  travel  60  ft. 

That  the  grouting  resulted  in  a  tight  seal  of  the  tun- 
I    shell  was  evidenced  well  liy  a  particular  case  in  tlie 

8  th  heading  of  Shaft  2.  After  removal  of  the  tempo- 
r  y  face  bulkhead  placed  for  grouting  purposes  the  tunnel 
p  ssure  dropped  only  one-half  pound  in  one  hour — from 
1/2  lb.  to  19  lb. — with  all  compressors  out  of  action. 
1  is  occurred  three  days  after  grouting  the  heading,  then 

9  I  ft.  from  the  air  lock. 

1  rrouting  is  begun  whenever  a  heading  shows  high  loss 
0  compressed  air ;  then  the  shell  is  completed  up  to  the 
1 3,  the  face  bulkhead  erected  and  grout  pumping 
a  rted.  With  one  exception,  grouting  has  given  relief 
f  m  the  loss  of  compressed  air.  Without  the  aid  of 
g  uting  to  seal  the  porous  soil  against  excessive  air 
I ;,  mining  progress  would   be  greatly   reduced. 

\'hile  the  grout  travels  a  long  distance  backward  along 
t  tunnel  shell,  its  forward  travel  into  the  soil  in  the 
f;  3  is  slight.     Although  grouting  has  been  done  witliin 

2  ft.  of  a  gravel  and  sand  face,  the  grout  refuses  to 
p  etrate  the  sand  to  any  depth  and  does  not  penetrate 
t  gravel  more  than  3  in.  The  sand  in  the  gravel  stops 
il  travel  almost  at  once. 

)nly  in  two  cases  did  the  grout  penetrate  the  face 
n  erial.  One  of  these  cases  was  that  of  grouting  through 
ti  arch  37  ft.  from  the  face  bulkhead.  Here  grouting 
«    continued  until  the  pump  was  stalled  by  the  back 
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pressure,  and  at  this  same  time  it  was  noticed  that  the 
timber  bulkhead  at  the  face  started  to  distort.  On  ad- 
vancing the  lieading  after  the  bulkheads  were  removed, 
it  was  found  that  grout  luid  penetrated  the  gravel  and 
boulder  deposit  in  the  face  and  roof,  coming  down  from 
the  roof  a  depth  of  2  ft.  and  traveling  for  a  total  dis- 
tance of  17  lin.ft.  ahead  of  the  bulkhead.  Thus  the 
grout  had  a  total  length  of  forward  travel  of  54  ft.,  of 
which  37  ft.  was  beliind  the  arch.  In  this  case,  however, 
the  face  material  was  proved  to  be  very  porous  by  the 
fact  that  ])revious  to  grouting  a  heavy  escape  of  com- 
pressed air  had  occurred  through  the  roof  and  face  of  the 
excavation.  In  another  case  the  grout  traveled  in  sandy 
gravel  deposit  a  distance  of  7  ft.  ahead  of  the  grouting 
bulkhead. 

Interesting  data  have  been  secured  as  to  the  endurance 
of  pump  lining  and  packing  in  grouting  with  neat  cement 
grout.  Brass  lining  .sleeves  average  a  life  of  1,000  bags 
of  cement.  Pump  packing  requires  replacing  after  the 
pump  has  delivered  500  bags.  A  steel  lining  sleeve  was 
tried  as  a  substitute  for  the  brass  sleeve ;  it  gave  longer 
life  than  the  brass  and  quite  satisfactory  operation. 


Uiacdleip  IR.aalwsi5^  T2=siiB!l® 

Deterioration  of  the  stone  piers  of  the  old  single-track 
tlirough  Pratt  truss  bridge  of  the  Philadelphia  &  Reading 
Ey.,  over  the  Susquehanna  River  at  Ilarrisburg,  has  made 
necessary  the  ca])ping  of  the  weakened  piers.  This  work 
has  been  going  on  for  some  three  years  and  is  not  per- 
mitted to  interfere  with  the  normal  traffic  of  the  road. 

Timber  falsework  l)uilt  up  from  the  river  bed,  as  shown 
in  the  sketch,  supports  the  trusses  during  the  rebuilding 
of  a  pier.  When  the  load  has  been  taken  011  the  false- 
work, the  top  of  the  pier  is  torn  off  down  to  sound  stone. 
A  form  is  then  built  around  the  top,  and  i/^-in.  rein- 
forcement rods  aic  phued  as  shown.  The  concrete  is 
a  1:2:4  mixture. 
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FIG.    2.    TRUSSE.'^    ON    FALSEWORK    DURING   CAPPING 

ilaterials  are  supplied  by  work  train.  This  runs  out 
on  the  bridge  to  the  particular  pier  under  reconstruetion. 
and  the  materials  are  delivered  on  a  platform  near  the 
top  of  the  falsework  tower. 

The  work  is  proceeding  under  the  general  direction 
of  Samuel  T.  Waaner,  Chief  Engineer  of  the  railway. 


lira  ttlhe  lE^eirgE^dles 
By  ChiAKLKs  C.  Ptielp.-^* 

A  G0x20-ft.  drill  barge  that  assisted  in  the  excavation 
for  one  of  the  Everglades  drainage  canals  in  Florida  i< 
illustrated  in  the  view.  The  work  was  started  on  .July 
1.   1910,  and  was  completed  recently. 

At  first  the  boat  carried  two  drills  mounted  in  wooden 
towers,  but  later  a  third  drill  tower  was  added.  Tlir 
drills,  which  were  operated  by  steam  at  80-lb.  pressure. 
are  of  the  Tngersoll-Rand  "H-(i4"  type,  stroke  8  in.,  cvl 
inder  51/2  in.,  apjjroximately  250  strokes  per  niiii.  Stciini 
and  water  were  su]iplied  by  nutans  of  telescopic,  or  sli|i- 
joint,  ])i])ing. 

The  drill  towers  are  nu)ved  on  greased  ways  liy  means 
of  a  hydraulic  ram.  To  move  a  tower,  a  clamp  operated 
by  a  lever  on  the  tower  is  made  to  grasp  a  wire  ro])e 
running  from  one  end  of  the  ram  under  the  drills  and 
connecting  with  the  other  end  of  the  ram.  Each  towci' 
is  equip))ed  with  a  \ertical   hydriiulic  ram  that  is  used 

•Itisei-.son-UaiKl   I'll..    IL'    Hroiuiwa.v.   New    York    Cit.v. 


for  raising  and  lowering  the  drilling  machines.  Oivi 
narily  from  six  to  nine  holes  were  drilled  before  shift r 
the  barge. 

The  mud  covering  the  rock  had  been  removed  befo 
drilling  was  undertaken.  It  was  unnecessary  to  keep 
jet  of  water  in  constant  flow  to  wash  out  the  cuttin: 
from  the  drill  holes,  but  occasionally  a  jet  was  requin 
to  wash  out  the  accumulation. 

The  depth  of  water  in  the  canal  was  from  4  to  0 
prior  to  dredging  and  6  to  15  ft.  afterward.  The  il: 
liits  varied  in  diameter  from  3%  to  4  in.  The  work  \ 
single-shift,  and  the  rate  of  drilling  differed  consi( 
ably,  according  to  the  character  of  the  rock.  It  1 
observed,  however,  while  making  one  cut  60  ft.  w, 
through  200  ft.  of  solid  rock  that  200  holes  7  ft.  in  dci 
were  drilled,  loaded  and  blasted  in  12  hr..  with  the  tin 


UKAR   VIIOVV    OF   THE 


riiREi-:  ORTi.i,  TinvER 
»   ft 


drills    in    operation.     This    ligurc    i-cdiicrs 
hole  per  hour  per  drill.     The  spacing  in   this  ( 
tween  holes  was  6x8  ft.,  and  as  many  as  200  were 
at  a  single  shot. 

The  contractors  were  the  Bowers  Southern  Dredgi 
Co.  and  tlie  Fnrst  Clark  Construction  Co. 


ti 


inc..  1.    BARO].;  lOQUri'VF.T)  WITH  TWO  DRILLS 
Woikhiii  at   l''on  Lauiienlalc.  Fla. 


The  canine  niciinci'  to  steel  bridges  w;is  rdVrred 
ill  KiKjlnccnng  Norx,  Apr.  21,  \i.  SIT.  in  the  cnse  (i 
loot-bridge  in  Passaic,  N.  J. 

.Another  examjile  of  the  corrosion  of  bridge-truss  nu 
lier>  Aw  io  the  Ibougbtlessne.ss  of  dogs  is  olfercd  in 
case  of  a  jiridge  across  the  Little  iMiami  Iiiver,  at  ^ 
ford.  Ohio.  The  rusting  of  two  of  the  jiosts  is  slm 
in  the  vie^r,  the*  jjlanks.  visible  being  a   ])ortion  of 
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RUSTING   OF   STEEL    TRUSS    MEMBERS 

f  twalk.  It  is  significant  that  rust  lias  not  attackeil 
t  bridge  to  a  serious  extent  elsewhere  and  that  until 
r  ?ntly  two  saloons  were  located  at  one  end  of  the  bridge. 
This  bridge  carries  both  the  highway  and  the  inter- 
B  an  tracks.  At  the  time  the  latter  were  added  the 
e  nnels  were  reinforced  by  a  plate  placed  inside.  At 
t    present  time  the  original  portion  is  almost  rusted 


I  ateiPflSills  Clh^tledl  Tlhipo^glh  ID)5pIM 
tiI®E©s  ft©  MnsseiP  aia  T^Eaia®]! 

By  W.  W.  IIorxkr* 

n  Engineeriru/  Xeir.s,  Aug.  31,  1!)16,  p.  410,  there  was 
d  Tihed  the  use  of  10-in.  well  holes  to  check  the  align- 
D  it  on  the  Mill  Creek  tunnel  in  St.  Louis.  The  accom- 
p  ying  diagram  and  photogra]>hs  illustrate  the  use  which 
t  contractors  made  of  these  holes  to  establish  an  excep- 
ti  -.ally  efficient  concreting  plant. 

'here  was  over  200,000  cu.yd.  of  solid  rock  removed 
i  n  this  tunnel.  This  rock  was  handled  by  motor  trucks 
f  n  the  shaft  head  by  two  largo  crushing  and  storage 
p  its  on  the  railroad.  From  the.se  plants  stone  required 
fi  the  concrete  lining  of  the  tunnel  was  retui-ned  to  the 
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surfac-e  hop]iers  on  the  woi-k  by  tru(  ks,  and  the  remainder 
was  either  niarketcd  within  the  city  or  ship|)ed  out  in 
cars. 

As  shown  in  Fig.  1,  an  automatic  material-handling 
plant  was  set  up  over  the  top  of  a  well  hole,  with  two 
dumping  pits,  one  for  sand  and  one  for  stone,  whence 
elevators  raised  the  materials  to  bins.  Each  of  the  bins 
was  hopper-bottomed,  and  between  the  hoppers  were  hung 
two  measuring  buckets  on  trumiions.  The  small  hopper 
leading  into  the  well  hole  was  sunk  into  the  ground  be- 
tween the  buckets.  This  hop]jer  was  [)rovided  with  a  gate 
in  the  bottom,  controlled  by  a  lever.  T'he  labor  required 
on  liie  surfaci'  was  one  man  slinvrliiio-  onto  the  elevator. 
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FIG,  4.  SKETCH  OF  CONCRETING  PLANT.  MILL  CREEK  SEWER  TUNNEL 


one  man  eacli  on  the  measuring  buckets  for  stone  and  sand 
and  one  cenientman.  The  last  three  men  filled  the  hopper 
over  the  M'ell  hole  by  dumping  in  cement  and  by  allowing 
btone  and  sand  to  run  from  the  bins  into  the  measuring- 
buckets,  which  were  simply  tipped  into  the  well-hole  hop- 
per. At  a  ;:ignal  from  the  tunnel,  the  whole  batch  of 
material  was  released  into  the  well  hole. 

The  concrete  for  the  invert  and  2  ft.  of  side  wall  was 
mixed  in  a  standard  concrete  mi.xer,  located  under  the 
nell  in  the  tunnel,  the  batch  discharged  from  the  sui'face 
going  directly  into  the  mixer.  From  this  mixer  the  con- 
crete was  pushed  in  small  dump-cars  to  the  point  of 
placing,  where  the  side  w-alls  and  .the  floor  on  each  side  of 
the  track  were  concreted  and,  after  shifting  the  track 
to  the  finished  floor  at  one  side,  the  remaining  strip  in 
the  center  was  placed. 

-All  concrete  for  the  upper  portion  of  the  side  walls  and 
tlie  arch  (which  was  about  75%  of  the  whole)  was  mixed 
and  placed  by  the  pneumatic  process.  In  this  case  the 
concrete  gun  was  ])laced  under  the  well  hole,  as  shown  in 
Fig.  2,  and  the  material  dropped  directly  into  the  gun 
liopper.  Steel  forms  were  used  for  the  arch  and  the  dis- 
charge pipe  from  the  gun  was  carried  up  to  the  crown  of 
the  arch,  ending  in  an  8-ft.  length  of  reinforced  rubber 
hose.  It  is  interesting  to  note  that  this  piece  of  hose, 
costing  over  $100,  could  stand  only  about  a  week's  use. 

The  longest  distance  that  the  concrete  was  blown  was 
700  ft.,  but  this  maximum  was  duo  to  the  spacing  of  well 
holes  ratiier  than  to  the  ability  of  the  gun  to  carry  the 
concrete.  It  was  actually  found  that  the  concrete  was 
much  better  when- the  forms  were  a  considcral)lo  distance 
from  the  gun.  The  amount  of  water  used  in  mixing  had  a 
very  direct  effect  on  the  quality  of  the  concrete.  The  gage 
glass  of  .the  water  tank  was  therefore  watched  carefully. 
It  was  found  also  that  satisfactory  o])eration  required  a 
large  air-storage  tank  immediately  adjacent  to  the  gun. 

When  using  tlie  pncunuilic  ]u-ocess  the  labor  required 
was  as  follows:     Four  men  on  top,  one  man  on  the  gun, 


one  man  on  the  water-supply,  one  man  at  the  hose  nozzli 
two  men  in  the  forms  distributing  and  ramming  the  coi 
Crete.  The  forms  were  -iO  ft.  long  and  required  aboi 
(iO  cu.ycl.  of  concrete. 

Several  forms  were  operated  from  each  blowing  ii 
stallation.  The  best  continuous  run  was  19  forms.  ' 
](iO  lin.fi.  of  ai-ch,  concreted  in  13  shifts.  Fig.  3  slio 
till'  form  in  place  and  the  discharge  end  of  the  concn 
line. 


®Ba    ^UjtUlBIffil®®    3oaJi 
By  EiiXEsr  L.  Meyehs* 

Approximately  11,000  sq.yd.  of  two-course  concre 
pavement  was  laid  in  University  Park,  Dallas,  Tex.,  fro 
October,  1915,  to  Jlarch,  1916.  The  pavement  was  coi 
structed  with  a  base  of  1  :  7  pit-run  gravel  concrete  81 
with  a  wearing  surface  of  1^^  in.  of  veiy  rich  concttt 
having  limestone  and  sand  aggregates.  The  prinBip 
features  of  interest  are  the  preparation  of  the  sub 
and  the  materials  u.sed  in  the  wearing  .surface. 

The  soil  in  this  locality  is  a  black  adhesive  loam  knofl 
as  "black  waxy."  It  is  sticky  when  wet  and  cracks  bad 
when  dry.  If  rolled  when  damp,  it  is  easily  comp 
but  when  saturated,  it  again  swells  to  its  original  volum 
causing  the  paving  over  to  heave  and  crack  badly. 

To  avoid  the  effect  of  this  lieaving  action,  no  rollii 
was  allowed  on  a  wet  subgrade.  If  the  subgrade  hi 
been  rolled  previous  to  a  rain,  it  was  not  again  rolled,  b 
was  dressed  by  hand  to  the  required  grade  and,  -wbi 
necessary,  was  lightly  hand-tamped. 

The  pavement  is  divided  into  three  sections  as 
fcmmlation    treatment:    (1)   Approximately    1,300 
was  excavated  2  in.  Iiclow  grade  and  backtillcil  with  grail 
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|nd  rolled.  The  concrete  was  then  laid  upon  this  base. 
1 2)  Approximately  1,500  sq.yd.  of  the  jiavenient  was 
lid  upon  the  natiiral  subgrade  and  was  reinforced  with 
,'ii.  26  American  Steel  and  Wire  Co.  wire  mesh.  (:5)  The 
iilance  of  the  pavement  was  laid  on  the  natural  subgrade 
ithoTit  reinforcement  of  any  kind.  However,  the  .snb- 
iiule  was  much  better  under  tliis  portion  of  the  pave- 
ii'ut,  as  rock  wa-s  less  than  2  ft.  down. 
The  IJ'j-in.  wearing  surface  was  comjiosed  of  one  part 
•nient.  one  part  .sand,  one  part  fine  stone  and  dust  ])ass- 
1"  the  ^4"'"-  screen  and  two  |jarts  of  hard  limestone  pass- 
im a  1-in.  screen.  This  mixtui'e  followed  very  closely 
curve  of  maximum  density. 

The  gravel-concrete  base  was  mixed  in  a  batch  mi.xer 
111  was  of  such  a  consistency  that  light  tamiting  was  re- 
lired  to  flush  the  mortar  to  the  surface.  A  second  batch 
i.\er  was  used  for  the  wearing  surface,  which  was  kept 
)  as  near  as  practicable  with  the  laying  of  the  base  and 
as  completed  on  all  the  base  course  before  stfl]5ping  work 
r  the  (lay.  The  concrete  was  covered  with  earth  and 
■pt  moist  for  two  weeks  after  completion. 
.  Up  to  the  present  there  has  been  no  noticeai)le  heaving 
settlement  of  this  pavement.  Two  cracks  have  devel- 
led— one  lengthwise  of  the  street,  extending  aliout  two- 
irds  of  the  length  of  the  25-ft.  block  of  pavement  laid 
1  the  natural  subgiaile  without  reinforcement,  and  one 
diagonal  crack  in  the  portion  having  the  gravel  founda- 
lU.  A  heavy  drill  derrick  blew  down  in  a  windstorm 
il  fell  across  the  pavement  at  this  point  and  may  have 
used  this  crack. 

Traffii'  has  been  very  light  on  this  pavement,  and  as 
t  no  definite  information  can  be  had  as  to  its  wearing 
alities.  Several  cuts  have  been  made  in  it  to  repair 
iking  water  mains,  and  the  concrete  has  been  I'ounil  to 
dense  and  hard. 


An  interesting  detail  in  structural  steel  design   is  the 

■thod  of  roofing  the  grandstand  of  the   .Majestic  Park 

•■ball    field    in    Salt    Lake    City,   Utah.     This    roof   is 


so  designed  that  the  rear  posts  are  really  anchors  to 
keep  the  roof  trusses  from  tilting  on  the  interior  sup- 
porting columns. 

The  grandstand  is  in  the  form  of  an  arc  of  a  circle 
of  126  ft.  9  in.  radius.  The  stand  is  48  ft.  wide  and 
n  truss-bays  long,  the  chord-length  of  a  bay  being  :?2 
ft.  on  the  inner  edge  and  44  ft.  on  the  outer  edge.  There 
ai-e  10  radial  trusses.  A  cross-section  throns-h  the  stand 
is  shown  in  the  accompanying  illustration.  Diagonal  lat- 
ei-al  bracing  between  the  roof  trusses  is  provided  in  the 
two  end  and  middle  bays  onlv. 

.A  detail  of  the  anchorage  footing  of  the  rear  po.st  is 
also  shown.  Tt  is  of  concrete,  reinforced  with  i/2-in.  rods 
to  carry  the  downward  earth  reaction  on  the  S-Yi-ft.  shelf 
surrounding  the  bottom  of  the  pede.stal.  This  shelf  is 
buried  7  ft.  underground  to  provide  sufficient  anchorage 
load.  The  footings  for  the  interior  columns  are  of  sim- 
ilar design  but  with  reinforcement  arranged  for  down- 
ward  load. 

The  architects  for  this  grandstand  were  Scott  and 
Welch.  Salt   Lake  City. 

Inlydls'sv.uBllac  Tms^lbaiaes 

The  sim])le  alignment  diagram  reproduced  in  the  ac- 
companying ligui-e  has  been  devi.«ed  by  C.  1).  Babcock, 
of  Troy,  X.  Y.,  for  finding  the  specific  .speeds  of  hydraulic 
turbines.  It  is  believed  to  be  smaller  and  handier  than 
the   older   diagrams    in    use   bv   turbine   desianers.      The 
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result.s  are  read  in  either  English  or  metric  units  directly 
from  the  diagram,  without  computation. 

The  use  of  the  diagram  is  nearly  .self-exi)lanatory ; 
a  point  is  found  on  the  Y-axi.s,  or  center  line,  where 
intersects  a  straight  line  connecting  the  given  values 
of  horsepower  and  speed,  .1,  and  /L,  axes;  this  inter-, 
section  point  is  joined  to  the  given  value  of  In^ad,  /j'^ 
a.xis,  and  the  line  projected  cuts  the  sjiecilie-speed  line, -^ 
/y,  axis,  at  the  desired   value. 
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Expanding  Concrete  Breaks  Curbs — The  accompanying 
view  shows  a  street  coiner  in  Florence,  S.  C.  Practically  at 
every  corner  in  the  city,  where  the  pavement  and  the  side- 
walks reach  through  the  full  block,  there  is  this  same  trouble. 
In   some  places   the   gutter  has  been  pushed   under   the  curb; 


WHAT    HAPPENED    TO    CONCRETE    CURB    WITH    NO    EX- 
PANSION   JOINT   NEXT    TO    THE    PAVEMENT 

in  other  places  the  curb  has  been  pushed  back  at  the  bottom 
and  has  cracked  the  cement  sidewalk  about  1  ft.  back  from 
the  face  of  the  curb.  These  sidewalks  were  built  about  1907 
and  gave  very  little  or  no  trouble  from  expansion  until  the 
summer  of  1912,  when  they  began  to  crack,  and  since  then  the 
cracking  has  grown  worse  every  summer.  As  far  as  can  be 
found  at  present,  there  were  no  expansion  joints;  and  in  places 
where  the  walks  were  full  width,  they  were  built  integral 
with  the  concrete  curb  and  gutter,  all  being  poured  at  once. 
In  1D12  the  city  had  the  streets  paved  with  bitulithic  laid  on  a 
4-in.  concrete  base.  There  were  no  expansion  joints,  either 
transverse  or  longitudinal,  in  this  concrete  base.  Since  the 
street  pavement  was  laid,  there  has  been  no  chance  for  the 
walks  or  the  pavements  to  expand  without  breaking  some- 
thing, and  this  view  shows  the  result. — M'Kean  Maffltt,  Flor- 
ence,  S.  C. 

Jacks  Make  Pole-Line  Work  Easy — Special  jacks  are  now 
being  used  for  pulling  and  straightening  power-  and  tele- 
phone-line poles  by  the  Doherty  Organization,  the  American 
Telephone  and  Telegraph  Co.  and  other  public-utility  concerns. 
The   accompanying   illustration   shows   one   such    jack    (of   the 


"Simplex"  type  made  by  Templeton,  Kenly  &  Co.,  of  Chica: 
in   use   for  lifting.      Digging  around   the   pole  is  entirely  eli 
inated.     An  I-beam  base  is  placed  beside  the  pole,  the  jack  ,. 
upon    it,    a    chain    slung    around    the    pole    and    pulled    tiij; 
through  a  pear-shaped  link.      Only  a   few   minutes   is  requi  1 
for   the   entire  operation — the   record   for  pulling   a    40-ft.  r- 
is  8  min.     Where  poles  have  been  set  in  concrete  or  in  a  pa 
street    or    alley,    they    have    been    pulled    without    damage 
paving  or  curbing.      For  straightening   poles  the   chain   is 
used;    the   I-beam    base    is   placed   a   short    distance    from 
pole,   the   jack    placed    thereon    and,    by   means   of    its    pivot 
base,  inclined  at  approximately  4,'i°.     The  top  of  the  rack 
bites   into   the   pole  and   a   few   strokes  of  the  lever   force 
pole    into    true    vertical    position. 

Steel-Lineil  Material  Chute  —  Concrete  materials  have 
be  chuted  down  to  Shaft  2  of  the  Shore  Tunnel  of  the  r 
Milwaukee  water-wurks  intake,  as  the  shaft  headhouse  lies 
the  foot  of  a  bluff.  An  unloading  platform  at  the  top  of 
bluff  enables  cement,  stone  and  sand  to  be  piled  or  dum 
and  sent  down  the  chute.  The  chute  is  at  an  angle  of 
and  is  90  ft.  long.     It  is  46  in.  wide  by  21  in.  deep,  and  is  m 


MATERIAL    CHUTE,    LAKE    PARK,    MILWAUKEE 

of  2-in.  plank,  with  bottom  lining  of  IS-gage  sheet  si  . 
The  chute  forks  at  its  lower  end  and  here  has  a  swint  ; 
gate,  so  that  cement  can  be  diverted  to  the  cement  stoi  B 
shed  or  sand  and  stone  to  the  mixer  platform.  At  the  J 
two  3x3-ft.  openings  in  the  unloading  platform  give  acces  b 
the  chute.  All  materials  except  wet  sand  prove  to  tlow  rea  »' 
on  the  30°  angle.  AVith  wet  sand  it  is  necessary  to  hai  ' 
man  to  help   it   slide. 

A  Portable  Plank  Roatlnay   6.  mi-   i"   length   is  being 
structed   across   the   sand-hill   country  about   midway   bet^ 
the  Imperial  irrigation  district  and  Tuma,  Ariz.,   as  a  pai 
the    state    highway    being    built    by    the    California    Higl: 
Commission.     These  sand  hills  are  composed  of  very  fine 
form-grained   sand  similar  to  that  used   in  an  hour  glass 
so    fine    and    dry    that    when    a    handful    is    picked    up    ne 
all    the    sand    escapes    from    the    fist.      The    roadway    will   i 
ft.  wide  with  double-width  turnouts  every  1,000  ft.,  where 
cars  can   sidetrack   to  allow  others  to  pass  on   the  main 
The  roadway  is  built  of  4-in.  planks  spiked  to  three  strin 
underneath.     Half-inch  carriage  bolts  are  cinched  up  tigli 
means  of  nuts  and  washers  under  the  bottom  of  the  strint 
The   individual  units  are  12   ft.   long,   weighing  about    1,50' 
.  aoh,  and  are  rigidly  joined  together  by  bolts  and  iron  str  «■ 
The    plankway    will    be    coated    with    hot    road    oil    and    i  B 
covered  with  coarse  sand  or  fine  gravel.     A  small  force  of    " 
and    teams   will   be   maintained   in    the   vicinity    of   the   pi  k 
road  to  clear  away  small  drifts  as  soon  as  they  occur.     Sh>  i 
it  he  found  that  a  sand  hill  of  considerable  size  is  ndvan^  t 
across  the   road,   a  short   piece  of  the  roadway   will   be  t: 
111'  and  shifted  to  one  side  to  avoid  the  drift. 

Ueeent  Hammer-Drill  Tests  showed  that  a  20-in.  hole  > 
lie  drilled  in  2  min.  7  sec,  using  a  l».i-in.  starter,  and  cai 
U'.  in.  deeper  in  1  min.  30  sec.  with  a  1%-in.  bit.  the  total  1> 
,1  36-in.  hole  drilled  in  3  min.  37  sec.  A  second  test  gavi 
loUowing  results: 

Length  of  Drill   Size  of  Bit  Depth  Drilled         Tim 

snnter   2  ft.  6  in.  2V4-in.  24  in.  2  min.  li 

s.  cond    4  ft.  6  In.  2      -in.  26  In.  2  mm.  1 

■nurd     7  ft.  1%-ln.  34  in.  3  min.  H 

I'ourth     10  ft.  1%-in.  36  in.  4  min. 

Total     120  in.        11  min.  3!>  '■'■ 

These  data   were  obtained   by  the  Chicago  Pneumatic    o' 
Co..  whose  drills  were   under  test. 
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<  Hie  matter  ou  which  a  good  many  engineers  the  world 

have  speculated,  in  connection  with  the  loss  of  the 

icuded  span  for  the   Quebec  Bridge,   is  the  question 

ther  it  is  within  the  range  of  engineering  possibilities 

raise   this    span    from    the    bottom    of    the    river,   in 

•  r   about    200    ft.    deep.      Of    course,    the    structure, 

;t  lies  on  the  river  bottom,  is  so  broken  and  straiued 

its    fall    that    even    if    it    were    recovered    it    would 

valuable    only    for    scrap.      Xo    one    would    propose 

;ing  any  of  the  members  of  the  fallen  structure  in  a  new 

•idge,  even  though  the  parts  might  appear  from  external 

■  ispection  to  be  uninjured  when  recovered ;  and  the  great 

ze  of  the  span  would  make  it  out  of  the  question  to 

ilize  any  of  the  material  in  other  structures.    The  scrap 

due  of  the  nearly  .5,000  tons  of  steel  lying  at  the  bottom 

the  St.  Lawrence  Eiver  is  high,  as  the  bulk  of  it  is 

':el  steel.     But  when  one  comes  to  consider  practical 

~  and  means  of  hoisting  the  fallen  span  from  the  great 

•li  of  water  in  which  it  lies,  he  very  soon  concludes  that 

cost  would  far  exceed  the  value  of   the  recovered 

aterial. 

It  would  be  difficult  to  prove  that  it   is  beyond   the 

sources  of  engineering  to  recover  the  fallen  steel,  but 

do  it  within  limits  of  cost  that  would  make  it  a  com- 

Hfcial  enterprise  appears  to  be  out  of  the  question.     No 

iig  tackle  has  ever  been  made  in  the  world  capable  of 

ling  such  a  weight  as  this  suspended  span,  e.xcept  the 

:le  that  was  actually  in  use  at  the  Quebec  Bridge  for 

iting  it  from  the  river  to  its  position.    In  the  ordinary 

ng  operations   carried   on    by   engineers,    reliance   is 

•d  on  wire-rope  tackle.     The  most  powerful  hoisting 

liines  ever  built  are  floating  cranes  with  a  maximum 

i)g  power   of  about   2.50   tons.      The   weight   of   the 

■ec  suspended  span,  however,  was  about  20  times  as 

»  as  this. 

-  will  be  recalled,  the  chains  by  which  the  span  was 
:,'  hoisted  into  position  were  made  from  plates  30  in. 
and    1%    in.    thick.      Eight    of    these    plates    were 
ired  to  lift  one  end  of  the  bridge.     Evidently  chains 
t  least  equal  strength  would  be  required  to  hoist  the 
II  span  from  the  water.     Of  course,  chains  of  .such 
li^'th  could  be  made,  and  means  could  perhaps  be  found 
-(•curing  them  to  the  hull  of  a  vessel,  altliough  the 
Icm  of  ap])lying  so  huge  a  concentrated   load   to  a 
ing  structure  is  in  itself  unprecedented.     The  diffi- 
would  then  arise,  however,  of  attaching  the  lower 
of  the  chains  to  the  wrecked  truss.    It  is  conceivable, 
"iirse,  that  something  might  be  designed  in  the  shape 
2-igantic  hook  or  grapple  that  might  bo  maneuvered 
position  under  some  joint  of  the  wreckage  with  the 
■f  divers,  even  at  the  great  depth  at  which  they  would 
to  work.     When  it  came  to  the  actual  lifting,  how- 
it  is  probable  that  the  whole  mass  of  connected  steel, 
ic  main  trusses  at  least,  would  hang  together  as  the 
n:.'  proceeded   until   failure   occurred    in   some   over- 


strained joint,  and  then  a  large  ])art  of  the  imposed  load 
might  be  suddenly  released  as  breakage  occurred.  The 
stresses  and  shock  that  this  sort  of  work  would  induce  in 
the  gigantic  lifting  tackle  may  be  imagined. 

The  Engineer,  of  London,  in  discussing  the  accident 
remarks : 

The  span  has  in  aU  probability  faUen  more  or  less  in  po- 
sition; and  if  it  is  found  on  inspection  to  be  indeed  worth 
salving,  it  is  not  impossible  that  the  arms  of  the  cantilevers 
may  serve  as  cranes  to  raise  it  from  the  bottom. 

Those  who  experienced  the  shock  and  vibration  that 
occurred  on  the  cantilevers  when  the  load  of  the  suspended 
span  was  suddenly  released  will  look  with  little  favor 
on  the  above  suggestion. 

Apparently  the  only  feasible  plan  for  recovering  the 
metal  in  the  fallen  span  would  be  to  find  some  means  of 
cutting  the  wreckage  into  pieces  within  the  capacity  of 
ordinary  lifting  tackle.  Were  the  wreckage  above  water, 
this  might  be  done  by  the  oxyacetylene  torch  and  possibly 
by  the  use  of  high  explosives,  but  in  the  great  depth  of 
water  where  the  wreck  lies  and  realizing  the  extent  to 
which  the  parts  are  tangled  and  bent  by  the  fall,  there 
seems  little  prospect  that  any  plan  for  cutting  apart  the 
wreckage  could  be  made  practically  successful. 

The  above  by  no  means  exhausts  the  list  of  difficulties 
that  would  have  to  be  overcome  in  order  to  recover  the 
lost  span ;  but  it  indicates  at  least  the  small  prospect  tliat 
anyone  will  undertake  the  task. 


A  He^yy  M©(tlhi©dl  ©f  Fniaaslhaini^ 
CoEtiCireti®  IR.(n)Sidls 

A  well-known  engineer  interested  in  road  construction 
spent  a  week's  time  and  traveled  nearly  3,000  mi.  to  in- 
spect concrete-road  construction  in  progress  in  half  a 
dozen  different  states,  including  a  number  of  jobs  that 
are  supposed  to  represent  the  latest  and  best  practice.  His 
report  upon  his  return  was  that  the  most  important  de- 
velopment in  concrete-i'oad  construction  that  he  had 
anywhere  seen  was  the  method  of  smoothing  off  the  con- 
crete surface  with  a  canvas  belt,  in  use  on  the  roads  of 
Wayne  County,  Michigan. 

An  article  in  the  last  issue  of  this  journal  described 
this  process  as  now  u.sed,  but  the  idea  is  so  simple 
that  it  almost  exi)lains  itself.  It  will  be  obvious  to  any 
engineer  experienced  in  concrete-road  construction  that 
this  method  of  finishing  represents  a  very  considerable 
saving  over  the  standard  method  of  floating  the  surface 
with  hand  floats  from  portable  bridges.  'J'his  saving  in 
expense  is  important.  In  many  localities  the  question 
what  type  of  road  to  adopt  is  simmering  down  nowadays 
to  the  question  whether  it  is  cheaper  and  better  to  build 
a  concrete  road  or  to  lay  a  concrete  foundation  and  tlien 
take  the  money  that  would  be  required  for  the  extra  ce- 
ment and  extra  labor  necessary  to  make  the  concrete  foim- 
dafion  good  enough  to  stand  traffic  on  its  surface,  and  bv 
adding  a  little  more  money  pay  the  cost  of  an  asphalt 
surface  on  the  concrete  foundation. 
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There  is  another  reason  why  the  canvas-belt  method 
of  finishing  may  prove  of  great  importance  to  the  con- 
crete-road industry.  With  the  present  mode  of  finishing 
concrete  roads  by  liand  floating,  small  inequalities  are  al- 
most inevitably  worked  into  the  surface,  which  produce 
a  slight  shaice  and  jar  in  a  car  running  over  the  road  at 
high  speed,  so  that  the  road  is  not  quite  as  pleasant  for 
airtomobilc  pleasure  traffic  as  is  a  first-rate  bituminous 
macadam  road  or  a  good  gravel  road,  when  either  of  these 
latter  roads  is  in  perfect  condition.  If,  however,  concrete 
is  mixed  fairly  dry  and  is  fonned  to  the  true  cross-sec- 
tion of  the  road  by  the  strikeboard,  it  should  then  become 
possible  with  the  canvas-belt  method  of  finishing  to  pro- 
duce a  uniform  surface  on  the  finished  road,  free  from 
humps  and  hollows.  This  surface  ought  to  be  durable, 
moreover,  for  any  surjilus  water  or  laitance  brought  to 
the  surface  by  the  friction  of  the  canvas  belt  should  drain 
off,  so  that  the  road  will  set  hard  and  firm. 

Tisime  T®  St®p  IR.osN.dl  IDe.^tls'tisc.tioira 


At  a  convention  of  one  of  the  national  road  associa- 
tions last  winter,  a  speaker  representing  motor-vehicle 
interests  declared  that  it  was  the  business  of  engineers  to 
build  roads  so  substantial  that  motor  vehicles  could 
run  over  them  without  any  limitation  of  speed  or 
load.  Unfortunately  for  the  taxpayers,  this  extreme 
declaration  of  policy  is  actually  being  carried  into  prac- 
tice by  some  builders  and  users  of  motor  vehicles.  Almost 
without  exception  they  are  now  at  liberty  to  haul  over 
])ublic  highways  vehicles  of  any  weight  they  choose,  run 
at.  any  speed  that  the  combined  eflEect  of  the  motor  and 
'ihe  grade  will  ]3roduce. 

Attention  has  frequently  been  called  in  these  columns 
lo  the  millions  of  dollars  of  damage  that  is  being  done 
to  expensive  roads  by  motor  trucks,  but  the  flippant  an- 
swer of  the  truck  builder  and  truck  owner  has  been  that 
the  roads  should  be  built  to  stand  the  traffic.  The  ab- 
surditv  of  this  idea  has  been  repeatedly  shown ;  but  a 
complete  and  final  demonstration  of  its  impossibility  is 
furnished  by  the  article  published  elsewhere  in  this  is-;ue 
describing  the  destruction,  within  thi'  short  period  of 
four  months,  of  a  modern  granite-block  pavement  in 
New  York  City  by  the  impact  of  very  heavy  steel -tired 
motor-drawn  vehicles  mn  at  high  speeds.  'Of  course, 
everyone  knows  that  it  is  impracticable  as  a  financial 
proposition  to  lay  granite-block  pavements  on  country 
roads  at  a  cost  of  $4  to  $.")  per  sq.yd.  The  experience  in 
New  York  elsewhere  described,  however,  shows  that  even 
if  this  were  a  financial  possibility,  such  roads  would  not 
fulfill  the  requirement  referred  to  above — a  road  thai 
would  stand  traffic  of  any  weisjht  at  any  speed. 

Tt  must  be  obvious  that  if  cities  and  counties  and 
states  are  to  escape  financial  bankruptcy  as  a  result  of 
the  enormous  expense  of  road  inaint<'nance,  they  must 
take  drastic  measures  to  stop  the  destruction  of  roads 
by  motor-truck  traffic.  Tjimitations  to  weights  and 
speeds  must  be  drawn  somewhere;  and  eiuiugh  experi- 
ence has  now  accumulated  regarding  the  destructive  effect 
of  motor-truck  traffic  so  that  it  is  entirely  possible  to 
frame  a  law  that  will  protect  from  undue  injury  the 
roads  which  the  taxpayers  furnish  the  money  to  build 
and  maintain,  and  that  at  the  same  time  will  not  inter- 
fere with  legitimate  use  by  motor  vehicles. 


Three  years  ago  an  ordinance  was  introduced  in 
York  City  requiring  licenses  to  be  obtained  by  • 
vehicle  using  the  streets  of  the  city,  the  license  fees  ' 
graduated  according  to  the  load  in  pounds  per  inch  > 
of  tire.  For  vehicles  carrying  loads  per  inch  wid 
tire  of  ^.'JO  lb.  or  less,  the  license  fee  was  $1.  The 
then  rapidly  increased  so  that  for  loads  of  8.50  tr 
lb.  the  license  fee  w-as  $12,  and  for  9.50  to  1,00 
the  license  fee  was  $50. 

For  vehicles  designed  to  carrv  loads  per  whe 
6.000  to  10.000  lb.,  graduated  licen.-^e  fees  were 
varying  from  $75  forwheel  loads  of  G.OOO  to  fi.5( 
up  to  $1,000  for  wheel  loads  from  0.500  to  10,0( 
The  ordinance  was  not  pressed  for  passage  becau 
the  opinion  rendered  by  the  Corporation  Counsel  th; 
account  of  the  special  regulations  of  motor-vehicle 
fie  put  in  force  by  the  state,  the  city  could  not  ei 
such  an  ordinance. 

This,  however,  it  should  be  noted,  was  after  all 
a  lawyer's  opinion.  The  pressure  of  public  necesf 
insistent.  City  administrations  everywhere  are  fi 
face  with  the  great  difficulty  of  obtaining  souk 
revenue  to  keep  pace  with  the  constant  increase  ' 
penses.  A  sy.stem  of  graduated  license  fees  on  vf 
using  the  public  highways  could  compel  those  wl 
the  roads  to  pay  for  the  wear  and  tear  they  caus( 
at  the  same  time  so  penalize  the  use  of  motor  tru 
exceptional  weight,  speed  and  destructiveness  that  it 
be  no  longer  profitable  to  operate  them. 


For  a  half  century  the  successive  engineers  respc 
for  the  water-supply  of  Philadelphia  have  pleader 
might  almost  say  fought,  bled  and  died — for  the 
tion  of  measures  to  stop  the  waste  of  water  for 
I'hiladelphia  has  been  notorious.  Their  effoi-ts 
promise  to  bear  fruit,  as  may  be  seen  by  the  statt 
in  the  last  part  of  this  issue. 

Tt  appears  that  the  intense  opposition  to  nietei 
has  been  manifested  by  the  public  and  reflected  by 
cils.  has  at  last  given  way  to  conviction  that  meter 
will  conserve  the  present  supply  of  water  that  is 
]uii-ified  by  works  built  at  vast  expense  with  the  p 
understanding  that  they  would  be  adequate  for  y( 
come. 

The  method  to  be  pursued  at  Philadelphia  is  1 
vious  remedy  for  conditions  that  exist  not  only 
but  in  other  cities.  Large  consumers  are  to  he  con 
to  buy  Water  through  meters.  Small  consumei 
he  forced  to  do  the  same  if  they  waste  water,  ai 
be  encouraged  to  adopt  meters  in  any  event,  thn 
projier  adjustment  of  charges  for  unmetered  ai 
metered  water. 

Simplicity  woidd  dict<ito  the  wiping  out  of  th 
schedule  of  flat  rates  and  putting  all  consumer.' 
metered  basis  as  .soon  as  meters  could  be  secure 
adopted  ;  but  in  dealing  with  the  mass  of  small  cons 
including  all  in  the  domestic  class,  it  is  best  to 
haste  slowly.  In  the  end  self-interest  will  preva 
of  course  tlie  peo]ile  must  be  shown  what  their  ti 
terests  are.  With  the  large  consumers,  few  in  r 
luit  using  and  wasting  a  huge  total  volume  of 
prompt  coiii])ulsion  is  imperative. 
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Engineers  who  have  had  the  responsibility  of  serving 
;i  the  governing  board  of  a  national  engineering  society 
in  usually  recall  instances  when  measures  were  brought 
lore  the  board,   urged   for   passage   by   some   specious 
ir?unient  and  finally  adopted;  yorf  afterward  the  major- 
ity of  the  members,  on  sober  second  thought,  would  regret 
the  action  that  had  been  taken. 

Tt  is  probable  that  some  such  record  could  be  made 
■:   counection   with   the   extraordinary   circular   recently 
-uod  by  the  Canadian  Society  ol'  Civil  Engineers  pro- 
ting  agaiust  the  appointment  of  Prof.  George  P.  Swain 
engineer  of  the  commission  that  is  to  advise  the  Can- 
ian  Government  on  certain  matters  of  railway  policy. 
The  protest  was  of  course  not  made  on  any  personal 
lund.     Professor  Swain  is  an  engineer  of  international 
iiinence  and  is  a  member  of  the  Canadian  society.  That 
iety  has  made  its  public  protest  on  the  ground  that 
•  appointment  should  have  gone  to  a  Canadian  engi- 
er.    It  says : 

We  wish  to  record  our  strong  oonflemnation  of  the  policy  of 
uing  in  the  hands  of  aUens  the  engineering  work  of  a  com- 
■  ssion  appointed  by  the  Canadian  Government  to  investigate 
Tiadian    railways    for    which    the   Canadian    community    has 

.Ml. 

The  inferences  to  be  drawn  from  the  employment  of  aliens 
the  above  connection  aro  that  the  Federal  Government  con- 
Urs: 
1.     That  the  Canadian  engineers  who  built  the  railways  are 

•  competent  to  report   upon   them. 

'2.  That  the  Canadian  universities,  in  many  cases  enjoying 
vernment  subsidies,  are  not  producing  competent  engineers; 
..I 
:!.  That  the  Canadian  Society  of  Civil  Engineers,  although 
bracing  a  membership  of  about  three  thousand,  is  not  con- 
■  rcd   worthy   of  consultation   on   an   important   engineering 

•  stion. 

The  circular  then    proceeds   with   the   statement   that 

iiadian  engineers   probably  do  not  get  sucli   appoint- 

•  iits  because  they  do  not  as.sert  themselves  nor  demand 

lecognition  and  that  the  council  of  the  Canadian  societv 

liroposes  to  initiate  a  campaign  to  secure  for  Canadian 

engineers  due  recognition. 

"The  Canadian  Society  of  Civil  Engineers  is  an  orgaiii/.a- 

'  111    which    has    had    a    splendid    history.       Iniludp<l 

'ing  its  membership  are  many  men  wIiojjo  record  of 

;|iortaiit  work  achieved  entitles  them  to  rank  with  the 

I'lers  of  the   profession    in   tlie   United    States   or  any 

'icr   country.     Unfortunately,    there    has    been    in    the 

iet}"  more  or  less  of  a  tendency  to  make  the  organiza- 

'ii's  main  purpcse  the  monopolization  of  the  engineer- 

-f  business.    We  need  only  refer  to  the  legislation  *hich 

society  has  secured  in  Quebec,  limiting  the  practice 

livil  engineering  in  that  province  to  members  of  the 

iety.     .Such    legislation    stands    on    a    par   with    that 

attempted  liy  some  of  the  local  engineering  societies  in 

the  Western  States,  whereliy  a   system   of  state  licenses 

'"  pngineers  was  to  l)e  established,  the  license  fee  being 

"d  at  $.">00  for  engineers  resident  outside  the  state. 

It  is  almost  unnecessary  to  .say  in  tlie.se  columns  that 

•  building  of  geograjihical  fences  in  the  engineering 
ifession  is  against  its  best  interest  as  well  as  against 

"  best  interests  of  the  ))uiilic.     What  tlie  public  wants 

its  engineering  work  is  the  man  who  can  deliver  tlie 

;;oods,  regardh'ss  of  his  nationality  or  tlie  jiiace  where 

he  may  liapiien  for  the  time  Ijeing  to  have  his  residence. 

AVhen  it  is  attempted  to  lay  down  the  ride  that  engineers 


should  be  employed  because  they  live  -in  a  certain  city 
vr  state  where  the  work  is  to  be  done,  we  are  practically 
accyjtiug  the  theory  that  the  work  is  done  to  furnish 
jobs  ^W^- those  who  want  them. 

It  is  of  course  true  that  at  times  when  a  professional 
adviser  has  to  be  cho.sen  there  is  a  certain  tendency  to 
overlook  tlie  merits  of  home  talent  and  choose  a  man 
who.se  reputation  is  magnified  because  he  comes  from  a 
great  distance.  Protest  against  errors  of  that  sort  is 
justifiable;  hut  any  organization  of  engineers  should 
beware  of  placing  it.self  before  the  public  as  seeking  to 
claim  appointments  for  its  members.  There  could  be  no 
surer  way  of  forfeiting  public  confidence  and  respect. 

Our  contemporary,  the  Cnnadiaii  Enc/iuper,  takes  a 
sound  view  of  the  matter  when  it  .says:  "The  Canadian 
engineering  profession  cannot  afford  to  be  too  narrow  in 
its  views  of  such  matters.  It  cannot  adopt  the  closed- 
shop  method." 


Typical  accident  conditions  existed  at  the  site  of  the 
We.st  Third  St.  bridge  wreck  in  Cleveland.  A  steep  down 
grade  with  a  sharp  curve  at  the  foot — this  combination 
has  caused  many  a  wreck.  To  Cleveland  citizens  the 
AVest  Third  St.  hill  was  familiar  enough  to  make  them 
forget  the  probability  of  accident,  and  a  long  record  of 
freedom  from  mishap  gave  additional  reassurance.  But 
the  well-known  law  of  chance,  that  the  probable  event 
will  very  likely  liappen  some  time,  even  if  long  deferred, 
finally  operated,  by  means  of  a  motorinan  who  let  his 
car  get  out  of  control. 

What  made  tlie  Cleveland  accident  bad  was  the  pres- 
ence of  the  bridge  at  the  danger  point.  This  bridge 
was  vulnerable,  not  because  it  was  old,  and  light,  and 
]jrobably  in  great  need  of  renewal,  but  because  it  was 
an  ordinary,  un])rotected  bridge.  Doubtless  both  the  city 
and  the  street  railway  people  knew — or  might  have  known 
if  they  stopped  to  think — that  a  car  accident  on  the  hill 
v.ould  be  sure  to  wreck  the  bridge  and  thereby  multiply 
the  seriousness  of  the  accident.  They  put  their  reliance 
on  ])reventing  car  accidents;  when  the  right  time  came 
this   reliance   failed. 

liailway  analogies,  drawn  from  many  decades  of  'ex- 
perience, are  illuminating  with  res])ect  to  safe  practice  in 
rail  transportiition.  They  put  guard  rails  on  liridges  for 
instance,  rather  than  rely  on  absolute  freedom  from  de- 
railment. Where  viaduct  columns  are  ])laced  near  railway 
tracks,  they  build  fender  piers  around  the  foot  of  the 
bent,  to  make  the  viaduct  safe  even  when  a  train  wreck 
occurs  directly  under  it.  So  in  bridge  design,  they 
have  developed  their  floor  details  and  various  other  ele- 
ments of  the  construction  largely  on  the  basis  of  derail- 
ment   requirements. 

It  may  jirove  feasible  to  base  the  design  of  a  bridge 
like  the  West  Tiiird  St.  structure  on  derailment  C(Uidi- 
tions  as  the  governing  consideration.  A  distinct  gain  of 
safety  might  be  secured  by  building  such  a  bridge  that 
even  a  runaway  car  could  not  break  it  down — to  fall, 
perhaps,  on  a  ti-aiii  loaded  with  jieople,  just  then  passing 
under  it.  It  wiuild  be  rathr-r  beyond  precedent  to  go 
to  such  refinement  and  expenses  in  a  mere  street  bridge: 
but  would  it  not  make  a  safer  bridge? 
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A  Tlhinira   A.s'clh   D^cim  Sim  AtsstraUm 

Sir — In  your  issue  of  Feb.  10  there  appears  an  article 
on  the  Upper  Otay  Dam,  San  Diego,  Calif.,  describing 
the  passage  of  the  recent  floods  over  that  structure.  The 
article  states  that  "There  have  been  constructed  in  Aus- 
tralia, to  form  irrigation  reservoirs,  some  arch  dams  that 
are  even  thinner  than  the  Upper  Otay  dam."  The  iled- 
low  Dam,  New  South  Wales,  clesigned  under  the  direction 
of  the  late  L.  A.  B.  Wade,  is  believed  to  have  the  thin- 
nest profile  in  the  world,  the  thickness  at  a  depth  of 
C3  ft.,  being  only  8.96  ft.  This  dam,  however,  is  built 
in  a  narrow  gorge,  the  radius  being  60  ft.,  and  the 
maximum  stress  on  the  concrete  being  onlv  12  tons  per 
sq.ft. 

A  concrete  arch  dam  designed  by  the  writer,  and 
built  imder  his  general  supervision,  was  recently  con- 
structed on  Sorell  Creek,  Tasmania,  Australia.  The  dam 
has  a  crest  length  of  1.55  ft.,  and  an  upstream  radius 
of  110  ft.     The  thickness  is  2  ft.  at  the  top  and  (!  ft. 
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at  a  depth  of  '40  ft.,  and  the  stress  on  the  concrete  is 
15  tons  per  sq.ft.  The  height  from  crest  to  bedrock 
is  50  ft.,  the  lower  20  ft.,  however,  is  very  short  and 
is  practically  a  cut-off  wall  carried  through  a  dike  of 
decayed  rock.  A  raised  crest  in  the  center  limits  the 
passage  of  floods  to  a  length  of  50  ft.  at  either  end  of 
the  dam. 

The  capacity  of  the  reservoir  is  only  66  acre-feet, 
and  the  dam  was  just  completed  and  the  concrete  still 
green  when  heavy  rains  fell.  The  reservoir  was  filled 
in  three  hours  and  a  depth  of  21/^  ft.  of  water  flowed 
over  the  bywashes  for  two  days  without  injury  to  the 
structure.  During  the  ne.xt  three  months  several  lliiods 
passed  over  the  dam.  The  design  stress  of  15  tons  per 
sq.ft.  is  conservative,  but  was  adopted  as  neither  fore- 
man nor  men  with  previous  experience  of  this  class  of 
work  were  obtainable. 


The  arch  dam  has  been  used  in  several  cases  m  A 
tralia  as  a  solution  of  foundation  problems.  Wliei 
short  length  of  faulty  rock  occurs  a  short  length  of  , 
dam  has  been  built  connecting  two  wings  of  gravity  t 
a  cut-olf  being  carried  down  to  sound  rock  beneath 
arch.  Where  the  site  is  suitable  the  writer  regards 
arch  dam  as  a  most  satisfactory  type,  as  danger  fr 
uplift  and  sliding  are  practically  eliminated;  nioreo\ 
greater   economy   is   often   obtainable. 

W.   NiMMO, 

Engiueer-in-Chief's  Ofiiee,  Department  of  Public  \Yoi 
Hobart,  Tasmania,  Aug.  21,  1916. 

Si 

Coiacipete  IFS®os'  ©f  m,  IBiridlge' 

Sir — In  answ(>r  to  your  correspondent  C.  E.  V.'s  1. 
on  p.  468  of  your  issue  for  Sept.  7,  under  the  headi 
"Why  Put  a  Gravel  Cover  on  the  Concrete  Floor  n 
Bridge?"  I  will  state  that  the  advantages  are  as  folio 

1.  The  gravel  covering  is  less  expensive  than  the  e> 
tliifkness  of  concrete  floor  and  weighs  no  more. 

2.  Troweling  the  top  of  the  slab  is  not  neces- 
wlien  a  gravel  covering  is  to  be  placed,  making  a  furt 

;i\ing  in  cost. 

:5.  Chuck  holes  at  the  end  of  the  bridge  are  avoi 
A  here  the  surface  material  on  the  bridge  is  the  sani' 
iliat  on  the  road.  Where  two  different  types  of  surf: 
meet,  chuck  holes  will  develop  under  traffic. 

4.  The  gravel  covering  is  of  great  assistance  in  pi 
•rly  curing  the  concrete  slab. 

I  have  not  as  yet  seen  a  single  case  where  the  gr 
I  overing  raveled  under  traffic.  It  wears  out  no  fa 
iluin  the  surfacing  on  the  road  and  can  be  niaintai 
a  lout;  with  the  road-maintenance  work.  j 

C.  E.  Nage]% 
Deputy  State  EngiB 
St.    Paul.    Minn.,   Sc])t.    15,    1916. 

Ts^pes  ®f  IR®sidl  SuflirfsicSirag  foi 


!>tia!ni®lS5.\sa®na 

Sir — I  note  in  Engineering  News  of  Sept.  28  an 
quiry  relative  to  the  construction  of  a  concrete  road 
a  loose-sand  foundation.  I  would  like  to  add  anff 
ty])e  of  road  to  those  suggested  in  your  tail-note.  If 
is  not  available,  I  would  suggest  a  crushed-stone  or  m 
dam  road  on  a  straw  carpet. 

To  build  a  road  of  this  type,  the  sand  subgr$d' 
first  shaped  to  the  desired  cross-section,  with  side  dr 
of  ample  capacity.  After  the  subgrade  has  been  ettWi 
and  smoothed,  a  carpet  or  mat  is  prepared  of  baled  st 
to  a  depth  of  4  to  5  in.  Baled  straw  is  used  rathe^< 
loose  straw,  as  the  mat  can  be  more  readily  laid.* 
first  course  of  21/^-  to  %-in.  crushed  stone  is  then  ^f 
to  a  depth  of  G  in.  The  second  course  consists  of  3  il 
%-in.  or  finer  stone  screenings.  The  courses  mftj 
rolled,  but  a  light  roller  should  be  used  to  avoid  "vHHt 


I 


October  12,  1916 


E  N  G  I  N  E  E  E  I  N  G     NEWS 


713 


The  straw  carpet  serves  as  a  foiindation  for  the  stone 
ntil  the  road  is  bonded.  With  the  perfect  drainage 
hat  a  sand  subgrade  offers,  the  straw  will  not  rot  until 
'lie  stone  has  cemented  and  bonded  together.  While 
Ills  type  of  road  is  not  fitted  for  trunk-line  traiHc,  it 
ffers  a  solution  for  the  problem  of  a  moderate-priced 
^ad  on  a  loose  sandy  soil. 

I  have  seen  roads  of  this  kind  built  of  crushed  lime- 
one  in  the  white-sand  soil  of  northern  Michigan;  it 
ot  only  makes  a  fine  smooth  surface  but  wears  well, 
lid  maintenance  charges  are  low. 

The  total  cost  of  a  road  of  this  type,  including  grad- 
\S,  should  be  between  .$3..500  and  $.5,000  per  mi.,  de- 
ending  on  width  of  metal,  length  of  haul  for  material, 
bor  costs,  etc.  R.  L.  Longshore, 

Assistant  County  Engineer,  Adams  County,  Indiana. 
Decatur,  Ind.",  Oct.  2,  1916. 

[The  use  of  straw  or  grass  mats  on  loose  soils  is  nearly 
;  old  as?  macadam-road  construction.  The  purpose  of 
16  mat  is  merely  to  keep  the  broken  stone  or  gravel 
irfacing  from  being  rolled  or  worked  into  the  subsoil, 
■fore  the  macadam  surfacing  is  bonded  into  a  unit.  N. 
.  Shaler,  in  his  '"American  Highways"  (1896),  recom- 
ended  muslin  cloth  as  a  substitute  for  straw  in  certain 

stances. — Editor.] 

Sir — 111   looking  over  your  remarks  following  the  let- 

r  in  regard  to  the  concrete  roads  on  Long  Island  on 

iidy  soil  in  Engineering  News,  Sept.  28,  p.  616,  you 

I  ake  mention  that  the  concrete  is  poor  and  shows  wheel 

-  icks. 

T  was  on  Long  Island  a  few  weeks  ago  in  company  with 

engineers  of  the  Highway  Department  and  noticed 

ruts.    They  are  caused  by  driving  in  the  same  track 

ill  cars  equipped  with  tire  chains,  during  the  winter 

II  snow  is  on  the  road;  and  it  is  a  good  road  that  will 

sliow   marks    under   that   treatment,    and    with    the 

i|  they  drive  down  there.  0.scak  Hasbkouck, 

Engineer  of   Convict  Labor. 
Hudson,  X.  Y.,  Sept.  29,  1916. 

^ir — Referring  to  your  review  of  the  report  of  Sanford 

ns  on  the  Great  Lakes  traffic,  in  Engineering  Xewfi 

Si-pt.  28,  toward  the  end  it  is  stated  that  the  Lake 

'Is  might  be  operated  on  the  ocean  during  the  winter. 

considered  this  matter  in  connection  with  the  design 

the  Georgian  Bay  canal,  and  it  is  still  a  very  interesting 

'ject.    It  is  generally  considered  that  the  highly  special- 

'I  ore  boat  used  on  the  Lakes  is  too  long,  too  lightly 

't  and  not  of  deep  enough  draft  for  the  ocean.     The 

lies  astern  and  ballast-tank  system  would  not  quite 

and   the   conden.«ing  apparatus   would   have   to   be 

rent. 

"I  the  completion  of  the  Soulanges  canal  in  1900, 
al  f'lyde-built  boats  2.50  ft.  long,  43  ft.  beam  and 
t.  draft  came  out  to  ply  on  the  Great  Lakes.  The 
difliculty  was  that  the  steering  gear  was  too  slow  for 
1  and  Lake  channel  work;  next,  the  hatches  were  not 
'd  to  suit  the  loading  and  unloading  machinery  of 
'■  ports.    The  wage  rate  of  the  salt-water  crew  was  less 


than  half  the  rates  paid  on  the  Lake;  consequently,  the 
men  promptly  deserted.  The  rules  of  navigation  on  the 
Lakes  are  different  and  also  the  bell  signals,  while  the 
modernized  Lake  chart  might  puzzle  some  of  the  old  sea 

dogs. 

In  general,  the  Lake  traffic  is  a  highly  organized  and 
highly  specialized  business;  80%  of  it  consists  of  carrying- 
iron  ore  from  Superior  to  Erie  and  coal  back.  The  ore 
carrying,  however,  is  materially  different  from  the  system 
usecl  in  the  ore  traffic  between  Spain  and  Great  Britain. 
The  old  "hog"  type  of  vessel  was  tried  on  salt  water,  but 
I)roved  very  unpopular  with  the  crews.  The  seas  pounding 
on  the  whale-back  deck  prevented  sleep  and  also  regular 
meals,  and  eventually  the  construction  was  found  to  be  too 
weak. 

The  St.  Lawrence  indents  America  as  deeply  as  the 
Mediterranean  penetrates  the  eastern  hemisphere,  and 
ocean  vessels  must  some  day  ply  regularly  up  to  Superior. 
The  St.  Lawrence  valley  is  surely  destined  to  be  the  great- 
est traffic  artery  in  the  world.  .7.  R.  Coutlee, 

Engineer-in-charge,  Ottawa  Elver  Storage. 

Ottawa,  Ont.,"Oct.  2.  1916. 
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Sir — Commenting  on  the  article  in  Engineerinci  News 
of  Aug.  31,  by  Prof.  W.  M.  Wilson,  on  "Misfits  in 
Education"  and  on  the  accompanying  editorial,  the  writer 
agrees  with  Professor  Wilson  that  the  strictly  engineering 
Avork  should  be  postponed  to  at  least  the  second  year 
in  college;  but,  with  the  editor,  he  thinks  that  Professor 
Wilson's  remedy  is  not  radical   enough. 

Some  colleges  already  have  a  uniform  course  for  all 
freshmen  and  do  not  begin  to  take  the  department  work 
until  later  in  the  college  course.  The  writer  agrees  witli 
Professor  Wilson  that  some  courses  should  be  introduced 
into  the  schedule  giving  the  characteristics  and  require- 
ments of  the  professions.  At  least  one  college  has  done 
this  to  some  extent  in  the  form  of  smoker-talks  and  lec- 
tures from  business  and  professional  men  as  well  as  mem- 
bers of  the  faculty. 

It  is  not  proposed  to  attempt  a  new  solution  of  the 
question  of  misfits  in  education,  but  to  call  attention 
to  a  system  which  has  been  in  successful  operation  for 
about  4,5  years,  with  slight  modification,  and  which  the 
writer  believes  tends  to  eliminate  a  great  many  of  the 
misfits  before  it  is  too  late  for  them  to  turn  to  some  other 
kind  of  work. 

In.stead  of  beginning  the  engineering  work  in  the 
second  collegiate  year  it  is  far  better  from  all  standpoints 
to  begin  the  engineering  work  in  the  fourth,  or  senior, 
year.  The  system  which  has  been  adopted  and  found 
most  successful  in  educating  engineers  (not  experts  in 
some  narrow  engineering  field)  is  based  on  three  years 
in  a  college  of  arts  and  sciences,  a  fourth  year  substi- 
tuted for  the  senior  year  in  the  college  and  devoted  en- 
tirely to  the  fundamentals  of  engineering,  and  a  graduate 
year  devoted  to  more  advanced  engineering  work.  Dur- 
ing the  three  preparatory  j'ears  in  college,  courses  in 
physics,  chemistry,  drawing,  descriptive  geometry,  mathe- 
matics, etc;.,  are  required,  the  remaining  time  being  de- 
voted to  cultural  subjects — English,  history,  economics, 
languages,  etc.,  to  fulfill  the  college  requirements  for 
graduation.         A  grade  is  required  for  entrance  to  the 
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engineering  school  which  is  slightly  higher  than  the 
fivCrage  college  grade,  and  an  entrance  examination  is 
also  reqnired,  thus  giving  an  opportnnity  to  pick  the  en- 
gineering students  to  some  extent. 

As  a  result,  less  than  half  of  the  men  who  start  out 
in  freshman  year  to  be  engineers  reach  the  engineering 
school.  Those  who  do  not  reach  it  have  not  been  nar- 
lowed  by  their  college  work,  but  can  take  up  any  other 
course  for  which  they  are  better  fitted.  Of  those  who 
lake  the  fourth  year  in  the  engineering  school  and  arc 
graduated  from  the  college,  about  three-fourths  return 
for  tlie  graduate  year.  There  are  about  iowr  months  be- 
tween the  two  years'  work  in  which  the  pros]3ective  engi- 
neer can  get  a  great  deal  of  outside  experience,  and 
many  men  stay  out  a  year  or  more  before  returning  for 
the  graduate  year  in  the  school. 

In  addition  to  the  engineering  school  there  is  connected 
v.'ith  the  institution  a  School  of  Administration  and  Fi- 
nance, requiring  three  years  of  college-preparatory  work, 
and  a  medical  course  requiring  two  years'  preparation, 
so  it  may  be  seen  that  the  system  is  very  flexible. 

Experience  in  teaching  in  a  prominent  state  college 
typical  of  the  usual  four-year  course  and  in  teaching 
under  the  system  above  described  has  proved  to  the  writer 
that  specialization  should  never  be  attempted  in  the  four- 
vear  technical  college  course,  but  only  the  \ery  funda- 
mentals of  engineering  should  be  taught.  This  gives 
none  too  much  time  for  the  essential  foundation  work. 
Any  man  who  wishes  to  specialize  should  do  so  in  a 
graduate  course. 

In  addition  to  the  advantages  of  gaining  picked  men 
better  fitted  for  their  lilc  work,  other  advantages  of  be- 
ginning engineering  work  in  the  fourth  year  are:  Free- 
dom from  athletic  and  other  diversions;  a  better  esprit 
<h  corps;  a  greater  willingness  to  work,  on  the  part  of 
the  student,  together  witli  the  ability  to  do  more  work 
and  to  do  it  more  thoroughly;  opportnnity  to  eliminate 
the  one  hour  a  week  cinirse  (the  aboniination  of  abom- 
inations) and  to  make  a  schedule  of  t-oiii-scs  giving 
better  sequence  and  fewer  courses  at  a  time;  opportunity 
of  from  four  months  to  two  or  three  years  of  ])ractical 
experience  before  taking  the  final  year;  and  lastly,  op- 
]jortunity  to  take  more  cultural   and  general  studies. 

In  regard  to  the  last  point,  every  engineer  who  has 
not  done  so  should  study  one  of  the  reports  on  engi- 
neering education,  by  Dr.  C.  11.  Mann,  of  the  Carnegie 
Foundation,  wherein  he  states  the  fundamental  defect  of 
engineering  education  at  the  jjrescnt  time  to  be  narrow- 
ness, particularly  with  resjiect  to  English,  economics  and 
other  cultural  subjects.  Sydxey  Lee  Ruggles, 

Instructor,  Tliayer  School  of  Ci\il  Engineering. 

Hanover,  N.  H.,  Sept.  19,  19 IC. 
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ir — With  reference  to  flic  railway  wage  controversy,  the 
rganized  men  have  called  for  a  report  of  liow  their 
fioii  to  the  President  and   Congress  was  liandled  by 

Waldcn  and  me,  who  are  heading  the  movement,  and 
•  it  was  received  at  the  White  House.    So  we  are  issu- 

fhe  inclosed  statement  to  them. 

may  add  that  the  SO'/c  are  very  nmch  op|)osed  to  the 
station  as  enacted  and  to  President  Wilson's  recom- 


mendations to  Congress,  which  altogether  ignore  thei' 
rights,  and  expect-to  present  at  the  next  session  of  Cor 
gress  a  strenuous  appeal  for  a  full  and  just  investigatio 
of  the  whole  railway  wage  situation. 

Robert  T.  Frazier, 
Assistant  Engineer,  X.,  C.  &  St.  L.  Ry. 

608  So.  Dearborn  St.,  Chicago,  Oct.  7,  1916. 

[The  statement  accompanying  ilr.  Frazier's  letter  t 
<-ites  that  the  petition  signed  by  10.5,000  railway  employe 
asking  that  legislation  be  enacted  to  provide  for  arbitr 
tion  of  all  differenT-es  between  railway  companies  and  th- 
employees  was  taken  to  Washington  by  Jlr.   Frazier  ;i 
?\Ir.  Walden  who  daily  visited  the  White  House  and  sou, 
to  see  President  Wilson  during  the  three  weeks  while  I 
time  was  chiefly  given  over  to  the  railway  situation.    Tl: 
were  unable  to  see  the  President  and  on  Aug.  30,  foil 
ing  his  message  to  Congress,  ^Ir.  Frazier  wrote  him  ail 
ing  him  that  the  petitions  he  bore  had  been  signed 
111.000    railway   employees,   and   that   if   the  legislati 
reconnnended   by   Congress  was  enacted,   the   reniaini 
80%  of  the  railway  employees  nmst  of  necessity  organ 
and  present  their  demands  ujjon  the  railways. 

On  Aug.  31,  the  President  replied  regretting  his  ii 
bility  to  grant  a  personal  interview  and  stating  that 
recommendation  of  legislation  affecting  trainmen  u 
was  '"because  of  the  lack  of  constitutional  iiower  to  i 
with  any  of  the  employees  except  those  actually  euga. 
in  interstate  transportation." — Editor.] 


on 


Sir — Paved    wheel-track    ways    on    roads,    similaof 
those  proi)osed  liy  F.  T.  Warner  on  page  -169  of  y 
issue  for  Sept.  7,  have  been  extensively  used  throug 
the    marshy    sections    of    Holland.     They    are 
favor  with  the  rural  population,  for  the  soft  centerj 
makes   them   ideal   roads   for  one-horse   vehicles, 
vidieelways  have  been  in  existence  for  at  least  100 
Some   of   them  were   built   by   order  of   Napoleon,] 
wanted   them   for   cannon  transportation    in   case 
English-Russian  invasion  in  the  north  of  Holland. 

The  roadway  wears  rapidly  in  the  center,  and  the 
sides    recede    from    the    hardened    tracks;    iluTcfore 


f■^^■">f-^4■''■>f^^">, 


BRirK-p.wKD  \vhI':1';l\v.a,y.s  in  houl.^nd 

roads  arc  not  suitable  for  swil'fly  traveling  motor  ( 
The  deep  gutter  formed  between  the  tracks  is  usu 
filled  with  water,  notwithstanding  attempts  at  there 
drainage.  A  typical  cross-section  of  the  roads  aft< 
few  years'  use  is  shown  in  the  aicom])anying  sketch,  w 
out  exaggeration. 

It  is  not  at  all  necessary  to  make  the  trackway: 
the  thickness  ])roposed  by  ^Ir.  Warner,  as  a  41/0-111.  1 
of  hard-burned  briiks  has  witlistood  the  moderate  ^ 
tular  traffic  of   Holland   for  a  lifetime. 

On  agricultural  estates  tliroughout  the  I'^ast  Indi 
saw  roadways  made  of  two  concrete  slabs  incased  in  st 
tural-steel  frames  to  make  the  trackways  transport) 

Jax  Spaande 

J5rooklyn,   X.   Y.,   Sept.   '.),    IDH;. 
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An  investigation  ol'  the  railway  terminal  facilities  of 
tlanta  has  recently  been  made  for  the  city  otlicials  of 
tlanta  by  the  firm  of  Barclay  Parsons  &  Klapp,  of  Xew 
ork  City,  and  radical  changes  have  been  recommended, 
here  are  at  present  two  passenger  stations  in  Atlanta, 
ilf  a  mile  apart,  one  called  the  Union  Station,  built  in 
■*71,  the  other  known  as  the  Terminal  Station,  built  in 
104.    The  older  station  has  only  four  tracks,  and  the  site 

too  small  to  permit  enlargement.  The  Terminal  Station 
IS  already  reached  about  the  limit  of  its  capacity.  Freight 
irds  used  by  several  of  the  railway  lines  are  located  in 

e  heart  of  the  city,  where  their  operation  is  a  detriment 

surrounding  property. 

The  plan  for  remodeling  these  terminal  facilities 
orked   out  by   Barclay   Par.-;ons   &   Klapp   contemplates 


the  adoption  of  electric  motive  power  to  haul  all  trains 
moved  within  an  area  probably  a  mile  in  diameter,  but 
the  engineers  believe  that  the  cost  of  such  electrification 
would  be  prohibitive. 

In  the  plan  recomnieuded  by  the  engineers  it  is  proposed 
to  bring  trains  under  the  proposed  parks  to  the  new 
passenger  terminal  through  single-track  tunnels.  Witli 
this  method  of  operation  it  would  be  practicable  to  sec\ire 
good  ventilation,  since  the  air  moves  with  the  train. 

The  estimate  of  cost  for  carrying  out  the  entire  project 
is  $6,500,000.  This  estimate  includes  the  cost  of  purchas- 
ing the  present  Terminal  Station,  all  the  necessary  land, 
the  construction  of  the  tunnels,  the  filling  in  of  the 
ground,  the  development  of  the  plaza  as  a  park  and  the 
removal  of  the  present  station  to  a  site  about  90  ft.  east 
of  its  present  location.  It  also  includes  the  money  neces- 
sary to  create  new  team  tracks  and  freight  depots  to  take 
the  place  of  those  al)aiidoncd  in  carrying  out  the  projeet. 


RAii.\\  AV   -liiAi   K.-^  A.\i>   YARDS  IN  ATLANT.\  Bl'-SINICSS  DIKTUICT 
ew   taken   from    Forsyth   St.   Bridge   looking  east    toward    old  Union   Station 


abandonment  of  the  present  passenger  stations  and 

I  onstnictio!!   of  a  new  terminal   station  for  the  use 

II  railways  entering  the  city,  on  a  site  capable  of 
i;,'enieiit  so  that  it  will  be  adequate  for  the  city's  needs 
it  least  50  to  75  years  to  come.  It  is  proposed  to 
"Ion  the  present  freiglit  yards  in  the  heart  of  the  city 
I'liild  new  yards  in  locations  convenient  for  the  manu- 
iring  and  wholesale  districts.  The  old  freight  yards 
lie  filled  in  and  converted  into  jiarks. 

'  i-vious    plans    have    ijeen    discussed    in    Atlanta    for 

■'ving  the  nuisance  attendant  upon  tlie  present  freight 

[lasscnger  yards  by  covering  the  tracks  with  a  concrete 

and  creating  a  park  upon  this  roof.     In  commenting 

bis  proposed  plan,  the  engineers  point  out  that  it 

Id  bo  practically  impossible  properly  to  ventilate  the 

ace  beneath  such  a  roof,  so  long  as  tlie   railway.^  use 

j'am  locomotives.    This  difficulty  would  be  overcome  by 


To  finance  tiiis  work  it  is  recommended  that  the  city  issue 
50-3-ear  bonds  to  cover  the  cost  and  that  the  railways  agree 
to  rent  the  new  terminal  facilities  for  an  amount  sufficient 
to  pay  the  interest  on  the  bonds  and  sinking-fund  contri- 
butions sufficient  to  retire  them  at  maturity. 
■*■ 

Iiow-Prlcril  AHphnlt  Povementx — According  to  Krlc  Wold, 
Clt.v  Engineer  of  Burling.inie,  Calif.,  in  an  article  in  the  July 
issue  of  "Western  Engineering."  recent  prices  for  pavements 
of  1',^  in.  of  asphaltlc-concrete  surfacing  (Topeka  spcciflca- 
tions)  on  a  l-in.  cement-concrete  base,  are  remarkably  low 
this  year.  A  contract  was  let  to  the  Federal  Construction  Co.. 
San  Francisco,  for  181,000  aq.yd.  of  this  pavement  for  78c. 
per  s<|..vd.  The  contract  included  storm  sewers,  sanitar>' 
sewers,  curbing,  etc.,  amounting  In  all  to  nearly  a  quarter  of 
a  million  dollars.  The  prices  of  materials  were  as  follows: 
Cement  delivered  on  the  street  $2.10  per  bbl.,  crushed  gravel  $1 
pep  ton,  asphalt  at  the  plant  in  tank-car  lots  $8  per  ton. 
limestone  dust  $5  per  ton.  Keen  competition  and  efficiency  In 
handling  materials  as  well  as  the  size  of  the  Job  are  said 
to   be    Instrumental   In    producing   the   low   prices. 
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^'1W0P^7.^' — ^1  Board  of  Engineers  lias  ju^t 
made  a  report  on  the  cracks  which  hare  formed 
in  the  new  hundred-mile  concrete  aqueduct  which 
is  being  built  by  the  City  of  Winnipeg.  The 
Board  finds  the  cracks  to  be  due  to  settlement  of 
the  aqueduct  in  sections  where  it  was  founded 
on  compressible  soil.  The  method  of  repairing 
the  cracked  sections  is  described  and  the  plan 
adopted  for  obviating  similar  trouble  on  the  sec- 
tions of  the  aqueduct  built  this  season.  Notwith- 
.'itanding  the  additional  crpense  involved  in  repair- 
ing the  cracked  sections  and  in  strengthening  other 
portions  of  the  work,  the  entire  project  will  he 
carried  to  completion  within  the  engineer's  orig- 
inal estimate  of  cost. 

The  City  of  Winnipeg,  ilanitoba,  is  constructin*;-  a 
concrete  aquediict  nearly  100  mi.  in  length  to  bring  a 
supply  of  nearly  100,000.000  gal.  a  day  from  the  Lake- 
of-the-Woods.  A  general  desi-ription  of  the  work  wa.s 
given  in  Engineering  Xews  of  Feb.. 4,  191.5,  p.  2.30.  About 
15  mi.  of  this  aqueduct  was  coir^Dleted  last  year  and 
after  its  completion  cracking  occurred  on  considerable 
portions. 

On  Feb.  25,  1916,  the  Board  of  Commissioners  in 
charge  of  the  construction  of  tlie  aqueduct,  after  receiv- 
ing a  report  on  the  cracking  from  their  consulting  engi- 
neer, James  H.  Fuertes,  and  chief  engineer,  W.  G.  Chace, 
requested  a  board  of  engineers  consisting  of  Col.  H.  N. 
Ruttan  of  Winnipeg,  J.  G.  Sullivan  of  Winnipeg,  and 
R.  S.  Lea  of  Montreal,  to  investigate  the  whole  matter 
of  defects  in  the  aqueduct  and  report  to  the  commission. 
This  board  of  engineers  on  Sept.  26  presented  its  re- 
port to  the  commission. 

For  a  great  portion  of  its  length  tlie  new  aquediu-t  is 
built  on  the  hydraulic  grade  line  and  is  of  liorse-slioc 
shape.  At  certain  river  crossings,  the  aqueduct  is  of 
circular  form  to  stand  internal  pressure.  The  horse- 
shoe shaped  sections  are  intended  to  flow  only  partially 
full.  The  aqueduct  is  of  the  cut-and-cover  type,  and 
the  standard  depth  of  cover  specified  is  4  ft.  over  tlie 
top  of  the  arch.  The  minimum  top  width  of  the  em- 
bankment is  8  ft.  with  side  slopes  of  1%:  1. 

The  dimensions  of  the  aqueduct  vary  on  different  sec- 
tions according  to  the  slope.  There  are  ten  different 
standard  sizes,  the  smallest  being  5  ft.  4%  in.  liigh  and 
6  ft.  434  in.  wide,  and  the  largest  9  ft.  high  and  10  ft. 
9  in.  wide.  The  principal  defects  have  occurred  in  a 
section  in  which  the  aqueduct  is  built  with  a  slope  of 
1.58  ft.  per  mi.  and  is  7  ft.  4%  in.  by  8  ft.  9  in. 

Cracks  Ai'pk.vk  iv    11  ik  I.WKiiT 

The  defects  which  liave  developed  in  tlie  construction 
in  some  of  the  sections  of  the  aqueduct  since  their  com- 
pletion last  season  consist  of  cracks,  nearly  all  of  them 
in  the  invert.  Out  of  (>5,.'590  i't.  of  aqueduct  completed 
last  year,  invert  cracks  have  developed  in  aliout  11,380  ft. 
There  is  usually  a  single  crack  along  the  middle  of  the 
invert;  but  in  a  few  cases  where  badlv  cracked  sections 


Dim  SeMleimneiniU 

(.(•(•ur,  there  are  cracks  in  the  sidewalls  of  the  arch  1 
well. 

These  cracks  have  been  closely  watched  since  their : 
appearance  by  the  use  of  ''tell-tales"  consisting  of  smool 
pats  of  cement  troweled  across  the  crack.  The  last 
of  movement  was  observed  at  the  beginning  of  Apri 
In  4,850  ft.  of  aquediict  the  cracks  are  from  y'^  in. 
i/i  in.  width.  About  4,000  ft.  have  cracks  of  Vst 
-j\  ill.  width,  and  the  remainder  has  merely  hair  crad 
only  discoverable  by  very  careful  examination.  In  1 
arches  where  the  invert  cracks  are  wide,  correspondii 
ci'acks  have  occurred  on  the  crown  of  the  arch.  Wil 
the  exception  of  a  few  cracks  which  are  traced  to  ter 
perature  chaii.ues,  careless  backfilling,  accidents  in  r 
moving  forms,  etc.,  all  the  cracks  are  believed  to  1 
due  to  settlement  of  the  invert. 

Design  and  Construction  of  the  Aqueduct 

The  aqueduct  is  built  of  concrete  in  the  proportions  • 
1:2:4,  of  first-class  materials,  carefully  selected  ai 
graded  to  form  a  strong  and  dense  mixture.  The  inTC 
is  laid  in  alternate  lengths  of  15  ft.,  connected  by  a  co 
per  expansion  joint.  The  arch  is  built  in  alterna 
lengths  of  45  ft.  with  expansion  joints  of  the  same  kin 
The  lengths  of  both  invert  and  arch  are  built  alternate 
and  an  entire  length  is  poured  in  one  operation.  TI 
inverts  are  first  laid  down  for  a  considerable  distan' 
and  then  the  arch  is  built  upon  them,  the  horizontal  join 
between  the  invert  and  the  sidewalls  being  provided  wi' 
ail  effective  water  stop.  Steel  forms  are  used  in  the  co 
struction  and  the  interior  surface  produced  is  very  smoot 
while  the  concrete  work  in  general  is  of  high  quality. 

The  Board  of  Engineers  discuss  separately  the  desij 
of  the  arch  and  the  design  of  the  invert.  Backfilling  ov 
ihe  arch  is  limited  to  4  ft.  in  depth,  even  in  deep  cul 
Besides  this,  before  backfilling  begins,  all  standing  vffiti 
loose  materials,  debris,  etc.,  are  removed  and  the  bw 
fill  for  a  de])th  of  4  ft.  above  the  arch  is  required 
be  of  selected  earth  deposited  in  layers  and  solid 
rammed.  Under  the.^e  conditions  the  load  on  the  Sf 
is  very  small  compared  with  the  load  carried  by  simfl 
arches  used  in  railway  culverts,  large  sewers,  etc.  T! 
board  has  examined  many  miles  of  the  arch  constructi 
in  1915  and  concludes  that  where  cracks  have  occurn 
in  the  aqueduct  arch,  they  are  in  no  ca.se  due  to  8I 
fault  in  the  design  of  the  arch. 

Turning  to  the  design  of  the  invert,  tlie  board 
tliat  the  invert  is  built  in  a  single  monolith  of  good  CO: 
crete  and  has  a  minimum  thickness  even  in  the  smalle 
sizes  of  6  in.  at  the  center.  The  weight  of  the  arch  ai 
its  covering  rests  wholly  upon  the  sides  of  the  invej 
The  board  continues : 

If  we  disies.Tid  the  considerable  effect  of  such  an  inv» 
in  distributing  the  load,  the  outer  ends  only  may  be  look" 
upon  as  constituting  the  footings  of  the  sidewall."!.  If  the  * 
fective  area  of  the  footings  is  not  sufficient  for  the  bearb 
power  of  the  soil,  or  if  the  trench  bottom  i.s  carelessl.v  or  Id 
properly  prepared  for  the  reception  of  the  concrete,  unfl' 
settlement  of  the  sidewalls  relatively  to  the  middle  is  likollir 
take  place,  which  will  cause  the  invert  to  crack,  usually  alor 
the  center  line.  The  effective  bearing  areca  of  the  footlBf 
may  be  increased  by  extending  the  invert  and  increasing  I 
thickness  by  spreading  the  outside  form.«  at  the  bottom  of  tl 
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iij  si^wajls  of  the  arch,  o^  the  entire  invert  may  be  utilized  to 
dilrib'nte  the  load  by  sufficiently  increasing  its  thicl^ness 
at  reinforcing  it  with  steel. 

'he  trench  excavation  in  which  the  aquefluct  is  beino^ 
II  t  is  made  in  all  sorts  of  materials,  inclnrling  clays 
ifiarjing' degrees  of  compactness,  quicksand,  soft  nuick, 
;ii  muskeg.  Clauses  in  the  specifications  provide  for  the 
sairing  of  good  foundations  where  soft  material  is  en- 
^-  it^red. 

11'  section  on  which  the  greatest  number  of  cracks 
occurred  at  mile  23  is  in  a  shallow  cut,  generally 
jtreen  1^^  to  4  ft.  depth.     This  work  is  in  a  prairie 
«ion  and  in  a  clay  soil,  the  bearing  power  of  which 
,  hi  proved  to  be  much  less  than  was  anticipated.     The 
re  Iting  settlement  lias  caused  the  cracking  of  the  invert. 
y  way  of  experiment  three  arch  lengths  were  under- 
pi  led  with  sand  driven  through  holes  in  the  invert  close 
tn  he  sidewalls   before   sufficient   settlement   had   taken 
pi  e  to  form  cracks.     These   inverts   have   since   stood 
w  lOut  cracking,  but  the  practice  has  not  been  continued, 
racks  which  have  occurred  on  other  sections  of  the 
9.<  'duct  can  be  traced  generally  to  patches  of  soft  ground 
It  ting  settlement  of  the  structure. 

Eepairing  the  Daiiagei)  Sections 


P« 


mongthe  series  of  questions  pni]i(iun(lcd  to  the  l^jai-i! 
'iigineers  was  the  following: 

I   the  damaged  work  be  repaired  to  be  efficient   or  will 
e  to  be  removed?     If  it  can  be  repaired,  explain  how. 

he  board  replies  that  the  damaged  work  can  l^e  re- 
ed to  be  as  permanent  and  efficient  as  other  por- 
5  of  the  aqueduct,  and  that  none  of  the  work  so  far 
t  will  have  to  be  removed. 

he  method  of  repair  now  being  carried  out  is  to  cut 
the  crack  to  a  depth  of  TI4  to  2  in.  and  to  a  width 
bout  1  in.  This  groove  as  far  as  possible  is  made 
■r  at  the  bottom  than  at  the  top  and  never  V-shapod. 
;  carefully  cleaned  with  water,  tlien  packed  with  neat 
:'nt  slightly  moistened,  which  is  hammered  solidly 
place  using  a  special  calking  tool.  This  makes  not 
an  exceedingly  tight  joint  but  a  very  strong  one. 
:s  of  portions  of  the  invert  including  these  joints, 
•  shown  that  even  after  the  cement  filling  has  been 
•lace  only  two  or  three  days,  it  adheres  so  strongly 
he  concrete  that  when  broken  the  break  has  gener- 
been  in  the  old  concrete. 

Testing  the  Aqueduct  fok  LEAK.iGE 

I  order  to  test  the  efficiency  of  this  repair  work,  two 
ion.s  of  aqueduct,  each  about  270  ft.  in  length,  and 
•osely  .sek'cted  to  include  the  most  seriously  damaged 
ion  of  the  work  done  last  year,  were  repaired  in  this 
in  July,  19K;.  Water-tight  bulkheads  were  built  at 
I  end  of  the  section  and  the  aqueduct  was  tilled  with 
•r  to  the  level  of  the  usual  flow  line.     Daily  records 

■  been  kei)t  since  then  of  the  loss  of  water  as  iiidi- 
d  by  the  fall  of  level  and  are  still  being  continued. 
he   results  so   far  are   very   satisfactory.     The   total 

at  tlie  present  time  is  only  about  250  gal.  ])er  day 

ri  each  section,  each  of  which   has  between  200  and 

lin.ft.  of  ex|)ansioii  joint   below  water  level.     Thi.s 

of  wat^T  is  equivalent  to  less  than  .5,000  gal.  per 

■  of  aqueduct  per  day,  which  is  much  less  than  the 
t  UHually  specified  in  large  (concrete  pipes  under  low 
I.  Tests  made  in  April,  1915,  in  Phihidclphia  on 
M.   reinforced-concrete    pipe   under    5    lb.    j)er   sq.in. 


l)ressure  gave  a  leakage  varying  from  8,000  to  16,000 
gal.  per  mile  per  day.  The  entire  cost  for  the  repair 
work  above  described  on  the  sections  where  the  cracks 
are  most  serious  amounts  to  about  9.3c.  per  lin.ft.  of 
aqueduct. 

Since  no  further  cracking  has  taken  place  since  April, 
it  is  believed  that  on  the  sections  where  the  settlement 
has  occurred  the  aqueduct  has  come  to  firm  bearing  and 
that  no  further  defects  need  be  anticipated. 

Strexgtitentxg  the  Txvert 

At  an  early  period  in  the  work  of  the  board  it  was  re- 
quested to  advise  concerning  the  type  of  section  to  be 
adopted  in  the  work  carried  on  in  1916  to  secure  safety 
against  future  cracking.  On  May  ,5,  1916,  the  board 
recommended  that  in  firm  soil  the  base  of  the  invert 
should  be  extended  on  both  sides  to  a  length  of  S  in. 
beyond  the  sidewall ;  and  that  in  compressible  soils  the 
inverts  should  be  heavily  reinforced.  In  all  the  work 
laid  in  1916  these  recommendations  have  been  followed, 
and  on  about  15  uii.  of  aqueduct  completed,  the  greater 
part  of  which  lias  been  backfilled,  no  settlement  cracks 
have  developed. 

The  results  of  further  studies  and  tests  made  by  the 
hoard,  including  examinations  of  twelve  200-ft.  lengths 
of  aqueduct  at  different  points  along  the  line,  on  dif- 
ferent foundations,  indicate  that  the  inverts  recommended 
in  May  are  .stronger  than  is  necessary.  The  reinforced 
type  of  invert  distributes  the  load  over  the  entire  width 
of  the  foundation  and  reduces  the  unit  pressure  to  so 
low  an  amount  that  the  8-iii.  extensions  are  unnecessary. 

Efkect  of  Repaiius  a.vd  Changes  on  the  Cost 

The  board  is  still  continuing  its  exjierimcuts.  and  lie- 
lieves  that  further  modifications  may  lie  made  in  the 
design  which  will  reduce  the  cost.  If  the  lieavy  inverts 
now  in  use  were  to  be  continued  without  any  modifications 
in  the  design  except  the  omission  of  the  side  extensions 
to  the  reinforced  invert,  the  total  increase  in  cost  would 
he  about  half  a  million  dollars.  The  design  of  the 
reinforced-concrete  invert  is  based  on  unit  .stres.ses  of 
10.000  lb.  per  sq.in.  of  steel,  and  .500  lb.  per  sq.in.  com- 
pression in  the  concrete,  with  liberal  assumptions  as  to 
the  distribution  of  the  load.  Tt  is  ]m)bai)le  tliat  by  some- 
what lightening  the  reinforcement  where  the  nature  of 
the  foundalion  will  permit  it.  tiie  additional  cost  can  be 
consi(k'rai)ly  reduced. 

The  original  estimate  of  cost  for  the  entire  aqueduct 
was  .$7.097, (!40.  The  revised  estimate  at  the  jireseiit 
time,  including  the  cost  of  building  tiie  inverts  on  the 
present  expensive  plan,  amounts  to  $6,8()7,700.  The 
acjueduct  will  be  completed,  therefore,  under  the  modi- 
fied ilcsign  without  cxcec(h'ng  the  original  estimate. 


IncmiNlnK  I  Me  of  Vertlrnl-Flher  Urick — Paving  work  in 
the  town.s  and  villages  of  Kansas,  Oklahoma,  Texas,  Missouri 
and  Nebraska  has  continued  in  Increased  amounts  during 
the  year.  Over  1,500,000  sq.yd.  of  vertlcal-flber  paving  brick 
have  been  contracted  for  by  the  brick  plants  In  Western 
Paving  Hrfck  Manufacturers  Association  to  towns  and  cities 
in  the  Central  West  during  the  season  of  1316.  Leas  than 
10^  of  the  product  of  these  plants  was  in  the  form  of  re- 
pressed paving  blocks.  Vertlcal-nber  paving  brick  are  wire- 
cut  brick  with  bar  lugs  formed  on  the  clay  column  by  the 
die.  They  arc  laid  with  the  wire-cut  surface  uppermost  and 
In  the  majority  of  cases  the  Joints  are  tilled  with  asphalt. 
They  are  made  In  depths  of  2 Ms  to  1  In.  but  a  large  majority 
"f  this  year's  shipments  have  been  brick  of  3-ln.  depth,  the 
recommended   standard   for  towns. 
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Bridlge  Wrecliedl  "hy  Rtinai^ay 


'rs\ll©dl  at  C^rve 


At  5:20  p.m.  on  Oct.  3,  191(),  a  soiithijound  street 
car  loaded  with  people  returning  home  after  the  day's 
work  ran  away  on  the  steep  down  grade  of  West  Third 
St.,  Cleveland,  Ohio,  jumped  the  track  at  a  sharp  curve 
at  the  foot  of  the  grade  just  at  the  entrance  to  a  bridge 
over  the  B.  &  0.  Ry.  tracks,  and  demolished  the  bridge, 
as  shown  by  the  three  photographs  herewith.  A  north- 
bound street  ear  crossing  the  bridge  was  carried  along 
in  the  fall  (Fig.  1).  Two  people  were  killed  and  about 
70  were  injured.  The  motorman  of  the  runaway  car 
left  the  car  before  the  wreck  occurred;  his  conductor, 
trying  to  stop  the  car,  was  killed. 

The  grades  on  the  hill  approaching  the  bridge  range 
from  3%  to  9%,  as  follows:  Champlain  St.  (top  of 
hill)  to  Prosjject  Ave.,  2T0  ft.,  5.G8%  grade;  across 
Prospect  Ave.,  49.5  ft.,  3.33%  grade;  Proi^pect  Ave.  to 


car.    The  speed  of  the  runaway  car  when  it  struck  the  cur  .j 
has  been  estimated  as  about  40  mi.  per  hour.     The  cur 
at  the  foot  of  the  grade  is  short  but  its  degree  of  cutt 
ttire  could  not  be  learned.     There  were  about  100  passe 
gers  on  the  car  at  the  time  of  the  accident. 

At  the  curve  the  car  left  the  track  to  the  outside 
the  curve,  crossed  over  to  the  northbound  track,  ai 
shortly  after  entering  on  the  bridge  struck  the  left-hai 
or  east  truss.  According  to  F.  D.  Richards,  bridge  enf 
neer  of  the  City  of  Cleveland,  it  struck  Post  4  a  glan 
ing  blow,  bent  it  badly,  and  knocked  it  out.  Then 
struck  squarely  against  Post  5  and  broke  it  in  two. 
a  point  about  4  ft.  above  the  bridge  floor.  The  count! 
were  knocked  out  at  the  same  time,  and  the  floor  L 
erals  were  broken.  The  car  ran  on  to  within  5  ft 
Car  3T8,  northbound,  which  had  come  to  a  full  stt 
Contrary  to  early  reports,  the  cars  did  not  collide. 

The  Baltimore  &  Ohio  Ry.  was  completely  blocked 
the  fall  of  the  span,  ilayor  Davis  refused  to  allow  t 
railwav  forces  to  start  removing  the  wreck  until  abc 


FIG.  1.     SOUTH  EXD  OF  WEST  THIRD  ST.  BRIDGE 


north  line  of  Canal  Road,  347  ft.,  8.93%  ; 
Canal  Road  to  bridge.  139  ft..  7.19%. 
It  is  not  known  just  at  what  point  on 
this  grade  the  motorman  lost  control  of 
the  car.  The  car  had  air  brakes  and 
hand  brakes,  and  could  also  have  been 
checked  by  the  motors.  At  the  foot  of 
the  grade  the  car  tracks  deflect  about 
30°  to  the  right  and  enter  on  the  north 
approach  span  of  the  first  Cuyahoga 
River  bridge,^  a  lOo-ft.  through  truss 
span  over  the  B.  &  0.  tracks.  This  span 
was  built  in  the  spring  of  1889,  and  was 
of  iron.  The  truss  depth  was  20  ft., 
the  panel  length  15  ft.,  and  the  weight 
of  the  span  128  tons.  The  outh'ne 
sketch  shows  its  general  proportions  and 
tlie  position  of  the  two  cars  that  were 
on  the  .span.  Car  369  l)eing  the  runaway 


'In  the  flood  of  1912  the  swing  span  of 
this  bridge  was  carried  away  by  a  freight 
steamer  that  had  torn  adrift.  It  wa.s  re- 
piaced  by  a  second-hand  span  bought  in 
Detroit.  As  the  views  show,  the  present 
accident  did  not  Involve  the  swing  span 
In   any  way. 


FIG.    :;.     WEST   TIlIIiD   ST.    mUDGl';.   rT.IOVEI.-WIV    NE.M^    VIEW    CiV    I'OINT 
FAILURE.   FROM  NORTH  ABUTMENT;    RUNAWAY  CAR  I.N  FOREGHOl'M 


October  12,  1916 
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FIG.  3.    VIEW  OF  WEST  THIRD  ST    BRIDGE  FROM  EAST.  AT  RIGHT  THE  RUNAWAY  CAR  THAT  WRECKED  BRIDGE 


ght  0-clock  the  next  morning.  In  the  meantime  in- 
'stigations  were  made  by  A.  J.  Hiraes,  engineer  of  grade 
imination  of  the  Nickel  Plate,  and  Henry  E.  Mertens, 
lit'f  engineer  of  the  Osborne  Engineering  Co.,  for  the 
ty,  and  Wilbur  J.  Watson,  and  Wm.  J.  Carter,  con- 
dting  engineers,  for  the  street  railway  company.  Start- 
ig  work  in  the  morning,  the  B.  &  0.  got  the  tracks 
,  )en  by  noon,  or  in  about  4  hr.  work.     The  truss  mem- 

b  e  r  s      were      cut 
/srsnc",^.,  J  through  by  oxyacet- 

ylene  burners  and 
wrecking  cranes 
hoisted  them  out  of 
the  way.  One  of  the 
pictures  shows  the 
liook  of  the  wreck- 
ing (rane  attached 
to  the  end  post. 
This  track-clearing 
was  a  remarkably 
fast  job.  The  grade 
and  curve  which  are 
directly  responsible 
for  this  accident 
have  existed  for 
many  years,  form- 
ing a  combination 
wreck  at  some  time 
•ident 


LOCATION  PLAN  OF  BRIDGE 


lilt    was    likely    to    produce    a    bad 

r  otiier.     There   is  no   knowledge 

r  this   kind   at   the   same   jioint  however.      Apparently 

II'  necessary  clement,  a  runaway  car,  has  been  lacking. 


prior 


-- ^ 1  Fanals  at  15-0' 105-0'  ■■ 


FIG.  5.    TRUSS  DIAGRAM  OF  WRECKED  BRIDGE 
rlh  end  at  left;  position   is  the   rever»e  of  that  represented 
by  the  view   Fig.  3 


On  Thursday,  Oct.  5,  the  City  Council  voted  $50,000 
for  restoration  of  the  bridge.  On  Oct.  6  contract  was 
awarded  to  the  King  Bridge  Co.  for  a  new  superstructure 
to  cost  $25,000  and  other  items  of  repair  and  reconstruc- 
tion including  work  on  the  abutments  to  cost  $5,000. 
It  will  be  at  least  a  month  before  the  new  bridge  is  in 
place  and  ready  to  be  opened. 

For  most  of  the  above  figures  and  specific  data  Engi- 
neering N<urs  is  indebted  to  P.  D.  Kichards,  Bridge 
Engineer  for  the  city. 

Si 

Ordinances  providing  for  traffic  regulation  and  the 
use  of  streets  and  sidewalks  in  Cleveland,  Ohio,  are  speci- 
fically worded  to  guard  against  damage  to  pavements, 
such  as  that  described  elsewhere  in  this  issue  on  West 
42nd  St.,  New  York  City.  This  is  perhaps  the  only 
American  city  where  such  an  ordinance  is  in  effect.  It 
has  been  in  force  since  May  5,  IDlfi.  The  following  are 
the  clauses  in  point: 

Section  1343-b— (Speed  of  Motor  Trucks)— A  motor  truck 
is  a  motor  vehicle  with  solid  tires  and  constructed  to  carry 
freight  or  merchandise.  The  speed  of  motor  truclts  upon  the 
streets  of  the  city  shall  not  exceed  12  mi.  per  hr.  in  cases 
vvhere  the  weiRht  of  the  vehicle  and  the  load  is  more  than 
3  tons  and  less  than  8  tons,  and  shall  not  exceed  8  mi.  per  hr. 
in  cases  where  the  weight  of  the  vehicle  and  the  load  is  8 
tons  or   more. 

Section  1343-e — No  load  in  excess  of  12  tons  in  weii;ht, 
including  the  weight  of  the  vehicle,  shall  be  propelled  or 
driven  upon  or  over  the  streets  of  the  city,  provided,  however, 
that  the  director  of  public  service  may  issue  permits  in  special 
cases  for  the  carrying  of  heavier  loads  upon  or  over  certain 
streets  specially  designated  in  the  permit.  Vehicles  weighing 
more  than  6  tons,  inclusive  of  the  weight  of  the  vehicle,  shall 
not  be  driven  on  or  over  the  streets  of  the  City  of  Cleveland 
unless  there  is  conspicuously  displayed  on  both  sides  of  the 
outside  of  the  vehicle  in  words  and  figures  not  less  than  2  In. 
square  the  weight  of  the  vehicle  and  the  maximum  carrying 
capacity  thereof.  Nothing  herein  contained  shall  be  construed 
to  prohibit  the  hauling  of  more  than  12  tons  in  a  train  made 
up  of  a  power  vehicle  and  tiallers,  provided,  however,  that 
the  number  of  vehicles  in  such  train  shall  not  be  greater  than 
Is  HUfllclent  to  haul  three  separate  loads  and  that  the  weight 
of  each  load.  Including  the  vehicle,  shall  not  exceed  12  tons. 
A  train  of  such  vehicles  shall  carry  a  brakeman  on  the  rear 
vehicle. 
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lie 


In  the  United  States  District  Court,  Fourth  Division, 
of  the  Minnesota  District,  Judge  Booth,  on  Oct.  4,  1916, 
handed  down  a  decision  against  C.  A.  P.  Turner,  of 
Minneapolis,  who  was  suing  tlie  Deere  &  Webber  Co.  for 
infringement  of  Turner's  patent  No.  985,119  in  the  con- 
struction of  the  flat-slab  reinforced-concrete  floors  of  the 
Deere  &  Webber  building  at  Chicago.  Claims  1,  4  and 
6  of  this  patent  were  before  the  same  court  in  the  case 
of  Turner  vs.  Moore  &  Scriver  (Engineering  News,  Apr. 
18,  1912,  p.  750,  Feb.  5,  1914,  p.  329).  In  that  case 
Judge  Willard  held  that  the  elements  in  the  claim  were 
allowed  but  that  the  bringing  of  them  together  was  not 
invention  and  further  that  the  claims  were  void  for 
lack  of  invention,  in  view  of  the  prior  art. 

In  the  Deere  &  Webber  case,  Mr.  Turner  introduced 
Claims  2  and  8  in  addition  to  Claims  1,  4  and  6.  Judge 
Booth  decided  that  there  was  nothing  involved  in  the 
two  new  claims  distinct  from  the  original  three  and  tliat 
all  were  subject  to  the  same  ruling  as  aj)plied  to  the 
former  suit. 


Tlh©  HsiftBOiasill  Reseairclh  Cotmiacnll 

For  several  months  plans  liave  been  under  discussion 
for  cooperation  between  the  engineering  profession  as 
represented  bv  the  national  engineering  societies  and  the 
scientific  men  of  the  country  re])resented  by  the  National 
Academy  of  Sciences.  The  National  Academy  was  char- 
tered by  Congress  during  the  Civil  War,  with  the  idea 
of  enabling  the  Government  to  obtain  the  counsel  of 
leaders  in  the  world  of  science.  By  the  terms  of  the 
Academy's  charter,  the  Government  has  the  right  to  call 
upon  the  Academy  when  it  desires  advice  in  .scientific 
matters.  Little  u.se  has  been  made  of  this  privilege  until 
recently,  when  President  Wilson  sought  the  aid  of  the 
Academy  in  organizing  a  commission  to  .study  the  slides 
on  the  Panama  Canal.  l\rore  recently  still  the  advice 
of  the  Academy  has  been  sought  in  the  selection  of  a 
process  of  nitrate  manufacture  to  be  adopted  in  the 
])rojected  Government  plant. 

The  meml)ership  of  the  Academy  is  confined  to  scien- 
tists who  have  to  their  credit  some  important  piece  of 
original  work  either  in  scientific  investigation  or  in 
authorship.  The  members,  therefore,  are  for  the  most 
jiart  confined  to  the  field  of  pure  science,  so  called;  and 
in  both  these  cases  where  the  aid  of  the  Academy  was 
sought  by  the  Government  it  was  necessary  to  add  to 
Die  hiembership  of  the  commission  to  be  appointed,  men 
selected   from   the  engineering  profession. 

Eealizing  the  need  of  cooperative  action  if  the  Acad- 
(;my  is  to  fulfill  its  object  of  official  adviser  to  the  Gov- 
ernment, the  officers  of  the  Academy  have  been  working 
n-ith  a  committee  representing  the  principal  national  en- 
^,'ineering  societies,  endeavoring  to  work  out  some  plan  t)y 


which  those  devoted  to  scientific  theory  and  those  dealing 
with  applied  science  could  cooperate  for  the  public  wel- 
fare. The  plan  decided  upon  is  the  organization  of  the 
National  Eesearch  Council,  made  up  of  representative 
men  connected  with  each  of  the  national  engineering 
societies,  the  heads  of  such  governmental  scientific  bur- 
eaus as  deal  especially  with  scientific  matters,  and  a 
number  of  other  eminent  scientists  of  national  reputation. 

Wliile  a  definite  charter  and  constitution  for  the  Coun- 
cil are  yet  to  be  form^ilated,  the  general  purpose  is  to 
foster  cooperation  among  present  research  organizations 
in  the  Government  departments,  in  educational  institu- 
tions and  in  industrial  plants.  The  chairman  of  the 
Council  is  Dr.  George  E.  Hale,  Director  of  the  Blount 
Wilson  Solar  Observatory. 

An  arrangement  has  been  concluded  between  the  Na- 
tional Academy  of  Sciences  and  the  Engineering  Foun- 
dation imder  which  the  latter  has  placed  its  funds  at 
the  disposal  of  the  National  Research  Council  for  one 
year  and  has  given  the  services  of  its  secretary,  Dr.  Gary 
T.  Hutchinson,  to  the  Council  to  serve  as  its  secretary. 

The  Council  is  made  up  of  35  members.  The  Amer- 
ican Society  of  Civil  Engineers  is  represented  on  it  by 
Clemens  Herschel,  president  of  the  society ;  the  American 
Society  of  Mechanical  Engineers  by  Dr.  John  A.  Bra- 
shear,  Ambrose  Swasey  and  W.  F.  M.  Goss,  past-presi- 
dents; the  American  Institute  of  ^lining  Engineers  by 
Charles  F.  Rand,  past-president;  the  American  Institute 
of  Electrical  Engineers  by  John  J.  Carty  and  Gano  Dunn, 
]iast-presidents,  Elihn  Thomson,  C.  E.  Skinner  and  W. 
R.  Whitney.  It  is  announced  that  other  members  of 
the  Council  may  be  appointed  from  time  to  time. 

In  addition  to  and  independent  of  this  plan  for  or- 
ganization already  carried  into  effect,  the  National  Acad- 
emy of  Sciences,  in  conference  with  leading  engineers 
representing  the  different  national  societies,  is  canvassing 
a  plan  for  an  organization  of  larger  scope  and  of  larger 
membership  than  the  National  Research  Council,  still 
confined,  however,  to  the  leaders  of  the  profession  in 
any  and  all  its  branches.  A  committee  is  investigating 
l)lans  for  .such  an  organization,  but  it  is  still  undeter^ 
mined  to  what  extent  the  organization  will  be  a  merely 
honorary  body,  membership  in  which  will  be  conferred 
;is  a  mark  of  distinction,  and  to  what  extent  it  will  be 
a  working  body  with  definite  aims  and  purposes. 


Meters  for  all  water  consumers  in  Philadelphia  will  be 
the  practice  in  a  few  years,  it  is  expected,  as  the  result 
of  an  ordinance  now  before  the  City  (Councils.  Large 
consumers  are  required  and  small  consumers  encouraged 
to  use  meters.  It  is  expected  that  the  ordinance  will  be 
enacted  soon,  as  it  is  not  only  practically  unopposed,  l)ut  i;^ 
believed  to  reflect  public  sentiment  that  meters  will  be  the 
only  salvation  of  the  water-su]iply.  The  main  feature." 
;ind   elfect  of  the  ordiinince  have  been   summarized  for 
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ngineering  News  by   Carleton   E.   Davis,  chief  of  the 
ureau  of  Water,  as  follows : 

All  larfre  consumers  of  water,  such  as  manufacturing  es- 
blishn'ients,  business  houses,  hotels,  saloons,  breweries,  rail- 
ads  etc.,  must  be  supplied  through  meters  by  Jan.  1,  1918. 
le  year  is  given  for  the  change,  as  it  is  recognized  that  after 
e  passage  of  the  ordinance  the  time  will  be  too  short  to 
ake  the  change  effective  on   the  first  of  January  next. 

The  present  meter  rate  of  30c.  per  1,000  cu.ft.  will  be  in- 
eased,  the  charge  for  water  being  40c.  per  1,000  cu.ft.  Min- 
iums are  fixed  for  each  size  of  connection,  and  these  mini- 
ums carry  with  them  a  certain  allowance  of  water  without 
ditional  charge.  In  effect  this  will  result  in  charging  the 
dinary  householder  $1  per  1,000  cu.ft..  while  the  largest  con- 
mer  will  receive  his  water  as  low  as  43c.  per  1,000  cu.ft.  Be- 
een  these  extremes  the  charges  will  vary,  depending  upon 
e  use  of  water. 

The  minimuras  fixed  include  a  proportional  contribution  for 
ch  service-pipe  connection  to  the  interest  and  sinking-fund 
arg'es  for  outstanding  water-works  bonds.  Such  charges 
lount  to  about  $2,000,000.  The  minimum  charges  for  each 
-.e  of  service-pipe  connection  were  arrived  at  by  adding  to 
e  interest  and  sinking-fund  contribution  a  certain  quantity 

water  at  40c.  per  1.000  cu.ft.  The  reasons  for  combining 
ese  two  factors  in  a  minimum  charge  were  manifold,  but 
>re  believed  to  apply  with  particular  force  to  Philadelphia 
nditions.  While  all  large  users  of  water  will  be  put  on  a 
mpulsory  meter  basis  by  the  first  of  January.  1918.  an  in- 
,  cement  is  held  out  to  all  small  users  of  water  to  change 
luntarily.  in  that  there  is  a  possible  saving  to  the  house- 
Ider  by  the  introduction  of  a  meter  of  from  $1  to  $8  or 
0   a   year. 

It  is  the  expectation  that  in  the  course  of  10  years  prac- 
ally  all  domestic  users  will  install  meters.  Some  of  these 
nallations  will  be  voluntary;  some  will  be  compulsory,  as 
e  director  is  empowered  to  place  meters  on  all  premises 
!ere  waste  is  permitted. 

A  proposition  to  compel  all  new  connections  to  the  mains 
ter  Jan,  1,  1917.  to  be  placed  on  meters  was  discussed,  but 
nsidered  inadvisable  at  this  time,  it  being  believed  that  it 
IS  better  to  have  the  consumer  voluntarily  place  a  meter 
cause  of  the  inducement  in  the  rates. 

The  financial  condition  of  the  city  made  it  necessary  to 
ve  meters  placed  at  the  expense  of  the  consumer.  While  it 
>uld  be  better  for  the  city  to  own  as  well  as  control  all 
•ters,  it  is  impossible  at  the  present  time.  In  two  years  it 
ly  be  practicable  to   work  out  this  situation. 


A  ileiiionstration  of  the  new  iiiotluid  of  brick  paving 
or  streets  and  country  roads),  in  which  the  brick  is 
d  directly  upon  the  green  concrete,  was  a  feature  of  the 
th  annual  meeting  of  the  National  Paving  Brick  ^Manu- 
r-turers'  Association. 

The  meeting  proper  was  held  at  the  Deming  Hotel, 

•rre  Haute,  Ind.,  on  Oct.  5,  but  was  of  a  business  or 

ininercial   rather  than  a   technical   character.     In   the 

ening,  however,  there  was  a  display  of  moving  pictures 

owing  the  construction  of  brick  and  macadam  roads, 

eluding  the   new   automobile   highway   for  the   ascent 

Pikes  Peak,  Colorado.     In  all  about  250  people  were 

esent,  including  a  large  number  of  visitor.s  (engineers, 

unieipal   officers,   highway   superintendents,    etc.)    spe- 

iUy  invited  to  see  the  jjaving  wor!:  in  progress.     The 

ficere  elect  d  are  as  follows:     President,  C.  C.  Blair, 

eveland,   Ohio;  Vice-President.  J.   W.   T!obb,   Clinton, 

id.;  Secretary,  W.  P.  Blair,  Cleveland,  Ohio. 

On  Aug.  G,  the  party  was  taken  in  automobiles  over 

me  of  the  notable  l)rick-paved  streets  of  Terre  Haute. 

hese  included  a  paving  2o-yr.  old,  of  brick  on  broken 

•r-  base,  with  sand  cushion  and  cement  filler.     Other 

iiig  included  concrete  with  and  without  a  bituminous 

Special  interurban  cars  then  took  the  party  for  a 

i  to  Paris,   111.,  where   street  cars  were   provided  to 

ly  them  to  the  demonstration   point,  at  which  brick 

iiig  was  in  progress  on  a  (ouiity  highway.     The  in- 


spection of  this  work  was  followed  by  lunch  at  the 
water-works  park,  after  which  automobiles  took  the  vis- 
itors for  a  ride  over  several  country  roads  having  brick 
and  gravel  paving. 

In  the  paving  work  under  demonstration,  the  subgrade 
was  rolled,  with  a  tandem  roller,  and  steel  side  forms 
were  set  (oiled  to  adhere  to  the  concrete).  The  concrete 
was  dumped  upon  it  from  a  tilting  bucket  on  the  boom 
of  a  steam-operated  mixer;  it  was  tamped  against  the 
side  forms  and  roughly  leveled  by  a  steel  plate  with 
chains  drawn  by  men.  Behind  this  came  a  steel  tem- 
plet carried  by  rollers  traveling  on  steel  forms.  This 
consisted  of  two  parallel  transverse  beams,  braced  to- 
gether, and  between  these  was  fi^lled  a  dry  mixture  of 
sand  and  cement,  2 : 3.  The  mixer  hauled  this  tem- 
plet forward  by  means  of  chains,  and  the  wire-cut-lug 
brick  were  at  once  laid  on  the  smooth  surface  of  the 
dry  mix. 

After  inspection  and  culling,  the  surface  was  rolled 
by  a  one-man  hand  roller,  and  then  sprinkled.  The  first 
application  of  cement  grout  was  quite  wet,  and  was 
poured  directly  by  a  long  spout  on  a  grout  mixer,  being 
then  broomed  into  place.  For  the  second  application, 
the  grout  was  made  thicker  (of  a  soupy  consistency), 
and  delivered  into  wheelbarrows  from  which  it  was 
dumped  upon  the  surface.  This  mixture  was  carefully 
spread  and  worked  with  squeegees  for  some  time,  thor- 
oughly filling  the  joints  and  leaving  quite  a  heavy  coat 
of  grout  upon  the  surface.  This  completes  the  ]iaving, 
which  is  then  left  for  at  least  15  days  before  being  opened 
to  traflfic. 


Joint  appropriations  of  city  and  state  and  coiitriliU- 
tions  of  citizens  provided  tlio  funds  for  the  ^1^500,000 
flood  prevention  project  now  under  way  at  Olean.  N. 
Y.,  on  the  line  of  Hie  Allegheny  Kiver  and  Olean  Creek. 
Floods  in  the  lowlands  of  the  city  liave  been  destructive 
and  dangerous  for  many  years  and  in  1913  concerted 
action  by  a  number  of  citizens  resulted  in  the  int induc- 
tion into  the  Htate  Legislature  of  a  bill  appropriating 
$150,000  by  the  state  for  flood  prevention  work  pro- 
vided the  city  raised  a  like  sum.  This  bill  became  a 
law  in  1915  and  the  local  appropriation  was  carried  at 
the  next  election  by  a  vote  of  (>  to  1.  In  addition  about 
$200,000  worth  of  land  was  donated  by  citizens. 

Under  the  statute  a  Flood  Abatement  Commission 
came  into  existence  and  O'Connor  &  Chapman,  of  All)any, 
N.  Y.,  were  employed  as  executive  engineers.  They  iire- 
pared  plans,  subject  to  the  ap])roval  by  the  Superintend- 
ent of  Public  Works,  and  early  in  191()  a  contract  was 
let  to  the  James  ^M.  Hamilton  Contracting  Co.  to  do  the 
work.     Construction  is   now  about  one-third   com])leteil. 

The  ])lans  comprise  the  straightening,  widening  and 
deepening  of  channels  in  river  and  creek  and  the  build- 
ing of  an  8I/2  mi-  earth  dike  or  levee  along  the  widened 
channels.  Electrically  driven  pumps  will  take  care  of 
•sewage  and  lateral  streams  in  flood  time.  Within  the 
city  limits  Olean  Creek  is  to  be  materially  revised  as 
to  line.  At  present  it  meanders  over  a  large  area  which 
it  overflows  at  intervals.  The  new  sclieme  re))laces  the 
many  curves  by  one  easy,  long  curve  and  widens  the 
channel  to  a  safe  cross-section.  In  the  land  loft  by 
the  .straightening  a  number  of  city  parks  will  he  laid  mil. 
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The  new  municipal  docks  at  Jacl<sonvillc,  Fla.,  have 
just  been  made  ready  for  business.  These  clocks  have  l^een 
under  construction  for  about  two  years.  They  were 
built  after  the  city  voted  to  authorize  the  issue  of  bonds 
to  the  amount  of  $1,500,000  "for  the  purpose  of  acquir- 
ing- site  and  constructing  docks,  belt  line,  cotton  and  mer- 
chandise warehou.ses,  compresses,"  etc.  The  site  is  located 
about  3.;  mi.  from  the  city  hall  on  the  St.  John  River, 
with  full  riparian  rights  to  the  SO-ft.  channel  now  being 
dredged  by  the  Federal  Government,  having  now  a  mini- 
nnim  depth  of  26  ft.  One  mile  of  water  frontage  was 
secured. 

At  the  present  time  there  is  docking  space  for  fourteen 
average-size  freight  steamers,  with  a  three-quarters  of  a 
square  mile  30-ft.  depth  anchorage  in  front  of  the  dock. 
Two  piers,  each  1,000  ft.  in  length  by  260  ft.  in  width  have 
been  built.  One  is  an  open  pier  for  handling  lumber,  rosin, 
turpentine,  tars,  and  other  commodities  not  injured  by 
the  weather ;  the  other  has  two  immense  steel  warehouses 
800  ft.  long  by  73  ft.  wide.  Both  piers  are  timber  ex- 
tensions outside  of  fill,  and  are  paved  with  vitrified  brick 
set  in  cement.  They  are  connected  by  railroad  tracks  to 
the  municipal  belt  railroad. 

There  are  iu  addition  reinforced-coucrete  warehouses 
back  from  the  pier  but  on  the  railroad,  iu  which  are  in- 
stalled two  cotton  compresses;  one,  the  latest  model 
"Standard"  compress,  which  produces  a  rectangular  bale 
with  a  density  of  32  lb.  i)er  cu.ft.  and  contains  about  16 
(U.ft.,  somewhat  smaller  than  the  ordinary  cotton  bale. 
This  reduced  bulk  saves  in  shipping  rates.  The  piers  and 
the  warehouses  are  all  protected  against  fire  with  lire- 
fighting  a]3pliances  and  fire  pumps  supplied  with  water 
from  artesian  wells  and  a  reservoir  on  the  property.  Some 
of  the  details  of  the  construction  of  the  work  were  pub- 
lished in  Engineering  Xeirs,  Dec.  2,  191.5,  page  1099. 

The  International  torre>i|i«n<lenc'e  Schools,  ot  Scranton. 
Penn.,  celebratcii  their  twenty-fitth  anniversary  on  Monday, 
Oct.  2.  Exercises  were  held  in  the  afternoon  at  the  Strand 
Theater  in  Scranton,  and  in  the  evening  a  banquet  was  given 
in  the  Educational  Building  of  the  schools,  at  which  the  guest 
of  honor  was  Governor  Brumbaugli  of  Pennsylvania. 

.V  Transit  Commissioner  for  Pittsliurgh  is  proposed  in  an 
ordinance  just  passed  by  the  Council  of  the  city.  The  bill 
provides  that  the  mayor  appoint  a  transit  commissioner  at  a 
salary  of  $8,000  a  year,  the  appointment  to  be  subject  to  the 
approval  of  the  Council,  and  requests  that  the  commissioner 
as  soon  as  possible  after  appointment  prepare  a  budget  show- 
ing the  number  of  engineers,  draftsmen,  etc.,  needed. 

The  Joseph  \.  Holme.s  .Safety  Assovintlon  has  been  organ- 
ized to  establish  a  permanent  memorial  to  the  late  Dr.  Joseph 
A.  Holmes,  Director  of  the  Bureau  of  Mines.  Dr.  Holmes' 
great  achievement,  in  the  work  to  which  the  later  years  of 
his  life  were  devoted,  was  the  safeguarding  of  those  engaged 
in  the  mining  industry.  It  is  proposed  therefore  that  the 
memorial  to  him  shall  take  the  form  of  an  endowment  fund, 
the  income  from  which  sh.all  be  devoted  annually  to  the  award 
of  one  or  more  medals  with  honorariums,  to  be  known  as  the 
Holmes'  award,  for  the  encouragement  of  those  originating, 
developing  and  installing  the  most  eflicient  safety  devices,  ap- 
pliances or  methods  in  the  mineral  industry  during  the  year. 
Twenty-three  prominent  scientific  and  technical  organizations 
are  represented  in  the  association,  including  the  American 
Societies  ot  Mechanical,  Mining  and  Electrical  Engineers,  the 
American  Society  for  Testing  Materials,  the  American  Chem- 
ical Society  and  several  important  Government  bureaus.  The 
president  of  the  association  is  Van  H.  Manning,  Director  of 
the  Bureau  of  Mines,  and  the  secretary  is  Dr.  David  T.  Day,  of 
Washington,  D.  C.  Contributions  to  the  endowment  fund  are 
invited  from  those  who  knew  Dr.  Holmes  or  are  interested 
in  the  further  development  of  the  movement  for  safety  in 
mining. 


Homer  Neal,  formerly  with  the  Braden  Copper  Co.,  has  re- 
cently been  appointed  Engineer  in  charge  of  the  Central  Chilt 
Copper  Co.   mines  in  Tambillos,   Chile. 

H.  E.  Swock,  formerly  with  the  American  Steel  and  Wire 
Co.,  Donora,  Penn.,  has  been  made  Chief  Draftsman  of  the 
Page-Hersey  Iron  Tube  and  Lead  Co.,  Welland,  Ont. 

Thomas  Stanley,  formerly  Engineer  of  the  Georgia  State 
Prison  Commission,  has  been  appointed  States  Highway  En- 
gineer, under  the  recent  act  creating  a  State  Highway  De- 
partment. 

Joseph  \.  West,  formerly  Chief  Engineer  of  the  Ogden, 
Logan  &  Idaho  Ry.,  has  been  appointed  Chief  Engineer  ol 
the  Sumpter  Valley  Ry.,  of  Oregon,  with  headquarters  at 
Baker,   Ore. 

Oeorce  Durham,  recently  Master  Mechanic  of  the  Dela- 
ware, Lackawanna  &  Western  R.R.,  at  Scranton,  Penn.,  has 
been  .ippointed  Superintendent  of  Motive  Power  of  the  Wheel- 
ing &  Lake  Erie  Ry.,  at  Brewster,  Ohio. 

J.  B.  Lippincott,  M.  Am.  Soc.  C.  B..  of  Los  Angeles.  Calif., 
has  been  made  Consulting  Engineer  of  the  Automobile  Club  ol 
Southern  California.  He  is  assisting  the  club  in  its  campaign 
in  favor  of  a  new  issue  of  state- road  bonds. 

C.  F.  Messineer,  for  several  years  Advertising  Manager  Oi 
the  Chain  Belt  Co.,  Milwaukee,  Wis.,  has  been  appointed  Man- 
ager of  the  concrete  mixer  department  of  the  company.  H< 
is  a  graduate  of  Sheffield  Scientific  School,  Yale  University. 

Edn-nrd  T.  Bailey,  formerly  with  the  Emerson  Building  Co. 
Xew  York  City,  announces  that  he  has  become  associateo 
with  Joseph  O'Connor,  of  New  York  and  Minneapolis,  to  con- 
duct a  general  contracting  business  with  offices  at  103  Part 
Ave.,  New  York  City. 

E.  B.  Taylor,  M.  Am.  Soc.  C.  E.,  Second  Vice-President  oi 
the  Pennsylvania  Lines,  has  been  elected  President  of  th< 
Lorain.  Ashland  &  Southern  R.R..  recently  bought  by  the 
I'ennsylvania.  He  succeeds  the  late  Joseph  Ramsey,  builSei 
and  owner  of  the  road. 

E.  P.  Peek,  Major,  Corps  of  Engineers.  IT.  S.  A.,  in  chargf 
of  the  United  States  Engineer  Office  at  Duluth,  Minn.,  has  been 
transferred  to  the  office  of  the  Chief  of  Engineers,  Washing- 
ton, D.  C.  He  i.s  succeeded  by  Lieutenant-Colonel  E.  L.  Schull 
now   at   New   Orleans,   La. 

Prof.  D.  F.  Thompson,  for  45  years  the  head  of  the  depart- 
ment  of  stereotomy  and  descriptive  geometry  at  Rensselaei 
Polytechnic  Institute,  has  resigned,  and  has  been  appoints* 
Professor  Emeritus.  He  is  succeeded  as  head  of  the  de^ 
partment  by   Prof.   E.   F.   Chillman. 

EdKar  \.  Van  Oeusen,  for  the  past  four  years  Chief  DraOs- 
man  at  the  New  York  City  office  of  the  Southern  Power  Co. 
has  been  transferred  to  the  company's  headquarters  at  Char- 
lotte, N.  C.  Austin  H.  Beeve.s,  of  the  New  York  office,  h»i 
been   promoted   to   succeed   Mr.    Van   Deusen. 

Harry  S.  Stanton,  Assoc.  M.  Am.  Soc.  C.  E.,  now  engaged  It 
the  completion  of  the  Elephant  Butte  dam.  New  Mexico,  hai 
resigned  from  the  Reclamation  Service  and  will  be  associatet 
with  E.  W.  Hess,  Engineer,  M.  Am.  Soc.  C.  E.,  at  Du  BolB 
Penn.,  in  the  general  practice  of  engineering. 

Charles  Peter  'tVeeks,  Architect,  and  W.  P.  Day,  Assoc.  M 
Am.  Soc.  C.  E..  formerly  of  Leonard  &  Day,  Consulting  Engi- 
neers. San  Francisco,  Calif.,  announce  the  formation  Of  tht 
firm  of  Weeks  &  Day.  Phelan  Bldg..  San  Francisco,  for  tht 
general  practice  of  architecture  and  engineering. 

H.  V.  Latham,  for  the  past  four  years  Designing  BnglnWI 
of  the  Porto  Rico  Irrigation  Service,  has  been  appointed 
gineer  in  charge  of  irrigation  investigations  in  the  district! 
of  ponce,  Juana  Diaz,  Lajas  and  Isabela,  Department  of  th« 
Interior,  Government  of  Porto  Rico,  with  offices  at  Ponce,  P,  8 
(i.  W.  Stiekney,  formerly  Designing  Engineer  of  the  pavInC 
department  ot  the  Syracuse,  N.  Y.,  Bureau  of  Engineering,  hM 
been  appointed  Chief  Engineer  of  the  Rivers  and  Lakes  Com- 
mission of  Illinois.  He  is  a  graduate  of  the  University  «< 
Maine,  class  of  1900.  and  has  hf.d  experience  with  the  MetlO- 
politan  Water-Works  of  Boston,  Mass..  an(i  the  New  Tor* 
State  Barge  Canal. 

Clark  R.  Mandltiro,  Assoc.  M.  Am.  Soc.  C.  E.,  for  the  pMl 
six  years  Assistant  City  Engineer  of  Kansas  City.  Mo.,  BW 
resigned  to  accept  a  position  as  Engineer  with  the  Portlant 
Cement  Association.  He  will  look  after  the  Interests  of  lll« 
Association  in  Kansas  and  western  Missouri.  Over  100  ml.  Ol 
concrete  pavements  have  been  laid  under  his  supervision  or 
streets   in    Kansas   City   in    the   past   six    years. 
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.     A.  »>llo«s.  a   liiOfi  graduate  of  the  University  of  Michi- 

is   been   appointed   Instructor   in    the   Civil   Engineering 

jlma  mater  to  succeed  J.  H.  Bringhurst.   Assoc.  M.   Am. 

E.      Mr.    Fellows    was   formerly   Assistant    Engineer   of 

. -al  of  Georgia   Ry.  and   later  General   Superintendent 

Winsboro   Granite    Corporation    of   Savannah,    Ga.      He 

ved  a  master's  degree  in   civil  engineering  in   1916. 

it.  P.  Bcyd,  whose  resignation  as  Assistant  State  Highway 

1  gineer  '  t  Alabama  was  noted  in  these  columns  of  Sept.  28, 

li  becon  ■■  associated   with  .lames  W.   Billingsley,   Consulting 

I  gineer.  Sevr  Orleans.   La.,  and   will   have   direct  charge  of  a 

} '0,000    road    improvement    contract    in    Ouachita    Parish,    in 

I  rthern  Louisiana.      He  is  a  graduate   of  Alabama  Polytech- 

I    Institute,  and  has  been  Principal  Assistant  State  Hi^jhway 

J  gineer   of  Alabama    since   1911. 

Dr.  Churles  H.  Fiiiton,  M   Am.  Inst.  M.  E.,  Profe.ssor  of  Min- 

I      and    Metallurgy,    Case    School    of    .\pplied    Science,    Cleve- 

1  d,  O'.iio.  who  discovered  a  process   of  recovering  zinc  from 

.  :  by  m  electric  process,  has  begun  a  commercial  application 

r   th'    process    at    St.    Louis,    where    a    plant    has    been    built. 

'  oir-is    M.    BainM,    Instructor    in    the    departinent    of    mining 

:  .Bering,  and  R.  O.  JackNoii,  Instructor  in   the  department 

ohanical  engineering   of  Case  School,   will  be  associated 

.   Dr.  Fulton  in  the  new  undertaking. 

(ien.  <;eorKe  \V.  Goethnls,  M.   A.m.   Soc.  C.   E..   has  been  ap- 

I  nted  Chairman  of  the  Federal  Commission  which  is  to  study 

1  i  report  on   the   effect  of  the  eight-hour   railway  labor  law. 

■ently    passed    b.v   Congress   at    the    instigation    of   President 

Ison.      He    has    i-eturned    to    this   counti-y    from    the    Panama 

]  I,    it    is    reported,     will    soon     resign     as    Governor    of    the 

'  nal  Zone.     The  other  members  of  the  commission  are  E.  E. 

'  irk.  a  member  of  the  Interstate  Commerce  Commission,  and 

t  orge  Rublee,  a  member  of  the  Federal  Trade  Commission. 

George  F.  Swain,  Past-President,  Am.  Soc.  C.  E.,  has  been 
:  pointed  Consulting  Engineer  of  the  Canadian  Railw-ay 
ard  of  Inquiry,  which  is  constituted  under  the  Inquiries  Act 
Canada  to  inquire  into  the  railway  situation  of  that 
mtry.  The  members  of  the  board  are  A.  H.  Smith,  Presi- 
it  of  the  New  York  Central  Lines,  Sir  Henry  Drayton,  Chair- 
n  of  the  Dominion  Railway  Commission,  and  Sir  George 
i.sh.  Editor  of  "The  Statist,"  of  London,  England.  Profes- 
■  Swain  is  head  of  the  department  of  civil  engineering  at 
rvard  University  and  Chairman  of  the  Boston  Transit  Com- 
ssion. 


JameH  T.  Golden,  of  the  firm  of  Golden  &  Crick,  general 
itractors   of  Pittsburgh,    Penn.,    died    Sept.    27,    .at    his    home 

Wilkinsburg.     He  was  born  in  1S63. 

JaMper  H.  Sheadle,  Vice-President  of  the  Cleveland-Cliffs 
>n  Co..  died  Sept.  22,  at  Syracuse,  N.  Y.  He  was  promi- 
ntly  identified  with  the  Great  Lakes  ore  trade  for  the 
-t   22  years. 

I..  K.  Hall.  Jr.,  Inspecting  Engineer  of  the  Southern  Pacific 

died   at   the   Southern   Pacific   Hospital    in   San    Francisco 

1)1.    26,    as   a    result   of   an    accident   at    the    site   of   the    rail- 

ly'B  new  building  at  Market  and  .Stewart  St.     He  was  struck 

the  head  by  a  piece  of  timber  falling  from  the  top  of  a 
le-driver.      He  was  a  nephew   of  William  Hood,  M.   Am.   Soc. 

E.,  Chief  Engineer  of  the  Southern  Pacific. 

K.  .M.  Ilotx,  of  E.  M.  Butz  &  Co.,  Ltd.,  and  widely  known 
roughout  the  country  as  an  architect  and  engineer,  died  on 
t.  4  at  his  home  on  the  North  Side  of  Pittsburgh.  Mr.  Butz 
IS  born  in  Allegheny  in  1859.  He  was  identified  with  the 
nstruction  of  some  of  the  finest  buildings  in  western  Penn- 
Ivania  and  had  been  a  pioneer  in  the  steel  business  and 
omoter  and  builder  of  the  Columbia  Iron  and  Steel  Co.'s 
ant  at  Uniontown,  of  which  for  several  years  he  was  General 
anager.  Mr.  Butz  retired  from  active  business  about  six 
ars  ago. 

GcorKe  .M.  Anderxon,  of  the  firm  of  Elzner  and  Anderson, 
chlteets,  died  at  his  home  in  Cincinnati,  Ohio,  Oct.  3.  He 
a»  a  member  of  the  American  Institute  of  Architects  and  for 
e  past  two  years  president  of  the  Cincinnati  Chapter  of  the 
iRlltute.  He  was  a  member  of  the  firm  which  designed  the 
igalls  Building,  at  F"ourth  and'Vine  St.,  the  construction  of 
hich  was  completed  in  1903.  This  structure  has  the  dlstlnc- 
•m  of  being  the  first  modern  office  building  In  the  world  con- 
ructed  of  reinforced  concrete,  16  stories  in  height,  or  210  ft. 
■ove  the  street   jiavernc  nt. 

Hwbert  C'orhrnn  MeKliiiiry.  M.  Am.  Soc.  M.  E.,  Chairman  of 
le  Board  of  Directors  of  the  .N'lles-Bement-Pond  Co.,  of  New 
ork  City,  died  at  his  home  in  Belle  Haven,  Conn.,  Oct.  3.     He 


was  born  in  Troy,  N.  Y..  in  1851.  Ten  years  later  his  parents 
moved  to  Cincinnati,  where  he  was  educated  at  the  public 
schools.  He  took  a  partial  course  in  mechanical  engineering 
at  Cornell  University  in  the  early  seventies  and  became  a 
draftsman  with  a  company  manufacturing  steam  pumping  ma- 
chinery at  Hamilton,  Ohio.  In  1S77  he  became  connected  with 
the  Niles  Tool  Works.  From  that  time  his  talents  and  engi- 
neering ability  were  devoted  to  building  up  the  great  organi- 
zation now  known  the  world  over  as  the  Niles-Bement-Pond 
Co.,  organized  17  years  ago.  Colonel  McKinney  was  a  Past- 
President  of  the  Machinery  Club.  New  York  City,  and  a  mem- 
ber of  the  Engineers'  Club  and  other  organizations. 


EHQHHEEREHG  SOCHETIES 


.VMERICAX  SOCIETY  OF  MU.NU'HWL  IMPROVEMENTS. 

Oct.    9-13.      Convetition    in    Newark,    .\.    J,      Secy.,    Charles    C. 
Brown.   Indianapolis,  Ind. 

AMERICAN    ELECTRIC    RAILWAY    .■ASSOCIATION. 

Oct.    9-1.5.      Convention    at    -Atlantic   Citv,    N.    .1.      Secy.,    E.    H 
Burritt,   S   West   40th   St.,    New   York 'City. 

IRRIGATION   CONGRESS. 

Oct.    14-24.      23rd    International    Irrigation    Congress    at    El 
Paso,   Tex.     .Secy.,  Arthui-  Hooker,   El  Paso. 

AJIERICAN    R.AILW.AY    BRIDGE    AND    BUILDING    ASSOCIA- 
TION. 
Oct.   17-19.     Convention   in   New   Orleans.   .Secv..  C.  A.   Lichtv. 
C.   &  N.  W.    Ry.,  Chicago. 

AMERICAN    G.\S   IN.STITUTE. 

Oct.  17-20.     Annual  meeting  in  Chicago.     Secy.,  G.  G.   Rams- 
dell,  New  York,  .N'.  Y. 

AMERICAN   PUBLIC    HEALTH    ASSOCIATIO.V. 

Oct.    24-27.      Annual    convention    at    Cincinnati.    ( ihio.      Secy., 
Prof.    Selskar    M.    Gunn,    Boston,    Mass. 

RAILWAY    ELECTRIC    SUPPLY    MANUFACTL' liERS'     ASSO- 
CIATION. 
Oct.  30-Nov.  3.     Annual  meeting  at  Chicago.     Secy.,  J.  Scrib- 
ner.   General   Electiic  Co.,   Chicago. 

.VATIONAL    ASSOCIATION    OF    RAILW.\Y    COMMISSIO.N'ERS. 
Nov.    14.      Convention    in    Washington,    D.    C.      .Secy.,    W.    H. 
Connolly,    Washington. 

R.AILWAY    G.A^RDE.NING    ASSOCIATION. 

Dec.    .'>-7.      Annual   meeting    in    New   Orleans.      Secy.,    Charles 
E.    Lowe,    Sewickley,    Penn. 

PORTLAND    CEMENT    ASSOCI.ATION. 

Dec.    11-13.      Annual    meeting    in    New    York    City.      Assist- 
ant  to  General   -Manage]-.   A.   H.   Ogle,   Chicago,   111. 


th 


The  Muniel|^al  I-:n;j;ineerK  of  the  City  of  Xew  York  will  hold 

2ir  annual  dinner  on   Nov.   2.'>. 


The  Kiebniiind  Kniiroad  Cl«l>  will  hold  its  annual  meeting 
in  Richmond.  Va.,  on  Nov.  1.5.  The  secretary  is  F.  i>.  Rob- 
inson. 

The  Vermont  Society  of  KaigineerN  held  its  .'itll  annual  fall 
convention  and  excursion  Oct.  11  and  12.  at  Rutland  and 
Glens  Falls. 

The  Southern  and  Southnentern  Kailtvay  (  luh  will  hold  its 
annual  meeting  on  Nov.  16,  in  -\tlanta.  The  secretary  is  A. 
J.  Merrill,  P.  O.  Box   120.^,  .\tlanta.  Ga. 

The  .\nieriean  Kail'vay  -VsHoclation  will  meet  on  Wednes- 
day, Nov.  15,  in  Denver,  at  the  Brown  Palace  Hotel.  The  gen- 
eral secretary  is  J.  E.  Fairbanks,  75  Church  St.,  New  York 
City. 

The  Soeiety  of  >'aval  .VrehitertN  and  Marine  KnglneerN  will 
hold  its  next  annual  meeting  Nov.  16  and  17.  in  -New  York 
City.  The  secretary  is  D.  H.  Cox,  29  Wist  39th  St.,  New 
York  City. 

The  General  Contraetorw  .\NMoeintlon  will  hold  its  annu.al 
meeting  in  New  York  City  on  Dec.  9;  the  election  of  officers, 
however,  will  not  take  place  until  January.  The  secretary  is 
C.  A.  Crane. 

\t  the  .\nierlean  .VNNoelatlon  of  Iron  and  Steel  lOleotrlpal 
lOneineerM'  convention  in  Chicago,  F.  1).  Kgan,  of  Midland. 
Penn.,  was  elected  president,  and  J.  E.  Kelly,  of  McKcesport, 
Penn.,   secretary. 

The  Amerlean  Soeiety  of  KefrlKeratlni;  ElnKlneera  will  hold 
its  annual  meeting  at  the  Engineering  Societies  building. 
New  York  City.  Dec.  4  to  6.  The  secretary  is  William  H.  Ross, 
154  Nassau   St.,   .N'ew  York  City. 

The  TexnH  .\MiM»elatlon  of  .Members  of  the  American  Society 
of  Civil  Engineers,  at  the  annual  meeting  In  Dallas,  Oct.  20 
and  21,  will  listen  to  a  report  by  a  special  committee  on  "Pro- 
posed Legislation  Providing  for  the  Licensing  of  all  Engineers 
in   Texas." 

Ohio  Noelety  of  Meehnnieiil,  Kieetrie  and  Steam  KnKlneerH 
will  hold  its  annual  niieting  on  Thursday,  Nov.  16,  at  Co- 
lumbus,   Ohio.      It    Is    planned    to    print    the    "Journal"    of   the 
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meetingr  in  advance,  so  th.it  the  papers  need  be  given  only  in 
brief  abstract. 

\Vater-^Vork»  Superintendents  and  Chief  Engineers  of  mu- 
nicipally-owned plants  and  of  electric-light  and  power  plants 
of  towns  in  Mississippi  have  formed  an  association.  The  or- 
ganization meeting  in  Jackson,  Miss.,  was  called  by  Henry 
Converse,   of  Crystal   Springs. 

Tlie  Philadelphia  Association  of  Members  of  the  American 
Society  of  Civil  Engineers,  at  the  annual  meeting  on  Oct.  2 
elected  the  following  officers:  President,  Samuel  T.  Wagner, 
vice-president,  Edward  Marburg,  directors,  Harrison  Louder 
and  Frederick  E.  Shall,  secretary,  C.  W.  Thorn.  W.  L. 
Stephenson  was  selected  by  the  Board  of  Direction  to  fill  the 
unexpired  term  of  Colonel  Zinn,  resigned. 


i^^pla^saces  asacdl  Ma.^®ira©.fls 


Protected    AVater-Ser%-ice    Pipes 

To  meet  the  difficulties  caused  by  excessive  corrosion  of 
water  services  at  the  place  where  they  pass  through  the  cellar 
walls  of  buildings,  the  Macbee  Cement-Line  Pipe  Co.,  of  Bos- 
ton, Mass.,  has  placed  on  the  market  a  specially  protected 
pipe  for  this  part  of  the  service  connection.  The  device  con- 
sists of  a  3-ft.  6-in.  section  of  cement-lined  wrought-iron 
pipe,    with    a    coupling    at    each    end    and    with    the    exterior 


New-Model    Small    Hoist 

The  Ingersoll-Rand  Co.,  New  York  City,  has  placed  on  tl 
market  a  new  model  of  its  line  of  "Little  Tugger"  hoist 
known  as  No.  11.  This  has  a  hoisting  drum  7  in.  in  diamet 
by   17   in.   long   with   5-in.   flanges.     The  drum  handles  300 


CEMKXT-Ci 'ATlOLi    SEUVICE    I'll'l-: 

coated  to  a  depth  of  about  Vi  in.  with  neat  cement  mortar. 
The  accompanying  illustration  shows  its  use.  A  patent  has 
been  applied  for.  These  sections  are  known  by  the  trade 
name  of  "cellar  wall  services." 

Ne»v  TVood-Blocli  Factory  Floorinis 

A  new  type  of  yellow-pine  wood-block  flooring,  which  is 
shipped  and  laid  in  plank  lengths,  has  been  patented  (Mar. 
28,  191C)  and  placed  on  the  market  by  the  C.  J.  Carter  Lum- 
ber Co.,   Kansas   City.   Mo.     This   flooring  is   the   invention   of 

C.  J.  Carter  and  has  the 
trade  name  "Bloxonend." 
The  process  of  manu- 
facture consists  of  dove- 
tailing the  ends  of  the 
blocks  to  a  base  board, 
then  smoothing  the  block 
.surface  and  dressing  and 
grooving  the  edges.  The 
ba.se  boards  are  about  S 
ft.  long.  The  relative 
thicknesses  of  the  blocks 
and  the  base  boards  vary. 


NEW    WOOD-TILOCK    FACTORY 
FLOURING 


5  and  -J  being  the  common  sizes.  The  ~-  flooring  has  2-in. 
blocks  on  a  1-in.  base.  On  the  surface  the  blocks  are  l%x3V4 
in.  The  blocks  are  placed  with  the  grain  vertical  and  are 
glued  to  the  base  board  as  well  as  dovetailed. 


NEW    MODEL    "LITTLE    TUGGER"    HOIST 

of  %-iii-  manila  rope.  The  maximum  capacity  of  the  hotst 
rated  at  600  lb.  The  hoist  weighs  only  358  lb.  and  is  2H4x3I 
x23  in.  over  all.  It  can  be  operated  by  either  compressed  t 
or  steam.  The  standard  clamp  fits  a  4%-in.  column  or  pl| 
but  by  removing  the  clamp  the  hoist  can  be  readily  bolted 
any    convenient    support. 

STATEMENT    OF    THE    OWNERSHIP,    MANAGEMENT,   BT 
REQUIRED  BY   THE  ACT   OF   CONGRESS  OP 
AUGUST   24,    1912, 
of  Engineering  News,   published   weekly  at   New  York,  N, 
for   October    1,    1916. 
State  of  New  York  )  gg 

County    of    New    Y^ork  ) 

Before  me,  a  Notary  Public  in  and  for  the  State  and  C^ 
aforesaid,  personally  appeared  Chester  W.  Dibble,  who,  hsM 
been  duly  sworn  according  to  law,  deposes  and  says  thatju 
the  Vice-President  of  Hill  Publishing  Co.,  PublishelW 
Engineering  News,  and  that  the  following  is,  to  "I 
best  of  his  knowledge  and  belief,  a  true  statement 
the.  ownership,  management,  etc.,  of  the  aforesaid  ]v 
lication  for  the  date  shown  in  the  above  caption,  requirci 
the  Act  of  August  24,  1912.  embodied  in  section  443,  Po^ 
Laws  and  Regulations,  printed  on  the  reverse  of  this  foi 
to  wit: 

1.  That  the   names  and   addresses   of  the   publisher,  edit 
managing  editor  and   business   manager  are: 
Publisher.    Hill    Publishing    Company.    10th    Ave.    at    36th 

New  York,  N.  Y. 
Editor.    Charles    Whiting    Baker,    10th    Ave.    at    36th    St.,   N 

York,  N.  Y. 
Managing    Editor,    Frank    C.    Wight,    10th    Ave.    at    36th 

New  York,  N.  Y. 
Business    Manager,    William    Buxman,    10th    Ave.    at    36tl 

New  York,  N.  Y. 

2.  That    the    owners   are: 
Hill  Publishing  Company,  10th  Ave.  at  36th  St.,  New  Tori 

Owners  of  l</r  or  more  of  Stock  Issued 
Estate  of  John  A.  Hill,  10th  Ave.  at  36th  St.,  New  _. 
Arthur  J.  Baldwin,  10th  Ave.  at  36th  St.,  New  Tf 
Fred  R.  Low,  10th  Ave.  at  3fith  St.,  New  York,  N. 
John  McGhie,  10th  Ave.  at  36th  St.,  New  York,  N 
Fred  S.  Weatherby,  1600  Beacon  St..  Brookline,  M: 
Frederick  A.  Halsey,  356  W.  120th  St..  New  York,  N. 
G.  Eugene  Sly.  50  Union  Sq..  New  York.   N.  Y.  a 

Frederick  W^.  Gross.  215  E;   11th  St.,  Erie,  Penn.       I 
Emma  B.  Hill.  SO  Munn  Ave..   East  Orange.  N.  J.     \ 
The  remaining  stock  is  owned  by  91   stockholders  whow 
less  than  l''r   each,  73  of  whom  are  employees  ot  the  coiqv 

3.  That  the  known  bondholders,  mortgagees  and  p 
security  holders  owning  or  holding  1  per  cent,  or  mon 
total  amount  of  bonds,  mortgages  or  other  securltieB'^ 
Mortgage  on   building.  Dime   Savings  B.ank,  Brooklyn,  N,  S 

4.  That  the  two  paragraphs  next  above,  giving  the  ntr 
of  the  owners,  stockholders  and  security  holders  contain^ 
only  the  list  of  stockholders  and  security  holders  as  tl 
appear  upon  the  books  of  the  company,  but  also.  In  CB 
where  the  stockholder  or  security  holder  appears  upon 
booljs  of  the  comp.nny  as  trustee  or  in  any  other  flducr 
relation,  the  name  of  the  person  or  corpor.ation  for  whom  9' 
trustee  is  acting,  is  given;  also  th.Tt  the  said  two  paragrs 
contain  statements  embracing  atlianfs  full  knowledge 
belief  as  to  the  circumstances  and  conditions  under  wl 
stockholders  and  securitv  holders  who  do  not  appear  upon 
books  of  the  company  as  frustees.  hold  stock  and  securi 
in  a  capacity  other  than  th;it  of  a  bona  fide  owner;  and  i 
affiant  has  no  reason  to  believe  that  any  other  person,  af 
elation  or  corporation  has  any  interest  direct  or  indirect 
the  said  stock,  bonds  or  other  securities  than  as  so  stateu 
him.  CHESTMU   W.   DIBBLE.^ 

Vice-President.    Hill    Publishing  Co 
Sworn    to    and    subscribed    before    me.    this    29th    day 
September,    1916.  „ 

[Seal.]  RICHARD  L.   MURPHY. 

(My  commission  expires  March  30,  1917.) 
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The  notorious  Bubbly  Creek,  wliich  has  had  such  an 
savory  history  in  relation  to  the  sewerage  system  of 
dcago,  will  soon  be  a  thing  of  the  past.  A  conduit  is 
ing  constructed  to  carry  the  sewage  and  industrial 
■  stes  that  were  discharged   into   it,  and   the   creek  is 

ng  gradually  filled  with  city  refuse  and  earth. 
,  This  creek  is  the  west  arm  of  the  end  of  the  south 
'  -k  of  the  south  branch  of  the  Chicago  River,  as  shown 
1  the  map,  Fig  2.  The  east  arm  is  known  locally  as 
'  Stockyards  Slip.  The  west  arm  was  originally  a 
:  all  creek,  almost  dry  for  months  at  a  time. 

Many  years  ago  a  channel  or  dock  was  excavated  as  an 
I  ension  of  this  arm.  about   i/^  mi.  south  of  39th  St. 


district,  as  well  as  from  a  main  sewer  afterward  opened 
into  it  at  Eobey  St.  The  sluggish  flow  from  the  creek 
was  northward  in  the  fork,  many  days  being  consumed 
in  reaching  the  junction  with  the  south  branch  of  the 
river.  In  the  dredged  channel  the  water  was  practically 
stagnant,  and  this  became  in  effect  a  huge  open  septic 
tank  long  before  Cameron  applied  the  name  to  a  tank 
for  sewage  disposal  purposes. 

In  1910  the  Western  Ave.  conduit  was  built,  connect- 
ing the  western  end  of  the  creek  with  the  main  drainage 
canal  at  Western  Ave.  This  conduit  is  of  concrete  and 
passes  under  the  old  Illinois  &  Michigan  canal  by  means 
of  a  siphon.     The  exceptional  character  and  stale  con- 
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FIG.  I.    THE  WESTERN  END  OF  BUBBLY  CREEK,  CHICAGO 
water  (or  sewage)  here  Is  about  18  ft.  deep,  but  Is  almost  entirely  covered  with  a  floatlns  mas.s  of  debris  and 
rubbish.     The  north  bank   (at  the  left)  is  a  city  dump  and  the  creek  is  gradually  being  lllled 


running  westward  half  a  mile   from  Ashland  Ave. 

street  was  carried  over  the  channel    by  a   swing- 

-'<•,  which  was  u.sed  only  for  passing  dredges  and  pile- 

■  r  scows,   navigation   having   been   abandoned   years 

The  channel   was  about   150   ft.   wide.     The  clay 

atod  was  nsed  in  making  brick,  and  near  the  west 

ihero  is  still  an  old  deep  clay  pit  that  necessitates 

I'cial  construction   in  carrying  a  new  .sower  across  it. 

Into  this  dead-end  cliannel  liave  poured  the  filth,  refuse 

d  wastes  frmu  half  the  packing-house  and  stockyards 


dition  of  the  sewage  in  this  conduit  have  been  the  canse 
of  some  disintegration  of  the  concrete.  Tliis  trouble  was 
discus.sed  in  Kiifjineeriiif)  Neirx,  Sept.  11,  191G.  The 
velocity  in  this  conduit  was  low,  and  the  flow  was  so 
small  in  proportion  to  the  capacity  of  the  creek  that  the 
latter  continued  to  he  practically  an  immense  septic  tank, 
its  condition  giving  rise  to  its  signidcant  name. 

At  present  Bubbly  Creek  is  alxiut  150  ft.  wide,  with 
5  to  20  ft.  of  water.  At  times  it  is  so  covered  with  a 
heavy  nia.ss  of  septic-tank  scum  in  some  places  and  with 
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FIG. 
This  view  is  at  the  e 


3.    BUBBLY  CRKEK;   CHICAG.. 


H^liN    SiCPTlC    TANK  (NoVV    HKING   ABuLISHED) 


i.  at  Ashland  Ave.     The  water  is   almost  entirely   covered   with   a   thick   ma 
St  beyond  the  bridge  a  bulkhead  has  now  been  built  to  close  the  channel 


of  septic-i   k 


refuse  and  riil)bish  in  otlier  places  that  it  has  the  ap- 
jiearanee  of  a  shallow  and  dried-up  swamp.  There  is  a 
legend  that  a  drunken  man  who  fell  off  the  Ashland  Ave. 
bridge  walked  ashore  dry-shod  on  the  covering  of  scum. 
However  that  may  be,  chickens  and  dogs  ha\e  been  seen 
to  walk  across. 

The  scum-covered  condition  of  the  creek  at  its  eastern 
end,  at  the  Ashland  Ave.  bridge,  is  shown  in  Fig.  3. 
At  the  right,  just  beyond  the  bridge  abutment,  is  the 
temporary  outlet  of  the  Ashland  Ave.  sewer,  with  a  raft 
from  which  men  scoop  up  the  floating  grease.  Fig.  1 
is  a  view  near  the  western  end  (looking  east),  showing 
the  city  dump  on  the  opposite  (north)  bank.  The  water 
here  is  about  12  to  18  ft.  deep,  but  is  entirely  covered 
with   most   offensive    floating    debris   and    refu.se. 


Ssner  under  Conshucf ion 

Proposed  Future  Sewer 
Main  Sewers 


FIG.    2.    MAP    SHOWING    RELATION    OF    BUBBLY    CREEK 
TO  THE  SEWERAGE  SYSTEM  OF  CHICAGO 

A — Portion  of  Bubbly  Creek  now  beinK  filled.  B — New 
sewer  under  construction.  C — Possible  .future  sewer  for 
Stockyards  Slip.     D — Old  clay  pit  crossed  by  new  sewer 


It  is  hardly  credible  that  the  city  should  havr 
niitted  such  an  unsanitary  and  disgusting  place  to 
for  so  long.  Doubtless  one  reason  is  that  it  is  i 
territory  adjacent  to  the  stockyards  and  packing  h^ 
the  residents  of  that  territory  not  being  apt  to 
any  powerful  protest  against  disagreeable  or  dani: 
conditions. 

Now  that  this  "septic  tank"  discharges  into  the 
drainage  canal  it  comes  under  the  jurisdiction  > 
Sanitary  District  of  Chicago,  the  authorities  of 
have  made  strong  protest  against  allowing  the  liqui 
semi-solid  wastes  to  be   disposed  of  in   this  way. 
protest  is  due  not  only  to  the  unsanitary  condition 
to  the  very  large  amount  of  Avater  necessary  for  thr 
tion  of  the  material  to  the  extent  called  for  l)y  tli 
in  relation  to  the  drainage  channel.     Much  experiii 
work  has  been  done,  both  by  the  packers  and  the 
tary  District,  and  in  August,  1916,  after  protractci 
ferences,   a   committee    representing   both    interest- 
appointed  to  endeavor  to  work  out  a  practical  sn 
of  the  problem  of  treatment  of  the  wastes.     This 
mittee  is  composed  of  W.  D.  Kichardson,  chief  el 
of  Swift  &  Co.,  and  Langdon  Pearse,  division  en 
of  the  Sanitary  District  of  Cliicago.     This  action     \ 
result  of  a  growing   public   opinion   and    a    deteri  i^ 
movement  on  the  ]jart  of  the  trustees  of  the   Sm 
District   to    require   the   packing   houses   to   screei 
tr(>at  the  wastes  before  discharging  them  into  the 
iicl.      The    activated-sludge    process   appears    to   o 
solution  of  the  problem,  as  noted  in  Einiinceriiif/ 
Aug.  31. 

In  order  to  avoid  the  septic-lank  conditions  resi 
from  sluggish  How  in  the  present  channel,  and  to 
the  u(^st  arm  to  be  filled  up,  a  sewer  is  being  built 
the  south  l)ank  of  Eubbly  Creek,  as  shown  in  F 
Tiiis  will  intercept  the  Ashland  Ave.  and  Robe 
sewers  and  will  coiiiiect  with  the  Western  Ave.  i 
conduit  meutioiu'd  aho\c,  giving  a  normal  veloc 
How  to  the  drainage  canal.  Thus  Bubbly  Creek  v 
eliminated  from  the  sewerage  system.     The  nortli 
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-i  (.8  now  a  city  ilunip,  so  that  the  channel   is  gradually 

'^  peing  filled.     The  east  end  of  the  channel  has  been  closed 

vith  a  timber  bulkhead,  cutting  ofF  its  connection  with 

he  south  fork  of  the  river ;  and  when  the  fill  at  this  end 

ompleted,  the  Ashland  Ave.  bridge  will  be  removed. 

The  history  of  Bubbly  Creek  from  its  sewerage  aspect 

lid  not  be  complete  without  reference  to  the  use  of 

loul  and  slusgish  companion — the  east  arm,  known 

:!ie  Stockyards  Slip — as  a  source  of  water-supply.     A 

\\-  vears  ago  the  stockyards  interests,  finding  the  sup- 

in     Iv   from  the    city's    mains    inadequate    and    expensive, 

Ijleeided  to  utilize  the  slip  for  a  private  .supply. 
A  mechanical  filter  was  installed,  and  in  addition  hy- 
)ochlorite  of  lime  in  large  amounts  was  used  to  disinfect 
I  he  water — a  pioneer  chlorination  plant.  Although  the 
V.ient  was  claimed  to  bo  pure,  the  City  of  Chicago 
'libited  its  use  for  drinking  purposes  or  for  watering 
iiials.  The  installation  was  then  converted  into  a 
:(T-.<oftcning  plant  for  the  nse  of  the  Chicago  Junction 
and  is  now  ojJerated  largely  to  provide  water  for 
-'ling  the  cattle  pens. 

riie  raw  water  was  very  heavily  polluted  with  sewage, 
IS  the  slip  received  the  discharge  of  the  flushing  tunnel 
roni  the  39th  St.  sewage  pumping  station,  this  discharge 
ring  from  straight  domestic  sewage  to  a  sewage  diluted 
h  10  to  15  parts  of  lake  water.    The  slip  also  received 
irge  amount  of  stockyards  refuse  and  waste.     Prob- 
':\-  no  other  filter  plant  in  the  world  has  ever  handled 
h  a  strongly  polhited  water.     The  large  amount  of 
■uehlorite  used  necessarily  left  a  decided  taste  and  odor 
I  he  water,  which   stock   shippers   claimed   was   dis- 
hful to  cattle. 
A  plan  is  under  discu,*sion  to  fill  in  the  Stockyards 
*  I  >lip  and  to  build  a  sewer  connecting  with  the  present 
Falsted  St.  outfall  and  leading  to  the  sewer  now  under 
-truction  along   Bubbly   Creek.     This  would  give   a 
tinuous  closed   channel   from   the   intercepting-sewer 
'(•m  to  the  main  drainage  canal.     It  is  doubtful  if 
slip  will  be  filled  up  for  a  good  many  years  to  come, 
;..    /ut  the  sewer  beside  it  may  be  built  first  as  a  means  of 
iTtk  •oUecting  the   sewage  for  treatment  of   the   industrial 
i-tes. 

The   use   of    hooked    tie-plates   with    screw-spike    and 

■iiigh-bolt  fastenings  is  being  tried  on  the  Delaware, 
kawanna  &  Western  R.R.  as  a  development  in  track 
heavy  traffic.    The  two  types  of  constniction  are  laid 

'  ertain  test  pieces  of  track,  and  arc  shown  in  the  accom- 
ving  drawing. 

The  tie-plate  has  a  shoulder  on  eiieh  side  of  the  rail 
',  and  one  of  these  shoulders  is  formed  as  a  hook  or 
to  engage  the  edge  of  the  rail  ba.se.  The  plate  is  laid 
ii  this  hook  on  the  inner  or  gage  side  of  the  rail.  With 
^e  fastenings,  each  plate  is  held  to  the  tie  by  screw 
-es,  and  the  rail  is  held  by  one  drive  spike  %x()  in.  on 
outer  side.  With  bolt  fastenings,  each  plate  is  sc- 
"d  to  the  tie  by  two  Yn-in.  through  bolts  (at  diagonally 

"osite  corners),  the  heads  being  beneath  the  tie  and 
\ented  from  turning  by  means  of  a  channel-shaped 
her  or  brace  which  engages  both  bolts.  The  rail  is 
1  on  the  inner  side  by  the  hook  of  the  tie-plate  and  on 
outer  side  i)y  the  head  of  a  screw  spike.  This  screw 
c  is  held  in  the  tie  by  means  of  a  Tenax  sj)lit  kIccvc. 
't  fa.stenings  for  rails  and  rail-chairs  have  been  used 


for  many  years  in  Europe,  and  this  present  design  of 
through-bolt  fastenings  for  tie-plates  has  been  developed 
by  A,  J.  Xeafie,  Principal  Assistant  Engineer  of  the  rail- 
way, who  has  great  hopes  for  its  use  in  permanent  con- 
struction. He  believes  that  as  railways  are  now  using 
treated  ties  and  expensive  tie-plates  under  heavy  traffic, 
especially  on  curves,  they  can  well  afford  to  go  into  the 
(juestion  of  bolted  fastenings.  This  should  be  an  ideal 
construction  also  for  subways  and  tunnels,  where  it  is 
difficult  to  apply  new  material  in  maintenance  work.  The 
modern  construction  consists  of  treated  materials,  heavy 
tic-]iiates,  screw  spikes,  etc..  which  material  should  have  a 
minimum   life   of   at  least    14  years,   according   to    Mr. 


Plan 

(Pn/y  fhe  -hvo  hoksAandA 
in  ihis  end  of  picric  -for 
screw-spike  fcis^ning^s. 
The  "four  holes  wrHi 
boH-  fasi^ningfs 


Screw-Spike  Fas+ening 


EXPERIMENTAL  TRACK  WITH  HOOKED  TIE-PLATES  .\ND 
BOLT    AND    SCREW-SPIKE    FASTENINGS 

X\'afie"s  estimate.  He  considers  therefore  that  the  ques- 
tion of  applying  bolts  is  not  a  serious  one,  and  they  need 
be  applied  only  in  new  work  and  renewals. 

One  serious  condition  in  track  is  that  of  corrosion  of 
rails  and  metal  fastenings,  and  prior  to  the  design  of  this 
bolted  construction  the  engineering  department  had  gone 
into  the  matter  carefully,  spraying  the  fittings  with  oil 
once  or  more  per  year  if  necessary,  in  order  to  prevent 
any  trouble  from  corrosion.  On  tlie  te.st  location  of  the 
new  fastenings,  all  i)olts  have  been  greased  and  the  bolt 
holes  filled  with  grease.  The  bolts  are  fitted  with  special 
nutlocks,  each  of  which  represents  a  compression  of  2,000 
lb.,  making  a  total  compression  of  8,000  lb.  on  the  tic- 
plate,  and  thereby  reducing  the  mechanical  wear  that  takes 
place  when  tie-plates  are  loo.«e  on  the  ties.  It  is  believed 
that  fastenings  of  this  type  will  be  adopted  on  heavy 
permanent  track  construction. 

The  hook-shoulder  tie-plate  aj)plied  with  screw-spike 
rail  fastenings  has  not  developed  any  great  amount  of 
noise  due  to  contact  between  the  rail  and  hook.  The  tie- 
plati's  (it  the  rail  i)ase  very  tightly,  but  there  is  no  wedging 
of  the  rail  under  the  hook.  Even  where  there  is  a  hio.se 
fit  lietwecn  the  tie-plate  and  base  of  rail  tiiere  is  no  ap- 
parent rattling  or  noise. 
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Deface  To  IPire^eiat  Blo^y^otiats 

2Ea  Slhiaeldl  Tuas^iffiieMinig 

By  Fraxk  D.  Leffixgwell* 

All  subaqueous' tuDnels  thus  far  built  in  porous  grouml 
have  been  subject  to  extraordinary  hazard,  expense  and 
delay.  This  has  been  due  to  excessive  escape  of  com- 
pressed air  and  disastrous  blowouts,  which  continue  to 
occur  in  spite  of  the  best  attempts  at  control. 

The  sole  reliance  of  the  builder  has  thus  far  been  the 
clay  blanket — a  device  costly,  uncertain  and  highly  un- 
satisfactory. The  blanket  has  features  that  are  clearly 
unsafe  and  the  method  of  deposit  invites  its  ultimate 
d(>struction  through  forces  which  it  aims  to  control. 

In  the  light  of  modern  knowledge,  however,  it  is  feas- 
ible to  modify  the  ordinary  blanket  and  develop  a  con- 
struction that  will  insiire  safety. 

How  Blowouts  Occue 

The  sketch.  Fig.  1,  represents  a  tunnel  being  excavated 
in  porous  ground,  but  at  such  depth  that  the  excess  head 
of  escaping  air  is  largely  balanced  by  the  friction  en- 
countered. It  is  CA'ident  that  if  either  depth  of  cover 
or  its  unit  resistance  be  lessened  a  clay  blanket  nuist  he 
added. 

Fig.  2  shows  a  case  in  which  the  porous  cover  is  not 
adequate  to  limit  the  air  escape.  A  clay  blanket,  theor- 
etically solid  and  homogeneous,  has  been  placed  on  the 
river  bed.  The  weight  and  tenacity  of  the  blanket  op- 
pose vertical  loss  of  air ;  the  width  of  the  blanket  controls 
lateral  escape. 

The  real  clay  blanket,  as  against  the  theoretically  solid 
one,  is  of  the  kind  sketched  in  Fig.  3.  Deposited  in 
separate  scow  loads,  the  clay  never  becomes  a  solid  mass. 
The  air  leaking  up  from  the  tunnel  face  tends  to  seep 
along  the  joint  surfaces  of  the  clay.  The  result  is  a 
common  experience :  Sooner  or  later  the  blanket  is  punc- 
tured at  some  point  of  incipient  flow,  torn  open  and 
tossed  aside  (Fig.  4). 

An  attempt  was  made  in  April.  1905,  to  cure  the  weak- 
ness of  the  clay  blanket  in  a  radical  way.  This  was  on 
the  Brooklyn  side  of  the  Battery  tunnel  under  the  East 
River,  at  the  foot  of  Joralemon  St.  Walton  I.  Aims, 
Chief  Engineer  of  the  New  York  Tunnel  Co.,  planned 
to  seal   the   porous  ground   by  first  spreading   sailcloth 
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BLOW   ON  BATTERY 

TUNNEL 


•460  Bloomfiekl  Ave.  Montclair,  N.  J.;  formerly  Resident 
Engineer,  Rapid  Transit  Subway  Construction  Co.,  Battery 
Tunnels  under  East  River,  New  York. 


longitudinal  flow  ■ 
the  air  along  i 
smooth  under  s 
face  of  the  can^ 
Wien,  to  cont 
this  lateral  esca 
vieight  was  added  to  the  blanket,  more  '"blow"  contini 
at  the  lateral  edges,  and  a  hole  formed  imder  the  can 
cover  until  finally,  under  the  influence  of  the  weight  fr 
above  and  agitation  from  below,  the  canvas  sagged  : 
was  caught  by  the  hood  of  the  shield  in  passing. 

Further  illustration  of  how  direct  a  relation  horizoi 
flow  of  air  bears  to  this  question  was  furnished  later 
the  same  year  (1905)   on  the  Battery  tunnels.     An 
cipient  blow  occurred  about  200  ft.  back  of  the  headi 
as  sketched  in  Fig.  6.     While  it  did  not  get  beyond 
point  of  being  a  rather  lively  local  leakage,  it  pointed 
the  possible  cumulative  efl'ect  of  leakage  from  the  tur 
in  combination  witii  longitudinal 
flow  of  the  air  along  a  smooth  hor- 
izontal surface,  and  its  tendency 
to  cause  trouble.     Evidently  any 
method     of     preventing     upward 
blowouts  will  be  a  disappointment 
if  it  does  not  also  control  the  ten- 
dency to  lateral  flow.  The  method 
of  Fig.  7  has  been  developed  liy 
the  writer  as  a  full  solution  of  the 
problem.     It  consists  of  the  use, 
with  a  blanket,  of  a  river-bottom 
diaphragm  or  seal  provided  with 
l)affles  on  its  lower  surface  to  pre- 
vent flow  of  air  along  its  under 
side.  This  river-bottom  diaphragm,  which  the  writer  is  | 
enting,  contains  the  elements  necessary  for  dealing  ^ 
all    the    separate   factors    promoting   blowouts.     Its 
promises  to  afford  economy  in  amount  of  blanketing 
terial,  and — the  important  thing — by  eliminating  the 
of  blowouts  take  away  the  one  feature  of  greatest  ha. 
in  subaqueous  tunneling. 


^.r 


LEFFINGWl 
METHOD 
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Fig.  1 — Air  flow  con-         Fipr.  2 — Flow  checked        Fig.     3  —  Effect     of     Fip.  4 — Blowout  through  Fig.     !>• — Flow    u 

trolled  by  fric-  by  perfect  clay  seams  In  clay  blanket  after  seepage  Alms'       canva 

tion  blanket  blanket  as  in   Fig.  3  diaphragm 

FIGS.  1  TO  5.    TYPICAL  CA.SES  OF  TUNNEL  BLO^^'S  AND  METHODS  OF  CONTROL 
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By  Arthur  G.  Hoadley* 


,'<1'X0FSI^ — Detaih  of  methods  emploiied  in 
wrecking  a  one-story  reinforced'COiicrete  building, 
part  of  which  was  tised  in  the  layout  of  a  new 
building. 

A  baking  plant  for  the  Great  Atlantic  and  Pacific 
ea  Co.  has  been  built  during  the  last  year  at  First  and 
'arren  St.,  Jersey  City,  N.  J.,  on  the  site  of  a  one-story 
•inforced-concrete  ice-manufacturing  plant.  The  partial 
recking  and  removal  of  this  one-story  buOding  and  the 
icorporation  of  certain  portions  of  the  old  into  the  new 
nicture  furnished  several  interesting  additions  to  the 
ethods  previously  used  in  wrecking  a  reinforced-concrete 
ailding. 

'  The  plans  showing  the  detailed  construction  of  the 
xisting"  one-story  building  were  found  after  a  very 
ligent  search,  the  building  department  having  destroyed 
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Sec+ion    X-  X 


Heavy  Lines  in  Plan  indicate  New  Building 
ligfif     »     »     "         •■        Old        >• 

I'i.    1.     PLAX   AND   DETAILS   OF   OLD   REINFORCED- 
CONCRETE  BUILDING  TORN  DOWN 

'ipy.  There  was  not  enough  information  shown  on 
i'lans,  however,  t<j  be  of  much  assistance  to  the  design- 
■■niriiifcr  in  incorporating  any  of  the  old  work  into 
icw  building,  witliout  first  subjecting  the  old  struc- 
to  tests  that  would  prove  the  carrying  capacity  of 


the  piles  and  show  the  reinforcement  used  in  the  walls, 
floors,  footings,  etc. 

The  building  to  be  wrecked  (Fig.  1)  was  approxi- 
mately 180x40  ft.  with  an  east  wing  40x-10  ft.  A  mat 
which  proved  to  have  a  varying  thickness  had  been  poured 
on  top  of  the  pile  heads  and  heavily  waterproofed  with 
a  membrane  waterproofing.  From  this  level  the  exterior 
foundation  walls  and  interior  cross-walls  had  been  con- 
structed.    These  cross-walls  were  8  in.  thick,  reinforced 


-upcrintendent.    Turner    Construction    Co., 
^ork   City. 
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FIG.    2.     METHOD   OF   CUTTING   OUT    UEINFORCEMENT   IN 
WALLS 

on  both  faces  with  vertical  V^-i"-  round  bars  4  in.  c.  to  o. ; 
14-in.  round  bars  12  in.  c.  to  c.  were  placed  horizontally. 

The  exterior  foundation  walls  were  not  reinforced 
except  at  the  column  points,  but  heavy  reinforcement  was 
placed  in  an  additional  12-in.  wall  poured  on  the  outside 
of  the  main  wall  to  act  as  a  protection  for  additional 
waterproofing  that  it  was  found  necessary  to  apply.  The 
wall  columns  were  24  in.  square  and  were  reinforced  with 
four  1-in.  round  bars  with  i^-in.  hoops  12  in.  c.  to  c. 
The  roof  slab  was  reinforced  with  expanded  metal;  the 
roof  beams  by  a  unit  system  of  reinforcement  employing 
four  doul)le-bent  bars. 

All  of  the  superstructure,  including  the  refrigerating 
ec]uipment,  had  to  be  i-emoved,  certain  walls  partly  re- 
moved to  permit  new  footings  and  a  new  building,  as 
shown  in  Fig.  1,  Imilt. 

The  removal  of  the  refrigerating  equipment  was 
accomplished  within  a  month  ;  in  the  majority  of  cases  the 
salvage  contractor  used  the  o.xygen  flame  for  cutting 
through  the  pipe  partitions  wliich  made  up  the  individual 
freezing  tanks.  These  partitions  were  constructed  of 
^/^-in.  sheet  iron,  incasing  double  e.xtra-heavy  wrought- 
iron  pipe.  Through  one  series  of  these  pipes  the  brine 
was  circulated,  while  through  another  series  was  run  the 
hot  water  used  in  freeing  the  ice  from  the  side  of  the  pipe 
partition.  The  manufacturing  process  was  to  fill  the 
individual  freezjng  tanks  with  fresii  water,  freeze,  release 
by  using  the  hot  water,  lift  with  an  overhead  crane  and 
convey  to  one  end  of  the  l)uilding  whore  a  tilting  table 
received  tiie  large  cake  of  ice  in  a  vertical  ])osition,  and 
then  revolving  itself  into  a  horizontal  position   fed  the 
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and  floor  are  let  go  as  shown  in  Fig.  8. 
and   break   caused   by   sliooting.     Fig. 


PIGS.  3  TO  11.    VIi:WS  IN  Ti:.\RI.\G 
DOWN    CONCRETE    ICE    FAC- 
TORY IN  JERSEY  CITY 
FiK.   3 — Pryinpf   off  side   wall.     Fit. 
4 — Side  wall  falUnK.    Fie.  5 — End  wall 
falling.       Fig.    6 — Cutting    floor    rciii- 
foicenient.      Fig.    7 — Floor    reinforce- 
ment   being    cut    just    before    columns 
Fig.   8 — One  of  tlie  Door  sections  falling.     Fig.   9 — Drill  holes  in  foui 
10 — Effect   of   fall   on  loof  beam.    Fig.  11 — Jack  used  in  pushing  dow 
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rge  t-ake  to  a  faeries  of  saws  whii'li  rut  it  iij)  into  tliu 
iinmercial  size. 

The  wre<  king  of  the  structure  ])roper  was  started  in 
le  basement  with  the  cross-walls.  These  walls  were  8  in. 
!uek  and  about  9  ft.  high,  and  reinforced  as  previously 
3scribed.  There  was  sufficient  room  between  two  of  the 
•OSS-walls  to  swing  a  16-ft.  piece  of  3-in.  shafting  sup- 
irted  at  the  roof,  and  to  use  it  as  a  battering  ram. 
iiis  method  worked  very  efficiently  from  the  top  of  the 
all  down  to  within  2  ft.  of  the  bottom  where  the  rein- 
.rcement  was  near  its  floor  anchorage.  For  the  rest  of 
16  wall  it  was  necessary  to  strip  the  steel  from  both 
ees  before  using  the  ram. 
In  wrecking  the  central  basement  wall,  it  was  necessary 

strip  all  steel  from  the  wall  and  then  use  a  short  ram ; 
ere  was  not  sufficient  room  in  which  to  swing  the  long 
m,  and  a  shorter  ram  did  not  prove  effective.  In  strip- 
ug  the  steel  from  these  walls  two  men  worked  with 
dl  point  and  sledge.  The  point  was  driven  down  in 
ck  of  each  bar  and  as  it  progressed  the  bar  was  bent  out 

I  spiral  form,  thus  being  entirely  out  of  the  way  of 
workmen,  but  at  the  same  time  destroying  the  bar 
r  any  other  use  (Fig.  2).  In  trying  out  the  short  ram 
■fore  stripping  the  steel  from  this  central  wall  there  was 
I  sign  of  fill  lines,  with  the  exception  of  one  indicating 
e  addition  of  6  in.  of  unreinforced  wall  on  top  of  the 
ain  reinforced  .section.  After  stripping  the  steel,  bow- 
er, there  were  .several  fill  lines  that  were  clearly  defined, 
dicating  the  flow  line  of  the  concrete  and  showing  the 
•esence  of  laitance  Ijetweeu  each  fill.  Xo  attempt  had 
en  made  to  mix  the  two  fills,  which  were  probably 
lUred  on  the  same  day. 
It  was  decided  that  in  wrecking  the  superstructure  a 

ill  of  30  ft.  into  the  basement  would  be  of  great  help 
breaking  the  concrete  into  pieces  small  enough  for 
ading  into  trucks.  This  proved  true  as  the  photographs 
I  ow.  The  wall  beams  were  first  cut  through  to  provide 
cm  for  inserting  a  screw  jack.  The  four  vertical  column 
rs  were  exposed  and  cut  at  the  bottom ;  then  the  roof 
lb  was  cut  on  three  sides  leaving  the  expanded  metal  in- 
ct  until  everything  was  in  readiness  for  dropping  the 
lb.  The  expanded  metal  was  cut  on  the  two  ends  of  the 
ab  and  then  adjacent  to  the  roof  beam.  An  interesting  fact 
L'arding  this  operation  was  the  cantilever  action  that 
loped  in  the  strands  of  the  expanded  metal ;  these 
■i  the  entire  slab  in  a  horizontal  position  until  the  la«t 
rand  had  been  cut.  The  slab  usually  fell  with  sufficient 
rce  to  tear  away  from  the  opjjosite  beam,  but  in  some 
ses  the  fall  was  gradual,  and  the  reinforcement 
though  bent  at  right  angles  held  the  slab  in  a  hanging 
)sition.  Fig.  7  shows  the  slab  just  as  it  has  started  to 
.11;  the  large  man  in  the  i)icture  has  just  cut  the  last 
rand  of  the  expanded  metal. 

The  next  operation   was  to  push  over  two   columns, 

••"■ther  with  their  respective  wall  beams  and  their  con- 

iiig  roof  beam.    This  was  accomplished  as  in  Fig.  11, 

li  shows  the  jack  in  position  ready  for  forcing  the 

I'ln  ])ast  its  center  of  gravity.     Two  jacks  were  used, 

in  each  wall  beam,  and  were  worked  simultaneously. 

I  ig.  8  shows  one  of  the  sections  in  tlie  act  of  falling. 

The  exterior  walls  were   8-in.    hollow   tile   plastered 

I  sides,  but  not  anchored  in  any  wav  to  the  columns; 

vcn  a  wall  recess  was  provided  in  the  columns.    This 

I'ldc  it  particularly  easy  to  force  these  walls  into  the 

lasement  after  the  section  of  superstnicture  ininicdiately 


ill  front  of  tlieiii  iiad  been  disposed  of.  Fig.  3  shows 
the  wall  being  started  with  a  2.\4-iii.  pry.  Fig.  4,  the 
same  wall  in  the  act  of  falling.  Needless  to  say  those 
walls  were  entirely  demolished  in  falling  into  the  base- 
ment. Fig.  5  shows  the  end  section  of  the  wing  falling 
intact.  The  last  section  to  be  dropped  was  the  north 
end  of  the  main  building  and  the  wing  combined;  these 
were  pulled  over  by  lines  placed  on  the  ends  and  in 
the  center  and  operated  by  six  men  on  each  line.  Fig.  10 
shows  the  effect  of  the  fall  on  one  of  the  main  roof 
beams. 

There  were  two  areas  cut  in  the  south  section  of  the 
old  building  basement  wall  and  through  these  openings 
it  was  possible  to  drive  the  teams  into  the  basement  and 
load  the  debris,  which  amounted  to  (iOS  two-yard  loads  for 
the  entire  job.  The  columns  usually  fell  on  top  of  the 
foundation  walls  and  so  were  not  broken  in  falling. 
Two  of  the  entire  lot  were  shot  with  powder,  but  it  was 
found  to  be  cheaper  to  release  the  steel  at  each  corner 
and  then  break  up  with  a  heavy  sledge  hammer.  The 
steel  from  the  columns  was  u.sed  in  the  new  footings  as 
was  also  any  of  the  beam  steel  that  could  be  salvaged. 

The  holes  cut  in  the  basement  floor  for  driving 
additional  piles  were  blasted,  but  under  very  unfavorable 
circumstances  because  of  the  varying  thickness  of  the 
floor  slab.  It  was  impossible  to  drill  to  a  uniform  depth 
for  shooting.  A  fabric  waterproofing  was  incorporated 
in  this  floor,  as  well  as  a  very  great  number  of  rein- 
forcing bars,  which  made  it  very  difiicult  to  remove  the 
concrete  after  it  had  been  shattered  by  the  blast.  The 
blast  did  not  break  the  steel  in  the  great  majority  of  cases. 
The  east  exterior  wall  was  used  as  a  bearing  wall  for 
supporting  the  first  floor  and  was  cut  off  and  recessed 
for  the  beams  and  girders.  The  north  wall  was  used  as 
a  bearing  wall  also,  but  additional  piles  were  driven  on 
each  side  and  a  new  footing  poured  on  top  of  the  old 
and  new  piles,  thus  in  reality  underpinning  the  old  wall, 
^luch  difficulty  was  experienced  in  drilling  this  old  wall 
on,  account  of  the  heavy  layer  of  waterproofing  that 
clogged  the  drills.  The  main  wall  in  this  case  was  not 
reinforced,  but  the  12-in.  waterproofing  protection  was 
heavily  reinforced  with  square  bars.  Fig.  !)  shows  the 
arrangement  of  blasting  holes  and  the  elfect  of  the  first 
shot.  ' 

The  unusually  thick  foundation  walls  in  the  main 
portion  of  the  old  building  were  in  no  way  damaged  by 
the  vibration  due  to  blasting  ol!  the  top  or  shooting  the 
opening  for  the  underpinning.  The  wing  walls,  which 
were  but  24  in.  thick,  wei'e  found  to  be  in  excellent  con- 
dition before  any  additional  piles  had  been  driven  in  this 
section,  but  the  vibration  of  the  jiile-driving  together 
with  the  blasting  .so  shattered  these  walls  as  to  make  it 
necessary  entirely  to  demolish  the  two  exterior  sections 
and  replace  with  a  new  wall.  No  reinforcement  of  any 
kind  was  found  in  the  wing  walls. 

The  new  building  was  erected  mostly  during  the  more 
.severe  months  of  the  winter  sea.son,  but  with  the  aid  of 
heavy  canvas  curtains  and  coke  fires  the  speed  schedule 
starting  from  the  completion  of  the  first  floor  was 
maintained. 

The  wrecking  of  this  ice  plant  and  the  construction 
of  the  new  four-story  bakery  for  the  Great  Atlantic 
and  Pacific  Tea  Co.  were  both  handled  by  the  Turner 
Construction  Co.,  of  New  York  City.  Ballinger  &  Perrot, 
of  l'hiladelj)liia,  weie  the  architects  for  the  new  bakery. 
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SYNOPSIS — Bacteria  and  Uirhidity  will  lie  re- 
moved and  incidentally  a  not  very  hard  water  soft- 
ened by  lime  treatment,  coar/nlailon  vnfh  sulphate 
of  iron,  and  merhanical  filtration. 

A  water-inirification  plant  with  a  daily  capacity  of 
1.50,000,000  sjal.  is  nearing  completion  by  the  City  of 
Cleveland.  The  primary  object  of  the  plant  i.s  bacterial 
reduction  and  the  removal  of  turbidity  when  necessary. 
At  the  same  time  the  water  will  be  softened.  The  plant 
is  located  at  the  Division  Ave.  pumping  station,  which 
is  being  rebuilt  and  provided  with  low-lift  pumps  to 
supply  the  filters  and  with  high-lift  pumps  to  deliver  the 
filtered  water  to  the  city.  The  purification  plant  and 
accessories  include  a  coagulant  house,  mixing  chambers, 
coagulating  basins,  mechanical  filters  and  a  clear-water 
basin.  Some  clear-water  storage  is  provided  under  the 
filters  in  addition  to  that  afl'orded  by  the  clear-water  basin. 
A  general  view  of  the  plant  is  shown  by  Fig.  1,  and  Fig. 
2  gives  a  plan  of  the  coagulant  mixing  chambers,  coagu- 
lating basin  and  filters  and  some  sections  of  the  chambers. 

The  plant  is  notable  because  it  will  soften  a  relatively 
soft  water  (total  hardness  of  110  and  temporary  hard- 
ness of  90  to  55)  ;  because  with  a  chemical-handling 
system  otherwise  similar  to  that  used  at  St.  Louis  the 
chemicals  will  be  handled  only  once,  instead  of  twice; 
and  also  because  of  the  provision  for  a  thorough  mixing 
of  the  lime  with  the  water  to  be  softened.  The  latter 
will  permit  a  relatively  short  reaction  period  of  3i/o  hr. 
in  the  mixing  chambers. 

The  engineers  in  immediate  charge  of  the  design  and 
construction  of  the  plant  have  been  R.  Winthrop  Pratt, 
consulting  engineer ;  Frank  H.  Stephenson,  engineer,  and 
Milton  F.  Stein,  assistant  engineer  of  design:  and  R.  S. 
Jones,  engineer,  and   A.  V.  Ruggles,  assistant  engineer 
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of  construction.     Charles  F.  Sehulz  was  commissioner 
water  during  the  greater  part  of  the  construction  periji 
and  was  succeeded  by  Charles  P.  Jaeger. 

A  switch  from  the  Erie  R.R.  comes  up  to  one  side 
the  coagulant  house.  At  each  end  of  this  house  the  ehe 
icals  may  be  dumped  from  covered  gondola  cars  onto 
short  run  of  conveyor  that  discharges  onto  an  eleval 
leading  to  a  hopper,  or  they  may  be  unloaded  from  Ix 
cars  by  power  shovels.  In  either  case  the  chemicals  i 
deposited  in  hoppers.  For  the  present,  box-cars  will 
used.  The  chemical  agents  are  taken  from  the  hoppe 
crushed  if  necessary,  elevated  and  distributed  to  10  st 
age  bins  (Fig.  3),  of  which  eight  are  for  lime  and  t\vo ' 
sulphate  of  iron.  These  storage  bins  are  approximat 
16  ft.  square  inside  and  33  ft.  high,  including  the  de] 
of  the  hopper  bottom.  The  bins  are  arranged  to 
charge  into  a  smaller,  or  daily,  hopper.  One  such  h 
per  is  provided  for  each  four  lime  bins,  and  there 
two  others,  of  metal,  for  the  sulphate  of  iron. 

From  the  daily  hoppers  the  lime  and  iron  are  fed 
automatic  scales  similar  to  those  in  use  at  Columl 
Ohio,  except  that  the  scales  are  so  connected  to  a  v 
turi  meter  as  to  trip  the  discharge  of  the  chemicals 
the  proper  intervals  to  maintain  the  required  prop 
tions,  depending  upon  the  volume  of  water  flow.  Th 
scales  are  supplied  liy  the  Richardson  Scale  Co.,  of  P 
saic,  N.  J. 

The  lime  goes  from  the  scales  to  slaking  tanks  (I 
5 ) ,  where  hot  water  is  introduced,  the  lime  slaked,  pas  i 
over  a  weir  and  dropjjed  through  a  perforated  hop 
into  a  solution  tank.  A  new  feature  of  the  solution  te 
is  the  use  of  a  Pelton  wheel  to  drive  the  stirring 
paratus  and  centrifuga.  pumps  that  will  raise  the  li 
solution  for  discharge  into  the  raw  water.  The  m 
that  drives  the  Pelton  wheel  goes  to  the  solution  ta' 
so  it  is  not  wasted  but  does  double  service. 


FIG.  1.    GENERAL,  VIEW   OF  DIVISION  AVE.  IHIMI'ING  STATION.  ,  fT' 
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Longitudinal    Section    A-A    through    Mixing    Chambers 
FIG.  2.     PLAN  OF  CLEVELAND  WATER-TREATMENT  i'LANT   AND   SECTIONS   OF   MIXINO    CHAMBERS 

The  lime  solution  is  fed  into  the  raw  water  just  after  c-aii  l)o  Unshod  with  water  under  pressure.     If  this  does 

passes  through  a  venturi  meter  on  the  72-in.  supply  not  prevent  stoppage,  as  indicated  by  a  [jot-eock  on  the 

lin.    There  are  12  lime-feeding  nozzles,  inserted  ver-  feed  pipes,  the  solution  can  be  shut  off  l)y  slide  valves. 

ally  in  the  top  of  the  raw-water  pipe.     These  nozzles  Then  the  nozzle  may  be  removed  for  cleaning. 
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The  sulphate  of  iron  from  either  of  the  two  storage  bins 
drops  to  a  screen  in  a  hopper  and  meets  an  upward  cur- 
rent of  water.  The  solution  thus  formed  passes  over  a 
weir  into  a  storage  tank,  from  which  it  is  pumped  to 
orifice  boxes,  which  are  in  duplicate.  Ten  of  the  12 
orifices  connect  one  each  to  four  mixing  chambers  and  to 
the  six  coagulating  basins.  The  other  two  orifices  will 
he  large  enough  to  carry  tlie  whole  dose  to  the  desired 
point  of  discharge  into  the  raw  water.  The  solution  from 
these  two  orifices  will  go  into  the  raw  water  shortly  after 
it  leaves  the  low-lift  pumps,  or  Just  before  it  enters  the 
mixing  chambers,  so  that  iron  can  be  introduced  at  any 
one  of  four  points.  In  case  the  iron  is  admitted  to  the 
coagulating  basin  the  point  of  introduction  will  be  just 
after  the  water  has  spent  two-thirds  of  its  time  in  the 
basin,  so  there  will  be  an  opportunity  to  correct  any 
excess  of  alkalinity.  Even  then  there  will  be  an  hour's 
time  for  the  coagulant  to  take  effect.  The  iron  solu- 
tion will  be  passed  through  lead  pipes. 

There  are  four  mixing  chambers,  each  about  83  ft.  wide 
and  135  ft.  long,  divided  longitudinally  by  reinforced- 
concrete  walls  into  six  channels,  baffled  up  and  down 
with  planks  placed  51/1  ft.  c.  to  c.  The  baffles  are  ad- 
justable. This  arrangement  gives  a  water  travel  of  about 
2,100  ft.,  which  it  is  expected  will  take  about  35  min. 
(1  ft.  per  see.).  Two  mixing  chambers  can  be  operated 
in  series  if  extra  mixing  is  desired. 

The  water  from  the  mixing  chamber  is  discharged  into 
a  channel  that  runs  the  whole  length  of  the  end  of  the  six 
coagulating  basins.  From  this  channel  the  water  can  be 
introduced  to  any  one  of  the  basins.  Each  coagulating 
basin  is  about  142  ft.  wide  by  250  ft.  long,  with  two 
baifle  walls  dividing  it  into  three  compartments  longi- 
tudinally. It  is  expected  that  it  will  take  about  3i/o  hr. 
at  maximum  capacity  for  the  water  to  pass  through  a 
basin,  on  the  basis  of  all  six  basins  being  in  operation. 
This  will  give  a  w^orking  rate  of  about  25,000,000  gal. 
per  basin. 

The  basins  are  of  ordinaiT  groiued-arch  roof  and  floor 
construction.  Facilities  for  draining  and  cleaning  the 
basins  by  water  under  pressure  are  provided. 

From  the  coagulating  baj^in  the  water  is  taken  into  a 
channel  from  which  four  outlets  lead  to  an  influent  line. 
From  the  influent  pipe  the  water  flows  to  any  one  of  36 
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in.  of  gravel.  There  is  a  manifold  strainer  systfini.  Th 
central  manifold  is  of  cast  iron,  elliptical  in  section,  an 
the  laterals  are  of  2i/^-in.  cast-iron  pipe  provided  wit 
two  rows  of  i/4-in.  holes  on  the  under  side,  bored  at  :i 
angle  of  45°  with  the  vertical.  The  holes  are  designs 
to  give  an  area  of  0.33%  of  the  sand  area. 

Tlie  water  collected  by  the  laterals  and  manifolds  ; , 
discharged   into   a   sj-stem  of   collector  pipes   under  th 


FIG.    3.    SECTIONS    OF    STORAOK    BINS,    CLEVELAND 
COAGULANT  HOUSE 

rectangular  filters,  331^x49  ft.  in  plan  (see  Figs.  2  and 
4).  The  net  filtering  area  is  therefore  1,460  sq.ft.  per 
filter.  The  filters  are  disposed  in  two  rows  of  nine  each, 
or  18  in  all,  on  either  side  of  a  central  administration 
building  that  is  70  ft.  square.  There  is  a  pipe  and  oper- 
ating gallery  24  ft.  wide  between  each  row  of  nine  filters. 
The  filtering  material  consists  of  27  in.  of  sand  on  22 


De+a;i    of   Cen+ral    Mani-fold,  C.l. 

■r-si" 


'■'^"'^]'~    .  Half    Sec+ion   fhrough    Monif old 
^  He^cidpr    and     La+erals 
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Half    Longitudinal    Secfion    -through    Filter  j 

FIG.    4.     DETAILS    OF    CLEVELAND    FILTER    UNIT   ANO 
STRAINER  SYSTEM 

filters.     These  connect  into  a  single  24-in.  jiipo  leadfe 
from  each  filter.     The  water  then  passes  through  a  coi 
trolling  device  into  the  space  beneath  the  filters.     Froi 
there  the  water  passes  through  a  conduit  to  a  25,000,001 . 
gal.  clear-water  basin  about  1,000  ft.  distant.  ■ 

There  is  a  covered  wash-water  reservoir  of  reinfoB 
concrete  holding  about  450,000  gal.,  located  on  aB 
about  50  ft.  above  the  floor  of  the  filter.     Wash  iraff 
is  conducted  to  the  filters  through  a  line  of  48-in.  en 
iron  pipe  on  which  there  is  a  Simplex  meter  for  measi 
ing  the  flow.     This  water  will  be  introduced  at  the  r; 
of  15  gal.  per  min.  per  sq.ft.  of  filter  area,  but  no  :i 
will  be  used  at  jiresent. 

Dirty   water   will    be   taken    from    the    filters   over  .'i' 
instable  weirs  on  tlie  wasii-water  troughs  to  iiiid  throui; 
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ji  30-in.  pipe  to  a  main  filter  drain.     It  will  eventually 
■each  the  old  river  bed,  now  an  arm  of  the  lake. 

Provision  is  made  in  the  administration  building  for 

-and-storage  bin,  with  room  left  for  the  installation  of 

sand  washer  in  case  it  is  foimd  necessarj'  for  any  cause 
0  supplement  the  regular  washing. 

All  sluice  gates  and  the  10  large  valves  in  the  mixing 
hambers  and  coagulation  basins  will  be  electrically  oper- 
ted.  All  the  filter  valves  (five  for  each  filter)  will  be 
lydraulically  operated.  There  will  be  heat  in  the  filter 
'lilding,  but  not  in  the  mixing  chamber.     The  pressure 

1  hydraulic  operation,  controllers,  etc.,  will  be  the  reg- 

ir  city-water  pressure. 

The  filter  hou.se  is  733  ft.  long,  extending  over  the 
Iter  and  operating  gallen-.  It  is  a  one-story  structure, 
aiilt  of  special  wire-cut  brick  of  varying  shades,  laid  in 
lark  mortar  with  joints  raked  out  to  a  depth  of  %  in. 
"■he  other  buildings  are  of  the  same  kind  of  brick,  giving 

pleasing  efiiect.  The  building  over  the  filter  gallerj', 
■  lut  50  ft.  wide  and  one  story  high,  has  steel  roof  trusses 

'■red  with  sheathing  and  red  Spanish  tile.  The  admin- 
-1  ration  building  in  the  center,  about  70  ft.  square  and 
wo  stories  high,  has  offices  on  the  first  floor  and  three 
iboratories  and  an  office  on  the  second  floor.  The  chem- 
cal-storage  bins  and  machinery  for  the  preparation  and 
iitroduction  of  solution  of  lime  and  coagulant  are  in  a 
rick  building  of  similar  style  of  architecture.  Over  each 
lair  of  mixing  chambers  there  is  a  small  gatehouse  in 
armony  with  the  other  buildings.  F.  B.  Meade,  of 
Jieveland,  acted  as  consulting  architect.  All  parts  of 
he  plant  not  taken  up  with  buildings  will  be  covered  with 
arth  and  grassed. 

The  filter  equipment,  except  operating  tables,  was  sup- 

i  lied  by  the  M.  L.  Bayard   Co.,  of  Philadelphia.     The 

perating  tables  were  furnished  by  the  Pittsburgh  Filter 

lanufacturing  Co.     The  filter  controllers  were  made  by 

lie  Builders  Iron  Foundry,  of  Providence,  R.  I. 

A  summary  of  the  water-testing  operations  preliminary 
i>  the  design  of  the  plant  appeared  in  Engineering  News 
t  Sept.  3,  1914.  The  purification  and  softening  works 
■  ere  virtually  completed  in  the  sunnner  of  1916,  but 
annot  be  put  in  full  operation  initil  the  completion  of 
he  pumping  station  and  the  new  intake  tunnel.  Mean- 
while the  plant  is  being  "tuned  up"  under  the  direction 
f  J.  W.  Ellnis,  of  Cincinnati,  who  is  dividing  liis  time 
■etween  the  Cinc-innaii  aii.l  fl  ■.laiMl  |.laiit~.     Ii   i~  iidt 


probable  that  tlie  new  purification  works  will  go  into 
lull  operation  until  some  time  in  1917,  but  possibly  some 
80,000,000  gal.  or  so  may  be  supplied  for  treatment  from 
the  Kirtland  pumping  station,  on  the  east  side  of  the 
city.  The  city  is  now  being  supplied  with  chlorinated 
lake  water  from  that  station.  It  is  expected  that  within 
a  few  years  a  filtration  plant  will  be  built  at  Kirtland. 

Hew  ]R.aIfl  JJoaEst  ©f  GipSp  Tw"P® 

A  rail  joint  now  in  experimental  use  is  so  designed 
that  the  splice  bars  transmit  the  pressure  or  load  upon 
the  rail  head  directly  to  the  junction  of  the  web  and 
base  of  the  rail.  The  bars  have  a  vise-like  grip  on  the 
rails  at  this  point,  instead  of  a  wedging  fit  between  the 
head  and  base  of  the  rails.     In  this  way  they  prevent 


Section  at  Center 


Half  Elevation 


FIG.  6.    CLEVELAND  LIME-SLAKINO  TANK 

'^*  Pel'on  wheel  drives  the  pump  and  stirrer.     The  perforated 

bucket  Is  shown  In  pcsltlon  to  dump  unslaked  material 


NEW  GRIP  RAIL  JOINT 
Used  on  the  Chicago  &  Northwestern   Ry. 

relative  movement  of  the  two  rail  ends,  both  laterally 
and  vertically.  The  object  is  to  hold  the  rail  ends  in 
exact  line  and  level,  and  thus  to  prevent  battering  and 
wear  of  the  top  and  side  of  the  rail  heads,  as  well  as 
to  prevent  wear  of  the  contact  surfaces  of  the  splice 
bars  and  rail  heads.  At  the  same  time  the  joint  is 
flexible  enough  to  conform  to  the  wave  motion  of  the 
track. 

The  splice  bars  are  2-1  in.  long,  with  four  bults,  the 
alternate  bolts  having  their  heads  on  opposite  sides  of 
the  rail.  The  end  portions  are  of  fishplate  section,  with 
the  lower  edge  fitted  to  the  fillet  of  the  rail.  The  middle 
portion  of  the  bar  has  a  wide  flange  that  fits  closely  upon 
the  rail  base,  and  a  special  feature  of  the  design  is  that 
this  flange  has  a  rib  that  hooks  under  the  edge  of  the 
rail  ba.so.  Thus  the  bars  cannot  oscillate  or  rock  upon 
their  bearings  at  the  rail  fillet.  Wear  upon  the  top 
surface  of  the  bar  and  the  bottom  of  its  flange  can  be 
taken  up  by  tightening  the  bolts.  This  rotates  the  bars 
on  their  bearings,  drawing  the  upper  end  inward  and 
the  flange  upward,  so  as  to  maintain  the  two  rails  in 
proper  level  and  line. 

One  of  the.-^e  joints  is  in  u.<e  on  100-lb.  rails  near  the 
end  of  a  subway,  whore  there  is  considerable  Avave  motion 
in  tlie  track  and  where  the  traffic  amounts  to  about  100 
trains  daily,  with  heavy  equipment.  During  six  months' 
service  the  bolts  have  not  required  tightening  and  the  joint 
did  not  become  low,  so  that  no  tamping  or  raising  was 
neces.sary.  The  joint  is  the  invention  of  A.  L.  Clapp,  of 
Cliicago,  Roadmaster  of  the  Cliicago  &  Northwestern  Ry. 

The  .StnndnnI  Coilf  of  llollt-r  CniiNtruetlon  formulated  by 
the  Amerkiin  .Society  of  Mechanical  EnKlneers  will  probably 
be  ailopti-d  by  the  State  of  Li.uLslana.  At  the  recent  session 
of  the  legislature  a  bill  was  enacted  authorizing  the  appoint- 
ment by  the  governor  of  a  commission  of  five  experts  to  ex- 
amine the  code  and  report  to  the  next  legislature  whether  it 
should  be  enacted  as  a  law.  Recent  specifications  for  boiler 
work  for  the  Panama  Canal  have  specified  that  the  construc- 
tion should  be  in  accordance  with  the  Mechanical  Engineers' 
Code,  with  alternate  bids  on  boilers  not  so  constructed. 
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PIG.  1.    GENERAL  VIEW  OF  BACK  RIVER  SEWAGE-TREATMENT  WORKS,  CONSISTING  OF  HYDROLTTIC,    IMHOFF    [> 


CoffifapEetLSomi  ©IF  Slh©  Se'^^eira.ge 

§ys<l®siffi  of  Bsi.l1laffini02°® 

By  G.  J.  Eequakdt* 

This  month  sees  the  practical  completion  of  the  build- 
ing of  Baltimore'.s  new  sewerage  system.  From  a  condi- 
tion where  the  city's  wastes  were  poorly  handled  by  means 
of  cesspools  and  a  few  scattered  private  drains,  and 
stormwater  was  allowed  to  flow  down  the  street  and  alley 
gutters  for  great  distances  before  entering  inlets,  the 
work  of  the  Baltimore  Sewerage  Commission  has  wrought 
wonderful  changes.  Formerly,  sewage  was  allowed  to 
flow  into  the  harbor,  and  the  result  was  the  harbor  turned 


into  an  immense  septic  tank  which  gave  off  terrible  odors 
whenever  the  backwater  from  the  sidewheel  excursion 
steamers  stirred  up  the  sludge  on  the  bottom.  At  pres- 
ent, civic  pride  in  the  conditions  surrounding  the  water- 
f)-ont  has  been  aroused  to  such  an  e.xtent  that  the  Ilarbor 
Engineer  maintains  a  police  system,  and  anyone  detected 
throwing  a  watermelon  rind  or  other  unsightly  floating 
object  into  the  harbor  is  liable  to  arrest  and  a  fine ! 

Baltimore  began  thinking  of  a  comprehensive  sewer 
age  system  for  itself  about  forty  years  ago,  but  it  was  iv  ■ 
till  1892  that  serious  study  was  given  the  subject.  In  tli:i 
vear  a  commission  was  appointed,  headed  by  the  lai 
".Mendes  Cohen,  Past  President  Am.  Soc.  C.  E.  The  tii>: 
report  given  out  by  this  commission  (1897)  recomnieuded 
that  tlio  city  sewage  be  collected  and  dis|K).sed  of  by  diiii- 


PIGS.  2  AND  3.       THE  ORIGINAL  .IONI>    i       i  MANNEL   AND  THE   KAI.l.SW.W 

liALTl.MuUE  SEWERAGE  PROJECT 
Ma.vor  Preston  and  Chief  Engineer  Heniirick  are  standing  by  the  automobile  In  the   vi 


•w   showing:   the   completed   Fallsway 
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on  with  the  waters  of  Chesapeake  Bay.  This  scheme 
as  strongly  opposed  as  it  was  felt  that  the  large  shellfish 
yings  in  the  bay  would  be  liable  to  contamination.  An- 
her  report,  brought  out  in  1899,  gave  as  an  alternate 
•heme  the  disposal  of  sewage  by  irrigation.  Kenneth 
lien  was  principal  assistant  engineer  of  this  commission. 

In  190-1  a  new  commission  was  created,  a  sewerage  loan 
lade,  and  Calvin  W.  Hendrick  was  appointed  chief 
igineer  to  begin  work  on  the  design  and  construction  of 
18  system.  The  work  started  in  1 906  and  has  been  con- 
nuously  carried  on  to  date. 

The  system  comprises  about  800  mi.  of  sewers,  storm- 
ater  drains,  interceptors,  force  mains,  outfalls,  etc., 
inging  from  8  in.  to  29  ft.  in  diameter;  a  pumping 
ation  that  houses  three  27,.500,000-gal.  pumps  for  raising 
10  level  of  about  one-third  of  the  city's  sewage  flow;  the 
nmense  dis];x)sal  plant  at  Back  River  which  consists  of 
jugh  and  fine  screens,  hydrolytic,  Imhoff  and  separate 
udge-digesting  tanks,  30  acres  of  .sprinkling  filters,  final 
'ttling  basins,  sludge  beds  and  a  power  house. 

\  spectacular  feature  of  the  woi-k  of  the  commission 

-isted  of  covering  over  and  building  a  beautiful  boule- 

ard  on  the  top  of  Jones  Falls,  a  stream  60  ft.  wide  flow- 

■ig  through  the  heart  of  the  city  and  which  for  the  last 

wenty  years  had  been  assuming  the  role  of  an  open  sewer. 

The  work  has  been  completed  in  a  little  over  ten  years 
t  a  cost  of  about  $23,000,000. 

Some  of  the  engineers  connected  with  the  work  are: 

'■'Ivin  \V.  Hendrick,  Chief  Engineer,  1905-1916;  Thomas 

l'itt.%  Division  Engineer  and  Assistant  Chief,   I90G- 

iO;  A.  .M.  Brosiu.s,  A.ssi.stant  Chief,  1906-1912;  0.  W. 
Jonnet,  Division  Engineer,  1906-1916;  Alfred  TI.  Ilart- 
DED,  Division  Engineer,  1906-1916;  Ezra  B.  Whitman, 
division  Engineer,  1906-1911  ;  Herbert  M.  Knight,  Divi- 
ion  Engineer,  1906-1910;  Kenneth  Allen,  Division  En- 
gineer. 1906-1908. 


Are  BSoedlairag  Wood  Bloclfes 

Regilllls^  Bleedlnirag  Jonisitlsf 

By  Ellis  E.  Button* 

An  experimental  strip  of  creosoted  wood-block  pavint^ 
in  Minneapolis,  on  15th  Ave.,  S.  E.,  was  laid  on  June  '.'3 
and  24,  1915,  using  blocks  that  were  treated  by  the  Kettle 
River  Co.  about  10  days  before.  There  was  laid  under  this 
special  test  about  250  sq.yd.  of  blocks.  These  blocks  were 
laid  in  the  regular  way,  except  that  instead  of  a  pitch 
tiller  a  sand  tiller  was  used.  The  object  in  doing  this  was 
to  determine  how  many  of  the  difficulties  attributed  to  the 
bleeding  of  blocks  are  due  to  the  blocks  themselves. 

Upon  examination  of  this  pavement  at  various  times 
since  it  was  laid,  but  very  little  bleeding  has  been  noticed. 
Probably  not  5%  of  the  blocks  have  shown  any  exudation, 
and  then  only  slight.  On  the  remainder  of  the  street, 
where  the  joints  were  filled  with  pitch  in  the  ordinary  way 
(by  flooding  and  squeegee)  and  the  pavement  was  covered 
with  sand,  the  blocks  became  quite  sticky,  and  it  was 
necessary  to  cover  them  a  second  time  with  sand. 

In  the  treatment  of  these  blocks  an  oil  of  a  specific 
gravity  of  about  1.11  was  used,  and  fiie  treatment  was 
continued  for  9  or  10  hr. 

This  contrast  of  results  with  the  same  blocks  in  the 
same  pavement  shows  that  almost  all  the  trouble 
attributed  to  the  bleeding  of  creosoted  wood  blocks  is 
actually  not  in  the  bleeding  of  the  blocks  themselves,  but 
in  the  pitch  filler  u,sed  in  the  joints;  and  it  also  shows 
further  that  if  the  blocks  are  treated  with  a  tar  creosote 
oil,  using  more  than  16  lb.  i)er  cu.ft.,  there  is  very  little 
Ijleeding  on  account  of  the  oil.  If  the  treatment  has  been 
pro])erly  done  no  that  the  blocks  are  .subjected  to  the  proper 
penetration,  the  bleeding  is  reduced  to  almost  nothing. 


•As.sistant  City  Engineer,  Minneapolis,  Minn. 
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By  Stephen  B.  Vernon* 

The  design  of  the  grit  eliamber,  Imhoff  tanks  and 
sewage-pumping  station  for  Albany,  N.  Y.,  was  very 
adequately  treated  in  articles  by  John  H.  Gregory,  in 
Engineering  News  ol'  Oct.  7,  1915,  p.  692,  and  June  23 


UL|«B||?'W' 


FIG.   1.    INSIDE   OF   CUTTING-EDGE   SECTION,   SHOWINi! 
REBATES  AND  KEY  FOR  FLOOR 

and  29,  1916,  pp.  1164  and  1224.  The  writer  has  a 
word  to  say  here  about  the  construction  of  the  pumping 
station  and  the  grit  chamber. 

The  contract  for  construction  was  awarded  lo  tlie 
Foundation  Co.,  of  Xew  York,  on  Sept.  13,  1915.  It 
seemed  a  late  day  in  the  season  to  commence  such  work ; 
but  plant  was  soon  assembled,  and  about  a  month  later 
a  real  start  had  been  made. 

The  surface  of  Westerlo  Island  lies  from  10  to  12  ft. 
below  the  highest  recorded  high  water  in  the  Hudson 
River.  For  periods  of  a  few  days  during  the  early  spring 
months  the  island  is  often  inundated — usually  to  a  depth 
not  in  excess  of  4  or  5  ft.  There  is  a  considerable  deposii 
of  silt  on  the  island,  and  the  top  soil  has  a  depth  of 
from  5  to  T  ft.  Under  this  is  a  sand,  so  fine  in  grain 
that  it  bears  a  close  relation  to  quicksand,  to  a  depth  ol 
some  35  ft.  below  the  surface,  and  then  gravel,  runniiiL 
from  fine  to  coarse,  to  rock. 


•Engineer,    Intercepting    Sewer    Design 
City  Hall,  Albany.  N.  Y. 
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The  pumping  station  has  a  cylindrical  substructun 
62  ft.  in  inside  diameter,  with  an  inner  cylindrical  dr 
well  for  the  pumps,  38  ft.  in  diameter,  and  an  outi 
annular  suction  well  10  ft.  in  width.  The  main  floor  i 
the  station,  dividing  the  superstructure  from  the  substrn. 
ture,  is  2  ft.  above  the  highest  known  high  water  i 
the  river,  23  ft.  above  mean  low  tide,  and  stands  13  1 
alDove  the  former  ground  surface.  The  top  of  the  found: 
tion  floor  is  44  ft.  below  the  main  floor — that  is,  31  f 
below  the  former  ground  surface,  with  a  hydrostatic  hea 
against  it  of  23  ft.  of  groundwater. 

Xeither  the  plans  nor  the  specifications  for  the  wor 
provided  a  method  for  building  the  substructure.  Thi 
was  understood  to  be  optional  with  the  contractor,  tb 
scheme  to  be  approved  by  the  engineer.  Discarding  tb 
usual  method  of  sheetpiling  the  excavation,  the  Foundf 
tion  Co.  proposed  to  sink  the  outer  concrete  wall  g 
a  caisson,  to  excavate  under  water  with  clam-slie 
buckets  as  the  weight  of  the  caisson  carried  it  down,  \ 
deposit  the  concrete  bottom  as  a  seal  under  water  an 
lastly  to  build  up  the  inner  parts  of  the  substruetnr< 
The  contractor  was  reluctant,  as  he  expressed  it,  1 
undertake  to  pump  the  Hudson  dry  by  a  system  ( 
under-drainage — for  one  sees,  from  what  has  been  saic 
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that  the  foundation  of  the  station  lies  in  the  grin 
.stratum  far  above  rock.  Other  contractors,  however,  ii 
the  more  usual  .scheme  in  mind,  and  the  very  design 
the  building  indicates  that  this  had  been  contemplai. 
This  method  of  construction  necessitated  certain  ' 
partures  from  the  design — as  described  by  ^fr.  (irogf: 
The  outer  wall,  instead  of  having  a  maximum  tliickm 
of  3  ft.  and  a  thickness  of  2i/?  ft.  at  the  ground  surfa. 
was  built  with  a  uniform  thickness  of  4  ft.  for  alu' 
half  its  depth,  and  was  then  offset  to  the  original  dime 
sions.  It  was  heavily  reinforced,  moreover,  by  horizon! 
circumferential  rods  and  vertical  rods  1  in.  in  diainel' 
which  were  introduced  to  resist  the  torsional  stresses  ai 
ticipated  in  sinking  the  caisson,  whereas  the  design  cm 
teinplated  no  steel  reinforcement  for  the  outer  cylindc 
The  steel  used  in  the  design,  however,  was  neccssaril 
omitted  from  the  foundation  floor,  and  the  concrete  thi' 
ncss  was  increased  at  the  center  of  the  station  from  IVi 
10  ft.,  so  as  to  make  of  the  bottom  a  large  plano-conu 
disk.    It  was  obviously  impossible  to  provide  an  outsid 
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FIG.   4.     FORMS   Fni;   <  iXK   (if    INTKI'.IOR    FLO(lll^5   OF 
I'L'.MPI.Xi;    STATION 

loting,  and  the  roiiiitlatinii  floor  was  kcyeil  into  tlio  eais- 
I'V  a  series  of  ofl'seti^. 
i'lie  details  and  pliotographs  which  accompany  these 
jtes  show  the  essential  features  of  the  work,  with  little 
?ed  of  further  descrijition.  And  since  no  layout  of  the 
lant  has  appeared  with  former  articles,  the  general 
yout  is  here  rejjroduced.  The  construction-plant  layout 
idicated  on  the  latter  will  also,  jierhaps,  add  to  the 
■ader's  interest. 

Caisson  Easily  Sunk 

Very  little  difficulty  was  found  in  sinking  the  caisson. 
oward  the  end  of  the  operation  it  was  at  one  time 
'cessary  to  add  an  extra  load  of  sand  bags  to  the  weight 

•he  concrete,  but  otherwise  the  caisson  sank  evenly  of 
nwn  weight.     As  to  the   method    of   procedure,  the 

rface  excavation  was  carried  to  a  de])th  of  5  ft.  before 
le  shoe  was  ])laced,  and  the  wall  was  built  i;p  in  sections 
)Out  12  ft.  in  height,  each  section  being  sunk  and  the 
rms  removed  before  the  next  concrete  section  was  biiilt 
)on  it.  The  time  required  for  changing  the  forms  and 
acing  the  steel  was  such  as  to  allow  the  concrete  to 
t  sufficiently  between  tlie  periods  of  sinking.  The 
lantity  of  concrete  placed  in  any  one  day  ranged  between 
)  and  100  en. yd.    The  section,  of  course,  was  not  truly 


cylindrical  upon  completion,  but  the  warp  was  so  small 
as  to  limit  the  variation  in  diameter  to  about  3  in.  over 
or  under  the  plan  dimensions,  and  the  footing  came  to 
a  rest  within  a  fraction  of  an  inch  of  the  position  intendinl 
for  it. 

Xor  was  difficulty  encountered  in  placing  the  seal. 
Tile  concrete  was  deposited  ijy  deep-sea  buckets  and  was 
allowed  to  set  for  a  period  of  three  weeks  before  the 
water  was  pumped  out.  The  leaks  discovered  we  e 
minute,  but  nevertheless,  in  order  to  give  a  perfectly  dry 
pump  well,  the  inner  well  floor  and  the  side  walls  also 
lietween  the  two  lowest  floors  were  later  waterproofed 
by  The  Waterproofing  Co.'s  method  of  applying  a  com- 
pound coating  about  1  in.  thick. 

Questions  have  been  asked  .so  many  times  about  the 
thickness  of  laitance  on  the  concrete  seals  that  it  may 
he  well  to  say  it  was  necessary  to  clean  off  about  6  in. 
of  the  deposit  before  reaching  a  sound  concrete.    Where- 
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ever  these  seals   were   used,  allowance  was  made   for   a 
surface  finish  coat  about  (i  in.  thick. 

The  seal  once  coinnleted,  the  construction  of  the  inner 
wall  and  the  columns  and  flooi-s  was  merely  a  matter 
of  routine.     This  work  was  all  heavily  reinforced  with 
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steel,  and  the  concrete  itself,  as  well  as  that  in  the  outer 
wall  and  seal,  was  a  1:2:4  mixture. 

At  the  present  writing  the  superstructure  is  well 
toward  completion.  It  follows  in  plan  the  size  and  shape 
of  the  suhstructure,  of  course,  with  a  circular  monitor 
ahout  the  diameter  of  the  inner  dry  well.  The  face  brick 
are  Hytex  tapestry  effect,  and  the  inner  face  of  the  walls 
will  be  plastered,  the  lower  G  ft.  being  tile  covered.  On 
the  conical  roof  there  is  a  cinder  concrete  slab,  covered 
with  a  Xalecode  coat  and  finished  with  red  tile. 

How  THE  Grit  Cii.iiiBEK  Was  Built 

The  excavation  for  the  grit  chamber  was  sheeted  with 
steel  sheetpiling ;  the  timber  framing  and  steel  piling  were 
carried  down  as  the  excavation  progressed,  and  a  con- 
crete seal  was  then  laid  under  water.  The  walls,  finished 
floor  and  other  parts  were  constructed  thereafter.  The 
excavations  for  the  deep  conduits  connecting  the  gate 


iiouse,  grit  chamber  and  pumpinu  station  were  similar! 
sheeted  and  sealed.  The  grit-chamber  walls  were  bui 
as  cantilevered  retaining  walls,  and  the  concrete,  as  we 
as  practically  all  other  concrete  on  the  work  except  tin 
in  the  conduits,  where  a  1 :  21/^ :  5  mixture  was  used,  vi 
a  1:2:4  mixture. 

As  to  the  contract  costs  of  the  work,  all  excavati' 
below  groundwater  level  was  priced  at  $3.50  and  tli. ,, 
above  this  level  at  60c.  per  cn.yd.  Concrete  range 
between  $9  and  $15  per  eu.yd.  The  cast-iron  pipe,  11 
iron  castings,  steel  reinforcement  and  other  metal  ii 
corporated  in  the  work  of  course  brought  higher  pric 
than  would  be  expected  in  normal  times. 

The  superstructures  were  sublet  by  the  contractor 
the  Peter  Keeler  Building  Co.,  of  Albany.  The  writ 
has  been  in  charge  of  the  work  for  the  city,  undi 
Frank  R.  Lanagan,  city  engineer,  and  Wallace  Greenalc 
commissioner  of  public  works. 
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Draiinig^E©  DittcIhK 


SYNOPSIi^ — All  the  n-ork  is  done  by  about  l'6 
dipper  dredges  of  various  sizes.  A  notable  fea- 
ture is  that  the  dredges  are  required  to  make  cuts 
with  slopes  of  1: 1.  The  method  of  attaining  this 
is  described.  The  engineers  and  contractors  use 
motor  boats  to  get  over  some  of  the  ivorTc.  Sup- 
plies are  taken  in  on  motor  scoivs  and  on  stern- 
wheel  barges. 


The  Little  River  Drainage  District,  in  southeastern 
Missouri,  will  have  about  625  mi.  of  drainage  ditches 
in  its  area  of  500,000  acres.  These  ditches  will  drain 
the  low  lands  and  provide  for  carrying  off  the  normal 
rainfall  over  the  district,  which  averages  39.8  in.  an- 
nually. The  flood  waters  formerly  discharged  into  the 
district  by  rivers  at  its  north  end  will  be  excluded  en- 
tirely, being  cared  for  by  extensive  river  diversion  works, 
with  flood  detention  basins  and  a  channel  extending  east- 
ward to  the  Mississippi  River,  as  described  in  Engineering 
News. 

Fig.  1  is  a  map  of  the  district  showing  the  ditch  layout. 
The  ditch  system  involves  about  34,250,000  cu.yd.  of  ex- 
cavation, at  an  estimated  cost  of  $2,706,000.  The  work 
is  divided  between  a  number  of  contractors,  and  it  is 
expected  that  it  will  be  completed  by  1918.  The  char- 
acter of  the  work  is  indicated  by  the  views  in  Fig.  2. 

SizK  .\XD  Layoit  ok  Ditches 

Some  of  the  ditches  arc  of  notable  size.  They  range 
from  4  ft.  bottom  width  and  8  ft.  depth  at  the  upper 
ends  of  laterals,  to  123  ft.  bottom  width  and  8  to  12 
ft.  depth  at  the  lower  ends  of  the  main  ditches.  While 
4  ft.  is  a  specified  width,  it  has  been  exceeded  as  a  rule, 
the  bottom  width  being  determined  by  tiie  mininnim  top 
width  practicable  for  a  dredge.  This  is  usually  20  to 
24  ft.,  depending  upon  the  distance  from  ground  sur- 
face to  water  level.  The  minimum  width  of  dredge  hull 
is  about  14  ft.,  and  tiiis  with  4  ft.  draft  and  water  level 
1  ft.  below  the  ground  would  give  a  top  width  of  24  ft. 


The  district  is  long  and  narrow,  with  a  length  of  abo 
90  mi.  (north  and  south)  and  a  width  of  10  mi.  T 
serve  this  area  the  ditches  are  divided  into  three  grouf 
as  shown  in  Fig.  1.  The  group  in  the  upper  portii 
of  the  district  is  served  by  a  main  ditch  extending  near  | 
the  full  length  of  the  middle  of  the  district,  being  ov 
90  mi.  long.  This  has  a  bottom  width  of  4  ft.  (ni- 
inal)  at  its  upper  end  and  123  ft.  at  the  lower  ci 
The  two  other  groups  are  in  the  lower  portion  of  t 
district,  and  each  is  served  by  a  main  ditch  parallel  iri 
the  central  ditch.  These  three  parallel  ditches  are  ab^ 
1/4  nii.  out  to  out.  They  leave  two  strips  of  unavaila 
land,  but  in  planning  the  work  it  was  thought  that  t! 
width  might  not  be  more  than  sufficient  for  disposi 
of  the  soft  soil  and  keeping  it 'back  from  the  channc 
The  width  of  cleared  right-of-way  ranges  from  1 
ft.  on  the  laterals  to  350  ft.  on  the  main  ditches. 
this  work  a  small  amount  of  timber  in  the  form 
saw-logs  has  been  salvaged  by  landowners  and  timl: 
leasers  ahead  of  the  clearing,  and  by  subcontractors 
connection  with  the  clearing.  The  use  of  the  ditchea  i 
floating  timber  is  prohibited.  At  some  points  an  U 
stable  soft  black  soil  is  encountered,  which  churns  IT 
slush  under  the  action  of  the  bucket  so  that  the  bo 
cannot  be  finished  to  grade  line.  It  has  been  sugg 
that  a  small  hydraulic  dredge  may  be  used  later  to  ■ 
move  this  soft  slush  from  the  bottom. 

On  the  laterals,  the  spoil  banks  have  openings  500 
a]iart  (alternating  on  opposite  sides)  for  the  escape 
surface  water  to  the  ditches.  On  the  main  ditches  t 
spoil  banks  are  placed  on  both  sides  to  provide  for  t 
ditches  running  more  than  bank  full.  Tlie  minim' 
top  width  on  the  laterals  is  about  20  ft.,  or  just  m 
enough  for  a  dredge  boat.  The  maximum  top  v.i 
is  MO  ft.,  with  a  10-ft.  berm  on  each  side,  or  KiO 
between  spoil  banks. 

All  work  is  done  by  floating  dipper  dredges,  with  '' 
spuds  for  the  smaller,  and  bank  or  bottom  spuds  for 
larger  machines.  The  laterals  are  out  mainly  by  dn  ' 
witli  1-yd.  buckets;  -  For  tlie  main  ditches,  a  1-vd.  di' 
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CK!.   1      I'l.AN  OF  fiOO  MI.  OF  DITCHKS   FOK  THJC  I.ITTLE 
I'.IVICIi   DIJAlNAOri  DISTIUI-T.  MISSOURI 

Kf's  two  pilot  cuts  C  It.  dec]),  one  on  each  side.  These 

al)oiit  22  ft.  wide  on  to|)  aiid   12   ft.  on  the  bottom, 

I   tlio  1:1  ditch  slope  on   the  outer  side.     A   larger 

lire  lirst  cvteiids  eacii  pilot  cut  to  the  full  dei)th  anil 

II  takes  out  the  center.    In  this  way  five  cuts  are  made 

the  i()nii)!ete  section.    On  the  hi<r  ditch  (No.  1)  with 

|23-ft  l)<)ttoni   width   a    dredge   with    4-yd.   dipper   has 

'inde  a  record  of  8.3.278  cu.yd.  in  20  working  days. 

"n  one  residency  there  are  no  less  than  twelve  dredges 

li  dippers   ranging  from   1    yd.   to    \yo  yd.  capacity. 

other  two   residencies   have   eight   and   six   dred}?cs 


each.  The  larger  ones  are  mostly  Marion  machines, 
thougli  some  are  built  from  designs  of  the  contractors 
and  have  combinations  of  parts  by  different  makers. 
Others  are  by  the  Fairbanks,  Monighau,  American  Steel 
Dredge,  and  other  makers.  Host  of  them  are  operated 
l)y  steam. 

The  dredge  men  work  mainly  in  two  12-hr.  shifts. 
The  day  shift  is  from  G  a.m.  to  6  p.m.,  vrith  an  hour 
(or  less)  at  noon  for  lunch  and  oiling.  The  men  live 
in  donble-deck  quarter-boats,  built  on  the  work.  For 
getting  over  the  work  the  engineers  and  contractors  use 
fast  motor  boats  and  slower  motor  launches  with  single- 
cylinder  engines.  For  taking  in  material  and  supplies 
tlicre  are  motor  scows  and  home-made  stern-wheel  barges. 
These  latter  have  gasoline  engines  mounted  either  longi- 
tudinally or  transversely  and  driving  a  shaft  with  chain 
drive  to  a  sprocket  on  the  stern -wheel  shaft.  One  of 
the  larger  barges  has  an  8-hp.  engine.  The  quarter- 
boats  and  stern-wheel  barges  are  shown  in  Fig.  2. 

DitEDGixG  Ditches  with   1 : 1    Si.opks 

A  specially  interesting  feature  '^f  the  work  is  that 
Jiy  the  specifications  the  dredges  are  required  to  finish 
tiie  cuts  with  1  : 1  slopes.  On  ditches  of  this  kind  the 
usual  practice  is  to  excavate  them  to  practically  a  IT- 
shape,  and  let  the  sides  cave  in.  This  results  in  rough 
cuts  and  obstructed  bottom.  Mr.  O'Brien  considered  that 
the  ditches  should  be  and  could  be  excavated  with  proper 
slopes,  as  stated  in  a  paper  by  him  in  Engineering  New.'i, 
ilarch  23,  1916. 

Some  trouble  was  experienced  at  first  in  getting  the 
dredge  men  to  do  the  work  as  required,  but  after  a  little 
ex])lanation  and  requiring  them  to  go  back  and  dress 
the  work  not  properly  finished,  they  soon  came  to  under- 
stand how  to  get  the  desired  results.  This  is  accom-  . 
l)lished  l)y  taking  a  succession  of  light  cuts  on  each  side 
in  such  a  way  as  to  approximate  the  1 :  1  slope,  and  then 
to  excavate  the  center  or  core. 

Tlie  diagram  issued  for  instruction  as  to  this  slope 
cutting  is  shown  in  Fig.  4.  The  prism  is  cut  by  dig- 
ging the  corners  first  and  working  to  the  center,  and 
it  is  especially  insisted  that  light  cuts  must  be  taken  in 
digging  the  corners,  as  indicated  on  the  cross-section. 
The  roll  from  the  berm  is  cleaned  on  completion  of  the 
fifth  rouiul. 

Featukes  of  the  Work 

The  contract  sets  forth  that  completion  of  the  work 
within  the  time  provided  is  of  special  importance.  With 
this  ill  view  it  is  specified  that  any  contractor,  before 
beginning  the  erection  of  a  dredge,  must  obtain  the  en- 
gineer's approval  of  its  size  and  cajjacity.  This  is  in 
order  to  ])revent  the  use  of  dredges  of  insuflicient  ca])acity 
t"  make  the  required  progress.  It  is  for  the  same  pur- 
pose tliat  the  monthly  record  is  made  of  the  estinuited 
and  actual  progress  on  each  contract,  as  noted  later. 

The  specifications  provide  that  the  work  is  to  be 
staked  out  in  advance  by  the  engineer  to  show  the  exact 
location  and  width  of  right-of-way,  the  ditch,  the  berm 
and  the  levees.  The  depth  of  cut  for  a  ditch  and  height 
of  fill  for  a  levee  are  to  he  marked  on  the  stakes.  In 
dredging,  many  of  these  stakes  are  disjjlaced  or  pulled 
out,  and  careful  contractors  mark  the  location  and  re- 
l)lace  them  or  get  the  engineer  to  reset  them  so  as  to 
avoid  excess  cutting  and  to  ajiproximate  their  work  to 
the  retiuircd  crcss-sectioii. 
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Fir,.  2.    DITCH  WORK  ON  LITTLE  RIVER  DRAINAGL  1 'ISTl ;  K  "I'.  .MISStiCKl 

A — Clearingr  rig;ht-of-way  for  ditch.  B — Cleared  right-of-way  overflowed.  C — Typical  .small  ditch.  D — Excavation  foi 
main  ditch  No.  1.  The  two  small  channels  are  the  pioneer  cuts  at  the  sides;  the  largre  dredge  takes  out  the  material  betweer 
them.      E — Quarter-boat  for  crew  of  dredge.     F — Home-made  gasoline  stern-wheel   scow   for  contractors'    use 


The  cutting  of  small  ditches  to  greater  widths  than 
those  specified  (in  order  to  admit  floating  dredges)  has 
been  mentioned.  The  specifications  provide  that  when 
the  prism  is  not  of  sufficient  width  to  accommodate  the 
dredge  installed,  the  necessary  width  shall  be  obtained 
when  possible  by  flattening  the  side  slopes.  Increasing 
the  prism  of  ditclies  is  permitted,  subject  to  the  ap- 
proval of  the  engineer,  but  the  increased  prism  must 
conform  to  the  specified  section  (e.xcept  in  area),  and 
payment  is  made  only  for  material  within  this  section. 

In  moving  dredges  from  one  piece  of  work  to  another 
it  may  be  necessary  for  one  contractor  to  pass  over  work 
which  has  been  let  to  another  contractor  but  has  not 
been  constructed.  In  such  cases  the  former  makes  a 
cut  sufficient  for  the  pa.ssage  of  his  dredge  and  is  paid 
for  this  on  the  basis  of  volume  actually  removed  at  a 
price  I/2C.  per  cu.yd.  below  that  of  the  contract  price  oP 
the  other  contractor.  The  y.yv.  deduction  is  ]iaid  as 
compensation  to  the  latter. 

In  .some  places  where  ditches  are  in  bog  land  it  is 
anticipated  that  it  will  be  necessary  for  the  contractor 
to  make  several  cuts  before  the  ditches  assume  their  final 
set  or  .section.  It  is  provided  that  in  such  case  the  con- 
tractor shall  go  over  the  work  again  and  make  such  ad- 
ditional cuts  as  may  be  directed  by  the  engineer,  payment 


for  the   additional   work   being  on   the   basis   of  actu 
cost  plus  15%. 

The  entire  right-of-way  is  to  be  cleared,  stumps  h. 
on  the  berm  being  not  more  than  2  ft.  high.     The  Sr 


-  Designed  Sections 


Actual  Sections 


60'     60'     40'    30'    lb'      io"      ff      io'      to'     30'    40'     50'     60' 

Sections  of  Ditch  No.l.  ItO-ft  Base 

FIG.    3.    TVriCAL  DITCH   CROSS-SECTION.S.   AS   PLOTTE 

IN  THE   FIELD 
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ir  base  of  levees  is  stripped  and  grubbed,  and  all  stumps 
it  to  within  6  in.  of  the  ground. 

Where  the  levee  or  embankment  is  to  hold  back  a  head 
'  water  the  surface  at  the  base  is  to  be  plowed  or  broken 
I  as  to  bond  with  the  material  of  the  fill.  Embank- 
ents  of  dry  material  must  be  made  in  layers  of  full 
idth  and  over  12  in.  thick,  each  layer  being  compacted 
,  ,'  rolling,  tamping  or  driving  animals  over  it.  Where 
I  e  fill  is  of  plastic  material  deposited  by  dipper  dredges, 
must  be  made  in  layers  averaging  24  in.  thick,  and 
e  material  must  be  dropped  at  least  8  ft.  in  order  to 
ake  a  compact  fill. 

Cuoss-Sectioning  axd  Progress  Records 
The  cross-sectioning  of  tlie  ditches  is  done  by  sound- 

g,  taking  measurements  at  the  top,  middle  and  bottom 
each  slope,  and  at  5-ft.  intervals  on  the  bottom  for 

rge  ditches  and  3  ft.  for  the  small  laterals.     Instead 
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bewnd  Slope  Stakes 


Pla  n 

.    4.    DIAGRAM  SHOWING  HOW  TO  DREDGE  DITCHES 
WITH   SLOPES  OF   1:X 

entering  the  figures  in   a  book   to  be   plotted  later, 

•  diagrams  are  plotted  directly  upon  sheets  of  thin  sec- 
n  paper,  17.xl0  in.,  clamped  to  a  stiff  board,  the  vertical 
1  horizontal  scales  being  1  in.  to  10  ft.  This  elim- 
ites  much  of  the  office  M'ork,  and  blueprints  from  the 
igrams  are  very  u.seful  and  effective  in  showing  the 
itractors  just  what  results  they  are  getting  and  how 
'.se  may  be  impro\cd. 

Typical  diagrams  from  these  plotted  cross-sectioi'  sheets 

•  shown  in  Fig.  3,  for  both  the  large  and  small  canals, 
"ese  indicate  the  cliaractcr  of  the  actual   excavation 


and  the  closeness  with  which  the  channels  can  be  ex- 
cavated to  tlie  theoretical  section.  In  the  smaller  ditches 
the  bottom  is  invariably  concave  instead  of  fiat,  Inr  soon 
fills  up  practically  to  the  grade  line. 

At  the  main  office  estimates  are  made  of  the  amount  of 
monthly  excavation  required  for  proper  progress,  and 
contractors  not  meeting  requirements  are  notified  as  to 
the  amount  (and  percentage)  by  which  tliey  are  below 
the  estimates.  This  assists  materially  in  tlie  progress  of 
the  work. 

The  Chief  Engineer  of  the  Little  River  Drainage  Dis- 
trict is  William  A.  O'Brien,  of  Cape  Girardeau,  JIo. 
On  the  ditch  system,  William  Mulholland  is  locating  en- 
gineer and  Blair  Boyle,  E.  S.  Blaine  and  Howard  Hen- 
derson are  resident  engineers.  The  party  on  each  resi- 
dency consists  of  an  instrument  man,  a  rodnian  and 
fiom  one  to  three  chainmen.  Each  residency  has  its 
headquarters  in  a  town  from  \vhich  there  is  the  best  rail- 
way service  to  points  convenient  to  the  location  of  the 
dredges.  The  parties  make  use  of  trains,  hand-cars, 
motor  boats,  push  boats,  automobiles  and  teams  (besides 
walking  and  wading)  in  getting  over  the  work. 
'^. 

A  D®iF©cftav©  B^sc^Ee  BipSdlge 

A  recently  construete<l  bascule  bridge  of  modern  type, 
which  has  been  in  operation  less  than  half  a  dozen  years, 
exhibits  defects  so  .serious  as  to  threaten  its  safety  and 
stability,  according  to  an  examination  recently  made  by 
an  engineer  representing  the  designers  of  the  bridge.  It 
is  charged  that  the  pile  foundations  of  the  bascule  pier 
have  allowed  the  pier  to  move  laterally  an  inch  or  more 
and  that  the  span  and  machinery  are  now  sufficiently  out 
of  adjustment  so  that  both  the  steelwork  and  parts  of  the 
machinery  have  suffered  damage.  The  designers  charge 
that  this  is  due  to  lack  of  proper  adjustment  before  the 
bridge  was  put  into  operation.  The  essential  points  re- 
ported are  the  following: 

The  bascule  span  is  completel.v  out  of  balance,  the  counter- 
weight being  heavy.  It  takes  25  amperes  to  start  the  lift; 
but  after  starting,  the  amperage  drops  to  zero,  and  as  the 
bridge  raises  the  brake  is  necessary  to  control  its  momentum. 
In    closing    the   bascule    the   amperage   averages    130. 

The  main  rack  pinions  on  opposite  sides  of  the  bridge  are 
not  timed  with  each  other.  The  result  is  that  the  downstream 
motor  does  all  the  work  of  opening  and  the  upstream  motor 
all  the  work  of  closing  the  bridge.  This  causes  vibration,  and 
also   must  produce  a  serious  twist  In   the  structure. 

On  the  upstream  side  the  bearing  of  the  pinion  engaging 
the  main  pinion  gear  is  held  by  four  anchor  bolts  to  the 
flanges  of  a  girder.  These  flanges  are  torn  almost  through  at 
the  rear,  owing  to  the  unbalanced  condition  of  the  bridge  and 
to  the   fact   that  the  one  motor  closes  the  bridge. 

The  outer  end  of  the  bascule  span  is  about  214  in.  off  center, 
and  the  spans  back  of  the  trunnion  end  of  the  bascule  show 
such  relative  movements  as  prove  that  there  has  been  a  move- 
ment of  the  bascule  pier  upstream. 

All  the  accessible  anchor  bolts  on  the  bascule  span  are 
loose  and  can  be  readily  lifted  out  by  hand.  There  is  no 
evidence  that  wedges  were  ever  placed  in  the  ends  of  these 
bolts  or  that  any  of  these  bolts  were  grouted.  The  top  anchor 
bolts  on  the  Inside  main  trunnion  bearing  upstream  have  been 
sheared    oft. 

As  a  result  of  the  examination  it  was  reported  that  the 
bridge  was  in  imminent  danger  of  accident  and  that  steps 
sliould  he  taken  at  once  to  correct  the  troul)le.  The  city 
officials  have  not  followed  this  recommendation  np  to  the 
present,  although  the  report  was  made  some  two  months 
ago. 

It  is  believed  that  the  conditions  at  the  time  of  build- 
ing the  l)ridge  were  such  that  the  constniction  work  did 
not  .secure  proper  supervision. 
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Sir — ily  attention  has  just  Ijfeu  called  to  a  review-  of 
my  book  on  "Earth  Pressure,  Eetainiug  "Walls  and  Bins" 
in  Enf/inrerinrj  Xeirs  of  Ans;.  17,  191(1,  by  Edward 
Godfrey. 

Leaving  out  any  controversial  matter,  it  seems  proper 
to  correct  some  errors  of  statement  of  ilr.  Godfrey  rela- 
tive to  the  text.  Tints,  the  nomenclature  used  in  con- 
nection with  the  tables,  pages  116-120,  is  not  simply 
scattered  throughout  the  volume,  as  Mr.  Godfrey  seems 
to  think,  but  is  all  to  be  found  on  pages  107-110.  ilost 
of  the  svinbols  used  are  to  be  found  on  page  107,  in- 
cluding K  and  K^,  since  these  are  defined  by  the  equations 
E  =  Eivli^,  K^  ^  K  cos  ):  The  remaining  symbols 
are  a,  6  and  A,  which  are  defined  on  pages  109-110. 

In  connection  with  the  counterfort,  the  text,  pages  163- 
1 64,  makes  it  plain  that  the  horizontal  rods  of  the  coun- 
terfort are  supposed  to  be  "contintious  U-rods"  ]iassed 
around  or  through  vertical  steel  angles  placed  near  the 
exposed  face  of  the  vertical  slab.  The  angles  were  not 
shown  on  Fig.  ol,  as  the  addition  would  have  confused 
the  figure. 

'y\v.  Godfrey  states  that  the  vertical  slab.  Fig.  .Si,  "is 
reinforced  all  the  way  from  top  to  bottom  with  continuous 
rods  near  both  front  and  back  face,  with  equal  area  of 
steel."  Neither  the  drawing  nor  the  text  warrants  this 
statement,  the  drawing  showing  %-in.  rods  near  the  front 
face  and  %-in.  rods  near  the  back  face — the  latter  being 
a  part  of  the  temperature  reinforcement,  as  explained 
on  page  164.  Next,  Mr.  Godfrey  states  that  "the  base 
slab  is  reinforced  near  both  top  and  bottom  all  the  way." 
The  text  calls  for  no  reinforcement  near  the  top,  and  no 
bars,  with  their  spacing,  are  indicated  on  the  drawing. 
Fig.  54.  Near  the  bottom,  usual  practice  is  followed  in 
extending  one-third  of  the  bars  to  the  toe  reinforcement 
to  the  rear. 

Appendix  I  contains  two  approximate  solutions  of  toe 
and  heel  beams  (with  or  without  fillets)  and  cantilever 
beams.  The  solutions  of  toes  and  heels,  with  the  rein- 
forcing rods  in  one  plane,  are  very  simple.  For  the 
heel  with  a  fillet,  with  the  usual  rods  inclined  to  each 
other,  the  more  general  solution  is  required.  Contrary 
to  ^Ir.  Godfrey's  opinion,  it  certainly  seemed  appropriate 
t )  apply  this  general  theory  to  the  cantilever  beam,  as 
s  do!ie,  pa'-es  2.51-252,  "for  the  purpose  of  gaining  an 
idea  of  the  actual  stresses  invohed,"  though  a  rough  ap- 
nroxir.iation  is  recommended  in  ])ractice  and  used  in  the 
design. 

ifr.  Godfrey  again  states:  "On  page  127  a  section  of  a 
retaining  wall  cut  from  point  .1  downward  to  the  right 
does  not  touch  any  steel,  though  this  section  is  uiuler 
heavy  bending  stress.  The  same  is  true  of  the  figure  on 
page  140."  Both  of  these  statements  arc  absolutely  wrong. 
The  reinforcement  for  the  toe.  Fig.  46,  page  127,  is 
computed  on  page  \?,\  and  that  for  the  toe.  Fig.  48  (a), 
page  1  !0,  on  jiage  1  12. 


From  tJie  foregoing  notes,  it  will  be  seen  tiiat  tin-- 
are  so  many  misstatements  in  this  review  that  tlie  wri: 
feels  impelled  to  correct  them,  particularly  as  the  chu: 
ter  criticized  was  an  earnest  attempt  to  analyze  niur 
carefully  than  usual  the  stresses  in  reinforceii-concrd. 
retaining  walls.  William  C.ux. 

Chapel  Hill,  X".  C,  Sept.  25,  1916. 

Sir — I  have  before  nie  Prof.  William  Cain's  letter  com- 
menting on  my  review  of  his  book  and  beg  to  reply  lirieflv. 

Professor  Cain  finds  the  symbols  used  in  pages  116-120 
mentioned  in  the  text  and  used  in  equations  within  ten 
]iages  of  the  tables.  The  use  of  a  symbol  in  an  equation 
does  not  define  it,  and  a  search  through  the  text  to  find 
others  is  the  very  thing  that  I  criticized  as  bein. 
exasperating. 

Concerning  the  anchoring  angles  in  the  retaining  wa' 
his  text  does  not  state  that  they  are  to  be  used,  but  menl 
that  they  are  "one  simple  way."  The  figure  certain: 
does  not  indicate  that  they  are  used. 

Concerning  Fig.  54,  my  review  is  in  error  in  statin, 
that  the  same  area  of  steel  is  used  near  front  and  back  • 
the  vertical  slab.  The  same  number  of  rods  are  used,  bu; 
they  are  of  different  diameter.  These  questions  still 
remain  unanswered:  Why  all  of  these  rods  to  reinfoiw 
a  slab  in  bending  in  only  one  direction  ?  Why  the  douMi 
reinforcement  of  the  horizontal  slab  ?  AVhy  any  reinfora- 
ment  under  the  vertical  slab,  where  no  bending  whatevi; 
can  exist?  Why  reinforce  the  lower  face  of  the  left-han' 
portion,  where  the  load  is  upward? 

Concerning  the  walls  on  pages  127  and  140:  Cut  a 
section  at  45°  from  A  downward  to  the  right  in  the 
former  and  from  C  in  the  same  direction  in  the  latter. 
Xo  steel  whatever  is  cut.  These  are  sections  of  lieaw 
bending.  The  rods  should  run  farther  to  the  right  to 
reinforce  these  sections.  Breaks  are  not  always  aceoni- 
niodating  enough  to  occur  on  vertical  planes  calculated  in 
the  text.  Professor  Cain  makes  the  strong  assertion  thai 
my  statements  are  absolutely  wrong  and  cites  the  portion 
of  the  text  that  seems  to  prove  it.  This  is  an  unfortunati 
citation,  for  the  text  makes  it  worse  than  Fig.  46.  Tin 
reinforcing  rods,  by  the  text,  are  required  to  extend  onl} 
21/2  ft.  to  the  right  of  ^4.  whereas  if  they  extended  4  ft 
they  would  still  not  be  cut  by  a  section  at  45°.  Pro- 
fessor Cain  merely  extends  the  rods  for  anchorage,  bnt  In 
overlooks  the  fact  that  beyond  the  point  where  this  anchnr 
I'ge  is  satisfied  there  is  still  need  of  reinforcement.  Tlii- 
is  a  very  common  error  of  designers. 

EoWAlsn  GOPFRKY. 

Tittslnirgh.  Pcnn..  Oct.    I.   1916. 

iKadlessniffi^  Tedhimacaifl  ILatles'alltare 

Sir — Your  review  of  the  "Tiulustrial  Arts  Index,"  p 
313,  i.ssue  of  Aug.  17,  1916,  would  seem  to  imply  thai 
we  iiulex  by  title  rather  than  by  subject  matter. 

In  citing  the  example  of  the  Inibotf  tank  it  is  trui 
as  you  say.  that  tliere  is  a  good  deal  of  material  on  Im 
holf  tanks  under  the  general  heading  of  Sewage  Disposal 
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Under  every  broad  subject  headinft  is  to  be  found  nia- 
fial  on  particular  divisions  or  phases  of  the  subject, 
(ir  plan  is  to  read  the  article,  place  it  under  the  siib- 
j  t  heading  which  best  covers  its  contents  and  to  bring 
c  t  also,  under  proper  subject  headings,  parts  of  the 
aide  that  are  of  sufficient  importance  to  be  indexed. 

[f  an  article  covers  Inihoff  tanks  only,  it  would  be 
ft  under  that  subject  heading.  If  it  is  an  article  on 
t'  general  subject  of  sewage  disposal,  in  which  there 
i  jnough  about  Imhoff  tanks  to  warrant  an  added  entry, 
t  article  is  indexed  both  under  Sewage  Disposal  and 
I  hoff  Tanks.  A  large  amount  of  this  analytic  work 
L  lone. 

Vs  to  there  being  no  reference  from  Indioff  Tanks, 
r  is  not  the  practice  of  many  professional  indexers  to 
n  ke  references  from  specific  headings  to  those  of  a 
g  eral  nature.  We  find,  however,  that  they  are  often 
u  ful,  and  the  omission  of  a  reference  from  Imhoff 
1  iks  to  Sewage  Disposal  was  an  oversight — due  to  the 
f;  t  that  the  first  entries  under  Imhoff  Tanks  were  dupli- 
c  id  under  Sewage  Disposal.  You  will  notice,  too,  that 
ii  five  of  the  entries  under  Imhoff  Tanks  the  titles  do 
ii    contain  the  words  of  the  heading. 

H."  W.  AViLSOX, 
President,  H.  W.  Wilson   Co..  Publisher. 

^hite  Plains,  N.  Y.,  Sept.  G,  1916. 


Ih^yygijp  ILI^©5paitluaiP® 


E  ;MEXTS  of  highway  engineering— By  Arthur  H. 
Blanchard,  M.  Am.  Soc.  C.  E.,  Professor  in  charge  of  the 
Graduate  Course  in  Highway  Engineering  in  Columbia 
ITniversity.  New  York:  John  Wiley  &  Sons,  Inc.  Cloth; 
■ixS  in.:  pp.  xii   +   514;  202  illustrations.     ?2.50  net. 

H  'DBOOK  FOR  HIGHWAY  ENGINEERS:  Containing  In- 
formation Ordinarily  Used  in  the  Design  and  Construct- 
tion  of  Roads  Warranting  an  Expenditure  of  $5,000  to 
$30,000  per  Mile.  Part  I.  Principles  of  Design.  Part 
II,  Practice  of  Design  and  Construction — By  Wilson  G. 
Harger,  C.  E..  Fir.<:t  Assistant  Engineer,  New  York  State 
Department  of  Hisihway.s,  and  Edmund  A.  Bonney,  Super- 
I'lslng  Enginier.  Now  York  State  Department  of  High- 
ways. Second  edition,  entirely  revised  and  enlarged.  New 
York;  McGraw-Hill  Book  Co..  Inc.  London;  Hill  Pub- 
ishing  Co..  Ltd..  6  and  S  Bouverie  St.,  E.  C.  Leather;  4.x7 
n.;  pp.  609;  illustrated.     $3  net. 

TI  AMERICAN  RO.\D:  A  Nonengineering  Manual  for  Prac- 
:ical  Road  Builders — Bv  Jame.s  I.  Tucker,  Professor  of 
:;ivll  Engineering,  Univer.sity  of  Oklahoma,  and  Consult- 
ng  State  Engineer,  Oklahoma  Department  of  Highways. 
N'orman,  Okla.:  Publishers,  "The  American  Road."  Cloth; 
ix8  in.;  pp.  X  -|-  235;  illustrated.  $1.08  by  mail.  Sold  by 
booksellers  and  publishers. 

TI  CONSTRUCTION  OF  RO.\DS  A^'D  PAVEMENTS — By  T. 
S.  Agg,  C.  E.,  Professor  of  Highway  Engineering,  Iowa 
•itate  College.  New  York:  McGraw-Hill  Book  Co.  Cloth; 
ix9  In.;  pp.  vil  +  432;  116  illustrations.     $3  net. 

rofessor  Blanchard  is  well   known   to  the   highway- 

im  neering    fraternity    as    co-author    with    Henry    B. 

D  .vne  of  the  "Textbook  on   Highway   Engineering," 

wl  h  was  reviewed  in  Engineering  News,  Nov.  13,  1913. 

Ti   book  before  us  is  of  much  the  same  character  as 

le,  rds  make-up  and  illustrations.     It  has  been  written 

'ff  ■ially   to   meet    the   needs    of   engineering   students. 

'^<  ;rtheless,  it  is  a  book  of  450  pages  and  203  illustra- 

•it  ■;  as  compared  with  750  pages  of  the  "Textbook." 

imc  of  the  material  is  identical  with  that  in  the  larger 

■    which  was  highly  commended  by  Samuel  Whincry  in 

irw  referred  to  above, but  except  for  the  first  chapter, 

•  history  of  road  building,  and  extracts  here  and  there, 

li'text  appears  to  be  entirely  rewritten.     The  practice 

'liking  copious  verbatim  quotations  from  the  proceed- 

nji  of  Toad   conventions  and  engineering  societies  has 

I'W  followed,  as  in  the  "Textbook  on  Highway  Engineer- 


ing." While  the  smaller  book  has  been  in  a  large  measure 
made  by  condensing  or  "boiling  down"  the  larger,  chapter 
by  chapter,  there  is  much  new  r.nd  later  material  added, 
and  the  chapter  arrangement  has  been  changed  a  trifle. 
A  page  by  page  comparison  of  the  two  books  leads  to 
the  conclusion  that  excellent  judgment  has  been  used  in 
selecting  the  material  "with  a  view  to  empha.3izing  the 
fundamental  principles"  and  omitting  such  material  as  "is 
not  considered  essential  to  a  broad  knowledge  of  the 
science  of  highway  engineering" — the  expressed  intention 
of  the  author.  This  has  been  done  without  limiting  the 
scope  of  the  larger  book,  which  includes  besides  pavement 
construction  much  material  on  street  cleaning,  curb  and 
gutter  construction,  etc.  Practically  all  the  illustrations 
are  new.  The  new  "Elements"  should  prove  aii  excellent 
college  textbook. 


The  first  edition  of  the  "Highway  Engineers'  Hand- 
book," reviewed  in  Engineering  News,  Jan.  16,  1913,  by 
A.  W.  Dean,  Chief  Engineer  of  the  Massachusetts  State 
Highway  Commission,  has  become  pretty  well  knowai  to 
the  profession.  The  preface  of  the  second  edition,  recently 
off  the  press,  states  that  the  book  has  been  revised  "by 
bringing  the  material  on  top  courses  up  to  date  and  by 
adding  considerable  data  on  tests,  designs,  costs,  mainte- 
nance and  specifications."  About  100  pages  of  new  mate- 
rial have  been  added. 

The  character  of  the  book  has  not  been  changed,  and  the 
criticism  of  Mr.  Dean — that  the  data  cited  were  largely 
local — still  holds.  But  perhaps  this  is  in  a  large  measure 
unavoidable.  The  tables  and  data  are  of  unquestioned 
Aalue,  but  the  expediency  of  combining  these  with  general 
information  and  expert  opinions  based  on  local  experience 
may  well  be  questioned.  It  is  quite  impossible  to  keej) 
such  opinions  np  to  date. 

For  the  prime  purpose  for  which  "The  American  Poad" 
is  written,  "to  assist  in  forming  an  enlightened  public 
opinion  by  presenting  simple  facts  which  underlie  and 
are  essential  to  sound  practice  in  roadwork,  and  to 
promote  an  understanding  of  and  cooperation  with  the 
movement  for  economic  road  building,"  tlie  book  seems 
to  answer  very  well.  It  deals  largely  with  the  improvement 
of  plain  dirt  roads,  emphasizes  the  necessity  for  the  best 
engineering  talent  available  and  gives  sound  advice  on 
financing  road  improvement. 

There  are  chapters  on  road  administration,  convicts  and 
roadwork,  earth-road  construction,  cost  accounting  and 
earthwork,  earth-road  maintenance,  waterways,  bridges, 
road  finance,  stone  roads,  gravel  roads,  sand-clay  roads, 
road  building  with  oils,  and  needed  legislation.  The 
author  has  constantly  before  him  the  problems  of  his  own 
state  of  Oklahoma,  which  are  similar  to  those  of  the  other 
prairie  agricultural  states,  and  his  hook  is  well  worth  the 
attention  of  all  highway  engineers  who  have  to  meet  these 
problems.  It  contains  many  homely  truths  that  cannot 
have  too  wide  a  circulation  or  make  too  deep  an  impression. 


Professor  Agg's  book  is  the  most  recent  contribution  to 
college  textbooks  on  road  construction,  and  it  will  be 
found  a  useful  one.  The  successful  experience  of  the  Iowa 
State  Highway  Department  in  the  construction  and  main- 
tenance of  earth  and  gravel  roads  and  experience  with  an 
efficient  system  of  state,  county  and  township  highway 
administration  have  furnished  the  author  with  splendid 
material  and  inspiration  for  the.se  phases  of  road  building. 
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On  I'avtnnciit.s  hv  has  drawn  largely'  from  practice  as 
(xpounded  at  the  various  road  and  engineering  conven- 
tions, city  specilications,  etc.  The  value  of  this  material, 
as  of  any  other  data  similarly  compiled,  depends  on  the 
extent  of  the  compiler's  acquaintance  with  current  litera- 
ture and  on  tlie  judgment  and  skill  used  in  selecting, 
ahstracting  and  digesting  the  material  available.  Pro- 
lessor  Agg-'s  citations  and  examples  leave  one  open  to  some 
doul)t  on  these  points. 

The  contents,  cited  in  order,  are :  The  development  of 
highway  systems,  surveys  and  plans,  design  of  rural  high- 
ways, construction  and  maintenance  of  earth  roads,  testing 
nonbituminous  materials,  sand-clay  roads,  gravel  roads, 
waterbound  macadam  pavements,  concrete,  vitrified  brick, 
wood-block,  stone-block,  bituminous  pavements,  dust  lay- 
ers and.  bituminous  carpets,  penetration  and  mixed  mac- 
adam pavements,  sheet  asphalt  and  asphaltic  concrete, 
selection  of  class  of  pavement,  design  of  pavements  and 
tests  of  bituminous  materials. 

The  book  gives  a  concise  treatment  of  the  suljjects  men- 
tioned, but  its  value  to  ])racticing  engineers  is  limited  for 
lack  of  more  comjilete  bibliographical  data  and  the  appar- 
ent limited  sources  from  which  the  material  is  drawn. 
This  is  a  real  defect  in  a  textbook  on  this  particular 
engineering  practice,  which  perhaps  more  than  any  other 
is  based  on  individual  experience,  judgment  and  opinion. 


In  conclusion,  in  view  of  the  rapidly  increasing  amount 
of  road-l)uilding  literature,  the  memory  of  highway  engi- 
i;eers  may  be  recalled  to  the  very  excellent  book  called 
"American  Highways,"  written  by  the  late  N.  S.  Shaler, 
Dean  of  Ijawrence  Scientific  School,  Harvard  University, 
in  1S96.  While  written  for  popular  consumption  at  a 
time  before  modern  road  building  had  commenced,  it 
contains  the  soundest  exposition  of  the  principles  under- 
lying all  road-improvement  work  that  has  yet  appeared, 
iind  it  is  written  in  language  that  is  a  pleasure  to  read. 
!*; 


Reviewed  by  Rohert  E.  Hortox* 

HYDRATTLIC  FLOW  REVIEWED:  A  Book  of  Reference  of 
Standard  Experiments  on  Pipes.  Channels,  Notches.  Weirs 
anfl  Circular  Orifices.  Together  with  New  Foi-mulas  re- 
lating Thereto — Bv  Alfred  A.  Barnes,  A.  C.  G.  I.  New 
York:  Spon  &  Chamberlain.  Cloth;  6x10  in.:  pp.  LSS; 
Illustrated   with    frontispiece   and   2    folding  plates.      $4.50. 

The  author  admits  that  several  existing  formulas  for 
flow  of  water  in  pipes  and  channels  are  reasonably  correct 
for  some  portion  of  the  range  covered  by  experiments. 
The  purpo.se  of  his  book  is  to  show  that  a  general  formula 
of  the  type 

or,  in  tlie  author's  notation, 

r  =  h'lirii^ 
applies  to  the  full  range  of  experimental  data  for  eai-h 
cla.ss  of  conduit  surface.  The  author  goes  farther  and 
attempts  to  show  that  the  same  form  of  expression  ap])lies 
to  weirs,  both  of  the  V-notch  form  and  with  level  crest, 
both  contracted  and  suppressed,  and  to  orifices. 

As  a  foundation  for  his  deductions  the  author  presents 
a  table  of  results  of  3,1(52  experiments  on  flow  in  ])ipes, 
flumes,  canals  and  natural  river  channel.s,  wdiich  he  claims 
"form  the  most  complete  lists  that  have  so  far  been 
compiled."  The  author  hints  that  this  table  may  be  the 
most  valuable  part  of  the  book,    A  short  list  of  authorities 

•Consulting   Hydraulic   Engineer,   Albiiny.   N.   Y. 


consulted  and  cited  is  given.  Neither  in  this  nor  in  tl 
table  of  experimental  data  does  there  appear  any  menti'i 
of  American  experiments  reported  during  the  past  ei;: 
or  ten  years.  This  omission  detracts  materially  from  t 
value  of  the  table,  since  many  recent  data  on  flow 
brass  and  wrought-iron  pipes,  flumes,  wood-stave  a 
concrete  pipes,  and  over  weirs,  are  thereby  igiior. 
There  is  no  evidence  that  the  author  is  familiar  wi 
other  researches  very  similar  to  his  review,  or  re-review 
for  example,  those  of  Louis  Schmeer  and  William  I 
Echols, 

A  most  interesting  feature  of  the  book  is  the  nietli^ 
of  logarithmic  plotting  of  experimental  data  develo|M 
for  determining  the  constants  K,  a  and  /8.  By  tli 
system  it  is  claimed  that  the  experimental  data  wh 
plotted  dejiart  from  straight  lines  only  to  the  extent  ■ 
the  accidental  errors  of  observation.  Furthermore,  i 
this  system  the  constants  K,  a  and  fi  for  the  full  ran 
of  values  of  hydraulic  radius  and  slope  can  be  deteiniiii 
from  four,  or  even  three,  sets  of  experimental  determii 
tions  of  r,  I!  and  >S. 

Since  the  same  data  have  been  repeatedly  used 
deducing  other  flow  lorinulas,  the  merit  of  the  autln 
formulas  rests  mainly  on  the  superiority  of  this  metln 
of  analysis  of  the  experimental  data.  Those  having  ocei 
sion  to  make  or  analyze  flow  experiments  will  do  well  1 
become  familiar  with  this  method.  The  author  finds  thi 
for  a  given  class  of  friction  surface  the  coefficient  K  ar 
exponents  a  and  /3  are  constant.  Others  have  reachi 
the  same  conclusion.  The  fact  is  that  the  present-df 
tendency  in  hydraulics  and  hydrology  is  to  abandon  ti 
older  and  simpler  rules  and  methods  in  favor  of  mo 
elaborate  methods  made  necessary  to  meet  model 
requirements  as  to  accuracy. 

The    author's    formulas    differ    from    other    so-calii  ^ 
exponential   formulas,   however,  owing  to  the  fact  th 
instead  of  having  constant  exponents  for  R  and  S  for : 
classes  of  friction  surfaces,  but  with  different  coeffieiei' 
f(,;-  each  class,  the  coefficient  and  e.xponents  in  his  fi 
niulas,  while  constant  for  a  given  class,  are  different  f  m 
each  class  of  friction  surface.     The  author  presents    " 
flow  formulas  for  as  many  schedules  of  friction  surfac 
varying  from  glass  pipes  to  natural  and  artificial  cli; 
nels   and    canals    in    eai'tli.      He    has   computed    by  1 
formulas  the  calculated  \alue  of  r  for  each  of  the  3,1 
exjieriments    listed,    and    the    agreement    with    observ 
values  on  the  whole  is  exceedingly  good. 

His  method  of  plotting  experimental  data  thr(jws  iii 
ligiit  on  certain  existing  formulas.  He  shows  graphici' 
that,  granting  that  an  expression  of  the  form  v 
6Vi'"'<S'"  can  lit  the  experiments  correctly,  then  the  Ba> 
formula  is  very  nearly  correct  within  the  common  ran 
of  experiments,  but  gives  too  small  \alues  of  r  outsi 
the  experimental  range. 

The  author  answers  in  a  very  satisfactory  manner  t 
question  rai.sed  by  Kutter  himself,  and  on  which  cri 
cisms  of  the  Kutter  rorniula  ;n'c  often  based,  as  to  w 
(J  is  independent  of  tlu>  .•<lo|ie  for  A'  =  1  meter.  Furtir 
more,  he  shows  the  lliiin])hreys  and  Al)lx)t  experimei 
to  be  consisleid  with  the  iso-ealled  exponential  iovnw 
The  use  of  these  exjieriments  in  the  derivation  of  ' 
Kutter  formula  has  often  been  subject  to  criticism.  '1 
author  very  propeily  liints  (hat  it  is  a  misnomer  to  < 
an  expression  of  the  form  r  =  CE"'S"  an  exponent 
formula,   since   the   e.\])onents   arc   not    the    inde])entli 
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Fariables  in  the  ordinary  sense.  It  is  not  claimed  that 
:he  coefficients  in  the  author's  formulas  are  absolutely 
nnal  or  that  the  formulas  apply  below  the  ciitical  velocity. 
The  author  specially  tests  his  formula  for  velocities 
md  slopes  much  above  the  ordinary  i-anpe  and  claims 
hat  they  hold  true  for  all  possible  slojies  and  velocities 
ibove  a  miuinmni  of  about  1  ft.  ](er  sec.  The  author 
akes  the  position  that  the  common  theoretical  forms  of 
•xpression  for  flow  in  pijies  and  oi'ifices  or  over  weirs 
liould  be  disregarded  until  their  adaptability  is  con- 
irmed  by  experiment.     It  .seems,  however,  like  straining 

00  far  to  use  the  form  of  expression  Q  =  KM"^  IP  for 
ircular  orifices,  since  it  is  known  that  the  discharge 
oefficieut  varies  with  the  diameter  of  the  orifice;  and  if 
{  is  replaced  by  C  =  0.60  Z>-o  o's^  the  author's  for- 
!iula  reduces  to  identity  with  the  ordinary  theoretical 
orm  of  expression.  Thus  the  theoretical  expression  fits 
s  well  as  the  author's  em])irical   fornmla,  and  instead 

the  di.scharge  varying  with  the  wetted  perimeter  as 
:;iaiu  independent  variable,  as  the  author  contends,  the 
oefficieut  varies  with  the  perimeter  and  with  it  the 
ischarge,  but  in  a  very  minor  degree.  A  similar  criti- 
ism  might  be  made  of  the  author's  deduction  with 
egard  to  weirs. 

E;CHANIC.A.L  engineers'  handbook:  Based  on  the 
Htittc  and  Prepared  by  a  Staff  of  SpeciaHsts — Lionel  S. 
Marks.  Editor-in-Chief,  Professor  of  Mechanical  Engi- 
neerinK.  Harvard  University  and  Massachusetts  Institute 
of  Technology.  New  York;  McGraw-Hill  Book  Co.  Flex- 
ible leather;  4x7  in.;  pp.  xxiii   +   1,779;  illustrated.     $5  net. 

The  few  engineers  around  the  country  who  have  known 
lat  50  contributors,  and  some  30  other  specialists  aid- 
ig  by  criticism   and  suggestion,   were   working  on   an 
merican  handbook  to  be  a  counterpart  of  the  famous 
liitte,  will  be  interested  in  the  volume  which  has  finally 
jpeared.     The  list  of  contributors  makes  an  impressive 
rray  of  names  well  known  in  teaching  or  commercial 
ractice.     The  handbook  is  based  only  on  the  mechan- 
al    engineering    section    of    the    Akademi.scher    Verein 
'itte  and  only  the  sections  on  "Friction"  and  "Hydraulic 
liines"  follow  the  original  at  all  closely.     The  chap- 
-  on  "Heat"  and  the  "Mechanics  of  Materials"'  follow 
German  book  in  a  general  way,  and  the  rest  of  the 
line  .seems  to  have  dei)eii(led  on  tlie  original  only  for 
benefit  of  the  German  publishers'  experience  in  re- 
d  to  .scope  and  handling  of  topics.     Comparatively  few 
cnnan  data  are  used.     All  things  considered,  this  book 
ay  be  regarded  as  the  fullest  development  of  the  co- 
gnitive handbook.     The  impression  made  by  the  book 

1  a  whole  is  very  pleasing,  to  whicii  effect  the  neatness 
illustration  materially  contributes. 

There  is  little  need  of  dwelling  at  length  on  the  niathe- 

•I'ical  section,  but  the  insertion  of  hyperlrolic  functions 

log  tallies  perhaps  should  be  noted.     The  mathemat- 

text  is  unusually  extended  for  a  handbook,  there  being 

'(■ularly  handy  matter  on  applications  of  geometry, 

Icterniinants,  complex  quantities,  u.neful  curves   (an- 

vtical  geometry),  differential  equations,  and  graphical 

■y^reeentation  of  equations  involving  two  to  four  variables. 

riie    theoretical    elements    of    mechanics,    while    con- 

'd,  might  be.  called  extended  for  a  mechanical  engi- 

'Ts'  pocketbook,  judging  by  old  standard.s — especially 

'  regards  kinematics  of   rigid   bodies  and   stre.«.scs  in 

ructiire.s.     The  treatment  of  friction,  especially  of  ma- 

line  elements,  i.s  ample. 


The  hydraulics  chapter  contents  itself  with  a  brief  re 
view  of  the  theory  of  hydrostatics  and  hydrokiiirtics— 
plus  data  on  timv  through  orifices,  nozzles,  pipes  and 
channels  and  over  dams  and  weirs — and  with  descriptions 
of  pressure,  velocity  and  level  gages.  Here  are  introduced 
conden.sed  conversion  tables,  consisting  of  two  parallel 
scales  separated  by  a  single  reference  axis.  There  is  not 
given  as  wide  a  range  of  Kutter's  coefficients  for  flow  as 
is  available— as  illustrated  by  the  tables  collected  by 
Horton. 

A  considerable  ])art  of  tlie  .section  on  heat  is  devoted 
to  theory — general  thermodynamics  and  transmission 
])heiioniena.  flow  of  gases,  fuel  combustion,  etc. — but  there 
is  an  immense  compilation  of  data  on  specific  exnansions, 
densities,  heats,  nielting  and  freezing  points,  conductiv- 
ities, radiation  constants,  properties  of  steam,  gases  and 
vapor  mixtures. 

About  a  third  of  the  book  is  devoted  to  what  might 
be  called  the  raw  materials  of  engineering,  although  this 
]iart  is  sidit  up  into  sections  and  chapters  bearing  various 
titles.  Herein  are  included  the  summaries  of  textbook 
matter  on  the  production,  handling  and  strength  of  mate- 
rials and  of  structure  and  machine  elements — in  contra.st 
with  the  parts  jiresenting  the  performance  of  complete 
plants,  plant  units  or  structures  (or  the  physical  charac- 
teristics of  the  outjiut  from  plants  or  plant  units),  which 
may  be  regarded  as  forming  another  distinct  ])art  of  this 
book,  although  also  broken  up  into  sections  and  chapters. 
Under  "Strength  of  Materials"  are  given  the  specific  con- 
stants of  various  materials,  the  definitions  and  theory  of 
stresses  and  deformations  and  the  familiar  properties  of 
beams,  sections,  springs,  columns,  etc.  The  theory  of 
reinforced-concrete  design  is  found  here  (and  there  is  a 
complementary  .section  on  reinforced-concrete  construc- 
tion later,  under  "Building  Construction  and  Equip- 
ment"). Another  section,  entitled  "Alaterials  of  Engi- 
neering," opens  with  a  tabulation  of  chemical  elements 
and  weights  of  nio.st  common  substances.  The  different 
iron  and  steel  processes  and  ])roducts  are  described  and 
accepted  specifications  and  test  fig-ures  given  for  the  latter. 
The  whole  nonferrous-metal  world  is  similarly  covered. 
One  chapter  reviews  present  knowledge  on  corrosion  of 
metals,  particularly  iron;  closely  related  is  a  following 
chapter  on  protective  coating.s — in  which  various  kinds 
of  paints,  varnishes,  etc.,  are  described,  with  notes  on 
their  proper  application.  A  chapter  on  cement,  mortar 
and  concrete  tells  what  these  things  are,  what  they  are 
used  for  and  how  they  are  affected.  Similar  is  the  make- 
up of  the  chapters  on  wood,  abrasives,  adhesives  and  all 
the  noiinietallic  materials,  including  fuels.  What  has  so 
far  been  noted  fills  800  of  the  1,780  odd  i)ages  of  text. 
Til  that  part  which  may  be  said  to  deal  more  or  less 
completely  with  jiower  generation  or  utilization  there 
comes  first  a  section  on  ".Machine  Elements."  with  de- 
scriptions of  fundamental  mechanisms  and  data  on  such 
machine  or  plant  elements  as  screws,  riveted  joints,  keys, 
shafts,  couplings,  commercial  bearings,  gears,  belts,  en- 
gine parts.  ])ipes  and  fittings,  valves,  ho.se,  rojjc  and  nails. 
Then  the  book  switches  to  a  section  on  "Power  Genera- 
tion," which  opens  with  notes  on  animal  and  wind  power 
and  gives  data  on  design,  on  construction  and  o])eratioii 
costs,  on  best  performances,  etc.,  of  boilers,  gas  producers, 
chimneys,  engines,  steam  and  hydraulic  turbines.  Much 
the  same  sort  of  treatment  is  given  to  hoisting  and  con- 
veying apparaiu.s — including  therein  excavating  mach'iii- 
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ery — and  to  transport  equipment — automobile,  railway, 
marin-  and  aerial. 

Some  readers  might  expect  that  the  section  on  '"ila- 
chine-Shop  Practice"  would  immediately  follow — since 
it  describes  foundry  and  forging  machines,  macliine  tools, 
welding  equipment,  gives  data  on  best  metal-cutting 
speeds  and  power  requirements,  reviews  modern  shop 
management  and  accounting,  and  covers  pumps,  com- 
pressors and  fans  in  the  same  way  as  noted  for  power- 
plant  equipment.  But  there  is  an  interjected  section  on 
'"Building  Construction  and  Equipment,"  the  first  part 
of  which  is  complementarj^  to  some  of  the  chapters  on 
materials — in  so  far  as  it  gives  proper  foundation  loads, 
proper  use  of  masonry,  timber  and  reinforced  concrete, 
roof  loads,  design  of  frames,  etc.  This  building  section 
gives  more  than  half  of  its  space  to  planning  industrial 
buildings,  defining  good  heating,  ventilation,  illumina- 
tion, accident  prevention  and  fire  protection. 

Electrical  engineering  comes  in  with  a  section  in  which 
are  found  a  l)rief  dissertation  on  the  theory  of  magnetic 
and  electric  circuits,  data  on  electrical  properties  of  cer- 
tain materials,  descriptions  of  distribution  systems,  in- 
struments, batteries,  .  dynamo-electric  machinery,  trans- 
formers, and  notes  on  the  nses  and  costs  of  such  apparatus. 

The  final  section  of  this  notable  compendium,  entitled 
'"Engineering  Measurements,"  first  covers  laboratory  work 
in  temperature,  pressure,  speed,  weight,  area,  power,  fluid- 
flow  and  gas-composition  determinations.  It  has  the 
briefest  possible  review  of  field  surveying  and  leveling. 
There  are  placed  here  also  some  miscellaneous  topics  not 
closely  related  to  the  other  parts  already  reviewed — 
refrigeration,  patent  law,  first  aid,  optics,  and  the  Amer- 
ican Society  of  Mechanical  Engineers'  various  test  codes. 

In  what  has  been  thus  ably  presented  by  the  many 
authors  of  this  handbook  it  would  seem  as  though  the 
needs  of  mechanical  engineers  had  been  met  in  about 
every  possible  way  one  could  forecast.  The  real  test  of 
every  such  handbook  lies  in  its  daily  use  by  the  thou- 
sands of  practitioners  who  will  buy  it.  Only  when  such 
results  are  compiled  can  a  critique — a  real  re\iew — be 
written  or  definite  comparison  made  with  the  older  hand- 
books which  have  apparently  a  greater  accumulation  of 
time-honored  performance  records. 

MOSQUITO  CONTROL  IN  PANAMA:  The  Eradication  of  Ma- 
laria and  Yellow  Fever  in  Cuba  and  Panama — By  Josepli 
A.  LePrince,  C.E..  A.M..  Cliief  Sanitary  Inspector.  Isthmian 
Canal  Commission,  1904-1914.  and  A.  J.  Orenstein,  M.D., 
Assistant  Chief  Sanitary  Inspector,  Isthmian  Canal  Com- 
mission. With  an  Introduction  by  L.  O.  Howard,  LL.D., 
Entomologist  and  Chief.  Bureau  of  Entomology,  United 
States  Department  of  Agriculture.  New  York:  G.  P.  Put- 
nam's Sons.  Cloth;  6x9  in.;  pp.  xvii  -(-  335;  100  illustra- 
tions.    $2.50  net. 

The  extent  to  which  mosquito  control  on  a  large  scale 
is  a  series  of  engineering  problems  is  well  illustrated  by 
this  book,  the  .senior  author  of  which  is  an  engineer  with 
long  experience  under  General  Gorgas  in  mosquito- 
reduction  work  at  Havana  and  on  the  Isthmus  of  Panama. 

Part  I,  which  fills  two-thirds  of  the  volume,  deals 
with  the  campaign  against  malaria.  After  briefly  sketch- 
ing anti-malarial  knowledge  prior  to  1904  and  also  the 
Havana  campaign,  the  book  takes  up  meteorological  and 
topographical  conditions  on  the  Isthmus.  Attention  is 
called  to  the  effect  of  topographical  changes  on  the 
Anopheles,  or  malaria-spreading  mosquito — a  matter  of 
prime  importance  to  engineers  engaged  in  construction 
work  affecting  surface  water  conditions  in  any  part  of  tiie 


world  where  mosquitoes  abound.     Next  come  discussion 
of  Anopheles  as   regards  species,  propagation  and  har. 
boring  areas,  food,  flight  and  attraction  to  human  beii:, 
and  their  habitations,  followed  by  descriptions  of  metlii 
of  attack  on  propagation  areas  by  filling,  drainage,  oilii 
larvaeides,  natural  enemies,  cleaning  bodies  of  water 
vegetation  and  debris,  and  cleaning  jungles.     Protect! 
of  inmates  of  houses  by  screening  mosquitoes  out  :i 
destroying  those  within  is  given  a  chapter.    Part  I  clu- 
with  a  summing  up  of  anti-malaria  results. 

Part  II,  on  the  campaign  against  yellow  fever  bv  en- 
trolling  the  species  of  mosquitoes  known  as  Aides  calopi 
follows  the  same  general  lines  as  Part  I,  but  with  m\. 
less  detail. 

Points  of  the  book  that  have  great  interest  for  all  reai 
crs  and  at  the  same  time  demand  close  attention  by  eng 
neers  and  others  working  in  mosquito-infested  areas  a 
the  vagaries  of  mosquitoes  as  regards  breeding  places  ai 
other  habits  bearing  on  their  control,  and  the  great  ca 
that  must  be  given  to  a  variety  of  engineering  and  alii 
matters,  large  and  small. 

An  attractive  feature  of  the  volume  is  its  halftone  ( 
gravings.  Equally  attractive  and  very  useful  to  ma 
engineers  will  be  the  line  drawings  showing  such  detii 
as  concrete  linings  for  various  kinds  of  ditches  splasi 
walls  at  ditch  junctions  to  prevent  water  from  loreaki: 
over  and  forming  small  pools;  eave-troughs,  door  screiM 
mosquito  traps  and  various  devices  for  studying  the  fli. 
of  mosquitoes. 

W. 

RsisU'waF  S®CBol®g5^ 

PRINCIPI>ES  OF  RAILROAD  TRANSPORTATION  — 1 
Emory  R.  Johnson,  Ph.D.,  Sc.D..  Professor  of  Transpo 
tation  and  Commerce.  University  of  Pennsylvania;  a 
thor  of  "Ocean  and  Inland  Water  Transportation,"  "El 
nients  of  Transportation,"  etc..  and  Thurman  W.  V: 
Metre,  A.M.,  Ph.D.,  Instructor  in  Transportation.  Schc 
of  Business  of  Columbia  Universtiy.  New  York: 
Appleton  &  Co.  [Appleton's  Railway  Series.]  Clot 
6x9  in.;  pp.   xix    +    619;   illustrated.      $2.50  net. 

The  last  edition  of   Professor  Johnson's  treatise  • 
"American    Railway   Transportation"   was   published 
1908.     With  the  assistance  of  Professor  Van  Metre 
Columbia  University,  he  has  rewritten  and  enlarged  t 
former  work  and  it  now  appears  under  the  title  abo 
quoted.     The  present  volume  contains  probably  twice 
much  matter  as  the  old  one,  and  the  increase  of  price  fn 
•t^L.-jO   to  $0   is   rather  a   significant   illustration   of  t 
economic  changes  that  have  taken  place  in  the  eight  yen 

The  present  volume  is  divided  into  four  parts,  'i 
first  takes  up  the  history  of  the  American  railroad  systi 
and  gives  an  elementary  description  of  its  pliysical  C( 
struction,  track,  rolling  stock,  etc.,  with  chapters  on  i 
financial  and  legal  side  of  railway  operations.  Part 
deals  with  the  railroad  service,  classified  under  freif; 
service,  passenger  service,  express  and  mail  service, 
chapter  on  railway  accounts  and  statistics  is  also  includi 
Part  HI  is  entitled  "The  Railroads  and  the  Public."  a 
tliere  is  included  under  this  head  the  relation  of  railwa 
to  each  other,  railway  competition  and  monopoly,  a 
railway  freight  rates  and  ])assenger  fares.  Part  IV  tnl 
up  the  relation  between  the  railways  and  the  Governraci 
and  coveis  not  only  tlie  United  States,  but  (ireat  Brita 
Germany,  Italy  and  France.  Other  chapters  in  ti 
.section  give  the  history  of  state  and  Federal  regulation 
this  country,  and  the  final  chapter  discusses  the  genci 
problem  of  (iovernment  ownership  and  Government  reg 
hitiou  in  the  United  States. 
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A  uii-'Ud  Teature  oC  the  hook  is  a  brio!"  liiblioyraphv 

ended  to  each  clfapter.     As  will  Ik-  gathered  Trom  the 

oregoing  brief  review  of  the  contents  of  the  volume,  the 

Dook  is  chiefly  devoted  to  the  social,  political  and  economic 

elations    of    the    railway    rather    than    to    the    physical 

eatures  of  its  construction  and  operation.     It  is  on  these 

iiblic  relations  of  tlio  railways,  however,  that  attention 

iincentrated  at  the  present  day.     Thinking  men  who 

-ire  to  ascertain  fiindamental   facts  in   order  to  form 

ntelligent  opinions  on  questions  relating  to  the  railway 

.■ill  find  safe  guidance  in  this  excellent  treatise. 

•4! 

S®.ctf'sv.sia©Eti(l(D)  'V¥'®,t<8^s'°S■m■p■pl^^ 

Eeviewed  by  Caleii  ^Iills  Saville* 

report  rpcin  possible  souroks  of  water-supply 
for  the  city  of  sacrame.n'to.  california— by 

Charles  Oilman  Hvde.  George  H.  Wilhelm.  Consulting  En- 
pineers;  Franli  C.  Miller.  Citv  Kncrineer.  Sacramento. 
Calif.:  City  Commission.  Paper;  fixS  in.:  pp.  6fi0:  illus- 
trated. 

Not  since  the  illuminating  and  instructive  reports  of 

)  ohn  R.  Freeman  on  the  water-supplies  of  Xew  York 

nd  San  Francisco  has  there  appeared  such  a  voluminous 

nd  well-presented  water-supply  re]iort  as  the  one  sub- 

j  litted  last  April  to  the  City  of  Sacramento  and  just 

lade  public  in  printed  form.     The  mass  of  detail  ap- 

;    '  licable  to  both  local  and  general  water-supply  conditions 

'•    so  considerable  that  it  would  be  impracticable  to  at- 

pt   a    detailed    review.     The    general    character   and 

•hods  of  handling  the  subject,  therefore,  can  only  be 

lied  upon  at  this  time.     The  report  is  carefully  and 

ally   assembled,    maps   well    drawn    and    excellently 

-'■n  to  illustrate  the  text,  and  tables  and  diagrams  so 

■ared  and  placed  as  to  set  forth  clearly  the  ideas  of 

authors. 

'receding  the  text  is  a  very  complete  table  of  contents 

g  30  pages.     In  the  back  of  the  book  are  two  ap- 

•lices,  one  of  11   pages  giving  an  "interpretation  of 

liiical  and  biological  analysis  of  water,"  the  other  a 

able  of  particular  references"  applicable  to  the  subjects 

'      eated   in  the  body  of  the   report.     The   index  in  the 

k  of  the  volume  occupies  .34  pages  and  bears  evidence 

'■n,-  careful  compilation. 

the  text  is  divided  into  five  principal  parts:  I.  P\inda- 

I      ental    Considerations    Relating    to    the    Water-Supply 

rnblem  in  Sacramento.    II.  A  Filtered  and  Disinfected 

'•■r-Supply  from  the  Sacramento  River.     III.  A  Sup- 

from   the   Ground   in   the   Vicinity  of   Sacramento. 

A  Supply  from  the  Sierra  Nevada  Mountains.     V. 

parison   of   Source.s   and    Projects    and    Reconimen- 

'ins. 

ifi  table  of  contents  in  itself  is  of  considerable  edu- 

■nal  importance  as  a  guide  for  comprehensive  investi- 

■ns  and  reports  of  this  character.     The  subheads  are 

chosen,  each  principal   part  is  closed  with  a  sum- 

.  and  conclusions,  and  the  report  is  completed  with 

■inparison  of  the  .sources  and  projects. 

ic  letter  of  transmittal  of  1V1>  pages  states  very  con- 

V  the  results  of  the   investigation   and   clo.ses   in  a 

ified  manner  without  any  of  the  fulsome  balderdash 

■iten  met  with  in  public  reports.     The  writers  of  this 

I  port  are  undoubtedly  men  of  decision,  and  Sacramento 

'  to  be  congratulated  in   having  intrusted   iier  investi- 

"n  to  men  who  not  only  were  caimble  of  making  ex- 

•'hlef   Engineer,   Hartford    Water-Worka,    Hartford.   Conn. 


hausti\{'  inquii-y  into  the  problems  of  public  water-supply, 
but  having  arrived  at  a  definite  conclusion,  had  the 
courage  of  their  convictions  to  state  in  no  uncertain 
terms ; 

If  the  works  are  built  in  accordance  with  the  general  pro- 
ject outlined  and  described  in  our  report,  and  if  the  worlds  are 
properly  operated,  the  writer.s  do  not  hesitate  to  guarantee 
that  the  water-supply  furnished  from  this  source  will  be 
brilliantly  clear,  colorless,  satisfactorily  soft  and  hygienically 
most   gratifying  and  safe. 

Part  A',  which  is  a  statement  of  "Comparison  of 
•Sources  and  Projects,"  is  equally  concise  and  to  the 
l»oint.  Containing  only  17  pages  of  text  and  tables,  it 
reviews  the  entire  subject  fully  and  completely,  appar- 
ently omitting  no  important  point,  but  giving  a  brief 
comparison  of  the  principal  features  of  all  the  sources 
investigated.  The  citizen  who  has  only  ordinary  inter- 
est in  this  matter  will  find  in  the  letter  of  transmittal 
and  in  the  comparison  of  soui-ces  and  projects  all  that 
he  needs  for  forming  an  o])inion.  The  568  pages  con- 
tained between  the.se  two  statements  are  crammed  full 
of  water-supply  data — results  and  conclusions — necessary 
for  a  proper  study  of  the  subject,  but  oftentimes  entirely 
omitted  from  a  report.  Like  the  other  portions  of  the 
book,  this  matter  is  so  clearly  and  compactly  stated  that 
it  not  only  forms  a  most  valuable  record  for  the  Sacra- 
mento Water  Department,  but  gives  to  that  citizen  who 
is  sufficiently  interested  to  read  it  through  a  compre- 
hensive knowledge  of  the  mo.st  important  of  the  city's 
utilities. 

The  purpo.se  of  the  report  is  excellently  cairied  out. 
That  is,  to  place  clearly  and  concisely  before  the  public 
of  Sacramento  the  whole  matter  of  the  additional  ])ublic 
water-supplj- — .stripped  of  technicalities,  but  complete  in 
reasoning  and  deductions. 

Such  reports  as  those  of  New  York,  San  Francisco 
and  Sacramento,  if  interpreted  by  competent  teachers, 
are  the  best  textbooks  that  can  be  used  in  engineering 
schools.  They  embody  the  latest  thought  of  engineering 
specialists,  while  the  contents  of  the  stereotyped  textbook, 
except  for  fundamentals,  ai-e  often  antiquated  before  their 
a])pearance  in  print. 

PRACTICAF,  SAFETY  METHODS  AND  DEVICES:  Manufac- 
turing and  Engineering — By  fjeorge  Alvin  Cowee.  E.  M.. 
S.  !'..,  Manager.  Bureau  of  Safety,  Utlca  Mutual  Compen- 
sation Insurance  Corporation.  New  Yorlt:  D.  Van  Nostrand 
Co.  Cloth;  6.\9  in.;  pp.  ix   +   434;   128  illustrations.     $3  net. 

In  the  introductory  chapter  to  this  book  the  author 
remarks  that  .safety  engineering  has  become  a  well-estab- 
lished profession,  although  it  is  a  comparatively  new 
field  of  endeavor.  He  declares  that  indu.strial  accidents 
in  the  United  States  cause  annually  the  loss  of  .'i.5,000  lives 
and  about  350,000  .serious  injuries,  while  2.000,000  ]ier- 
sons  suffer  minor  accidents  sufficient  to  cause  loss  of 
time.  Tlie.se  figures  challenge  attention  and  fully  justify 
the  nation-wide  movement  toward  accident  prevention 
Avhich  has  had  such  great  development  during  the  last 
15  years. 

That  the  work  of  aci'ident  |)revention  is  justified  not 
alone  from  humanitarian  motives,  but  as  a  matter  of 
business  economy,  is  ])roved  by  the  experience  of  the 
United  States  Steel  Corporation.  Its  suhsidiarv  com- 
panies have  spent  in  the  neighborhood  of  $5,000,000 
during  the  hist  eight  years  in  the  installation  of  safety 
devices  and  aci-ident-preveiition  methods.  The  results 
of  tliis  work  have  been  to  reduce  the  accident  rate  about 
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-10%  during  the  past  five  years.  In  the  past  tlirce  yeai's, 
after  adding  to  tlie  expenses  due  to  ai-cidents  all  the 
amounts  expended  on  safety  work,  the  total  still  shows  a 
reduction  of  over  35%  compared  with  the  accident  ex- 
penses of  earlier  years.  This  reduction  has  taken  place 
notwithstanding  the  fact  that  in  recent  years  the  rate 
of  compensation  to  injured  workmen  has  been  materially 
increased. 

Within  the  limits  of  a  single  volume  the  size  of  the 
one  under  consideration  it  is  of  course  impossible  to  cover 
more  than  a  small  part  of  the  safety  methods  and  ap- 
pliances in  use  in  special  industries.  The  author  de- 
votes, for  example,  one  chapter  of  about  25  ])ages  to 
the  matter  of  safety  on  steam  and  electric  railroads; 
Ijut  to  cover  completely  all  the  features  of  safety  work 
in  the  diiTerent  departments  of  railway  service,  such  as 
signaling,  braking,  crossing-guards,  rules  for  trainmen, 
rules  for  shippers,  etc.,  would  take  a  whole  book  or  sev- 
eral books  of  the  size  of  this  one. 

AMaat  the  author  has  aimed  to  do  in  this  book  is  to 
cover  the  most  important  features  and  principles  of  safety- 
engineering  work  as  carried  on  in  diiferent  industries. 

Beginning  with  such  general  matters  as  safety  instruc- 
tion to  employees  through  the  organization  of  safety  com- 
mittees, use  of  danger  signs,  guarding  moving  machinery, 
education  and  discipline  for  safety,  the  author  proceeds 
with  a  chapter  on  ''Buildings  and  Fire  Hazard."  He 
makes  no  mention  here  of  the  admirable  system  of  safe- 
guarding the  occupants  of  multi-story  factory  and  loft 
Iniildings,  hospitals,  etc.,  by  carrying  a  fireproof  division 
v.-all  throiigh  the  building  from  foundation  to  roof,  with  an 
escape  doorway  on  each  floor,  so  that  in  case  a  fire  occurs 
at  any  point  the  occupants  can  quickly  escape  through  the 
fire-door  to  the  other  side  of  the  fire  wall. 

The  chapter  on  "Boilers"  is  one  of  the  longest  in  the 
Itook,  but  we  find  no  mention  in  it  of  the  American 
Society  of  Mechanical  Engineers'  standard  code  for  boiler 
construction. 

In  the  chapter  on  ''Explosives"  a  long  quotation  is 
made  from  the  Pennsylvania  E.R.  rules  for  handling  ex- 
])losives.  These  rules  went  into  effect  on  the  Pennsyl- 
vania E.R.  in  1899.  There  is  no  mention,  however,  of 
the  work  of  the  Federal  bureau  that  has  for  many  years 
had  supervision  of  all  handling  of  explosives  in  interstate 
traffic.  In  addition  to  the  chapters  on  safety  work  proper 
there  are  other  chapters  on  sanitation;  heating,  lighting 
and  ventilating;  welfare  work;  occupational  diseases;  first 
aid  to  the  injured;  etc. 

The  book  is  printed  in  large  type  on  a  heavy  coated 
paper  with  wide  margins  and  a  profuse  use  of  halftone 
illustrations.  The  same  matter  could  easily  have  been 
presented  in  a  book  of  less  than  half  the  weight,  a  saving 
that  wo\dd  have  been  appreciated  by  engineers  who  have 
to  carry  their  libraries  with  them  in  moving  from  place 
to  place. 


resulted  in  such  an  unexpected  and  contiiming  deman' 
that  it  was  decided  to  print  an  edition  sufficient  to  fill  a' 
probable  orders  received  after  the  expiration  of  the  ori- 
nal  time  limit  on  July  15.  The  report  is  now  availablr 
all  wlio  desire  to  pay  a  small  sum  for  a  concisely  writt 
and  handsomely  illustrated  account  of  tliis  great  enginei 
ing  enterprise.  Very  appropriately,  the  report  has  a- 
frontispiece  a  portrait  of  William  Mulholland,  rli 
engineer  of  the  Los  Angeles  Aqueduct  and  for  many  ycii 
prior  to  that  in  charge  of  the  Los  Angeles  water-wor 
under  early  private  and  later  municipal  ownership. 

After  some  40  pages  on  the  history  of  the  project,  i 
eluding  an  account  of  investigations  of  other  sources 
supply,  the  report  takes  up  the  Owens  River  draiua 
area,  the  quality  of  the  water  and  the  Federal  aid  t 
tended  to  the  city  in  securing  the  necessary  water  rigli 
on  the  public  domain.  There  follows  a  general  descripti^ 
of  the  aqueduct.  Then  comes  an  account  of  the  nietliu 
of  transportation  that  played  so  important  a  part  in  n 
struction.  The  municipally  owned  cement  mill  and  txi 
plant  are  verj'  properly  featured  in  the  report. 

These  subjects  disposed  of,  there  follow  in  order  descr 
tions  of  the  various  dams,  tunnels,  conduits  and  siphc 
with  particular  reference  to  their  construction.  The  lar 
power  development  is  considered  next. 

The  organization  scheme  that  made  possible  the  succe- 
ful  carrying  out  of  this  great  work  is  described,  and  tin 
is  also  a  brief  outline  of  the  cost-keeping  and  accounti 
methods  employed,  a  few  pages  on  finances  and  two 
three  pages  of  very  interesting  figures  comparing  1 
estimated  and  final  cost  of  the  work.  Appendices  tii 
wp  in  some  detail  the  water  resources  of  Owens  Vail 
and  also  the  sanitary  quality  of  the  aqueduct  water.  T 
second  of  the  appendices  just  named  recounts  what  it 
to  be  hoped  will  be  the  last  attack  made  by  the  enem 
of  the  aqueduct  project.  The  outcome  of  this  attack 
the  quality  of  the  water,  as  any  sensible  person  mit 
expect,  was  the  utter  discomfiture  of  the  assailants. 

Besides  the  many  handsome  halftone  plates  and  a  f 
drawings  in  the  body  of  the  book,  a  pocket  at  the  bii 
contains  some  two  dozen  maps,  profiles  and  otl 
drawings. 

The  re])ort  is  notable  for  containing  so  little  that  is 
merely  local  interest — if  indeed  it  contains  anything 
the  sort.  It  will  undoubtedly  be  given  a  place  in  evi 
library,  public  or  private,  that  welcomes  important  c 
tributions  to  the  literature  of  hydraulic  and  water-wc 
engineering  and  interesting  and  suggestive  records  of  \ 
municipal  undertakings.  That  the  Los  Angeles  Aq 
duct,  250  mi.  long,  with  an  unprecedented  number  a 
\ariety  of  tunnels,  siphons,  open  and  covered  stretches 
canals,  and  with  its  dams,  reservoirs,  hydro-electrio  pi: 
and  vast  irrigation  system,  falls  in  both  categories  no  i 
\\\\\  (Icnv. 


FINAI^  RErr)RT  ON  THK  C:ON.STHUCTION  OF  THE  I.OS 
ANGEIjES  aqueduct,  with  Introductory  Ilistorical 
Sketch.  Los  Angeles,  CaUf.:  Department  of  Public  Serv- 
ice. Cloth;  8x11  in.;  pp.  .'!19;  illustrated  with  maps,  draw- 
ings and  photOKraphs.     $1.95. 

The  unique  plan,  for  an  American  city,  of  putting  on 
sale  the  report  on  the  construction  of  the  Los  Angeles 
Aqueduct,  announced  in  these  columns  some  weeks  ago, 


Some  |ibcii(inicna  of  the  plastic  flow  of  moist  clay  w 
.-tudicd  ;it  the  United  States  Bureau  of  Staiida 
rect'iitly,  and  are  discussed  by  E.  C.  Bingham  in 
])aniphlet  just  issued  as  Scientific  Papers,  Xo.  278,  " 
Investigation  of  the  Laws  of  Plastic  Flow."  Measu 
ments  of  flow  through  capillary  tubes  under  various  ])i 
sures  were  made,  using  different  percentages  of  wat 
The  quantity  of  material  flowing  through  in  a  given  ti 
was  found  to  lie  iiroportioiial  to  the  iiressure  less  a  va' 
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ithat  the  author  calls  the  friction.  Pressures  less  than 
the  friction  did  not  produce  flow,  except  that  with  some 
tuistures  there  was  a  slight  flow  attributed  to  seepage  of 
n-ater  through  the  pore  space.  The  pamphlet  should  be 
read  by  all  who  have  to  deal  with  plastic  flow  of  clujs. 


Statistics  of  the  amount  and  value  of  sand  and  gravel 
iroduced  for  various  purposes  in  the  United  States  in 
915  and  a  short  discussion  of  the  dift'erences  in  weight 
)f  a  cubic  3'ard  of  gravel,  as  reported  in  various  states, 
ill  a  12-pagc  reprint  of  "Mineral  Resources  of  the  United 
>tates,  1915."  (Washington:  United  States  Geological 
i>urvey.)    The  text  is  by  K.  W.  Stone. 


[So  far  as  possible  the  name  of  each  publisher  of  boolts  or 
amphlets  listed  in  these  columns  is  given  in  each  entry.  If 
le  book  or  pamphlet   is   for  sale  and  the   price   is   known   by 

>,  he  editor,  the  price  is  stated  in  each  entry.  Where  no  price 
i  given  it  does  not  necessarily  follow  that  the  book  oi-  pam- 
hlet  can  be  obtained  without  cost.  Many,  but  not  all.  of  the 
amphlets.  however  can  be  secured  witliout  cost,  at  least  by 
iciosing  postage.     Persons  who  are  in  doubt  as  to  the  means 

]  )  be  pursued  to  obtain  copies  of  the  publications  listed  in 
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fs'osiffl  Se'4'yeir  Tr©im<slh©s 

By    M'KeaN    ilAFFlTT* 

An  excellent  sand-clay  surfacing  Tor  residence  streets 
is  being  obtained  at  niininnini  cost  in  Florence,  S.  C. 
Trenching  for  sewers  always  opens  up  strata  of  clay. 
There  is  usually  a  covering  of  loamy  clay  or  sand  to  a 
depth  of  18  in.  or  2  ft.,  under  which  is  a  stratum  of 
good  stiff  clay  ol'  varying  tliickness. 

Our  method  is  as  fdlKjws:  W'c  take  a  two-horse  turn 
plow  and  go  over  the  entire  surface  of  the  street,  plowing 


l.|(;S,      J      'J'i>      .',.     Jii:il-lil.\i:      S.\  .\  l»-(   LAV       I'A  V1-„MK.\T; 
FI.OKIONCE.  .S.  C,  WITH  CLAY  FROM  SEWER  TRENCH 

u]i  all  the  top  soil.  Then  with  drag  scra])ers  all  of  the 
top  soil  is  removed  from  our  side  of  the  street  and  piled 
on  the  opposite  side. 

Tn  trenching,  a  negro  with  a  nude  and  a  rooter  |ilo\v 
breaks  up  the  (-lay  in  the  ditch  (see  Fig.  I)  so  that  the 
other  laborers  can  shovel  it  out  on  the  side  of  the  street 
from  which  the  top  soil  lias  been  removed.  The  toji 
soil  is  on  the  left  and  the  clay  on  the  right  in  Fig.   1. 

After  the  pipe  has  been  laid  and  bedded  in  clay,  the 
top  soil  and  s])oil  bMid<  on  the  left  (  l''ig.  I  )  are  thrown 
iido    the    ditch    and    puddled.    Icining.    where    availal)le, 

'.Supprintenaent   of  Water   aiut   .Sewers,   Florence.  S.   C. 


enough  sand  to  go  with  the  clay  for  surfacing  the  stree 
"Where  there  is  insutficient  sand  to  go  with  the  clay, 
is  hauled  in  from  streets  where  there  is  an  excess. 

The  sand  is  dumped  to  the  outside  of  the  clay  pi! 
and  then  shoveled  over  and  mixed  thoroughly  with  tl 
clay  as  it  is  spread  over  the  street  (see  Fig.  2).  In  tli 
way  we  get  about  the  proper  amount  of  sand  with  tl 
clay  and  get  it  thoroughly  mixed.  Fig.  3  shows  the  stri- 
alter  being  surfaced,  only. a  small  amount  of  traffic  liii 
ing  gone  over  it. 

After  a  couple  of  rains  and  when  the  street  has  hci 
dragged  with  a  split-log  drag  .several  times,  it  will  be  levi 
smooth,  practically  waterproof  and  so  hard  that  a  go< 
sharp  pick  will  hardly  make  an  impression  on  it. 

On  the  last  two  blocks  of  street  surfaced  by  the  abi> 
method  the  cost  of  surfaeinof  a  30-ft.  width  was  aiwi 
15c.  per  lin. ft.  of  street.  The  exact  cost  has  not  b(< 
determined,  as  all  the  labor  and  cartage  were  chari:> 
i<'  the  sewer  work  and  the  final  cost  sheets  have  not  ' 
Im'C'U  made  out. 

By  L.  R.  Allisox* 

Steel  transmission  towers  of  standard  design  and  i^' 
struction  usually  are  assembled  on  the  ground  adjao 
to  the  site  and  drawn  up  as  a  unit  on  the  provided  for- 
dations.  The  use  of  a  ginpole  for  the  erection  of  bin 
up  steel  structures  of  this  type  affords  particular  ach;i 
tages,  not  ojdy  facilitating  installation  operations  in  ' 
field,  but  introducing  an  economy  factor,  under  pre] 
working  conditions,  of  no  mean  importance. 

To  obtain  the  greatest  efficiency  in  the  erection  iiba 
of  their  extensive  transmission-tower  work,  SIillil> 
ISrothcrs,  Inc.,  New  York,  iron  and  steel  contract^' 
li;i\c  arranged  a  simple  and  effective  plan  of  operatic 
lining  a  ginpole  for  rapid  and  easy  installation.  '1 
iucompanying  diagrams  explain  the  method. 
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Fig.  1  shows  tlio  manner  of  raising  the  ginpole  by 
I'ans  of  a  trip-pole.  Fig.  2  is  a  diagram  of  ground- 
f  ke  arrangement,  showing  a  cluster  of  four  stakes  with 
c  meeting  chain.  Fig.  3  is  a  plan  of  an  assembled  tower 
I  dy  for  erection  on  four  constructed  footings ;  as  will 
I  noted,  the  breast  line  extending  to  the  ginpole  is 
a  ached  to  the  tower  at  a  level  with  the  first  crossarm. 
■;  e  detail  drawing,  Fig.  4,  explains  the  steel  pocket  on 
t'  abutting  board  used  in  erecting  the  tower;  this 
J  'ket  is  formed  of  steel  angles  with  connecting  clip 
I  ted  to  the  board,  and  forms  a  brace  support  for  the 
I  -er  legs  of  the  transmission  towers  as  it  is  drawn  up 
i  position. 

Pig.  5  is  a  side  elevation  of  the  tower,  and  compre- 
1:  isively  illustrates  the  practical  use  of  the  ginpole  for 
ection.  A  temporary  strut  is  placed  between  the  legs 
c  the  bottom  section  of  the  tower  to  brace  it  thor- 
c  ,'hly  during  erection.  As  will  be  noted,  a  second 
f  ition  of  the  tower  as  it  assumes  the  foimdation  and 
t  corre.sponding  ginpole  movement  are  indicated;  dur- 
■';  the  operation,  the  ginpole  is  sustained  in  an  upright 
f  ition  by  the  guy  wires. 

This  plan  of  transmission-tower  erection  has  jjroved 
g  eflBcient  that  representatives  of  the  company  are  fur- 
t  lied  with  instructions  similar  to  the  diagrams  here 
r  reduced,  in  order  to  become  familiar  with  the  prac- 
t  d  principles  involved. 

'*' 

By  J.  :\r.  Howe* 

Surveyors  accustomed  to  sectionized  lands  will  find 
tj  mselves  confronted  by  absolutely  new  problems  when 
t  (•  attempt  work  in  Texas.  When  the  Republic  of 
1  :as  was  admitted  to  the  Union  as  a  state  it  retained 
i  lands;  therefore  the  United  States  system  of  sections 
a  quarter-sections  does  not  prevail.  In  order  to  do  work 
i:  the  state,  some  knowledge  of  the  history  of  the  land 
1)  3  is  essential. 

n  the  early  settled  portions  of  Texas  there  are  large 
t  'ts  of  land  granted  by  Spain  to  her  colonists,  and 
0  r  a  much  greater  area  there  arc  Mexican  Republic 
g  Qts.  These  Spanish  and  Mexican  grants  were  usually 
n  le  as  labors  and  .fitio!;  or  leagues  and  multiples  or 
f  -tions  thereof.  A  labor  contains  about  1?T  acres  and 
a  ■tio  4,428  acres. 

'hese  units  of  area  were  derived  from  the  basis  of 
li 'ar  measurement,  which  was  the  vara,  a  square  labor 
b  ig  1,000  vara.<s  on  a  side  and  a  square  sitio  5,000  vara.'^. 
1 !  exact  length  of  the  vara  seems  to  have  been  a  little 
H  ertain,  but  it  has  been  fixed  by  statute  in  Texas  at 
3  ^  in.  The  usual  method  of  conversion  used  by  sur- 
Vore  is  to  divide  distances  in  raras  by  0.36,  there  being 
3  rara«  in  IftO  ft.  Spanish  and  Mexican  measures  were 
Wtinued  by  the  Republic  of  Texas,  though  Texas  as  a 
■1  e,  while  continuing  the  use  of  the  vara,  changed  the 
oils  of  grants  from  the  labor  and  xitio  to  the  section  of 
81   acres. 

Jirants  made  under  Spanish,  Mexican  and  Texas 
i^mblio  titles  were  located  wherever  vacant  land  wa.s 
ty)(\,  and  with  some  restrictions  as  to  frontage  on 
"vams,  in  whatever  shape  tlic  grantee  desired.  The 
't|ition  work  was   done   by  surveyors   sometimes   u.sing 
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10-  or  20-rara  chains,  Init  frequently,  especially  durii.^ 
the  colonization  period  just  before  and  cluring  the  days 
of  the  Texas  Republic,  using  Gunter's  chains.  The  sur- 
veyors coming  from  the  older  states  of  the  Union  had 
Gunter's  chains,  which  they  cut  down  to  a  20-vara  length. 
Land  at  the  time  was  worth  from  10  to  25c.  per  acre,  so 
it  can  readily  l)e  ap[ireciated  that  the  pioneer  surveyors 
did  not  trouble  them.«elves  much  about  accuracy. 

As  the  countrv'  settled  up,  it  became  necessarj'  to  fill 
in  lietween  the  early  large  grants  with  section  and  quarter- 
section  surveys.  These  had  to  abut  and  tie  in  to  the 
older  tracts.  As  the  early  work  was  often  poorly  done, 
with  original  corners  obliterated  or  nowhere  near  their 
called-for  places,  there  has  resulted  a  mass  of  ove  'laps 
and  vacancies  that  make  much  trouble. 

The  later  filliug-in  surveys  located  by  surveyors  working 
from  such  recorded  data  as  were  available  are  frequently 


TYPICAL  CONDITION'S  OF  TEXAS   LAND  SURVEYS 

found,  on  making  a  more  thorough  inve.stigation,  to  be 
based  on  erroneous  conclusions  as  to  the  correct  location 
of  the  older  surveys.  When  the  early  survey  can  be 
established,  even  though  it  be  excessive  in  area,  and  they 
frequently  are,  conflicting  junior  surveys  must  give  way 
to  the  senior  ones.  In  con.sequence,  when  making  sur- 
veys at  the  present  time,  it  is  necessary  to  investigate 
the  date  of  the  original  surveys  to  estal)lish  priority. 

A  majority  of  the  earliest  surveyors  seem  to  have  been 
of  a  liberal  disposition,  for  it  is  seldom  that  old  league 
lines  are  short  on  distance;  excesses  are  the  rule.  Xow, 
with  the  passing  of  time  and  the  consequent  obliteration 
of  original  corners,  efforts  are  sometimes  made  to  hold 
early  .surveys  to  their  net  call  for  distance.  When  this 
is  done  and  can  he  sustained  in  court,  it  leaves  vacant 
land  which  is  subject  to  grant  by  the  state  just  as  any 
other  part  of  the  public  domain. 

Another  fruitful  source  of  trouble  is  course.  Where 
is  North  is  a  f|nestion  tliat  is  continually  coming  u|), 
and  it  has  a  different  answer  on  nearly  every  lino  run. 
Xo  effort  was  apparently  made  by  the  early  surveyors  to 
locate  true  north,  ciuh  one  using  the  declination  that 
8uitc<l  his  fancy.  The  result  is  that  in  counties  where 
the  true  declination  is,  say,  8°  E.,  lines  will  be  found 
running  on  declination  from  6l/.°  to  10°  and  all  recorded 
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n<  Xortli.  FicM|U(nitly  a  siirvev  is  fitted  in  l)etW(H'ii  two 
uarlitT  siir\rys,  uue  ol"  whicli  was  run  with  a  dwlination 
(,r  :  anil  ill;'  other  with  !)°.  The  iitting-iu  .survey  will 
liave  its  lines  reeorderl  as  North  and  South  in  spite  of  the 
fact  that  the  lines  are  not  parallel  hy  3°.  The  only  way 
to  determine  Xorth  in  any  particular  case  is  to  get  out  on 
the  ground  and  retrace  a  line  or  two.  Some  of  the 
experienced  surveyoi-s  ])rot'ess  to  l)e  able  to  tell,  with 
reasonahle  i-liiseness.  what  the  course  and  distance  of 
certain  surveys  will  he  when  they  know  the  name  of  the 
original  surxeyor. 

Owing  to  the  many  difticultie.s  of  establishing  lines, 
only  really  hinted  at  above,  a  certain  facetious  judge, 
jiroriineiit  for  his  knowledge  of  Texas  land  law,  is  said 
to  have  demanded  as  a  qualitication  to  testify  as  an  expert 
surveyor  in  his  court  the  ability  to  solve  the  Texas 
)-ectangle.  He  defined  this  as  a  rectangular  parallelogram, 
no  two  sides  of  which  are  the  same  length  and  no  angle 
of  which  is  a  right  angle.  Fortunately  for  the  present 
generation  of  landowners,  occupation  and  inclosing  of  the 
pro])erties   are  settling  most  of  these  uncertainties. 

In  the  county  surveyor's  office  of  a  prosperous  county 
in  a  mid-western  state,  search  was  being  made  for  plans 
of  a  concrete  bridge  built  some  years  previously.  The 
assistant,  whose  memory  ran  back  through  several  ]3olit- 
ical  generations  in  the  office,  said  that  if  it  had  been  a 
design  prepared  in  the  office  they  would  have  had  copies 
of  the  plans,  all  right:  but  when,  as  in  this  case,  the 
county  connnissioners  let  the  contract  on  a  bidders' 
'■'picture"  plan  for  lump  sum,  the  office  had  nothing  to 
go  by  but  the  picture.  And  that  would  not  tell  much, 
if  found,  as  to  how  the  bridge  was  built. 

No  field  not<>s  would  be  found,  he  was  sure,  because  as 
the  grade  at  a  bridge  is  already  establislied  by  the  exist- 
ing road,  the  man  giving  levels  would  simply  assume  a 
l)ench  and  lay  out  the  work.  There  would  not  be  any 
rorrespoiidence  either,  or  records  in  the  files,  because  in 
those  days  they  never  .wrote  any  letters  or  had  any  cor- 
respondence. The  new  county  engineer  had  different 
ideas,  and  now  they  had  a  stenographer  and  the  files  were 
filling  U]). 

The  search  did  not  turn  tip  any  data,  beyond  what  the 
assistant  c-arried  in  a  memory  as  accurate  as  a  wax  rec- 
ord, l)ut  did  bring  out  some  pictures  and  stories  of 
happenings  to  the  county's  bridges. 

The  first  narrative  was  of  an  autt)mol)ile  that  was 
beinir  driven  back  to  the  citv   from  a   lake  resort  late  at 


night — the  owner  was  on  his  vacation,  and  tlie  chntitl 
had  picked  up  four  pals. 

■•They  steered  straight  for  the  center  of  the  end  ) 
of  this  little  three-panel  truss  span,  on  a  piece  of  strai. 
away  road.  That  end  post  consisted  of  two  o-in.  chan 
and  a  l-tx^^-in.  plate,  but  the  two  channels  were  era^ 
sharply  in  two  and  the  machine  plotighed  through  i 
it  reached  the  \  ertical  post.  We  found  a  little  blood  ■ 
the  railroad  trestle  across  the  creek  where  one  mj 
and  the  .tracks  where  another  had  crawled  out  < 
creek,  but  none  of  them  were  badly  httrt.  You 
that  machine  acted  as  a  substitute  for  the  batter  j 


iaft: 


FIG.    1.    AUTOMOBILE   T.\KES   PL.\CE   OF   END  POS' 

it  had  smashed.  It  was  wedged  in  so  tight  it  held 
bridge  up,  and  a  farmer  drove  a  heavy  wagon  ovei 
fore  we  got  there  to  rope  off  the  bridge. 

"Here's  a  picture  of  another  accident  that  bapjn 
in  the  county  last  year.  A  notoriously  reckless  di 
intoxicated,  coming  at  a  high  rate  of  speed  down 
road,  hit  the  lattice  handrail  at  the  side  of  a  little  ' 
span.  He  caught  it  between  his  wheel  and  the  s]ii 
and  tore  it  mit  of  tlu;  concrete  it  was  embedded  in 
carried  it  (iO  ft.  The  impact  slewed  his  machine  ai'i 
end  for  end  and  upside  down  and  u|)  again.  The  d 
was  killed. 

'■Here's  a  traction-engine  accident.  The  engine 
separator  crossed  this  .span  at  noon,  threshed  a  fan 
grain,  and  then  at  the  end  of  the  day  started  hn' 
get  a  set-up  for  the  next  day's  work.  Engines  like 
had  been  crossing  the  bridge  every  year,  but  this 
this  one  went  through.     That's  a  S!)-ft.  span,  l(i-ft.  i 


:.    AUTO    CARRIED    AWAY 
LATTICE  RAILING 


FIGS.    3    A.ND    1.    TRACTION    ENGINE   WENT   THROUGH 
liKIDCJE  OF  T-IN  I-BE.\MS 
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•ay  and  is  carried  by  seven  7-in.  I-beams.  Xo,  tlie 
lanks  weren't  fastened  to  the  beams :  there's  a  strap  to 
old  them  down  at  the  ends.  The  beams  just  rested  on 
he  abutments  at  the  ends,  and  one  abutment  liad  l)cen 
aised  with  a  conple  of  planks  between  I -beams  and 
lasonry,  and  these  had  rotted  and  let  Ibe  lieams  turn 
ver. 

"Yes,  we've  got  quite  a  number  of  tliose  spans.  A 
■  umber  of  years  ago  a  fanner-contractor  filled  the  county 
all  of  them,  all  with  that  typical  T-iron  handrail.  He 
ut  in  7-in.  beams  always,  regardless  of  span,  using  six 
n  short  ones  and  seven  on  the  longer  ones.  Of  course, 
hen  he  built  them,  they  didn't  have  lo-ton  road  rollers, 
ad  their  heaviest  traction  engines  weighed  three  or  four 
)ns.  Now  we  use  12-in.  beams  at  that  crossing,  embed 
le  ends  in  concrete  backwalls  and  (nit  on  a  plank  and 
■•eosote-block  floor. 

Some  Weak  Ones  TH.vr  St.vnd  Up 
"Some  of  the   farmers   call   our   bridges   extravagant. 
1  loiigh.     Here's    one    that   the    owner    iniilt    on    one    of 
lis  farm  roads  for  $50.     Its  span  is  19  ft.,  IS-ft.  road- 
ay,  and  it  is  carried  by  five  railroad  irons,  3  in.  deep, 
ad  over  that  i  in.  of  concrete.     It  sags  about  4  in. ; 
•  I  guess  he  drives  over  it,  and  I've  seen  several  cows 
it.     It  shook  when  I  walked  over  it.     Strange  what 
lings  will  stand  up. 

"We've  got  a  concrete  culvert  on  one  road,  which  takes 
•action  engines  and  everything  else  that  conies.  The 
5an  is  0  ft.,  and  the  top  slab  is  8  in.  thick  and  was 
esigned  to  be  reinforced.  The  reinforcement  hadn't 
jnie  when  the  forms  were  finished ;  and  as  the  con- 
•actor  thought  it  would  be  strong  enough  anyway,  he 
:  lied  the  forms  with  plain  concrete.  There's  only  1-2  in. 
f  cover  over,  but  it  has  never  even  cracked." 

iLxperiemvces    wiftlh   UiaeBtapHos^ed 


was  not  exceeding  50%  efficient  labor — not  perhaps  be- 
cause the  men  were  not  capable,  but  because  of  the 
(liaracter  of  the  work  and  the  fact  that  the  supervision 
was  not  as  efficient  as  it  might  have  been. 

in  order  to  obviate  this  condition  and  also  to  demon- 
-riate  that  in  my  opinion  a  large  percentage  of  the  men 
involved  did  not  want  real  work,  the  plan  of  rock 
i)reakiug  was  developed.  The  County  of  Los  Angeles 
does  a  great  amount  of  highway  building,  these  roads 
having  ('on.rete  ijase.  From  3.500  to  4,000  tons  of  broken 
rock  is  required  per  mile  of  highway.  When  broken  by 
iiiachiuery,  this  rock  costs  approximately  60c.  per  ton, 
laid  down  on  the  work.  The  thought  was  to  have  this 
same  rock  broken  by  hand  on  the  ground  and  paid  for 
at  so  much  per  cubic  yard  instead  of  by  the  day  rate, 
and  then  from  an  "Unemployed  Fund"  absorb  the  differ- 
ence between  what  it  cost  to  break  by  machinen'  and 
what  it  co.st  to  break  by  hand,  which  experience  developed 
was  about  ."iOc.  per  ton.  In  this  way  practically  two-thirds 
of  the  anu)unt  of  money  expended  was  diverted  to  value- 
received  labor  and  practically  one-third  was  absorbed  from 
an  "Unemjiloyed  Fund."  Breaking  the  rock  at  so  much 
per  cubic  yard  took  care  of  the  men  who  were  not  so 
strong  physically  as  others  and  also  made  the  men  produce 
I  be  goods.  The  camp  was  run  by  the  Eoad  Department, 
and  the  men  were  furnished  by  the  Department  of 
Ciiarities.  The  men  paid  the  camp  2oc.  per  meal.  The 
lodging  was  furnished  by  the  county,  but  the  bedding 
was  furnished  by  the  men. 

One  of  the  most  important  features  in  connection  with 
ibis  trial  was  to  demonstrate  who  wanted  to  work  and 
who  did  not.  This  policy  also  eliminated  a  great  many 
applicants  from  the  Outdoor  Relief  Division  of  this 
(lc|)artinent. 

WluMi^as  more  than  6,000  men  were  registered  in  the 
winter  of  1914-15,  less  than  1.600  registered  in  the  winter 
of  1915-16.  All  were  offered  work,  and  less  than  900 
accepted,  notwithstanding  the  fact  that  the  average  man 
could  earn  $3.50  per  day.  The  county  spent  $207,000 
in  1915-16  and  last  winter  spent  less  than  $25,000. 
acccmiplishing  the  same  result. 

It  might  be  interesting  to  note  that  from  careful 
ii'cords  kept  we  ascertained  that  practically  one-third  of 
the  men  involved  would  not  work;  one-third  would  work 
enough  to  keep  body  and  soul  together  and  get  a  few 
dollars  ahead  to  leave  the  section  and  get  away  from 
the  work  :  and  practically  one-third  were  good  and  wilUnsr 
workers. 


By  Norman  K.  Mai!Tin* 
1  Miring  the  winter  of  1914-15,  incident  to  the  very 
■  rossing  hard  times  and  the  wet,  harsh  weather,  com' 
-itively  speaking,  for  southern  California,  there  were 
-'leat  many  men  out  of  employment.  Some  were 
idpnts  of  our  own  county,  and  others  had  sought 
them  California  for  one  reason  or  another.  It  was 
"crative  that  something  be  done,  and  work  was  iriven 
ny  hundreds  of  these  men  on  the  rountv  roads,  clcan- 
g  up  the  weeds  from  hitrhwavs.  etc.  Thev  were  paid 
'  per  day.  In  this  manner  the  county  spent  something 
•"  $207,000.     T  believe  it  is  fair  to  assume  that  this 

'Superintendent   of  Charities,    County   of  I^oh    AnKelea.    121 
nplc   St..  Lob  Anireles.   Calif. 


M-O^mglheiaiira^  Coiacrefte  Floor 
foF  RestunrfsicSirag 

By  Ciiaklks  A.  HiiisriinKRO* 
.V  change  in  plans  for  dry  dock  No.  1,  Balboa  ter- 
minal of  the  Panama  Canal,  necessitated  the  resurfac- 
ing of  113,120  sq.ft.  of  concrete  floor.  It  was  deemed 
advisable  to  chip  the  floor  Iwfore  placing  the  mortar 
finish  on  the  old  concrete,  and  a  more  rapid  means  was 
sought  than  that  of  the  hand  chisel  and  hammer. 

Two  standard  Ingersoll  reciprocating  tripod  drills, 
air  operated  and  of  3%-in.  cylinder  diameter,  were  called 
into  use.  The  tripods  were  altered  as  shown  in  Fig.  1. 
At  the  end  of  each  tripod  leg  an  extension  was  welded,  as 
shown  at  A.n.  hole  being  drilled  at  7?  to  take  the  tninnion 


•TngcrHolt-Rnnd  Co..  11  Brondwny.   New  York  City. 
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of  the  hand-made  fork  C,  which  carried  an  axle  at  I).    An 
old  pulley  wheel  E  was  mounted  on  each  axle. 

The  complete  apparatus  is  clearly  shown  in  Fig.  2. 
The  drilling  machine  is 
thrown  hack  slightly,  so 
that  the  crossbit  strikes 
the  concrete  at  an  angle, 
presenting  only  hit  cor- 
ners to  the  surface  as  the 
steel  rotates.  With  each 
IjIow  struck,  the  recoil 
tends  to  move  the  ma- 
chine and  tripod,  thus 
materially  assisting  the 
helper  in  keeping  the  ma- 
chine moving.  The  l)its 
used  were  of  the  standard 
cross  type,  8  in.  in  diam- 
eter. It  was  found  tliat 
one  machine,  operated  by 
two  men,  did  as  much 
work  in  8  hr.  as  50  men 
could  do  liy  hand,  and  all  the  work  was  therefore  per- 
formed witli  the  two  machines. 


FIG.  1.    TRIPOD  AS  ALTERED 


Fia.  2.    TWU  TI;I1'0D   UIUI.Lt;   USED   TO   ROUGHEN 
CONCRETE   EL,OOR 

Acknowledgment  is  made  to  Z.  T.  Stagg,  Jr.,  who  was 
in  charge  of  this  work,  for  the  data. 


The  Somersanltin;;  DriilKC  shown  on  p.  560  of  the  issue 
of  Sept.  21,  1916,  in  the  sketch  was  not  shown  sufficiently 
agile.  It  is  reported  now  that  the  post  marlced  A  in  that 
sl<etch  was  pulled  up  by  the  roots  and  turned  completely 
over  the  other  post,  which  acted  as  a  pivot,  its  base  remain- 
ing in  the  original  position. 

Trlmmini;  Cuts  on  the  B.  &  O.  R.R. — A  traveling  derrick 
with  skips  was  used  in  clearing  a  long  cut  on  the  Baltimore 
&  Ohio  R.R.  near  Muirkirk,  Md.  The  north  side  of  the  cut 
for  about  2.500  ft.  liad  been  badly  gullied,  and  the  material 
washed  down  had  clogged  the  track  ditch.  The  cut  is  about 
30  ft.   deep.     At  the   top  of  the  slope   was  Installed  a  derrick 


I'i.'    ill-.i;      ,;,!'    T":i\!MT\-._;   a   CUT   OX  THE  BALTIMORE 
&  OHIO  R.R, 

car  consisting  of  a  timber  platform  or  truck  mounted  on  f" 
wliecis  and  carrying  a  boiler,  a  15-hp.  double-drum  hoisl: 
engine  and  a  stiff-leg  derrick  with  30-ft.  boom.  This  car  i 
on  a  wide-gage  track,  which  was  picked  up  in  the  rear  a: 
relaid  ahead  as  the  work  progressed.  The  material  excava' 
was  loaded  into  open  fiat  boxes  of  12  cu.ft.  capacity,  which  : 
derrick  raised  and  dumped  to  form  a  broad  flat  fill  about  4 
from  the  top  of  the  cut.  This  bank  serves  to  stop  draina 
toward  the  cut  and  renders  a  top  ditch  unnecessary.  The  pl:i 
and  work  are  shown  in  the  accompanying  view.  The  ditch  v. 
cleared  out  and  the  slope  dressed  to  a  uniform  surface.  T 
slope  was  then  covered  with  street  sweepings  and  sown  w: 
grass  seed  to  form  a  permanent  protective  covering.  The  fo: 
and  organization  were  as  follows:  1  foreman,  1  engineman. 
men  trimming  the  slope  and  filling  the  boxes,  1  or  2  men 
guy  lines  to  guide  the  loaded  boxes  up  the  slope  and  haul  t 
empty  boxes  back  into  position,  1  man  at  top  of  slope  to  t: 
the  boxes  and  spread  the  material  in  the  fill.  2  men  shiftr 
track.  1  cart  and  driver  to  haul  coal  and  water,  1  water  h 
1  night  watchman.  This  force  could  handle  about  400  box 
per  day.  The  cost  was  less  than  60c.  per  yd.,  as  compared  wi 
90c.  estimated  for  contract  work.  Tliis  method  of  working  w 
planned  by  H.  M.  Church,  Division  Engineer  of  the  Baltimi 
&  Ohio  R.R.,  and  the  above  information  is  slightly  condens 
from  an  article  by  him  in  the  "Baltimore  &  Ohio  Employe 
Magazine."  Mr.  Church  states  that  for  seeding  the  slopes 
mixture  of  alsack  clover,  blue  grass,  alfalfa  and  oats  is  usi 
After  seeding,  the  surface  is  covered  with  about  6  in.  of  strt 
dirt  or  street  sweepings  from  the  large  cities,  this  beii 
shipped  in  cars  and  distributed  by  teams  and  men  with  whe* 
barrows.  This  method  has  been  found  very  satisfactory,  a< 
after  the  first  season  it  is  easy  to  maintain  the  slopes, 
case  of  the  slopes  being  cut  by  water  during  heavy  stor: 
before  the  seed  takes  root  it  is  necessary  to  go  over  the  wo: 
again. 

A  RninfnII  of  143  In.  in  .Vlaska — The  accompanying  cha 
of  rainfall  and  temperature  for  12  months  from  Septembi 
1913,  at  Latouche,  Alaska  (Lat.  60°  02'  N..  Long.  147°  53'  W 
has    been    sent    by    B.    H.    Dow,    of    Seattle.      The    total   annw 
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rainfall  was  142.26  in.,  and  the  average  temperature  was  3 
F,  The  extreme  variations  in  rainfall  as  from  22.4  in,  f 
May  to  1.5  in.  for  July,  are  notable. 
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Missouri,  it  will  be  remembered,  was  one  of  the  first 
ites  to  establish  "highway  improvement"  by  annual  good 
ads'  days — spectacular,  picnic  afifairs  when  the  governor 
the  state  wields  a  pick  and  shovel  to  the  accompaniment 
a  brass  band  and  movie  operators,  and  everybody  shows 
s  patriotism  by  putting  in  a  day  or  two  of  labor 
mproving"  the  roads  and  having  a  good  time  generally. 
[1  this  has  its  purpose  and  is  a  legitimate  means  of  stir- 
ag  up  enthusiasm.  Let  the  good  work  go  on. 
Still,  it  is  a  kind  of  interesting  coincidence  that  we 
id  Clay  County,  in  this  same  State  of  Missouri,  voting 
bond  issue  of  $1,2.50,000  for  road  improvement  and  then 
•  .ving  the  state's  legal  lights  discover  that  under  the  law 
ithorizing  the  bonds  no  part  of  the  sum  thus  raised  can 
paid  for  engineering  supervision,  and  that  under  the 
sv  this  engineering  work  must  be  performed  by  a  Deputy 
ranty  Surveyor,  whose  salary  must  not  exceed  $4  per 
ly. 

We  make  a  motion  that  the  .$1,250,000  be  expended  for 
luid  refreshments  at  the  next  two  auuual  "good  roads' 

IVS." 


The  engineering  profession  is  takincr  great  interest  at 
le  present  time  in  the  proposition  that  engineers  ought 
■  occupy  a  more  prominent  position  and  wield  a  larger 
ifluence  in  public  affairs.  It  is  of  especial  interest, 
lerefore,  to  record  that  a  distinguished  engineer  has 
orked  out  a  plan  for  the  prevention  of  strikes  in  the 
leration  of  railways  and  other  public  utilities.  T'lis 
Ian  is  to  be  submitted  by  the  Jferchants  Association 
i  New  York  City  to  the  Chamber  of  Commerce  of  the 
'nited  States  with  the  recommendation  that  a  general 
rferenduni  vote  on  the  plan  shall  be  taken. 
The  originator  of  this  plan,  Plenry  R.  Towne,  was 
'resident  of  the  American  Society  of  Jlcchanical  Engi- 
eers  in  1889.  He  has  long  been  President  of  the  Yale 
..  Towne  Manufacturing  Co.,  of  Stamford,  Conn.,  and  he 
as  for  several  years  President  of  the  Merchants  Associa- 
on  of  New  York. 

The  most  important  element  in  Jlr.  Towne's  plan  is  the 

revision  that  every  employee  of  a  public  utility  cor- 

oration  should  have  a  definite  written  contract  for  a 

tated  term  of  service.     During  that  term  he  should  be 

either  at  liberty  to  quit  his  service  with  the  company, 

or  should  the  company  be  free  to  discharge  him.     If 

ither  party  to  this  contract  breaks  it,  a  stated  money 

jienalty  should  be  forfeited  to  the  other  party. 

I    The  company  should  have,  however,  the  right  to  ter- 

Ininate  the  contract  l)ecause  of  "misconduct"  by  the  ein- 

Uoyee,  to  be  defined  in  the  contract,  and  also,  in  the 

ase  of  certain  classes  of  employees,  because  of  slack  busi- 

less,  in  which  case  liowever  the  employee  should  receive 

'•ither  thirty  days'  notice  or  two  weeks'  pay  and  immediate 


release.  The  company  may  also  terminate  the  contract 
because  of  the  disability  or  superannuation  of  the  em- 
ployee, subject  to  such  pension  provisions  as  may  exist. 
An  employee  should  also  have  the  right  to  terminate  tlie 
contract  because  of  valid  family  or  personal  necessity, 
or  because  of  illness.  The  employee  could  also  ter- 
minate the  contract  for  any  cause  on  giving  fair  notice, 
say  thirty  days,  without  penalty,  if  the  company  con- 
sented. 

These  and  other  details  suggested  by  Mr.  Towne  will 
of  course  be  varied  more  or  less  to  suit  special  circum- 
stances of  different  employments.  The  ^mderhing  basic 
idea  on  which  his  proposition  rests  is  that  in  the  opera- 
tion of  public  utilities,  where  the  public  has  a  right  to 
continuous  service,  the  old  idea  that  the  employer  has 
a  ri^jht  to  discharge  a  man  without  notice,  for  any  rea- 
son or  no  reason,  should  be  done  away  with,  and  also 
the  idea  that  the  employees,  either  singly  or  in  combina- 
tion, are  free  to  quit  without  notice. 

The  recent  threat  of  a  nation-wide  railway  strike,  with 
the  surrender  of  the  Government  to  the  railway  brother- 
hood demands,  has  had  one  valuable  result.  It  has 
brought  home  clearly  to  the  mind  of  every  thinking  man 
the  conviction  that  in  some  way  or  other  the  right  of  the 
jniblic  to  uninterrupted  service  on  public  utilities  must 
bo  established.  If  there  was  any  disposition  to  forget 
111  is  lesson,  the  strikes  which  have  occurred  during  the 
past  month  on  street  railway  lines  in  various  parts  of 
the  country  have  served  to  fix  it  firmly  in  the  memory 
of  everyone. 

The  right  of  the  public  to  control  the  capital  engaged 
in  the  operation  of  public  utilities  is  now  so  firmly  estab- 
lished that  no  one  thinks  of  denying  it.  The  man  who 
invests  his  money  in  a  railway  or  a  public  water-supply 
or  an  electric  lighting  plant  does  so  with  the  full  under- 
standing that  the  public  authorities  have  the  right  to 
control  the  service  which  he  must  render  to  the  public 
and  fix  the  prices  which  he  may  charge. 

The  next  step  must  be  to  establish  the  equal  right  of 
public  control  over  the  labor  engaged  in  pulilic  utilities. 
Until  this  is  done,  fully  and  completely,  the  public  must 
expect  to  suffer,  at  longer  or  shorter  intervals,  more  or 
less  inconvenience,  loss  and  destruction  owing  to  inter- 
rupted service,  which  may  on  occasion  rise  to  the  pro- 
portions of  a  national  calamity. 

There  is  no  doubt  whatever  that  this  is  the  logical  way 
to  prevent  strikes  on  public  utilities,  but  the  question 
is.  How  can  this  plan  be  put  into  operation?  Labor 
organizations  will  exert  their  united  influence  against 
such  a  proposition.  The  capital  invested  in  public  util- 
ities has  to  yield  certain  of  the  rights  and  privileges 
which  it  enjoys  when  engaged  in  private  industry  and 
submit  to  pul)lic  control.  It  does  this  willingly  because 
of  the  other  privileges  which  it  receives.  What  privi- 
leges can  be  given  to  the  employee  of  a  public  utility 
company  that  will  so  compensate  him  as  to  make  him  also 
willing  to  submit  to  public  control  and  to  relinquish  his 
right  to  strike? 
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A  partial  answer,  at  least,  to  this  question  is  furnished 
in  Mr.  Towne's  plan  described  in  the  foregoing.  It  is 
a  real  and  important  advantage  to  the  ^rorkman  to  have 
a  definite  written  contract  of  emplojTnent  for  a  definite 
time.  Ho  is  given  something  that  he  has  never  before 
possessed — a  legal  right  to  his  job.  This  in  itself  is  a 
very  great  gain. 

It  is  of  interest  in  passing  to  note  how  tardy  has  been 
the  recognition  by  employers  generally  that  an  employee 
has  any  right  to  his  position,  and  that  the  employer  has 
not  the  moral  right  as  well  as  the  legal  right  to  discharge 
a  workman  vrithout  notice,  often  for  no  other  reason 
than  a  fit  or  ill-temper  on  the  part  of  a  foreman. 

It  is.  of  course,  evident  that  for  the  successful  working 
of  Mr.  Towne's  plan  or  any  other  plan  to  prevent  strikes 
a  strong  arm  of  the  public  authority  must  step  in  to  see 
that  justice  is  done  by  both  sides.  j\rr.  Towne's  plan 
liroposes  first  a  board  of  arbitration,  constituted  by  joint 
action  of  the  company  and  the  employee,  authorized  to 
supervise  the  relations  between  the  two  and  pass  upon 
any  matter  of  dispute  between  them.  An  appeal  from 
decisions  by  this  joint  board  would  lie  either  to  some 
existing  public  utility  commission  or  to  a  special  board 
created  for  that  purpose. 

It  is  of  interest  to  note  further  that  ^Ir.  Towne.  who 
has  for  many  years  taken  an  active  interest  in  labor 
questions,  preserves  in  his  plan  the  right  of  collective 
bargaining,  permitting  the  employees  to  have  member- 
ship in  any  lawful  organization  without  discrimination 
on  the  part  of  the  company,  giving  the  employees  the 
risrht  to  request  concessions  in  wages,  hours  of  work,  or 
conditions  of  service,  either  alone  or  in  combination  with 
others.  He  distinctly  specifies,  however,  that  the  em- 
ployee, in  consideration  of  these  privileges,  shall  respect 
tlie"  right  of  the  public  to  interrupted  service  and  not 
combine  with  others  to  cause  its  interruption. 

In  presenting  this  plan  before  the  Merchants  Associa- 
tion, ^fr.  Towne  disclaimed  that  it  was  complete  or 
final.  He  presented  it  rather  as  an  outline  of  the  prin- 
ciples which  must  be  established  in  custom  and  in  law 
if  the  public  is  to  be  protected  from  great  loss  and 
disaster. 

The  question  what  can  be  done  to  protect  the  public 
I'voni  the  calamity  of  a  nation-wide  railroad  .strike  or 
tlie  people  of  a  city  from  the  deadlock  resulting  from  a 
street  railway  strike  or  the  interruption  of  other  public 
utilities  is  a  question  which  urgently  demands  solution. 
Tlie  so-called  eight-hour  law,  pushed  through  Congress 
at  the  close  of  its  session  under  wliip  and  spur,  settled 
nothing,  nor  do  the  successes  of  the  one  side  or  the  other 
in  winning  or  defeating  an  isolated  strike  settle  anything. 

No  question  is  ever  settled  until  it  is  settled  right. 
This  question  will  not  be  permanently  settled  until  the 
rights  of  the  public  are  made  superior  to  the  rights  of 
both  employer  and  employee,  and  until  sufficient  conces- 
sions and  privileges  are  granted  to  each  of  these  parties 
to  make  them  willing  to  accept  in  good  faith  the  superior 
rights  of  the  public. 

Engineers  who  believe  that  the  members  of  their 
profession  are  destined  to  occupy  positions  of  larger 
]nd)lic  influence  may  well  he  gratified  to  have  the  plans 
of  an  engineer  for  settling  this  grave  public  question 
lirought  forward  by  the  Chamber  of  Commerce  of  the 
United  States.  There  is  further  testimony  to  the  pub- 
lic's appreciation  of  the  engineer's  opinion  on  other  than 


technical  questions  and  to  its  belief  in  his  judicial  fa 
ness  in  the  appointment  of  General  Goethals  as  Chainii 
of  the  Commission  to  study  the  operation  of  the  Adam- 
eight-hour  wage  law,  and,  in  the  general  public  appro 
with  which  that  appointment  has   been  received. 

Coma  ^^©alltllh  ©f  ^laSttedl  State 

At  tliis  time,  when  so  much  interest  is  taken  in 
question  as  to  the  future  position  of  the  United  Sta 
in  international  trade,  great  importance  attaches  to 
statistics  of  the  world's  coal  resources  presented  at 
recent  meeting  of  the  British  Association  for  the  . 
vancement  of  Science  by  the  Committee  on  Fiiel  Eeonoi 
This  committee  was  made  up  of  scientists  and  engine  | 
of   international   fame,    including   such   men   as  W. 
Bone,  J.  A.   F.  Aspinall,  Sir  Hugh  Bell,  Dr.  DTig| 
Clerk,  Sir  Robert  Hadfield,  Dr.  H.  S.  Hele-Shaw,  ' 
Charles  Parsons  and  Benjamin  Talbot.     The  commit  j 
in  opening  its  report  said: 

It  can  hardly  be  questioned  that  the  chief  material  b. 
of  the  great  industrial  and  commercial  expansion  of  G 
Britain  during  the  past  century  has  been  its  abundant  sup; 
of  easily  obtainable  coal,  which,  until  recent  years,  has  g 
us  a  position  of  advantage  over  all  other  countries.  It  is 
equally  true  that  we  can  no  longer  claim  any  advantag. 
this  respect  over  our  two  closest  competitors.  If  anytf 
ought  to  arouse  public  opinion  to  the  gravity  of  the  situat 
it  is  surely  afforded  by  the  statistics  on  the  world's  • 
resources  issued  by  the  International  Geological  Congre? 
the  year  1913.  This  estimate  gives  the  geographical  dist: 
tion  of  the  world's  total  probable  reserves  of  coal  of  all  k 
available  within  6.000  ft.  of  the  surface,  amounting:  in  a; 
7,397,533,000.000   metric   tons. 

The  fact  that  the  available  reserves  of  coal  in  Great  Bri 
only  amount  to  about  one-fortieth,  while  those  of  the  wl 
British  Empire  do  not  amount  to  more  than  about  one-foi 
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FIG.   1.      PERCENTAGE  OP  THK   WORI.Ivs  COAL   DEPOB 
ON   THE    DIFFERENT    CONTINENTS 

of  tile  world's  estimated  total,  is  one  which  ougrht  to 
brought  home  to  everyone  responsible  for  the  economlo  d» 
opment  of  our  national  and  imperial  resources.  The  On 
States,  whose  competition  in  the  immediate  future 
probably  be  much  more  severely  felt  than  ever  bW 
possesses  more  than  half  the  estimated  world's  coal,  9Xi 
regard  to  quality  and  cost  of  production  she  probably  <!• 
pares  favorably  with  Great  Britain. 

Two  diagrams  from  the  report  of  the  Interna^o 
Geological  Congress  are  reproduced  herewith,  sh&W 
the  geographical  distribution  of  the  world's  coal  sUp] 
It  will  hardly  be  questioned  that  the.  fuel  resources  0 
country  are  more  important  than  any  other  influefloe 
determining  its  future   industrial   position.     It  is  t 
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lat  for  certain  iiuUit^trial  operatioiLs  tlio  (U'veli>pmeut  of 
vdraulic  power  and  its  utilization  hy  means  of  elec- 
icitv  tan  to  a  limited  extent  take  tlie  place  of  coal; 
it  it  is  to  a  limited  extent  only,  iuid  there  is  every 
■ason  to  believe  that  the  future  nianufacturinfi-  indus- 
■ie?  of  the  world  will  have  their  >;e()<;raphical  location 
rgely  governed  i)y  the  existence  of  chea])  fuel. 
In  its  stores  of  other  mineral  fuel,  such  as  ])etroleum 
•il  natural  sras.  the  United  States  also,  so  far  as  is  at 


standing  tiie  enormous  reserves  of  fuel  which  the  United 
State  i)ossesses,  couservatiou  of  the  coal  supply — means  t^ 
mine  and  l)urn  coal  with  niaxinnim  economy — is  justi- 
fi(>d  ccininicrcially  at  the  present  day. 


as®   (Cst^acss 


519 

h 

V- 

u 

? 

2 

S 

z 

t 

o 

Z 

r 

> 

z 

^ 

3 

154 
g 

1 

i 

1 

i 

t- 

1 

cr 

fe 

5 

n5 

57 

o 
2  6 

^^ 

i 

?2 

"  1 

1 

IG    2      PERCENTAGE  OF  THE  WORLD'S  CO.\I.   PEPOSITS 
;  POSSESSED  KY  VARIOUS   NATIONS 

resent  known,  exceeds  any  otjier  country  in  the  world. 
he  enormous  increase  in  the  use  (jf  hotli  liquid  and  solid 
lel  has  already  ]uoduced  a  world-wide  increase  in  the 
rices  of  these  fuels  and  is  destined  to  produce  a  much 
•eater  increase  in  future.  The  imiiortance  of  the  United 
tates'  vast  fuel  reserves,  therefore,  in  giving  her  an  ad- 
lutage  over  other  nations  in  international  c(nniietition 
certain  to  he  much  more  ]iotcnt  in  the  future,  than 
has  been  in  the  past. 

It  is  a  narrow  i>oin1  of  viwv,  however,  to  study  these 
:  atistics  solely  with  reference  to  tlic  com])etition  of  one 
ition  with  another.  The  I'.ritish  association's  commit- 
■e  uses  these  statistics  to  urge  the  imixirtance  of  more 
•onomical  utilization  of  fuel,  and  the  same  lesson  needs 
.  be  taught  in  the  T'nilcd  States. 

For  the  future  welfare  of  tlie  world's   population  the 

■nservation   of  natural   resources  is  a    matter  of  vastly 

reater  importance  than  even  the  question  of  supremacy 

1  the  world-wide  struggle  of  races  and  nations  now  going 

I.    The  wasteful  use'  of  natural  resources,  of  which  the 

i.'^ent  generation  is  guilty,  is  destroying  the  chances  of 

.   and  prosjjerity  for  many  millions  of  unborn  peoples. 

Not  only  are  i)rescnt  methods  of  burning  coal  exceed- 

igly  wasteful,   as    for   example    the    coking    of    coal    In 

10  beehive  oven;  but  a  large  proportion  of  the  coal  in 

mines  is  rendered  forever  unavailable  in  the  process  of 

iiiug  simply  because,  as  the  British  committee  puts  it, 

iiider  present  individualistic  conditions  it  discs  not  pay 

■  bring  all  the  coal  to  the  surface.     A  larger  prolit  on 

capital  of  a   colliery  eompany   can   often   be  earned 

working  the  better  class  of  coal  and  leaviui;-  the  less 

I  liable  grades  underground." 

In  I'lO.").  a  P.ritish  IJoyal  Commission  on  Coal  SujJidies 
"irted  that  of  the  Mm.OOO.OOO  tons  of  coal  then  used  by 
■at  Britain,  between  10,000,000  and  (iO.000.000  tons 
lid  be  saved  if  economical  methods  of  using  the  fuel 
re  adojited.     AVhile  the  TJnited   States  ])ossesscs  cnor- 

■  iis  reserves  of  fuel  su])ply,  it  has  already  exhausted 
a  certain  extent  the  most  conveniently  worked  dejiosits, 
that  the  cost  of  coal  to  the  consumer  has  materially 

■  anccd  <iver  that  ])revailing  a  quarter-century  ago,  and 

advance  is  probably  ])ernuinent.     Tlieref<irc.  notwitb- 


Sonie  Ohio  cities  arc  puz/lcd  to  know  how  they  are 
to  pay  their  running  ex])enses.  A  few  years  ago  the  state 
limited  the  tax  rates  to  1 7c  <>n  the  assessed  valuation. 
Another  state  requirement  makes  it  the  duty  of  every 
munici]3ality  to  make  annual  ])rovisions  for  the  retirement 
of  its  bonded  indebtedness  when  it  matures. 

This  last  named  law  appears  to  have  been  unenforced 
until  recently.  On  Aug.  4  of  this  year  the  Supreme  Court 
of  Ohio  handed  down  a  decision  requiring  the  Cleveland 
Budget  Commission  to  api)ropriate  a  sufficient  amoiii't  to 
meet  the  aimual  sinking  fund  charges  in  accordance  with 
the  law.  This  decision,  it  is  stated,  will  require  the  city 
to  devote  $1,. '500,000  of  this  year's  tax  levy  to  sinking 
fund  ])ayments.  At  the  same  time  it  brings  home  to  other 
cities  the  necessity  of  meeting  their  sinking-fund 
obligations. 

There  can  be  little  (pu'stion  as  to  the  wisdom  of  this 
law  and  of  its  strict  enforcement;  but,  coupled  with  the 
law  limiting  the  amount  of  money  which  can  be  raised 
by  taxation,  Ohio  cities  find  themselves  in  a  quandary 
where  to  find  the  money  for  current  cxpen.ses.  It  is 
rei)orted  that  Toledo's  Mayor  and  principal  officials  had 
to  go  without  their  salaries  in  August  while  other  city 
cni])loyees  entitled  to  over  $1,800  a  year  got  only  half  pay. 
It  seems  unlikely  that  such  a  state  of  affairs  could  have 
arisen  if  these  cities  hail  been  in  the  habit  of  living  up  to 
ihcir  sinking-fund  oliligation-  and  had  followed  well 
recognized  biulget  procedure.  Much  hardship  may  have 
been  worked  hy  the  1%  tax  limit  hut  its  existence  was 
no  secret,  any  more  than  the  sinking-fund  requirement. 
P.otb  should  have  lieen  taken  into  account  when  the 
appro])riations  for  the  curi-ent  ycai'  were  made. 

If  most  of  these  Ohio  cities  are  not  lax  and  wasteful 
in  the  conduct  of  their  affairs,  it  would  be  surprising. 
The  chances  are  that  the  larger  part  of  their  work  and 
sui)i)lies  cost  more  than  they  woulil  under  efficient  man- 
agement, that  municipally-owned  utilities  that  ought  to 
be  self-sustaining  are  being  run  at  a  loss,  and  that  the 
deticiency.  often  unknowingly,  is  being  nuide  up  in  the 
general  tax  rate. 

The  conditions  rejiorted  and  conjectured  arc  not 
))eculiar  to  Ohio — more's  the  pity — (^xce])t  that  so  low  a 
tax  limit  is  i)rol)ably  unusual,  and  that  Ohio  is  more 
l)rogressive  than  most  states  in  its  su|)ervision  of  muiiici- 
])al  affairs.  It  has  had  a  state  audit  of  nninicii)al  accounts 
for  a  number  of  years  and  is  therefore  in  better  position 
to  bring  its  cities  and  villages  to  book  than  are  most 
otlii'r  states.  The  i)rol)abilities  therefore  are  that  Ohio 
cities  seem  to  be  in  an  nnconimoidy  bad  plight  largely 
because  of  investigation  and  ])ublicity  that  is  lacking  in 
many  other  quarters.  The  whole  subject  is  oiu>  that 
should  make  a  strong  a]>peal  to  engineers,  whether  in  ( ity 
or  private  practi<-e.  I'uiilic  im|)rovemcnts  cannot  be 
])rovided  and  maintained  and  the  wants  of  city  dwellers 
su]ii)lied  if  municipal  affairs  arc  not  conducted  on  a  .sound 
iinancial  basi.-  and  at  least  some  approach  toward  a 
dollar's  worth  ><\  work  secured  for  every  dollar  spent. 
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Tfia®  Q^©]bec  R®cfiies»  Stresses 

Sir — There  could  not  have  been  news  more  unexpected 
in  the  engineering-  world  than  the  news  of  the  failure 
during  erection  of  the  suspended  span  of  the  Quebec 
Bridge.  Engineers  the  country  over  were  assuming  that 
the  construction  and  erection  of  this,  the  largest  of  all 
bridges,  would  be  executed  in  such  a  way  as  to  make  a 
failure  of  this  kind  practically  impossible. 

Your  issue  of  Sept.  21,  1916,  gives  such  a  complete 
record  and  arrangement  of  evidence  as  to  leave  no  pos- 
sible doubt  of  the  immediate  cause  of  the  accident.  Now 
that  the  event  is  a  thing  of  the  past,  some  evidence  may 
be  added  to  the  total  of  our  experimental  knowledge  on 
the  behavior  of  steel  castings  in  flexure  and  shear. 
[Stress  calculations  here  given  by  the  author  are  super- 
seded by  the  slightly  more  accurate  figures  given  by  the 
article  in  Engineering  News  of  Oct.  5,  1916,  which  ap- 
peared after  this  letter  was  written.  He  points  out  the 
high  shearing  and  bending  stresses. — Editor.].  The  weak- 
ening efFect  of  the  pin  slots  in  these  arms  is  tremendous 
because  of  their  location,  which  happens  to  be  on  the 
tension  side  and  at  the  outer  edge. 

If  the  reaction  of  1,185  tons  is  the  static  load  reaction 
then  there  should  be  a  considerable  increment  added  for 
the  effects  of  lifting  the  truss.  This  1,185  ton  reaction  is 
truly  a  moving  load  so  far  as  the  rocker  arms  are  con- 
cerned, and  should  by  all  the  rules  of  practice  be  increased 
by  50%  in  proportioning  the  rockers.  As  these  rockers 
were  of  what  is  known  as  low-carbon  steel  castings,  the 
flexural  strength  at  the  yield  point  probably  would  not 
have  reached  30,000  lb.  per  sq.in.  In  view  of  the  fact 
that  the  rockers  had  been  repeatedly  stressed  beyond  the 
yield  point,  previous  to  the  day  of  failure,  it  seems  re- 
markable that  not  one  of  them  showed  signs  of  failure 
or  distortion   before.  (i.   L.   Bilderbeck, 

Rivers,  Harbors  and  Bridges  Commission. 

Now  London,  Conn.,  Oct.  2,  1916. 


Q^elbec 


(S  ^t  C®mi(t®ip  oi 
clues'  Csistininif^ 


Sir — The  calculations  of  the  rocker  castings  under  the 
suspended  span  of  Quebec  Bridge,  given  on  page  651  of 
Engineering  News  for  Oct.  5,  1916,  make  no  reference  to 
the  stresses  existing  in  what  was  apparently  the  weakest 
section  of  this  casting — namely,  the  transverse  section 
immediately  under  the  center  line  of  the  up])cr  ]iin. 
Have  you  any  information  as  to  what  unit  stress  was 
computed  by  the  designers  or  the  Board  of  Engineers  in 
this  particular  section?  Francis  P.  Wither. 

85  Clinton  St.,  Brooklyn,  N.  Y.,  Oct.  9,   191(;. 

[Apparently  the  midsection  stress  was  imt  ((unpiiU'd 
by  either  the  St.  Lawrence  Bridge  Co.  or  tlie  Hoard  of 
Engineers. — Editor.] 

Sir — In  Engineering  News  of  Oct.  5,  1916,  the  cause  of 
the  disaster  to  the  Quebec  Bridge  has  been  traced  to  the 


breaking  of  the  steel  rocker  at  the  southwest  end  of  ,< 
bridge.  The  stresses  computed  by  the  St.  Lawn^ 
Bridge  Co.,  the  Board  of  Engineers,  and  Enginee.  j 
News,  were  determined  for  a  section  at  the  root  of  !« 
cantilever.  The  maximum  bending  moment  on  the  (  :• 
ing  is  at  the  center  line  of  the  upper  pin,  and  the  stri 
at  this  point  should  not  be  overlooked. 

Assuming  the  distribution  of  the  pressure  on  the  L   ; 
pin  to  vary  as  a  parabola,  which  is  between  the  triantr  • 
and  uniform-load  assumptions,  the  computations  foi 
bending  moment  at  the  center  are  as  follows: 

Calling  /;  the  pressure  per  lineal  inch  of  pin  on 
iniddle  91/.  in.  of  length  of  the  lower  pin,  the  total 
sure  on  the  91//.  in.  lengih  is  9i4ju,  and  the  pressui 
the  two  bracket  arms  is  2  X  %  X  I614  X  P  =  31 
then  the  total  pin  reaction  is  31.16/)  =  2,370,000  lb. 
gives  J}  =  76,000  lb.  The  bending  moment  at  the  > 
then  is  %  x  1614X' 76,000  X  10.85  -f  434  X  76.0i 
23/8  —  1,185,000  X  2  =  7,438,000  Ib.-in.  This  as^ 
that  the  upper  pin  distributes  its  load  equally  ovc 
8-in.  diameter. 

As  the  diameter  of  the  pin  hole  is  slightly  larger 
tliJit  of  the  pin  [0.02  in.],  and  the  edges  at  the  top  c 
casting  are  only  %  iu-  thick,  it  is  questionable  if 
good  engineering  practice  to  consider  the  pin  as  t 
ferring  the  compressive  stresses  between  the  two  canti 
ends.  If  no  stress  is  thus  transferred  by  side  pn 
across  the  pin,  the  whole  moment  at  the  center  nui 
resisted  by  bending  on  the  net  section  of  the  rocker, 
section  modulus  is  152,  and  the  stress  in  the  extrenic 
at  the  bottom  is  7,438,000  -^  152  =  48,800  lb. 
sq.in.  The  stress  in  the  extreme  tension  fiber  at  thu 
of  the  cantilever  is  823,000  X  6.1  -^  182.5  =  27,4( 
I)er  sq.in. 

Assuming  a  uniform  distribution  of  the  load  01 
lower  pin  instead  of  the  parabolic,  the  tension  ii 
extreme  fiber  at  the  center  of  the  casting  is  10,100,0i 
152  =  66,500  lb.  per  so. in, 

6119  Ross  St.,  S.  A.  Ki'A 

Gcnnantown,  JMiila(li'i]ihia,  J'cnn.,  Oit.  11,  lllli 

I  Taking   acrount  of   the   maximum    tension   at  1 
of  rocker  length,  in  comparing  with  the  com])utatiti  i" 
the  designers,   reveals  even   more   remarkable  condi  ns 
than  were  indicated  in  Engineering  News  of  Oct.  5.    '' 

The  section  modulus  at  center  is  152.7  in.^,  whili 
at  root  of  bracket  is  187.5  in.',  so  that  the  central  si 
is  about  20%  weaker,  in  spite  of  having  the  greii 
width  of  261/^  in.  These  section  moduli  are  for  the 
or  tension  edge;  those  for  the  compression  edge  are 
higher — 247.4  at  the  central  section  and  228.6  at  n 
bracket,  so  that  the  maximum  compressions  are  i 
cases  25%  to  40%  lower  than  the  toisions.  Of  ci 
even  apart  from  this  the  tensions  would  be  the  dang  '"■ 
stresses. 

Besides  being  weaker,  the  central  seition  has  a  1  ?^ 
bending  moment  to  resist.  Depending  on  the  precistli'- 
Iribution  of  the  pin   reaction,   the  excess  of  the  c  tf' 
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])ment  over  that  at  root  of  bracket  ranges  from  30%  to 
0%.  The  following  figures,  computed  for  the  load  of 
.70,000  lb.,  are  illustrative: 

Uniform  Distribution  of  Pin  Reaction — iloment  at 
l)t  of  bracket  7,450,000  iu.-lb. ;  moment  at  center  10,- 
0,000.  Stresses  at  root  of  bracket,  33,000  compression 
si  39,700  tension.  Stresses  at  center,  40,700  compres- 
f  n  and  66,000  tension.  Here  the  tension  is  66%  greater 
£  the  center  than  at  root  of  bracket. 
Triangular  Distribution  on  End  Portions — iloment  at 
i)t  of  bracket  4,050,000  in.-lb. ;  moment  at  center  6,275,- 
iX  Stresses  at  root  of  bracket,  17,700  compression  and 
S,600  tension.  Stresses  at  center,  25,400  compression 
ji  41,100  tension.  The  tension  is  02%  greater  at  the 
( iter. 

[Bridge  Company's  Distribution — With  uniform   reac- 

1  n  on  length  of  25.1  in.,  extending  7.8  in.  out  from  root 

(  bracket,  the  moment  at  root  of  bracket  is  2,872,000 

J-Ib. ;  moment  at  center  5,066,000.     Stresses  at  root  of 

' -ket,  12,500  compression  and  15,300  tension.  Stresses 

liter,  20,500  compression  and  33,200  tension.     The 

'■u  is  119%  greater  at  the  center.     The  same  ratio 

-  for  the  design  load  of  3.000,000  lb.,  though  the 

-es  then  are  about  27%  higher. 

iiipany's  Method  Applied  to  Center — To  give  20,000 

■r  sq.in.  tension  at  center,  moment  at  center  must 

1)54,000  in.-lb.    Actual  load  (2,370,000  lb.)  must  be 

bated  uniformly  on  length  of  18.30  in.,  or  a  pro- 

iii  of  4.4  in.  beyond  root  of  bracket.     The  tension 

it  of  bracket  then  is  only  6,600  lb.  per  sq.in.,  making 

xcess  at  center  200%.  'Design  load  (3,000,000  lb.) 

be  distributed  uniformly  on   length  of   10.14  in., 

projecting  only  3.32  in.  beyond  root  of  bracket.    The 

ill  at  root  of  bracket  then  is  only  4,260  lb.  per  sq.in. 

nig  the  center  tension  4.7  times  the  tension  at  root  of 

■  'ket,  an  excess  of  370%. 

Ahile  thus  the  figures  for  the  midsection  ai'e  of  deter- 

i  iiing  importance,    the    peculiar    shai)e    of   the    rocker 

1  Kes  it  likely  that  an  irregular  section  is  the  weakest; 

ixaniple,    a    break    passing    through    the    transverse 

r  line  at  one  end  and  thence  somewhat  obliquely  to 

[iposite  root  of  bracket  might  be  a  probable  occur- 

.    Also,  the  wedging  jiressure  of  the  upper  pin  might 

infiuence  in  directing  the  path  of  fracture.     The 

ng  is   in  fact  subjected   to   such  a  complex  set  of 

IS — both   direct  and   .secondary — that   analysis   can 

lay  emphasis  on  the  need  for  ultraconservative  design 

i'  h  a  case. — I'xlitor]. 

—I  inclcse  copy  of  a  proposed  ordinance  regulating 

charges  in   Philadelphia;  also  a  copy  of  a  letter 

I  I  presented  at  a  hearing  on  the  subject.     In  tiiis 

:  I  took  tiie  position  that  the  City  Councils  are  for- 

II,  by  the  city  charter,  to  meddle  in  the  conduct  of 

■vater-supply  i)y  the  Dei)artment  of  Pulilic  Works. 

The  meeting  amply  justilied  this  jjrovision  of  the  city 

■  irter.     A  score  or  so  of   men   sat,   for  an   afternoon, 

ning  counsel  by  words  without  knowledge  and  hear- 

I'lcas  from  self-seeking  manufacturers,  who,  getting 

ir  water  far  cheaper   than   in   most  other  cities,  are 

1  vertheless  panic-stricken  when  the  city  proposes  to  add 

I  fraction  to  what  must  be  a  very  small  jiortion  of  their 

'  tiay. 


And  the  Water  Bureau  Chief,  who  could  adjust  all  these 
matters  far  better  and  who  seems  to  be  the  designated 
official  for  the  purpose,  had  to  dance  attendance  upon  the 
committeemen  and  hear  the  wearisome  discussion. 

Rather  than  bother  with  such  masses  of  complication  as 
that  exhibited  on  the  blanket-sheet,  would  it  not  be  better 
to  make  our  water-supply  "as  free  as  air"  to  the  consumer, 
throwing  the  entire  burden  upon  the  same  people  as  tax- 
])ayers,  liut  of  course  witli  a  meter  upon  every  connection 
and  a  prohibitory  fine  for  waste? 

John  C.  Tkautwine,  .Tit. 

257  South  4th  St.,  Philadelphia,  Sept.  30,  1916. 

[The  Philadelphia  lawyers  will  have  to  decide  whether 
establishing  water  rates  is  an  executive  function  with 
which  the  city  charter  forbids  the  Councils  to  meddle. 
The  significant  thing  seems  to  be  that  at  last  there  is  a 
fair  prospect  that  meters  will  be  used  to  curtail  the 
notorious   water   waste   of    Philadelphia. — Editor.] 


Sir— In  your  issue  of  Sejit.  7,  1916,  p.  434,  the  last 
sentence  under  as]>lialt-paving  history  is  a  question  as 
to  whether  any  pavement  of  the  type  mentioned  has  been 
patented  in  the  United  States.  I  think  the  patents 
granted  to  Edward  M.  Chaclbourne,  of  San  Francisco, 
Calif.,  are  on  a  pavement  of  this  type.  His  patents  are 
the  following:  950.9  10:  9(i5,5G2;  982,247;  994,092, 
1,103,127.  Leoxaud  L.  Hoiil. 

Sausalito,  Calif.,  Sept.  10,   1910. 

CIkacsi^®''s  Hesi^s^  Sttireet  Tra^c 

Sir — An  item  on  p.  597  of  Engineering  News  of  Sept. 
28,  gives  traffic  figures  on  Fifth  Ave.  at  42d  St.,  Xew 
York  City,  which  is  claimed  to  have  the  heaviest  traffic 
in  the  world. 

Pardon  us  for  ]iresuming  that  Chicago  can  beat  these 
figures,  but  the  following  figures  were  taken  from  the 
Chicago  Tribune  and  are  an  efficient  counting  by  the 
Police  Department:  State  St.,  between  Madison  and 
Washington  St.,  Chicago,  on  July  19,  1915,  had  ll,6i'4 
vehicles  passing  between  8  a.m.  and  6  p.m.,  or  1,167  pev 
hr. ;  on  Rush  St.  bridge,  Chicago,  on  July  13,  1915,  there 
were  counted  13,600  vehicles  between  9  a.m.  and  6  p.m., 
or  1,511  per  hr. 

If  the  traffic  on  Rush  St.  bridge  had  been  taken  from 

8  a.m.  to  7  p.m.,  a  much  greater  figure  ]>er  hour  wouhl 
have  resulted,  in  my  estimation,   for  from   8  o'clock  to 

9  o'clock  in  the  morning  and  from  6  o'clock  to  7  o'clock 
at  night  are  very  congested  periods.  L.  S.  Bkodd. 

Ill  We.-;t  Washington  St.,  Chicago,  Oct.  10,  1910. 

I         HOTES  AHD  QUEI^EES         | 


i'ulillf  ImprovemciitN  Are  I'ropoHeil  in  Honolulu,  nnil  the 
municipal  government  of  that  city  ha-s  rcciucHted  the  chamber 
of  commerce  and  other  civic  orRanlziUions  to  discuss  a  pro- 
posed loan  plan,  whereby  the  Kovernmcnt  would  bond  the  city 
for  $1,000,000  for  certain  public  improvenicnta.  Including  aewer 
and  water  systems,  new  roads  and  a  city  hall.  The  water- 
works ticpartment  has  recommended  out  of  the  funds  thus 
obtained  the  following  Items:  The  sum  of  $ir,0,000  for  a  nitra- 
tion plant  for  the  Uuanu  Valley  reservoirs,  $1.10,000  for  a 
sewerage  system  for  the  Walklkl  district  and  $80,000  for 
water  meters.  The  mayor  has  proposed  $100,000  for  the  pur- 
chase of  a  lot  and  construction  of  a  city  hall  and  $100,000 
for  roada. 
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ik'ii  iiiteie.-itefl  in  all  phases  of  tlio  I'lfcn-ic-railway  in- 
dustry— opeiatiiig  officials,  eiiofiiieprs,  actoiuitants,  claim 
asents.  traffic  men  aufl  supply  mannfaoturers — gathered 
at  Atlantic  Cit}-.  X.  J.,  for  the  thii-ty-fifth  anniial  con- 
vention of  the  American  Electric  Railway  Association 
and  its  sub.sidiary  organizations.  This  was  the  fir.st  con- 
vention which  has  been  held  since  the  manufacturers  were 
taken  into  the  organization  on  the  same  hasis  as  railway 
comjianies.  This  was  the  first  time  that  the  exhibit  of 
electric-railway  appliances  and  the  entertainments  have 
been  under  the  <lirect  control  of  the  main  association  in- 
stead of  the  independent  manufacturers"  association. 

^More  than  ever  before,  the  convention  reports  jnctured 
the  detailed  progress  of  conanittees  in  charge  of  the  co- 
operative efforts  of  the  electric  railways  thus  joined — in 
matters  of  administration,  publicity,  public  relations, 
technical  education,  standard  practice,  valuation,  compen- 
sation for  carrying  mail,  electrolysis,  etc.,  but  in  compara- 
tively few  cases  were  important  dcvclo]iments  repoi'tcd  at 
their  climax. 

\'  ALT  ATIOX    XoiLEXt'LATUIIK 

One  of  the  most  important  reports  was  that  of  the  Val- 
uation Committee  (J.  X.  Shaunahan.  X'cwport  Xews  & 
Hampton  Ry.,  chairman)  giving  a  bibliography  complete 
to  Jan.  1,  1 !)!(;,  and  a  list  of  21  terms  (defined  by  C.  0. 
Young,  Consulting  Engineer,  Xew  York  City)  which 
covered  all  that  were  thought  necessary  in  valuation  work. 
In  another  a])pendix  was  a  paper  by  P.  J.  Kealy  (Kansas 
Citv  Railways  Co.)  defining  the  various  "overhead  charges"' 
which  properly  could  be  loaded  uixm  l)are  construction 
expenses  to  obtain  ti-uly  complete  cost  figures.  Ty]ncal 
allowances  for  engineering  and  su]ierintpndence.  organ- 
i/fation  and  legal  advice,  interest  during  construction,  con- 
tingencies, etc.,  were  cited.  It  was  adxocated  that  over- 
head items  definitely  apportioned  on  deiireciating  proji- 
erty  be  amortized  but  that  other  overhead  charges  enter 
]iprnianent  ca]iitaiization. 

i'ri;i.i(  ITV  Poi  TitiXEs 

The  subject  wbicli  armiM'il  the  must  interest  was  that 
of  "Publicity,"'  informally  but  interestingly  presented  by 
Iv}'  L.  Lee  of  Xew  York  City,  formerly  Assi.sfant  to  the 
President  of  the  Pennsylvania,  \\.\l.  His  argument  was 
that  publicity  was  the  key  to  surcosful  ])ublic  dealings 
but  tliat  it  must  be  full  and  frank  and  in  no  way  dis- 
.sembling.  A  utility  entering  on  a  policy  of  publicitA' 
must  be  pre]iared  to  ftirnisli  the  iiest  service  ])ossible 
under  the  situation. 

The  discussion  lonsisti'tl  of  qiicstinns  largely;  the  ses- 
sion was  a  little  startled  by  the  statement  of  T.  X.  ilc- 
Carter,  President  of  the  Public  Service  Corporation. 
Xewark,  N.  J.,  that  be  sometimes  felt  that  the  ]Hihlic 
did  not  care  whether  it  was  fair  or  not — that  possibly  the 
fairness  of  the  jieople  could  not  be  relied  on. 

'I"his  same  to]iic  was  taken  up  by  .\.  B.  Tjeach  (A.  15. 
Leach  &  Co.,  hankers,  of  Xew  York  City)  in  a  later  ad- 
dress on  "The  Financial  Development  of  Electric  Rail- 
ways." But  Mr.  Leach  reiterated  his  firm  faith  in  the 
fairness  of  the  peo])le  and  attributed  any  existing  hostility 
toward  utilities  to  lack  of  knowledire. 


The   committee  on   Public   Relations  (Chairman,  if 
Allen,  Syracu.se,  X.  Y. )  reported  that  the  ambitiou- 
licity    program    proposed    by    earlier    committee- 
tributing  literature,  furnishing  lecturers,  newspapi"  ,1 
vertising,  etc. — had  not  been  carried  out  through  fa  p 
to  secure  the  necessary  funds.     On  account  of  the  s''  '■ 
of  iocal  company  periodicals  and  other  publicit\- 
the  committee  recommended  that  the  best  and  nio-' 
nomical  eff'ort  which  the  association  could  make  won  i 
to  establish  a  bureau  for  supplying  local  compain'e- 
authentic  data,  important  commission  decisions,  i 
addresses,   etc..   for  assisting  in   supplying  speaki 
local     meetings,     and     articles     for     newspapers 
periodicals. 

S()(  lAi,  T\sri;AX(E 

A  subconunittee  of  the  Public  Relations  Comii 
(J.  T).  ilortimer,  ^lilwaukee.  Chairman)  presented 
view  of  the  develo]nnent  of  protection  and  bettermei 
surance  schemes  to  be  found  in  various  countries.  1 
not  discuss  the  desirabilit}'  of  such  insurance  but  si 
what  bad  been  done — by  governments,  employees'  c 
izations,  employers,  coiiperative  associations,  and  n 
writers — what  could  he  provided  for  certain  sums, 
errors  were  prominent,  etc. 

FiriHi:  (II'  Et,i:(TI!I('  Roads 

F.  J.  S])rague  (Consulting  Engineer,  Xew  York 
in  an  address  on  '•The  Physical  Development  of  EI 
Railwavs,"'  held  up  the  use  of  electric  traction  on 
lines  as  the  one  bright  spot  in  the  future  of  el 
railroading — through   financial   advantage   there. 

The  Committee  on  Taxation  ^tatters  (Chairman, 
Lyons,  Boston  Elevated  Railway  Co.)  reported  gen 
continued  increa.ses  in  the  burdens  placed  on  eleetrii 
ways  by  states  and  nmnicipalitie.s — direct  taxation, 
cars,  more  paving,  more  supjiort  of  regulating  co 
sion,  more  detailed  reports,  shorter  hours  of  labr 
creasing  cost  <if  workmen's  conipettsation  acts,  etc. 

KxGixEEi!i.\(;    Association 
The  Committee  on  Power  (ieiieration  recoininend 
dojition  of  the   .Vmeriran    Society 


as   -itandanl. 


of  Mechanical 
1   the  conventii 


neers  Boiler   Cod 
cei.ted    it. 

The  Committee  on  Buildings  and  Structures  ( 
man,  C.  F.  Bedwell.  Public  Service  Ey.,  Xewark. 
presented  several  designs  of  steel,  concrete  and 
fences  for  rights-of-way,  of  modern  oil  Inmses,  of  iiii 
ex]iansion  joints  for  reinforced  concrete,  a  new  h 
contract  and  general  specificati<uis. 

The  Committee  on  Tleavy  Electric  Traction  ( 
man,  E.  li.  Hill,  Consulting  Engineer,  Pennsylvani: 
Xew  York  City)  offered  tables  of  the  characteri- 
electric  locomotives  in  ii>e  on  important  steam  an 
trie  railways  iif  the  world. 

The  Committee  on  Ecpiipmeiit  (Chairman,  \V.  (i 
Brooklyn  Rapid  Transit  System)  reported  revised 
ards  for  wheel  contours,  steel-wheel  designs,  brak 
axles  and  journal  ]iarts.  Progress  in  matters  of  >■■ 
tilation  and  lighting  and  painting  was  re\  iewed  ^ 
recommendations. 

The  Committee  on  Power  Distribution  (Chairn 
L.  Cadlc.  Xew  York  State  J>ys.,  Rochester,  N.  ^ 
fered  revised  standards   for  overhead  construction 
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d  informatiou  on  third-rail  constnu-tion.  etc.  Its 
;t  notable  contribution,  liowever,  was  a  nionograpli  on 
theory  and  design  of  reinforced-concrete  poles — based 
its  own  studies  and  experiments.  This  section  of  the 
irt  discussed  such  topics  as  the  theory  of  beam  flexure 
lied  to  reinforced-concrete  poles,  derivation  of  flexure 
uulas,  effective  distance  of  reinforcing,  allowable  pole 
lin^,  pole  dimensions  at  any  section,  and  computations 
trength. 

XkW     OlllCEHS 

'he  following  important  nMiccrs  elected  are  noted  from 
complete  slates : 

..raerican  Association — rresident.  L.  S.  Storis.  president 
he  Connecticut  Co.,  of  New  Haven;  vice-presidents,  T.  S. 
iams,  president  of  the  Brooklyn  Rapid  Transit  System, 
York  City.  J.  J.  Stanley,  president  of  the  Cleveland  Rail- 
Co.;  J.  H.  Pardee,  president  of  the  Eastern  Pennsylvania 
ways  Co.,  Pottsville.  Penn..  and  Richard  AlcCuUoch.  presl- 
of  the  United  Rys.,  of  St.  Louis. 
;ngineering  -Association — President,  F.  R.  Phillips,  Pitts- 
:h  Rys.;  vice-presidents,  G.  TV'.  Palmer.  Jr..  Bay  State 
et  Ry.,  Boston:  W.  G.  Gove.  Brooklyn  Rapid  Transit 
em;  E.  R.  Hill.  Pennsylvania  R.R.,  New  York  City, 
'ransportation  and  Traffic  Association — President,  L.  C. 
lley.  Stone  &  Webster.  Houston,  Tex.;  vice-presidents, 
H.  Collins.  Fonda,  Johnstown  and  Gloversville  R.R.,  Glov- 
ille,  N.  Y.;  R.  P.  Stevens.  Mahoning  &  Shenangro  Valley  Ry.. 
ngstown,  Ohio;  L.  H.  Palmer,  Eastern  Pennsylvania  Rys., 
sville,  Penn. 


_     Roof&ft/er 


mi.  Ba.Icoiras''  Bs'SicSs.eSs 

In  designing  the  new  lluntington  High  School,  the 
architect.  Vitus  T.  Bitter,  of  Huntington,  W.  Va., 
lilanncd  for  an  auditorium  with  a  large  balcony,  the 
overhang  being  about  '.Vi  ft.  Conditions  were  such  as 
to  make  it  desiralile  to  carry  this  balcony  without  either 
column  sup])orts  below  or  hanger  su])ports  above.  The 
brackets  were  therefore  detailed  as  jiure  cantilevers  from 
the  columns,  which  put  an  enormous  Ijcndiiig  and  over- 
turning moment  on  the  columns. 

The  construction  is  sketched  in  the  drawing  herewith. 
C.  O.  Gilbert,  of  Pittsburgh,  Penn.,  who  was  structural 
engineer  for  the  architeit  on  this  work,  provided  columns 
;50  in.  deep  which  he  designed  to  be  capable  of  trans- 
ferring the  bending  from  flrst  floor  line  to  roof  line, 
a  height  of  about  ."i;}  ft.;  this  was  equivalent  to  neglecting 
the  uncertain  amount  of  lateral  support  given  by  the  in- 
termediate floors  in  that  part  oC  the  building  back  of 
the  auditorium.  The  overturning  moment  was  absorbed 
at  the  floor  line  by  the  auditorium  floor  steel,  acting  in 
tension,  and  at  the  roof  line  (or  high  third-floor  level) 
by  the  comiiressive  resistance  of  the  roof  slab  and  also 
liy  bending  in  tlie  roof  girders. 

The  roof  girders,  on  account  of  tlieir 
unusual  functii)ns  in  this  structural 
system,  were  detailed  with  joints  ca- 
pable of  taking  bending,  as  indicated 
in  the  drawing.  The  stress  was  car- 
ried through  the  posts  of  the  trusses 
on  which  they  are  supported  by  means 
of  large  gusset  plates,  and  additional 
strength  at  the  joints  was  obtained  by 
placing  brackets  against  the  trns.s  posts, 
under  the  girders.  The  auditorium 
ceiling  contain.s  two  tru.sses  of  the 
kind  shown,  spaced  about  35  ft. 
Transverse  to  them  are  four  lines  of 
girders  or  ])urlins,  sjiaced  171/2  ^^-^  the 
room  thus  being  about  88x100  ft. 
The  wall  opposite  that  in  which  the 
l)alcony  columns  are  set  contains  no 
steel.  The  roof  girders  merely  re.st 
upon  this  wall.  The  thrusts  from  the 
balcony  bracket  columns  do  not  con- 
tinue to  the  end  of  the  girders,  how- 
ever, but  are  transmitted  from  the 
girders  into  the  roof  slab  and  thence  go 
into  the  side  walls,  whose  strength 
longitudinally  is  am])lc  to  carry  this 
thrust  as  a  shear  between  roof  line  and 
first-floor  line.  Thid  structure  was 
huilt  during  the  jiast  year.  The  steel 
.  iintractor  was  the  Hiverside  Bridge  Co. 


SS 


of 


Ihr    Street    Rnll 

been  estimated  at  $2.'i.- 
Capix'len.  city  engineer 
•  city  council.     The  valu- 
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The  Vnluf  of 
MIniipiiiHiIlM  ha.s 
l*U.:fOS  by  K.  W. 
in  a  report  to  th 
ation  wa.s  made  for  use  In  connection  with 
the  draftlnK  of  ii  franchise  to  take  the 
place  of  one  that  expires  In  192.3.  The 
main  ItemH  In  the  I'stlmate  are  $21,152,221 
for  cost  to  reproduce  new,  $4,270,230  for 
development  to  a  KOlnK-concern  basis;  and 
$491,30$  for  water-power  leases  to  July 
1,  1923.     The  valuation  cost  $14,900. 
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iSYNOPShS—The  Cumberland  Valley  R.R.  cross- 
ing  at  Harritihurg  is  being  transformed  from  a 
single-track  steel  truss  bridge  into  a  double-trad' 
reinforced-concrete  arch  bridge.  The  south  half 
was  built  Iwit  season  without  interrupting  traffic, 
and  the  steel  trusses  were  taken  down.  The  north 
half  is  now  under  construction.  Two  months' 
work  icas  lost  when  a  flood  in  June,  1916.  washed 
out  the  service  trestle,  which  is  a  vital  factor  in 
the  erection. 

The  second  half  of  the  Susquehanna  bridge  of  the 
Cumberland  Valley  R.R.  at  Harrisburg,  Penn.,  is  being 
erected  by  practically  the  same  method  as  that  em- 
ployed on  the  first  half  last  year — that  is,  from  a 
working  trestle.  The  pneumatic-concreting  plant  has 
been  abandoned,  however,  and  all  concreting  is  being 
done  by  buckets  hauled  on  flat-cars  and  handled  by 
locomotive  cranes.  The  contractor  ha.s  about  100  men 
at  work  at  the  present  time  and  expects  to  finish  by 
December. 

Prior  to  1915  the  Cumberland  Valley  crossed  the 
Susquehanna  at  Harrisburg  on  a  single-track  deck-truss 
bridge  of  23  spans  of  170  to  185  ft.  The  bridge  is 
being  transformed  into  a  double-track  concrete-arch 
structure  of  45  spans  averaging  Tfi  ft.  In  carrying  out 
this  very  large  program  the  old  piers  were  used,  being 
jacketed  with  concrete  as  well  as  extended  in  length  to 
carry  a  wider  bridge,  and  between  each  pair  a  new 
concrete  pier  was  built.  The  railway  put  in  all  the 
footings  in  three  months  in  the  fall  of  1914.  The  first 
half  of  the  bridge  was  completed  in  1915,  as  fully  de- 
scribed in  Engineering  News  of  Mar.  23,  1916,  p.   537. 

At  the  close  of  the  1915  season  the  contractor  stored 
his  plant  on  an  island  crossed  by  the  bridge.  Here 
also  were  located  the  mixing  plant  and  construction 
office.    This  island  was  an  important  factor  in  the  work. 

In  building  the  first  or  south  half  a  working  trestle 
was  built  alongside  the  bridge  extending  from  the  island 
to  the  Lemoyne  bank.  The  river  bed  is  limestone, 
making  it  impossible  to  drive  piles  for  the  trestle,  which 
therefore  was  erected  on  sills  laid  on  the  rock  bottom. 
The  deck  carried  two  tracks  for  the  dinkeys  and  bucket 
cars,  the  two  inner  rails  being  of  standard  gage  to  suit 
the  locomotive  crane  that  set  and  shifted  the  forms  and 
poured   the  concrete. 

June,  19H),  Flood  Cost  Two  ^Iontiis'  AVokk 

Work  on  the  north  lialf  started  in  A])ril,  l!)l(i.  Fii'st. 
a  trestle  was  built  along  the  north  side  similar  to  the 
one  that  had  been  on  the  south  side.  The  stringers  for 
the  trestle  were  70-ft.  T-beams,  used  without  any  punch- 
ing or  riveting,  so  as  to  liave  maximum  scrap  value 
afterward. 

As  soon  as  the  trestle  was  in  place  from  the  island 
to  the  east  bank,  concreting  started  on  the  "umbrellas," 
the  piers  having  already  been  carried  \\p  to  springline. 
One  arch  had  l)een  concreted  when  a  flood  came  down, 
damaging  the  trestle  and    causinsi  considerable   anxietv. 


The  trestle  was  immediately  lashed  to  the  bridge,  a' 
it  was  hoped  that  it  would  hold.  This  flood  was  oi 
a  feeler,  however.  On  June  16  a  real  flood  appear, 
which  speedily  wiped  out  most  of  the  trestle  and  serim 
weakened  the  remaindei.  The  steel  stringers  were  - 
aroiind  the  pieps  by  the  swift  current,  necessitatinj: 
extensive  beam-straightening  work  described  in  Engin. 
ing  Xews  of  Aug.  31,  p.  386. 

All  work  had  to  be  discontinued  until  the  water  w. 
down ;  then  the  2,000-ft.  trestle  was  reconstructed,  t 
>traightened  I-beams  being  made  to  serve  again. 

The  plan  of  attack  on  the  second  half  was  to  be  siiir 
to  that  originally  devised  for  the  south  half,  except  i 


PIGS.     1     AND     2.       EAST    CHANNEL    TRESTLE     FOR   T 
SUSQUEHANNA    BRIDGE   AFTER   THE    JUNE    FLOOD 

Fig.  1 — Shows  racked  trestle  remaining  after  flood  1 
wa.shed  out  the  greater  part.  Fig.  2 — Steel  stringers  wrapi 
around  the  middle  pier  in  view 

wdrk  was  to  start  at  the  Harrisburg  end  and  prw 
toward  the  island.  As  the  concreting  progressed, 
service  trestle  was  to  have  been  torn  down  and  ercc 
from  the  island  toward  the  Lemoyne  end,  so  that  by 
time  the  east-channel  spans  of  the  bridge  were  finisi 
the   west-channel   spans  would   be   well   under  way. 

The  effect  of  the  flood  prevented  the  execution  of  ■■ 
logical  plan.  Instead  of  working  from  the  east  ba 
concreting  is  going  on  wherever  possible.  On  Aug. 
nine  arches  had  been  poured  east  of  the  island, 
the  west-channel  spans  no  work  had  been  done  «'>' 
springline.  On  Sept.  16,  twenty-three  arches  had  Ik 
])oured,   completing  the  cast-channel    spans. 

Last  season,  when  work  ended  on  the  south  half. 
steel  arch  forms  were  left  in  place  under  the  arches  1 
concreted.  Now  when  it  is  decided  to  pour  a  certain  a 
on  the  north  half,  the  center  already  in  place  under 
south  hair  of  the  same  span  is  ]iulled  by  a  crane  t" 
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w  position.    Some  of  the  spans  are  77  ft.,  and  some  are 

1/^  ft.     The  same   centers  can  be  used  for  either  by 

e  simple  expedient  of  blocking  the  lagging.     There  are 

I  "Ten  sets  of  Blaw  steel  centers,  six  spandrel-wall  forms, 

ur  umbrella  forms  and  four  coping  forms.    The  lagging 

.   the  centers  is  made  up  of  two  thicknesses  of  8x3-in. 

■  inks.     This  lagging  will  be  sold  when  the  contract  is 

impleted.      As   there   are    so    many    more    arches    than 

lA  forms,  it  is  usually  necessary  to  pull  a  center  from 

;  completed   arch   to   the   site   of  another   arch.      First, 

e  center  is  jacked  up  so  as  to  remove  the  blocking  under 

when   it  is  let  down  on   rollers  made  of  3-in.  pipe 

ed  with  grout  to  prevent  crushing  of  the  rollers.     A 

ick-and-fall  is  attached  to  each  of  the  front  corners 

1  the  form,  the  two  lines  running  to  snatchblocks  and 

ing  secured  to  the  trestle  deck,  then  to  the  front  of 

i  ocomotive  crane,  to  which  the  block-and-fall  is  fastened. 

'  le  crane  is  propelled   forward  or   backward,   and   the 

.  iter  is  drawn  onto  trucks  of  dump-cars  and  transported 

its  next  position. 

The  first  arch  of  the  east  end  has  a  span  of  69  ft., 

1  for  concreting  this  a  tin -covered  wood   center  has 

erected  on  the  job.     This  same  center  will  be  used 

nncrete  the   two   arches    on   the   extreme   west   end. 


3.    SOUTH   HALF  OF  THE   SUSQUEHANNA   BRIDGE. 
SHOWING   STEEL   WORK   STILL   IN    PLACE 


FIGS.   1  .-^ND  b      JIOVI.M;  a  steel  ARCH  CENTER  TO  NEW 
POSITION.     STEEL  BR.\CKET  SUPPORTS  FOR  CENTER 

Fig-.  4 — The  center  is  conveyed  on  trucks  of  Western  dump 
cars.  When  the  trucks  were  not  in  requisition  they  were  usu- 
ally stored  in  the  river,  from  which  they  were  fished  by  crane 
when  needed.  Fig.  5 — The  brackets  and  center  are  on  a  south 
span.  New  brackets  will  be  installed  on  the  north  and  the 
form  will  be  pulled  over  on  them  by  crane  running  on  the 
north  trestle 

These  two  arches  are  also  of  69-ft.  span  and  are  located 
on  the  farther  side  of  a  railway  crossing.  A  separate 
concreting  plant  on  the  west  bank  will  furnish  concrete 
for  these  two  spans. 

One  mixing  plant  is  used,  and  only  one  method  of 
handling  is  employed — by  bucket  and  crane.  The  ])iant 
is  located  on  the  island  and  is  supplied  with  material 
by  means  of  a  high  trestle,  which  extends  from  the.  bridge 
over  the  bins.  There  are  two  sand  bins,  two  stone  bins 
and  two  Hains  mixers  of  %-yd.  capacity  each.  It  has 
been  found,  however,  tliat  with  the  method  adopted  to 
move  the  concrete,  only  one  mi.xer  is  required.  The 
concrete  for  the  arches  is  1  :  2  :  4 ;  that  for  the  piers  is 
1:21^:. 5.  The  mixer  disciiarges  directly  into  1-yd. 
Tnsley  buckets  (two  on  a  car  jiauled  by  a  ga.soline 
locomotive).  When  V)Oth  buckets  have  been  filled,  the 
dinkey  moves  forward  olf  the  siding  and  onto  tiie  trestle, 
proceeding  to  the  point  of  concreting. 

The  concreting  routine  above  springline  is  as  follows: 
First,  the  umbrellas  are  poured,  then  the  arch,  then  the 
arch  spandrel  wall,  the  pier  spandrel  wall,  the  arch  coping 
and  the  pier  coping.  Concreting  is  carried  on  at  only 
one  point  at  a  time. 

ruoGRESs — 'I'liK  Outlook   koi;  ('(i.mi'i.i.tiox   Tins  Yk.vi; 

Tiicrc  nre  15  umbrellas,  arciics  and  siKindrci  walls  to 
Ijc  placed,  and  only  9  of  these  units  had  been  liiiisiied 
on  Aug.  17,  at  whiclx,  time  there  remained  but  three 
month.s  open  to  the  contractor  this  .season.  On  Aug.  17 
there  was  16,000  cu.yd.  to  be  placed,  and  concreting 
was  going  forward  at  the  rate  of  5,000  cu.yd.  per  month. 
Til  the  week -commencing  Aug.  7  there  was  placed  lyl-'iO 
yd.,  while  the  totiil  for  August  was  5,500  cu.yd.  The 
rate  of  placing  during  the  actual  process  of  concreting 
is  1  yd.,  or-21/2  batches,  every  2  min. 

La.st  sea.son,  with  day  and  night  shift-;,  8,000  yd.  of 
concrete  was  placed'  per  month  in  September  and  October. 
Since  Aug.  1  a  night)  sliift  has  been  employed  to  erect 
forms. 

By  the  middle,  of  September  several  hundred  feet  of 
the  new  trestle  (toward  the  west  bank)  iiad  been  erected. 
Although  it  was-  October  before  the  east  end  of  tiie 
present  trestle  could  be  dismantled  and  the  70-ft.  I-bcanis 
released,  tiiere  were  enough  spare^  beams  to- go  ahead  witli 


:()G 


E  X(i  I  X  H  K  i;  I  X  c    X  1-:  w  s 


Vol.  ;(i.  X,),  ii; 


tho  new  trestle.  In  SeptcmlR'r  the  railway  fort-es  Ix'gaii 
lillin,i>-  tho  east-ehamiel  arrhe>  with  niuiih  stone,  prepara- 
toi'v  to  laying  tracks. 

The  Kohert  Grace  Contraotiug  Co.,  Pittshurgh,  is  repre- 
sented on  the  job  by  F.  P.  Kemon;  for  the  Cuniberlaurl 
X'allev  H.K..  Ci-osl)y  Tappaii.  Engineer  of  Constntction, 
is  in  charge  nmler  tlie  general  dii-ection  of  Thomas  K. 
Kennedy.  Plngincei-. 

The  twenty-third  annual  convention  of  the  American 
Society  of  .Municijia!  Inipmveincnts.  held  at  X'ewark, 
N.  J.,'  Oct.  10  to  ^■i.  will  mark  eitlicr  the  first  step  in 
its  regeneration  or  prove  a  hlnw  to  its  jirestige  which 
will  be  hard  to  recover  from — all  according  to  the  nse 
made  of  the  experience  by  the  new  committee,  under 
George  W.  Tillson,  consulting  engineer,  of  Brooklyn, 
N.  Y.,  which  will  he  appointed  to  revise  the  constitittion 
and  by-laws  of  the  society.  The  passing  of  the  motion 
made  "by  Prof.  Arthur  H."  Blanchard,  of  Xew  York  City, 
for  the  a]ipointment  of  this  eommittee  may  perhaps  prove 
the  most  impoi-tant  business  transacted  by  the  convention. 

The  work  of  the  convention  was  handicapped  by  an 
overloaded  program,  so  that  many  papers  were  postponed 
from  day  to  day,  or  omitted  altogether.  The  three  most 
important  subjects  considered  were  pax  ing,  sewage  di.<- 
posal,  and  garbage  and  refuse  dispusal.  The  proper 
presentation  and  adetpiate  disciissidii  of  any  one  of  these 
.subjects  would  lunc  taken  all  the  iinic  of  the  cmncntion. 

I'AVKMKN  IS    AMI    liOAl)    (^ru.oiNo 

One  of  the  most  important  subjects  taken  up  was 
the  necessity  for  limiting  the  loads,  speed  and  size  of 
vehicles.  A  pajK-r  with  this  title  was  read  by  E.  W. 
Stern,  chief  engineer  of  the  Bureau  of  Highways  of  the 
liorough  of  .Manhattan,  Xew  York  City.  The  damage 
done  to  West  42nd  St.,  New  York  City,  by  lli-tim  motor 
trucks,  described  in  Engineering  Neirs  of  last  week, 
formed  the  principal  theme  of  this  ]iaper.  'Che  dis- 
ettssion  brought  out  much  information  in  regard  to 
ordinances  to  jirexeni  such  damage,  but  it  seemed  thai 
these  laws  are  \ery  clilhcult  of  enforcement.  It  was  voti'il 
to  have  the  matter  referred  to  the  Trallic  Cimnnittee 
of  tlie  .society  for  drafting  a  ]iro])osed  law. 

Other  papers  read  were:  "Business  System  .V]iplied 
to  Street  and  Road  Management,''  by  Will  I'.  Hlair, 
secretary  of  the  X'ational  Paving  Brick  Manufacturers' 
Association,  Cle\eland,  Ohio;  '"Hesurfacing  Old  Brick 
Pavements  with  Sheet  Asphalt  at  Cohnnbus.  Ohio,"'  by 
T.  II.  Brannum,  superintendent  of  as])hnlt  ;  ••The  Pro|ier 
Oil  for  Treating  Creosolcd  A\'ood  Blocks  for  J'aving," 
by  P.  C.  Heilly,  Tndiamipolis,  Tnd. ;  "CoiuTete-Paving 
Experiences,"  by  K.  C.  Gaynor,  Siotix  City,  Iowa ;  '"The 
Maintenance  of  Pavements,'"  by  C.  D.  Pulloek,  considt- 
ing  engineer,  Xew  York  City.  (ieorge  (".  Warren, 
)ii-esidcnt  of  Warren  Bi'otbers  Co.,  Boston,  ^lass.. 
desci'ibed,  with  nioxing  jiictures,  the  famous  Cohunbia 
Highway  in  Oi'cgon  ;ind  also  read  a  pajier  on  tlie  passing 
of  niacailam  roads.  There  were  many  other  papi-rs  read 
by  title  only. 

The  chief  features  of  interest  to  paving  engineers  were 
the  repoi'ts  of  the  subconnnittees  on  various  kinds  of 
pavements.     That  on  sheet-asphalt  ]iavcinents.   l'"i-ancis   I'. 


Smith.  Xi'w  Yi>rk.  cliainnan.  reported  the  specificatimi 
adopted  la>t  y<ar  with  only  minor  changes.  An  atteni] 
was  made  on  the  tiooi-  of  the  convention  to  have  tlv 
s])ecification  amemled  by  adding  thereto  an  entirely  ii 
dependent  specification  in  which  a  distinction  was  mail 
lictween  the  so-called  natural  asphalt  and  residual  asphiil 

Tho  present  standard  specification  of  the  society  is 
■•blanket"'  specification  under  which,  it  is  held,  any  goe 
paving  asphalt  may  come  in,  although  it  is  ])rovided  tlii 
the  contractor  must  name  the  brand  he  intends  to  ii> 
The  ])id])osed  additional  specification  would  have  requin 
separate  bids  on  natural  and  residual  asphalts.  Tl 
attempt  to  liave  this  adopted  led  to  a  long  wrangle,  whic 
was  ended  only  by  a  roll-call  vote  on  whether  or  not 
should  be  adopted  against  the  advice  of  tho  siibcommittt 
and  of  the  chairman  of  the  general  committee  on  standar 
specifications.  The  proposed  ado]ition  xvas  defeated  by 
Note  of  ■V■^  yes  to  59  no. 

The  su!)committoe  on  wood-block  pavement,  E.  ] 
Dutton,  Minneajiolis,  ilinn.,  chairman,  rejiorted  a  specii 
cation  for  creosote  oil,  which  has  been  or  will  soon  I 
accepted  by  five  national  engineering  societies,  ineludir 
the  American  Society  for  Testing  ilaterials.  There  Wi 
the  usual  opposition  fnmi  material  manufacturers,  h 
the  rejjort  was  adopted.  The  sjjecification  is  very  near 
the  same  as  that  adopted  at  the  convention  in  Da|tc 
last  year.  A  specification  for  water-gas  tar  as  a  presCTV 
five  is  included,  but  is  not  yet  recommended  by  tl 
subcommittee.  Provision  is  also  made  for  a  bituminoi 
cushion  or  bedding  course,  and  for  fioat  and  coke 
of  the  oil,  which  are  new. 

The  subcommittee  on  bituminous  ]iaving,  Linn  Whii 
Chicago,  111.,  iliairman.  u.<ed  its  infiuence  to  have  tl 
bitulithic  specification  adopted  by  the  Dayton  conventi( 
last  year  omitted  from  the  standard  sjiccifications'  f 
the  ensuing  yeai',  but  a  motion  to  this  t'ffect  was  taWe 
after  a  rather  acrimonimts  disctission.  In  the  main^t 
s])ecification  for  asphaltic  concrete  jiavemont  was  fitl' 
changed.  e\ce]it  to  make  the  clauses  covering  the  asjihal' 
cenient  the  same  as  those  nmler  sheet  as])halt. 

Tlie  subcommittei'  on  brick  paxements  has  eliminat 
the  rattler  test  and  has  adopted  a  specification  for 
>aiid-cement    b(>dding  or  cushion  course,  which  is  recoi 


mended   ■■where   i)ro]ior  sand   cannot    be   obtained."     - 

specilicatioii  lias  yet  been  ado])ted  for  the  .so-call 
monolithic  tvpc  of  cunst ruction.  The  rei)orts  of  the  oti 
snbcommitlec>  on  paxing  contained  little  new  or  ditfcn 
from   the  >peeilii  al  ions   now    in    foi'ce. 

SrcKKt   ('i.i:\\im;    \mi    Ii'kitm;    Iiim'osai. 

L'ndcr  the  >uliject  of  gMrliage  and  refuse  disjiosal 
pa|)er  read  by  (i\ista\e  !>'.  Tiiska.  consulting  engine" 
Xew  York  City,  on  the  leduction  ]ilant  now  buildi 
on  Staten  Island  I'm'  the  treatment  of  all  Xew  Yi 
City  garbage,  was  of  interest.  Whether  this  plant  v 
be  completed  and  operated  or  not  is  a  nuitter  now  befi 
the  state  authorities;  if  built  it  will  cost  -i^ii.OOO.OOO  a 
will  be  the  largest  and  most  up  to  date  in  the  world. 

(iarbage  collection  and  incineration  in  the  small  Phi 
deljdiia  suburb  of  Sewickley,  Penn.,  were  described 
i'ldward  E.  J)uff,  borough  engineer.  The  ijrincijial  feati 
of  interest  was  the  method  of  collection  by  trans])ortati 
in  the  householders'  cans,  a  duplicate  can  being  left  wli 
the  filled  can  was  taken  away.  Other  pajiers  were  n 
liv  title  onlv. 


OrliilHT     lit.     litKi 
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"Street  Cleaniug-  in  Savannah,  (4a..""  was  t\w  subjoct 
;'  a  paper  by  E.  E.  Conaut.  diiel'  cuifjinotM-  itf  the  city. 
I'e  stated  tliat  most  published  material  on  street  elean- 
was  of  little  value  because  the  local  conditions  were 
ildom  given  in  sufficient  detail.  lie  has  employed  what 
■  calls  an  efficiency  timekeeper — a  younji:  technical 
adiiate — who  gathers  and  tabulates  itemized  cost  data, 
"lushing:  Its  Place  in  the  Street-Cleaning  Field'"  was 
c  subject  of  a  compendium  by  R.  W.  Parlin.  oi"  the 
iireau  of  ilunicipal  Research.  Xew  York  City.  A  j)aper 
I  "Some  Pulilie  Health  Aspects  of  T^efu-se  Collection,'' 
Charles  Seville,  Director  of  Public  Health,  of  Dallas, 
,'X.,  was  read. 

I SVhat  Happened  to  AcTivATED-SLunciK  Sv.mi'osium 
The  evils  of  an  overloaded  program  and  of  permitting 
tertainment  features  to  squeeze  out  real  discussion  were 
•ikingly  illustrated  by  the  fate  of  the   four  ])a.i)ers  on 
tivated  sludge.     This  is  a  subject  of  prime  interest  and 
portance.    At  great  labor  and  with  the  coiipei-ation  of 
luy  engineers  in  varioiis  parts  of  the  country,  (reorge 
<    Hammond.  Brooklyn,   X.   Y..   had  eolleited   descrip- 
iis  of  11  activated-sludge  plants,  expeiimental  and  per- 
ncnt,  prefaced  the  description  with  a  valuable  historical 
«•  and  ended  his   paper  of   .').')   printed   pages  with 
.est  of  conclusions.    In  addition.  T.  Ciuilkley  Hatton 
i  prepared  a  paper  of  13  printed  pages  on  his  work  at 
hvaiikee:    Harrison    T.     Eddy.    Boston,    ^lass.,    had 
itten    a    pajier    describing    ex]ierinu>nts    on    sheepskin 
I  mery    wastes,    and    Gustav    .J.    Requardt,    Baltimore, 
'  ,  had  summarized  experiments  made  there  with   the 
iited-slndge  pi'ocess  in  one  of  the  large  ImhofI  tanks, 
four  inqiortaut  jiapers  named  were  scheduled   with 
uthers  on  sewage  treatment  for  2  p.m.,  Wednesday, 
scheme  was   to   read   all   the   papers,   then    have   a 
ral  discussion.     The  large  attendance  at  this  .session 
>l  the  great  interest  in  this  group  of  papers. 
hilt  hajipened?    First,  of  all,  the  session  opened  late — 
iial  at  this  and  other  conventions.    Then  two  papers 
ilijects  foreign  to  this  .session  were  ])rcsented.     They 
'il  interest  and  suggested  discussion,  but  the  chair- 
announced  that  dijJcussion  must  Ik-  postponed  to  the 
ing  session.      At    '^   p.m.   the    four   activated-sludge 
i-  came  on,  supplying  material  enough  for  two  full 
MS.    The  chairman  announced  that  the  session  must 
at  4.;?0,  so  the  meeting  plaie  could  be  transformed 
a   banquet  hall,   and   that  the   discussion   on   these 
:s  also  would  have  to  be  continued  at  the  morning 
'II.     This  morning  session,  with    four  pajiers  of  its 
ind   postponed   discussion  on  six   pa])ers,   it   should 
"ted,   was  scheduled   for   !)   a.m.,    but  at    10.:iO   the 
iiTs   and    guests   oi'  the   association    were   due   at   a 
•ly  station  some  blocks  away  to  take  an   I'.xcursion 
The  net  result  for  the  activated-sludge  sym|)osium 
I   hasty   pn'sentati<jn   of  the  four   jiapors.      This   in 
did   not   so  nnich   matter,  as  all    were   ])rinted    in 
lie.  but  the  authors  and  their  auditors  all   felt  tlie 
of    the    occasion.      Discussion    directly    after    the 
'itation  of  tiie  jiapers  was  impossible.     In  fact,  even 
iiurricd  iire.sentation  was  interfered  with- by  a  start 
L'iii    moving    banquet   tables    into    the    room.      The 
'  iv  of  llie  Thuisday  morning  session  gave  no  o])])or- 
Nity  for  satisfactory   discussion.     The  net   result  was 
if  loss  of  a  splendid  opportunity  for  a  live,  informing 
--ion  of  OIK!  of  the  most  ini])ortant  subjects  before 
"  ipal  engineers  today. 


The  Avliiilc  incident  was  all  the  more  disheartening 
becau.se  (icorge  T.  Carjjenter,  Pawtucket,  R.  I.,  chairmau 
of  the  Committee  on  Sewerage  and  Sanitation,  had  not 
only  secured  a  valuable  collection  of  papers  on  sewage 
treatment,  but  also,  realizing  that  the  papers  could  not 
be  adecjuately  discussed  without  advance  printing,  had 
succeeded  in  gi4iing  all  but  one  of  the  papers  in  time 
to   ]>rint    ill    adxaiice. 

OiiiKi;  Muxu'ii'AL  Subjects 
A  papt'r  on  "The  Engineer  and  the  Pulilic:  A  Dis- 
cussi(m  of  the  Work  of  Bureaus  of  ^lunicipal  Research 
and  State  Leagues  of  ^hinici])alities,"  by  Edward  T. 
Paxtoii.  secretary  of  the  Bureau  of  JFunicipal  Research 
and  liel'ereiice,  rnixersity  of  Texas,  led  to  a  discussion 
of  bureaus  of  iiiuiii(i)ial  research  in  general  and  some 
criticisms  of  ilieir  work.  It  was  said  that  their  young 
employees  were  very  free  in  destructive  criticism  of  city 
public-works  departments  and  that  in  most  I'ases  the  fault 
lies  with  the  city  charter  and  laws  under  which  the  de- 
liartments  laliored.  rather  l''in  with  inellicieiicy  in  the 
de]iartments  tliemselves. 

"Water-Su]iply"  was  the  subject  of  a  committee  report, 
J.  W.  Ackerman,  chief  engineer  of  the  water-works  of 
.Vubuni.  X"^.  '\'.,  chairman,  and  a  paper  by  Roger  DeL. 
French.  ])iiiiri|ial  a.ssistant  engineer,  R.  S.  and  W.  S. 
Lea,  consulting  engineers,  Montreal,  Que.,  discussed 
breaks  in  cast-iron  pipe.  The  Newark  water-supply  was 
described  by  Morris  R.  Sherrerd,  chief  engineer  of  the  De- 
partment of  Public  Works.  "Recent  Developments  in 
Street-Lighting  Theory  and  I'ractice."  was  the  subject 
of  a  pa]ier  by  P.  S.  Millar,  general  manager  of  Electrical 
Testing  Laboratories.  Xew  York  City,  ^lany  other  papers 
were  crowded  out  by  tlie  extraordinary  length  of  the 
program. 

Fin  \\(  lAi,  CoNDiriox — Xhw  OFFitKiis 
The  financial  condition  of  the  society  is  in  a  healthy 
state.  The  membership  has  largely  increased — about 
35%  since  the  last  convention.  The  attendance  at  the 
convention  was  nearly  100.  and  altogether  the  society 
appears  in  a  flourfshing  condition. 

The  otKcers  elected  for  the  year  liUT  are:  President. 
.Vornian  S.  S]irague,  I'ittsburgh,  Pemi. :  treasurer,  F.  J. 
Cellarius,  Dayton,  Ohio:  secretary,  Charles  C.  Brown, 
Indianajiidis.  Fiid.:  and  chairman  of  the  Committee  on 
Convention  .Vrrangenients.  Geoi'ge  A.  Carpenter,  city 
engineer,  Pawtucket,  R.  I.  Th(!  place  chosen  for  the 
next  convention  is  Xew  Orleans,  La. 

The  City  of  X'ewark  did  much  to  make  the  convention 
an  enjoyable  one.  The  city  tendered  the  members  and 
guests  a  banquet  on  one  evening,  and  the  greater  part 
of  one  day  was  devotecl  to  an  excursion  to  the  new  port 
of  X^ewark  and  to  a  steamer  trip  around  Manhattan. 
.Vnother  half-day  was  devoted  to  an  automobile  trip 
through  the  Essex  County  jiarks. 

liiJurltfM  from  luhallntc  Kxhaunt  liaMeH  from  kuhoUiio  lucu- 
inotlveM  UHeil  In  mine  drifts  or  tunnels  are  discussed  in  "Coal 
.\Ke"  of  .Sept.  30.  A  numln  r  of  cases  are  cited  where  tli<- 
Doisonous  i-ffect  from  the  <'Xhnust  >;ases  discharBPd  by  gaso- 
line locomotives  In  mines  caused  Illness  amouK  the  worl<men 
and  Unally  cnmiiellcil  Ihe  use  of  the  machine  to  lie  discon- 
tinued. Whi-n  a  motor  is  working  |>erfcctly,  securing  complete 
combustion,  the  Kas  discharged  is  almost  wholl.v  CO:;  nml 
has  very  little  effect  on  health.  A  gasoline  engine,  however, 
due  to  Improper  adjustment  or  other  causes,  will  often  dis- 
charge unburneil  gasoline  vapor  In  large  (luantlties  and  its 
exhaust  may  contain  at  times  carbonic  oxido.  the  dangerous 
character   of   which    Is    well    ijnown. 
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A  wireless  dispatch  received  in  New  York  City,  Oct. 
15,  recorded  the  death  of  Virgil  G.  Bogue,  a  civil  engineer 
of  international  reputation,  while  en  route  from  Mexico 
to  New  York  on  board  the  steamship  "Esperanza."  l\Ir. 
Bogue  was  in  his  71st  year,  having  been  born  at  Norfolk, 
N.  Y.,  July  20,  1846.' 

Mr.  Bogue  graduated  from  the  Rensselaer  Polytechnic 
Institute  in  1868.  His  first  professional  work  was  as 
assistant  engineer  of  Prospect  Park,  Brooklyn,  N.  Y. 
After  a  year  there  he  resigned  to  become  an  assistant 
engineer  "of  the  Oroya  Ry.  in  Peru,  famous  as  reaching 
the  highest  altitude  of  any  railway  in  the  world.  Later 
he  was  manager  of  the  Trajille  Ry.  of  Peru. 

After  two  years  in  South  America  he  returned  to  the 
United  States  to  become  assistant  engineer  of  the  North- 
ern Pacific  R.R.  In  locating  this  line  across  the  Cascade 
Mountains  in  Washington  he  discovered  and  named 
Stampede  Pass,  through  which  the  line  is  built.  He 
remained  with  the  Northern  Pacific  to  supervise  the  con- 
struction of  the  road  through  Idaho  and  Washington 
until  1886,  when  he  was  appointed  chief  engineer  of 
the  Union  Pacific  R.R.  After  serving  five  years  in 
this  capacity  Mr.  Bogue  re- 
signed to  take  up  private 
practice  as  a  consulting  engi- 
neer with  offices  in  New  York 
City.  Since  then  he  had  been 
connected  with  many  notable 
railway  and  transportation 
problems.  He  was  a  member 
of  the  commission  appointed 
by  President  Harrison  to  in- 
vestigate methods  of  improving 
the  navigation  of  the  Cohimhia 
River  in  Oregon.  For  tlnco 
years  he  was  consulting  engi- 
neer to  the  Governor  of  New 
Zealand  in  connection  with  a 
proposed  railway  across  South 
Island.  Mr.  Bogue  was  also 
prominently  identified  witli 
New  York  City  engineering 
problems.  For  a  number  of 
years  he  was  consulting  engi- 
neer of  the  Department  of  Pub- 
lic Works  and  was  a  memVicr 
of  the  commission  appointed 
by  Mayor  Strong  to  determiiie 
the  feasibility  of  operating 
surface  cars  on  Brooklyn 
Bridge.  His  other  railway 
work  after  his  retirement  as 
chief  engineer  of  the  Union 
Pacific  was  important  and 
country-wide.  He  made  an  examination  and  report  on 
tlie  cost  of  reproducing  the  lines  of  the  Southern  Pacific 
Ry.  in  Oregon;  he  prepared  plans  for  water-front  im- 
provements at  Seattle  and  Tacoma,  Wash. ;  he  made  an 
examination  and  report  on  the  cost  of  revisions  and  im- 
provements of  the  Tehuantcpec  National  Ry.  of  Mexico 
and  of  its  port  facilities.  Anotlier  notable  work  was  a 
report  on  the  economics  of  the  Denver,  Western  &  Pacific 
Ry.     Tie  also  made  an  investigation  and  report  for  the 


Canadian  Pacific  Ry.  on  the  economics  of  the  existiiii 
line  from  Calgary  to  Vancouver,  B.  C.  as  compared  witi 
a  proposed  revised  line  and  other  routes.  He  was  con, 
suited  on  many  other  intricate  and  comprehensive  railwa ' 
problems. 

With  tlie  beginning  of  one  of  the  most  recent  transcon' 
tinental  railways,  the  Western  Pacific,  Mr.  Bogue  agai  ' 
became  an  active  railway  officer.  From  1905  to  1909  h' 
was  Vice-President  and  Chief  Engineer  of  this  compaii 

He  was  elected  a  member  of  the  American  Socie-ty  • 
Civil  Engineers  in  1869.  He  served  on  the  committ 
on  standard  rail  sections,  1891-1893,  and  was  a  direit^ 
of  the  society  at  the  time  of  his  death.  He  was  also 
member  of  the  Western  Society  of  Engineers,  of  tl 
American  Railway  Engineering  Association. 

^Ir.  Bogue  was  married  in  1872  to  Miss  Sybil  Estel 
Russell,  of  Canton,  N.  Y.     He  had  tliree  children. 


Robert  Swan,  Director  of  the  Department  of  Pub) 
Works   of   Pittsburgh,    Penn.,    died   from   heart   diseas 
Oct.  14.     Until  the  day  before  he  had  been  regularly 
his  office  and  his  siidden  death  came  as  a  shock. to  1 
many    friends    and    ac^iiaii 
ances.     He   was  born  in  t 
City    of    Allegheny    in '  18.' 
His  education  was  received 
the  public  scliools  of  the  c 
and  at  the  Western  Univers 
of  Pennsylvania  (now  the  U' 
versity  of   Pittsburgh),  wh( 
he  was  graduated  in  engine 
ing    in    1877.     In    1880  1 
Swan  became  city  engineer 
Allegheny.    In  1896  he  joii 
the  T.  A.  Gillespie  Co.,  p^ 
eral  contractors  of  New  Y 
City  and  Pittsburgh,  becom 
Vice-President     and     Gem 
^Manager  of  the  company. 
his    17    years    with   this  ci 
pany    he   was   connected  w 
many  of  the  most  notable 
gineering  projects  of  the  i 
including  portions  of  the  ( 
skill    Aqueduct,    the    enlai 
ment  of  the   Erie   Canal  ' 
the    New    York    State    B. 
Canal  and  the  Aspinwall 
ter  filtration  ])lant  of  the  t 
of  Pittsburgh.     In  the  fal 
1913  Mr.  Swan  was  appoii  1 
by  ^layor  Armstrong  of  P'  • 
bnrgh  to  the  office  of  Din^ 
of   the   De]iartnient  of  Pii 
An   appreciation   of  his  work   licrc   is  best  - 
pressed  in  llie  Mayor's  own  words: 

1  place  his  engineering  ability  combined  with  his  gi' 
common  sen.se  second  to  none  in  this  country.  He  was  t 
only  great  as  a  technical  man,  but  he  had  the  talent  of  1)  * 
able  to  explain  his  plans  and  ideas  in  such  a  way  as  to  n  « 
them  understood  by  the  humblest  layman.  In  addition  to  " 
sift  he  knew  how  to  handle  men,  get  the  greatest  amour '| 
work  out  of  them  and  at  the  same  time  retain  their  loj  >' 
and  respect.  He  was  big  at  heart  as  well  as  of  brain,  an  < 
was  actually  loved  by  those  who  came  in  contact  with  hhn 

He  is  survived  1)V  a  widow,  a  daughter  and  six  .«oiis 
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Mesa  Hlolldl  MeeftaEag 

A  joint  meeting  of  the  Iowa  and  Illinois  sections  of 
the  American  Water-Works  Association  was  held  Oct.  10 
and  11  at  Davenport.  Iowa.  About  50  members  and 
?iiests  were  registered. 

The  majority  of  the  papers  dealt  with  the  operating  side 
water-works  service.  Prof.  J.  H.  Dunlap  (University 
ji  Iowa),  in  a  paper  on  sanitary  drinking  fountains,  re- 
marked that  most  of  these  are  little  better  than  the  old- 
fashioned  drinking  cup.  A  papei'  on  "Experience  with 
Trenching  ^lachines  on  the  French  and  Eussian  War 
I  Fronts,"  was  read  by  A.  E.  Miller,  of  Des  Moines. 

The  second  day  of  the  meeting  was  devoted  to  a  round 
if  visits  to  the  water-works  and  filter  plants  of  the  United 
t'tatefe  arisenal  and  the  three  cities  of  Davenport,  Eock 
Tsland  and  Moline.  The  meeting  closed  with  a  dinner  at 
Moline,  at  which  an  address  was  delivered  by  Leonard 
\letcalf,  of  Boston.  His  subject  was  the  relation  of 
)ublic-service  commissions  and  public-utility  corpora- 
ions. 

The  Iowa  section  held  a  business  meeting,  at  which 

following    officers    were    elected:  Cliairman,    C.    E. 

iiderson.  Superintendent  of  the  Davenport  Water  Co.; 

rotary,  Jack  J.  Hinman,  Jr.,  University  of  Iowa,  Iowa 

ty,  Iowa.    Tlic  Illinois  section  will  elect  officers  at  its 

uljruarv  meeting. 


Two  TtiaiPiaeE'  FaSeiats  Oefeaftedl 

Defeat  of  the  Turner  "mushroom"  floor  patents  in  a 

nit  against  the  Lauter  Piano  Co.  and  the  American  Con- 
to  Steel  Co.  was  recorded  by  a  decision  of  Judge  Orr 
the  United  States  District  Court  at  Trenton,  N.  J., 
Oct.  11,  1916.  The  suit  related  to  a  building  erected 
Xewark,  N.  J.,  and  claimed  infringement  of  both  the 

Turner  patents  1,003,384   (claims  1,  5,  10,  11,  16,  17) 

ind  985,119  (claims  4  and  8).    The  decision  declares  all 

'  '-e  claims  invalid. 
I'he  narrow  or  specific  patent,  985,119  was  previously 

lotore  the  Circuit  Court  of  Appeals  of  the  Eighth  Cir- 
I  :uit,  which  declared  claims   1,  4  and  6   invalid;  Judge 

'rr  adopts  this  decision.  The  broad  patent,  1,003,384, 
-  involved  in  Drum  vs.  Turner,  also  in  the  Eighth  Cir- 
t,  and  was  there  decided  to  infringe  the  Norcross 
•'•nt,  698,542.  Judge  Orr  adopts  this  view  also  and 
•  II  declares  that  in  consequence  the  Turner  patent  is 

■  uticipated  and  invalid.     The  substance  of  the  decision 

..Hows: 

Koth    patents    relate    to    the    reinforcement    of    concrete    In 

construction  of  buildings.     The   reinforcement  of  concrete 

necesary.   of  course,    to   Klve   the   material   the   strength   to 

e»l«t  the  strains  to  which  it  may  be  put.     It  is  not  ordinarily 

reinforced  to  enable  It  to  resist  ordinary  compression  strains, 

.pcauae   the   vast   remains   of   Roman    civilization    disclose   an 

'-nslve  use  of  concrete  In  construction   where   the  effect  of 

presslon  strains  have  been  apparently  negllelble.     Where, 

.•ever,  the  horizontal  section  of  the  concrete  mass  Is  short 


and  the  vertical  section  is  long  and  compression  is  vertical 
(as  in  a  column),  there  mu.st  be  reinforcement.  Tensile  strains 
and  shearing  strains,  if  they  are  differentiated,  must  be  taken 
care  of  by  reinforcing  the  concrete  in  the  places  where  such 
strains  are  to  be  found.  The  character  and  location  of  such 
strains  are  determined  empirically  by  many,  but  can  be  and 
more  often  are  with  reasonable  accuracy  determined  by  engi- 
neering methods.  The  ordinary  material  used  in  reinforcing 
concrete  is  iron  or  steel,  because  of  its  great  tensile  strength. 
It  is  used  in  the  form  of  wire  netting,  in  the  form  of  bars 
and  in  other  forms.  Sometimes  the  reinforcing  rods  are  un- 
attached to  each  other  and  sometimes  they  are  attached  in 
order  to  preserve  the  framework  of  the  reinforcing  material 
until  it  may  be  embedded  in  the  concrete.  The  rods  are  some- 
times twisted,  but  often  bent  at  proper  angles,  in  proper 
places,  in  order  that  they  may  be  better  held  in  place  by 
the  compression  of  the  concrete.  We  therefore  have  in  this 
case  patents,  which  upon  their  faces  give  monopolies  in  the 
use  of  ordinary  materials  fo;-  structural  purposes,  in  the  com- 
bination of  such  materials  and  in  the  engineering  or  mathe- 
matical problems  relating  to  such  construction.  Where  such 
conditions  exist,  the  weight  to  be  given  to  the  patents  as 
prima  facie  evidence  of  their  validity  is  considerably  weak- 
ened. If  there  could  be  a  presumption  that  the  Patent  Office 
examiners  had  knowledge  of  what  was  going  on  throughout 
the  country  in  the  uses  of  ordinary  materials  for  structural 
work,  according  to  diversified,  engineering  opinion,  the  weight 
to  be  given  to  the  patent  should  be  as  great  as  in  the  case 
of  a  machine  or  other  form  of  mechanical  apparatus. 

It  is  unnecessary  to  refer  to  the  specifications  of  the  sev- 
eral patents  at  great  length.  It  is  significant  that  the  patentee 
places  emphasis  upon  the  necessity  of  placing  his  reinforce- 
ment where  the  stresses  are  to  be  found.  He  states  in  one 
place  that  in  warehouses  and  similar  buildings  the  load  is 
naturally  concentrated  around  the  columns;  otherwise  the 
aisles  or  passageways  would  be  obstructed.  That  he  therefore 
should  have  placed  most  of  his  reinforcing  material  around 
and  connected  with  the  columns  which  support  the  flooring 
is  what  any  other  thoughtful  engineer  might  do. 

From  the  foregoing  observations  it  seems  plain  that  neither 
of  the  patents  is  of  a  broad  fundamental  character.  The 
claims  of  Patent  No.  9S5.119,  which  are  in  suit,  are  as  follows: 

4.  In  flat-slab  and  column  construction  of  concrete  the 
combination  of  a  concrete  slab,  concrete  columns  in  vertical 
alignment  above  and  below  the  slab,  column  reinforcement 
extending  continuously  through  a  VT^rtical  line  of  columns, 
cantilever  heads  separate  from  the  column  reinforcement, 
comprising,  each,  crossed  rods  embedded  in  the  slab  and  ex- 
tending iaterally  outward  from  the  column  in  different  direc- 
tions, rods  extending  from  said  head  downward  into  the  col- 
umn and  groups  of  rods  extending  crosswise  of  the  head 
through  the  slab  from  column  to  column  in  direct  and  diagonal 
lines,  said  rods  being  toward  the  bottom  of  the  slab  between 
columns. 

5.  In  flat-slab  and  column  construction  of  concrete  the  com- 
bination of  a  plurality  of  concrete  columns  and  vertical  rein- 
forcements therein,  of  a  sep<arate  and  distinct  set  of  reinforc- 
ing elements  embedded  in  the  column  and  principally  sup- 
ported thereby,  the  ends  of  said  separate  set  of  reinforcing 
elements  being  separated  so  as  to  radiate  from  the  column 
into  the  floor  slabs  toward  substantially  iill  parts  thereof, 
and  a  concrete  floor  slab  embedding  and  supported  by  said 
radiating  means. 

This  patent  was  the  subject  of  litigation  In  the  Eighth 
Circuit  (211  Fed.  Rep.  466).  The  Circuit  Court  of  Appeals  held 
that  claims  1,  4  and  6  of  the  patent  were  Invalid.  The  decision 
of  that  court  was  proper,  notwithstanding  the  earnest  efforts 
of  counsel  for  the  plaintiff  in  the  present  case  to  diminish  the 
effect  thereof. 

Claim  8  of  that  patent  which  is  now  involved  in  the  pres- 
ent litigation  Is  not  so  different  from  claim  4  as  to  lead  this 
court  to   think   that   It  should   be   sustained. 

We  therefore  conclude  that  the  claims  of  Turner  Patent 
No.  985,119,  which  are   Involved  in  this  litigation,  are  Invalid. 

The  claims  of  Turner  Patent  No.  1,003,384,  which  are  In- 
volved, arc  as  follows: 

1.  An  arrangement  of  reinforcement  for  a  column-sup- 
ported flat  plate  floor  of  concrete,  comprising  a  plurality  of 
circumferential  cantilever  members,  respectively  situated  in 
the  upper  part  of  the  slab  at  the  columns  and  projecting 
thcr''from,  and  reinforcing  means  extending  from  member 
to  member  in  multiple  directions  through  the  space  between 
said   members.   an<l   rilling,   or  substantially   fllllng  such   space. 

5.  An  arrangement  of  reinforcement  for  u  column-sup- 
ported  flat   plate   floor  of  concrete,   comprising   multiple   belts 
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or  rods  that  extend  from  column  to  column  in  two  directions 
directly,  and  in  two  directions  diagonally,  portions  of  said 
belts  being:  beyond  tlie  columns  on  opposite  sides  and  forminf? 
cantilevers,  the  rods  running  in  intersecting  directions  cross- 
ing at  the  columns  in  the  upper  part  of  the  floor,  and  the 
cantilever-forming  portions  of  rods  of  one  belt  supporting 
rods  of  another  belt,  the  area  between  the  columns  being  cov- 
ered, or  substantially  covered,   by   reinforcements. 

10.  In  a  structure  of  reinforced  concrete  comprising  col- 
umns, and  a  flat  plate  floor  slab,  the  combination  of  an  open 
frame  consisting  of  crossed  rods  at  the  top  of  a  column  extend- 
ing partially  into  the  slab  contiguous  to  the  column  and 
belts  of  rods  extending  crosswise  of  said  open  frame  and 
passing  through  the  slab  directly  and  diagonally  in  straight 
lines    from    column    to    column. 

11.  The  combination  of  concrete  columns,  and  a  flat  plate 
floor  slab  of  concrete  supported  directly  thereon,  horizontally 
arranged  bars  in  the  slab  at  the  top  of  the  columns,  and  sup- 
ported thereby  with  their  free  ends  extending  outward  into 
the  slab  from  the  columns  forming  cantilevers,  and  belts 
of  reinforcement  extenfling  in  multiple  directions  through  the 
slab  from  support  to  support,  and  supported  bv  said  canti- 
levers. 

16.  The  combination  of  concrete  columns,  and  a  flat  plate 
floor  slab  of  concrete  supported  directly  thereon,  horizontally 
arranged  upon  frames  embedded  in  the  concrete  at  the  top 
of  the  columns  extending  transversely  of  the  column  axis, 
belts  of  reinforcement  extending  in  multiple  directions 
through  the  slab  from  column  to  column  and  supported  by 
said  frame,  the  belts  being  of  a  width  to  substantially  cover 
the    area    bet'ween    the    columns. 

17.  In  a  reinforced-concrete  structure,  the  combination 
^>f  supports,  consisting  of  columns  of  concrete,  and  a  flat  plate 
'floor  slab  of  concrete  supported  directly  thereon,  belts  of 
reinforcement  extending  through  the  slab  to  the  supports  in 
four  directions,  said  reinforcements  having  a  thickness  of 
four  belts  over  the  support  in  the  upper  part  of  the  slab,  a 
thickness  of  two  belts  in  a  diagonal  direction  midway  be- 
tween the  supports  in  the  bottom  part  of  the  slab,  a  thickness 
of  one  belt  rnidway  between  the  supports  directly  from  one 
support  to  the  other  in  the  lower  part  of  the  slab  and  a 
set  of  reinforcements  extending  transversely  of  the  column 
axis    and    projecting    beyond    the    tops    of    the    columns. 

This  patent  has  been  the  subject  of  litigation  also  in  the 
Eighth  Circuit  (Drum  vs.  Turner,  219  Fed.  Rep.  18S).  It  is 
there  held  that  a  construction  substantially  after  the  manner 
pointed  out  in  the  specifications  of  Patents  985,119  and  1,003,- 
384  issued  to  Claude  A.  P.  Turner,  Feb.  21,  1911,  and  .Sept.  12, 
1911,  respectively,  was  an  infringement  of  claims  1,  3  and  4 
of  Patent   698,542,   issued   to   O.   W.   Norcross.  Apr.   29,   1902. 

This  court  is  satisfied  that  the  conclusions  reached  by 
the  Court  of  Appeals  in  the  Eighth  Circuit  in  the  case  last 
cited  should  be  adopted.  Strenuous  efforts  on  the  part  of 
the  plaintiff  to  diminish  the  effect  of  that  decision  must  fail. 
The  Norcross  patent  is  set  up  in  the  present  case  as  an  antici- 
pation of  the  patents  in  suit.  It  seems  clear  that  if  a  con- 
struction in  accordance  with  the  patents  in  suit  would  infringe 
the  Xorcross  patent,  that  the  Norcross  patent  must  be  an 
anticipation  of  the  patents  in  suit.  The  effect  of  this  decision 
is  not  weakened  by  the  decision  of  the  Court  of  Appeals  of  the 
First  Circuit  in  the  case  of  Turner  vs.  Quincy  Market  Cold 
Storage  and  Warehouse  Co.  (225  Fed.  Rep.  41).  That  case 
principally  decided  that  a  tenant  occupying  under  lease,  a 
building,  the  construction  of  which  embodies  a  patented  fea- 
ture, is  not  necessarily  a  "user"  of  the  invention  in  such  a 
sense  as  to  be  an  infringer.  Further  consideration  of  the 
prior  art  either  as  found  in  structures,  patents  or  publication.s 
offered  in  evidence  on  the  part  of  the  defendant  would  but 
unnecessarily    lengthen     this    opinion. 

The  claims  of  both  patents  which  are  relied  upon  by  the 
plaintiff  in  this  suit  are  invalid.  The  bill  must  be  dismissed 
at   the   cost   of   the   plaintiff.     Let   a    decree   be   drawn. 
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The  Society  U>y  Strcof  Clt^aiiiii^-  and  Ifcfiisc  Di.^^posiil 
of  the  T'liited  State.-;  and  Canada  liehl  its  second  annual 
convention  in  New  York  City,  Oct.  I. '5  and  1  I.  Alth(iii<,d) 
not  yet  very  numerous  in  nienihership,  tlie  society  lias 
earn(^d  recognition  in  ])roinotino:  technical  kiiowledue  ol' 
street  cleaning  and  refu.se  (]is))osal. 

I'apei's  were  r<>ad  on  "Street  Cleaning  liy  the  Wet 
Sy.stem,"  hy  0.  TT.  llaiina,  former  street-cleaning  coin- 
mi.ssiouer  of  Cleveland.  Ohio;  "Street-Car  Flushers,"  hy 
A.  T.  IJhodes,  street  commissioiier  of  Worcester,  Mass.; 
"Hand  Sweeiiing."  hy  Richard  T.  Fox.  Chicago,  111.; 
"The  Xew  York  .\nti-Litter  League,"  hy  R.  TJoss  Ap])le- 
ton,  treasurer  of  the  league :  "The  Horse  in  Street-Clean- 
ing Work,"  hy  Dr.  1).  J.  Mangan,  New  York  City 
Dejiartment  of  Street  Cleaning;  "Accidents  and 
J)ise}i.se.s,"  by  Dr.  S.  T.  Kainforth.  Xew  York  Citv:  "Con- 


trol of  Material  and  Supplies.'"  hy  A.  Schreiner,  Xew 
York  City:  "Testing  Apparatus."  hy  .lohn  F.  0"To(ile. 
Pittshurg'h.  renn.:  and  "Chica-oV  i'n.Mein,"  hv  A.  W 
:\filler,  Chicago,  111. 

The  meetings  were  held  in  the  convention  hall  of  the 
Department  of  .'street  Cleaning  Building  at  140  West 
r^Oth  St.  A  halfday  was  sj)ent  at  tlie  Dejiartmeut's  school 
of  instruction  dii  the  East  .'^ide.  a  new  dejtarture  in  street- 
cleaning  work. 

The  ]>i-e>eiit  oliiccr> — .fnhn  T.  Fetherston,  street- 
rieaiiing  commissioner  of  Xew  York  City,  President,  and 
.r,  i;.  lUichanan.  of  the  Xew  Y'ork  Street  Cleaning  Dc- 
])artmcnt.  .St-erctarv — were   rei'dected. 

SltiK  C'<?iueiit  Is  'Vtt  He  I'enuitted  in  New  Orleans  paving 
work,  following-  a  recent  order  of  the  Council.  The  order 
states  that  specifications  to  govern  the  installing  of  subsur- 
face drain.s,  curbs,  gutter  bottoms,  etc.,  and  paving  or  repaying 
of  streets  with  whatsoever  kind  of  material,  will  be  amended, 
so  as  "to  permit  the  use  of  a  new  brand  (commonly  known  as 
steel  or  slag)  of  cement"  in  the  concrete  foundations  in  all 
kinds  of  roadway  pavement  and  in  the  brick  masonry  form- 
ing part  of  manholes,  etc.  It  is  expected  that  slag  cement 
from  Birmingham,  Ala,,  will  be  used,  as  a  company  there  has 
offered  to  sell  in  New  Orleans  its  first-grade  cement  for  85c. 
per   bbl.    f.o.b.    Birmingham. 

Two  Pavement  ContractM  at  Bisniarek,  X,  D.,  to  the  amount 
of  nearly  half  a  million  dollars  were  recently  let.  A  con- 
tract for  43,600  sq.yd.  of  bitulithic  pavement  was  let  to 
Hanlon  &  Okes.  Minneapolis.  Minn.,  for  $114,872,  The  price 
was  12.38  per  sq.yd,  including  a  5-in.  concrete  base.  This 
is  to  be  laid  on  the  business  streets  and  is  to  be  completed 
by  Nov.  1  of  the  present  year.  The  other  contract  was  for 
149.400  sq.yd.  of  sheet  asphalt  at  $331,568  and  was  let  to  the 
Ford  Paving  Co.,  Cedar  Rapids,  Iowa.  The  price  was  $1.9" 
per  sq.yd.,  for  a  5-in.  concrete  base,  1  in.  of  binder  and  a  lU-in 
top.  This  is  to  be  used  on  residence  streets  and  is  to  be 
completed  by  Oct.  1,  1917. 

Xe«-  Steel  AA'orkH  f*>r  Xorway — Two  new  companies  for 
manufacturing  steel  plates  for  ships  and  other  shipbuilding 
requirements  have_  recently  been  formed  in  Norway,  according 
to  the  United  States  consul  at  Christiania,  One  of  these  will 
have  an  initial  output  of  80,000  tons,  including  30.000  tons  ot 
ship  plates  and  30,000  tons  of  rolled  sections.  The  other  com- 
pany will  produce  20,000  tons  annually.  Most  of  the  material.* 
for  Norwegian  shipbuilding  were  supplied  by  Germany  befort 
the  war.  There  is  an  abundance  of  iron  ore  in  tlie  country, 
but  the  high  prices  of  fuel  for  its  smelting  and  working  have 
previously  discouraged  the  development  of  the  steel  industry, 
the  ore  for  the  past  10  years  being  exported. 

Crushed  St<iiie  Is  Dutiable  according  to  a  recent  decision 
of  the  United  .States  Board  of  General  Appraisers  in  the  tesi 
case  filed  by  the  Great  Lakes  Dredge  and  Dock  Co.,  the  Mao- 
Arthur  Brothers  Co.,  and  others,  of  Cleveland,  Ohio.  The 
Custom  House  authorities  required  20%  duty  on  the  pi'oduct 
under  the  section  of  the  tariff  laws  specifying  "earthy  or 
mineral  substances  wholly  or  partially  manufactured,  ami 
articles  and  wares  composed  wholly  or  in  chief  value  of 
earthy  or  mineral  substances,  not  especially  provided  for." 
The  litigants  claimed  free  entry  under  the  specification  "min- 
erals, crude,  or  not  advanced  in  value  or  condition  by  reflnint: 
or  grinding  or  other  proce.sses  of  manufacture,  not  especlalb 
prc>vide(I  for."  Karlier  custom  decisions  have  granted  fret 
•  ntry,  but  in  1906  the  courts  ruled  against  the  custom  authori- 
ties. The  present  test  case  w'as  brought  about  in  an  attempi 
to  upset  tliese  legal  decisions. 

To  .Vrouse  Interest  In  fity  I'lanniuK  the  Indiana  Kea 
Estate  -Vssociation  conducted  a  city-plannin.g  campaign  froii 
Oct.  9  to  IS.  The  scheme  was  to  visit  every  city  having  :- 
real  e.state  board  and  a  number  of  other  places  besides,  tin 
visits  to  be  made  by  various  offlccrs  and  members  of  tht 
association.  To  have  something  specific  and  suggestive  ti 
lay  before  the  real  estate  and  other  people  of  each  city,  thi 
following  addresses  on  city  planning  were  made:  "Cit> 
I'lanning  in  Indiana,"  by  Albert  H.  .Schaaf.  Fort  AVayne,  Ind 
Chairman  City  Planning  Commission,  Indiana  Real  Estate 
.Vssociation:  "The  Civic  Idea,"  hy  Richard  1!.  Watrous,  Secrc 
tary  of  the  American  Civic  Association,  Washington,  D.  C. 
"The  Essentials  of  City  Planning  in  .Vnierican  Cities,"  !>) 
Flavel  Shurtleff,  Secretary,  National  Conference  on  City  Plan- 
ning, Boston,  Mass.  Lee  J.  Ninde,  Fort  Wayne,  Ind..  is  presi 
dent  of  the  Indiana  Keal  Kstate  -Association,  and  Scott  1! 
Bi-ewer.    Lemike    Unilding,    Indianapolis,    is   secretary. 
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f.  R.  Thomas,  of  WilminKton.  X.  ( '..  has  been  appointed 
Division  Engineer  of  the  Kentucky  State  Highway  Depart- 
ment. 

J,  L.  Wilson,  of  the  University  of  Michigan,  has  been 
appointed  I'rotessor  of  Electrical  Engineering  at  Queens 
University.  Kingston.  Ont. 

I,.  S.  Katon,  of  Cornell  University,  has  been  appointed 
Assistant  Professor  of  Mechanical  Engineering  at  Queens 
University.  Kingston,  Ont. 

.*.  C.  Xorton,  recently  Chief  Engineer  of  the  R.  Hardesty 
Manufacturing  Co.,  Denver.  Colo.,  is  now  President  of  the 
Norton  Engineering  and  Contracting  Co..  2046  Vine  St.. 
Denver. 

A.  M.  Mntersbausrh,  formerly  Engineer  of  the  Highway 
Department  of  Calcasieu  Parish.  Lake  Charles,  La.,  has  been 
appointed  Engineer  of  the  Sewerage  Board  of  St.  Charles, 
succeeding  J.   E.  McCorkle. 

Janies  I'.  Travilla,  former  Street  Commissioner  of  St.  Louis, 

Mo.,    has   been    appointed    Receiver   for   G.   A.    Heman,    General 

Contractor,    of    St.    Louis,    against    whom    Involuntary    bank- 

'  iiptcy    proceedings    were    recently    filed    in    the    Federal    Dis- 

:  lit  Court. 

Stuart  S.  NeB,  recently  Construction  Engineer  of  the  en- 
gineering department  of  the  Baldwin  Locomotive  Works, 
Philadelphia,  Penn.,  is  now  Engineer  of  Construction  of  the 
Kerrocarril  de  Samani  y  Santiago  in  the  Republic  of  San 
>omingo.  W.  I. 

H.  (i.  Sparks,  recently  Division  Engineer  of  the  Chicago  & 
liastern  Illinois  R.R.,  at  Salem,  111.,  has  been  promoted  to  be 
.Vssistant  Superintendent  of  the  Chicago  division  of  the  rail- 
way. He  is  succeeded  as  Division  Engineer  by  A.  W.  White, 
formerly  Office  Engineer  at  Chicago. 

Alfred  J.  Stevens,  AL  Can.  Soc.  C.  E.,  recently  in  charge  of 

the  Manitoba  district  of  the  Department  of  Public  Works  of 

iinada,  has  been  transferred  to  Windsor.   Ont..   relieving  Col. 

1.    J.    Lamb,    M.    Can.    Soc.    C.    E.,    who    is    with    the    Overseas' 

1  orces  of  the  British  Army  in  France. 

Prof.  E.  Miirsch  has  been  called  to  the  Stuttgart  Technical 
I  'oUege  as  Professor  of  Structural  Engineering.  He  leaves 
the  firm  of  Wayss  &  Freytag.  Neu.sta(lt  a.d.  H..  with  whom  he 
has  been  associated  for  a  nurhber  of  years.  Dr.  Miirsch  was 
Professor  of  Statics  and  Bridges  at  Zurich  from   1904  to  1908. 

A.  H.  Jewell,  formerly  employed  at  the  filtration  plant  of 
the  Toledo.  Ohio,  city  water-works,  has  been  appointed  As- 
sistant Engineer  of  the  Kansas  State  Board  of  Health,  with 
headquarters  at  the  State  University  at  Lawrence.  Kan.  He 
is  a  graduate  of  the  Michigan  State  Agricultural  College  and 
of  the  University  of  Michigan. 

Robert  F.  Olds,  Assoc.  M.  Am.  Soc.  C.  K..  formerly  Consult- 

ig    Engineer   at    El    Paso.    Tex.,    has    been    ai>i)ointed    General 

Superintendent    of   Construction    of    the    Philadelphia    district 

.f  the  Samuel  Austin  Co.,  of  Cleveland,  Ohio.     Mr.  Olds  grad- 

lated   from   the   University   of  Maine   in    1906   and   has   had   a 

iriety  of  experience   in  different   parts   of  the   country. 

James  H.  Blliott.  M.  Am.  Soc.  C.  E..  has  become  associated 
■ith  George  S.  Baton  &  Co.,  Civil  and  Mining  Engineers, 
I'ittsburgh.  Penn.,  which  will  hereafter  be  known  as  Baton  & 
Klliott,  Civil.  Mining  and  Consulting  Engineers.  Pittsburgh. 
.Mr.  Elliott  returns  to  Pittsburgh  after  an  absence  of  ten  years 
in  California.  Arizona  and  Utah.  The  new  firm  will  specialize 
in  reports  and  development  of  mining  properties. 


William  H.  Xewley,  a  public  works  contractor,  of  Indlan- 
'liolis,  Ind  .  died  Oct.  6  as  the  result  of  a  collision  between  a 
rolley  car  and   th.-  automobile   In   which   he  was  riding. 

William  J.  Hradir}'.  President  of  the  American  Dr.-dging 
•■o..  of  Camden,  X.  J.,  died  Oct.  13  at  the  hospital  of  the  Uni- 
versity of  J'ennsylvania.  He  was  prominent  In  New  Jersey 
politics  and  was  twice  president  of  the  State  Senate. 

E.  M.  HutK.  an  architect  and  civil  engineer,  of  rittsburgh, 
I'enn..  died  Oct.  4  at  his  home  In  that  city.  He  was  one  of  the 
promoters  and  the  designer  of  the  Columbia  Iron  and  Steel 
I'o.'s  plant  at  Unlontown,  Penn.,  of  which  he  was  for  a  time 
iJenernl  Manager. 


Ralph  Tolles  Norton,  a  prominent  railroad  contractor,  died 
at  Audubon  Sanitarium.  Xew  York  City.  Monday,  Oct.  9,  fol- 
lowing an  operation.  He  had  been  associated  with  the  Carter 
Construction  Co..  F.  M.  Ferguson  Contracting  Co..  Degnon 
Contracting  Co.,  and  at  the  time  of  his  death  he  was  a  mem- 
ber of  the  firm  of  Norton,  Head  &  Denneen.  vi'hich  firm  had 
a  few  months  since  completed  the  contract  for  the  construction 
of  the  Mill  Creek  Joint  District  Sewer  in  St.  Louis,  Mo.  Mr. 
Norton  was  a  member  of  the  Engineers  Club  and  the  Railway 
Club  in  Xew  York  City  and  of  the  City  Club  of  St.  Louis.  He 
leaves  a  widow  and  four  children. 

Leonard  AV.  Rundlett,  M.  Am.  Soc.  C.  E.,  for  many  years 
City  Engineer  of  St.  I'aiil,  Minn.,  and  for  two  years  Commis- 
sioner of  Public  Works  of  Moose  Jaw,  Sask.,  Canada,  died 
Oct.  IS  at  his  home  in  St.  Paul.  He  was  one  of  the  best-known 
municipal  engineers  of  the  Northwest  and  had  a  large  circle 
of  friends  and  acquaintances.  He  was  born  in  Brunswick. 
Maine,  in  1846.  He  went  to  St.  Paul  when  he  was  23  years  of 
age  and  for  three  years  was  employed  by  the  St.  Paul  & 
Pacific  Ry.  After  that  he  became  connected  with  the  city 
engineering  department  as  an  assistant  to  the  City  Engineer. 
Subsequently  he  became  City  Engineer  and  served  almost 
continuously  in  that  office  until  1911.  when  he  left  to  become 
Commissioner  of  Public  Works  of  Moose  Jaw.  His  service  as 
Engineer  of  the  St.  Paul  water  department  covered  27  years. 
After  two  years  at  Moose  Jaw  he  returned  to  St.  Paul,  where 
he  maintained  an  ottice  for  private  practice  until  taken  ill  last 
June.     He   is  survived   by  a  widow   and   one   daughjter. 

Prof.  Levi  L.  Conant,  head  of  the  department  of  mathe- 
matics of  the  Worcester  Polytechnic  Institute,  Worcester. 
Mass.,  "was  killed  Oct.  11  It.v  an  automobile  truck,  which  r.in 
over  him  while  he  was  hurrying  to  take  a  car  from  his  home 
to  the  Institute.  He  was  born  in  Littleton,  Mass.,  Mar.  3. 
1S57.  He  took  his  A.B.  degree  at  Dartmouth  in  1S79  and  the 
A.M.  degree  there  in  1SS7.  being  awarded  also  the  degree  of 
Ph.D.  by  Syi'acuse  in  1S93.  He  was  Professor  of  Mathematics 
in  the  Dakota  School  of  Mines.  1SS7-90.  and  became  Professor 
of  Mathematics  at  the  Worcester  Polytechnic  Institute  in 
1S91.  He  was  Acting  President  there.  1911-13.  He  was  a 
member  of  the  Worcester  School  Committee  many  years  and 
its  chairman  in  1909.  He  was  a  member  of  the  Massachusetts 
State  Board  of  Education,  1909-14.  He  was  a  Fellow  of  the 
American  Academy  of  Arts  and  Sciences,  a  member  of  the 
American  Mathematical  Society  and  of  the  London  Mathe- 
matical Society.  He  was  author  of  "The  Number  Develop- 
ment," "Original  Exercises  in  Plane  and  Solid  Geometry"  and 
"Plane  and  Solid  Trigonometric  Tables."  He  was  editor  of 
the  "Journal"  of  Worcester  Polytechnic  and  a  contributor  to 
many  educational  and  scientific  journal.s. 


EHGHHEERDNG  SOCUKTSES 


A.MERICAN    ITP.LIO    HEALTH    ASSI)C1.\T1(  iX. 

Oct.    24-27.      Annual    convention    at    Cincinnati,    i  ihio.      Secy., 
Prof.    Selskar    .\1.    Gunn,    Boston,    .Mass. 

ASSOCL\Tll>N  OF   R.\1L\V.\Y    ELECTRICAL  ENGINEERS. 
Oct.  30-Nov.   4.     .\nnual   meeting  at  La  Salle  Hotel,  Chicago. 
Secy.,  J.  A.  Andrcucetti.  C.  J.  N.  W.  Ry.,  Chicago. 

AMERIC.VN   JILNLXG   CONGRESS. 

Nov.   13.      In   Chicago,  Secy.,   J.   F.   Callbreath,   Munsey    Bldg., 
Washington,  D.  C. 

-VKRO  CLUB  OF  AMERICA. 

Nov.    13.      Annual    meeting    in    New    York    City.      Secy..    \Vm. 
Hawley,  297  Madison  Ave.,  New  York  City.. 

.NATIONAL  COMMERCIAL  GAS  .\S.SOCI ATION. 

Nov.   13-lS.      Convention   in  Atlantic  City,  N.  J.      Secy..   Louis 
Stotz,    61    Mroadway.   New    York   City. 

RICHMD.NIJ    RAILROAD  CLUB. 

Nov.   13.      -Vnnual   meeting.      Secy.,   F.   O.   Robinson. 

NATION.VL    ASSOCIATION    OP    RAILWAY    COMMISSIONERS. 
Nov.    14.      Convention    In    Washington.    D.    C.      Secy.,    W.    H. 
Connolly,   Washington. 

SOCIETY        OP       NAV.\L        ARCHITECTS        AND        MARINE 
ENGINEERS. 
Nov.  16-17.     .\nnual  meeting  in  New  York  City.     Secy..  D.  H. 
Cox,  29  W.   39th  St. 

ELECTRIC   POWER   CLUli. 

Nov.  15-17.     Annual  meeting  in  Hot  S)iring.s.  Va.     .Secy..  C.  H. 
Roth,  1410  \V.  Adams  St..  Chicago. 

KANS.\S  GOOD    RCJADS   ASSOCIATION. 

Nov.     16-17.       Annual    meeting    In    Lawrence     Society    head- 
quarters In  Kansas  City. 

SOUTHERN   AND    SOUTH \VF:STERN    RAILWAY    CLUB. 

Nov.  16.     Annual  meeting  In  Atlanta.  Ga.     Secy.,  A.  J.  Merrill. 
P.  O.  Box  1205,  Atlanta. 

CITT  MANAGER.S'    ASSOCIATION. 

Nov.    21-23.      Convention    In    Springfield.    .Mas: 
Niagara  Falls.  N.  Y. 


E.    Carr. 


772 


E  N  G  I  N  E  E  K  I  N  G     NEWS 


Vol.  TG,  No.  16 


NATIONAL,  MUNICIPAL  LEAGUE         .       „   ,^    „  „  ^ 

Nov.   23-25.      Annual   meeting  in   Springfield,  Mass      Secy..  ,C. 
R.    Woodruff,    705   North   American   Building,    Philadelphia. 
RAILWAY    GARDENING    ASSOCIATION. 

Dec    5-7.     Annual  meeting   in   New  Orleans.     Secy.,   Charles 
E.    Lowe,    Sewickley,    Penn. 
PORTLAND    CEMENT    ASSOCIATION  _     ,      „.^  ^^   ._^, 

Dec     11-13       Annual    meeting    in    New    York    City.      Assist- 
ant to  General  Manager.   A.  H.   Ogle,   Chicago,   111. 

The  Central  States  Division  of  the  American  Water-Works 
Association  held  its  20th  annual  meeting  last  week  at  Cleve- 
land. 

Tlie  American  Road  Builders'  Association  will  hold  its 
annual  meeting  on  Nov.  3  at  the  Automobile  Club  of  America, 
247  West  54th  St.,  New  York  City.  In  the  evening  a  dinner 
will  be  held  in  the  grillroom.  The  secretary  is  E.  L.  Powers, 
150  Nassau  St.,  New  York  City. 

The  American  Association  of  EJngineers  held  a  dinner  at 
Chicago  on  Oct.  6,  at  which  there  was  an  attendance  of  1,200. 
The  meeting  was  called  to  order  by  E.  V.  Hill,  chairman  of 
the  Chicago  Chapter,  who  turned  the  chair  over  to  A.  H. 
Krom,  chairman  of  the  national  membership  committee.  The 
principal  address  was  by  C.  F.  Harding,  professor  of  electri- 
cal engineering.  Purdue  L'niversity,  on  "Marketing  Engineer- 
ing Ability."  John  Erickson.  who  has  held  his  position  as 
city  engineer  through  numerous  changes  of  political  admin- 
istrations, discussed  that  portion  of  Professor  Harding's 
address  which  referred  to  tact.  Others  who  took  part  in  the 
discussion  were  Dabney  H.  Maury,  L.  K.  Sherman.  W.  H. 
Roscrans  and  H.  B.  Wild.  Arthur  Kneisel,  national  secretary, 
talked  on  ethics  for  engineers  and  explained  how  the  asso- 
ciation   was   working    on    this    problem. 


New  Railway  Track  Switch 

A  new  railway  switch  that  is  being  tried  experimentally  is 
of  the  stub-rail  type,  but  with  features  intended  to  avoid  the 
objections  that  have  made  the  old  style  of  stub  switch 
obsolete. 

Each  side  of  the  switch  consists  of  a  pair  of  rails  bolted 
together,  with  fillers  between  them,  and  pivoted  at  the  toe  to 
a  base  plate  that  extends  the  full  length  of  the  switch  and 
carries  the  ends  of  the  fixed  rails.  In  this  way  the  variation 
in  width  of  the  open  joint,  owing  to  expansion  and  contraction, 
is  minimized,  and  creeping  of  the  switch  rails  is  prevented. 

The  two  sides  of  the  switch  are  connected  by  tie-rods,  or 
in  this  case  plates,  in  the  usual  way,  and  the  operating  rod 
is  attached  to  one  of  the  base  plates.  This  rod  is  connected 
to  a  crankshaft,  which  may  be  operated  by  hand  mechanism 
or  automatically   by   an   electric   motor. 

As  a  precaution  against  derailments,  should  a  train  trail 
through  an  open  switch,  a  device  similar  to  those  of  the   old 


Tyler  and  Cooke  stub  switches,  has  been  added.  In  the  illus- 
tration, for  example,  a  train  coming  from  the  main  track  into 
the  switch,  as  shown,  which  is  set  for  the  siding,  one  wheel 
flange  is  held  against  the  inside  gage  line  by  the  guard  rails, 
while  the  flange  of  the  opposite  wheel  is  led  into  a  groove  on 
the  outside  of  the  main-line  rail,  mounts  an  incline  to  the 
level  of  the  head  of  the  rail  and  drops  into  its  place  on  the 
gage  line. 

The  new  switch  is  the  invention  of  Ira  A.  Call,  of  Denver, 
Colo.  The  experimental  installation  shown  is  on  the  Brooklyn 
Rapid  Transit  Co.'s  electric  line  near  Brighton  Beach  (New 
York). 

A    20,000-Ampere    Direct-Current    Circnit-Breakep 

Probably  the  largest  circuit-breaker  is  one  of  the  solenoid- 
operated  type  recently  developed  by  the  General  Electric  Co. 
for  controlling  direct-current  circuits  of  unusually  high 
capacity.  The  normal  continuous  rating  is  20,000  amperea 
This  circuit-breaker  is  one  of  four  of  the  same  capacity  built 
for  the  Aluminum  Co.  of  America  for  installation  at  Massena, 
N.  Y.  The  closing  and  opening  movements  under  normal  con- 
ditions are  controlled  by  a  single-pole  double-throw  control 
switch  mounted  remote  from  the  breaker  on  the  switchboard 
or  in  some  other  convenient  location.  On  overload  or  short 
circuit  the  breaker  opens  automatically  by  means  of  a  direct- 
acting  trip.  The  breaker  is  mounted  on  a  2i,2-in.  slate  panel 
The  solenoid  mechanism  is  supported  by  a  steel  base. 
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Draiimiinig  Norttlh  HIoMainidl  After 
Jain^^ry's  Greatt  Flood 


By  J  ax  SpAAXDEii* 


North  Holland,  which  with  the  Frisian  Islands  sepa- 
rates the  Ziiyiler  Sea  from  the  North  Sea,  is  partly  a 
inudbank  and  partly  a  pit  whose  bottom  is  at  or  below 
he  level  of  the  ocean  bottom  near-by.  It  was  reclaimed 
)y  man  from  shallow  ocean  waters,  and  now  supports  one 
)f  the  densest  populations  in  the  world.  The  sea's  erosion 
'.  .n  the  west  and  accretion  on  the  east  cause  the  whole 
leninsula  to  shift  eastward  at  lhe  rate  of  a  mile  in  three 
■enturies.  This 
has  made  it  of 
:!onstant  interest 
:o  the  geographer 
ind  the  engineer. 
Tremendous  dike 
ireaks  on  Jan.  14, 

'  1  <),  in  which  the 
a     temporarily 

jained  part  of 
former  domin- 
-iis,  followed  by 
I  iiiarkable  and 
uccessful  human 
cork  in  restoring 
lie  "polderland" 
its    dry    state, 

I  c  again  cen- 
'd  tlie  world's 
iintionon  North 

Inlland.  The  bot- 
'111  of  the  North 
a   is  an   e.xten- 

II  of  the  gently 
■■|»ing  German 
lains.  In  prehis- 
irie  times  a  wide 
I  rip  of  the  shal- 
■^y   beach   waters 

I-  cut  off   from 
rest  of  the  ocean  by  tiie  joint  action  of  wind  and 

■  <'S,  which  threw  up  an  uninterrupted  sandbank  from 
le  Oris  Xcz  in  France  to  C'a])e  Skagen  in  Denmark 
I  blew  it  togetiier  into  higli  dunes.  The  stretch  of 
IT  inside  tlie  dune  belt  was  soon  transformed  by  the 

'  r.s  into  a  freshwater  lake. 

The  .same  actions  can  yet  tie  seen  along  the  Frisian 
I  lids.  The  German  IlafTen  on  tlie  .shores  of  the  Baltic, 
I.  ill  n  sense,  the  Australian  higooiis,  remind  one  of  it. 

Tlie  shallow  lake  between  the  dimes  and  the  mainland 

■  gradually  transformed  into  soft  marshland  by  dying 
•618   45th  .St.,    Uiuoklyn.    New    York   City. 


FIG.    1.     SKETCH    OF    DRAI.V.Vf ;  F    W  I.VD.MILI. 


water-plants.  Storms  and  floods  broke  through  the  belt 
in  several  places,  scouring  lakes  out  of  the  soft  marshland 
and  refilling  some  of  these  again  with  rich  clay.  In  this 
way  the  Zuyder  Sea  was  formed  in  the  thirteenth  century, 
and  the  appalling  los.ses  at  this  time  caused  the  people  to 
combine  to  "polder",  the  land,  to  surround  small  areas 
with  dikes  and  provide  drainage.  The  means  and  ends 
employed  to   polder  and   to  drain   depended   upon  local 

conditions.  Thus 
North  Holland 
consists  of  sandy 
areas  along  the 
dune  belt,  sea- 
clay  regions  (the 
highest  of  which 
are  level  with  high 
water),  nuirsh- 
land  (below-  mean 
sea  level)  and 
"lakes"  or  areas 
level  with  or  low- 
er than  the  bot- 
tcim  of  the  sea.  To 
n'claim  the  high- 
er clay  lands 
hardly  any  skill 
was  necessary.  A 
simple  inclosing 
dike  l)uiltoutfrom 
the  dunes  was  suf- 
ficient. Sluices, 
self-opening  to  the 
outside,  regulated 
tlie  outflow  of  wa- 
ter. Thefowdrain- 
a'ce  channels  sup- 
jdied  the  earth  to 
build  the  first 
dikes.  The  marshland  and  lower  clay  lands,  however,  re- 
quired pumps  to  remove  the  water.  The  windmill  (Fig.  1), 
which  was  utilized  for  this  duty,  is  still  extensively 
employed.  The  four-vane  windwheel  drives,  through 
wooden  bevel  gearing,  an  Archimedes  screw,  also  made 
out  of  wood.  The  whole  mill  can  be  turned  against  the 
wind  by  means  of  the  pole  brake  and  rope,  as  showu  in 
the  .section.  The  water-lifting  screw  of  the  windmill  lifts 
(he  water  over  the  dike  and  discharges  it  into  the  sea  or 
into  an  inside  "bossomwater"  (bo.ssomwalers.are  the  inter- 
ronnecfed  canals  wliicli  surround  polders  and  "dry" 
iakes). 
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Section       A-B 
FIG.  2.    MAP  AND  PROFILE  OF  NORTH  HOLLAND 

The  nspuet  of  ii  iimrsli!:ni(l  |iol(.li'r  is  (IjllViviit  frdni  (he 
high  sea  elay.  Tlie  hitter  is  provided  witli  few  caiuiLs, 
which  often  are  dry.  Tlie  polders,  on  the  other  hand,  are 
traversed  by  substantial  draft  canals  leading  to  the  mills 
or  more  modern  pnmp  stations.  Between,  the  land  is 
divided  by  main  canals,  and  then  there  is  the  endless 
subdivision  by  ditches,  about  10  ft.  wide  and  100  to  200 
ft.  apart.  The  rectangular  pieces  of  land  thus  formed  are 
again  divided  by  nnlined  gutters,  but  these  are  usually 
dry,  their  bottom  l)eing  slightly  above  polder  watermark. 

Tills  elaborate  system  of  drainage  works  is  kept  in 
order  by  the  farmers,  and  they  are  so  convinced  of  the 
danger  of  the  surrounding  sea  that  they  themselves  impose 
heavy  fines  for  slight  shortcomings  in  this  work.  As  the 
land  has  been  formed  by  the  water,  it  is  jilain  that  all 
tracts  of  one  polder  are  at  the  same  level. 

The  last  areas  taken  from  the  sea  were  tlic  lakes.  An 
engineering  genius   born    in    the   sixteenth   century   was 


much  troubled  by  the  "moving"  o( 
Holland.  The  dunes  rolled  landward 
and  had  to  be  stopped  by  means  of 
plantation.  The  lakes  and  the  Zuy- 
der  Sea  grew  land  on  the  west  side, 
just  as  it  still  happens  today,  and 
the  storms  broke  it  away  on  the 
east  shores.  An  old  Roman  castle, 
now  in  the  North  Sea,  proves  that  the 
average  speed  of  the  movement  of  the 
country  was  1  mi.  in  three  centuries. 
Leeghwater  (empty  water),  that  was 
the  appropriate  name  of  the  engineer, 
offered  to  empty  the  lakes,  and  it  was 
his  luck  that  an  obscure  sea  captain,  by 
the  name  of  Pete  Hein,  captured  the 
Sisanish  silver  fleet,  bringing  in  such 
unheard-of  wealth  that  the  "crazy"  pro- 
ject could  be  carried  out.  The  reclama- 
tion of  the  lakes  left  Holland  as  shown 
by  the  map  and  profile,  Fig.  2.  Evety  ' 
polder  and  every  dry  lake  is  surrounded 
by  a  dike  and  a  ring  canal.  These  ring 
canals  are  all  interconnected  and  to- ii 
gether  form  the  bossomwaters  to  store  ^ 
the  water  in  till  outside  tides  allow  ' 
drainage  through  sluices,  which  also 
serve  shipping.  That  the  inhabitants 
always  have  been  aware  of  the  great 
danger  of  living  in  such  a  pit  is  best 
demonstrated  by  several  "stretches" 
of  cities  and  villages  along  inner 
dikes.  This  secures  them  against  di- 
rect drowning  in  case  of  floods,  and 
this  accounts  for  the  ease  with  which 
tens  of  thousands  escaped  the  recent 
flood  disaster.  On  Jan.  13,  1916. 
western  storms  drove  the  North  Sea 
water  into  the  narrow  bottle-neck  of 
the  Zuyder  Sea  and  filled  the  latter 
to  the  brim.  An  inside  storm  of  more 
iiurthern  direction  attacked  the  dikes. 
which  are  not  built  to  withstand  this 
very  extraordinary  combination.  The 
typical  dike,  shown  by  Fig.  7,  com- 
prises a  sand  core  covered  by  a  clay 
mantle,  the  lower  two-thirds  of  the 
outside  slope  paved  with  large  stones.  It  is  not  designed 
to  be  overtopped.  In  January  the  waves  rolled  over  the 
top,  tearing  out  the  soft  inner  slope.  The  view,  Fig.  3. 
shows  the  result— the  outside  of  the  dike  still  standing, 
but  the  inner  slope  washed'out. 

The  inrushing  water  churned  deep  boles  in  the  soft 
marshland  and  widened  the  initial  holes  to  from  10  to 
•1.S0  ft.  The  adjacent  polders  were  filled  within  a  few 
hours.  The  village  of  Wdendam,  3,000  inhabitant?, 
partly  built  in  a  small  diy  lake,  was  submerged  to  the  roof> 
(see  Fig.  4)  within  two  hours  after  the  church  bells  all 
over  the  country  .sounded  their  warning.  The  polders  not 
directly  affected  were  filled  up  by  secondary  flooding: 
after  the  bossomwaters  were  loaded  to  the  tojis  of  tlu' 
inner  dikes,  the  low  polders  filled  as  rajiidly  as  a  saucer 
|)ressed  down  in  a  bucket  of  water. 

The  two  main  sections  flooded,  shaded  in  the  mii|i- 
Fig.  •?.  have  areas  of  3.^,000  acres  and  s,:iO()  acres.    That 
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FIG.    3.    A   DIKE  BREAK;    INNER    FA' 
BY   OVERFLOW 


ai:d  l)uil(liii<;-  large  pumping  stations  to  PuniT)  out  the 
lest  of  the  water. 

The  man}-  breaches  in  the  dike  had  to  be  closed.  In 
many  cases  the  rapid  current  through  the  breach  had 
scoured  out  a  deep  hole,  sometimes  over  40  ft.  deep. 
(Jn  this  account  the  first  closure  was  made  not  in  the 
breach  itself  hut  by  a  semicircular  inclosing  dike  built 
in  the  sea  outside  the  breach. 

On  account  of  tlie  constant  flow  of  current  in  or  out, 
'he  sand  which  was  to  form  the  core  of  the  dike  had  to  be 
L'ld  by  brush  mattresses.  These  are  usually  about  135  ft. 
liiug,  35  ft.  wide,  and  16  in.  thick.  They  are  woven 
along  shore,  floated  out  to  their  site,  loaded  with  stone 
and  sunk.     Tlic  current  sonn  fills  them  and  covers  them 


FIG.  4.    THE  FLOODED  VILLAGE  OF  VOLENDAM 

:he  bigger  lakes  did  not  fill  is  due  to  the  strength  and 
leight  of  their  dikes.  The  poldcrland  behind  Zaandam 
.vas  saved  by  building  several  miles  of  miniature  coffer- 
lam  along  the  Zaandam  Eiver,  of  parallel  jjlank  walls 
vith  clay  filling  between. 

The  great  dry  lakes  now  were  threatened  with  disaster 
f  even  a  slight  eastern  storm  should  occur.  Their  inhab- 
tants  already  had  fled,  taking  their  cattle  with  them. 
The  chief  engineer  of  the  Water  State,  Mr.  Eeigersberg, 
aw  that  quick  action  was  needed  to  save  these  lands. 
There  was  no  time  for  the  usual  formalities  of  letting 
ontracts,  but  direct  arrangements  were  made  with  private 
oncenis. 

The  work  to  be  done  included  repairing  the  dikes, 
Iraining  the  water  to  mean  sea  level  through  the  sluices 


FIG.    5.     DIKE    REPAIR    IN    PROGRESS 

with  sand;  then  a  new  mattress  is  sunk  over  it,  to  be 
followed  by  a  third  and  sometimes  a  fourth,  the  latter 
being  built  in  place  since  the  sand  is  then  already  above 
low  water. 

Except  for  the  sand  deposited  in  and  over  the  mat- 
tresses l)y  the  currents,  the  sand  for  the  main  structure 
of  the  dike  had  to  be  brought  from  the  higher  portions 
of  the  Netherlands,  being  carried  by  barge  to  Mouniken- 
dam  and  from  there  by  temporary  railways  along  the 
dikes  to  the  place  where  needed.  The  same  is  true  of 
the  clay  required  for  the  outer  faces.  Above  the  mat- 
tress base  the  sand  core  was  covered  on  both  slopes  by 
heavy  layers  of  clay  l)uilt  up  to  7  ft.  above  mean  sea 
level  and  the  lower  ])art  of  the  sea  slope  Avas  paved  with 
stone. 


FIG.    B.    SEAWARD    VIEW    oi-'    K.\T\V<nr)i;    lillACH.    WITH  MATTRESS  WORK  IN  PROGRESS 
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During  the  tloiJure  operations  a  small  opening  was  left 
in  the  closnre  dike  acting  as  an  outlet  sluice.  This  hole 
was  closed  at  a  favorable  low  tide. 

The  emergency  closure  dikes  completed,  no  time  was 
lost  in  filling  the  breach  in  the  regular  dike  and  rein- 
forcing the  entire  length  of  dike  whether  damaged  or  not. 
The  dikes  are  being  made  higher  and  are  also  being 
strengthened  by  an  inner  berm  along  which  is  carried 
the  roadway  formerly  run  along  the  top  of  the  dikes. 
This  berm  and  roadways  are  expected  to  be  an  important 
proteotion  against  washouts  from  overtopping  in  fut\ire. 

As  soon  as  the  dike  repairs  were  well  under  way. 
draining  through  the  several  outlet  sluices  at  the  ends  of 
the  bossomwaters  started,  the  speed  of  the  current  being 
as  high  as  the  canals  could  stand.  The  outside  tides  were 
not  altogether  favorable  for  the  work,  and  near  Amster- 
dam three  large  suction  dredges,  of  combined  capacity 
27,000  cu.ft.  per  min.,  were  put  in  action  to  spout  the 
water  over  the  dikes. 

In  the  meantime  large  pumping  phiuts  were  built  and 
erected.  The  Werkspoor  Co.,  builder  of  a  well-known 
marine  Diesel  engine,  headed  a  combination  of  manufac- 
turers to  carry  out  this  part  of  tiie  work. 

How  THE   PCMPING   PROBLEM   WaS   SoLVED 

A  superficial  calculation  made  it  clear  that  the  existing 
pumping  stations  were  entirely  inadequate.  Those  of  the 
southern  section,  Wat«rland,  for  example,  had  an  aggre- 
gate capacity  of  28,000  cu.ft.  per  min.  The  total  water 
to  be  removed  from  the  surface  of  Waterland  below  the 
lowest  level  of  sluice  drainage  amounted  to  3,500,000,000 


■Ltio^esfvne  riprcro 
>1  filled  i/i  „;ih 
1    brolren  bridf 


Typical  Cros&-5ection  of  Sea  Dike 
'IG.   7.    SECTION  OF   SEA   DIKE 


FIGS.   11  AND  12.    FLOATING  MATTRESS  TO  PLACE  AND 
LOADING  IT  FOR  SINKING 

cu.ft.,  exclusive  of  the  contents  of  tlie  smaller  dry  lakes. 
If  the  drainage  was  to  be  completed  within  three  or  four 
weeks,  a  pumping  capacity  for  "Waterland  of  at  least 
]  05,000  cu.ft.  per  min.  was  required.  The  first  tn^o  ques- 
tions which  arose  were:  Is  it  possible 
to  build  suitable  pumps  of  such  lai^ 
capacity  within  a  few  weeks?  Can 
motive  power  be  provided?  Witliin 
four  days  Werkspoor  offered  the  au- 
thorities a  design  of  large  centrifugal 
pumps,  which  could  be  built  and  put 


FIGS,    s   Tl)    1(1.     UrCE  TEMPORARY    PI'MPING    PLANTS 
-unit  plant  at  Uitilam.     Fig.  9 — Full-capacity  diEcharge,  Uitdam.     Fig.  10 — Diesel-engine  plant.  Northern  I'older 
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in  action  inside  of  four  to  five  weeks.  Tlie  Kennemer 
iElectric  Works  had  enoujfli  caljle  on  hand  to  reach  AYater- 
land  from  the  Amsterdam  municipal  electric  station. 
Motors  offered  by  manufacturers  decided  the  size  of  units : 


Tlie  4S-in.  suction  and  -lO-in.  discharge  for  the  pumps 
were  made  out  of  Y^^-m.  riveted  sections.  The  pumjis  have 
all  a  one-side  suction  intake.  Two  pumps  are  mounted  on 
one  shaft  carried  by  the  two  spherical  cover  bearings  and 
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FIG.    13.    CROSS-SECTION  OP   MONNIKENDAM  EMERGENCY  PLANT 


,  >ne  group  of  pumps  was  to  be  driven  by  a  300-hp.  motor, 
lie  by  two  160's,  and  tlie  other  two  each  by  a  S.jO. 
On  Feb.  8  the  government  accepted  the  Werkspoor 
reposal.  The  few  weeks  available  excluded  all  compli- 
ited  castings.  The  main  parts  had  to  be  built  out  of 
eel  sheets  and  rolled  sections  (see  Fig.  14). 
The  casing  sheets,  >^%  in.  thick,  were  joined  by  flame 
elding,  which  insured  tightness  under  the  condition  of 
icuum  operation.  The  casing  was  stayed  against  the 
ward  pressure  by  stay-bolts  and  stilTeners.  Cast-iron 
ivers,  clamped  together  by  through  bolts,  closed  the 
lenings  through  which  the  impeller  was  inserted.  The 
le  cover  serves  as  collar  for  the  suction  elbow ;  the  other 
ver  carries  the  bearing  of  the  impeller  shaft.  This 
tter  has  a  spherical  seat,  which  makes  the  alignment  of 
e  shaft  independent  of  the  casing,  so  that  the  latter 
uld  be  adjusted  to  position  after  the  shaft  was  lined  up 
all  four  bearings.    To  prevent  any  air  entering  at  the 


IG.  14.  SPECIAL  CENTRIF'UGAL  PUMP  }!UILT  FOR  EMERGENCY  DRAINAGE 

'  rjcal  socket  a  rubber  gasket  in  a  V-groovc  is  used  as 

ing.    There  was  not  the  slightest  heating  found, 
i  lie  shaft  is  flanged  t  j  carry  a  %-in.  steel  disk  provided 
lie  center  with  a  cone  of  Vr'"-  sheet.     The  impeller 
I|de8,  slightly  curved,  are  riveted  to  the  disk  by  means 
t|  angle  iron. 


two  center  bearings  alongside  the  main  pulley.  The 
interconnection  neutralizes  the  axial  pressures  of  the 
pumps.  The  pumps  were  kept  apart  by  channel-iron 
framing,  and  this  whole  unit  was  carried  by  four  heavy 
v/ooden  beams.  Sixteen  piles  30  to  50  ft.  long  completed 
this  light  foundation.  The  vacuum  in  the  pumps  for 
starting  was  produced  by  small  electric  air  pumps,  and 
though  this  took  several  hours  there  was  no  objection. 
One  of  the  two  larger  groups,  placed  near  Monniken- 
dam,  is  shown  by  Fig.  13.  The  remaining  three  groups 
were  put  near  Uitdam  (Figs.  8  and  9),  where  wide  exist- 
ing main  "drafts"  supplied  ample  opportunity  for  suction 
at  top  speed.  The  capacities  of  the  pumps  were  7,000  and 
4,900  cu.ft.  per  min.  at  a  head  of  3  ft.  4  in.  However, 
at  the  beginning  the  head  was  smaller,  and  the  aggregate 
output  was  in  excess  of  50,000  cu.ft.  per  min.  The  progress 
of  the  work  is  best  indicated  by  the  dates.  On  Feb.  8  the 
work  was  started;  on  Feb.  17  the  outfit  was  ready  for 
erection  in  the  Werkspoor  yard,  and  on 
^lar.  3  the  pumps  were  ready  for  ship- 
ment. Transportation  was  by  flat-bot- 
tomers;  the  riveted  pipes  were  closed 
at  the  ends  and  floated  to  their  des- 
tination. On  Mar.  31  the  pumps 
started  pumping.  This  was  by  no 
means  all  the  work  done.  The  shijjyard 
Conrad  in  the  meantime  had  built  a 
similar  pump  of  10,"500  cu.ft.  per  min., 
with  6.0-in.  pipe,  to  be  driven  by  a 
300-hp.  Diesel  engine.  This  outfit  was 
for  the  northern  section,  the  Anna- 
Paulona  Polder,  which  could  not  be 
reached  by  electric  cable  on  hand.  This 
]nimp  was  similar  to  the  others;  but 
it  had  a  two-sided  intiike,  and  the  im- 
peller had  fan  blades' on  eitljer  side  to 
<lo  away  with  a-vial  forces.  This  unit 
was  set  on  a  foundation  of  40-ft.  pile.si 
Its  transportation  and  erection  constituted  a  difficult  fc^. ' 
Three  smaller  punip.s,  of  2,800  cu.ft.  per  min.  each, 
were  built  for  the  deeper  lakes  in  the  Waterland  polders. 
By  Jlay  1  all  the  polders  had  been  drained.  Before  the 
end  of  the  .same  month  the  lower  lakes  were  also  emptied. 
The  smaller  flood  of  1825  took  over  \y.,  years  to  drain. 
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©ad  Wall= 

The  recent  reconstruction,  at  Lincoln,  Neb.,  of  a  six- 
story  wall  liuildiiig  with  interior  timber  framing  into  a 
fireproof  steel-frame  building  with  concrete  floors  was  a 
piece  of  work  which  involved  several  interesting  engineer- 
ing problems.  The  building  is  the  home  office  of  the 
Security  ilutual  Life  Insurance  Co.  The  contractor  for 
the  steel  erection,  which  included  foundations  and  all 
important  structural  problems,  -was  John  Westover,  Inc. 

The  owners  decided  to  reconstruct  the  building,  pre- 
serving as  much  as  possible  the  old  walls.  It  was  also 
decided  to  work  on  but  one-half  of  the  building  at  a  time, 
so  that  the  other  half  could  be  occupied  during  recon- 
struction. These  schemes  were  followed  out  though  sub- 
sequent experience  showed  there  was  little  if  any  economy 
in  them.  Because  of  the  timber  frame  bay-windows,  little 
of  the  original  walls  was  utilized  (dark  portions,  Fig.  3). 

The  chief  problem  was  one  of  foundation.  Owing  to 
the  subsurface  structures  and  other  complications  the 
wall  footings  could  not  be  extended  under  the  street, 
so  that  the  new  wall  piers  had  to  be  set  inside  the  old 
walls  and  on  foundations  of  I-beam  grillages  and  con- 
crete. Details  of  the  column  footings  are  shown  in  Fig. 
2  together  with  a  plan  of  the  foundations  for  the  entire 
structure.  Because  of  the  insufficiency  of  the  pier  foot- 
ings the  upper  two  stories  of  the  structure  are  cantilevered 
from  the  interior  columns. 


The  scheme  of  reconstruction  was  to  convert  the  ex- 
isting six  stories  into  eight  stories  and  to  add  two  more 
stories.  The  existing  floors  were  left  in  place  except 
such  places  as  had  to  be  removed  to  erect  the  steel  frame- 
work, or  were  occupied  by  the  steel.  A  92-ft.  steel-boom 
stiJf-k'g  derrick  was  erected  on  the  roof,  so  that  its  load 
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PIG.   1.    RECONSTRUCTION  OP  SECURITY  LIFE  BUILDING, 
LINCOLN.  NEB. 


Seo+ion    B-B 


H ,■";---  — -47-74';,- I .T'^h^"  Anchor  Bolt         Seo+ion 

'<--/5-//|->^-  -  77-///  '->'<-— /5-^5->^h«'    Setting  Plan.  C-C 

Sec+ion     A-A 

El  E2  E3 

^  hi  Top ^af  OU  "\  BaseruerH-    ID   Floor 


W  9-7"^ 


k^^-J">J 


U  9-3 '-^ 


k-7'jj 


>*< 19-4 


K ZO-l§ >*< 19-4-       >i<      -19-4- >i<       !g-4      >\<--  /9-4-~->\< -ig^"-->\<—ig-4"-—-A 

Longi+udinal     Seotioo     of    Building    be+w.    Cols.    E5-32     and    17-24    (Looking    East)    showing 

Grillage     Founda+ion 

\<- 143- 1^"  be-Z-i^'.  Bui/dlng'  lines 


k  -/5-^/^->k- 18-8"— ■>^< -ig'-4L'-'--:X<. 19-4-"  >^ 

PIG.  2.     DETAILS  OF  POUNDATIONS  FOR  NEW  STEEL  FRAME;    SECURITY    LIFE    liUILPlNG,    LINCOLN,    NEB. 
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-   carried  on  the   outsicle   and   partition    n-alls.     The 

s  were  anchored  by  steel  cables  to  the  frame  of  the 

ilding  several  stories  down.     The  steel  was  delivered 

an  alley  behind  the  building  and  the  93-ft.  boom  was 

:  pessary  to  reach  from  the  half  of  the  building  under 

I  istruction  completely  over  the  old  half  of  the  structure. 

When  the  foundations   had   been   prepared,   the   steel 

3  '.me  members  were  hoisted  to  the  roof  and  let  down 

1  0  place  through  holes  cut  in  the  roof  and  floors.    The 

lei  frame  was  thus  placed  before  the  old  floors  were 

1  noved.     In  the  first  half  of  the  building  reconstructed, 

)  "tition  walls  were  so  arranged  as  not  to  cause  serious 

i  onvenicnce  during  the  erection  of  the  steel,   but  in 

1  ■  second  half  of  the  building,  as  shown  in  Fig.  2,  the 

I  •tition  walls  had  to  be  removed  first  and  the  old  floors 

I  ried  temporarily  on  falsework. 

Jeep-Welll  CoiadleiffisaKag^  Watesr 

Deep-well  water  luus  occasionally  been  used  for  supply- 
i''  conden.sers.  The  temperature  of  .«uch  water  is  prac- 
t  illy  constant  the  year  through,  and  averages  about  60° 
1  being  perhaps  a  few  degrees  cooler  in  northern  lati- 
-  and  slightly  warmer  in  the  south.  With  this  nearly 
I  ant  temperature  the  condenser  may  be  considerably 
-  lUer,  and  the  rjuantity  of  water  circulated  may  be  con- 
*|-'rably  less  than  where  cooling  towers  are  used;  and 
'  bably  it  will  average  less  the  year  round  even  where 


FIG.   4.     HALF  OF   OPaOIN'AL   BUILDING 

river  water  is  at  hand  for  coiidenser  ]HU'poses.  The  first 
of  these  gains  will  reduce  both  the  investment  cost  and 
the  fixed  charges  on  the  condenser  equipment.  The 
second  may  not  only  bring  about  a  greater  saving  in  the 
amount  of  power  required  to  operate  the  condenser  apjia- 
ratus,  but  may  also  result  in  a  higher  vacuum  being  main- 
tained, which  in  these  days  of  the  steam  turbine  and  the 
struggle  for  the  last  fraction  of  an  inch  of  vacuum  ob- 
tainable to  increase  the  efficiency  of  the  turbines  served, 
will  warrant  an  inve.stigation  as  to  whether  well  water  is 
available  for  the  purpose.  In  a  number  of  cases  the  pos- 
sibility of  marked  advantage  has  been  disclosed. 

It  is  stated  that  water  recooled  for  condenser  use,  either 
by  the  use  of  the  spray  nozzle  or  by  cooling  towers,  will 
larcly  average  better  than  85°  F.  through  the  si.x  sum- 
mer months,  and  condenser  capacity  must  be  provided 
amply  large  for  this  temperature  even  though  the  yearly 
average  temperature  is  less.  With  the  best  cooling  tower 
or  spray  plant  a  vacuum  of  over  26  in.  is  rarely  main- 
tained in  the  summer  time,  and  about  27  in.  in  the  cold 
months,  whereas  with  60°  water  and  a  nmch  smaller  con- 
denser equipment  28  to  29  in.  of  vacuum  may  be  had 
in  summer  as  well  as  in  winter.  The  gain  in  efficiency 
may  not  only  warrant  additional  investment  in  the  cooler 
water  supply,  but  may  also  warrant  the  jnimping  oC  the 
reduced  amount  of  water  against  approximately  three 
times  as  great  a  head  as  that  u.sed  in  the  average  cooling- 
tower  installations. 
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Several  such  installations  have  been  made  by  the  Layne 
&  Bowler  Co.,  of  Memphis,  Tenn.,  and  Mr.  Layne  states 
that  an  installation  of  this  kind  made  about  Ifi  years  ago 
(where  the  deep-well  pump  is  operated  by  belt  power 
from  the  main  compound  condensing  engine)  is  operat- 
ing as  efficiently  today  as  when  first  installed.  He  sug- 
gests that  niany  plants  (especially  in  the  South)  which 
get  along  very  well  during  the  winter  on  lake,  pond  or 
river  water,  might  profitably  augment  their  supply  for 
the  hot  months  by  means  of  deep  wells.  At  a  plant  of 
7,000,000  gal.  capacity  for  cooling  water,  now  being  in- 
stalled in  Ohio,  investigation  showed  that  the  temperature 
of  the  surface  water  in  summer  averages  80°  while  that 
of  the  well  water  is  only  -^'0°. 


VatiraiHiedl  Fap®  Se^s^eirs 

By  ^\'.  G.  Kii:cTioi'i  ER* 

The  computations  necessary  for  making  an  estimate  for 
a  pipe  sewer  of  given  diameter  and  depth  have  not,  as  a 
rule,  been  made  by  means  of  fonnulas  and  diagrams. 
Numerous  attempts  have  been  made  to  show  these  re- 
lationships on  a  single  jcdTor  locality  by  means  of  dia- 
grams. Coffin  and  Warren,  independently,  prepared 
diagrams  of  work  done  in  Massachusetts  {Enrjineering, 
News,  Jan.  2,  1896,  page  2);  and  the  firm  of  Eiggs  & 
Sherman,  of  work  done  in  Michigan,  Indiana  and  Ohio. 
Charles  P.  Chase,  Clinton,  Iowa,  has  derived  constants 
for  fixed  costs.  All  these  diagrams  and  tables  were  based 
on  local  work  and  provided  no  means  of  varying  the 
estimate  according  to  soil  and  other  local  conditions. 

As  long  ago  as  1901  I  prepared  and  published  a  dia- 
gram, similar  to  the  ones  mentioned  above,  for  the  cost 
of  sewers  6  to  20  in.  in  diameter  and  from  6  to  18  ft. 
deep,  by  plotting  some  300  prices  on  sewers  wherein  the 
depth  anci  size  were  known.  ( Cojiyrighted  in  1901;  pub- 
lished in  the  Wisconsin  Engineer,  January,  1901,  p.  67.) 
This  diagram  was  found  useful  as  a  means  of  comparison 
between  the  cost  of  sewers  for  difl'erent  sizes  and  depths, 
but  there  was  no  means  of  taking  into  consideration  the 
variations  of  soil,  price,  etc.,  as  above  referred  to. 

Later  I  found  that  all  the  data  of  my  diagram  could 
be  represented  by  a  single  formula,  with  a  factor  which 
could  be  varied  to  suit  the  variations  in  soil  and  other 
conditions.    In  this  formula 

C  ^  The  cost  of  sewer  in  celits  ])er  foot; 

D  =  The  depth  of  sewn-  in  IVd  ; 

(S  =  The  diameter  of  sewer  in  inches; 

X^A  factor  dependent   upen  tlie  character  of  the 
soil   and   nietliiMl   el'  handling  it. 

Table  1  gives  the  values  of  the  functions  in  the  paren- 
theses for  various  values  of  .S'  and  D.  That  is  to  say,  the 
cost  of  any  sewer  of  size  and  depth  chosen  is  equal  to  X 
times  the  table  factor  for  these  conditions.  To  estimate 
the  cost  of  any  sewer,  choose  a  value  of  X  as  described 
later  and  multiply  it  by  the  table  factor.  For  illustra- 
tion, the  table  factor  for  ^S'  =  8  in.  and  D  =  9  ft.  is  3.5. 
If  X  is  chosen  as  20  the  cost  per  foot  is  3.5  X  20  or  70c. 

•Sanitary  and  Il.vclraulic  EnBlncer,  Maillson,  Wis, 


Depth  of 
Trench,    Feet 

6 

8 

Size 

10 

of  Pipe. 

J     . 

15 

18 

20 

4  0 

1  60 

2   10 

2  70 

3  30 

4  40 

5  60 

6  30 

4  5 

1  70 

2  20 

2  89 

3  40 

4  50 

5.70 

6,63 

5  0 

1  80 

2.30 

2,90 

3.50 

4,60 

5.80 

6  80 

5  5 

1  90 

2.40 

3,00 

3. 65 

4  75 

5  95 

6,93 

t;  0 

2  00 

2  50 

3  10 

3,80 

4  90 

6  10 

7,10 

fi  5 

2,15 

2.60 

3,20 

3,95 

6,05 

6  30 

7,30 

7  0 

2  30 

2,80 

3,40 

4  10 

5,20 

6  50 

7.50 

7  5 

2.45 

3  00 

3,60 

4  30 

5  40 

6  70 

7  70 

8  0 

2,60 

3,20 

3,80 

4,50 

5  60 

6  90 

7.95 

8  5 

2,80 

3  40 

4  00 

4,70 

5.85 

7,10 

8  20 

9  0 

3  00 

3  60 

4,20 

4,90 

6.10 

7  40 

8.50 

9  5 

3  20 

3  80 

4,40 

5  10 

6  35 

7,70 

8  80 

10  0 

3,40 

4  00 

4,60 

5.30 

6.60 

8.00 

9.10 

10  5 

3  60 

4,20 

4.80 

5.50 

6.85 

8.30 

9  40 

U  0 

3  85 

4  40 

5  05 

5  80 

7.10 

8.60 

9  70 

11.5 

4   10 

4  65 

5.30 

6  10 

7.40 

8.90 

10  00 

12  0 

4  35 

4  90 

5.60 

6  40 

7  70 

9,20 

10  40 

12  5 

4   fiO 

5  20 

5  90 

6  70 

8.05 

9  .50 

10  30 

13  0 

4  85 

5,50 

6  20 

7.00 

8.40 

9  90 

11  20 

13  5 

5   10 

5,80 

6.59 

7.35 

8.75 

10  .30 

11.60 

14  0 

5  40 

6   10 

6.85 

7.70 

9.10 

10  70 

12.00 

14-5 

5  70 

6  40 

7.20 

8.05 

9  50 

11,10 

12.40 

15  0 

6  00 

6,75 

7.55 

8  40 

9  90 

11  50 

12.80 

15  5 

6,35 

7.10 

7.90 

•    8,75 

10  30 

11  90 

13.30 

16  0 

6  75 

7,45 

8  25 

9,15 

10  70 

12,40 

13.60 

16,5 

7   10 

7  80 

8.65 

9,55 

11  10 

12  90 

14.30 

17,0 

7,45 

8,20 

9.05 

9.95 

11,50 

13,40 

14.80 

17  5 

7  80 

8,60 

9.45 

10  35 

12  00 

13  90 

15.30 

18  0 

8,15 

9,00 

9  85 

10  80 

12  50 

14  40 

15  80 

18  5 

8  55 

9,40 

10  25 

11  25 

13,00 

14  90 

16  40 

19  0 

8  95 

9  80 

10.70 

11  70 

13  50 

15  45 

17  00 

19  5 

9  35 

10  20 

11  15 

12  20 

14  00 

16  00 

17  60 

20  0 

9,75 

10  60 

11  60 

12.70 

14.55 

16  .55 

18.20 

20  5 

10,20 

11  10 

12  10 

13.20 

15,00 

17,10 

18.80 

21  0 

10  65 

11,55 

12  60 

13.70 

15,50 

17  70 

19.40 

21  5 

11  10 

12  00 

13   10 

14,20 

16  10 

18  30 

20.00 

22.0 

11.55 

12  50 

13  60 

14,70 

16  70 

18,90 

20.70 

22.5 

12.05 

13  00 

14  10 

15  20 

17  30 

19  .50 

21,40 

23  0 

12.50 

13  50 

14,60 

15,80 

17,90 

20,20 

22.10 

23,5 

13  00 

14,00 

15  10 

16  40 

18. 50 

20  90 

22.80 

24  0 

13,55 

14,55 

15,70 

17,00 

19  10 

21.60 

23,50 

24,5 

14  05 

15   10 

16  30 

17,60 

19,70 

22.30 

24,20 

25  0 

14  55 

15.65 

16  90 

18  20 

20  40 

23  00 

25.00 

25  5 

15,10 

16  20 

17,50 

18  SO 

21  10 

23  70 

25.80 

26  0 

IS  65 

16,80 

18  10 

19,40 

21,80 

24,40 

26.60 

26  5 

16  20 

17  40 

18.70 

22  00 

22,50 

25  20 

27.40 

27  0 

16  75 

18  00 

19  30 

22  70 

23,20 

26  00 

28  20 

27  5 

17  35 

18,60 

19.90 

22,40 

23,90 

26,80 

29,00 

*X   =  factor 

depvnden 

upon  nature  of  work. 

Those  who  are  not  familiar  with  the  use  of  such  a 
table  may  be  materially  aided  by  working  backward  from 
data  on  previous  work  they  have  done,  as  follows :  A  con- 
tractor has  laid  a  10-in.  sewer  8  ft.  deep  at  a  cost  of  65c. 
per  ft.,  and  he  now  wishes  to  bid  intelligently  upon  a 
12-in.  sewer  9  ft.  deep.  The  table  factor  for  the  10-in, 
sewer  8  ft.  deep  is  3.8 ;  65  -f-  3.8  =  18  =  .V.  If  the 
work  on  which  he  wishes  to  bid  is  of  the  same  character 
he  should  use  18  as  a  value  of  X,  but  if  the  work  was 
estimated  to  be  10%  more  difficult,  then  he  should  use 
19.8  for  X.  The  table  factor  for  a  12-in.  sewer  9  ft.  deep 
is  4.9.     The  estimate  would  then  be  4.9  X  19.8  =  STc. 

The  relationship  of  the  factors  in  the  formula  are  also 
shown  by  the  accompanying  diagram.  The  diagonal 
scale  at  the  right  shows  the  magnitude  of  the  factor  which 
is  to  be  chosen  for  the  particular  ])iece  of  work,  and  is 
the  same  as  X  in  the  foregoing  formula  for  the  cost  of 
sewtM'. 

Snppose  it  is  desired  to  estimate  the  cost  of  a  12-iii, 
sewer  10  ft.  dec]),  assuming  a  factor  of  22.  From  the 
interseetion  of  the  vertical  line  through  12  in.  with  the 
horizontal  line  through  10  ft.  pass  diagonally  upward  to 
the  right,  parallel  to  (lie  diagonal  lines  sloping  upward 
in  the  direction,  until  the  line  marked  22  (sloping  down- 
ward to  the  right)  is  intersected.  Then  pass  vertically 
down  to  the  bottom  of  the  diagram  where  we  read  $1.1'' 
])er  ft.  In  some  problems  the  factor  line  will  lie  below 
the  intersection  of  size  and  depth  lines,  in  which  case  it 
will  be  necessary  to  pass  downward  1o  flie  left  in  ])Ia<i' 
of  upward  to  the  right. 

The  selection  of  the  factor  must  be  based  on  the  char- 
acter of  the  work,  current  prices  for  labor  and  materials. 
In  my  own  practice  a  deferminafion  has  been  made  from 
work  already  constructcil  liy  working  JKiekward  after  the 
contract  has  been  let. 
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To  show  how  closely  work  may  he  estimated  the  fol- 
(iwing  facts  are  given:  At  Antigo,  Wis.,  the  estimate  on 
wo  miles  of  24-in.  intereepting  sewer  was  $19,888,  and 
he  contract  was  let  for  $19,885.  At  Prairie  du  Chien, 
Vis.,  25,410  I't.  of  6-,  8-,  10-  and  12-in.  sewers  were 
stimated  hy  this  method  at  $20,116,  and  the  contract 
■as  let  for  $20,482.  At  Boscobel,  Wis.,  15,600  ft.  of 
-,  10-  and  12-in.  sewers  were  estimated  to  cost  $15,215 
iid  the  contract  was  let  for  $15, ."^50.  At  none  of  the 
Ijove  places  was  the  estimate  given  out  previous  to  the 
losing  of  the  bids. 

For  Wisconsin  conditions,  where  the  excavation  is  made 
1  gravel  clay  with  no  water  or  quicksand,  I  have  found 
lat  a  constant  of  about  20  gives  close  results.  In  sandy 
lils  and  shallow  trenches  where  sheeting  was  not  re- 


Table  2  shows  the  factors  that  have  been  computed 
from  the  cost  of  actual  work  done  at  the  cities  named. 
From  the  data  of  Table  2,  the  conclusions  are  drawn 
which  are  expressed  in  Table  :i. 

T.^BLE  3.     VALUES  OF  X  FOR  C:rVEN  SOIL  CONDITIONS 

:':uto 
Sandy  soil,  bracing  only  required,  no  wat---r,  wages  and  pipe  prices  medium     14 

Good  digging  in  any  soil:  work  scarce 15 

Clay  soil,  good  digging 17    - 

Red  cKay,  no  biacing 20 

Sandy  clay,  some  water 23 

Sand  with  water 20 

Red  sti<-ky  clay 24 

Ciravel  and  boulders:  wages  high 26 

Clay,  gravel,  lots  of  boulders:  labor  scarce 27 

Work  inland  from  railroad:  boaid  i.f  labo.c:sand  otiierincnased  expenses     35 

Where  the  data  given  would  not  meet  the  conditions, 
but  the  size,  depth  and  cost  ])er  foot  of  similar  work  are 
known,  one  can  work  backward  from  the  cost  per  foot 


j  "•' 

_ 
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Co&+      o-f      Sewer      in-      Do 
SEWER-COST   DIAGRAM,   WITH    FACTOR 

q  red,  a  constant  as  low  as   15  has  given  an  estimate 
e  al  to  the  contract  price. 

BLE  2.     VALUES  OF  X  DERIVED  FRO.M  LOCAL  CONDITIONS 
Factor 

Ixxation              From      To  Character  of  the  Soil  and  Condition 

"i 22         20  Clay,  gravel  and  boulder;    wages  high 

-  luud  Center 21         22  Mostly  sand,  deep  trenches,  sheeted;  wages 

midiuni 

■*    15        20  tSandy  clay:    wages  medium;    labor  condi- 

,  tions  good 

*»  *UtQ 14         20  Sand,  sandy  clay,  some  water;  labor  condi- 

^  tionsgood:  pipe  prices  medium 

9'  nrton l.l         22  Gravelly  clay,  A  '""1  '"  concrete 

iJ'IBe 17          2.'i  .Sandy  clay,  some  water,  sheeting 

25  tnnum,  Wolc8. . .                  35  Clay,  2  mi.  inland;  have  to  board  labonrn 

f,i"ulh 20         27  Clay,  gravel  and  boulders 

y    •^'•Il» 10         19  Sand,  clay  and  good  iligging 

J.  Ii  Milwauke«r 20         2-1  Red  clay,  machine  woik 

"    ''alem                       17         19  Good  digging;  wages  medium 


3  4.  5  e  7        6      9     10    11    E 

llar&       per      Lineal       Foo+ 
TO  MEET  VARYING  LOCAL  CONDITIONS 

and  determine  the  diagram  factor  for  work  under  tlmsr 
conditions,  which  could  then  be  applied  to  a  different 
size  and  depth  of  sewer  in  similar  conditions.  The  esti- 
mates arrived  at  are  suppo.sed  to  cover  the  items  of  trench- 
ipg,  pipelaying,  backfilling,  pipe  and  materials  for  mak- 
ing joints  with  cement  mortar.  It  does  not  include 
manholes,  laniplioles,  catchbasins  or  flushtanks. 

This  method  of  making  estimates  has  not  been  based 
on  the  amount  of  work  that  a  man  can  do  in  a  day,  nor 
the  price  paid  him,  but  has  been  arrived  at  by  a  study 
of  a  large  number  of  bids  on  work  where  the  size  oF  the 
pipe,  depth  of  the  trench  and  -ither  general  conditions 
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were  known.  It  is  not  based  on  work  so  large  or  of  such 
a  nature  that  steam  shovels  would  be  used,  or  work  involv- 
iiij;  rock  excavation  or  in  quicksand  of  any  considerable 
extent,  but  is  based  on  work  involving  the  use  of  vitrified 
pipe  in  diameters  ranging  from  G  to  20  in.  and  on  the 
ordinary  run  of  soils  as  we  find  them  in  the  north  central 
states.  It  is  not  supposed  to  give  the  actual  cost  per 
foot,  but  the  amount  that  a  contractor  would  bid  on 
work  of  this  kind  for  the  conditions  existing  at  that  local- 
ity, and  the  current  price  for  materials  and  labor. 


"Where  collusion  among  bidders  exists,  or  where  there 
is  a  determination  on  the  part  of  some  bidder  to  get  under 
the  other  fellows,  the  table  and  diagram  fail. 

I  have  found  this  table  and  diagram  very  convenient 
and  useful.  ]\Iy  office  assistants  learn  how  to  use  it 
readily.  The  diagram  has  not  been  previously  published, 
and  is  not  in  the  market.  Xeither  is  it  copyrighted.  I 
am  giving  it  to  the  public  for  what  it  is  worth,  and  I 
hope  other  engineers  and  contractors  will  find  it  as  use- 
tul  as  I  have. 


Comnmecttiinig'  Ns^rrow^s  Siplhioini  to 


SYNOPSIS — Land  connection  between  Neiv  York 
City's  Catskill  Aqueduct  siphon  under  the  Narrows 
and  the  Staten  Island  main  to  Silver  Lake  reser- 
voir. Pipe  laid  in  a  submarine  trench  of  maximum 
depth  of  50  ft.  excavated  to  land  end  of  water- 
supply  pipe  line.  Two  lines  of  steed  sheetpiling 
driven  before  excavating  started.  Special  arrange- 
ment of  piling.  Netv  cotmecting  pipe  line  had  to 
be  slid  as  unit  on  carefully  adjusted  track  on  bot- 
tom of  trench  and  fitted  in  siphon  by  divers.  Spe- 
cial tools  used  to  adjust  trackway. 

A  little  over  a  year  ago  a  36-in.  pipe  line  y,SoO  ft. 
long  was  constructed  uncler  the  Narrows  and  the  great 
ship  channel  of  the  Port  of  New  York,  to  convey  Catskill 
Aqueduct  water  from  Brooklyn  to  Staten  Island.  The 
connection  of  the  siphon,  at  a  point  outside  the  bulkhead 
line  to  a  point  on  the  shore  above  high  water,  to  the  main 
leading  from  the  waterfront  to  Silver  Lake  reservoir  was 
accomplished  in  a  manner  altogether  unusual. 

The  depth  of  the  siphon  varies  below  mean  water  from 
50  to  72  ft.,  the  pipe  being  laid  in  a  trench  with  8-ft. 
cover.  The  connection  between  the  siphon  and  the  main 
on  the  Staten  Island  shore  had  to  be  laid  at  El.  — 50  for 
about  100  ft.  of  its  length,  the  next  150  ft.  rising  to  El. 
-(-l.-l,  where  the  land  connection  was  made. 

American    Pack    Co.         ^__ 


ft    \    .-  Buiy^ecic/  Line 
■?    ^         (Cnb) 


Eleva+non 
FIG.  1.    PIPE  LINE  CONNECTING  NARROWS  SIPHON  AND  STATEN 
ISLAND   MAIN 


The  jirofile  in  Fig.  1  shows  the  natural  slope  of  the 
bank  and  the  amount  of  excavation  necessary  in  order  to 
provide  a  suitable  trench  for  the  pipe.  The  bottom  is 
sand  overlying  hardpan.  Two  parallel  rows  of  Carnegie 
steel  sheetpiling  63  ft.  long  were  put  down  for  a  distance 
of  about  120  ft.  Thence  to  the  shore  the  piling  decreased 
in  length  from  60  ft.  to  9  ft.  The  necessity  for  the 
sheeting  was  due  to  the  narrow  right-of-way  and  to  the 
fact  that  the  existing  structures  adjacent  to  the  trench 
would  have  collapsed  unless  protected. 

The  arrangement  of  the  piling  was  devised  by  F.  T. 
Llewellyn,  of  the  Carnegie  Steel  Co.,  and  was  put  in  Ijy 
the  Merritt-Chapman  Derrick  and  Wrecking  Co.  Pint 
a  series  of  master  piles  of  the  shape  shown  in  Fig.  3  was 
put  down  by  a  derrick,  using  guides.  The  first  steel 
master  piles  were  placed  by  the  derrick  traveling  on  tracks 
laid  on  an  old  dock  on  the  site,  but  the  track  arrangement 
was  transferred  to  caps  carried  on  the  master  piles  them- 
selves. A  Hamilton  steam  hammer  weighing  about  three 
tons  and  hanging  from  the  derrick  arm  drove  the  piles. 

Maintaixixg  the  Piles  Vertical 

It  was  essential  that  the  distance  between  master  piles 
should  be  the  same  throughout  their  entire  vertical  length. 
This  was  necessary  in  order  to  insure  that  the  interme- 
diate piling  would  meet  properly  in  an  arc  and  without 
distorting  the  interlock.  Great  care  was 
taken  to  keep  the  master  piles  plumb 
and  to  prevent  their  twisting.  A  tim- 
ber frame,  built  and  attached  to  the 
traveling  derrick,  was  used  as  a  guide 
for  the  master  piles,  as  shown  in  Fig. 
(k  The  intermediate  piles  were  driv- 
en by  three  derricks  equipped  with 
steam  hammers.  A  stationary  derrick 
worked  on  the  shore  end,  a  floating 
derrick  operated  at  the  outer  end, 
while  a  traveling  derrick  moving  along 
a  track  built  on  top  of  the  master 
piles  drove  the  piling  between  the 
stationary  and  the  floating  derricks. 
In  driving  the  intermediate  pile«i 
a  templet  of  the  proper  curve  was  set 
between  the  masters,  and  the  sheet- 
piles  were  set  against  this  tempH 
being  arranged  as  shown  in  Fig.  ''• 
When  an  entire  bay  had  been  set  up, 
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he  piles  were  driven.  The  sheetpiling  was  put  in  in 
Uigust  and  September,  11)15,  and  no  excavating  was  done 
lutil  this  work  had  been  completed.  Excavation  pro- 
eeded  in  much  the  same  manner  as  did  the  pile  driving, 
dl  three  derricks  were  employed  and  were  equipped 
espeetively  with  a  2y2-yd-  and  a  I'^-yd.  Williams  grab 
ueket  and  a  ll^-jd.  Hay  ward  orange-peel. 

Transverse  Br.vcixg  axd  Layixg  Pipe  Track 

As  the  excavation  proceeded,  transverse  struts  were 
laced  between  the  master  piles,  as  shown  in  Fijr.  2.  The 
vo  bottom  struts  were  lowered  double,  being  fastened 


struts  to  tlie  correct  level.  This  was  accomplished  bv 
screwing  the  nuts  domi  on  the  bolt,  thereby  raising  the 
strut  to  the  proper  grade.  The  adjustment  of  these  nuts 
was  not  an  easy  matter,  using  the  type  of  wrenches  avail- 
able. The  contractor's  superintendent  produced  a  very 
simple  wrench  made  from  a  ly^-in.  iron  rod,  squared  at 
the  working  end  and  turned  over  twice  as  shown  in  Fig.  3. 
Additional  leverage  could  be  obtained  by  slipping  a  piece 
of  pipe  over  the  handle.  The  track  or  guides  down  which 
the  connecting  pipe  was  slid  was  constructed  as  shown  in 
Fig.  2.  It  was  laid  in  sections,  each  two  rails  in  length 
and  built  up  with  crossties. 


Typical 
Cros&-Sec+ion 
Through  Trench 


DETAILS  OF  TRKNCH  CONSTRUCTION  AND  DESIGN  OF  STKEI.  SIl  KETITI.INC 


■ther  by  long  Ijolts  carrying  nuts  on  the  upper  end. 
the  excavation  proceeded,  the  bottom  struts  continued 
ower,  tile  nuts  having  been  set  to  retain  tlie  bottom 
it  2  in.  i)e]ow  grade.  This  allowance  was  for  errors  in 
i.suremont.  It  was  easier  to  pull  up  on  the  bottom 
It  than  it  would  have  been  to  let  it  down.  If  the  bot- 
strut  had  been  left  2  in.  above  grade  extra  digging 
troubh^some  adjusting  would  have  been  necessary. 
'rem  this  time  on  until  the  pipe  line  had  been  laid,  a 
•e  of  eight  divers  was  emjjloyed.  Four  divers  worked 
he  daytime  and  two  divers  on  each  of  the  other  8-hr. 
ches.     Their  first  o))cratioii  was  to  bring  tlie  Ijottom 


Track-laying  began  at  the  surface  and  ])roceeded  down 
the  incline  to  the  end  of  the  trench.  The  sections  were 
placed  by  divers  guided  by  a  plumb  bob  suspended  from 
the  overhead  structure.  At  first  an  ordinary  tunnel 
plumb  bob  was  tried,  but  the  motion  of  the  diver  caused 
it  to  defiect  so  that  it  was  unsatisfactory.  A  plumb  bob 
that  gave  entire  satisfaction  was  then  devi.sed.  It  was 
made  of  li/pin.  round  iron  6  ft.  long,  pointed  at  the 
lower  end  and  with  a  l.ole  drilled  in  the  upper.  A  sketch 
of  the  new  pluinh  bob  is  shown  in  Fig.  3. 

The  track  sections  were  slid  down  llio  completed  track 
and  pulled  in  place  by  the  diver,  who  had  at  his  dispo.sal  a 
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line  from  the  traveling  derrick.  The  outer  3()  it.  of  track 
was  sj^ecial,  being  designed  and  built  on  the  Job,  using 
common  railroad  iron. 

How  CoxNECTiNG  Pipe  Lixe  Was  L.\id 
In  removing  the  skid  used  in  laying  the  pipe  across 
the  harbor,  the  pipe  had  to  be  left  on  an  incline  with 
the  highest  point  at  El.  — 35.  This  end  of  the  pipe  had 
to  be  lowered  to  El.  — 50.  A  floating  dredge  was  used 
to  remove  the  material  on  either  side  of  the  pipe.  The 
dredge  worked  very  carefully  and  as  close  to  the  pipe 


Brooklyn 


This  pari  filled  mm  "■^'^'•->^^^^^^J 


Tookers  f^amil'ar 

New  Tunnel 

Plumb  P'"'y° 
Bob  Bob 

FIG.   3.    SPECIAL  TOOLS  USED   IN  WORK 

as  possible.  Divers  were  sent  down  and  worked  the  pipe 
down  to  the  required  grade  by  the  use  of  a  water  hose, 
washing  away  material  underneath  the  pipe.  It  was  im- 
possible to  get  the  exact  measurement  between  the  end 
of  the  pipe  and  the  end  of  the  pipe  track  in  the  sheeted 
trench,  until  the  pipe  was  lowered  to  the  proper  grade. 

Tackle  pulling  out  pipe 
4- fold, ?Z' blocks  f, 

Si"diam.,manilla  rope  r  i 


FIG.  4.    HOW  PIPE  WAS  SLID  DOWN  INCLINED  TRACK 


wool  iy  cli\rer  • 
FIG.   5.    TIMBER  Bt'LKHEAD  IN  FORWARD   END  OP   PIPE 

The  section  of  coiinectiiig  pipe  w^as  hauled  down  tlie 
incline,  being  kejit  I'rom  running  away  by  tlie  tackle, 
shown  in  Fig.  -L  Into  the  spigot  end  of  the  leading  pipe 
a  timber  bulkhead  had  been  built,  as  shown  in  Fig.  5. 
The  bulkhead  was  penetrated  liy  two  short  lengths  of  pipe 
fitted  on  tlie  inside  with  a  :i-in.  check  and  a  ll/^-in.  globe. 


As  the  connecting  line  descended  the  incline  and  a'^ 
proached  the  finished  siphon,  new  pipe  lengths  were  fittoJ 
on  its  exposed  end  and  calked.  Finally,  the  bulkheadc 
end  of  the  line  was  steered  into  the  bell  end  of  the  deep^ 
water  line.  A  diver  calked  the  exterior  portion  of  tin 
joint  with  lead  wool. 

Compressed  air  was  directed  into  the  connecting  line 
passing  through  the  2-in.  check  valve  and  driving  tli> 
water  in  the  siphon  toward  the  Brooklyn  shore.  Whci 
the  water  had  been  driven  back  as  far  as  possible  wtti 
the  air  pressure  available,  the  air  was  shut  off  and  thci 


FIG.  6.    GUIDE  FRAMES  USED  TO  KEEP  MASTER  PILE^ 
VERTICAL 

allowed  to  escape  frdin  the  si|ihon  by  way  of  the  glol 
\alve.  The  water  remaining  in  the  sii-ilion  now  returm 
a  certain  distance  until  a  uniform  level  was  establislu 
at  about  El.  — 55,  leaving  a  certain  length  of  the  siph( 
,lry. 

The  timlier  bulkhead  was  now  removed  from  the  coi 
necting  pi])e  and  workmen  entered  the  siphon.  The  latt' 
was  found  to  contain  considerable  nuul  in  the  unwatcn 
length,  and  this  was  cleaned  out  by  means  of  a  canvas  h 
(Fig.  3)  fitted  with  a  hoo]i  at  one  end  and  used  like 
dragline.  Workmen  now  calked  with  lead  wool  the  inn 
portion  of  the  joint  between  the  connecting  pipe  and  ti 
older  submarine  line. 

The  connection  having  been  made  to  the  si])hon  and  t 
joints  being  found  tight,  backfilling  was  begun.  As  tl 
work  proceeded  the  transverse  struts  were  removed.    T 
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FIG.  7.    TWO  VIEWS  OF  SHEETPILING   SET  UP  FOR  DUIVING 

Upper — Set  of  13  intermediate  piles  assembled.     Fixed  derrick  at  extreme  left,  traveling  derrick  alonifside, 

man  in   the  view   is  putting  on  splice   plates 


Lower — The 


ime  buckets  were  used  to  backfill  as  hail  been  employed 
1  excavating.    The  fill  consisted  of  Copenhagen  Channel 

I  Hast   sand,    Cow    Bay    sand    from    Long    Island,    and 

I I  last  sand  from  England.  The  ballast  was  unloaded 
III  shijis  onto  flat  scows,  which  were  towed  to  the  trench 
I  unloaded  by  the  buckets. 

The  excavation  and  the  placing  of  the  transverse  struts 
ipied  the  time  from  September,  1915,  to  January, 
i'i.  Laying  the  track  and  pulling  the  connecting  pipe 
'  pliHc  was  finished  by  the  middle  of  April,  while  the 
fcfilling  was  practically  complete  June  1.  Since  then 
contractor  has  been  engaged  in  recovering  the  sheet- 

I'lie  Work  was  done  under  the  supervision  of  the  Board 
Water  Supjily,  of  which  J.  Waldo  Smith  is  Chief  Engi- 
r;  Alfred  I).  Fliiin,  Deputy  Cliicf  EiigiiiiMT;  Waller  E. 


Spear,  Department  Engineer,  and  John  I'.  Hogaii,  Divi- 
sion Engineer.  The  contractor  is  the  Merritt-Chapman 
Derrick  and  Wrecking  Co.,  18  Battery  Place,  New  York 
City,  of  which  Kalph  Chapman  is  Mechanical  Engineer 
and  I.  M.  Tooker  is  Superintendent  on  the  job. 

:*; 

Iron  Ore  MInrd  In  the  IJnIted  Sinten  in  19ir>  reached  « 
total  of  i>.''i,.')26,190  pro.ss  ton.s,  the  greatest  output  mado 
In  any  year  except  1910  and  1913.  Shipments  (valued  at 
$I01,2S8,9SI)  were  a  little  less  than  the  quantity  mined, 
The  latter  was  an  Increase  of  11.000.000  tons  over  the  output 
In  1S14.  The  Increases  In  quantity  and  in  value  of  iron  oro 
shipped  amounted  to  about  ■10  and  41%  respectively.  Tho 
average  value  per  ton  In  1915  was  $1.S.'),  compared  with  $1.81  In 
1911.  These  flMTuris,  which  are  Just  made  public  by  the  United 
States  Geological  Survey,  were  prepared  by  E.  P.  Burchard, 
who  states  that  the  production  of  Iron  ore  from  the  Lako 
Superior  district,  alone.  In  1916  will  possibly  bo  00,000,000  tons, 
and  that  there  will  probably  be  an  increase  In  price  of  70  to 
7r)C.  a  ton  for  this  ore. 
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By  F.  K.  GooDiiAX* 

A  flood  tluit.  washed  out  the  centering  of  a  reinforced- 
concrete  hridge  under  construction  over  tlie  Little  Colo-  - 
rado  Eiver,  I'our  miles  east  of  Holbrook,  Ariz.,  last  winter, 
not  only  demonstrated  the  stability  of  the  structure  at  an 
age  before  it  normally  would  have  been  self-supporting, 
but  forced  the  engineers  to  resort  to  unconventional  meth- 
ods in  the  erection  of  the  incompleted  side  brackets. 

The  arch  is  a  Luten  design  reinforced-concrete  highway 
structure  of  IT-l-ft.  span  and  20  ft.  9  in.  rise.  It  ceinsists 
of  a  single  barrel  arcii  rib  8  ft.  wide  with  spandrel  walls 
filled  between  with  earth.  The  full  width  of  the  roadway 
(16  ft.)  has  been  gained  by  reinforced-concrete  slabs  rest- 
ing on  cantilever  brackets,  spaced  7  ft.  on  centers.  In  line 
with  these  brackets  a  reinforced-concrete  tie-beam  con- 
nects the  tops  of  the  two  spandrel  walls. 

The  construction  w-ork  was  begun  by  the  Arizona  State 
Highway  Department,  using  day  labor,  on  Oct.  29,  1915. 
The  centering  is  founded  on  bents  of  10-in.  piles,  five 
of  the  piles  in  each  bent  being  centered  under  the  main 
arch  rib  and  one  under  each  bracket.  On  these  piles 
were  carried  fan-shaped  struts  which  supported  the  lag- 
ging and  which  were  made  up  of  three  2x8"s  arranged  T- 
fashion  and  wired  together  after  the  well-known  Luten 
patent.  The  wires  were  to  be  cut  to  allow  the  arch  to  be 
sprung. 

Owing  to  the  quantity  of  concrete  in  tbe  ring  (2G0 
cu.yd.)  and  the  small  capacity  of  the  mixing  plant,  it  was 
decided  to  cut  the  ring  into  transverse  sections  somewhat 
narrower  than  the  main  arch  rib  and  to  make  three  pour- 
ings instead  of  one  continuous  run  for  the  entire  amount. 


A  key  section  was  poured  first,  two  spring  sections  second 
and  the  two  intermediate  sections  last.  The  third  sections 
were  poured  just  as  soon  as  the  concrete  in  the  second  sec- 
tion had  set  sufficiently  to  allow  the  intermediate  forms  to 
be  removed.    This  work  was  started  along  toward  the  end 


•Division    Engineer,    Arizona    State    Highway    Dopartment, 
Coconino  County,  Parks,  Ariz. 


FIGS.    1   AND 


FLOOD  WASHF.S  OXIT  FALSEWORK    AND    CENTERING    OF 
UNFINISHED  BRIDGE 


FIG.  3.    METHOD  OF  SUSPENDING  FORMS  FOR 
COMPLETING  BRIDGE 

of  December.     At  no  time   during  the   pouring  of  the 
concrete  ring  was  the  themiometer  above  -10°   F.,  the 
temperature  at  7  a.m.,  noon  and  6  p.m.  each  day  being  16°, 
38°    and   26°    at   7   a.m.;   20°,   40°    and   26°    at  noon; 
12°,  40°  and  30°  at  6  p.m.  respectively.    Neither  material 
nor  water  was  heated.     However,  no  frozen  concrete  was 
allowed  to  go  into  the  forms. 
The  first  pouring  did  not  ex- 
tend  to   the  full   8-ft.  widtli 
of  the   arch  rib  but  only  ai  j 
far  as  the  inside  edge  of  th( 
pandrel  wall,  and  it  was  th( 
iiiteution     to     complete    thi 
bridge  in  another  operation  b)  I 
1  louring  the  remainder  of  thi ' 
rib    and    its    superposed  floo' 
and     extending     brackets    oi 
forms  resting  on  the  falsework  _ 
In   pursuance  of  this  scheme  Mr; 
al'ter  the  arch  ring  had  setsuf  ■ 
liciently  to  remove  the  outsid 
form,  the  pouring  of  one  span 
(Irel    wall    and   floor  bracket 
was  begun  and  continued  ui; 
til    the   entire   length   of  tli 
span  was  completed.  Then  tli 
(itlier  wall   was   completed  i 
like  manner.   The  concrete  Wii 
deposited  alternately  on  opp 
>ite  ends  of  the  span,  begii 
iiing  at  the  abutments,  so  as  i 
keep  a  uniform  loading  on  tl 
lalsework.     On  Jan.  19,  191' 
the   fourteenth    day  after  tl 
second   w^all    was   poured,  tl 
arch    rib   was   completed,  tl 
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sinmdrel  walls  were,  completed,  and  all  of  the  brackets  and 
tic-beams  were  in  place.  On  that  day  a  sudden  flood  in  th:> 
river  took  out  S  of  the  13  bents  of  falsework  (see  Figs. 
1  and  2).  The  Little  Colorado  Elver  at  this  point  has 
a  fall  of  approximately  11  ft.  per  mi.  and  carries  a  large 
amount  of  driftwood,  at  all  high-water  stages,  but  the 
amount  during  this  tiood  was  excessive.  The  debris 
was  piled  up  to  within  4  ft.  of  the  crown  of  the  arch.  A 
:ottonwood  tree  about  30  in.  in  diameter  at  the  trunk 
■:tuck  broadside,  causing  the  final  failure.  Xotwith- 
^tanding  the  fact  that  the  oldest  concrete  was  only  about 
I  month  old  and  had  been  placed  in  practically  freezing 
veather,  the  arch  stood  intact  with  hardly  any  deflection. 
With  the  supporting  falsework  gone,  the  problem  of 
onstructing  the  floor  and  the  handrail  remained.  It  was 
m  practicable  to  drive  new  centering  under  the  brackets, 
vhich  were  considered  not  to  be  of  sufficient  age  to  war- 
ant  their  being  used  as  the  basis  of  forms  to  carry  the 
•jad  to  the  new  concrete,  particularly  on  account  of  the 
old  weather  during  which  they  wore  poured.  It  was 
eeided,  then,  to  suspend  the  forms  for  the  floor  from 
"  le  completed  work.  The  method  of  doing  this  is  shown  in 
erspective  in  Fig.  3. 

Trussed  frames  were  erected  on  the  completed  tic-beams 
nd  arch  rib  and  from  their  outside  extremities  were  hung 
ingitudinal  stringers  that  in  turn  carried  joists.  These 
lists  at  the  outside  rested  on  the  stringers  and  at  the 
iside  were  fastened  to  the  studding  and  lagging  of  the 
)andrel-wall  forms,  which  had  been  left  in  place  wired 
irough  and  thus  were  quite  capable  of  holding  loads.  On 
le  floor  thus  built  the  cantilever  slabs  were  laid. 
The  labor  cost  of  constructing  this  suspended  falsework 
as  $27,  the  material  used  being  form  lumber  taken  from 
e  spandrel  walls  and  the  arch  ring.  After  a  delay  of 
)  days  from  the  pouring  of  the  last  spandrel  wall  the 
)or  slab  and  handrail  were  commenced  and  continued 
itil  completion. 

The  State  Engineer  of  Arizona  is  Lamar  ('ol)b.  T.  F. 
ichols  is  Bridge  Engineer,  and  the  writer  was  in  charge 
the  construction  work  described. 

■  The  Valuation   Committee  of  tlie  American    Electric 
■!way  Association,  in  its  report  at  the  recent  Atlantic 

convention,  proposed  a  list  of  21  words  (drawn  up  by 
<1.  Young,  Consulting  Engineer,  New  York  City) 
lich  it  was  thought  would  cover  all  the  tenns  which  it 
iild  be  necessary  to  employ  in  discussions  of  valuation 
itters.  This  list,  which  is  reprinted  below,  would  replace 
■  longer  list  of  300  odd  words  whose  use  has  been  noted. 

OPOSED  DEFINITIONS  OF  WORDS  USED  IN  VALUATION 

WORK 
'.    Public   utnity: 

liU.'iincsa  operated   under  a  public  grant  and   performinB 
l>ulatcd   public  service   for  compensation. 
.;.    Franchise: 

The  grant   by  a   public   authority   of   the   necessary   rights 
I  do  a  spiciflc  business,  and  including  the  u.se  and  occupancy 

■  ime    portion    of    the    public    lands. 

Property: 
iiat  which  is  owned  by  a  company  or  individual  by  virtue 
teal    rights    through    possession,    title    or    lease. 

Ownf-rship: 
lip  legal  title  to.   01    possession   of.   property. 

Value: 
'  orth    (soe   dcHnition    of    worth). 

Valuation: 
>i  t  of  determining  worth. 


7.  Worth: 

Exchangeable  value  (Webster). 

Including  every  item  of  value  entering  into  and  affecting 
the  value  of  a  property,  tangible  and  intangible,  physical  and 
nonphysical.  also  every  kind  of  value  from  whatsoever  sources 
derived,  or  by  whatsoever  means  or  cause  affected,  favorable 
or  unfavorable,  and  as  of  the  present  time  ajid  including  full 
consideration   of   past   performance  and   future   probability. 

Notes — (a)  It  is  seen  that  worth  (value)  is  not  constant, 
but  is  affected  and  increased  or  diminished  from  time  to  time 
by  a  number  of  condition.s  and  circum.=;tances. 

(b)  That  worth  (value)  is  dependent,  among  other  things, 
on  earnings  and  therefore  on  rates  and  tariffs  charged  for  the 
i-.ervices  rendered. 

(c)  That  worth  (valuation)  thus  defined  cannot  be  made 
the  basis  of  the  amount  on  which  a  reasonable  return  is  to  bci 
allowed  by  courts. 

(d)  That  an  appraisement  only  shows  a  part  of  the  \yorth 
of  a  property. 

(e)  The  ward  "value"  should  not  be  used  exceiit  when 
worth  is  intended. 

8.  Investment: 

The  total  amount  of  cash,  or  its  equivalent,  that  has  gone 
into  the  creation  and  development  of  a  property,  from  what- 
soever source  derived,  including  new  money  used  for  obso- 
lescence   and    development. 

9.  Capital: 

The  total  number  of  shares  of  a  company,  preferred,  ordi- 
nary   or    otherwise. 

Notes — When  these  shares  have  a  .stipulated  par  or  face 
n  mount,  the  total  aggregate  sum  expresses  the  capital  of 
the   company. 

(a)  The  capital  face  amount  of  a  company  may  he  more 
or  less  than  the  investment,  and  is  divided  into  more  or  less 
.shares  for  convenience  of  increasing  or  decreasing  the  frac- 
tional, partnership  divisions. 

(b)  Capital  shares  have  no  fixed  rel.ation  to  the  investment. 

10.  Sinking  fund: 

An  accumulative  fund,  .•-■et  asidf  from  earnings  from  year 
to  year,  out  of  which  moneys  are  paid  for  amortization  of 
investment. 

11.  Amortization: 

The  repayment  from  time  to  time  of  part  of  the  investment 
b.v  means  of  a   sinking   fuml. 

12.  Obsolescence: 

The  state  of  becoming  obsolete  (Webster).  The  replace- 
ment of  property  before  it  has  reached  its  full  period  of  use- 
fulness due  to, 

(a)  The  advance  of  or  changes  in  the  art  or  process  in 
practice,    or 

(b)  Public    legislation    or    demand 

13.  Depreciation: 

Is  the  lessening  in  worth  of  physical  property  due  to  use 
or  other  causes. 

14.  Appreciation: 

Tiie  increased  worth  of  an.v  part  of  a  jiroperty  not  due  to 
tidditions  to  investment. 

15.  Maintenance: 

The  cost  of  repairs  and  renew:xls  for  the  proper  up-keep  of 
a  property.     Maintenance  is  of  two  k'nd.s. 
Ordinary  and  deferred: 

(a)  Ordinary  Maintenance — Those  repairs  which  are  made 
each  year  as  needed. 

(b)  Deferred  Maintenance — Those  repairs  which  cannot 
economically  be  made  each  year  but  which  are  made  at  fre- 
quent  intervals. 

Note — Maintenance   is  a   part    of   the   cost   of  operation. 

16.  Rate  of  return: 

The  percentage  rate  of  return  earned  and  paid  on  the 
total    investment. 

17.  Tariff   rates: 

The  charges  made  and  collected   for   services   rendered. 

Note — The  theory  being  that  the  rates  should  be  sufliclent 
to  cover  all  operating  expenses,  repairs  and  maintenance,  de- 
preciation, obsolescence,  rewards  of  management,  legal  ex- 
penses, accidents,  insurance,  taxes,  and  gener.al  overhead  and 
miscellaneous  expenses;  also  a  stipulated  amount  for  amorti- 
zation and  sinking  fund,  interest  on  bonds  and  other  forms  of 
indebtedness,  and  dividends  to  cover  the  rate  of  return  allow- 
able   on    the   total    investment. 

IS.    Inventory: 

The  count  or  measure  of  all  separate  items  comprised  in  a 
property.  Including  physical  property  as  well  as  certificates 
or   other   evidences   of  ownership. 

19.  Appraisal: 

A  complete  study  of  a  property  showing  the  cost  to  re- 
produce new,  based  on  Inventory,  and  also  showing  deprecia- 
tion. 

.Vote — An  appraisal  1.^  l.ut  one  of  the  factors  to  be  consid- 
ered   In   determining  worth. 

20.  Intangibles: 

.Such  Items  of  value  ot  a  non-physical  nature  as  such  are 
not  represented  in  the  existent  property  but  reasonably  con- 
Btitute  a  definite  part  of  the  assets  of  a  corporate  enterprise. 
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such  as  contractual  rights  (franchise  value),  expenses  incurred 
in  development  of  plant  or  business,  damages  resulting  from 
condemnation    proceedings,    etc.,    etc. 

21.    Overhead  costs: 

Such  general  and  miscellaneous  expenditures,  forming  a 
portion  of  the  cost  of  a  property,  which,  Ijecause  of  their 
nature,  are  not  or  cannot  be  included   in   the  unit  prices. 


S'aalbdln'^'Hdledl  Wsiter  Firess^ir© 

Ju.st  Ijefore  the  entry  of  Italy  into  the  European  War 
full  plans  had  been  made  for  the  construction  at  Genoa  of 
a  157-ft.  high  reinforced-concrete  hollow  dam  of  novel 
type.  The  construction  was  held  up  by  the  war,  but  it 
is  stated  that  it  will  start  as  soon  as  conditions  admit.  An 
American  patent  (No.  1,167,116)  of  the  dam  type  has 
been  secured  by  the  inventor,  Peter  Eutenberg,  C75  East 
170th  St.,  New  York  City. 

The  details  of  a  dam  of  thi.s  type  are  shown  in  the 
accompanying  drawing,  which  illustrates  the  principle, 
but  not  necessarily  its  structural  variations.  As  shown 
there,  the  patented  design  consists  of  a  development  of 
the  ordinary  hollow  reinforced-concrete  dam  section,  so 
that  instead  of  having  one  deck  there  are  a  number  of 


Typical    Cross-Sec+ion    Ver+ical   Wall  Type 


Typical  Gravi+y 
Hollow  Dam 


Typical    Plan 
VcH-lcol    Wall  Type 

RUTENBERG  HOLLOW  CONCRETE  DAM 


iiarallcl  decks  of  dccrciisiiig  hcighl  extruding  back  froiii 
the  reservoir  face  to  the  rear  of  tlie  dam,  divi<liiig  tlic 
structure  into  a  scries  of  intercommunicable  water-lilled 
wells  formed  by  the  decks  and  the  buttresses. 

The  essential  element  of  novelty  is  that  the  decks  are 
subjected  not  to  the  full  head  of  water  retained,  but 
to  the  difference  in  head  between  the  water  levels  on  the 
two  sides  of  each  deck.  These  water  levels  are  main- 
tained at  proper  elevation  by  automatic  valves  placed  in 
the  buttresses  and  intercommunicating  between  tlie  up- 
stream and  downstream  wells.  Openings  in  the  buttresses 
assure  the  distribution  of  the  water  along  the  dam. 

The  advantages  claimed  fur  this  type  of  dam  are:  (1)  A 
smaller  volume  of  concrete  than  for  the  ordinary  rein- 
forced-concrete dam.  This  is  due  to  the  fact  that  while 
the  multiple  decks  rctiuire  more  concrete  than  the  one 
deck  of  an  ordinary  reinforced-concrete  dam  (even  though 
each  is  designed  to  resist  only  the  increment  of  head),  the 


buttresses  can  be  made  sufficiently  lighter  to  make  up  the 
excess  in  the  decks  on  account  of  the  more  thorough  brac- 
ing insured  by  the  decks.  (2)  Greater  safety,  because  nc 
one  part  of  the  dam  is  subjected  to  anything  but  a  small 
proportion  of  the  total  head  of  water.  ( 3 )  Less  danger 
of  percolation  under  the  dam,  owing  to  this  same  sub- 
division of  the  head.  (4)  Provision  for  a  safe  disposal 
of  flood  waters  by  the  waterfall  effect,  so  termed. 

The  inventor  claims  that,  even  should  the  valves  not 
work,  there  would  be  no  danger  of  the  lower  wells  empty- 
ing out  and  leaving  the  full  head  of  the  reservoir  to  be 
taken  by  the  upper  deck,  with  con,sequent  failure  of  that 
deck  and  progressive  failure  of  the  rest  of  the  dam, 
because  before  this  happens  the  lower  part  of  this  main 
deck  would  break  under  a  head  much  greater  than  that 
for  which  it  was  designed,  thereby  allowing  an  opening 
for  the  water  to  go  into  the  next  lower  well,  and  that  this 
process  would  continue  down  through  the  well  and  auto- 
matically relieve  the  pressure  on  any  one  deck.  He  does  not, 
however,  anticipate  any  trouble  in  maintaining  the  valves 
in  continual  working  order. 

•■& 
AsipSaaltac^Coiactfet®  Favnmig 

A  considerable  amount  of  asphaltic-concrete  paving  is 
being  done  at  Oak  Park,  111.,  which  is  largely  a  resi- 
dential suburb  of  Chicago,  with  heavy  team  traffic  only 
on  the  main  streets.  There  is,  however,  heavy  local  and 
through  automobile  traffic.  The  work  includes  both  the 
construction  of  new  streets  and  the  improvement  and  re- 
surfacing of  old  macadam.  All  work  is  done  under  special 
assessments,  and  the  contractors  give  a  five-year  guarantee. 

This  kind  of  paving  has  been  used  for  about  five  years,, 
and  for  the  present  work  a  special  mixture  was  devisedl 
to  meet  the  traffic  conditions.  It  is  intended  to  combine 
low  fir.st  cost  with  permanence,  thus  reducing  maintenanof; 
expenses.  This  was  done  under  the  direction  of  W.  P 
Sargent,  Commissioner  of  Public  Works  and  Chief  Engi 
neer  for  the  Board  of  Local  Improvements.  Dudley  % 
Myers  is  engineer  in  charge  of  construction,  and  H.  'W 
Skidmore  is  chief  inspector. 

The  contractors  take  the  entire  work,  but  generally  sub 
let  the  concrete  curb  and  gutter  to  men  who  make  thi 
a  specialty.  The  engineers  exercise  close  inspection  o 
the  work  and  keep  account  of  the  cement  that  goes  int 
the  concrete  in  order  to  insure  that  a  sufficient  proportio! 
is  used.  The  width  of  paved  street  is  usually  liO  ft 
(  niwiicd  to  .')  in.  above  top  of  curb. 

On  the  work  done  in  1!)1.5,  the  cost  of  2-in.  as])lialtii 
concrete  ])aving  on  6-iii.  concrete  liase  was  .$1..'!.")  per  .«( 
ft.  ($4.13  per  front  fool).  Wiiciv  2-in.  asphaltic  cm 
Crete  was  laid  directly  on  old  macadam,  the  cost  was  94.' 
per  sq.ft.   ($2.93  per  front  foot). 

AWIMIALTIC-CONCKETE    SUHFACING 

The  Topeka  mixture  used  at  first  did  not  prove  entin'i 
satisfactory,  and  the  conditions  were  investigated  by  Lest' 
Kirschbraun,  testing  engineer,  of  Chicago,  who  made  la 
oratory  tests  with  various  aggregates.  The  coarse  aggr 
gate  of  the  mixture  ado])ted  is  of  the  same  size  as  tli: 
in  the  Topeka  mixture  but  in  larger  proportion,  whi 
the  mortar  or  asphaltic  cement  is  practically  the  same 
for  a  shcet-as])iialt  mixture. 

The  mix  (by  weight)  is  ajjiiroximately  10  to  55' 
crushed    limcst.'inc.   3(;9f   .smd,   7^    stone   dust  and 
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bitumen,  or  asplialtie  cement.  All  the  stone  must  pass 
a  i/^-in.  sieve,  with  not  more  than  40%  retained  on  a  1/4- 
in.  sieve.  The  stone-dust  filler  must  l>e  of  such  fineness 
that  at  least  65%  will  pass  a  300-mesh  sieve.  Where 
team  traffic  is  carried,  granite  or  cruslu'd  gravel  is  used 
in  place  of  limestone. 

The  asphaltic  cement  is  required  to  meet  the  sheet- 
asphalt  specifications  of  the  Society  for  the  Standardiza- 
tion of  Pavincr  Specifications  (now  the  American  Society 
for  JIunicipal  Improvements).  The  Trinidad  asphalt  is 
used  principally:  also  some  Mexican  (Aztec)  asphalt.  A 
common  mixture  is  75%  Trinidad  asphalt  and  25% 
Standard  road  oil.  The  material  must  be  heated  to  300  or 
yaS"  F.  and  then  combined  with  the  hot  sand,  stone  and 
filler  (at  about  375°  P.)  in  a  mixer  having  revolving 
lilades.  This  mixer  must  be  so  arranged  as  to  retain  the 
lieat,  but  must  not  expose  the  material  to  the  direct  action 
of  the  fire. 

The  asphaltic  concrete  is  hauled  to  the  work  in  covered 
wagons,  and  is  required  to  have  a  temperature  of  not 
less  than  250°  P.  when  deposited.  For  the  work  this 
1  reason  the  Commonwealth  Improvement  Co.,  of  Chicago, 
las  used  a  Cummer  one-car  railway  plant  installed  on  a 
aiding,  so  that  the  haul  is  short  (about  li/>  mi.  maximum ) . 
)ther  contractors  have  prepared  the  material  at  stationary 
ilants  in  Chicago,  delivering  it  in  large  motor  trucks. 
liven  with  a  haul  of  15  mi.  the  material  would  be  at  nearly 
'00°  P.  when  deposited. 

The  asphaltic  concrete  is  deposited  directly  upon  the 

niicrcte  base,  and  spread  with  forks  and  iron  rakes,  being 

■led  in  such  a  way  as  to  give  a  finished  thickness  of 

ill.     Heavy  rolling  of  the  hot  mixture  is  one  of  the 

|iecial  features  of  the  work.     This  is  done  with  steam 

oilers  of  the  tandem  type,  weighing  8,  10  and  15  tons. 

I  three-wheel  10-ton  roller  is  also  to  be  tried.     This  \ise 

f  heavy  rollers  gives  a  close  initial  compression,  and  the 

lass  is  of  such  consistency  and  so  well  anchored  by  the 

nigh  surface  of  the  concrete  base  that  it  does  not  massh 

lit  or  flow  away  under  the  heavy  roller. 

After  the  fir.st  rolling,  the  material  is  allowed  to  cool,  as 

■  the  roHing  is  done  continuously  cracks  are  likely  to  de- 

'lop.     The  rolling  is  then  resumed,  about  five  hour.s  per 

,000  sq.ft.  of  surface  being  required.     Lighter  tandem 

illers  are  used  to  finish  or  iron  out  the  surface. 

The  asphaltic  concrete  is  laid   in  one  operation,  and 

iiished  with  a  brushed  coat  of  dry  portland  cement.  No 

■al  coat  is  applied  and  no  binder  course  is  used,  the  con- 

■ete  ba.se  being  given  a  rough  surface  (as  noted  below) 

'  effect  a  mechanical  bond.     Nor  are  .sand  or  screenings 

•read  upon  the  finished  surface,  as  such  a  coating  is 

■ushed  under  traffic  and  blown  away  without  serving  any 

■  ful  purpose.     In  fact  it  is  oljjectionable  on  account 

tiie  dust  thus  produced.     The  work  is  done  continu- 

ly  as  far  as  possible.     Where  a  joint  must  be  made, 

surface  of  the  cold  material  is  dressed  to  a  feather- 

'■  and  painted  with  asphaltic  cement  before  the  new 

material  is  laid. 

Concrete  Base  and  Ciwn 

The  subgrade  is  dressed  to  conform  to  the  crowning 
he  roadway,  and  is  well  compacted  with  a  heavy  roller. 
n  this  is  laid  the  G-in.  concrete  ba.se,  with  its  top 
III.  below  the  surface  of  the  finished  pavement.  This  is 
I  :  3:  fi  mix,  using  I/2-  to  8-in.  crushed  limestone  for  the 
ar.se  a>,'gregate.     Pine  limestone  screenings  are  used  in 


place  of  sand,  as  they  make  a  thicker  or  more  creamy  slush. 
A  man  with  a  broom  sweeps  the  excess  slush  ahead  and 
by  skillful  use  of  the  broom  gives  a  rough  surface  to 
the  concrete,  with  stones  projecting  I/4  to  IV2  in.  above 
the  normal  surface.  These  projections  form  an  eflfective 
bond,  or  anchor,  for  the  bituminous  top  course,  so  that 
the  binder  course  is  dispensed  with,  as  noted  before. 

The  specifications  require  the  mixer  to  be  run  at  14 
r.p.m.,  and  each  batch  revolved  for  a  period  of  one  min- 
ute. They  also  require  the  use  of  a  spout  or  boom-and- 
bucket  for  distribution,  depositing  the  concrete  at  a  dis- 
tance of  about  14  ft.  from  the  mixer.  The  angle  of  the 
chute  is  generally  20°. 

The  concreting  gangs  average  27  men,  with  a  1-yd. 
mixer.  With  a  50-man  gang  as  much  as  2,400  sq.yd.  of 
fi-in.  concrete  base  has  been  laid  in  a  10-hr.  day.  The 
materials  are  dumped  in  piles  by  motor  trucks  or  dump 
wagons,  and  are  delivered  to  the  mixer  in  wheelbarrows. 
The  inspector  keeps  careful  record  of  the  amount  of  cement 
per  yard  of  concrete. 

The  ends  of  the  pavements  (where  they  connect  with 
unpaved  streets)  and  the  sides  in  streets  having  car 
tracks  (unpaved)  are  protected  by  headers  of  3xl2-in. 
oak  planks.  The  transverse  headers  have  the  upper  sur- 
face dressed  to  the  crown  of  the  roadway.  They  are 
.secured  by  6-in.  cedar  posts  3  ft.  long,  and  backed  with 
a  layer  of  crushed  .stone.  This  prevents  the  cutting  and 
disintegration  of  the  asphaltic  concrete  by  wheels  passing 
on  and  off  the  paving.  In  some  cases  a  4-in.  concrete 
header  is  used. 

The  combined  curb  and  gutter  is  of  concrete  on  a  cin- 
der bed,  and  is  laid  in  6-ft.  lengths.  It  has  a  7-in.  curb, 
the  face  of  which  varies  in  height  from  5  in.  at  the  sum- 
mits to  10  in.  at  the  catchbasin  inlets;  the  6-in.  gutter 
flag  is  18  in.  wide.  The  mix  is  1:2:4,  using  fine  gran- 
ite screenings  and  crushed  granite  of  14-  to  ll^-in.  size. 
A  1 :  1  mortar  fini.sh  (made  with  the  fine  granite)  is 
applied,  ^  in.  thick  on  the  top  and  face  of  the  curb  and 
1  in.  thick  on  the  gutter.  The  surface  of  the  gutter  has 
an  upward  slope  of  %  in.  per  ft.  to  conform  to  the  crown- 
ing of  the  roadway.  A  i^-in.  asphalt-filled  expansion 
joint  is  made  at  each  summit  between  the  catchbasins. 

Miscellaneous  Features  ok  the  Paving 

Where  old  macadam  paving  is  over  5  in.  thick,  it  is 
dre.ssed  to  subgrade  and  upon  it  is  laid  a  2-in.  course  of 
new  asphaltic-concrote  wearing  surface. 

On  streets  that  are  to  be  repaved,  the  sewers  and  house 
connections  are  tested  with  rods,  and  the  connections  are 
opened  up  at  the  curb  line  for  inspection.  Any  neces- 
sary repairs  are  then  made.  The  water  and  gas  mains, 
electric  conduits,  etc.,  are  also  overhauled  before  the  new 
work  is  started.  All  old  iron  catchbasins  are  taken  out 
and  replaced  with  new  brick  catchbasins;  and  new  brick 
manholes  are  built  where  necessary.  The  new  curb  inlets 
to  catchbasins  have  not  only  the  horizontal  grating  but 
also  a  vertical  opening  (without  grating)  in  the  face  of 
the  curb,  so  that  there  may  be  no  obstruction  by  leaves 
or  debris  during  storms.  The  horizontal  grating  (in  the 
gutter  flag)  is  locked  down  upon  its  frame,  so  that  it  can- 
not become  loo.se  or  noisy.  All  new  manholes  also  are 
fitted  with  the  Dougherty  nonrattling  self-locking  covers. 

Some  of  the  grading  for  new  streets  has  been  done 
with  Maney  four-wheel  scrapers,  a  10-ton  steam  roller 
being  used  to  haid  them  when  loading.     Difliculty  has  been 
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found  in  cutting  to  exact  grade  in  this  way,  and  to  avoid 
cutting  too  deep  the  machines  have  cut  a  little  above 
normal,  the  surface  being  then  trimmed  to  exact  grade 
by  hand.  The  haul  is  short,  most  of  the  excess  excavated 
material  (not  required  for  parkways,  etc.)  being  deposited 
as  fill  on  vacant  lots. 

Concrete  paving  is  being  used  for  the  alleys,  M'hieh  are 
generally  16  ft.  wide.  The  concrete  is  G  in.  thick  on  a 
6-in.  bed  of  cinders.  Sometimes  the  paving  is  crowned 
or  convex,  but  it  is  dished  or  concave  wherever  sufficient 
fall  can  be  secured  to  carry  the  water  to  the  adjoining 
streets.     Expansion  joints  are  placed  33  ft.  apart. 

n 
OiP^aKaHsatflOia    of  tlfh®   B^MaBmor© 

The  accompanying  chart  shows  the  organization  of 
the  Baltimore  Water  Department.  There  are  five  divi- 
sions, each  responsible  for  work  of  a  specific  character, 
the  head  of  each  division  reporting  directly  to  the  water 
engineer,  Walter  E.  Lee. 

The  new  Construction  and  Maintenance  Division, 
under  a  principal  assistant  engineer,  represents  the  con- 
solidation of  the  former  engineering  and  construction 
divisions  and  provides  for  close  engineering  supervision 
of  all  construction,  maintenance  and  testing  work,  the 
previous  lack  of  which  resulted  in  slow  and  costly  con- 
struction. 

Reporting  to  the  principal  assistant  engineer,  as  shown 
on  the  chart,  are  (1)  an  assistant  engineer  in  charge 
of  construction,  who  supervises  all  general  extension  work 
of  the  underground  system  as  well  as  work  in  streets 
in  advance  of  improved  paving;  (3)  an  assistant 
engineer  in  charge  of  maintenance,  who  supervises  the 
installation  of  house,  meter  and  fire  services,  and  the 
repair  and  maintenance  of  mains  and  appurtenances 
(which  have   been   transferred   to  him   by  the  assistant 

•From  the  Baltimore   (official)   "Municiijal  Journal." 


engineer  in  charge  of  construction) ;  (3)  a  pitometer 
engineer  who  is  in  charge  of  pitometer  tests  for  the 
detection  and  elimination  of  underground  leaks  in  both 
mains  and  house  services,  and  who  also  has  charge  of 
daily  house-to-house   inspection. 

The  pitometer  engineer  also  has  charge  of  the  installa- 
tion of  curb  cocks  and  boxes,  and  the  testing  of  mains 
by  hydraulic  pressure  to  double  their  working  pressure 
Ijefore  releasing  streets  to  the  city  paving  department 
for  laying  new  paving. 

A  designing  engineer  reporting  directly  to  the  prin- 
cipal assistant  engineer  is  detailed  to  have  entire  charge 
of  power-plant  design  and  equipment,  and  special  work 
problems. 

A  chief  clerk  handles  all  the  office  detail,  which  prior 
to  the  reorganization  of  the  Water  Department  fell 
directly  upon  the  principal  assistant  engineer,  with  the 
result  that  instead  of  five  subordinate  heads,  each  in 
charge  of  a  specific  group,  reporting  to  him  as  at  preseni^ 
there  were  as  many  as  24  minor  employees  reporting 
directly  to  him,  which  left  very  little  time  for  his  atten- 
tion to  engineering  matters. 

The  Mechanical  Division  reporting  to  its  superin- 
tendent embraces  the  operation  and  maintenance  of  the 
!Mount  Eoyal  pumping  station,  which  pumps  to  the  west- 
ern part  of  the  city,  the  Eastern  pumping  station,  which 
pumps  to  the  northeastern  section  of  the  citv  and  the 
Druid  electric  pumping  station,  which  supplies  West 
Arlington,  Walbrook,  Forest  Park  and  Guilford,  an 
operating  engineer  being  in  charge  of  each  pumping 
.station  and  reporting  directly  to  the  superintendent. 

A  shop  foreman  is  in  charge  of  the  machine  shop. 
in  which  general  machine  repairs  are  made  and  overheac 
expense  balanced  by  the  manufacture  of  hydrants  an( 
valves.  He  also  has  charge  of  the  machine  shop,  tool 
room  and  blacksmith  shop. 

A  chief  clerk  is  in  charge  of  the  office  and  general  wori 
of  the  jMechanical  Division,  supervising  all  shop  orders 
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and  keeping  records  of  manufacturing  costs  and  stock  and 
material  on  hand.  Ilere,  as  in  the  Construction  and 
Maintenance  Division,  the  chief  purpose  was  to  relieve 
the  division  head  from  being  crowded  with  too  great 
detail,  so  that  attention  could  be  given  to  more  efficient 
plant  operation. 

A  relief  crew,  consisting  of  a  piimp  engineer,  fireman 
md  oiler,  "floats"  from  station  to  station,  thereby 
-;eeping  up  the  continuous  24-hr.  operation  on  a  relief 
•chedule.  A  general  gang,  composed  of  a  pipe-fitter, 
)rickla)'er  and  boiler  repairman,  also  "floats"  from  one 
mniping  station  to  another,  making  repairs  to  boiler 
settings,   furnace   walls,   tubes,   stacks,   piping,   etc. 

A  Filtration  Division  was  organized  as  a  new  operating 
init  following  the  completion  of  the  new  rapid  sand-filter 
>]ant  at  Lake  Montebello.  The  scope  of  the  work  was 
nlarged  to  include  the  entire  watershed,  consisting  of 
■'08  sq.mi.,  the  storage  and  pounding  reservoir  at  Loch 
taven,  reserve  storage  and  distributing  reservoirs  through- 
ut  the  city,  as  well  as  the  operation  of  the  Montebello 
Iters  proper.  This  placed  the  entire  water-supply  up 
;  J  the  point  of  distribution  directly  under  the  supervision 
f  a  trained  engineer  who  could  correlate  rainfall,  stream 
ow,  turbidity  and  pressure  head  with  the  treatment  of 
le  water  as  it  passes  from  the  mixing  and  coagulating 
isins  prior  to  its  being  passed  on  its  way  through  the 
ind  filters. 

The  operating  engineers,  one  on  each  8-hr.  shift,  are 
I  direct  charge  of  the  low-lift  pumping  station,  which 
kes  the  water  from  the  12-ft.  masonry  tunnel  under 
och  Raven  and  pumps  it  to  the  filtration  plant.  Filter 
lerators,  one  on  each  8-hr.  shift,  are  in  charge  of  the 
ter  galleries  and  the  washing  of  the  sand  beds,  and 
port  directly  to  the  filtration  engineer. 
A  chemist  is  in  direct  charge  of  the  laboratory  in  which 
e  physical  and  bacteriological  qualities  of  the  water  are 
•termined,  and  he  also  has  charge  of  the  truck  crew 
lich  hauls  the  chemicals  used  at  the  plant. 
A  supervisor  of  lakes  and  watershed,  reporting  to  the 
tration  engineer,  has  direct  supervision  of  the  patrol 
■r  policing)  and  maintenance  of  the  watershed,  and  the 
ikeep  and  care  of  all  reservoir  properties  througliout 
c  city. 

The  E.xecutive  Division,  in  charge  of  the  secretary  of 
Water  Board,  handles  and  distributes  the  mail  of  the 
tire  department,  transacts  its  general   public  business 
d  issues  Water  Department  permits. 
The  Auditing  Division,  reporting  to  the  auditor,  han- 
-  all  the  billing  of  work  included  on  order,  the  issuance 
-fierificalions    and    the    execution    of    contracts,    the 
i|iilation   and   analysis  of  cost  data   for  a   summary 
'  meiit  to  the  water  engineer,  and  gives  a  close  check- 
to  all   requisitions  issued  by  the  five  divisions. 
II   order  to   eliminate  lost  motion   and  obtain   more 
omical  operation,  there  arc  held  biweekly  discussions 
Water   Engineer   Lee   with   the    five   division    heads. 
•<■    meetings    tie    together    the    work    of    the    Water 
irtment  as  a  whole  and  coordinate  the  work  of  one 
-ion   with  another  to  the  general  efficiency  of  the 
irtmont. 

I  lie  reorganization  of  the  Water  Department  has 
Hod  in  an  enormous  reduction  in  overhead  expense, 
■nipanicd  by  the  elimination  of  obsolete  and  useless 
'ions,  and  the  consolidation  of  work  under  assistant 
iicers  and  chief  clerks. 


i^tnmeiracsiEa   Tipeiraclhiaini^  M^clhairaes 
Ina  tlh.®  ]E.tiar®pesimi  War 

A  feature  of  tlie  engineering  activities  in  the  great  war 
is  the  use  of  American  trench-excavating  machines  to  dig 
the  long  lines  of  trenches  required  for  the  protection  of 
defensive  and  reserve  positions  behind  the  actual  front. 
The  speed  and  steady  work  of  such  machines,  and  the  fact 
that  their  use  would  avoid  the  necessity  of  employing 
large  numbers  of  fighting  men  for  such  work,  led  to  their 
consideration  by  the  British,  French  and  Russian  military 
authorities  early  in  the  war.  At  the  recent  meeting  of 
the  Iowa  and  Illinois  sections  of  the  American  Water- 
AVorks  Association,  at  Davenport,  Iowa,  a  paper  on  this 
use  of  trenching  machines  was  read  by  A.  E.  Miller,  of 
Des  Moines,  who  was  in  charge  of  the  design  and  super- 
intended the  erection  and  testing  of  the  American  ma- 
chines in  Europe,  besides  training  the  men  to  operate 
them. 

Many  special  conditions  had  to  be  met.  One  of  the  first 
difficulties  was  in  regard  to  the  line  of  the  trench.  The 
machines  are  adapted  foi'  cutting  on  long  straight  lines, 
but  for  military  ]Kir]ioses  the  trenches  were  to  be  in  the 
form  of  an  irregular  line,  each  stretch  consisting  of  three 
sides  of  a  rectangle,  thus  protecting  the  men  in  the  trench 
from  enfilading  fire.  As  the  ordinary  machine  could  not 
turn  right  angles  or  turn  in  12-ft.  lengths,  a  sawtooth  line 
of  trench  was  adopted,  giving  room  for  the  machines  to 
swing  in  turning  the  angles.  Each  stretch  was  50  ft. 
long. 

The  first  machine  was  shipped  to  England  and  then 
to  France,  where  the  actual  tests  were  commenced.  Here 
the  country  was  rough,  and  the  lines  of  trenches  lay  be- 
hind stone  walls,  along  sidehill  ground  and  through 
woods.  For  successful  work  under  such  conditions  special 
designs  of  machines  would  have  been  required.  On  the 
Russian  front,  however,  the  country  was  level  and  open, 
and  more  use  was  made  of  long  straight  stretches  of 
trench.  As  a  result  of  the  tests  22  gasoline  trenching 
machines  were  ordered.  These  cut  trenches  31/0  ft.  wide 
and  as  deep  as  6  ft.  They  were  shipped  from  Seattle 
to  Vladivostok  and  thence  were  forwarded  to  Moscow, 
where  an  assembling  and  training  station  was  established 
in  charge  of  Mr.  Miller. 

The  first  of  these  machines  was  .sent  to  the  front  in 
October,  1915,  but  as  the  ground  wa.s  getting  frozen,  the 
winter  was  spent  in  training  the  soldiers  assigned  to  the 
service,  there  being  two  enginemen  and  two  helpers  for 
each  machine,  to  provide  against  accidents.  The  work  of 
the  machines  was  done  at  30  to  250  mi.  from  the  fighting 
line.  Special  troubles  encountered  were  drainage  in  some 
cases  and  the  caving  of  the  sides  in  other  cases. 

Numerous  suggestions  were  made  by  the  engineer  offi- 
cers for  a  trenching  machine  that  could  bo  used  for  sap- 
ping and  trenching  at  the  actual  front.  This  sci'vice 
would  require  a  machine  that  would  travel  on  the  bottom 
of  the  trench  (instead  of  on  the  surface)  and  be  entirely 
below  ground.  Such  a  machine  was  designed  by  Mr. 
Miller ;  but  it  is  thought  that  this  was  not  built,  although 
several  experimental  trenching  machines  were  built  in 
England  under  the  direction  of  the  military  engineers. 
A  special  difficulty  in  the  design  of  such  machinery  is  the 
necessity  for  combining  both  strength  and  lightness,  so 
that  the  machines  will  be  sufficiently  reliable  and  at  the 
same  time  readily   portable. 
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111  assembling  the  machines  the  work  i^rogressed  very 
slowly,  as  compared  with  American  practice,  and  it  was 
diflficult  to  get  men  to  adopt  methods  new  to  them,  while 
men  in  charge  hesitated  to  accept  responsibility  without 
referring  the  matter  to  the  next  man  higher  up.  Among 
those  in  higher  authority  Mr.  Miller  found  a  very  favora- 
ble opinion  of  American  work  and  methods  and  a  strong 
desire  for  closer  commercial  relations  in  the  future. 

:«■ 

ElS'ectl  ®f  SeasoiffiSill  M^siinafsvll 

OEa  A.E!iEa^sil  IR.tmraoHS' 

By  Jajies  V.   Wells* 

It  is  not  an  uncommon  statement  that  the  amount 
of  annual  runoff  will  be  equal  to  a  certain  percentage  of 
the  annual  precipitation.  However,  from  a  careful  study 
of  the  relation  between  rainfall  and  runoff  it  is  evident 
that  even  on  a  particular  stream  the  percentage  of  the 
rainfall  which  runs  off  is  different  every  year.  The  fact 
is  that  on  a  given  stream  the  seasonal  distribution  of  the 
rainfall  has  more  to  do  with  the  amount  of  runoff'  than 
anything  else. 

The  late  G.  W.  Rafter,  for  the  purpose  of  a  clearer 
understanding  of  the  relations  between  rainfall  and 
runoff  on  New  York  streams,  has  taken  a  year  as 
Ijcginning  with  December  instead  of  January.  This  year 
Mr.  Rafter  called  the  water  year  and  divided  it  into 
tiiree  periods:  December  to  May,  he  designated  as  the 
storage  period ;  June  to  August,  growing  period ;  Septem- 
ber to  November,  replenishing  period. 

The  Flood,  Gkowing  and  Replenishing  Periods 
The  writer  calls  January  to  May,  the  flood  period, 
June  to  September,  the  growing  period,  and  October  to 
December,  the  replenishing  period.  Almost  always  the 
ground  is  saturated  by  the  first  of  January  and  during 
the  next  five  months  by  far  the  greater  portion  of  the 
precipitation  runs  off".  The  following  four  months  com- 
prise the  main  part  of  the  growing  season,  during  which 
vegetation  absorbs  most  of  the  rainfall  and  the  supply  of 
groundwater  is  also  drawn  upon.  The  rains  of  the  next 
three  months,  which  comprise  the  replenishing  period, 
are  for  the  greater  part  absorbed  by  the  ground  to  re- 
plenish the  depleted  groundwater  supply.  These  are  the 
average  conditions  but  do  not  hold  true  every  year.  In 
some  years,  the  ground  becomes  saturated  by  the  end  of 
November  and  in  others  the  groundwater  supply  is  low 
until  February  of  the  next  year  or  even  later. 

It  can  easily  be  .seen  that  the  runoff  will  be  affected 
by  till'  distribution  of  rainfall  as  to  seasons. 

Rain'eall  and  Runoff  on  the  Chemuno  Jviveu  Basin 
The  effect  on  ninolT  t>\'  the  distribution  of  the  pre- 
cipitation throiigJKjnt  the  year  is  illustrated  by  the  records 
for  the  Chemung  River  watershed  for  the  years  from  1!)07 
to  1912.  The  Chemung  River  drains  the  hilly  country 
in  the  southern-central  part  of  New  York  state.  It  is 
descrilied  in  Water  Supply  and  Irrigation  Paper  No.  lOS) 
as  follows : 

The  topographic  features  of  the  drainase  basin  are,  as  a 
rule,  bold  and  broad,  the  hiUs  rise  within  a  short  distance  of 
the  stream  several  hundred  feet  on  either  side,  and  the  upland 
plateau  is  to  a  larsie  extent  wooded,  with  impervious  soil,  no 
lake  storage  and  few  marsh  areas.  Tributaries  are  ramifying 
and  uniformly  distributed  though  not  numerous,  and  dry 
gullies  or  flood  channels  are  common. 


CHEMUNG    RIVER    RAINFALL,,    RUNOFF    AND    EVAP- 
ORATION DATA;   INCHES  IN   EACH  PERIOD 

Replenishing 
Flood  Period  Growing  Period  Period 

Rain-  Run-  Evap-  Rain-  Run-  Evap-  Rain-  Run-  Evap- 
fall     oft    oration  fall      off    oration    fall     off    oration 
1907    ...    11.27      7.62    3.65      13.40      1.10      12.30      S.70      3.66         5  04 

1911  ...    11. SS      6.31     5.57      15.24      0.73      14.51       7.09      2,07         5'o2 

1912  ...    14.61   10.73    3.SS      19.14      1.60      17.54       7.39      2.37         5  02 


Mean . 

12.59     8.22 

4.37 

15.93 

1.14 

14.79 

7.73 

2.70 

190S    . .. 

1909  . . . 

1910  ... 

16.05   12.17 
13.31      9.15 
16.f>5   11.6.S 

3.SS 
4.16 
5.17 

10.16 
10.71 
10.2S 

1.06 
1.41 
0.S5 

9.10 
9.30 
9.43 

4..SS 
4.97 
5.03 

0.24 
0.23 
0.40 

Mean.   15.40   11.00    4.40      10.38      1.11        9.27       4.96      0.29 
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fall 

1907    . 

..    33.37 

1908    . 
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1910    . 

1911     . 

..    34.21 

1912     . 

..    41.14 
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ration 

% 

Rain- 
fall 

Run- 
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Evapo- 
ration 

20.99 

37 

32'.  6  9 
29.00 
32.16 

l'3'.47 
10.79 
12.93 

l'8'.62 
18.21 
19.23 

36.24        12.06 

At  Chemung,  N. 
drainage  basin  has 

The  rainfall  for 
averaging  the  recor 
three  of  the  six  ve; 


24.18  31.11        12.40       1S.71 

Y.,  a  few  miles  east  of  Elmira,  the 
an  area  of  2,4-10  sq.mi. 

the  basin  has  been  determined  by 
ds  of  well-distributed  stations.  In 
ars  recorded,   1907,   1911  and   1912, 
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MEAN    RAINFALL    AND    RUNOFF    ON    THE    CHEMUNG 
RIVER  BY  SEASONAL  PERIODS 

the  greater  part  of  the  precipitation  occurred  during  the 
growing  season,  while  in  the  other  years,  1908,  1909  and 
1910,  it  occurred  in  the  flood  period.  In  the  first- 
mentioned  years  the  average  rainfall  was  36.24  in.  aad 
the  runoff  only  12.08  in.  In  the  other  three  years  the 
average  rainfall  was  only  31.11  in.,  over  5  in.  less  than 
in  1907,  1911  and  1912,"  and  yet  the  runoff  was  slightly 
greater,  amounting  to  12.40.  In  the  years  in  which  the 
greater  part  of  the  precipitation  occurred  during  the  flood 
jieriod  there  was  a  greater  annual  runoff,  for  at  this  time 
the  ground  was  in  either  a  .saturated  or  a  frozen  condition. 
During  the  growing  and  replenishing  season  the  rainfall 
was  less  than  normal  and  as  a  result  it  was  jiractioaliy 
all  needed  for  vegetation  and  to  replenish  the  groundwater 
supj)ly,  so  that  the  runoff  was  very  light.  It  should  also 
be  noted  that  the  amount  of  the  evaporation  increased 
steadily  from  1908  through  1911.  This  was  due  to  the 
fact  tliat  each  year  the  precipitation  during  the  replenish- 
ing period  was  insufficient  to  saturate  the  ground  anil 
more  of  the  precipitation  which  fell  in  the  flood  period  of 
tiie  following  year  was  needed  to  replenish  the  ground- 
water supply.  In  the  years  in  which  the  greater  part 
of  the  precipitation  occurred  in  the  growing  season  a 
iiiucii  larger  amount  of  rainfall  was  used  in  vegetation. 
tliere!)y  decreasing  the  total  runoff.  The  effect  of  the 
distriinition  of  rainfall  upon  the  amount  of  the  annual 
runoff  on  the  Chemung  River  is  remarkable.  It  1^  ^ 
illustrates  the  fallacy  of  such  statements  as  "The  runoff' 
will  be  a  certain   percentage  of  the   rainfall." 
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It  is  also  evident  from  an  examination  of  the  table 
md  diagram  that  the  distribution  of  the  precipitation 
has  a  marked  effect  on  the  amount  of  storage  capacity 
aecessary  to  maintain  a  certain  stream  flow  throughout 
:he  year.  In  the  case  of  the  Chemung  Eiver,  there  was 
I  greater  runoff  during  the  years  in  which  the  rainfall 
iccurred  largely  in  the  flood  period  and  at  the  same  time 
he  rainfall  was  so  distributed  in  the  other  three  years 
hat  the  dry-weather  flow  was  much  greater.  In  all  of 
he  years  in  which  the  rainfall  was  heaviest  in  the  flood 
leriod  the  runoflE  was  extremely  low  not  only  in  the 
rrowing  period  but  also  through  the  replenishing  period, 
overing  a  period  of  seven  months. 

■While  it  is  not  often  the  case  as  with  the  Chemung 
liver  that  three  dry  years  occur  consecutively,  still  there 
re  many  streams  for  which  the  gagings  for  several  years 
lay  show  a  high  runoff  during  the  latter  part  of  the 
ear  and  then  there  will  be  a  year  during  which  the 
ainfall  is  so  distributed  that  the  dry  season  lasts  not 
Illy  three  or  four  months  but  for  seven  months,  re- 
uiring  a  considerable  revision  of  calculations  of  storage. 
,  In  the  study  of  the  relation  between  rainfall  and  run- 
IT  it  is  sometimes  the  case  that  the  records  of  stream 
ow  though  only  a  few  years  in  length  have  been  kept 
u.ring  a  year  in  which  the  rainfall  was  the  least  that 
■curred  over  a  long  period  of  years.  From  the  above 
ita  it  is  evident  that  it  does  not  necessarily  follow  that 
lis  year  of  least  rainfall  was  the  year  of  least  "total  runoff 
iring  the  period  for  which  the  rainfall  records  were 
■pt.  There  may  be  a  year  for  which  the  total  precipita- 
on  was  greater  but  in  which  the  precipitation  was  so 
stributed  that  the  total  runoff  would  be  less  than  in 
,e  year  of  least  rainfall. 

Si 


A  7,500,000-gal.  sewage-treatment  plant  consisting  of 
r  screens,  grit  chambers  containing  adjustable  vanes 
rniing  double  bottoms,  ImhofE  tanks  (see  views  here- 
th),  sludge  beds  and  liquid-chlorine  disinfection  ap- 
ratus  is  being  built  for  Lakewood,  Ohio,  to  take  the 
ace  of  plain  sedimentation  tanks  and  cinder  contact 
(h  built  in  1900. 


The  old  sedimentation  tanks  will  be  utilized  to  take 
the  excess  flow  over  and  above  7,500,000  gal.  a  day,  owing 
to  admission  of  storm  water  into  the  sanitary  sewers  at 
times  of  heavy  rainfall.  From  these  tanks  the  excess  flow 
will  be  pumped  back  into  the  new  plant,  at  the  entrance 
to  the  grit  chambers,  when  the  sewage  flow  is  normal. 
A  house  will  be  built  over  the  screen  and  grit  chambers, 
which  will  contain  a  small  incinerator  for  burning  the 
screenings.  The  contractors  for  the  sewage  works  are 
Lowensolin  &  Ule,  of  Cleveland.  The  contract  price  is 
$78,325,  not  including  the  chlorine  apparatus  and  in- 
cinerator, contracts  for  which  have  not  yet  been  let. 

The  effluent  will  be  discharged  through  an  outfall 
sewer  extending  5,930  ft.  to  and  then  1,500  ft.  into  Lake 
Erie,  where  the  discharge  will  be  through  multiple  out- 
lets. The  contract  for  the  outfall  to  the  lake  has  been 
let  to  Iloag  &  Dall,  of  Cleveland,  for  about  $100,000. 
The  lake  section,  which  is  estimated  to  cost  $30,000  to 
$40,000,  will  probably  not  be  let  before  next  year. 

For  its  first  2,280  ft.  the  land  portion  of  the  outfall 
sewer  is  of  3G-in.  reinforced  concrete,  which  acts  as  an 
inverted  siphon  imdcr  low  pressure.  The  sewer  then 
extends  for  3,000  ft.  in  tunnel,  lined  with  vitrified  seg- 
mental block  to  give  an  egg-shaped  cross-section  equal  to 
a  54-in.  circular  sewer.  Then  comes  (350  ft.  more  of 
36-in.  reiuforced-concrete  pipe,  terminating  at  the  lake 
shore. 

The  reinforced-concrete  pipe  is  made  in  a  near-by  yard 
and  is  being  laid  under  a  guarantee  for  water-tightness — 
all  by  the  Lock  Joint  Pipe  Co.,  of  New  York  City. 

It  has  not  yet  been  decided  whether  the  1,500  ft.  of 
submerged  outfall  will  be  of  steel,  cast  iron  or  reinforced 
concrete.  Alternative  bids  will  be  received  on  all  these 
materials.  In  any  event  the  first  1,100  ft.  will  have  a 
diameter  of  36  in.;  and  the  outer  400  ft.,  which  will 
be  perforated  with  4-in.  holes,  will  be  reduced  in  size 
progressively.  If  the  material  chosen  is  steel,  the  diam- 
eter will  be  decreased  from  36  to  24  in.  gradually;  but 
if  cast  iron  or  reinforced  concrete  is  used,  tlicii  the 
first  200  ft.  will  be  30  in.  and  the  last  200  ft.  24  in.  in 
diameter.  The  holes  for  the  multiple  outlets  will  be 
located  so  as  to  give  an  upward  discharge  from  either 
side  of  the  pipe  at  angles  of  45°.     The  lake  end  of  the 
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outlet  will  be  provided  with   a   specially   designed   flap 
valve. 

The  treatment  works  and  outfall  sewer  were  designed 
in  the  office  of  E.  AVinthrop  Pratt,  consulting  engineer, 
Cleveland.  Construction  is  in  charge  of  E.  A.  Fisher, 
city  engineer  of  Lakewood,  with  E.  L.  Squier  as  resident 
engineer. 


By  L.   G.  Wakhex* 

In  concreting  the  12-in.  shell  of  the  9-ft.  shore  tunnel 
of  the  new  water  intake,  Milwaukee,  Wis.,  using  hand 
shoveling  into  forms  exclusively,  the  fastest  speed  of 
work  attained  was  placing  a  section  12  ft.  long  in  .5 
hr.  The  average  speed  for  12-ft.  sections  was  .5.90  lir., 
and  the  average  speed  for  8-ft.  sections  5.64  hr. 

The  tunnel  shell  within  neat  line  has  about  li^  eu.yd. 
of  concrete  per  lineal  foot,  and  there  is  about  30%  excess 
concrete  on  the  average,  owing  to  excavation  beyond  the 
neat  line.  The  mixture  is  1:2:4,  the  stone  ranging 
from  i/s  to  114  in. 

All  mixing  is  done  on  the  surface.  A  9-eu.ft.  mixer 
at  one  of  the  two  shafts  and  a  Y^-jA.  mixer  at  the  other 
shaft  furnish  the  concrete.  Both  mixers  are  driven  by 
electric  motors,  after  gasoline  and  steam  engines  were 
tried  and  abandoned;  the  motors  have  given  satisfactory 
service.  In  the  hopper  of  the  y2-yd.  mixer  a  partition 
was  placed  dividing  the  hopper  into  two  compartments, 
for  sand  and  stone  respectively,  of  the  exact  capacity 
required  for  the  balih     Thi^  iniii   1  d     if     '  i  '  * 


FIG.    1.    WOODEN    MUCK    C.\R    CARRYING    CONCRETE 

INTO  TUNNEL 

be  a  great  time  saver  for  the  contractor  and  a  comfort 
to  the  city  inspectors. 

Concrete  is  handled  from  the  mixer  to  the  heading  in 
the  regular  tunnel  cars  used  for  carrying  the  excavation 
spoil.  These  are  wooden  y2-yd-  cars  ( Fig.  1 ) .  Due  to 
the  rough  handling  which  muck  cars  get,  constant  vigil- 
ance must  be  exercised  to  maintain  them  water-tight 
or  grout-tight,  if  they  are  to  be  satisfactory  for  carrying 
concrete.  At  the  forms,  slick  plates  30  in.  wide  by  12 
ft.  long,  of  y^-in.  steel,  are  used  for  receiving  the  con- 
crete dumped  from  the  cars.  The  shovelers  work  from 
these  plates,  when  the  forms  up  to  the  arch  key  plates 
are  being  fdled.  When  this  height  has  been  reached,  a 
platform  is  erected  inside  the  forms.  Concrete  is  then 
shoveled  from  the  slick  plates  to  the  platform,  from  which 
two  men  shovel  it  upon  the  arch  plates.     These  two  men 

•Resident  Engineer,  Shore  Tunnel.  Milwaukee,  Wis. 


PIG.   2.    WOODEN  FORM  FOR  CONCRETING  TUNNEL 
SHELL.  AND  SHOVELING   PLATFORM 

also  act  as  tampers,  using  wooden  tampers  to  pack  the 
arcli  concrete. 

Both  the  Jackson  steel  segmental  forms  and  plain 
wooden  forms  have  been  used.  The  wood  forms  consi 
of  2%-in.  stave  lagging  on  rings  of  4x3x%-in.  angli 
sjiaccd  about  3  ft.  (see  view,  Fig.  2).  They  are  bufli 
up  as  the  filling  proceeds,  the  installation  of  a  sectiotti 
being  one  continuous  operation,  to  secure  monolithic 
construction.  Junctions  between  successive  sections, 
longitudinal  of  the  tunnel,  are  secured  by  tongue-and- 
uroove  construction  of  the  abutting  ends  of  sections,  close 
attention  being  given  to  ramming  the  fresh  concrete  into 
the  groove  of  the  exposed  face  of  the  preceding  section. 
The  groove  is  formed  by  a  wooden  piece  6  in.  deep,  4 
in.  wide  at  the  front  and  3  in.  wide  at  the  back,  nailed 
to  the  end  bulkhead  of  the  form  in  3-ft.  sections.  The 
M'edge  shape  makes  the  removal  of  these  pieces  easy  and 
enables  them  to  be  used  many  times.  The  face  of  the 
preceding  section  of  completed  concrete  is  coated  with  a 
neat  grout  bcf(n'e  the  concrete  is  placed  in  any  section. 
The  mining  crews  act  as  concrete  men  for  placing  lining 
as  soon  as  the  excavation  of  a  section  is  completed. 

Measuring  the  time  of  individual  operations  involved 
in  mixing  for  this  concreting,  the  following  figures  were 
obtained:  Sliovcling  2  cu.ft.  of  sand  from  pile  into 
measuring  wheelbarrows,  35  sec. ;  the  same  for  4  cu.ft. 
of  stone,  57  sec;  dumping  cement,  stone  and  sand  into 
nii.xer,  21  sec;  mixing  22  revolutions,  100  sec;  dump- 
ing from  mixer,  22  sec ;  a  total  of  3.91  min.  of  the  time 
of  four  men.  The  average  time  required  in  setting  u] 
angle  ribs  and  temporary  floor  of  the  wooden  forms  was 
10  mill. 

It  has  been  found  that  care  must  be  observed  to  pro- 
vide a  vcMit  for  the  compressed  air  in  porous  ground,  i" 
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(irder  to  prevent  rupture  of  the  green  concrete  in  the 
arch  under  the  action  of  compressed  air,  especially  when 
iiir  loss  is  present  above  the  arch  previous  to  placing  the 
-oncrete.  Two  fresh  arches  in  the  tunnel  were  cracked 
through  this  action  when  the  headings  were  closed  by 
tight  bulkheads;  in  both  cases  there  had  been  heavy  air 
OSS  over  the  arch  prior  to  placing  concrete.  The  bulk- 
leads  acted  as  corks  in  a  bottle  and  therefore  the  eom- 
iressed-air  pressure  lifted  the  fresh  concrete  and  cracked 
t.     The  cracks  were  closed  by  grouting.     Following  this 

xperience  an  air  vent  was  placed  in  every  face  bulkhead. 
The  tunnel  is  being  built  under  the  direction  of  George 

.  Staal,  City  Engineer,  by  the  O'Brien  &  Jackson  Con- 
truction  Co. 


Csitlclkei?  ei(t  IEira©p  F©i 
By  Theodore  E.  Seelye* 
The  flood  of  Aug.  3,  191.3,  which  did  such  a  large 
mount  of  damage  in  the  valley  of  Mill  Creek  in  Erie, 
'  'enn.,  was  much  aggravated  by  the  great  quantities  of 
rift  brought  down  from  the  watershed  above  the  city, 
'he  creek  passed  through  the  city  in  an  open  channel, 
hich  was  carried  under  the  street  crossings  through 
irge  culverts.  During  the  course  of  the  flood,  these  ciil- 
3rts  for  the  most  part  became  entirely  clogged  with 
rift,  which  caused  practically  all  of  the  water  to  flow 
.-er  the  street  intersections  and  thereby  increased  to  a 
insiderable  degree  the  height  of  the  flood  water. 
While  the  major  portion  of  this  drift  had  its  origin  in 
le  city  and  consisted  of  the  wreckage  of  buildings  and 
ithouses,  the  outlying  district  was  nevertheless  a  large 
■ntributor,  the  floating  material  consisting  niostl"  of  up- 
■oted  trees,  stumps,  chicken  houses,  etc. 
The  proposed  improvement  of  the  creek  now  under 
ly  contemplates  the  construction  of  a  large  reinforced- 
■ncrete  tube  through  the  city  to  carry  the  entire  flood 
>w  of  the  creek.  There  will  therefore  be  no  drift  orig- 
ating  within  the  city  limits,  and  while  the  velocity 
rough  the  tube  will  be  so  high  and  the  design  of  the 
'trance  such  that  there  will  be  practically  no  chance  for 
lodgment  of  floating  debris,  it  was  considered  wise  as  a 
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precautionary  measure  to  erect  a  structure  to  intercept 
the  larger  pieces  coming  in  from  the  country. 

For  this  purpose,  the  drift  catcher  illustrated  herewitli 
was  devised.  This  might  be  described  most  simply  as  a 
hollow  reinforced-concrete  dam  with  the  deck  slabs 
omitted.  Tlie  site  chosen  for  the  work  lies  in  Glenwood 
Park,  about  three-quarters  of  a  mile  south  of  the  city 
limits.  This  park,  with  the  creek  running  through  it 
from  end  to  end,  is  the  property  of  the  city.  An  excel- 
lent site  was  available,  permitting  the  construction  of  a 
long,  low  structure  of  the  type  indicated  above,  with  a 
comparatively  high  bank  on  each  end  so  that  a  maximum 
of  water  area  was  obtainable  without  the  danger  of  back- 
ing the  water  up  to  a  great  height  in  case  of  clogging. 

The  drift  catcher  will  be  208  ft.  long  between'  abut- 
ments, and  will  be  about  16  ft.  high,  with  a  walkway 
across  the  top  surmounted  by  an  ornamental  railing. 
The  walkway  is  supported  by  arch.es  between  the  but- 
tresses, which  are  10  ft.  c.  to  c,  to  add  stiffness.  A 
heavy  beam  of  oval  section  connects  the  buttresses  near 
their  upstream  edges  at  about  half  the  height  of  the 
structure  and  serves  to  suspend  heavy  chains  which  are 
fastened  again  to  the  foundation.  These  chains  are 
planned  to  retain  the  smaller  debris  coming  at  the  be- 
ginning of  a  flood.  The  entire  structure  rests  upon  a 
foundation  of  rock  and  is  designed  with  a  view  to  ofl'ering 
a  pleasing  architectural  addition  to  the  park. 

The  construction  will  be  performed  by  contract  under 
the  supervision  of  Farley  Gannett,  Consulting  Engineer, 
Harrisburg,  Penn.  Faulkner  G.  Lynch  is  City  Engineer. 
The  contractor  performing  the  work  is  A.  G.  Diefendorf, 
of  Erie. 
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By  D.  a.  Thomas* 
With  a  view  to  using  the  money  apportioned  to  Michi- 
gan during  the  next  five  years  under  the  Federal-Aid 
Poad  Act,  State  Highway  Commissioner  Frank  F.  Rogers 
has  formulated  a  plan  that  will  permit  the  completion 
of  the  state's  trunk-line  road  system  through  the  poorest 
counties.  It  remains  for  the  legislature  to  enact  the  neces- 
sary legislation. 

Nearly  all  the  trunk  lines  have  gaps  in  them  where 
they  run  through  the  poorer  counties. 
This  is  particularly  true  of  the  East 
Michigan  Pike  and  the  West  Michigan 
Pike,  which  skirt  respectively  the  cast 
and  west  borders  of  the  lower  peninsula 
and  form  a  part  of  the  Dixie  Highway. 
Under  the  present  state-highway  laws  it 
would  be  quite  impossible  to  fill  the  gaps 
for  many  years  to  come,  as  the  poorer 
counties  and  townships  cannot  stand  the 
financial  strain.  It  is  in  sucii  locations 
that  it  is  proposed  to  use  the  Federal 
aid.  The  Federal-Aid  Road  Act  appor- 
tions to  Michigan  during  the  next  five 
years  $2,186,756.  This  money  can  be  se- 
cured only  by  meeting  it  dollar  for  dollar, 
tiius  insuring  the  spending  of  $4,376,512 
on  Federal-Aid  roads  during  the  period. 
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In  order  to  arrive  at  an  equitable  distribution  of  the 
cost  among  the  Government,  state  and  counties  a  unit 
known  as  the  valuation  per  trunk-line  mile  has  been  de- 
veloped by  dividing  the  assessed  valuation  of  an_y  county 
by  the  trunk-line  mileage  within  its  borders.  The  values 
for  this  unit  vary^  through  a  wide  range  of  from  $25,233 
to  $16,320,156.  " 

Counties  with  an  assessed  valuation  per  trunk-line  mile 
of  less  than  $100,000,  of  which  there  are  19,  are  classed 
together;  those  from  $100,000  to  $200,000  are  placed  in  a 
second  class,  and  so  on  up  to  those  of  $500,000  or  more, 
of  which  there  are  27. 

A  schedule  is  proposed  which  would  require  the  coun- 
ties of  the  first  class  (the  poorer  counties)  to  pay  25% 
and  the  state  25%,  while  the  Federal  aid  will  make  up 
the  remaining  50%.  In  each  succeeding  class  the  coun- 
ties' share  would  be  increased  by  5%  and  the  state's 
decreased  5%  until  those  richer  counties  in  the  last 
class  would  be  required  to  pay  the  full  50%. 

Such  a  distribution  as  is  outlined  above  will  impose 
no  great  hardships  upon  the  poorer  counties.  The  state 
will  also  be  called  upon  to  contribute  less  toward  the  con- 
struction of  the  roads  than  under  the  present  reward  sys- 
tem, which  provides  for  the  payment  of  state  rewards  of 
from  $500  to  $3,400  per  mi.  on  trunk-line  roads  con- 
structed according  to  the  specifications  of  the  State  High- 
way Department. 

Since  the  cost  of  the  Federal-Aid  roads  will  be  less  to 
the  state  in  most  cases,  it  is  expected  that  the  legislature 
will  increase  the  reward  on  the  more  expensive  types  of 
roads,  which  will  materially  aid  the  richer  counties  to 
build  the  class  of  roads  commensurate  with  their  traffic. 
Thus  the  best  interests  of  the  whole  state  will  be  served. 

m 
MoiP©OEJi  BoSttedl  airadl  ILsi^scre'wedi 

By  H.  D.  Dewell* 
In  discussing  the  tests  of  bolted  and  lagscrewed  timber 
joints  in  the  articles  "Xew  Tests  of  Bolted  Joints  in 
Timber  Framing"  and  "Lagscrewed  Timber  Joints," 
Engineering  News,  July  20  and  27,  1916,  there  were 
certain  omissions  and  errors.  It  is  believed  also  that  the 
reasons  for  certain  of  the  deductions  made  and  the  con- 
clusions drawn  may  not  have  been  clear. 

Theory  of  Action  of  Bolted  Joints 

On  page  112,  in  stating  the  different  formulas  for  bolt 
bending,  the  total  load  on  the  joint  is  P  and  not  2P. 
This  error  will  be  obvious  to  one  reading  in  detail. 

Referring  to  Fig.  4,  page  114,  the  side  note  to  the  fig- 
ure should  read  "P  =  Total  load  on  joint  —  2(F„  — 
/'i).  In  the  definition  of  terms,  following,  d  =  the  diam- 
eter of  the  bolt  and  not  the  width  of  timber  and  splice 
pads,  as  there  stated. 

In  Table  1,  item  7  gives  the  values  corresponding  to  a 
slip  of  ^  in.  or  0.03125  in.,  and  not  0.025  in.,  as  there 
stated  in  the  footnote. 

In  the  same  table,  item  9  should  not  appear.  The 
author  recommends  as  working  values  the  figures  given  in 
item  8,  which  are  those  computed  according  to  the  theory 
discussed  in  the  text. 

The  theory  of  bolt  action  advanced  rests  upon  tlie 
assumption  that,  beyond  a  certain  minimum  value  of  I 

•Civil  Engineer,  58  Sutter  St..  San  Francisco,  Calif. 


(width  of  side  timbers  or  one-half  the  width  of  center 
timber),  the  strength  of  the  joint  is  independent  of  the 
length  of  bolt  and  that  such  a  value  for  t  in  the  sketch 
may  be  found  that  the  moment  in  the  bolt  wiU  just  equal 
the  flexural  strength  of  the  bolt.  This  assumption,  in 
principle,  is  similar  to  that  of  Prof.  H.  E.  Thayer,  as 
discussed  in  his  "Structural  Design,"  Vol.  1,  the  differ' 
ence  being  in  the  assumed  distribution  of  load  on  the 
bolt,  the  resulting  moment  and  the  capacity  of  the  joini 
The  maximum  moment  on  the  bolt  in  the  sketch  will 
occur  at  a  point  of  zero  shear.    There  are  five  such  points, 


r^-^>/- 


I-  - 


=B' 
fffBoH- 


^1 


P=Toi-alLoac/onJoinf^Z(P-s-P,) 

FIG.    1.    PRESSURE   DISTRIBUTION   IN   BOLTED   TIMBER 

JOINT 

Distribution  as  deduced   from  tests  and   used   for  calculatioiUk 

Diagram  should  replace  Fig.  4,  p.   114,  July  20,   1916 

two  each  side  of  the  center  line  of  joint,  at  a  point  x  (njit 
marked  in  the  sketch)  which  is  distant  I/2  6  or  a  either 
side  of  the  contact  faces  of  the  timbers,  and  one  at  IJIB 
center  of  joint.  In  the  total  length  of  bolt  there  are  foot 
points  having  equal  maximum  bending  moments. 

The  following  equations  lead  to  the  expression  for  the 
maximum  moment  for  the  conditions  of  the  sketch.  Let 
the  bending  moment  be  computed  for  the  point  x,  distant 
1/2  ^  to  the  left  of  the  left  contact  face  of  timbers: 


J/  =  P 


9        12  2(  Zi 


(1) 
(3) 


The  resisting  moment  of  the  bolt  is 


-d^S 
32    ■ 


Equating  the 


bending  moment  to  the  resisting  moment,  there  results 


ir'^^^' 


Solving  for  t, 


and 


f  = 


SUBd 


(41 


(5) 


A  value  of  t  may  thus  be  found  for  each  diameter  of  bolt. 
working  values  for  the  bearing  stress  B  and  the  boi' 
bending  stress  S  having  once  been  established. 

P  =  2(P^  —  P,)  =  2(4P,  —  P,)  =  GP, 
GBfd      1 


12 


Btd 
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CSiven:   % 
Method: 

Resisting  moment   of    % 

1.050  lb.   per  in. 
Since    curves    are    for    1 
1.050 

%-in.  bolt  =  = 

0.S75 


For  joints  in  whicli  the  distance  I  is  less  than  t,  it  is 

eld  that  the  bending  moment  on  the  bolt  varies  between 

le  limits  M  =  V,,  Pt  and  M  =  1/3  PI,  and  the  safe  load 

n  th?»  Joint  varies   correspondingly  between   the   limits 

'  =   1/2  Btd  and  P  ^  Bid.     At  "the  latter  limit,  the 

ressure  diagram  is  triangular  in  shape,  the  unit  pressure 

eing  zero   at  the   outer  edge   of   the 

plice  pad  and  a  maximum   of   B  al 

■le   face   of   the    center   timber.      .\11 

f    the    above    discussion    tacitly    as- 

imes  that  the  ratio  of  the  diameter 

f  the  bolt  to   the   thickness   of   side 

mber  is  such  that  the  flexural  strength 

■  the   bolt  is   reached   with   the   tri- 

igular    pressure    diagram.     With    a 

lint  in  which  the  diameter  of  the  bolt 

relatively   large   as   compared    with 

le  thickness  of  splice  pads,  the  pres- 

ire   diagram   may    be   trapezoidal    in 

lape,  with  the  largest  pressure  always 

the  inner   face   of   the   splice   pad. 

;  he  final  limit   in   tliis   direction,   or 

e  maximum  load  that  the  joint  can 

ke,  will  be  when   the   pressure   dia- 

am    becomes    rectangular    in    shape. 

.  other  words,  there  will  then  exist 

uniform   pressure  along  the   length 

bolt,  the  bending  moment  and  the 

(al  load  being  represented  by  M  = 

PI,  and  P  ^   2  Bid  respectively. 

le  whole  argumentation  may  be  sum- 

irized  by  the  statement  that  the  the- 

y  proposed    holds   that   the   bending 

;  )ment  on  the  bolt  varies  between  the  limits  M  =  V,?  ''' 

i  i  M  =  y2  PI,  and  the  capacity  of  the  joint   varies 

I  ween  P  =  l/^  Btd  and  P  =  2  Bid,  the  relation  between 

t ;  bending  moment  and  the  total  load  always  being  such 

1  it  the  safe   flexural  strength  of   the  bolt  is   reached, 

I  less  the  diameter  of  the  bolt  is  so  great  that  a  uniform 

I  assure  distribution  of  bearing  along  its  length  does  not 
(ess  it  in  flexure  to  its  safe  capacity;  and,  with  the 

I I  reservation,  the  pressure  distribution  on  the  bolt  is 
f  'h  that  the  maximum  unit  stress  in  bearing  for  the  tim- 
1  ■  is  reached  at  the  contact  faces  of  the  joint. 

iVorking  values  for  bolted  joints  with  varying  thick- 
1  ises  of  timbers  are  best  found  by  means  of  plotted 
{ "ves,  similar  to  those  of  the  accompanying  figure,  which 
i  istrates  the  method  of  finding  the  safe  capacities  of 
j  nts  where  the  relative  sizes  of  bolt  diameters  and  thick- 
'  -•  of  timbers  determine  the  limits  of  bending  moments 
total  loads  as  lying  between  M  =  "/a?  -f^  '^^^  ^  = 


STRENGTH   IN   POUNDS,   OF   LAGSCREWS   FASTENING 
STEEL  PLATES  TO  TIMBEP. 


Kidder 

Thayer 

Tests*. 

Testst 

*  Ont^hiilf  the  vajiir 
tion  of  A  in- 


for  limiting  deflcctit 


Lag 

Lag 

2,100 
1,125 
1,200 
1,450 

2.800 
1.575 
1,200 
1,450 

t  Value 

3  for  deflrc- 

EXAMPLE  OF    USE   OF   CURVES 
bolt,  1  =   3  in. 


bolt   at   16.000   lb.    per   sci.in. 


1,200  lb.  per  sq.in. 

1,200 


M   -   Cl=  ~   1,200  lb.  per  sq.in.,  and  C 

=   133.3. 
F'rom  curves,  when  C 
Then  P  =  810  lb.   X   3 


lb.  per  sq.in. 


ASSUMPTIONS 

1.  Maximum  pressure  on  ends  < 
timber  —  1.300  lb.  per  sq.in.  c 
diametral  section  of  bolt   ~  B. 

2.  Diameter  of  bolt  =   1  in. 

3.  Range  of  curves — 

a  =  0  to  a  =  51, 


4.   M  =  JPl  to  M 


-PL 


M  —  Maximum   bending  mome 

on  bolt,  and 
P  =  Total   load   on   joint. 

a 
For   all    values   of  -  <    0.33J,    tl 

1 
strength     of     joint     depends     < 
bending  of  bolt. 
Pressure   distribution    on    bolt 
always  triangular,  with  varyit 

values  of  -. 
1 
Table  of  Values 


FIC:.   2.     VARIATION  OF  STRENGTH  OF   1- 
IN.  BOLT  WITH  THICKNESS  OF  TIMBER 


0.333 
0.250 
O.ISS 


1,300 

1  040 

Stfi 


resistance  of  a  %-in.  lag  may  be  taken  at  1,03U  lb.,  based 
on  the  ratio  of  their  diameters. 

The  recommended  working  values  for  lagscrews,  based 
on  one-half  the  strengtlis  shown  by  ilie  tests  at  a  deflection 
of  jV  i"-j  iire  expressed  in  tabular  form: 

TAIILK  2.     IlKCOMMENDED  WORKING   VALUES  FOR  LAGSCREW.S 


Metal  plate  lagged  to  timber,  ix4 J-in.  lagscrew 

Metal  plate  lagRed  to  timber,  Ix.'Vin.  lagscrew 

Timber  planking  lagged  to  timber,  Jx45-in.  lagscrcw. 
Timber  planking  lagged  to  timber,  Jx5-in.  lagscrew.. 


1.030 

1,200 

900 

1,050 


For  detail  information  regarding  the  action  of  the 
various  joints  under  load,  the  following  table  of  results 
is  submitted.  This  table  should  have  appeared  in  the 
July  37  article. 


II.  and  P  =  —r- 


d  P  =  Bid. 


Lagscrewed  Joints 

II  the  presentation  of  the  results  of  the  tests  on  lag- 
red   timber  joints   there   was   an    unfortunate   error 
'■  in  the  values  recommended  for  working  strengths 
y  lagscrewed  joints  where  steel  plates  are  fastened  to 
titer.    Thus,  Table  1,  page  163,  July  27,  1916,  should 
modified  as  shown   in   Tai)le   1    herewith, 
■ing  the  limiting  deflection  of  ^^i  '"•  as  in  the  case  of 
I    bolted  joint,  with  a  factor  of  2  for  working  loads,  it 
i^ieen  that  the  safe  working  resistance  of  a  %-'"•  I'l"- 
••■w  in  such  a  joint  is  1,200  lb.,  and  the  corresponding 


TABLE  3. 

TESTS 

ON  LAGSCREWED 

.lOINT.^ 

Summary  of  Results 

Number 

Load  at 

Letter 

and        — 

— Thickness    of 

Apparent 
Yield 

Slip  of 

Final    Final 

Size  of 

Side 

Center 

A  In.. 

Load,    Slip, 

Slumber 

Lags 

Pieces 

Piece 

Point,  Lb. 

Lb. 

Lb.       In 

7 

Three     in. 

-in. 

ateel  pl. 

CSOO 

7.700 

20,000  0  02 

8 

Three     in. 

-in. 

steel  pl. 

5,500 

(S.700 

19,700  !)  75 

9 

Three     in. 

-in. 

steel  pl. 

5,000 

r.,700 

30,000  1    It 

17 

Three    -in. 

-m. 

etcel  pl. 
Sin. 

8,000 

iMta 

30,000    1    I.'-) 

A 

Six  J  in. 

2  in. 

2fi,000 

12,.50O 

49,100    1    40 

B* 

.Six  1  in. 

2  in. 

Sin. 

20,000 

1-1,400 

34.000   I   01 

C 

Six  !  in. 

n  in. 

Sin. 

20,000 

12,400 

.•14.000   1    49 

D 

Six  1  in. 

2  in. 

Sin. 

25,000 

10,700 

44,400   I   IJ9 

E* 

.Six  1  in. 

2  in. 

Sin. 

20,000 

10,400 

33,000   I    70 

F 

Six  i  in. 

1)  in. 

Sin. 

23,000 

12,000 

33.100   1    14 

G 

Six     in. 

2  in. 

Sin. 

22,000 

13,800 

44,700   1    44 

H 

Six     in. 

11  in. 

Sin. 

17.000 

9,400 

28,885  1  2f) 

1* 

Six     in. 

li  in. 

8  in. 

11,500 

S.SOO 

20,000  0  53t 

J* 

Six     in. 

2  in. 

Sin. 

10,500 

14.000  0  13t 

*  Indtrutrfl  that  IttKucrrwH  Iind  bcarinR  ftfrosa  the  (train  of  tho  rrntcr  timber. 
In  joint  J,  the  loari  wa»  rfinovcfl  at  M.CKK)  lb,,  when  tho  joint  canH-  back  imme- 
diately to  a  defiertion  of  O.IO  in.  It«  final  recovery  wa«  not  noted.  Tho  fuml 
loadH  do  not  ncccBaarity  indicate  the  ultimate  atrength  of  tlie  joints.  t  Load 
removed. 
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Railway  chief  engineer  discusses  night  work— Railway  methods  applied  to  highway-bridge  erection— Earth  fill  six  miles 

long  contains  1,700,000  yd. — Pile  tests  in  Chicago — An  odd  street  intersection — Contractors'  cost  records 

Garden-hose  finish  for  concrete  pavements — Water  lifts  sand  to  filters 


Costl  ©if  Hn^Ihft  Siiiadl  Daj 
By  Huxteu  ilcDuxAi.u* 

In  connection  with  the  relative  cost  and  efSciency  of 
night  work  and  day  work,  as  discussed  in  Engineering 
News,  Aug.  17,  it  has  been  my  experience  that  tlie  ordin- 
avy  grading  contractor  uses  every  means  and  argument 
in  his  power  to  avoid  doing  night  work  when  called  upon 
to  do  so  by  proper  authority.  One  of  his  principal  ob- 
jections is  that  it  requires  a  very  good  organization  to 
handle  a  double  shift.  Furthermore,  the  ordinary  con- 
tractor is  not  equipped  with  lighting  apparatus,  which  is 
absolutely  essential  to  handle  night  work  successfully. 

My  experience,  based  on  railway  construction  purely, 
has  also  been  that  while  the  contractor  has  proceeded  to 
put  on  a  night  shift  when  required,  he  has  not  made  the 
proper  effort  to  get  the  best  results.  Owing  no  doubt 
to  his  desire  not  to  incur  the  additional  plant  expenses, 
the  work  has  been  poorly  lighted,  and  the  consecjuent 
wrecks  to  dump  trains  have  materially  cut  down  the  out- 
put. Contractors  also  claim  that  night  work  cuts  down 
the  efficiency  of  the  day  force,  on  account  of  loss  of  time 
in  making  repairs  to  tracks  or  ecjuipnient  damaged  by 
the  night  force. 

Nashville,   Chattanooga   &   St.   Louis   Ry., 


Under  the  best  conditions  of  which  I  have  knowledge, 
I  would  say  that  the  night  shift  has  had  an  output  of 
about  85%  of  the  day  shift,  but  the  average  is  consid- 
erably lower,  probably  around  66%.  Of  course,  the 
season  of  the  year  cuts  considerable  figure.  My  experi- 
ence has  led  me  to  believe  that  it  is  best  to  insist  \ipoD 
the  work  being  sufficiently  covered  with  plant  to  enable 
the  contractor  to  finish  within  his  time  limit  without  the 
necessity  of  doing  night  work,  and  to  insist  on  night 
work  only  as  the  last  possible  resort  when  the  work  has 
been  delayed  for  other  reasons  over  which  no  one  has 
control. 

In  tunnel  work  I  have  found  that  the  night  shift  makes 
practically  the  same  progress  as  the  day  shift. 


[Iglh'WSi.y  IBrac 


lies'  Hs'Siiiirflcs  Maclraigaiini 
By  C.  V.  Dewart* 
In  addition  to  consultation,  preparing  plans  and  gen- 
eral supervision  of  all  highway-bridge  work,  the  Michigan 
State  Highway  Department  is  called  upon  to  plan,  build, 
maintain  and  pay  for  bridges  of  over  30-ft.  span  on 
the  state  trunk-line  roads,  which  constitute  a  5,000-mL 


•Bridge    Engineer 
Lansing,  Mich, 


Michigan    State    Highway    Department, 


FIGS.  1  TO  4.    ERKCTING  HIGHWAY  BRIDGES  UNDER  TRAFFIC  IN  MICHIGAN 
arch    erected    under    traffic.      Fig.    2 — Steel   tru.^sos    of    new    bridge    erected    outside    old    bridge, 
r   of   new   bridge   laid   half   at   a    time.      Fig.    4 — Bridge  abutment   properly  designed 


Fig, 
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vstem  connecting  all  of  the  principal  cities  of  the  state. 
)uring  the  last  three  years  the  state  has  built  (or  is 
uikling)  80  bridges  ranging  in  cost  from  .$3,000  to 
40,000. 

The  maintenance  of  trafFic  on  railroad  bridges  while 
nder  reconstruction  is  general,  but  until  a  few  years  ago 
le  maintenance  of  traffic  on  highway  bridges  under  the 
ime  conditions  was  unusual.  The  trunk-line  bridges 
e  have  built,  with  few  exceptions,  are  on  main  traveled 
iads,  and  in  many  eases,  such  as  the  Wliitefish  Eiver 
ridge  near  the  town  of  Rapid  River,  the  bridge  under 
instruction  is  the  only  connecting  link  for  miles  around, 
dd  to  this  the  greatly  increased  automobile  and  through 
•aflRc,  also  the  fact  that  when  the  state  does  the  work 
le  local  inhabitants  expect  more  than  if  they  were  doing 

themselves,  and  there  is  reason  enough  to  justify  our 
iliey  of  maintaining  travel  on  all  trunk-line  bridges, 
he  exceptions  to  this  rule  are  few. 

Jlaintenance  of  traffic  during  construction  of  an  arch 
in  be  done  by  pouring  one-half  of  the  arch  ring  at  one 
me  and  then  turning  traffic  to  the  completed  half,  as 
lustrated  in  Fig.  1.  This  is  becoming  fairly  common 
1  the  construction  of  large  bridges.  "V\Tien  time  is  too 
lort  to  allow  proper  setting  of  the  arch  ring,  this  method 
ay  still  be  followed  by  boxing  around  the  supports  of 
le  old  bridge,  where  they  pass  through  the  arch  ring, 
he  full  width  of  the  arch  ring  may  be  poured  at  one 
me,  and  as  soon  as  it  has  set  sufficiently  to  carry  the 
ad  the  old  bridge  supports  may  be  cut  off  on  the  line 

the  extrados,  shifted  to  the  arch  ring,  the  holes  in 
le  ring  poured  and  the  backfill  made. 

For  concrete  arches  and  small-span  bridges,  however, 
■ere  is  comparatively  little  difficulty  encountered.  Gen- 
ally  traffic  may  be  maintained  in  these  cases  by  grading 
iwn  the  approaches  to  a  short  temporary  wooden  span 
1  one  side  of  the  proposed  bridge  site. 
Long-span  steel  bridges  present  an  entirely  different 
"oblem.  Our  pony-truss  designs,  which  arc  standard 
ir  spans  from  70  to  100  ft.  inclusive,  have  the  trusses 
aced  about  3  ft.  farther  apart  than  the  ordinary  old- 
yle  trusses  and  may  be  erected  complete  with  the  new 
usses  outside  of  the  old  and  the  new  floor  system  undcr- 
'ath  the  old. 

The  trusses  in  this  case  may  he  erected  by  three  dis- 
nct  methods:  (1)  By  building  falsework  under  each 
mel  point  and  proceeding  in  the  usual  manner:  (2) 
.■  the  construction  of  temporary  supports  for  the  trusses. 
Inch  are  erected  one  at  a  time  in  a  horizontal  position 
ongside  of  the  old  bridge  and  then  swung  into  a  ver- 
cal  position  (the  same  set  of  supports  is  then  used  on 
IP  opposite  side  of  the  bridge)  :  (.1)  by  the  use  of 
ingers  supported  froTU  the  top  chord  of  the  old  bridge 
16  new  trusses  are  erected  in  their  final  position  without 
le  use  of  falsework  of  any  kind  below,  as  shown  in 
ig.  2. 

In  the  second  and  third  cases  the  floor-beams  and  lat- 
al  sway  bracing  are  swung  into  place  from  below.  Next 
I  plank  and  stringers  of  the  old  bridge  arc  removed 
•cm  one-half  of  the  roadway  only  and  stringers  for  the 
pw  bridge  placed  on  this  side,  maintaining  travel  on 
le  opposite  side  of  the  bridge.  Then  the  old  floor  sys- 
■m  in  replaced,  traffic  restored  to  this  side,  the  old  floor 
■moved  on  the  opposite  side  and  the  second  half  of  tiie 
joor  Bystem  coniplctcd  \a  tiie  same  manner  as  described 
>v  the  first  half. 


As  soon  as  the  new  trusses  are  completely  riveted,  the 
old  bridge  may  be  removed  complete  or  blocked  up  at 
the  floor-beams  and  removed  piecemeal.  The  former 
method  is  much  preferable,  however,  when  there  is  some 
place  where  the  old  bridge  can  be  used  to  advantage. 
It  may  be  relocated  on  some  near-by  road  of  lesser  im- 
portance crossing  the  same  river,  without  knocking  it 
down  and  then  reerecting.  All  this  may  be  done  with 
very  little  if  any  interruption  to  traffic,"  provided  fore- 
thought is  used  in  the  arrangement  of  floor  planking. 
With  the  old  bridge  removed  and  the  plank  of  the 
old  bridge  relaid  on  the  new  floor  joists,  it  is  a  simple 
operation  to  remove  the  plank  on  one  half  of  the  roadway 
at  a  time,  pour  the  concrete  floor  on  this  half,  then  turn 
traffic  to  the  completed  half  of  the  concrete  floor  and 
pour  the  concrete  of  the  second  half.  A  standard  con- 
crete floor  with  a  vertical  construction  joint  along  the 
center  line  of  the  road  is  shown  in  Fig.  3. 

We  find  that  the  second  and  third  methods,  or  some 
modification  of  the  two,  have  resulted  or  would  have 
resulted  in  a  very  material  reduction  in  cost  of  erection 
for  nearly  all  cases,  and  in  some  cases  we  have  found 
that  the  third  method  of  erection  has  cost  less  with  traf- 
fic maintained  than  the  first  method  without  traffic. 

It  is  often  necessary  to  erect  the  new  trusses  below 
their  final  elevation  in  order  that  the  new  floor-beams 
may  be  placed  without  interference  to  the  old  floor  sys- 
tem. Our  standard  steel  bridges  up  to  80-ft.  span  with 
plate  expansion  supports  have  a  minimum  depth  of 
casting  of  6  in.,  and  for  spans  of  80  ft.  and  over  a  mini- 
mum depth  of  casting  of  12  in.  under  the  fixed  end,  or 
at  the  expansion  end  6  in.  under  the  rollers  and  6  in. 
of  geared  segmental  rollers.  By  the  omission  of  cast- 
ings and  rollers  at  the  start,  from  6  to  12  in.  may  be 
gained  for  erection  purposes.  Stringers  framed  into  the 
floor-beams  constitute  another  advantage  in  this  case ; 
the  top  flange  of  the  floor-beams  of  tlie  now  bridge  may 
be  erected  in  the  same  plane  as  the  bottom  flange  of  the 
floor-beams  of  the  old  bridge  without  interference. 

All  this  generally  provides  plenty  of  room  to  complete 
the  erection  of  the  new  bridge  without  jacking  up  the 
old  bridge  and  thereby  making  a  very  objectionable  hiuu]) 
in  the  roadway  during  the  entire  time  of  erection.  The 
elevation  of  the  old  floor  is  not  changed  until  the  new 
bridge  is  completely  erected.  It  is  then  only  a  matter 
of  a  few  days  to  remove  the  old  bridge,  relay  the  wooden 
floor  and  jack  the  new  bridge  uj)  to  its  final  elevation. 
It  is  of  primary  importance  to  design  the  bridge  seats 
in  such  a  manner  as  to  provide  plenty  of  room  for  the 
jacks  (see  Fig.  4). 

Too  much  cannot  be  said  against  the  usual  jiractice  of 
boxing  in  or  "pocketing"  an  end  pedestal.  IIow  much 
has  been  preached  against  tin's  practice,  and  yet  how  very 
few  of  the  abutment  seats  that  have  been  built  recently 
are  of  the  proper  design!  The  cost  is  no  more;  the 
fault  lies  either  in  ignorance  or  in  the  total  disregard 
of  the  requirements  of  an  abutment.  "Pocketing"  a 
bridge  .seat  accumulates  dirt  and  corrosion,  interferes 
v.-ith  erection  and  maintenance  and  is  altogether  wrong 
from  an  aesthetic  point  of  view. 

With  a  little  care  in  designing  and  staking  out  a  bridge, 
the  abutments  and  piers  may  be  built  up  complete  with- 
out in  any  way  interfering  with  the  old  liridge  or  its 
foundations.  Tliis  is  certainly  worth  while  whenever  it 
can  be  done. 
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The  accompanyinsj  sketch  shows  an  improvised  slide 
rule  devised  by  F.  L.  Bock,  Assistant  Engineer,  Dis- 
tribution Section,  St.  Louis  Water-Works,  for  the  use  of 
nontechnical  employees  in  computing  any  combination 
of  change  gears  in  re-gearing  water  meters  to  register 
accurately.  There  are  three  pieces  to  the  rule,  the  cen- 
tral one  sliding  between  the  outer  two.  The  logarithmic 
graduations  on  the  top  and  middle  piece  are  seen  to  be 
those  of  an  ordinary  slide  rule.  Tlie  Ijottom  piece  con- 
tains only  directions  for  use. 

The  proper  gears  are  found  after  a  test  in  which  the 
per  cent,  accuracy  and  the  number  of  teeth  on  both 
old  gears  are  known.     These  data  are  applied  as  directed 


land  were  purchased,  including  a  hill.  The  material  in 
tlie  hill  is  earth,  clay  and  gravel,  the  last  occurring  in 
pockets  so  that  it  cannot  be  utilized  for  ballast.  Below 
the  normal  ground  line  is  clay.  Numerous  springs  wen- 
cut  in  the  hill,  and  the  water  made  this  clay  stratum  so 
soft  tliat  the  steam  shovels  could  not  cut  very  deep 
below  the  ground  level.  As  all  the  material  available 
will  be  needed  for  the  fill,  it  is  planned  to  lay  tile  drain? 
across  adjacent  property  at  the  east  end  so  as  to  drain 
the  borrow-pit  site  into  a  neighboring  stream,  ^lien 
this  is  done,  an  additional  cut  will  be  made  over  the 
entire  site.  A  surface  drain  in  the  bottom  of  the  cut 
now  discharges  into  a  farm  drainage  system. 

The  excavation  is  being  done  by  two  70-ton  steam 
shovels  working  on  opposite  sides  of  the  hill,  as  shown 
in  Fig.   1.     One  of   these  has  a  ai/o-yd.  and  the  other 


TRAIN -GEAR      NUMBER 


mm 


DIAL -SEAR    NUMBER    (Step   No.  4  -  %    Accuracy) 


4S      50     55    60  G5  TO  15  &0  65  9095  ft. 

titi%ittt|lii^t!ti!i4i|jr- 
45     50     55    eo  65    10  15  60fi5%gsno 


\     Sef  Foinfer  on  Train-Gear  Number  on  Upper  Scale.      "i.,  Pi/f  Dial -Gear  Number  on  Lower  Scale  ai' Pointer.       "S  ^  Move  Foinfer  fo  Arrow-Poinf  c 
4   Fuf  °/o  Accuracy  (on  Lower  Scale)  ai  Pointer.      5 ,  Move  Poinier  aaaln  -fo  Arrotv  Poini  on  Lower  Scale . 
6,  Then  set  Proper  Arrow  af  Pointer  to  get  the  new  Combination   '^^1":^^^^  NZbrriB^neath)  ^"^  """-^"^  Regisiration 


.SLIDE  RULE  FOR  RE-GE.A.RING  WATER  METERS 


on  the  six  steps  given  on  the  rule.  The  "pointer"  re- 
ferred to  corresponds  to  the  hair-line  on  the  rider  of  an 
ordinary  slide  rule.  This  device  has  been  found  very 
convenient  in  the  ileter  Branch  of  the  St.  Louis  Water 
Division,  Department  of  Public  Utilities. 

The  heaviest  earthwork  on  the  new  line  of  the  Vandalia 
R.R.  between  Indianapolis  and  Frankfort,  Ind.,  is  on  tlie 
first  six  miles  north  from  the  connection  with  the  present 
line  at  Ben  Davis  (outside  of  Indianapolis).  As  the 
line  is  intended  for  high-speed  traffic,  all  grade  crossings 
are  avoided ;  and  as  the  country  is  flat  this  necessitates 
a  high  fill  for  about  six  miles,  interrupted  only  by  bridges. 

The  average  height  of  fill  is  26  ft.,  and  the  total 
quantity  will  be  about  1,700,000  cu.yd.  for  the  present 
single-track  fill.  The  width  at  subgrade  for  single  track 
is  2-i  ft.  (36  ft.  on  future  double  track),  but  in  con- 
struction a  width  of  33  ft.  is  given,  to  allow  for  the 
washing  and  sloughing  of  new  slopes.  The  shrinkage 
averages  4%,  and  the  top  of  the  fill  is  kept  about  1.5  ft. 
above  grade  line. 

The  material  for  this  fill  is  obtained  from  a  borrow 
pit  about  IVL'  ni'-  from  the  railway,  where  70  acres  of 


Limff-  of  Borrow-pit- 


a  2-yd.  bucket.  The  track  is  kept  laid  close  up  behind 
the  shovel,  so  that  as  soon  as  it  has  finished  a  cut  it 
can  be  run  back  and  set  in  place  for  the  next  cut.  This 
track  then  becomes  the  new  loading  track,  the  former 
loading  track  being  gradually  taken  up  and  relaid  behind 
the  shovel  as  the  machine  advances.  The  steam-shovel 
cuts  are  about  1,400  ft.  long,  with  a  maximum  depth 
of  40  ft.  Water  is  pumped  from  a  creek  to  a  tank  on 
top   of   the   hill,   from   which   gravity   pipes   are  led  to 


Limrf-  ofBorroi 
FIG. 


BORROW  PIT  AXD  TRACK.S  FOR  A  HIO   FILL  ON 
INDIANAPOLIS   &    FRANKFORT    R.R. 


FIG.    2.    BUILDING    26.FT.    FILL   FROM   TRESTLE 

the  shovels  and  to  a  tank  for  the  locomotives.  Coal  for 
the  shovels  is  delivered  by  the  dump-cars. 

A  temporary  trestle  is  used  for  making  the  fill,  this 
being  diverted  around  l)ridge  sites  so  that  the  trains 
can  dump  at  any  desired  points.  These  trestles  have 
r(}ur-pik>  lienls  (with  outside  batter  piles)  with  log  caps, 
diagonal  liracing  and  three  lines  of  girts.  The  beiit-s  arc 
spaced  14  ft.  c.  to  c.  The  stringers  arc  pairs  of  ]0xl6-in. 
timbers  28  ft.  long.  These  arc  much  larger  than  the 
stringers  commonly  u.^ed  on  temporary  trestles,  and  they 
are  recovered  from  the  fill,  only  tiic  piles  and  I'aps  being 
left  in  place.  Fig.  2  shows  a  train  dum]3ing  from  the 
trestle.  After  the  fill  reaches  the  top  of  the  trestle,  it 
is  widened  by  means  of  a  Jordan  spreader,  which  throw? 
over  the  side  of  the  fill  the  material  dumped  from  the  cars. 

Tlie  borrow  pit  is  reached  by  a  double-track  temporarv 
s]uir  about  ll/o  mi.  long,  so  that  the  trains  from  th' 
two  steam  shovels  can   be  liaiullod  independently.     The 
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tracks  are  connected  at  both  ends  of  the  line,  as  shown 
in  Fig.  1,  and  the  spur  is  connected  with  the  line  on 
the  temporarj-  trestle  by  means  of  a  Y,  so  that  filling 
■an  be  done  in  either  direction. 

The  material  is  handled  by  standard-gage  equipment, 
,rith  sis-wheel  55-ton  locomotives  hauling  12-  and  15-car 
rains  of  12-yd.  side-dump  cars.  The  cars  are  dumped 
ly  hand,  the  contractors  considering  this  preferable  to 
lir  dumping.  The  steam  shovel  loads  them  in  such  a 
yay  that  one  or  two  men  can  dump  a  car  readily,  as 
con  as  the  side  chains  are  removed.  About  four  trains 
ire  operated,  but  extra  locomotives  and  cars  are  kept 
in  hand  so  that  additional  trains  can  be  put  on  when 
lecessary.  With  the  longer  haids,  a  loaded  train  can  be 
im  out,  dumped  and  returned  while  the  empty  train  is 
leing  loaded  at  the  pit.  With  four  trains  a  progress  of 
bout  6,500  cu.yd.  per  day  is  made.  The  yardage  is 
etermined  by  borrow-pit  measurements,  cross-sections 
eing  taken  every  30  days. 

A  force  of  about  120  men  is  employed  on  this  earth- 
-ork,  including  those  on  the  dump,  in  the  trains  and  at 
-  lie  borrow  pit,  and  also  the  trestle  men.  They  work  a 
0-hour  dav.  As  work  has  been  delayed  by  scarcity  of 
ibor,  a  10-hour  night  shift  will  be  put  on,  the  borrow 
it  and  shovels  being  equipped  for  electric  lighting,  and 
3et}dene  lights  being  used  on  the  dump.  There  is  about 
14  mi.  of  construction  track,  including  the  spur  to  the 
jTTOw  pit.  The  rails  (with  frogs  and  switches)  are 
ipplied  by  the  railway  company,  while  the  contractor 
ipplies  the  ties,  spikes  and  bolts. 

The  contractors  are  Dunn  &  McCarthy,  of  Chicago. 
he  work  is  under  the  direction  of  F.  T.  Hatch,  Chief 
ngineer  of  the  Vandalia  R.R. :  H.  T.  Whitney  is  Engi- 
,'er  in  Charge,  and  A.  F.  Dye  is  Resident  Engineer  on 
le  six-mile  residency  that  includes  the  heavy  fill. 


iakita^   File  Tesfts  foi?  ttlhe  Hew 
Cfitiicag©  MsSiil'wa^^  S^aitlioEa 

Pile  tests  at  the  new  frcighthouse  of  the  Pennsylvania 
lies  at  Chicago  showed  practically  no  settlement  under 
10-ton  load  after  the  third  day  and  a  maximum  total 
ttlenient  of  0.067  in.  after  11  days.  For  each  test  three 
i-ft.  piles  were  driven  till  their  heads  were  1  ft.  below 
ty  datum  (water  level  in  the  river),  an  oak  follower 
ing  used  to  put  them  down  to  the  required  depth, 
le  tost  pile  proper  was  driven  first  and  tiien  one  pile 

TABLE  OF  TESTS  OF  FOUNDATION  PILES 

test  pile  No.  1....    North  pile  0.316  in.      South  pile  0.316  in. 

test  pile  No.  2 West  pile    0.09S  in.       East  phe     0.073  in. 

test  pile  No.  3 West  pile    0.07S  in.      East  pile     0.109  in. 

Test  Pile  Test  Pile  Test  Pile 

No.  1.  In.  No.  2,  In.  No.  3.  In. 

ttlement  with  40  tons 0.023  0.056  0.027 

rat  day  after  loading 0.000  0.000  0.006 

i  2ond  day   0.007  0.000  0.006 

'  Ird  day    0.001  0.01 1  0.000 

uPth    day    0.001  0.000  0.000 

.fthday    0.000  0.000  0.001 

i:thday    0.002  0.000  0.000 

Iventh    to    eleventh    day No  further  settlement 

'  tal    settlement     0.034  0.067  0.040 

;  t  for  last  blow 0.353  0.226  O.0S5 

Ft.  Ft.  Ft. 

imum  circumference   3.88  3.65  3.54 

imum   circumference    2.56  2.55  2.67 

'  ach  side,  the  center-to-center  spacing  not  exceeding 
'•  the  greatest  diameter  of  the  test  pile.  After  the 
ing  was  completed,  a   pit   10x10  ft.   was  excavated 

'■  sheeted.     On  tlic  test  pile  was  a  cap   12x12  in..  2 


ft.  long,  secured  by  a  drift  bolt,  and  upon  this  were  four 
timbers  of  the  same  size  in  two  courses. 

The  upper  timbers  carried  a  loading  platform  8x8  ft. 
of  3-in.  plank.  Upon  this  was  piled  about  40  tons  of 
pig  iron,  an  opening  being  left  in  the  middle  to  permit 
placing  the  le\el  rod  on  the  head  of  the  drift  bolt.  Meas- 
urements were  made  daily.  The  maximum  results  at 
the  end  of  11  days  are  shown  in  the  accompanying  table. 
The  first  three  lines  show  the  final  set  (under  the  la.st 
blow)  of  the  sis  piles  adjacent  to  the  test  piles.  The 
remainder  of  the  table  relates  to  the  test  piles  them- 
selves. 

The  construction  is  under  the  direction  of  Roliert 
Trimble,  Chief  Engineer  of  Maintenance-of-Way,  Penn- 
.sylvania  Lines.  The  Fitzsimons  &  Council  Co.,  of  Chi- 
cago, had  the  contract  for  the  piledriving. 

Sfts'eetl=Siaftes's©cfti©ira  ProIbEeBM 

The  accompanying  sketch  illustrates  an  interesting 
(and  very  likely  unusual)  problem  in  paving-cost  assess- 
ment which  has  arisen  in  Middleboro,  Ky.,  a  city  of  about 
7,500  population.  The  ordinance  authorizes  the  improve- 
ment of  Cumberland  Ave.  and  intersecting  streets,  "at 
the  cost  of  the  abutting  lots  and  parcels  of  land."  A 
controversy  arose  as  to  what  constituted  the  area  of  the 
very  unusual  street  inter.«ection  at  Cumberland  Ave.  and 
20th  St.,  which  the  city  is  to  pay  for.  F.  S.  Lee,  civil 
engineer  of  Middleboro,  believes  that  Cumberland  Ave., 
at  its  inter.section  with  20th  St.,  runs  back  with  the  off- 
set property  lines,  as  shown  in  the  sketch,  to  the  front- 
age property  lines  of  lots  16  and  1.  Cumberland  Ave. 
is  100  ft.  wide  between  property  lines  except  for  the 
two  lots  at  the  corners  of  the  intersection,  as  shown, 
where  there  are  two  offsets  of  25  ft.  each,  on  each  side  of 
the  avenue,  making  it  200  ft.  wide  at  the  20th  St.  inter- 
section. The  widtii  of  the  avenue  is  determined  by  the 
[josition  and  distance  apart  of  the  property  lines  irre- 
spective of  whether  they  are  continuous  straight  lines, 
oil'sets  or  any  other  shaped  lines.  x\nother  contention  is 
that  the  inter.section  of  Cumberland  Ave.  and  20th  St. 
cannot  be  over  100  ft.  wide,  but  that  lots  14  and  15  and 
2  and  3,  on  their  respective  sides  of  the  street  and  avenue 
intersection  have  a  frontage  of  25  ft.  on  the  side  street. 
The  practice  of  other  cities  in  similar  problems  and  the 
opinions  of  other  city  engineers  would  bo  welcome. 
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The  erection  of  the  .steel  frame  for  the  five-story  freight 
station  of  the  Pennsylvania  Lines  at  Chicago  was  done 
Ijy  means  of  two  traveling  tower  derricks  of  timber  con- 
struction. The  tower  was  29x31  ft.,  55  ft.  high  from 
the  rails  to  the  base  of  the  30-ft.  mast.  This  mast  was 
placed  at  one  corner  and  was  held  by  two  stiff-legs.  The 
boom  was  12xl4-in.,  73  ft.  long,  trussed  by  four  %-in. 
cables,  and  carried  a  %-in.  wire  hoisting  line.  The  hoist- 
ing capacity  was  7  tons,  and  the  maximum  lift,  or 
vertical  reach,  was  124  ft.  above  the  rails. 

The  tower  was  built  of  12xl2-in.  posts  (48  ft.  high), 
top  caps  and  bottom  sills,  with  intermediate  horizonal 


'»T7hf^'M""WV,>W/7rTirjzrr7'///>V        De+oil   of  Truck 
TOVS^ER    DERRICK    USED    IN    STEEL    ERECTION 

struts  4x10  in.  Each  side  had  diagonal  bracing  of  3x10- 
iu.  planks  extending  between  the  top  and  bottom  corners, 
and  similar  horizontal  diagonal  bracing  was  placed  at  the 
top.  The  bottom  was  decked,  and  it  carried  (in  the 
corner  opposite  the  mast)  a  30-hp.  double-drum  hoisting 
engine  (cylinders  8x10  in.)  and  a  vertical  boiler.  Under 
each  corner  was  a  two-wheel  truck  (tandem)  with  grooved 
wlieels  14  in.  in  diameter.  The  gage  was  31  ft.  c.  to  c. 
of  rails,  each  rail  being  laid  on  ordinary  wood  ties. 


For  handling  the  13-ton  girder.s  used  over  the  drive- 
ways on  the  second  floor  of  the  building  a  14xl6-in.  boom 
46  ft.  long  was  stepped  at  the  base  of  the  post  carryinc 
the  main  boom.  This  was  rigged  with  l^-in.  manik 
rope,  using  a  9-part  line  for  the  hoisting  and  a  7-part 
line  for  the  topping  lift.  Few  girders  were  handled  eac-h 
da}-,  .so  no  change  was  made  in  the  hoisting  plant;  but 
the  manila  line  was  led  to  the  niggerhead  of  the  engine. 

The  17,000  tons  of  steel  was  erected  in  this  wav  in 
about  seven  months,  averaging  150  tons  per  working  day, 
liy  the  Kelly-Atkinson   Construction   Co..  of  Chicago. 

Tisiae  Ssi'^edl  aim  DIttclh  ©esa^ra 


By   Lewis  M.  Hajimoxd* 

In  designing  the  distribution  system  of  a  large  irri- 
gation project  it  was  found  that  it  would  be  necessary  to 
solve  Kutter's  formula  a  very  large  number  of  times. 
This  is  somewhat  of  a  task,  even  with  the  best  of  the 
numerous  curves  and  diagrams  that  have  been  devised. 
The  main  canals  and  laterals  of  this  distribution  system 
were  carefully  located  on  "grade  contours,"  and  had  a 
uniform  slope,  generally  about  0.001,  but  the  smaU 
ditches,  of  from  3  to  18  sec.-ft.  capacity,  followed  section 
lines  or  roads,  and  had  everv  conceivable  slope,  from 
0.00025  to  0.20. 

To  begin  with,  the  two  general  types  of  ditches  shown 
in  Fig.  1  were  decided  upon.  It  was  also  decided  to  use 
an  irrigating  head  of  3,  5,  or  6  sec.-ft.,  and  to  use  for  n 
the  values  0.013  for  concrete-lined  ditches  and  0.0225  for 
nnlined  earth  ditches. 

Curves  were  then  prepared  showing  actual  water  depth 
for  various  slopes,  for  various  bottom  widths,  and  for 
capacities  of  3,  5,  6,  10,  12,  15  and  18  sec.-ft.  A  pre- 
liminary study  of  the  various  profiles  gave  the  number  (rf 
different  bottom  widths  and  the  range  of  slopes  that 
would  have  to  be  considered  for  each  capacity.  All  the 
curves  for  any  one  capacity  were  plotted  on  one  sheet 
It  took  about  two  days  to  prepare  the  curves,  and  thqf 
have  saved  that  amount  of  time  many  times  over  since 
then,  for  with  these  curves  a  ditch  section  could  be  de- 
signed at  a  single  glance,  without  computing  A,  r,  or  V, 
from  any  of  the  numerous  tables  or  diagrams  which  have 
been  prepared  for  that  purpose. 

•.\ssi.stant    Engineer,    United    States    Reclamation    Service, 
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Concrete-Lined    Section 


Unlined- Earth  Section 
SHOWING  VALUES  USED  IN  FIG. 


coot     0.004     0.006    0.00&      0.01        0.05       0.05       0.07       0.09 
Slope 
SAMPLE  CURVE  USED  IN  DESIGNING  DITCHES 
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CoKaciretl©  PavemaeEaSs 

Peculiar  methods  of  iinisliing  a  concrete  jjavement 
surface  are  becoming  as  numerous  as  the  varieties  of  a 
certain  brand  of  pickles.  The  most  recent  one  comes 
from  the  South  and  is  said  to  have  originated  in 
Macon,  Ga.,  where  J.  J.  Gaillard  is  the  citv  enirineer. 


is  done  by  water  carriage,  a  method  now  commonly 
adopted  in  slow  sand  filtration  practice.  A  point  of  in- 
terest in  this  case  is  the  use  of  the  comparatively  low- 
pressure  water-supply  provided  by  the  filter  washback 
system.  This  pressure  at  the  level  of  floor  of  the  railway 
ear  is  from  3.5  to  35  lb.  per  sq.in.  As  the  actual  lift 
is  13  ft.  and  the  distance  of  delivery  is  up  to  150  ft., 
it  is  evident   that  a   special   type  of  lifter  is  required. 


FINISHING    A    CONCRETE    PAVEMENT    IN    MYERS    PARK,  CHARLOTTE,    N.    C. 


The  illustration  shows  70,000  sq.yd.  of  pavement  under 
jonstniction  in  ]\Iyers  Park,  a  residential  suburb  of  Char- 
.otte,  N.  C.  The  contractor  is  W.  C.  Campbell,  of  Char- 
otte,  who  employed  the  following  methods : 

The  concrete  is  formed  to  the  shape  of  the  finished 
roadway  by  means  of  wooden  rollers  12  in.  in  diameter 
ind  4  to  8  ft.  in  length.  These  are  provided  with 
'ong  handles  and  are  operated  from  either  side  of  the 
road.  Transverse  joints  are  made  at  intervals  of  30 
ft.  The  joints  are  made  with  two  thicknesses  of  two- 
ily  tar  roofing  paper,  so  placed  that  they  come  to  within 
(4  in.  of  the  surface,  forming  blind  or  concealed  joints. 

The  surface  finishing  is  done  with  an  ordinary  garden 
lose,  made  of  rubber.  This  is  dragged  over  the  surface 
>y  two  laborers  from  the  concrete  gang.  The  work  is 
lone  at  such  times  as  the  mixer  is  being  moved  ahead. 
N'o  other  finishing  is  given  the  surface. 

Wates*  ILiftls  Sairadl  fto  FalteiPS 

P>r   William   Gohk* 

.\l)Out  6,000  cu.yd.  of  filter  sand  is  required  in  the 
icAv  Kansonie  drifting-.sand  mechanical  filtration  plant  at 
Toronto,  descril)ed  in  EiKjineering  News  of  .Se])t.  21, 
1916,  p.  560.  This  sand  is  prepared  at  a  local  pit  on 
lie  mainland  and  transported  by  railway  cars  to  the  site, 
"■ing  carried  on  scows  for  part  of  the  distance.  The 
Miug  of  the  sand  from  the  railway  cars  into  the  filters 

•Consulting  Engineer,  John  ver  Mehr  EnKlncerlng  Co.,  154 
imcoo  St..  Toronto,  Ont. 


The  experience  with  the  trailing-orifice  type  of  lifter 
in  the  sand  wai?hers  adopted  in  the  drifting-sand  filter 
showed  that  sand  could  be  lifted  with  pressures  much 
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less  than  usually  adopted,  and  a  modification  of  this 
tj'pe  of  lifter  has  been  adopted.  A  section  through  the 
lifter  is  shown  in  Fig.  1,  and  views  of  it  in  use  are  given 
in  Figs.  2  and  3.  The  hopper  arrangement  into  which 
the  sand  is  fed  hj  hand  and  the  water  jets  for  forming 


FIG.   2.    SHOVELING   SAND  INTO  HOPPER  OF  LIFT 

a  sand  slurry  are  much  the  same  as  in  !Mr.  Hazen's  well- 
known  design,  but  the  water  jet  is  vertical  and  con- 
tinuous except  for  the  1-in.  pipe  that  penetrates  the 
throat  along  its  axis  and  conveys  the  sand  slurry  from 
the  bottom  of  the  hopper  to  the  center  of  the  jet  of  water. 
The  arrangement  forms  a  kind  of  U-tube,  the  water 
being  brought  down  one  leg  and  the  sand  and  water 
passing  up  tlie  other  leg.  The  bend  at  the  bottom  forms 
a  convenient  place  to  attach  the  hopper  and  to  pass  the 
sand  into  the  water. 

The  object  of  the  trailing  orifice  is  to  avoid,  as  much 
as  possible,  scour  at  the  throat.     In  practice  a  very  con- 


FIG.  3.    HOW  LIFT  IS  SII  1 ' 


:Ti:i>  l''i:'  '.M  AU'  'VE 


siderablc  vacuum  is  maintained  at  the  throat;  and  al- 
though theory  indicates  that  the  trailing  orifice  gives 
a  less  effective  suction  than  a  right-angled  connection, 
this  is  not  noticeable. 

It  is  found  that  the  amount  of  water  required  is  12.500 
Imp.  gal.  per  hr.  for  a  delivery  of  from  7  to  8  cu.yd.  of 
sand  per  hour.  There  is  therefore  about  10%  sand  in 
the  discharge.  It  was  found  necessary  to  rebush  the 
tliroat  of  tlic  lifter  with  a  short  length  of  IVs-i"-  pipe 


after  about  each  600  cu.yd.  delivery.  The  scour  observe 
appears  to  be  due  to  edd}'  action  commencing  where  ti 
jet  passes  over  the  sharp  edge  of  the  sand-supply  pip 
In  respect  to  scour,  the  experience  witli  the  lift" 
tliroat  differs  from  that  of  the  sand-washers,  where  t! 
sand  ijipe  is  %  in.  in  diameter  only  and  the  disturban 
tlierefore  much  less;  besides  the  velocities  are  al 
several  times  less. 


Baokflll  Wrecks  Plain  Concrete  Abutment — The  abutme 
shown  in  the  accompanying  view  failed  for  reasons  that  a 
obvious  to  any  engineer.  It  was  built  by  some  Michig 
township   road   commissioners   without   engineering   advice 

assistance.    The  brid 
that      the      abutmei 
were  designed  to  cai 
is   of   20-ft.   lipan   w 
a  16-ft.  roadway.     1 
height    of    bridge    s. 
above    the    water   si 
face   is   22   ft.,   and   ' 
height     above     top 
footing      probably 
least   25   ft.      With  t 
relatively  great  heij 
the      abutments      w 
plain  concrete  with- 
reinforcement  and  w 
not    over    IS    in.    thi 
The    bridge    spans 
river   in    a    deep    gu 
which    necessitated 
approach  to  the  bri< 
over     a     high     fill, 
this    section    no    ot 
material  was  availa 
for    filling    than    sa 
and  with   such  mate 
the      backfilling     -v 
done.      The    result  i 
that  before  the  fill  ^ 
complete  the  fine  s 
retained    by    the    at 
ment      exerted      s  u 
pressure    as    to    ca 
one    wing    wall    to 
broken    oft.    as   she 
A    crack    was    also 
duced  across  the  en 
face    of   the   abutm 
which    so    affected    ■ 
strength  that  timbers  were  placed  between  the  two  abutmi  .- 
to  prevent  the  collapse  of  the  entire  structure.      The  stant  1 
plans  issued  by  the  Michigan  State  Highway  Department   r 
such    bridges    do    not    permit    of    unreinforced-concrete    al  ■ 
ments  of  a  greater  height  than  10  ft. — D.  A.  Thomas,  Michi  i 
State  Highway  Department,  Lansing,  Mich. 

Motor  Trucks  Vsed  1  Gal.  of  Ga.soline  per  11  mi.  on  a  - 
mi.  trip  from  the  White  factory  in  Cleveland  to  the  Noi  ' 
Grinding  Co..  Worcester.  Mass.  The  trucks,  which  weri  - 
ton,  were  stopped  only  for  replenishing  the  gasoline  and  1 
supply  and  for  meals  for  the  drivers.  The  trip  was  ardi  s 
for  the  latter,  but  the  army  bodies  of  the  trucks  were  fi  il 
with  hay,  so  that  the  drivers  took  turns  at  sleeping  o 
driving. 

The   Problem   of   Deslgnini:   Fine   Poles   has   been    scier  - 
cally  attacked  by  the  Bureau  of  Yards  and  Docks  of  the  Un  "i 
States  Navy,   which   recently   requested    the  Washington  > 
Yard    to    make    tests    on     standard     flags    to    determine 
stresses   produced   with   different   wind    velocities.      Two  .' 
of  flags  were  used,  one  a  No.   7,   3x5^    ft.,   the  other  a  N  ' 
2%x4>4    ft.     The   flags   were   tried   in   wind   velocities   of  t  " 
20  to  60  mi.  per  hr.  and   the  results  show  that  the  total  I  ' 
zontal  resistance  of  a  flag,  exposed  to  a  steady  current  of  ^ 
can  be  approximately  represented  by  the  formula  R  =  CA    ■ 
where  R  =  the  resistance  in  pounds,  A  =  area   in  sq.ft.,    - 
velocity  of  wind  in  mi.   per  hr.,  C   =   0.00030.     The  value  >  C 
decreases    slightly    with    the    size    of    the    flag;    that    is,  " 
resistance  per  square  foot  of  area  decreases  slightly  with  i> 
increase    of    size. 


MICHIGAN    TOWNSHIP    BRIDGE 
ABUTME.NT  WHICH  FAILED 
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i  OiBFeiredl  fas'  B© 
©KB  IE,inigaini©eipnini|^  S 

Cash  prizes  to  the  amount  of  $300  are  offered  by 
Engineenng  News  for  the  best  articles  contributed  on  the 
four  subjects  stated  below.  For  the  best  article  submitted 
on  each  subject  a  first  prize  of  $50  will  be  awarded,  and 
fur  the  article  next  in  merit  a  second  prize  of  $25.  For 
■ther  articles  not  receiving  a  prize,  but  deemed  sufficient- 
ly meritorious  for  publication  in  Engineering  News,  a 
payment  of  $10  will  be  made.  In  comparing  the  different 
articles  for  the  award  of  a  prize,  the  controlling  feature 
will  be  the  value  and  interest  of  the  information  presented 
iind  the  amoimt  of  information  condensed  within  the 
limits  of  space  named  under  each  subject.  No  one  need 
hesitate  to  take  part  in  the  competition  becaiise  of  dis- 
trust of  his  literary  ability.  In  judging  the  articles, 
literary  finish  will  be  a  very  minor  feature  compared 
with  the  technical  value  of  the  information  which  is 
presented. 

In  case  the  two  best  articles  submitted  are  found  to 
l)e  of  substantially  equal  merit,  the  sum  of  the  first  and 
-I'cond  prizes  will  be  divided  equally  between  the  two 
iiithors. 

All  articles  submitted  in  this  prize  competition  must 
reach  the  office  of  Engineering  News  on  or  before  Dec.  10, 
Mil 6.  No  article  received  after  that  date  can  be  considered, 
■('lie  examination  and  award  of  prizes  will  be  made  by 
ilie  editors  of  Engineering  News,  and  the  names  of  those 
receiving  the  prizes  will  be  announced,  if  possible,  in  the 
issue  of  Thursday,  Dec.  21.  The  submission  of  drawings 
iikI  photographs  with  an  article,  to  add  to  its  interest 
iiid  value,  is  encouraged,  and  the  drawings  may  be 
■  resented  in  any  convenient  form. 

Articles  submitted  in  the  competition  should  be 
iddressed  to  the  Editor  of  Engineering  Neivs,  and  the 
package  should  be  marked  on  the  outside,  "For  Entiy  in 
Prize  Competition."  Anyone  is  free  to  take  part  in  the 
'  onii)etition,  but  it  should  be  clearly  stated  in  the  article 
wliether  the  author  himself  is  directly  connected  with 
I  lie  work  that  he  describes  or  what  the  source  of  his 
iiforniation  may  be.  This  is  in  conformity  to  the 
vi'll-kiiown  principle  that  every  article  published  as 
irofe.ssional  data  for  engineers  should  show  clearly  the 
-ourcc  from  which  it  is  obtained,  so  that  the  reader  may 
know  to  what  extent  he  may  rely  upon  it  as  authoritative. 
The  four  difl'ercnt  topics  on  which  papers  are  desired 
irp  printed  below,  with  a  suggestive  explanation  in  each 
ase  of  the  field  that  the  subject  may  cover.  This  ex- 
l.anation  is  not  meant,  however,  to  limit  competitors  in 
I'li'ir  treatment  of  the  general  subject. 

1.  Uehuilding  with  Permanent  Surface  an  Old  7Iw- 
'idnm  Roadway — There  arc  in  the  United  States  many 
'liousands  of  miles  of  roads  and  streets  on  which  a  water- 
"Uiid  macadam  roadway  has  been  built,  often  on  a 
■'lid  tclford  foundation.  With  tlie  rapid  increase  in 
iiitonioliiie  tradic  of  the  last  five  years  particularly,  the 
•  aaintenance  of  these  macadam  surfaces  has  become  a 


very  serious  burden.  Various  metliods  of  treatment  by 
penetration  with  asphalt  oils,  tar,  etc.,  and  covering  with 
carpet  coats  have  been  used  in  the  attempt  to  keep 
these  roadways  in  fair  condition.  The  expense  of  these 
methods  of  maintenance,  however,  and  the  unsatisfactory 
results  secured  have  led  to  a  general  demand  for  the 
rebuilding  of  such  roads,  where  traffic  is  heavy,  with  some 
form  of  permanent  surface.  In  connection  with  this 
rebuilding,  there  is  generally  need  for  widening  the  old 
roadway,  since  with  the  high  speeds  of  automobile  traffic 
a  greater  width  is  generally  deemed  necessary  for  safety 
than  was  called  for  in  the  days  of  horse-drawn  traffic. 

The  problem  that  is  presented  to  a  very  large  number 
of  engineers,  therefore,  is  whether  in  constructing  a 
permanent  paving  of  concrete,  asphalt  or  other  material 
the  old  macadam  material,  including  the  telford  founda- 
tion, should  be  entirely  removed  or  whether  the  new 
road  should  be  built  on  top  of  the  old  as  a  foundation : 
how  the  sui)grade  should  be  treated ;  difficulties  presented 
by  the  different  crown  of  the  old  road  and  the  new ; 
whether  material  removed  should  be  used  on  the  shoulders 
of  the  road  or  carted  away;  and  withal  how  to  do  the 
whole  work  within  such  moderate  limits  of  cost  per  mile 
that  the  amount  of  money  available  may  be  made  to 
cover  a  large  mileage  of  streets.  Length,  700  to  1,000 
words. 

2.  Operating  Methods  in  a  Drill-Sliarpening  Sliop — • 
One  of  the  most  important  factors  in  the  economical 
operation  of  many  contract  jobs  is  the  manner  in  which 
the  drill-sharpening  shop  is  run.  Manipulation  of  the 
steel  by  the  blacksmith,  kind  of  steel  to  be  used  with 
different  kinds  of  rock,  experience  with  different  brands 
of  alloy  steel  and  their  heat-treatment  arc  among  the 
things  that  an  engineer  needs  to  know  in  order  to  secure 
the  best  results  from  his  rock-drilling  outfit.  ■  Length, 
500  to  800  words. 

3.  Dry  Mixing  of  Concrete  Materials  at  a  Central 
Plant — One  of  the  newer  developments  in  concrete  work 
carried  on  in  a  large  scale  is  the  mixing  of  the  stone 
or  gravel,  sand  and  cement  at  some  central  plant  and 
transportation  of  the  dry  mi.xture  to  the  place  where  it 
is  to  be  used.  Kesults  of  experience  with  this  system  are 
desired  with  an  account  of  the  advantages  found,  the 
difficulties  experienced,  detailed  cost  figures,  etc.  Length, 
700  to  1,000  words. 

4.  Adapting  the  Motor  Truck-  to  Its  Work — The  rapid 
increase  in  the  use  of  the  commercial  motor  vehicle 
during  the  past  year  and  a  half  is  a  matter  of  common 
knowledge.  The  high  price  of  feed  and  of  horses  will 
continue  to  stimulate  the  use  of  motor  haulage.  The 
great  variation,  however,  in  the  economic  results  reported 
indicates  that  selection  of  a  motor  truck  suited  to  the  work 
it  has  to  do  will  make  a  large  difference  in  the  ojierating 
costs  per  ton-mile.  Every  user  and  prospective  user  of  a 
motor  truck  is  interested  to  know  what  features  in  design 
and  equipment  are  found  to  be  sources  of  trouble  ami 
what  condncc  to  clficient  and  economical  i)erformancc. 
Length,  700  to  1,000  words. 
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Local  set'tioiis  of  oach  ol'  the  great  national  engineering 
societies  have  been  organized  in  the  principal  cities 
throughout  the  country.  Many  of  these  local  sections  have 
become  strong  organizations,  holding  regular  and  well- 
attended  meetings,  so  that  those  belonging  to  the  sections 
frequently  testify  that  they  are  getting  a  more  valuable 
return  from  their  society  membership  through  the  local 
section  to  which  they  belong  than  in  any  other  way. 

A  question  that  is  coming  up  in  rather  acute  form  is 
the  extent  to  which  the  national  societ}',  through  its 
governing  board,  should  control  these  local  sections.  In 
the  American  Society  of  Civil  Engineers,  the  organization 
of  the  local  sections  has  been  a  purely  voluntary  matter 
on  the  part  of  the  members  resident  in  a  given  locality. 
Nothing  in  the  society's  constitution  authorizes  the  organ- 
ization of  such  local  sections,  and  they  are  in  fact  not  even 
mentioned  in  the  society's  last  Year  Book.  Apparently, 
therefore,  each  of  these  local  organizations  of  the  Civil 
Engineers  is  free  to  do  exactly  as  it  pleases  and  to  manage 
its  own  affairs  without  any  interference  whatever  from 
the  society  headquarters  in  New  York. 

In  the  American  Society  of  Mechanical  Engineers,  on 
the  other  hand,  the  organization  of  the  local  sections  was 
expressly  authorized  by  a  constitutional  amendment  that 
gave  the  society's  Council  entire  control  over  the  affairs 
of  the  local  section.  A  substantial  reason  for  this  control 
is  that  part  of  the  expenses  of  the  local  sections  are  paid 
from  the  general  treasury  of  the  society. 

In  most  of  the  cities  where  these  local  sections  of 
national  societies  have  been  organized,  there  has  been  also 
a  movement  toward  the  federation  of  all  the  engineering 
and  scientific  organizations  in  the  city.  Sometimes,  as 
at  Philadelphia,  this  federation  is  chiefly  for  social  pur- 
poses, to  combine  in  the  enjoyment  of  club  facilities,  etc. 
In  a  number  of  cities,  however,  the  general  demand  that 
the  engineering  profession  shall  exert  an  influence  in 
public  matters  has  resulted  in  the  creation  of  committees 
or  boards  on  which  all  the  engineering  organizations  in  the 
city  are  represented.  This  board  is  given  authority  to  deal 
with  public  questions  that  may  come  up  on  which  the 
opinion  of  the  engineering  profession  may  well  be 
expressed. 

The  local  associations  of  members  of  the  American 
Society  of  Civil  Engineers  are  free  to  take  part  in  such 
movements.  They  have  no  authority  to  act  for  or  repre- 
sent their  national  society,  of  course;  but  because  they 
have  no  official  standing  in  the  national  society  they  arc 
not  accountable  to  it.  The  sections  of  the  American 
Society  of  Mechanical  Engineers,  on  the  other  hand,  are 
by  their  charters  subject  to  the  authority  of  that  society's 
governing  board.  The  question  whether  that  board  shall 
permit  its  local  sections  to  join  other  organizations  in 
connection  with  public  work  is  under  active  discussion. 

There  is,  of  course,  no  objection  raised  by  anyone  to 
these  local  sections  uniting  with  other  organizations  to 
hold  meetings,  excursions,  etc.  The  doubt  arises  when 
the  proposition  is  made  that  these  local  sections  shall  take 
])art  in  some  public  matter.  In  St.  Paul,  for  example,  the 
Minnesota  Joint  Engineering  Board  has  been  organized 
to  represent  three  sections  of  the  national  societies,  three 
local  associations  and  the  Engineering  School  of  the  Uni- 
versity of  Minnesota.  Among  the  committees  that  are  to 
carry  on  the  work  of  this  board  are  Committees  on  Public 


Affairs.     Federal     Legislation,     State     Legislation     and 
Municipal  Legislation. 

A  somewhat  similar  organization  in  the  South  is  the 
Affiliated  Technical  Societies  of  Atlanta,  made  up  of 
representatives  from  the  local  sections  of  five  national 
societies  and  a  representative  of  the  Engineering  Associa- 
tion of  the  South.  This  association,  which  has  been  in 
existence  for  three  years,  is  apparently  about  to  undertake 
similar  work  to  that  proposed  by  the  Minnesota  Joint 
Engineering  Board.  A  recent  circular  issued  by  the  Affil- 
iated Technical  Societies  of  Atlanta  says: 

Like  many  others,  you  must  have  experienced  a  desire  for 
a  wider  participation  of  engineers  in  nontechnical  affairs,  both 
local  and  national.  The  trend  of  the  times  is  to  force  a 
greater  civic  responsibility  on  members  of  societies  and 
upon  professional  engineers. 

These  two  organizations  are  without  doubt  typical  of 
a  general  movement  in  the  engineering  profession  toward 
having  its  organizations  exert  an  influence  in  public 
affairs.  This  movement  is  likely  to  take  shape  more 
rai)idly  in  the  local  organizations  than  in  the  national 
societies. 

The  argument  made  by  those  who  hold  that  the  national 
society  should  strictly  control  its  local  sections  and  pre- 
vent them  from  taking  action  on  public  questions  relating 
to  legislation,  etc.,  is,  briefly,  that  no  group  of  members 
should  have  the  power  to  commit  the  society  as  a  whole  on 
any  question  on  which  the  members  of  the  society  might 
hold  radically  different  opinions.  To  take  a  concrete 
example :  It  might  be  that  a  local  section  in  one  city  might 
take  strong  ground  in  favor  of  the  enactment  of  laws  to 
require  the  examination  and  licensing  of  engineers.  A 
local  section  in  another  city  might  take  an  exactly  con- 
trary stand.  It  is  urged  that  such  conflicting  opinions 
expressed  by  the  sections  would  weaken  the  prestige  of  the 
national  society. 

Before  accepting  this  view  of  the  situation,  it  is  well  to 
inquire  whether  the  acts  of  a  local  section,  on  matters  of 
public  interest,  would  be  understood  to  represent  the 
sentiment  of  the  entire  national  society.  Suppose,  for 
example,  that  the  San  Francisco  Association  of  Members 
of  the  American  Society  of  Civil  Engineers  were  to  adopt 
a  resolution  favoring  the  passage  of  the  national  flood- 
control  bill  that  was  actively  pushed  at  the  recent  session 
of  Congress.  No  one  would  suppose  that  such  action  com- 
mitted the  entire  society  to  the  support  of  that  bill.  It 
is  diflncult  to  believe  that  the  reputation  and  prestige  of 
the  national  societies  of  ^Mechanical  Engineers  or  Mining 
Engineers  or  Electrical  Engineers  would  suffer  because  of 
the  action  that  a  local  section  might  take  on  public  ques- 
tions coming  before  it. 

If  this  is  a  correct  view  of  the  case,  then  the  best 
policy  for  the  national  societies  to  ado])t  toward  their  local 
sections  is  the  policy  of  noninterference.  And  this  is  a 
commonsense  policy.  It  is  not  likely  that  a  dozen  engi- 
neers meeting  once  a  month  in  New  York  City  can  wisely 
dictate  what  another  group  of  engineers  in  a  city  a 
thousand  miles  away  shall  do  or  shall  not  do  with  refer- 
ence to  some  local  question. 

The  officers  of  the  national  societies  ought  to  under-  J|'~ 
stand,  too,  that  it  is  still  an  open  question  whether  their  ^ 
local  sections  are  to  be  permanent  bodies.  There  is  no 
denying  that  in  the  local  field  it  is  the  general  organiza- 
tions that  are  strong  and  influential  and  not  the  section* 
of  the  national  societies.  The  most  important  develop- 
ment of  the  past  dozen  years  in  engineering-society  work 
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has  been  the  rapid  groTrth  in  power  and  influence  of  such 
local  societies  as  t'he  Engineers'  Club  of  Philadelphia,  the 
Cleveland  Engineering  Society,  the  Western  Society  of 
Engineers  and  the  Boston  Society  of  Civil  Engineers. 

The  prevailing  sentiment  in  the  profession  is  strongly 
in  favor  of  the  get-together  movement,  in  which  engineers 
of  all  branches  of  the  profession  join  ia  a  strong  local 
organization.  If  the  governing  boards  of  tlie  national 
societies  adopt  a  policy  of  helpful  cooperation  toward 
their  local  sections,  giving  them  financial  aid  from  the 
national  treasury  and  useful  counsel  in  the  conduct  of 
their  affairs,  the  sections  may  be  an  important  aid  in 
making  the  societ^'^s  work  nation-wide.  If,  however,  a 
society  adopts  a  repressive  policy  and  attempts  to  dictate 
from  headquarters  what  a  section  may  or  may  not  do,  the 
probabilities  are  that  the  local  sections  in  that  society 
will  soon  cease  to  exist. 


tllhe 


Meci]pir@cgiftaia^  EiagaKae 


The  remarkable  success  of  the  steam  turbine  in  re- 
placing the  reciprocating  steam  engine  is  well  known  to 
engineers.  For  the  propulsion  of  vessels,  however,  the 
reciprocating  emgine  has  held  its  own.  Installations  of 
steam  tarbiues  -at  sea  have  generally  been  confined  to 
high-speed  passenger  and  naval  vessels.  The  difficulty  in 
driving  the  -screw  propeller  of  an  ordinary  vessel  bv  a 
steam  turbine  mounted  directly  upon  the  shaft  is  that 
the  rotative  speed  at  which  the  pro]ieller  is  most  efReient 
is  very  much  lower  than  the  rot;iti\e  speed  best  adapted 
to  the  steam  tarl)ine.     Elvcn  in  the  fast  vess:els  driven  by 


steam  turbines  a  great  deal  has  to  be  sacrificed.  The  tur- 
bines have  to  be  especially  designed  to  enable  them  to 
give  good  results  at  a  moderate  rotative  speed  and  the 
■screw  propellers  are  made  of  finer  pitch  than  would  other- 
wise be  desired  to  enable  them  to  be  run  at  a  speed  suita- 
ble for  the  turbines. 

During  the  last  years  of  active  work  of  the  late  George 
AYestinghouse,  the  engineering  development  in  which  he 
took  the  greatest  interest  was  the  Westinghouse-JIacalpine 
system  of  speed-reduction  gearing  by  which  a  high  s])eed 
steam  turbine  drives  a  propeller  shaft  at  low  speed.  With 
this  combination  it  is  possible  to  build  a  steam  turbine 
which  will  be  economical  in  the  use  of  steam  and  can  be 
built  at  moderate  cost  and  the  propeller  speed  is  kept 
down  to  a  rate  suitable  for  such  slow  ves.sels  as  tramp 
steamers.  The  English  steam  turbine  inventor.  Parsons, 
also  designed  a  system  of  speed-reducing  gearing  for  use 
on  ships,  which  has  been  applied  to  some  extent,  but  it 
does  not  have  the  floating  frame  feature  which  was  a 
characteristic  of  the   Westinghouse-ilacalpine   system. 

It  is  of  interest  to  learn  that  the  sanguine  hopes  of 
Mr.  Westinghouse  for  this  system  of  vessel  propulsion  are 
now  being  realized.  The  Westinghouse  ^lachine  Co.  has 
recently  received  orders  for  equipping  with  its  steam  tur- 
bines and  double-reduction  gearing  44  merchant  vessels 
now  under  contract  in  shipyards  on  the  Atlantic  and 
Pacific  coasts,  while  contracts  for  16  additional  vessels  are 
in  immediate  prospect.  These  figures  do  not  include  the 
orders  for  this  class  of  equipment  for  United  States 
naval  vessels  or  for  foreign  governments.  There  is  reason 
to  believe  that  this  development  may  mean  the  eventual 
replacing  of  the  reciprocating  engine  by  the  steam  turbine 
on  shipboard. 
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Costs  nm.  M&'w  Yos'M.? 

Sir — The  actual  costs  of  road  mainteiaanc-«  on  New 
York  State'f  bituminous  highways  have  never  been  clearly 
stated.  We  have  had,  it  is  true,  some  extravagant  guesses 
on  the  part  •of  a  former  governor  of  the  state,  and 
annually  there  is  giveai  out  a  summary  tliat  <«mbines  all 
asphaltic  and  bituminous  roads  and  gives  a  Iitmp-sum 
Btateniont  as  to  what  tiiey  have  cost.  But  as  to  particular 
roads  and  the  way  in  which  the  money  spent  on  them 
is  accounted  for,  no  facts  have  up  to  this  time  been 
obtainable.  For  these  reasons  the  figures  presented 
herewith  are  of  t-xccptional  interest. 

It  appears  thfit  under  the  system  followed  in  New 
York  the  cost  of  iiiaiiiteuancc  is  distributed  under  the 
following  hraditi^r:;  Improvements,  Resurfacing.  Engi- 
neering and  Insix-ction,  Ordinary  repairs  to  road  surfaces 
<  vhich  is  divided  to  show  the  cost  of  labor  and  material 

caratcly).  Cleaning  macadam.  Trimming  shoulderR  and 
■-ming  tops.  Oil  (irlii(  h  is  divided  into  the  co.st  of  oil, 
■'et'ping,  applying  and  covering  and  materOil  for  cover- 
ings), Guard  rail.  Con<rctc,  Tools  and  Plant,  Patrol, 
Extraordinary  repairs  ;jnd  miacelJiiJieous. 


mmniiiiiininiiiiiiiiiiraiiniinniiiiiiii iiiiiiinniiiiiiii miiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiniiiiiiiiiiiiii 

In  the  figures  herewith,  showing  the  cost  of  main- 
tenaiici'  per  mile  per  year  on  24  roads,  the  items  charged 
to  engineering  and  inspection  have  been  eliminated  in 
arriving  at  the  figure  showing  the  cost  per  mile  per 
year.  (Jne  reason  for  e.xcluding  the  charges  for  engineer- 
ing and  inspection  is  that  the  latter  items  do  not  cover 
labor  and  materials  actually  required  to  kec])  the  road 
surface  in  repair.  A  further  reason  is  that  there  a])pears 
to  be  no  relation  Ijetween  the  cost  of  engineering  and 
inspection  and  the  amount  of  money  laid  out  for  repair 
and  materials.  For  example,  road  No.  646,  built  in  1910, 
has  never  been  resurfaced,  and  yet  we  find  that  the  charge 
against  this  road  for  engineering  and  inspection  amounts 
to  $620..S.5.  In  the  case  of  road  No.  686,  where  only 
$:{2  was  spent  for  resurfacing,  $6:31. :59  was  charged  up 
for  engineering  and  inspection.  On  the  other  hand,  the 
records  show  a  number  of  cases  where  large  sums  were 
spent  for  resurfacing  and  little  or  nothing  for  engineering 
and  inspection. 

Study  of  the  New  York  nuiintenancc  sheets  would  in- 
dicate that  the  engineering  and  inspection  charges  were 
arbitrarily  assessed  against  roads  on  which  the  labor  and 
material  outlay  was  negligible.  Road  No.  ;!50  cost 
,$3,651.92  loT  resurfacing  in   1914.     About  $2,500  was 
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also  spent  for  oil  used  on  the  same  road,  and  yet  the 
engineering  and  inspection  charge  is  $768,  or  about  the 
same  as  is  charged  against  roads  on  account  of  which 
little  or  nothing  was  spent  for  labor  and  materials;  and 
in  the  case  just  referred  to  the  larger  part  of  the  engi- 
neering and  inspection  charge — namely,  $596.17 — appears 
under  date  of  1912,  or  two  years  before  the  larger  amounts 
were  spent  in  resurfacing  and  for  labor  and  materials. 

Another  example  that  may  be  cited  is  road  X'o.  .5017. 
which  cost  $2,106  for  resurfacing  in  1914,  but  carries  an 
engineering  and  inspection  charge  of  only  $217.83  for 
the  five  years  it  has  been  under  maintenance. 

All  of  the  roads  on  which  maintenance  costs  are  here 
presented  were  constructed  by  the  penetration  metliod. 
They  were  not  selected  with  a  view  to  proving  anything 
for  or  against  this  method  of  construction  or  the  materials 
used.  As  a  matter  of  fact,  there  was  no  opportunity  to 
select  any  particular  roads,  the  only  figures  obtainable 
for  the  purpose  of  this  investigation  being  those  here 
presented. 

COST  OF  MAINTENANCE  PER  MILE  PER  YEAR  ON  24  NEW   YORK 
ROADS 

Maintenance  Cost.  Less  Engineering,  on  12  New  York  Roads  Constructed  T\ith 
Residual  .Asphalt  Binder 

Total  Cost,  Maintenance  Cost   p^r 

Number  Date  Maintenance  and  Repair  Less  Mile   per 

of    Road  Miles  Accepted  and  Repair  Engineering  \  ear 

5047  1.64  1911  S5.732  99  $5.51.5  16  8671 

630  2  24  1910  10,250  58  9.352  48  696 

7.-J5  7  90  1910  12,908  94  11.444  49  289 

769  4  21  1910  7,163  90  6,471  33  307 

S07G  5.22  1911  5.646  06  5,091  26  244 

5086  5.04  1912  11.260. 49  9,886  67  6.54 

690  4.25  1910  8,583  80  7.274  87  261 

669  5.98  1913  5,896  15  5,575  59  311 

654  S  35  1910  8,074,40  7,319.59  228 

393  3  61  1910  6.593  50  5.849  75  324 

3.50  7.26  1911  16,335  48  15,567  31  420 

796  2.54  1910  21,324.67  19,547,76  705 

A'  erage  maintenance  per  mile  per  year S426 

Maintenance  Cost,  Less  Engineering,  on  12  New  York  Roads  Constructed  with 
Huxed  Natural  Asphalt  Binder 

Total  Cost.            Maintenance  Cost   per 

Maintenance        and  Repair  Less  Mile  per 

and  Repair             Engineering  "^  ear 

$6,369  37                $5,296  97  S190 

5.068.79  3,971  34  293 
6,328  63  5,999  26  250 
4,704.41  4,224.98  .  313 
6,689. 4t  5.717,34  248 
1,328  54                      826.87  63 

3.724.80  3,104  45  124 
13.260  86                 11,983  22                  3,53 

665              3   16               1912                  4,6.56  48                    4.145.07  201 

686             8.72              1912                 2,845.74                   2.214.35  63 

5054             2.00              1912                 4,357.42                   3,6«.47  377 

877                .97              1313                 1,076.54                      978  37  336 

Average  maintenance  per  mile  per  year S234 

"While  it  would  require  a  great  deal  of  space  to  present 
in  detail  the  distribution  of  maintenance  on  each  of  the 
roads  listed,  a  few  examples  suffice  to  show  how  the 
records  are  kept  and  of  what  the  totals  consist.  Typical 
of  the  maintenance  sheets  from  whicli  the  accompanying 
table  was  made  up  are  those  relating  to  roads  Xos.  719 
and  .5017.  In  these  and  all  other  cases  the  cost  of  engi- 
neering and  inspection  was  subtracted  from  the  total  cost 
of  maintenance.  The  remainder  was  then  divided  by  the 
number  of  miles  in  the  road  to  obtain  the  cost  of  main- 
tenance per  mile.  This  figure  was  again  divided  by  tlie 
number  of  years  the  road  had  been  under  maintenance 
to  obtain  the  cost  per  mile  per  year. 

The  two  detailed  statements  here  reproduced  al.^o  serve 
to  illustrate  tlie  lack  of  proportion  between  tlie  cost  of 
engineering  and  inspection  and  the  amounts  spent  for 
labor  and  material.  Road  Xo.  5047  was  resurfaced  at 
a  cost  of  $2,106,  and  there  are  other  considerable  charges 
for  labor  and  material.  Yet  the  engineering  and  inspec- 
tion charge  is  only  $227.83.  Road  Xo.  719  has  never 
been  resurfaced,  is  nearly  three  times  as  long  as  road 


5047  and  shows  a  much  lower  cost  of  maintenance  per 
mile,  yet  it  carries  an  engineering  and  inspection  charge 
of  $1,072.40.  "  Daniel  T.  Pierce, 

Executive  Assistant,  Barber  Asplialt  Paving  Co. 
Philadelphia,   Penn.,   Oct.   2,   1916. 


Number 

Date 

of    Road 

Miles 

.Accepted 

719 

5  56 

1911 

5(J85 

4  52 

1913 

5117 

6.00 

1912 

415 

3.37 

1912 

847 

5.74 

1912 

571 

2  61 

1910 

646 

4.12 

1910 

6.50 

5.66 

1910 

iFrcDfflm  DasiffipEaess 


Sir — The  Board  of  "Water  Supply  of  the  City  of  New 
York  will  in  a  short  time  hang  drawings  in  underground 
chambers  and  it  will  be  necessary  to  protect  these  draw- 
ings from  dampness. 

About  eight  or  ten  years  ago  a  man  called  with  a 
process  for  casting  drawings  in  a  transparent  solid  which 
apparently  was  neither  celluloid  nor  collodion,  although 
it  looked  somewhat  like  either.  W^e  had  no  use  for  his 
sclieme  at  the  time  but  would  like  very  much  to  try  it 
now,  so  we  would  be  very  glad  to  hear  from  any  of  your 
readers  who  have  run  across  this  process  or  a  similar  one. 

The  drawings  will  be  in  some  cases  larger  than  36x48 
in.  and  .should  be  made  rigid  enough  to  hang  on  a  wall. 

C.  F.  Bell, 
Assistant  Engineer  in  Charge  of  Drafting. 

Board  of  Water  Supply,  Engineering  Bureau,  ^luni- 
cipal  Building,  Xew  York  City,  Oct.  20,""  1916. 

L^lbiracattnoEa  ®f  lEimgaia©  Cs^flamidlers 

Sir — I  liave  read  with  interest  the  article  in  Engineer- 
ing A^'ews  of  Oct.  5,  on  "Oil  in  Engine  Cylinders,"  in 
which  is  quoted  the  experience  with  one  of  our  engines 
at  the  Rockwell  llanufacturing  Co.'s  plant  in  Milwaukee. 

As  to  the  claim  that  their  cylindei'-oil  consumption 
record  surpas.ses  all  previous  records  of  economic  cylinder 
lubrication,  I  would  say  that  this  is  not  strictly  a  fact,  as 
there  are  many  vertical  engines  operated  without  any 
cylinder  lubrication  whatsoever,  particularly  marine  en- 
gines. 

The  experience  at  the  Rockwell  ^lanufacturing  Co.'s 
plant  shows  the  advantage  of  the  use  of  poppet  valves 
and  of  carrying  the  weight  of  the  piston  on  outside  guides 
instead  of  carrying  it  on  the  bottom  of  the  cylinder.  The 
poppet  valve  has  no  rubbing  surfaces  and  requires  no 
lubrication.  If  in  addition,  the  piston  is  turned  smaller 
than  the  cylinder  and  supported  on  a  stiflP  piston  rod  with 
a  crosshead  at  eitlier  end,  then  there  are  no  other  surfaces 
to  lubricate  in  the  cylinder  than  the  packing  rings. 

The  nature  and  amount  of  friction  of  packing  rings  on 
cylinder  walls  are  difficult  to  observe  and  determine; 
therefore  there  are  no  reliable  data  on  tliis  point.  The 
friction,  however,  on  a  well-designed  packing  ring  is 
exceedingly  small.  If  it  were  not,  then  it  would  not  be 
possible  to  run  some  engines  without  cylinder  lubrication. 
It  is  very  probable  that  a  film  of  steam  forms  between 
the  packing  rings  and  the  cylinder  wall  .and  aids  the 
lubrication. 

The  lubrication  of  a  steam  cylinder  is  entirely  different 
from  the  lubrication  of  a  bearing.  In  a  bearing,  arrange- 
ments can  be  pro\idcd  where  the  friction  is  reduced  to 
a  minimum.  This  condition  could  not  be  even  ap- 
proached in  the  lubrication  of  steam  cylinders,  and  I  do 
not  think  that  the  friction  of  a  steam  engine  can  be  in 
any  way  reduced  by  increasing  the  amount  of  cylinder 
lubricant. 
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If  the  friction  of  the  piston  in  a  steam  engine  is  not 
kept  very  low,  this  fact  will  manifest  itself  in  wear  and 
in  cutting  of  the  cylinder;  as  long  as  the  amount  of 
lubricant  is- sufficient  to  prevent  cutting  and  wear  on 
the  cylinder,  it  is  sufficient.  In  the  cylinder  of  the  Rock- 
well engine  there  is  no  sign  of  wear. 

In  a  good  many  plants  where  city  water  is  used  for 
boiler  feed  and  where  the  exhaust  steam  from  the  engine 
is  used  for  heating  purposes  a  considerable  portion  of 
the  feed  water  is  used  over  and  over  again,  and  in  such 
cases  it  is  very  important  to  keep  down  the  amount  of 
cylinder  lubricant  used.  Bruxo  V.  Nordberg, 

Chief  Engineer,  Nordberg  Manufacturing  Co. 

Milwaukee,  Wis.,  Oct.  5,  1916. 

Dr.  Tr^^is  siiradl  tllh©  BmffilholHF  T^ebIIS 

Sir — I  have  read  with  much  interest  your  editorial 
note  on  "Dr.  Travis  and  the  Septic  Tank"  and  also  the 
description  of  the  "Hydrolytic  Sewage  Tanks  at  Luton, 
England,"  by  J.  W.  Tomlinson,  both  in  your  issue  of 
Aug.  31,  1916.  As  I  have  had  a  good  deal  to  do  with  the 
Travis  tank,  I  would  appreciate  a  little  space  in  your 
paper. 

As  regards  the  origin  of  the  Travis  tank  there  is  no 
doubt,  and  Dr.  Travis  has  always  fully  acknowledged 
this,  that  the  excellent  work  of  H.  W.  Clark  for  the 
Massachusetts  State  Board  of  Health  suggested  to  Dr. 
Travis  further  experimental  research  into  the  separation 
of  the  solids  of  sewage  from  the  liquid  and  their  .separate 
treatment  afterward,  as  a  result  of  which  he  eventually 
evolved  the  well-known  form  of  his  tank.  But  the  Travis 
tank  is  altogether  a  new  constructional  form  and  differs 
entirely  from  the  two  separate  tanks  used  hy  Mr.  Clark. 

When  Dr.  Inihoff,  in  1905,  was  an  assistant  in  the 
Kon  Priifungs  austalt  fiir  Wasserversorgung  und  Ab- 
wiis.ser  beseitigung  in  Berlin,  he  had  before  him  the 
schemes  submitted  for  approval  by  the  Emschergcnossen- 
schaft  for  Travis  tanks  in  one  or  two  cases,  and  it  was 
in  his  official  capacity  as  "assistant  judge"  in  examining 
into  these  schemes  that  he  became  acquainted  with  the 
Travis  tank.  On  Apr.  1,  190G,  Dr.  Imhoff  was  appointed 
engineer  to  the  Emschergenossenschaft,  and  on  Apr.  28, 
ll)U(i,  he  lodged  flic  application  for  his  German  patent  Xo. 
187,723. 

This  patent,  and  this  is  important  to  notice,  does  not 
■over  tiio  foiTTi  of  the  tank  employed  by  Dr.  Imhoff,  for 
that  was  already  patented  to  Dr.  Travis;  it  only  covers  the 
prevention,  as  far  as  possible,  of  all  movement  in  the 
■iludge  chamber  and  the  pa.ssage  back  into  the  sedimenta- 
tion chambers  of  the  putrefying  contents  of  the  sludge 
•haniber.  This  is  clearly  expressed  in  the  judgment  of  the 
■  •  rinan  High  Court  of  Justice,^elivered  June  17,  1912. 

I  siiouhl  like  to  point  out  here  that  it  is  another  fallacy 
'ij  assume  that  there  is  no  movement  in  the  sludge  cham- 
ber. On  the  contrary,  there  must  be  violent  motion 
iccording  to  the  degree  of  putrefaction  attained  in  it,  and 
)y  closing  the  outlet  this  violent  agitation  is  not  prevented, 
JUt  is  rendered  more  or  less  arbitrary  in  its  various  cur- 
rents. It  further  stands  to  reason  that  there  must  be  a 
pontinual  displacement  of  the  contenis  of  the  sludge  cham- 
I  )er  into  the  .sedimentation  chambers,  and  it  is  well  known 
''hat  where  the  sojourn  of  the  sewage  in  the  sedimenta- 
"M  chambers  is  protracted  the  diluent  from  thein  is  more 
less  septic. 


It  is  only  fair  to  add  that  down  to  the  end  of  1913 
there  had  been  erected  in  Germany  63  Travis  tanks.  In 
England,  I  am  told,  there  are  now  about  ten  Travis 
tanks  dealing  with  something  like  6,500,000  Imp.  gal. 
of  sewage  daily. 

There  are  a  number  of  Travis  tanks  at  work  in  India. 
There  is  also  one,  if  not  two,  I  believe,  in  South  America, 
but  probably  the  largest  Travis  tank  installation  at  the 
present  time  is  at  Cairo,  Egypt,  when  daily  11,000,000 
Imp.  gal.  are  treated.  H.  Alfred  Roechlixg. 

29  Broadway,  Westminster,  London,  S.  W.,  England, 
Oct.  3,  1916. 

Qoos®  ILs^.]i^©  Valll©5^  Es'5?5gss,Sn©Ea 

Sir — In  the  article  on  the  "Goose  Lake  Valley  Irriga- 
tion System,  Oregon,"  by  Kenneth  A.  Heron,  in  Engi- 
neering News,  Sept.  14,  1916,  there  were  shown  detailed 
plans  of  three  structures  on  this  system. 

The  writer  designed  and  had  charge  of  the  construction 
of  all  these  structures  and  feels  that  some  explanation  of 
their  design  is  proper.  When  the  original  designs  for 
these  structures  were  first  made,  the  nearest  railroad  sta- 
tion was  at  Likely,  Calif.,  nearly  100  mi.  from  the 
location  of  the  proposed  structures.  Being  unable  to 
obtain  the  quantity  of  lumber  required  from  local  mills, 
I  immediately  installed  a  sawmill.  During  construction 
the  railroad  was  extended  to  Lakeview,  Ore.,  and  it  was 
then  decided  to  substitute  metal  flumes  for  many  of  the 
wood  flumes  originally  planned.  As  a  large  portion  of 
the  lumber  had  already  been  sawed,  it  became  necessary 
to  completely  revise  the  plans  for  nearly  all  structures 
and  an  attempt  was  made  to  utilize,  as  far  as  possible, 
the  lumber  on  hand.  A  well-proportioned  structure  was 
not  always  possible  under  these  circumstances,  and  this 
explains  the  combination  of  6xl-4-in.  and  3xl2-in.  string- 
ers in  the  first  plan  .shown,  and  the  3xl2-in.  longitudinal 
braces  on  the  substructures  for  metal  flumes,  etc. 

The  pile  trestles  shown  had  already  been  driven  for 
wooden  flumes  before  metal  flumes  were  decided  iipon, 
which  necessitated  the  rather  complicated  substructure 
for  the  metal  flumes.  At  locjitions  where  pile  trestles 
had  not  already  been  driven  for  wooden  flumes  a  much 
simpler  and  more  economical  structure  was  erected  for 
metal  flumes. 

The  lining  for  the  flumes  and  tunnels  shown  was  cut 
"1/2  ill-  thick,  so  that,  after  seasoning,  it  came  from  the 
planer  a  .strong  2  in.  This  explains  why  the  dimension.s 
shown  are  not  the  ordinary  commercial  dimensions. 

I  notice  an  error  in  the  distance  shown  between  cen- 
ters of  the  4x4-in.  carrier  beams  on  the  metal-flume 
substructure.  As  I  recall  it,  these  were  spaced  about  30 
in.  apart.  The  dimension  shown  (10  ft.  'Zy^  in.  c.  to  c.) 
refer.s  to  the  distance  l)etween  centers  of  holes  bored  in 
t.hc  carrier  beams  to  receive  the  carrier  rods  that  sup- 
ported the  metal  flume.  G.  W.  Rice. 

Investment  Building,  Los  Angeles,  Calif., 
Oct.  17,  1916. 

■K 

The  roHl  of  lluniiliiK  .\u«iimohll<>H  ii.'50d  by  the  Operating 
Department  of  the  City  of  San  Uit-KO,  Calif.,  Is  Riven  In  the 
monthly  report  of  S.  M.  Lockwood,  Manager.  There  are  13 
automobiles  In  use  by  the  Operating  Department,  which  dur- 
ing the  month  of  Augu.st  made  an  aggregate  of  17,010  ml.  The 
total  cost  of  running  these  machines,  for  tires,  gas,  oil  and 
repairs,  during  the  month  was  4.2c.  per  ml. 
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By  L.  J.  Gersoni* 

In  providing  sewerage  s.vstems  for  newly  developed 
territory  in  the  Borough  of  Brooklyn,  X'ew  York  City, 
the  Bureau  of  Sewers  has  designed  and  built  several 
pumping  stations,  both  hand  controlled  and  automatic. 
The  latest  automatic  station  to  be  ptit  into  service  is 
located  at  Avenue  U  and  Ocean  Parkway.  This  station 
was  designed  to  lift  the  sanitary  sewage  from  a  low-lying 
area  of  739  acres  into  the  gravity  system  for  the  district. 
The  present  estimated  population  of  this  drainage  area  is 
about  8,000,  or   10.83  per  acre.     The  development  will 
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FIG.     1.     VENTILATING     TOWERS     AND     ENTRANCE     TO 
PUMPING    STATION.    AVE.    U,    BROOKLYN 

most   likely  be  residential,   with   a   population   of   about 
100  per  acre  in  25  years. 

At  present  the  average  flow  to  the  station  is  3.5  cu.ft. 
per  sec,  and  the  nia.xiraum  3.7.  As  the  sewers  are  in 
water-bearing  soil,  0.003  cu.ft.  per  see.  per  acre  through- 
out the  day  was  estimated  to  be  the  inleakage,  based  on 
data  for  similar  conditions  elsewhere.  This  amounted  to 
2.3  see.-ft.  running  to  tlie  station.  (After  the  plant  went 
into  service  it  was  found  that  the  infiltration  was  consid- 
erably less — due  to  careful  inspection  of  the  work  and 
extreme  care  in  making  the  joints  of  the  vitrified  ])ipc.) 

Station  Equipment 

It  was  judged  necessary  to  have  a  pumping  capacity  of 
16  cu.ft.  per  sec,  the  expected  ultimate  flow,  at  the  head 
developed,  as  the  storage  capacity  of  the  station  well  is 
small.  Two  12-in.  pumps,  each  to  deliver  3,600  gal.  per 
min.  against  31-ft.  head,  were  instjtlled.  One  will  handle 
the  flow  up  to  about  the  year  1 930,  when  a  third  or  spare 
unit  can  be  installed,  insuring  two  pumps  always  ready  for 
service. 

The  station  is  under  the  bicycle  path  of  the  parkway 
and  consists  of  a  wet-well,  into  which  the  sewage  Hows, 
and  a  dry-well,  in  which  are  located  the  pumps,  motors, 
.switchboards,  etc.  Fig.  1  shows  the  entrance  to  the 
station  and  also  the  ventilating  towers.  The  only  visible 
portions  are  made  to  harmonize  with  the  surroundings. 
The  sewage  passes  through  bar  screens  (see  Fig.  2) 
having  openings  1  in.  wide  in  the  clear,  installed  merely 
as  a  protection  for  the  pumps.     These  screens  are  hand- 


raked  periodically,  and  the  small  amount  of  resulting 
screenings  is  taken  away  in  closed  cans.  The  three  pump 
fuctions  pass  horizontally  through  the  partition  wall, 
entering  the  wet-well  at  the  floor  level.  In  operation  the 
well  is  never  pumped  dry,  the  pumps  being  automatically 
stopped  when  there  is  about  a  foot  of  water  over  the  tops 
of  the  suction  pipes. 

The  pumps  are  of  a  vertical-shaft  type,  with  inclosed^ 
impellers,  built  by  the  Morris  Machine  Works,  of  Bald- 
winsville,  X.  Y.  They  are  mounted  on  chairs  on  the 
pumproom  floor,  permitting  the  suction  connections  to 
I'C  made  at  the  bottom.  The  suction  elbows  are  provided 
with  hand  holes  and  cover  plates  to  give  easy  access  to 
the  interior  of  the  pump.  The  upper  side  covers, 
including  the  bearings  and  stuflRng-boxes,  are  easily 
removable  and  on  removal  expose  to  view  the  entire 
impeller.  The  pump  bearings  are  positively  lubricated 
by  force-feed  lubricators  driven  from  the  vertical  shafts. 
A  small  connection  from  the  suction  line  of  each  pump  is 
rarried  to  the  drainage  sump  in  the  floor,  so  that  it  can 
be  pumjied  out  and  the  floor  kept  drv. 

The  pumps  are  driven  by  50-hp.  two-phase  60-cycle 
7"^0-r.p.m.  synchronous  vertical-shaft  induction  motors 
with  wound  rotors,  made  by  the  Fairbanks-Morse  Co. 
It  was  necessary  to  use  wound  rotors  in  order  to  keep  the 
inrush  current  at  starting  within  150%  of  the  full-load 
current,  this  being  a  requirement  of  the  Flatbush  Gas 
Co.,  which  supplies  power  for  operation.  The  motors  are 
mounted  on  sub-bases,  which  contain  the  thrust  bearings 
for  the  pumps.  The  motor  thrust  bearings  are  at  the  top 
of  the  motor  frames.  The  motor  and  pump  shafts  are 
joined  by  pin  couplings  so  that  no  part  of  the  pump 
thrust  is  transmitted  to  the  motor  thrust  bearings.     All 
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motor  windings  are  impregnated  with  insulating  com- 
pound by  the  vacuum  process,  to  make  them  suitable  for 
operation  in  damp  places.  Lubrication  of  all  bearings  is 
entirely  automatic,  gages  being  provided  to  show  the 
height  of  oil  in  all  wells. 

The  pump  efficiency  is  above  60%  from  2,750  gal. 
per  min.  at  Si  ft.  head  to  4,850 '  at  22.5  ft.  head, 
with  a  maximum  of  68.5%  between  3,600  gal.  per  min. 
at  31  ft.  head  and  4,250  gal.  per  min.  at  28  ft.  head, 
the  range  of  capacity  and  head  developed  when  both 
pumps  are  in  operation.  With  only  one  pump  in  opera- 
tion the  capacity  is  approximately  4,500  gal.  per  min.  at 
26  ft.  head  with  an  efficiency  of  67%.  The  capacity  and 
efficiency  vary  throughout  an  operating  period  of  the 
pumps  as  there  is  an  increase  of  3.5  ft.  static  head  be- 
tn'een  the  time  of  starting  and  stopping  of  a  pump. 

Statiox  Opekatiox 

Power  is  carried  in  by  an  underground  circuit  at  2,200 
\olts,  and  is  transformed  in  the  station  to  220  volts  for 
power  and  220-110  for  lighting. 

The  pumps  are  started  and  stopped  automatically  at 

'  predetermined  levels  of  sewage  in  the  wet-well  by  means 

of  current-limit  starters  made  bv  the  Sundh  Electric  Co. 


in  one  of  the  ventilating  towers,  can  thus  be  sounded 
either  by  the  alarm  float  switch  closing,  if  the  level  of  the 
sewage  in  the  wet-well  rises  to  an  abnormal  height,  or  by 
the  opening  of  any  of  the  circuit-breakers  on  account  of 
.some  abnormal  sustained  overload  condition  in  the  opera- 
tion of  the  pumps.  It  is  intended  in  the  future  to  arrange 
the  alarm  so  that  it  will  be  sounded  at  a  central  operating 
station  where  there  will  be  someone  in  attendance  at  all 
hours.  For  the  present,  however,  the  police  have  l)een 
instructed  to  notify  the  Sewer  Bureau  should  the  alarm 
be  sounded. 

Fig.  4  shows  one  of  the  motors  and  the  two  present 
starter  panels.  All  coils  on  the  starter  panels  are  impreg- 
nated with  insulating  compound  by  the  vacuum  process. 

The  mechanism  for  operating  the  float  switches  on  the 
control  circuits  is  unique,  being  a  departure  from  the 
usual  float-chamber  type.  Cast-iron  sleeves,  with  a 
stuffing-box  at  each  end,  are  set  in  the  partition  wall 
between  the  wet-well  and  the  dry-well.  Bronze  shafts, 
with  a  bearing  bracket  at  each  end,  pass  through  these 
sleeves  and  carry  two  drums,  one  on  each  side  of  the  wall. 
Cast-iron  floats  with  brouEe  shoes,  operating  in  T-bar 
guides  set  in  the  wet-well,  are  connected  by  bronze  cables 
to  the  drums  on  the  wet-well  side  of  the  wall.     Similar 


FIGS.  3  AXD   4.    VIEWS  IX  AVE.   U,  AUTOMATIC   SEWAGE-PUMPING  STATION 
"ig.  3 — Showing  motor,  float  switches,   Inlet  valves,  standard   and  discharge  valve.    Fig.  4 — Showingjnotor  and  control  switche 


'lie  float  switches  controlling  the  current  to  the  operating 

■ils  of  the  starters  are  so  set  that  should  one  pump  fail 

-tart  or  should  (he  flow  into  the  well  gain  on  the  pump 

nperation  the  other  motor  will  start  after  the  level  of 

sewage  has  risen  6  in.  above  the  level  at  which  the 

t  pump  should  have  started.     Each  starter  panel  is 

■vided  with  a  Cutter  Co.  four-pole  inverse-time  over- 

I    circuit-breaker,    a    magnetically    operated    primary 

itactor,    and    two    magnetically    operated    secondary 

factors    for    cutting    out    resistance    from    the    rotor 

•  uit.     No-voltage  release,  operated  by  a  coil  in  each 

i-e,  is  provided   on   the  starters,  so  that,   should  the 

itage  fail  in  either  pha.se,  the  primary  and  secondary 

ntactors  will   be  open,  and   on   return   of  voltage   the 

irtcr  will  be  in  proper  position  to  go  through  a  normal 

■ting  cycle. 

Tliere  is  an  alarm  float  switch  throwing  into  circuit 
r  Edison-Lalande  cells  capable  of  ringing  the  alarm  bell 
itinuou.xly  for  21  hr.  An  interlock  on  each  circuit- 
•iker  is  also  provided  so  that  the  alanu  is  sounded 
idd  the  circuit-breaker  open.    The  alarm  bell,  mounted 


cables,  provided  witii  adjustable  slops  and  fast-jiicil  to  the 
drums  in  the  dry-well,  pass  through  slotted  arms  on  the 
float  switches  and  carry  the  counterweights.  As  the  level 
of  the  sewage  in  the  wet-well  rises  and  the  floats  rise,  their 
cables  winding  up  on  the  wet-well  drums,  the  counter- 
weights sink,  their  cables  unwinding  from  the  dry-well 
drums.  When  the  stop,  in  its  downward  travel,  strikes 
the  slotted  arm  of  the  float  switch,  the  switch  is  closed, 
thus  completing  the  circuit  of  the  operating  coil  on  the 
motor  starter  and  automatically  shirting  the  ])ump  then 
connected  to  this  particular  float  switch.  The  stopping 
of  the  pump  is  accomplished  by  another  stop  on  the 
counterweight  cable  striking  the  switch  arm  and  opening 
ihe  float  switch  when  the  float  in  the  wet-well  has  dropped 
to  a  lower  predetermined  level. 

It  has  been  found  by  the  Sewer  Bureau  that  this  type 
of  float  mechanism  is  more  reliable  in  operation  than  the 
separate  float-chamber  type  as  it  is  entirely  accessible  and 
at  all  times  exposed  to  view.  Should  the  float  stick  or 
fail  to  operate  for  any  reason,  it  can  be  very  easily  and 
quickly  put  in  operating  condition  again. 
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Fig.  ;5  shows  one  of  the  motors  with  its  sub-base 
containing  the  pnmp  thnist  bearing,  and  the  three  iloat- 
operated  switches  for  controlling  the  current  to  the 
operating  coils  on  the  motor  starters.  Only  two  float 
switches — one  for  each  starter — are  at  present  in  service. 
The  third  will  be  made  operative  when  the  third  pump, 
motor  and  starter  panel  are  installed.  Selector  switches 
on  the  main  switchboard  permit  any  pump  and  its 
motor  to  be  controlled  by  any  one  of  the  three  float 
switches.  Each  starter  panel  is  provided  with  a  normally 
open,  spring-loaded  switch  to  short-circuit  the  float  switch 
so  that  the  attendant  on  coming  into  the  station  can  tell 
if  the  pump,  motor  and  starter  are  in  working  order 
without  waiting  for  the  float-operated  switches  to  be 
thrown. 

In  addition  to  the  integrating  power  and  light  meters 
the  main  switchboard  is  provided  with  a  graphic  recording 
voltmeter  and  a  graphic  recording  ammeter.  The  former 
serves  as  a  check  on  the  voltage  of  the  system  as  main- 
tained b}'  the  power  company,  while  the  latter  shows  the 
operating  periods  of  the  pumps  and  indicates  the  clog- 
ging of  a  pump  by  recording  a  current  consumption 
different  from  the  normal.  The  switchboard  was  built 
by  the  Sprague  Electric   Co.     All  wiring  is  done  with 


Sewer  Bureau.  The  attendant  visits  the  station  each 
morning,  changes  the  charts  on  the  recording  instru- 
ments, sees  that  all  lubricators  are  properly  filled  and 
everything  is  in  good  working  order,  and  does  the  neces- 
sary cleaning  and  incidental  work  about  the  station.  The 
entire  time  of  his  presence  at  the  station  is  about  one  hour 
per  day. 

The  general  contractor  for  the  mechanical  and  electrical 
equipment  of  the  station  was  the  Almirall  Co.,  of  New 
York.  E.  J.  Fort  is  the  Chief  Engineer  of  .Sewers  and 
(J.  T.  Hammond  the  Engineer  of  Desicrn. 


5tisift©s  CosiS^  Survey 


The  latest  addition  to  the  fleet  of  the  United  States 
Coast  and  Geodetic  Survey  is  the  modern  steamer  "Sur- 
veyor," which  was  launched  last  July. 

The  "Surveyor"  is  a  steel  vessel  of  1,000  tons  displace- 
ment. Her  dimensions  are:  Length  over  all,  186  ft.; 
length  on  load  water-line,  IGO  ft.;  beam,  34  ft. ;  depth  of 
hold,  211/2  ft.;  loaded  draft,  12  ft.  She  wiU  be  driven 
IjV  one  triplex-expansion  engine  of  1,000  hp.  and  is  e.\- 
pected  to  maintain  a  12-knot  speed.     Through  the  cour- 
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lead-sheathed  rubber-covered  wire  in  galvanized  steel 
conduit. 

There  are  two  ventilating  towers — one  for  the  trans- 
former room  and  the  other  for  the  rest  of  the  dry-well. 
(In  Fig.  1  one  tower  is  shown  behind  a  tree  at  the  left.) 
For  the  main-well  ventilation,  inlet  and  discharge  ducts 
lead  to  a  V2-hp-  motor-driven  fan  capable  of  changing  the 
air  in  10  niin.  The  inlet  and  discharge  ducts  are  car- 
ried in  one  tower. 

It  is  found  necessary  to  operate  the  ventilating  system 
only  a  few  minutes  each  day,  when  the  attendant  calls  at 
the  station,  in  order  to  keep  the  air  pure  and  dry  and 
jDrevent  the  deposit  of  moisture  on  the  apparatus. 

Since  the  station  was  put  into  service  in  December, 
1915,  it  has  operated  to  the  entire  satisfaction  of  the 


tesy  of  the  Bureau  of  Construction  and  Kcpair  of  the  Navy 
Department  a  model  of  this  vessel  was  made  and  tested  in 
the  model  tank  at  the  Washington  navy  yard,  and  data 
were  furnished  for  the  design  of  her  propeller. 

The  vessel  will  carry  a  complement  of  11  officers,  who 
conduct  the  surveys,  and  5G  enlisted  men.  She  will  burn 
fuel  oil  exclusively  and  will  have  a  tank  capacity  of  230 
tons.  She  will  carry  20,000  gal.  of  fresh  water  for  the 
boilers  and  for  general  ship  use  and  will  have  sufficient 
capacity  for  mess  and  ships'  stores  for  about  six  months. 

The  "Surveyor"  is  intended  for  hydrographic  surveying 
on  the  Pacific  Coast  of  the  United  States  and  Alaska. 
When  completed  and  equipped  at  New  York  she  will  go 
by  way  of  the  Panama  Canal  to  Seattle.  Wash.,  and 
from  there  to  the  coast  of  western  Alaska. 
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At  the  close  of  the  working  season  in  Alaska  she  will 
be  used  for  similar  surveys  on  the  coast  of  Washington, 
ton,  Oregon  and  California.  It  is  expected  that  this  will 
be  her  general  program  of  operations  for  several  years — 
the  Alaskan  coast  during  the  spring,  summer  and  early 
fall  months  and  the  west  coast  of  the  United  States  during 
the  Ijalance  of  the  year. 

The  "Surveyor"  was  designed  especially  for  this  duty, 
and  her  plans  are  the  result  of  years  of  experience  with 
vessels  indifferently  suited  for  the  work.  It  is  believed 
that  she  will  be  found  most  efficient  and  that  her  design, 
construction  and  equipment  are  as  nearly  perfect  for 
hydrographic  surveying  as  the  appropriation  (about  $200,- 
000)  permitted. 

Exceptional  seaworthiness,  with  rugged  construction, 
wide  beam  and  sutfieient  power  to  make  progress  against 
head  seas,  are  the  essential  characteristics  of  the  vessel, 
and  in  designing  her  these  matters  were  given  more  weight 
than  speed  and  trim  lines.  The  maximum  carrying  ca- 
pacity for  the  displacement  was  considered  necessary 
in  order  to  provide  comfortable  quarters  for  a  sufficient 
'  crew  to  make  the  surveys,  and  to  carry  fuel,  water  and 
supplies  in  such  quantities  as  to  allow  her  to  remain  at 
;ea  as  long  as  possible. 

The  vessel  has  two  full  decks  and  below  these,  forward 
md  aft  of  the  boiler  and  machinery  compartments,  a 
hird  deck.  These  will  be  referred  to  here  as  the  upper, 
nain  and  lower  decks.  A  deckhouse  116x16  ft.  extends 
rom  41  ft.  abaft  the  stern  to  within  26  ft.  of  the  bul- 
varks  aft.  The  top  of  this  house  forms  a  boat  deck  that 
■xtends  to  the  sides  of  the  vessel.  Above  the  deckhouse 
re  the  wheelhouse  and  the  navigator's  bridge. 

On  the  main  deck  are  the  commanding  officer's  quarters, 
he  officers'  messroom  and  staterooms,  the  petty  officers' 
taterooms  and  messrooms,  the  hospital  space,  crew's  mess 
nd  workrooms  and  the  washrooms  and  toilet.  The  crew 
ave  quarters  in  two  forecastles  on  the  lower  deck  forward, 
ill  quarters  are  large  and  well  ventilated,  and  every  pos- 
ible  convenience  for  the  comfort  of  the  officers  and  men 
as  been  provided.  Below  the  lower  deck  forward  and 
a  this  deck  aft  ai'e  the  storerooms,  drinking-water  tanks 
nd  cold  storage.  In  the  deckhouse  are  the  chartroom 
nd  executive  officer's  office,  radio  rooms,  galley  and  pan- 
ics, engineer's  office  and  machine  shop,  officers  drafting 
)om  and  office  and  the  commanding  officer's  office. 
The  main  engine  is  of  the  vertical,  inverted,  three- 
/linder,  triple-expansion,  surface-condensing  type,  with 
.linders  18,  29  and  47  in.  in  diameter  and  30-in.  stroke, 
he  working  steam  pressure  at  the  high-pressure  cylinder 
ill  be  18.5  lb.,  driving  the  engine  at  110  r.p.m.  The 
ropeller  is  of  cast  steel  of  the  built-up  type,  with  four 
ades.  The  diameter  is  10  ft.  6  in.,  and  the  pitch  is  13 
.  41/2  in. 

Steam  is  furnished  by  two  Scotch-type  boilers,  1 1  ft.  9 
in  diameter  by  11  ft.  11  in.  long  over  all,  each  fitted 
;'i  two  Morri.son  corrugated  furnaces  of  42-in.  inside 
ameter.  The  boilers  are  in  a  compartment  just  forward 
the  engine  compartment  and  are  placed  one  forward  of 
e  other  with  the  firing  space  between.  The  boilers  are 
ted  to  ])urn  fuel  oil,  which  is  carried  in  tanks  on  each 
le  and  forward  of  the  boiler  space. 
The  vessel  will  be  lighted  by  electricity  from  two 
nerating  sets  of  10-  and  15-kw.  capacity  respectively, 
lere  will  be  a  refrigerating  plant  of  two  tons  capacity 
d  a  steam  laundry  sufficient  for  the  officers  and  crew. 


The  subject  of  water-tight  compartments  was  given 
particular  consideration  in  the  design,  for  the  reason  that 
this  vessel  will  have  to  investigate  uncharted  and  danger- 
ous waters.  In  addition  to  the  usual  collision  bulkhead 
at  one-tenth  her  length,  she  has  transverse  water-tight 
bulkheads  from  keel  to  main  deck  on  frames  19,  34,  53 
and  66  and  from  keel  to  lower  deck  on  frame  74.  The 
entire  lower  deck,  both  fore  and  aft,  consists  of  two 
water-tight  flats ;  and  the  double  bottom  in  the  boiler  and 
machinery  spaces,  as  well  as  the  several  oil  tanks,  which 
are  formed  by  the  shell  plating  and  longitudinal  and 
transverse  bulkheads,  divides  the  lower  part  of  the  hull 
into  many  water-tight  compartments. 

The  boat  equipment  of  a  survey  vessel  is  an  important 
consideration,  and  this  vessel  has  a  liberal  allowance  of 
boats  suitable  for  surveying  operations.  These  boats  are 
of  navy  types.  They  consist  of  two  special  hydrographic- 
surveying  launches,  32  ft.  long,  equipped  with  25-hp.  me- 
dium-duty gasoline  engines;  one  30-ft.  launch  with  a  25- 
hp.  gasoline  engine ;  one  30-ft.  motor  sailing  launch 
equipped  with  a  10-hp.  gasoline  engine  of  the  navy  type; 
and  two  whaleboats  20  and  24  ft.  long  respectively.  While 
all  the  launches  are  adaptable  for  hydrographic  surveying, 
the  two  32-ft.  special  surveying  launches  are  intended  to 
do  most  of  the  work,  leaving  the  30-ft.  launch  for  general 
use  and  the  30-ft.  motor  sailing  launch  for  boating  sup- 
plies and  landing  the  equipment  of  camp  parties. 

The  "Surveyor"  will  carry  the  usual  equipment  of  a 
surveying  vessel,  including  machines  for  sounding  at  all 
depths  down  to  the  greatest  ocean  depths.  The  lighter 
niiichines  will  be  electrically  driven,  while  the  deep-sea 
sounding  machine  will  be  operated  by  a  steam  engine. 
The  radio  equipment,  which  will  be  the  new  type  of  appa- 
ratus designed  by  the  United  States  Bureau  of  Standards 
for  Government  vessels,  will  be  tested  and  installed  by 
the  radio  experts  of  that  bureau. 

Sanitation  011  the  watersheds  utilized  for  the  municipal 
water-supplies  of  Newark,  Jersey  City  and  New  York  was 
the  subject  of  an  interesting  meeting  of  the  New  York 
Section  of  the  American  Water-Works  Association,  on  Oct. 
18.  The  methods  of  sanitary  control  and  the  amount  of 
such  control  necessary  in  each  instance  were  described  by 
Morris  R.  Sherrerd,  chief  engineer  of  the  Street  and 
^^'ate^  Commissioners  of  Newark ;  Charles  F.  Breitzke, 
sanitary  engineer  of  the  .Jersey  City  Water-Works,  and 
Theodore  De  L.  Coffin,  assistant  engineer,  Department  of 
Water-Supply,  Gas  and  Electricity,  New  York  City, 
respectively. 

The  case  of  Newark  is  (piite  iini<|ue.  As  described  in 
Engineering  News,  May  G,  1915,  the  city  has  already 
]jurchased  more  than  60%  of  the  watershed  and  converted 
it  into  forest  land,  as  it  is  intended  to  do  with  the  remain- 
der. Jersey  City  has  pursued  quite  the  opposite  course, 
for  its  supply  comes  from  a  drainage  area  on  which  are 
a  number  of  small  cities  and  towns  and  considerable  scat- 
tered population,  and  it  relies  on  a  maximum  amount  of 
sanitary  inspection  and  chlorination  to  protect  ite  water 
drinkers.  The  conditions  on  the  Croton  watershed  are  not 
dangerous,  but  much  attention  is  paid  to  sanitary 
inspo(;tion. 

The  discussion  of  these  pa])crs  developed  three  ])oints 
of  particular  interest:  First,  the  practical  impossibility 
of  enforcing  laws  and    regulations   upon   an   indifferent 
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public — which  all  experience;  second,  the  amount  of  pol- 
lution caused  by  railway  passenger  trains  and  whether  or 
not  it  can  be  really  controlled ;  and  third,  the  advisability 
and  effectiveness  of  owning  an  entire  watershed,  as  in  the 
ease  of  Newark. 

Dr.  W.  P.  Mason,  of  Troy,  N.  Y.,  empliasized  the  point 
that  very  few  definite  data  exist  on  the  amount  of  pollu- 
tion from  railway  trains  and  of  the  danger  that  may  arise 
from  it.  He  thought  the  danger  of  pollution  could  be  best 
removed  by  having  a  patrolman,  or  section  hand,  go  over 


and  sterilize  any  offal  found  dropped  at  critical  places. 
The  opinions  of  Alexander  Potter  and  Edward  Weg- 
mann,  both  consulting  engineers.  New  York  City,  that  the 
money  spent  in  the  purchase  of  watersheds,  as  in  the  case 
of  Newark,  would  be  much  better  spent  in  filtration 
plants,  met  with  some  applause.  It  was  claimed  that 
depopulating  the  watershed  worked  injustice  to  many 
property  owners;  and  while  it  lessened  the  danger  of  con- 
tamination of  the  water-supply,  it  by  no  means  gave 
positive  insurance  against  it,  as  would  a  filtration  plant. 
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A.  MyE©  T®  B^alldl 


The  Siems-Carey  Railway  and  Canal  Co.,  owned  jointly 
by  the  American  International  Corporation,  New  York 
City,  and  Siems  &  Carey,  of  St.  Paul,  ilinn.,  has  con- 
cluded a  contract  with  the  Chinese  Government  to  build 
1,100  mi.  of  railway,  as  noted  in  Engineering  Neics,  Oct. 


GEORGE    A.    KYLE 

5,  p.  673.  The  engineer  chosen  to  take  charge  of  the 
location  and  construction  of  these  lines  and  to  su]iervise 
operations  when  the  railways  are  completed  is  George  A. 
Kyle,  an  American  railway  engineer  of  large  and  varied 
experience. 

Ccorge  Allan  Kyle  was  born  in  the  village  of  Tobasco, 
Clermont  County,  Ohio,  Sept.  21,  1857.  lie  attended  a 
district  school  and  then  went  to  a  business  college  in 
Cincinnati.  ITis  technical  education  in  engineering  con- 
sisted of  a  short  course  at  Holbrook's  College,  Lebanon 
Ohio. 

His  experience  in  civil  engineering  began  at  16  yearo 
of  age,  in  1876,  as  a  rodman  on  railway  surveys  in  Ohio 
and  Iowa.  In  the  course  of  a  few  years  he  was  promoted 
to  the  position  of  resident  engineer.  In  1SS2  he  became 
locating  engineer  of  the  South  Dubuque  &  Northwesterij 


Ry.,  in  Iowa.  The  following  year  he  was  division  engineer 
in  charge  of  location  and  construction  of  30  mi.  of  the 
Cincinnati  &  Eastern  Ey.,  near  Portsmouth,  Ohio. 

For  the  ten  years  following  1884  Mr.  Kyle  experienced 
the  usual  lot  of  a  railway-construction  engineer.  His 
work  and  travels  extended  through  nearly  all  the  Western 
States,  from  Iowa  to  Oregon  and  Washington  and  from 
the  Dakotas  to  Nevada  and  California.  The  principal 
railways  with  which  he  was  connected  during  this  time 
were  the  Chicago  Great  Western,  Union  Pacific,  Northern 
Pacific  and  Baltimore  &  Ohio  Southwestern. 

In  189.5  he  went  to  South  Africa  in  charge  of  surface 
improvements,  the  development  of  some  deep-level  mines, 
the  building  of  several  miles  of  railway  and  a  stamp  mill, 
cyanide  plant,  etc.,  for  the  Summer  &  Jack  Gold  Mining 
Co.,  Ltd.,  in  the  Transvaal.  Four  years  later  he  returned 
to  the  United  States  and  was  employed  by  the  Northern 
Pacific  Ry.  as  division  engineer  in  charge  of  location  and 
construction  until  1901.  For  a  year  following  he  was 
engineer  of  maintenance-of-way  of  the  Western  division. 
In  1903  he  was  made  division  engineer  of  the  Grand 
Trunk  Pacific  Ry.  in  Canada  and  started  3.5  parties  on 
]ireliminary  surveys  for  2,000  mi.  of  line.  This  position 
he  resigned  in  1904  and  returned  to  the  Northern  Pacific 
on  special  work. 

During  190.5  and  1906  Mr.  Kyle  was  in  Alaska  as  engi- 
neer of  surveys  and  consulting  engineer  on  construction 
of  the  Alaska  Central  Ry.  The  next  two  years  lie  was 
assistant  chief  engineer  under  E.  J.  Pearson,  of  the 
Chicago,  Milwaukee  &  Puget  Sound  Ry.  Since  then  he 
has  been  chief  engineer  of  the  Oregon  Trunk  Ry.  and  later 
vice-president  and  general  manager:  from  1911  to  date 
he  has  maintained  an  ofiice  in  Portland.  Ore.,  for  private 
practice. 


TeipEiffiaiffiSill  IR.a 

A  franchise  running  for  200  j'ears,  passed  by  the  c't.v 
commissioners  and  voted  by  the  people  of  Kansas  City. 
Kan.,  has  been  accepted  hy  the  nine  railroads  involved 
within  the  time  limit,  Oct.  4,  1916,  and  the  Kansas 
City  Terminal  Railway  Co.,  grantee,  is  preparing  to  start 
actual  construction  work  amounting  to  five  or  six  milhon 
dollars.  This  is  the  same  company  which  received  « 
200-year  franchise  from  Kansas  City.  Mo.  in  1909, 
modified  in  1911,  and  has  since  that  time  spent  about 
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forty  million  dollars  in  regradinsr,  track  and  temiinal 
work,  new  Union  Station  and  a  number  of  now  street 
viaducts  and  subways. 

One  of  the  principal  pieces  of  construction  work  pro- 
vided for  in  the  Kansas  side  franchise  is  the  construction 
of  a  double  track  "high  line"  which  will  take  the 
passenger-train  traffic  iii>  out  of  the  congested  yards, 
freight  and  switch  tracks  along  the  Kaw  River.  One 
branch  of  the  high  line  will  start  near  Fifth  and  Central 
St.  to  serve  the  Missouri  Pacific  and  Chicago  Great 
Western;  the  other  branch  will  pick  \ip  the  Rock  Island 
ind  the  Union  Pacific  trains  near  Seventh  St.  and  Berger 
Ave.  The  two  branches  will  join  about  1,000  ft.  north- 
ivest  of  the  bridge  over  the  Kaw  River,  the  main  stem 
continuing  across  the  river  and  terminating  near  25th 
St.  and  Southwest  Blvd.  in  Kansas  City,  Mo.  This 
ligh-line  structure  will  have  a  length  of  13,000  ft.,  of 
.vhich  5,000  ft.  will  be  filled  between  concrete  retaining 
yalls  and  the  other  8,000  ft.  will  be  of  steel  viaduct 
■onstmction.  It  will  be  double-track  throughout.  The 
jresent  Kaw  River  bridge  will  be  removed  and  a  four- 
rack  double-deck  bridge  constructed  in  its  place,  the 
ligh-line  viaduct  connecting  with  the  iipper  deck.  Freight 
ind  some  passenger  train  traffic  will  be  accommodated  over 
he  lower  deck  as  at  present.  The  plans  for  this  struc- 
ure  have  already  been  prepared  by  George  E.  Tebbetts, 
3ridge  Engineer  for  the  Terminal  Company,  but  no  offi- 
■ial  announcement  of  the  award  of  contract  has  yet  been 
nade.     John  V.  Hanna  is  chief  engineer. 

The  franchise  also  provides  for  the  constriiction  of 
wo  union  passenger  stations,  one  located  at  Fifth  St. 
nd  Central  Ave.,  and  the  other  at  Seventh  St.  and 
ierger  Ave.;  each  must  cost  not  less  than  $100,000. 

Three  new  viaducts  carrying  Fifth,  Seventh  and 
Twelfth  St.  over  the  Terminal  tracks  along  the  north 
lank  of  the  Kaw  River  are  required  to  be  built.  The 
Terminal  Com])any  agrees  to  pay  all  of  the  cost  of  the 
iaduct  at  Fifth  St.  north  of  the  south  line  of  their  right- 
'f-way  including  an  approach  at  the  nortii  end  on  a  5V-i% 
'rade.  The  city  will  pav  one-third  of  the  cost  of  the 
iaducts  at  Seventh  and'  Twelfth  St.  The  Fifth  St. 
iaduct  must  be  completed  within  two  years  after  the 
pproval  of  the  plans,  the  Twelfth  St.  viaduct  within  one 
ear,  and  the  Seventh  St.  viaduct  within  one  year. 

Provision  is  also  made  for  the  construction  of  a  viaduct 
•ver  the  Terminal  Company's  right-of-way  at  Central  Ave. 
0  connect  with  the  new  Central  Ave.  bridge,  the  coni- 
lany  agreeing  to  pay  for  all  of  the  portion  of  the  viaduct 
iver  its   right-of-way    if    it   is    constructed   for    vehicles 


and  pedestrains  only,  or  two-thirds  of  the  cost  if  \ised  by 
street  cars.  The  comjiany  also  agrees  to  construct,  main- 
tain and  operate  a  sub-frei<rht  station  near  19th  St.  and 
Kansas  Ave.,  and  one  near  Adams  St.  and  Kansas  Ave. 
The  franchise  provides  for  undiscriminating  switching 
charges  equal  to  those  in  force  in  Kansas  City,  Mo.,  and 
for  admitting  other  railway  companies  in  the  future  to 
use  of  the  passenger  stations  upon  reasonable  terms. 


The  accompanying  two  views  show  the  effect  of  the 
storm  of  Aug.  IS  around  the  Corpus  ChrLsti  viaduct, 
■which  was  described  in  Engmeermcj  Neivs,  ilar.  30,  1916, 
p.  698.  The  view  on  the  left  is  looking  along  the  line 
of  the  railway  trestle,  which  was  practically  destroyed. 
The  causeway  is  seen  at  the  right.  Fig.  2  is  looking  along 
the  line  of  tlie  causeway  approach,  which,  it  will  be 
noticed,  is  also  partly  destroyed.  The  railway  viaduct  is 
at  the  right. 

The  Corpus  Christi  Causeway,  wliich  connects  Nueces 
and  San  Patricio  Counties,  Texas,  crosses  a  neck  of  water 
30  mi.  inland  from  the  Gulf  of  ilexico.  It  consists  of  a 
concrete  highway  bridge  2,532  ft.  long  and  a  fill  approach 
6,200  ft.  long,  making  a  total  length  of  1.66  mi.  The 
bridge  part  is  a  series  of  76  reinforced-conerete  arches, 
with  the  piers  resting  on  timber  piles,  having  a  concrete 
cap  extending  down  to  the  present  bottom. 

The  fill  has  a  top  width  of  40  ft.  with  1  on  6  side  slopes, 
which  api^roximate  the  natural  beach  slopes  of  the  sand 
spits  at  each  end  of  the  causeway.  This  entire  fill  is  novel 
in  that  it  is  of  oyster  shell  placed  by  hydraulic  dredging 
from  a  shell  reef  that  underlies  the  entire  structure. 
The  slopes  are  protected  by  continuous  mats  of  brush 
faggots  built  into  the  toes  of  the  fill  and  on  the  exposed 
side  by  a  heavy  apron  of  riprap. 

The  experience  in  the  recent  storm  only  duplicates  that 
of  a  year  ago  at  the  Galveston  causeway  and  shows  that 
an  overtopping  flood  has  the  same  effect  on  a  bridge- 
approadi  fill  as  it  ha.s  on  an  earth  dam;  that  is,  it  is 
practically  certain  to  destroy  it.  The  tide  level  during 
the  Corpus  Christi  storm  was  approximately  2  ft.  below 
the  floor  of  the  causeway,  but  the  waves  covered  the 
entire  structure.  Although  subjected  to  the  very  heaviest 
waves  and  the  pounding  of  timbers  from  the  railway 
trestle,  the  concrete  ])art  was  undamaged,  not  even  a 
spindle  in  tlu;  rail  being  cracked.     The  shell  fill,  however. 
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was  two-thirds  destroyed,  with  a  loss  of  about  $;50,000. 
The  fill  will  be  rebuilt,  because  the  saving  in  interest  on 
the  concrete  construction  will  pay  for  the  rebuilding  in 
three  or  four  years'  time.  The  rebuilding  will  be  in 
charge  of  the  engineering  firm  of  Bartlett  &  Ranney,  of 
San  Antonio,  which  also  had  charge  of  the  original  con- 
straction  of  the  bridge. 

The  annual  convention  of  the  American  Railway  Bridge 
and  Building  Association  was  held  at  New  Orleans.  Oct. 
17  to  19,  in  the  Grunewald  Hotel.  The  meeting  was 
called  to  order  by  President  G.  W.  Rear,  Southern  Pa- 
cific Co.  The  report  of  Secretary  C.  A.  Liehty  showed  a 
balance  of  $1,340  in  the  treasury.  Members  attending 
the  convention  numbered  148,  and  58  new  members  were 
admitted  into  the  society. 

A  number  of  papers  and  reports  were  presented  on 
fuels,  paints,  floors  for  shops  and  roundhouses,  modern 
methods  of  driving  piles,  waterproofing  roofs  of  wooden 
buildings,  efficient  handling  of  men,  passenger  stations, 
handling  concrete,  and  small  coaling  stations. 

In  its  report  the  Committee  on  Fuels  for  Internal- 
Combustion  Engines  (C.  R.  Knowles,  C.  A.  Liehty,  J. 
Dupree,  J.  J.  Murphy)  states  that,  weight  for  weight,  oil 
can  be  stored  in  a  smaller  space  than  coal,  one  ton  (2,000 
lb.)  of  bituminous  steaming  coal  occupying  approxi- 
mately 40  cu.ft.,  whereas  a  ton  of  oil  occupies  35  cu.ft. 
Considerable  attention  is  given  to  fuels  suitable  for  heavy- 
oil  engines.  The  heavy-oil  engine  is  a  comparatively  re- 
cent development  and  is  being  used  extensively  in  railway 
water  stations.  The  most  popular  engine  of  this  type 
is  the  50-hp.  two-cycle. 

The  Committee  on  Caring  for  and  Handling  Creosoted 
Timber  (E.  T.  Howson,  J.  S.  Lemond,  F.  D.  Mattos) 
states  that  the  Louisville  &  Nashville  R.R.  was  the  pioneer 
in  this  work  and  still  has  in  service  in  teredo-infested 
waters  along  the  Gulf  of  Mexico  a  large  number  of  piles 
treated  in  1876.  At  the  timber-treating  plant  of  this 
railway  at  Gautier,  Miss.,  which  treats  bridge  timbers 
only,  a  carpenter  shop  has  been  installed  at  which  all  the 
timbers  are  completely  framed  before  they  are  treated, 
thus  reducing  to  a  minimum  the  cutting  of  the  timber 
after  treatment.  Similarly  on  the  Santa  Fe,  where  large 
numbers  of  treated-timber  box  drains  and  culverts  are 
used,  the  timber  is  framed  and  sawed  to  the  length  de- 
sired before  being  treated.  On  the  Philadelphia  &  Read- 
ing Ry.  the  chief  engineer  furnishes  the  creosoting  plant 
with  the  details  and  framing  instructions  for  all  timber 
used  on  new  construction  work,  and  this  timber  is  framed 
at  the  creosoting  plant  before  being  treated.  So  far  as 
possible  a  similar  arrangement  is  carried  out  for  the 
maintenance-of-way  work.  Included  in  this  committee 
report  are  the  Illinois  Central  rules  to  be  followed  in 
handling  creosoted  material. 

The  Committee  on  Station  Jiviildings  for  Passenger 
Service  Only  (M.  A.  Long,  E.  B.  Ashby,  G.  W.  Andrews, 
J.  B.  Gaut)  states  that  one  of  the  main  features  to  be 
kept  in  mind  in  designing  a  railroad  station  is  the  main- 
tenance cost  and  recommends  the  use  of  brick,  stucco 
or  concrete.  The  better  buildings  should  be  roofed  with 
tile  or  slate,  and  these  materials  should  be  used  for  slopes 
of  6  in.  per  ft.  or  over.    Composition  roofs,  asbestos  shin- 


gles and  tin  are  used  to  a  limited  extent,  but  they  are 
not  recommended  for  the  better-class  structures.  One  of 
the  principal  problems  in  a  station  is  the  floor  surface. 
AVood  holds  and  absorbs  the  dirt,  while  varnish  is  soon 
scratched  and  worn  off  by  the  cinders  carried  in  by  passen- 
gers. Where  wood  is  used,  it  should  be  either  maple  or 
edge-grain  pine.  Composition  floors  are  used  extensively 
and  give  a  hard,  impervious  surface;  but  their  wearing 
qualities  are  not  altogether  satisfactory.  Floor  tile  should 
be  vitrified  in  order  to  wear  satisfactorily. 

The  report  of  the  Committee  on  Efficient  ]\Iethods  of 
Handling  Work  and  Men  (F.  E.  Weise.  E.  R.  Wenner, 
S.  C.  Tanner,  J.  F.  Pinson)  starts  off  with  the  following 
words  of  wisdom :  "We  are  sometimes  apt  to  wonder  i 
the  words  'efficient'  and  'efficiency'  have  not  been  over- 
worked, but  when  we  cast  about  for  synonyms  we  find 
that  they  will  not  do;  so  we  use  these  words  over  and 
over  again."  This  report  consists  of  data  on  a  number 
of  construction  operations,  with  especial  regard  to  bridge 
building. 

On  Friday,  Oct.  20,  an  enjoyable  excursion  was  taken 
by  special  train  to  Bogalusa,  La.,  72  mi.  north  of  New 
Orleans.  A  stop  was  made  to  inspect  the  6-nii.  trestle 
over  Lake  Pontchartrain,  also  stopping  at  Slidell  for  a  trip 
through  the  Southern  Creosoting  Works.  At  Bogalusa 
an  inspection  was  made  of  the  Southern  Lumber  Co.'s 
sawmill. 

The  following  officers  were  elected  for  the  ensuing 
yeat:  President,  C.  E.  Smith  (T.  &  P.),  St.  Louis; 
vice-presidents,  E.  C.  Ashby  (L.  V.),  New  York  Cit)'; 
S.  C.  Tanner  (B.  &  0.),  Baltimore;  Lee  Jutton  (C."& 
N.  AY.),  Madison,  AVis.;  F.  E.  AVeise  (C.  M.  &  St.  P.), 
Chicago;  secretary-treasurer,  C.  A.  Liehty  (C.  &  N.  AV.), 
Chicago. 

Privately  owned  public  utilities  and  the  relations  of 
the  National  Electric  Light  Association  and  engineering 
professors  thereto  were  the  subjects  of  a  strong  talk  by 
Morris  L.  Cooke,  Director  The  Utilities  Bureau,  Phila- 
delphia, Penn.,  in  an  address  on  "The  City  and  Its 
Utilities"  before  the  League  of  Kansas  Municipalities 
last  week.  Mr.  Cooke  called  attention  to  a  new  method 
by  which  utility  properties  were  being  sapped,  naming 
the  engineering  profession  as  the  means.  In  one  case 
he  said  a  firm  of  engineers  in  the  East  were  being  paid 
2.7%  of  the  gross  receipts  for  management  and  lO^c 
additional  on  the  design  and  construction  of  all  new  work. 
He  scored  the  National  Electric  Light  Association  as 
the  essence  of  invisible  government,  claiming  tliat  a  bare 
100  men  controlled  the  entire  policy  of  its  1 1,000  mem- 
bers and  stated  that  it  was  perilous  to  thwart  the  purposes 
of  the  Association.  He  foresaw  a  vinilent  storm  brewing 
in  the  utility  field.  He  called  particular  attention  to  the 
"social  significance"  of  deans  and  professors  in  our 
engineering  colleges  appearing  on  the  side  of  private 
corporations  as  rate  experts  and  recommended  that  they 
be  compelled  to  file  as  a  public  document  a  complete 
record  of  any  such  employment,  giving  charges  collected, 
terms  of  employment,  etc.  Although  our  colleges  arc 
sound  at  the  core,  he  said,  they  need  guarding.  "I" 
rate  cases,"  he  urged,  "the  private  interests  side  is  devel- 
oped by  the  capital  resources  of  the  entire  country  and 
states  and  municipalities  should  combine  to  fight  in  the 
same  way." 
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A  small  earth  dam  belonging  to  the  Schenectady  ^lill- 
ing  Co.  and  located  at  Veeder's  Pond,  Schenectady,  N. 
Y.,  failed  at  12 :  28  a.m.,  Friday,  Oct.  20— flooding  the 
surrounding  streets  and  premises,  and  causing  consider- 
able damage  by  wrecking  barns  and  flooding  cellars. 
The  flood  wave  was  high,  bxit  of  short  duration.  All  the 
damage  was  done  within  100  ft.  of  the  break.     One  horse 


parently  there  has  been  built  iip  in  the  extension  of 
Schenectady's  population  an  impervious  layer  over  the 
light  sandy  soil  of  this  locality.  Otherwise  such  a  rain 
would  have  been  discharged  more  gradually.  The  2.6  sq. 
mi.  of  drainage  area  about  the  dam  site  is  very  sparsely 
wooded;  in  the  lower  reaches  the  stream  has  very  steep 
banks,  but  the  upper  area  is  flatter  and  covered  with  a 
light  growth  of  brush. 

Apparently  the  direct  cause  of  failure  was  the  over- 
topping of  the  fill  by  the  impounded  waters.     There  was 


\ii:\\\~  '  4-  \  i:i;Lii:irs  pond,  Schenectady,  and  v\'a.shed-out  dam 


was  quickly  swept  away  from  his  hay  pile,  but  as  quickly 
stranded  in  a  neighbor's  store  of  celery. 

Two  previous  failures  of  earth  dams  at  this  spot  are 
known  to  have  occurred — both  many  years  ago.  The 
earlier  failures  probably  were  as  serious  as  this  last  one, 
but  excited  no  comment,  as  they  happened  before  the 
affected  areas  became  built  up.  All  three  failures  were 
due  to  faulty  design. 

The  cross-section  of  the  dam,  as  exposed  by  the  washout 
of  Oct.  20,  shows  a  bottom  width  of  about  60  ft.,  a  top 
width  of  about  10  to  15  ft.  and  a  center  height  of  be- 
tween 2.5  and  30  ft.  The  side  slopes  are  about  1  on  1. 
The  total  length  of  the  embankment  was  about  150  ft. 
About  80  ft.  of  top  width  was  washed  out. 

The  dam  was  built  up  of  loose  sand  with  a  double  plank 
cutoff  wall  near  the  upstream  top  angle.  These  planks 
extended  on  the  left-hand  side  of  the  dam,  only  to  within 
6  or  8  ft.  from  the  top,  as  shown  at  the  left  in  the  ac- 
companying view,  and  to  a  lesser  height  on  the  right-hand 
side. 

The  pond  has  been  gradually  filled  up  with  sediment  to 
a  depth  of  12  to  15  ft.  near  the  dam,  leaving  only  a  few 
feet  depth  of  water  to  the  level  of  the  waste  gate.  This 
gate  is  some  4  or  5  ft.  below  the  top  of  the  embankment. 
High-water  marks  on  the  banks  indicate  a  maximum 
depth  of  about  6  or  8  ft.  of  water  in  the  pond  at  the  time 
of  failure.  The  normal  pond  area  at  waste-gate  level  is 
about  one  acre.  The  view  at  the  right  in  the  accompany- 
ing illustration  shows  the  erosion  of  the  sediment  in 
the  pond  by  the  flow  in  the  creek  after  the  break  occurred. 

The  failure  was  caused  indirectly  by  an  intense  rain- 
fall early  in  the  evening  of  Oct.  19.  The  nearest  rain 
gage,  at  the  R.  E.  Horton  Hydraulic  Laboratory,  about 
6  mi.  southwest,  indicated  a  fall  of  0.85  in.  in  about 
2  hr.,  following  a  lighter  fall  of  0.26  in.,  which  had 
thoroughly  soaked  the  area  tributary  to  the  stream.    Ap- 


no  spillway  in  tlic  dam,  a  waste  gate  on  a  6-ft.  pipe 
being  the  only  outlet  for  the  stored  water.  This  gate 
was  closed. 


BnrKe  TrniiMportation  on  the  Mississippi  River  is  to  be  es- 
tablished by  the  Aluminum  Co.  of  America.  This  company  has 
purchased  11  large  steel  barges  from  the  American  Steel  and 
Wire  Co.,  each  200  ft.  in  length,  36  -ft.  in  width  and  lOVi  ft. 
draft,  built  by  the  American  Bridge  Co.  at  Ambridge  in  1911. 
The  Aluminum  Co.  is  to  use  the  barges  for  the  transportation 
f>f  material  from  mines  in  Arkansas  to  its  i>lant  at  East  St. 
Louis. 

Stanilnnl  IMniis  for  Si-hool-IliiililinK  <  <inNtruction  c.S|)ecially 
designed  to  reduce  the  (ire  risk,  are  to  be  framed  by  the 
Committee  on  School  House  Standardization  of  the  Nation.al 
Educational  Association.  The  Chairman  of  the  committee  is 
Frank  Irving  Cooper,  Architect,  of  Boston.  The  committee 
desires  to  obtain  for  use  in  its  work  the  standards  already 
adopted  for  school  building  construction  by  states,  cities,  and 
trade  organizations. 

Port  Improvements  at  GIrardot,  Colombia,  in  the  Magda- 
lena  River  are  soon  to  be  started  in  accordance  with  a  law 
enacted  in  1913.  The  President  of  Colombia  has  appointed  an 
honor.ary  board  which  with  the  assistance  of  an  engineer  will 
supervise  the  work,  the  plans  having  been  approved  by  the 
Minister  of  Agriculture  and  Commerce.  Girardot  is  of  par- 
ticular importance  as  a  shipping  point  because  it  is  the  only 
port  connected  by  rail  with  the  City  of  Bogota  and  moreover 
connects   with    the   Pollma   Ry.    running   to   Espinal. 

A  Prixe  Offer  to  EnKlneerlni;  StuiIcntM  is  announced  by  the 
Chicago  Association  of  Commerce.  The  prizes  offered  are  $50, 
$30  and  $20  for  the  best  three  papers  not  exceeding  3,000 
words  on  any  one  of  the  following  subjects:  (1)  "Engineer- 
ing and  Civic  Progress";  (2)  "The  Engineer  of  the  Future"; 
(3)  "The  Business  Relation  of  the  Engineer  to  the  Commer- 
cial World."  The  contest  la  open  to  graduates  of  1915  and 
191G.  or  undergraduates  of  any  recognized  American  engineer- 
ing school.  The  papers  are  to  be  Judged  by  P.  H.  Newell, 
John  W.  Alvord  and  John  M.  Hayford.  Papers  offered  for  the 
prizes  should  be  mailed  to  Engineers  Subdivision  Contest, 
Chicago  Association  of  Commerce,  10  La  Salle  St.,  Chicago,  and 
must  be  received  not  later  than  Nov.  1,  1916. 

An  Ofllolnl  Straw  Vote  Is  to  be  taken  at  I'omona.  Calif.,  in 
order  to  determine  whether  the  citizens  are  in  favor  of  a  bond 
Issue,  amounting  to  $200,000,   for  flood   protection   work.     The 
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City  Council  will  arrange  for  taking  the  straw  vote  by  ap- 
pointing one  citizen  to  stand  near  each  polling  place  in  the 
city  at  the  general  election  on  Nov.  7.  He  will  ask  each 
voter  appearing  at  the  polls  whether  or  not  he  will  vote  in 
support  of  a  bond  issue  if  an  election  to  vote  on  it  is  called. 
It  will  be  necessary  to  have  an  official  election  to  ratify 
the  bond  issue  in  case  the  majority  of  voters  are  found  to 
be  in  favor  of  it,  but  it  is  planned  by  the  straw  vote  to  test 
the  public  sentiment  in.advance,  so  that  in  case  a  majority  are 
adverse  to  the  bond  issue,  the  expense  of  a  special  election 
jnay  be  saved. 

A  Flood  Conference  In  Pennsylvania  has  been  called  by 
Governor  Brumbaugh,  to  be  held  on  Oct.  31,  for  general  dis- 
cussion of  ways  and  means  to  control  the  waters  of  Pennsyl- 
vania. Acting  at  the  request  of  the  Pittsburgh  Flood  Com- 
mission, the  Governor  has  invited  the  mayors  and  presidents 
of  councils  and  of  chambers  of  commerce  of  Philadelphia, 
Pittsburgh  and  Scranton.  members  of  the  State  Water-Supply 
Commission,  the  state  commissioners  of  health,  forestry  and 
officials  of  water-power  companies,  as  well  as  the  president 
of  the  Ohio  and  Lake  Erie  Ship  Canal  Board,  the  Allegheny 
County  Commissioners,  the  officials  of  the  United  States 
Geological  Survey  in  the  State,  and  General  Kingman,  of  the 
Corps  of  Engineers,  U.  S.  Army,  to  attend. 

Calorific  Value  of  Gas.  instead  of  candle-power,  has  been 
established  as  the  standard  by  the  Public  Service  Commis- 
sion for  the  Second  District,  State  of  New  York.  All  com- 
panies making  more  than  20.000,000  cu.ft.  per  year  of  coal, 
water  or  mixed  gas  must  show  a  product  averaging  5S5  B.t.u. 
per  cu.ft.  Smaller  concerns  may  adopt  the  standard  but  it  is 
not  compulsory  for  them.  The  change  has  been  made  to 
accord  with  the  development  of  the  gas  industry  which  is 
toward  consumption  in  bunsen-burner  apparatus  where  the 
usefulness  depends  on  heat  content  and  not  on  candlepower  of 
an  open  flame.  The  cost  of  oils  introduced  into  ordinary 
gas  to  raise  the  candlepower  has  greatly  increased  as  the 
utility  of  the  enrichment  has  diminished.  The  illuminants 
formerly  introduced  condensed  to  a  considerable  extent  in  the 
longer  transmission  and  distribution  pipe  lines  which  have 
become  necessary. 

Orders  for  Plantlns  Ocean  Islands  are  wanted  by  an  en- 
terprising and  imaginative  Oriental  if  a  story  published  in 
the  Boston  newspapers  is  true.  According  to  this  story,  a 
postcard  was  received  at  the  Boston  post  office  addressed 
"Stock  Exchange  or  Chamber  of  Commerce,  care  of  Chief 
Police  Officer."     The  inscription  on  the  card  is  as  follows; 

Notice  My  rights  Ot  the  oceans,  being  first  claimant 
thereto,  in  respect  of  planting  islands  on  Mid-Atlantic  and  on 
other  oceans  to  serve  as  cities  or  otherwise  to  the  world  by 
my  patent  or  by  other  manner,  have  been  proclaimed  by 
Heavenly  Spirits  throughout  the  world  in  June.  1916.  Con- 
firmation thereof  could  be  given.  Offers  are  mvited.  Tan 
Hong  Poh,  57  Hill  street,  Singapore,  S.  S.,  4th  Aug..  1916. 

It  is  reported  the  postcard  bore  the  stamp  "Passed  by 
Censor."  What  more  could  one  ask  regarding  the  validity  of 
the  claim  to  the  right  of  planting  islands  in  the  mid-Atlantic 
or  any  other  part  of  any  ocean,  or  the  ability  of  the  claimant 
to  execute  his  designs? 

Plans  for  Convertinc  the  Site  of  the  Panama-Pacific  Ex- 
position, San  Francisco,  into  a  residence  park  are  being  drawn 
by  Mark  Daniels,  landscape  engineer.  Monadnock  Building. 
San  Francisco.  To  make  the  project  feasible,  the  owners  of 
a  large  part  of  the  land  have  decided  to  combine  their  hold- 
ings. The  general  plan,  as  thus  far  conceived,  provides  for 
laying  out  a  part  of  the  district  with  radial  and  circular 
streets  to  comprise  slightly  over  half  ot  the  area  of  a  circle. 
Streets  tangential  to  the  circular  streets  of  half  this  semi- 
circular area  and  making  acute  angles  with  the  tangents  of 
the  other  ends  of  the  circular  streets,  with  cross-streets  at 
right  angles  In  each  case,  would  comprise  the  layout  of  a 
triangular  area  based  on  the  semicircular  area.  In  the  out- 
lying districts  a  few  main  thoroughfares  laid  out  in  such  di- 
rections as  to  free  the  entire  district  from  the  usual  monoto- 
nous checkerboard  city  plan  are  proposed.  Further  property 
adjustments  are  necessary  before  the  plan  can  be  completed, 
and  it  is  expected  that  the  Palace  of  Fine  Arts  will  be  pre- 
served and  that  the  California  Building  will  be  utilized  for  a 
State  Normal  School. 

Cleared  Turbines  will  replace  direct-connected  turbine  nnlts 
on  all  ships  so  equipped  in  the  American  Navy.  This  is  being 
done  because  the  Navy  Department  is  convinced  that  the 
higher-speed  geared  machines  are  lighter,  take  up  less  space, 
are  mechanically  superior,  reduce  the  steam  consumption — 
particularly  at  cruising  speeds,  and  increase  the  steaming 
radius.  The  first  two  ships  to  be»reengined  are  the  destroyers 
"Henley"  and  "Mayrant,"  Contracts  have  been  placed  with 
the  Westinghouse  Machine  Co.,  of  East  Pittsburgh.  The 
"Henley"  was  built  by  the  Fore  River  Shipbuilding  Co.  in  1912. 


The  main  machinery  consisted  of  two  direct-connected  marine 
turbines  with  two  compound  cruising  engines  which  were 
connected  to  the  main  turbine  shafting  by  means  of  jaw 
clutches.  The  turbines  had  14  ahead  and  two  reverse  stages. 
Steam  was  supplied  to  the  turbines  at  a  pressure  of  250  lb. 
by  water-tube  boilers  for  which  oil  was  used  as  fuel.  The 
new  machinery  will  consist  of  two  complete-expansion  geareil- 
turbine  units  of  the  impulse-reaction  type  with  Kingsbury 
thrust  bearings,  and  two  geared  cruising  units.  It  is  to  be 
installed  in  the  same  engine-room  space  and  to  connect  with 
the  existing  propeller  shafting,  and  drive  the  propellers  at 
the  same  speed  as  formerly.  The  two  cruising  turbines  will 
each  have  a  capacity  sufficient  to  move  the  ship  at  a  speed 
of  15  knots.  They  will  be  connected  to  the  main  turbines  by 
clutches  and  will  be  used  only  up  to  a  speed  of  15  knots. 
After  this  speed  has  been  attained  they  will  be  disconnected 
and  the  main  turbine  alone  used.  Reduction  gears  will  reduce 
the  turbine  speed  of  3,000  r.p.m.  down  to  640  for  the  propeller 
shaft.  The  "Mayrant"  was  built  by  the  William  Cramp  & 
Sons  Ship  and  Engine  Building  Co.  in  1911.  The  old  machinery 
consisted  of  two  turbines  without  cruising  engines.  The 
turbines  were  designed  to  develop  13.000  shaft  horsepower 
at  a  speed  of  650  r.p.m.  and  with  a  steam  pressure  of  250  lb. 
gage.  They  had  16  stages  ahead  and  7  stages  astern.  Steam 
was  supplied  b.v  four  water-tube  boilers.  Oil  was  used  for 
fuel.  The  new  machinery  to  be  furnished  will  be  essentially 
the  same  as  that  for  the  "Henley."  The  main  turbines,  how- 
ever, will  each  have  a  capacity  of  7.000  shaft  horsepower  at  a 
propeller  speed  of  629  r.p.m.  The  speed  of  the  turbines  will 
be  3.000  r.p.m. 


FEIRSOHAILS 


Hollle  Ford  has  been  elected  County  Road  Engineer  of 
Greaves  County,  Kentucky,  at  a  salary  of  $1,600  per  annum. 

^V.  P.  Barba,  M.  Am.  Soc.  M.  E.,  has  resigned  as  Vice- 
President  of  the  Midvale  Steel  Co.,  after  36  years'  connection 
with   the   company. 

W.  B.  Crawley,  of  Abbeville,  Ala.,  has  been  appointed 
Superintendent  ot  Roads  of  Houston  County,  succeeding  the 
late  W.   E.  McEachern. 

AV'.  M.  .\ck»vorth,  of  London,  England,  has  been  appointed 
a  member  of  the  Railway  Board  of  Inquiry  of  Canada,  to  suc- 
ceed Sir  George  Paish,  resigned. 

M.  H.  Mooney  has  been  appointed  County  Engineer  of 
Grundy  County,  Missouri,  to  succeed  W.  E.  Ralls,  resigned. 
The  county  offices  are  at  Trenton,  Mo. 

H.  L.  CummlnB,  has  been  appointed  Chief  Engineer  of  the 
Guantanamo  &  Western  R.R.,  with  headquarters  at  Guan- 
t&namo,  Cuba,  succeeding  R.  A.  Lyman. 

Harry  Boners,  County  Road  Engineer  of  Ohio  County, 
Vfest  Virginia,  has  resigned  to  become  General  Superin- 
tendent ot  the  Ball  Engineering  Co.,  of  Wheeling,  W.  Va. 

E.  Herbert  Dunniire,  Assoc.  M.  Am.  Soc.  C.  E..  City  Engi- 
neer of  Lawrence,  Kan.,  has  been  appointed  Superintendent 
of  the  city  water-works  also,  the  two  positions  having  been 
combined. 

JIro  Konilya,  Electrical  Engineer  for  the  Imperial  Japanese 
Government,  is  in  this  country  to  study  recent  practice  In 
electric-power  transmission  and  distribution.  He  is  now  In 
the  Northwest. 

H.  W.  Dow,  for  the  past  12  years  associated  with  the  en- 
gineering and  sales  department  of  the  Nordberg  Manufac- 
turing Co.,  Milwaukee,  Wis.,  has  been  appointed  Sales  Manager 
of  the  company. 

J.  M.  Giles,  Assoc.  M.  Am.  Soc.  C.  E.,  Supervising  Engineer 
of  the  Porto  Rico  Irrigation  Service,  has  been  promoted  to 
be  Chief  Engineer  to  succeed  J.  W.  Beardsley,  whose  resigna- 
tion was  noted  in  these  columns,  Sept.  14. 

John  C.  Wheelon,  Chief  Engineer  of  the  Utah-Idaho  Sugar 
Co.,  of  Garlanil.  Utah,  was  awarded  the  Harrison  Gray  Otis 
prize  cup  at  the  International  Irrigation  Congress  for  his 
paper  on   "The  Agricultural  Duty  of  Water." 

Charles  (illlman  Hydo,  Professor  of  Sanitary  Engineering, 
has  been  appointed  Acting  Dean  of  the  College  of  Civil  Engi- 
neering, University  ot  California,  to  temporarily  succeed  Prof. 
Charles  Derleth,  Jr.,  who  is  on  leave  of  absence. 

Cleveland  A.  James,  Assoc.  M.  Am.  Soc.  C.  E.,  recently  In 
charge  ot  the  Buffalo  terminal  construction  work  for  the 
Lehigh  Valley  R.R.,  has  resigned  to  enter  private  practice  as 
Consulting  Engineer,   with   an  office   In   Buffalo,   N.  Y. 
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William  B.  Votli,  recently  Chief  Engineer  of  the  Syracuse 
&;outh  Bay  Electric  Railroad  Co.,  Syracuse,  N.  T.,  has  been 
a  ointed  Manager  of  the  Ogdensburg  (N.  T.)  Gas,  Power  and 
Lht  Co.  He  is  an  electrical-engineering  graduate  of  the 
L'  versity   of  Wisconsin. 

riiarles  B.  Sadler,  Assoc.  M.  Am.  Soc.  C.  E.,  has  resigned 
a:  Engineer  in  charge  of  the  pitometer  survey  of  the  Balti- 
rr  e  (Md.)  Water  Department.  From  1909  to  1915  he  was 
L)  igning  Engineer  of  the  storm-water  division  of  the  Bal- 
1  .re  Sewerage  Commission. 

Muis  D.  Fonquet,  Division  Engineer  in  charge  of  the 
j(  er  Division  of  the  Public  Service  Commission,  First  Dis- 
ir .,  New  York,  has  resigned,  and  the  Sewer  Division  has 
b€  1  abolished.  This  work  is  now  being  handled  by  the 
ii  rent   Division    Engineers    of   Construction. 

harlex  J.  Carroll,  M.  Am.  Soc.  C.  E.,  of  Towanda.  Penn., 
lu  been  appointed  Assistant  Chief  Engineer  of  the  pro- 
ne d  Chinese  Government  railways  to  be  constructed  b.v  the 
SI  s-Carey  Railway  and  Canal  Co.  Mr.  Carroll  is  a  graduate 
■  if  ale  University  and  for  several  years  was  with  the  engi- 
ne ing  staff  of  the  National  Railways  of  Mexico. 

>'illlam  Meailoworoft,  for  the  past  10  years  Assistant  Engi- 
ne of  the  Board  of  Water-Supply  of  the  City  of  New  York 
;..n  formerly  with  the  Department  of  Public  Works  of  the 
I'l  ppine  Islands  and  the  Metropolitan  Water  Board  of 
Ml  achusetts,  has  volunteered  for  field  service  with  the 
AT  -lean  Ambulance  Corps  in  France.  He  sailed  for  Paris 
on  'ct    14. 

;  Ifred  Craven,  M.  Am.  Soc.  C.  E.,  Chief  Engineer  of  the 
Pu  ic  Service  Commission,  First  District,  New  York,  in 
vh;  ;e  of  all  rapid-transit  construction  in  New  York  City, 
ha  'een  appointed  Consulting  Engineer  at  a  salary  of  $12,000 
l>ei  inum.  effective  Nov.  1.  His  salary  as  Chief  Engineer  is 
tU  10,  said  to  be  the  highest  salary  paid  to  any  public-works 
em  eer.    The  change  is  made  at  Mr.  Craven's  own  request. 

irl  E.  Ajkeley,  inventor  of  the  cement  gun,  has  been 
aw  led  a  John  Scott  Legacy  Medal  and  Premium  by  the 
Cit  of  Philadelphia,  acting  on  the  recommendation  of  the 
Fn  {lin  Institute.  The  award  is  made  in  recognition  of  a 
(lei  3  "which  has  proved  to  be  of  great  value  for  water- 
prc  ng  dams,  reservoirs,  coating  structural  work,  houses, 
etc  Mr.  Akelcy  is  a  sculptor,  naturalist  and  explorer,  with 
the  merican  Museum  of  Natural  History,  New  York  City. 

thnr  E.  Loder,  Division  Engineer  of  the  California  State 

Hif  vay  Commission   has  resigned  his  position  and   has  been 

apj  ited  Assistant  Chief  Engineer  of  the  U.  S.  Office  of  Public 

Lai  .     He  will  have  charge  of  the  construction  of  highways 

In     e    National    forest    reservations    under    the    one    million 

'1      appropriation    recently    made    by    Congress.      Mr.    Loder 

merly  connected  with  the  Land  Office  and  later  was  for 

irs  Chief  Engineer  of  the  Los  Angeles  County  High- 

mmission. 

'  iirlea  W.  Okey,  Assoc.  M.  Am.  Soc.  C.  E.,  Senior  Drainage 

Bni  eer,  .United  States  Office  of  Public  Roads  and  Rural  En- 

ri    ing.  has  resigned   to  take   charge  as  Chief  Engineer   of 

inage  and   development   of  a   tract   of  land   at   White- 

C,   owned    by    the    Combahee    Co.,    of  Charleston.    S.    C. 

lie    a    pumping    project    similar    to    those    of    southern 

a.     Mr.  Okey  has  been  in  charge  of  drainage  investi- 

for  the  Government  in  the  southern  Louisiana  district 

past  seven  years. 

I   K.   8<evenH,   M.    Am.    Soc.    C.    E.,    whose   appointment   as 

<'hU   Engineer    of    the    Northern    Pacific    Ry.    was    noted    in 

•    -^lumns   Sept.    28,   was   born  at   Bluehill,    Maine,    Mar.    8. 

ll.j    was    graduated    from    the    University    of    Maine    in 

■r  three  years  he  was  with   Ralph   Modjeski,   Consult- 

ineer,    Chicago,    111.      He    entered    the    employ    of    the 

ri    Pacific    Ry.    In    1904    in    the    bridge    department.      He 

•  ointfd  Bridge  Engineer  in  1907,  which  position  he 
'11    his   present    promotion. 

'  V.  y.  Dorr,  President  of  the  Dorr  Cyanide  Machinery 
York  City,  has  been  awarded  a  John  Scott  Legacy 
rl  Premium  by  the  City  of  Philadelphia,  acting  on  the 
ndetlon  nf  the  Franklin  Institute.  The  award  Is  made 
"Itlon  of  his  invention  of  hydrometallurglcal  appa- 
'he  r»orr  classifier,  for  separating  ciuick-settllng  or 
laterial    from    slow-settling    or    slimy    material,    when 

•  suspi'nded  In  a  liquid,  and  the  Dorr  thickener,  for 
"K  or  dewatering  .slimy  material  In  suspension." 

"I   Latrrrnor  Turner,  M,    Am.  Soc.  C.   E..    Deputy   Engl- 

ubway  Construction.  Public  Service  Commission,  New 

rgt   District,    has   been   appointed    Acting   Chief    Engl- 

''■ctlvc    Nov.    1,    to    succeed    Alfred    Craven,    appointed 

ng   Engineer,    as   noted    elsewhere.      Mr.    Turner    Is   a 

•  of  UcnsHelaer  Polytechnic  Institute,  class  of  1S91, 
nine  years  was  Instructor  In  surveying,  railway  en- 
K  and  hydraulics  at  Harvard  University.     He  has  been 


associated  with  New  York  City  rapid-transit  construction 
work  since  the  beginning  of  the  subways  in  1900  under  the 
Rapid  Transit  Commission.  Upon  the  establishment  of  the 
Public  Service  Commission  in  1907  he  was  appointed  Divi- 
sion Engineer  of  Stations  and  Chief  of  the  Bureau  of  Transit 
Inspection.  Since  1912  he  has  been  Deputy  Engineer  of  Sub- 
way Construction.  A  portrait  and  biographical  sketch  were 
published  in  "Engineering  News",  Oct.  8,  1914,  in  connection 
with  a  series  of  articles  on  the  subway  construction.  Mr. 
Turner's  salary  as  Acting  Chief  Engineer  will  be  $12,500  per 
annum. 


Lawrence  M.  Thacber,  a  civil  engineer  with  the  Georgia 
Railway  and  Power  Co.,  Atlanta,  Ga..  died  Oct.  15.  For 
several  years  he  was  with  the  engineering  staff  that  extended 
the  Florida  East  Coast  Ry.  to  Key  West.  He  was  born  in 
Yarmouth.  Mass.,  and  was  graduated  from  the  Massachusetts 
Institute  of  Technology  in  1SS6.  Most  of  his  engineering  ex- 
perience had  been  in  the  South.  He  was  President  of  the 
Atlanta  section   of  the  Engineering  Association   of  the   South. 


ASSOCIATION  OF  RAILWAY  ELECTRICAL  ENGINEERS. 
Oct.  30-Nov.   4.      Annual   meeting  at  La  Salle   Hotel,   Chicago. 
Secy..  J.  A.  Andreucetti,  C.  J.  N.  W.  Ry.,  Chicago. 

AMERICAN   MINING   CONGRESS. 

Nov.    13.      In   Chicago,  Secy.,   J.   F.   Callbreath.   Munsey   Bldg., 
Washington,  D.  C. 

AfiRO  CLUB  OP  AMERICA. 

Nov.    13.      Annual    meeting    in    New    York    Citv.      Secy.,    Wm. 
Hawley.   297  Madison  Ave..  New  York  City. 

NATIONAL  COMMERCIAL  GAS  ASSOCIATION. 

Nov.   13-lS.     Convention   in  Atlantic  City,  N.  J.     Secy.,  Loui^ 
Stotz.   61   Broadway.   New  York  City. 

RICHMOND  RAILROAD  CLUB. 

Nov.   13.     Annual  meeting.      Secy.,   F.   O.   Robinson. 

NATIONAL    ASSOCIATION    OF    RAILWAY    COMMISSIONERS. 
Nov.    14.      Convention    in    Washington,    D.    C.      Secy.,    W.    H. 
Connolly.    Washington. 

SOCIETY        OF        NAVAL        ARCHITECTS        AND        MARINE 
ENGINEERS. 
Nov.  16-17.     Annual  meeting  in  New  York  City.     Secy..  D.  H. 
Cox,  29  W.   39th  St. 

ELECTRIC   POWER   CLUB. 

Nov.  15-17.     Annual  meeting  in  Hot  Springs,  Va.     Secy.,  C.  H. 
Roth,  1410  W.  Adams  St.,  Chicago. 

KANSAS  GOOD   ROADS  ASSOCIATION. 

Nov.     16-17.       Annual    meeting     in    Lawrence     Society    head- 
quarters in  Kansas  City. 

SOUTHERN    AND    SOUTHWESTERN    RAILWAY    CLUB. 

Nov.  16.     Annual  meeting  in  Atlanta.  Ga.     Secy.,  A.  J.  Merrill, 
P.  O.  Box  1205.  Atlanta. 
CITY  MANAGERS'    ASSOCIATION. 

Nov.    21-23.      Convention    in    Springfield.    Mass.      O.    E.    Carr. 
Niagara  Falls,  N.  Y. 
NATIONAL  MUNICIPAL  LEAGUE. 

Nov.   23-25.      Annual   meeting   in    Springfield.   Mass.      Secy..   C. 
R.   Woodruff,   705  North   American    Building,   Philadelphia. 
RAILWAY    GARDENING    ASSOCIATION. 

Dec.   5-7.     Annual   meeting   in    New  Orleans.     Secy.,   Charles 
E.   Lowe,    Sewickley,    Penn. 
PORTLA.VD    CEMENT    ASSOCIATION, 

Dec.    11-13.      Annual    meeting    in    New    York    Cltv.      Assist- 
ant to  General  Manager,   A.   H.   Ogle,   Chicago,   111. 
The    Canadian    Society    of    Ci\-il    Eniclnecrs    has    grown    In 
membership    to    3.076,    according    to    the    year    book    for    1916. 
There  are   8   honorary  members.   693  members.   1,409   associate 
members,  34  associates,   357  Juniors  and  575  students. 

The  American  Itoad  liullderH'  AHHOclation  will  hold  Its 
annual  meeting  In  New  York  City  on  Nov.  3,  at  the  Automobile 
Club  of  America,  247  West  54th  St.  In  the  evening  a  dinner 
will  be  held  In  the  grillroom  of  the  club,  at  which  short  ad- 
dresses are  promised.  The  attendance  at  the  dinner  will  not 
be  limited  to  members;  a  general  Invitation  Is  extended  to  all 
Interested   in   the   good-roads   movement. 

The  Fonr-S«ate  Section  of  the  American  Water-Works 
Association  will  hold  Its  next  meeting  In  Wilmington,  Del.,  on 
Nov.  15.  Members  arriving  In  the  morning  should  go  directly 
to  the  Hotel  Du  Pont,  from  which  they  will  be  taken  by 
automobiles  to  Inspect  the  new  reservoir  and  flltrntlon  plant 
now  under  construction.  Following  this,  luncheon  will  be 
served  at  the  Du  Pont  at  1  ;30  p.m..  followed  by  a  short  busi- 
ness session.  The  secretary  Is  Charles  R.  Wood,  P.  O.  Box  363, 
Philadelphia.  Penn. 
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Macadam  Cleaner  and  Bitumen  Spreader 

■  A  machine  for  removing  the  dirt  from  the  top  courses  of 
stone  roads  and  applying  hot  bitumen  in  fine  sprays  has  been 
devised  by  S.  E.  Finley,  of  Atlanta,  Ga.,  and  made  the  basis  of 
a  proprietary  system  of  bituminous-macadam  road  building 
and  repair  by  a  penetration  process  (known  as  the  "Finley 
Method").  A  motor-truck  chassis,  as  shown  in  the  accom- 
panying view,  carries  a  large  blower,  chain  driven  from  the 
transmission  shaft  and  delivering  6,000  cu.ft.  of  free  air  at 
2  or  3  oz.  pressure  to  a  pipe  header  carried  across  the  rear  of 
the  truck.  This  flue  has  a  wide  longitudinal  slot  just  forward 
of  the  bottom.  Back  of  the  air  distributor  are  four  special 
rotating  nozzles  that  are  supplied  with  the  hot  binder  at  60 
lb.  per  sq.in.  pressure.  A  small  air  compressor  supplies  air  to 
the  tank  truck  (used  in  front  of  the  distributor  truck  to  carry 
the  supply).  When  this  outfit  is  in  service,  the  dust  on  and 
in  the  road  is  blown  into  the  air  and  the  bitumen  applied  be- 
fore the  fine  material  has  had  a  chance  to  settle.  Any  appli- 
cation  froin   the  lightest  to  the   heaviest    (from  less   than    ^,   to 


PINLET  BITUMEN  SPREADER 

over  2   gal.   per  sq.yd.)   is  claimed   possible  with   uniform  dis- 
tribution. 

These  machines  are  not  sold,  but  are  leased,  or  work  with 
them  is  done  on  contract.  It  is  reported  that  the  cost  of  ap- 
plication on  this  basis  is  about  6c.  per  gal.  Several  contracts 
have  been  taken  at  2.')C.  per  sq.yd.  of  roadway  for  iy2  gal.  of 
asphalt  furnished  and  applied  in  two  coats. 

New  Use  of  Graphite-Babbitt  Bearings 

The  use  of  graphite  inserts  in  babbitted  bearings  has  been 
adopted  by  the  Jeffrey  Manufacturing  Co.,  of  Columbus,  Ohio, 
for  its  power-transmission,  conveying,  elevating,  crushing  and 
screening  equipment.  This  is  reported  to  allow  reduction  in 
the  amount  of  oil  and  to  give  improved  service  under  the 
severe  operating  conditions  and  neglect  to  which  this  class  of 
apparatus  is  subjected. 

The  graphite  cones  are  pressed  in  place  on  a  fine  copper 
screen  that  is  inserted  in  the  bearing  boxes  before  the  babbitt 
is  poured. 

New   Type   of    Barrel    Elevator 

The  accompanying  illustrations  show  a  method  of  handling 
oil  barrels  which  has  been  adopted  by  the  Standard  Oil  Co.  at 
its  works  in  Milwaukee,  Wis.  The  machine  elevates  empty 
barrels  from  the  wash  house  and  delivers  them  to  an  inclined 
skid,  on  which  they  roll"  by  gravity  a  distance  of  about  100  ft. 
to  the  filling  room.  The  special  feature  of  the  machine  is 
that  it  is  able  to  pick  up  the  barrels  from  a  curved  chute 
underneath    the    foot   sprocket. 

A  diagram  of  the  equipment,  showing  the  elevator  in  rela- 
tion to  the  skids  with  the  barrel  arm  in  the  discharging  posi- 
tion is  given  in  Fig.  1.  Fig,  2  shows  the  elevator  frame  with 
the  curved  receiving  chute  at  the  bottom.  The  barrel  arms  are 
descending. 

The  barrels  are  rolled  out  of  the  tank  at  the  right-hand 
side  of  the  picture.  Fig.  2,  and  the  arm  picks  them  up  one  at 
a  time  as  It  sweeps  around  the  bottom  of  the  chute.  The 
barrel   arm    is   attached   to   two   strands   of   chain   belt,   which 


carry  it  around  the  head  and  foot  sprockets.  The  arm  i.s 
the  automatic  discharge  type  which  trips  by  means  of  a  i 
of  cams  engaging  the  ends  of  the  curved  lever  arms  that  c;, 
the  barrels.  These  cams  are  placed  on  the  upcoming  sid, 
the  elevator  just  below  the  opening  in  the  wall  thrin 
which  it  is  desired  to  discharge  the  barrels.  The  chain  bel 
provided  with  suitable  attachments  for  the  crossbars  of 
barrel   arm,   and   the   whole   is   mounted   on   a   structural-; 


FIG.    1.    BARREL    ELEVATOR   WITHOUT    LO.\DING  PI 

frame  with  necessary  guides  for  the  chain  belt  and  suppc 
for   the   shafting. 

One  of  the  advantages  claimed  for  this  type  of  constr 
tion  over  the  common  design  of  barrel  elevator  is  that 
deep  pit  is  necessary  under  the  foot  sprockets,  and  the  eqi 
ment  is  particularly  adapted  to  conditions  where  it  wc 
not  be  possible  to  have  any  part  of  the  machine  extend  be 
the   floor   line. 

About  1  hp.  is  required  for  driving  the  elevator,  and 
po%ver  is  taken  from  a  lineshaft  in  the  building  by  means  i 
belt  coupled  on  to  the  elevator  countershaft.  The  capa 
of  the  machine  is  120  barrels  per  hour.  It  was  designed 
manufactured   by  the  Chain   Belt  Co.,  of  Milwaukee,  Wis. 


CH.\IN-BELT    BARREL    ELEVATOR,    STAND'''* 
OIL  CO.    PLANT,   MILWAUKEE 
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Developiimg  More  Wg\ter  Pom^er  oim 
Geimesee  at  IRodhiester 


A  hydro-electric  developiueiit,  novel  because  made  under 
iiiusual  topographical  conditions  and  also  because  it  is 
iiade  within  the  residential  limits  of  a  large  city,  is  now 
inder  way  by  the 
Rochester  Railway 
ind  Light  Co.  at 
lochester,    N.    Y. 
The  Grenesee  Riv- 
<  r     in     its     flow 
hrough    the    city 
as  four  falls  to- 
lling  227   ft.   in 
pad,  in  addition 
J  22  ft.  of  inter- 
ening  rapids.  For 
ome     years     the 
)mpauy  has   had 
.vo   power   devel- 
pments     at     the 
vo    lower     falls, 
nown  as   station 
0.  5  at  the  low- 
■   falls   and    sta- 
on  No.  15  at  the 
iddle  falls  about 
.  1 00ft.  upstream. 
''    former    sta- 
I.  shown  in  the 
uTOund  in  Fig. 
l.'velops   8,800 
..  from  the  94-ft. 
•ad  by  taking  the 
itor     from     be- 
•1  a  low  diver- 
M<lani  roundini: 
'■   crest    of    111' 
lis.    The  middir 
lis  station,  seen 
the    far    back 
iind  of   Fig.    1 
also  ill    I-'i^'  . 
nd  7,  develops 
'I  lip.  from  the 
a.  head  by  tak- 
-T     water     fnmi 
'liiift  a    gravity 
('in       concrete 
"'    «    ft.    high. 
I  he  new  project  consists  in  supplanting  tlie  upper  <lain 
a  new  movable  dam  16  ft.  high  whicli  will  elevate  the 
^iid  13  ft,  and  in  building  a  tunnel  carrying  the  water 
l!)m  this  jioud  clear  down  to  the  face  of  itlie  lower  cliff, 


OKl.N'c;  TF  Tlll'J  GENKSEE  RIVER  FKO.M  DRIVING  PARK     r.i:l|ii;i: 
ROCHESTER,    N.    Y. 

11(1  Station  No.  5  In  foreeround:  Station   No.   5  and   situ   of  new   dam 
In  far  backg 


llius  providing  a  low  water  head  of  137  ft.  in  the  new 
project,  a  gain  of  13  ft.,  due  to  the  extra  head  of  the  now 
upper  pond  and  to  the  utilization  of  3  ft.  of  rapids  now- 
wasted  between 
the  two  falls. 
This  increase  of 
head  and  the  in- 
creased efficiency 
of  the  new  tur- 
bines increase  the 
available  power  to 
about  20,000  hp. 
In  addition  the 
increase  of  height 
of  the  dam  makes 
possible  so  large 
a  storage  behind 
it  that  for  hand- 
ling short  peak 
loads  the  output 
may  be  raised  to 
48,000  hp.  The 
new  dam  is  made 
up  of  movable 
sections,  as  shown 
in  Fig.  3,  because 
the  river  is  sub- 
ject to  flash  y 
floods.  Its  maxi- 
mum recorded 
flow  is  45,000  cu. 
ft.  per  sec.;  its 
minimum  is  150 
cii.ft.  per  .sec,  so 
that  auxiliary 
steam  power  is 
required.  W  h  c  ii 
(he  now  project 
is  completed  the 
old  station  No. 
15  will  be  aban- 
doned and  the  en- 
tire power  con- 
centrated in  new 
station  No.  5,  old 
station  No.  5  be- 
ing removed.  The 
data  on  the  new 
appreciated  by  the  following 


aund 


development  can 
tabulation  : 


best 


Turbine  Installation — Estimated  cost,  |1, 050,000  for  present 
Installation    of   32,000   hp.      Ultlinale   c-iipaclty   of   plant,   48,000 
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X  -OLD  INCUNO)  R/IIL  WAY 


FIG.   2.    PLAN  OF  NEW  POWER   DEVELOPMENT  OF   ROCHESTER    RAILWAY 
AND  LIGHT  CO.  ON  GENESEE   RIVER 

hp.  Turbines  are  I.  P.  Morris  Co.  vertical  Francis  type,  devel- 
oping 16,000  tip.  at  a  head  of  130  ft.  Speed,  180  r.p.m.  Weight 
of  one  turbine,  272,000  lb.  Governors  are  I.  P.  Morris  Co. 
double  floating--lever  governors,  water  operated.  Weight  of 
one  governor,   43,000  lb. 

Generators  are  Westinghouse  12,500-kv.-a.,  three-phase,  60- 
cycle,  11,500-volt.  A  combined  efficiency  of  turbine  and  gen- 
erator of  over  88%  is  expected.  Mounted  on  eacli  generator  is 
a  250-volt  100-kw.  direct-connected  exciter.  It  requires  57,500 
cu.ft.  of  air  per  min.  to  cool  each  generator  at  full  load.  The 
rotating  parts  of  the  exciter,  generator  and  turbine  and  the 
hydraulic  thrust  of  the  turbine  are  carried  by  a  Kingsbury 
bearing  capable  of  supporting  100  tons. 

Power  House — Reinforced-concrete  and  steel  building. 
Present  length.  90  ft.  Will  be  increased  to  125  ft.  when  third 
unit  is  installed.  Width,  75  ft.  Height,  112  ft.  above  rock. 
Will  serve  as  a  generating  and  substation  and  replace  old 
Stations  Nos.  5  and  15. 

Valves — Flow  of  water  is  controlled  by  Johnson  valves 
contained  in  the  penstock.  These  valves  serve  as  venturi 
meters  for  measuring  the  flow  of  water. 


Top__af  Eas-f-  Cli^  El.  460 


Penstocks — Three  penstocks  are  carried 
out  of  the  rock.  One  is  closed  off  witli 
a  steel  bulkhead.  These  are  13  ft.  in  diam- 
eter and  built  of  %-in.  plate.  They  ex-' 
tend   about   30   ft.   into   solid   rock. 

Tunnel — Horseshoe  shape.  Area,  ■  S17 
sq.ft.  Capacity,  3.900  cu,ft.  per  sec,  with 
a   velocity   of   12.3    ft.    per   sec. 

Dam — Movable  steel  structure  with 
concrete  base  and  piers.  Total  length  ol 
spillway.  400  ft.,  made  up  of  four  Taintoi 
gates  each  50  ft.  long  and  16  ft.  high  am:, 
two  sector  gates  each  100  ft.  long  and  16  ft 
high.  Each  Taintor  gate  weighs  40  tons 
Each  Taintor  gate  hinge  weighs  3  tons 
two  hinges  to  each  gate.  Each  sectoi 
gate  weighs  150  tons.  Each  sector  gat( 
hinge  weighs  90  tons,  being  continuout 
and    100    ft.    long. 

Intake — Located  in  center  of  river.  Has 

16    openings    10    ft.    wide    by    12    ft.    high 

eight  on  each  side   of  building;  controUec 

by  steel  gates  operated  by  traveling  electric  hoist  from  above 

Rubbish   kept   out   by  outer   curtain   wall   which   extends  4  ft 

below   low    water  and   by   steel    trash   racks   inside   building. 

Pond — Total  storage  from  El.  375.5  to  El.  390  equals  23,000, 

000  cu.ft.  of  water,  which  will  produce  25,000  kw.-hr.  of  energy 

Surge  Tank — A  steel-plate  differential  surge  tank  60  ft.  ir 

diameter.  4S  ft.  deep,  with  riser  18  ft.  in  diameter,  built  undei 

R.  D.  Johnson's  patent. 

Construction  Work  To  Be  Done 
The  construction  elements  of  the  new  developmen 
consist  in  the  erection  of  a  new  movable  clam  at  the  middli 
falls,  the  driving  of  a  shaft  in  the  river  at  that  point  an( 
a  tunnel  1,400  ft.  long  to  the  face  of  the  cliff  at  the  lowe 
falls,  the  sinking  of  a  surge  tank  shaft  Just  above  the  lowe 
falls  but  in  the  bank  to  the  east  of  the  river  and  thi 
building  of  the  power  plant  alongside  of  old  station  No,  \ 
at  the  lower  falls. 


-n.3S3.83  Ske+oh    showing  Tbinrtor  Gcrt© 

SUekh    showing   Sector  Dam 

FIG.    3.    DETAILS    OF    NEW    HYDRO-ELECTIUC  DEVELOPMENT  AT  ROCHESTER,  N.  Y. 


Cross-Seo+ion  of  Tunnel 


w 
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FIG.  4.    COFFiJi;-L.Aii  J  L  .vr  1  -l.A.  KU  AT  MIDDLE  FALLS  FIG.  5.  SINKING  INTAKE  SHAFT  BACK  OF  COFPER- 


6.    CONCRETING  PLANT  ON  EAST  CLIFF  OF  RIVER        FIG.    7.     LOOKING    DOWN    RIVER    FROM    MIDDLE    FALLS 


5ufee  Toi^k    ^,^^' 


FIG.    8.      NE.\F;I:1;     \n;\\      mF    CONCRIOTING     TftKSTT.KS 


I!1;G[.N'MNG    WOliK    AT    STATION    NO.     15 


I  lie  operations  now  in  |)iogress  eoniprise  the  eonstruc-  conii)lote  the  tunnel  hy  currying  it  throufrli  from  (lie  north 

'n  of  the  cast  half  of  the  clam  iiehind  a  cofler-dam  shut-  end  to  the  intake  sjiaft  to  fie  sunk  heJiiml  Ww.  .od'er-diini 

ig  off  that  part  of  the  river,  the  driving  of  the  tunnel  already  in  at  the  middle  falls. 

uthward  from  the  surge  tank  shaft  already  completed  The  further  |)rogre.ss  of  the  work  is  not  decided  u])on 

d  the  erection  of  the  power  station.     It  i.s  intended  to  hut  it  is  tliougiit  that  the  station  will  he  completed  and 

niplete  one-half  of  the  dam  in  the  present  .sea.son  and  to  allowed  to  take  water  from  the  finished  liiiif  of  the  dam 
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before  throwing  old  station  No.  15  out  of  service  and 
building  the  remainder  of  the  dam  behind  a  coffer-dam 
cutting  off  the  river  clear  across  to  the  west  bank.  The 
scheme  of  operations  depends  upon  the  stage  of  the  river 
at  the  time  of  "cutting  in  on  the  line." 

Construction  operations  were  somewhat  handicapped  by 
the  topography,  although  the  height  of  the  top  of  the  gorge 
permitted  the  economical  use  of  gravity  chutes  from  tlie 
city  streets,  ending  right  at  the  gorge  edge,  to  the  work 
below.  It  was  necessary,  however,  to  do  some  extensive 
cutting  to  locate  the  construction  railway  along  the  east 
bank  of  the  river. 

Coffee-Dam  at  Middle  Falls 
The  preliminary  work  at  the  middle  falls  was  the  con- 
struction of  the  coffer-dam.  This  was  built  of  cribs 
formed  from  old  freight-car  sills — a  common  timber  mate- 
rial in  this  locality.  These  cribs,  each  10x16  ft.  in  plan 
were  built  on  shore,  floated  out  in  proper  line  and  sunk 
by  filling  with  rip-rap.  When  lined  up  they  were  con- 
nected by  an  upper  and  lower  line  of  old  freight-car  beams 
which  acted  as  waling  pieces  against  which  to  drive 
wooden  sheeting,  which  took  fairly  good  hold  in  the  thin 
mud  covering  to  the  rock  bottom.  This  dam,  shown  from 
the  inside  in  Fig.  5  and  also  in  Figs.  4,  7  and  8,  has 
proved  quite  tight  enough  for  all  practical  purposes.  With 
the  aid  of  minor  defenses  of  sand-bag  dams  and  emergency 
jmmps,  it  has  held  the  maximum  15  ft.  head  throughout 
the  summer.  Behind  it  have  been  built  the  piers  for  the 
dam  and  the  head-house  structure.  The  intake  shaft  was 
also  started,  as  shown  in  Fig.  5,  with  the  possibility  in 
mind  of  working  the  tunnel  from  both  ends  but  this  idea 
has  since  been  abandoned. 

Material  is  brought  down  to  the  river  bed  on  narrow- 
gage  cars  with  cable  control,  the  track  extending  down 
from  the  mixing  plant  at  Avenue  B  to  the  junction  with 
another  line  leading  to  the  surge-tank  location. 

Novel  Pneumatic  Concreting  System  Employed 

The  concreting  of  the  dam  and  head  house  is  being 
carried  on  with  a  pneumatic  mixer  and  conveyor  taking 
material  as  chuted  down  the  cliff  and  shooting  it  about 
1,150  ft.  to  distribution  trestles  over  the  work.  The 
novelty  of  the  scheme  lies  in  the  fact  that  the  concrete 
materials — cement,  sand  and  gravel — are  shot  dry  from 
the  mixer  to  within  100  ft.  of  the  point  of  delivery  where 
water  is  added  through  a  nozzled  sleeve.  This  machine 
is  the  invention  of  Alexander  Jensen,  2  Eector  St.,  New 
York  City,  and  has  never  before  been  used  on  any 
extensive  work.  Mr.  Jensen  claims  that  the  dry  materials 
are  carried  through  the  pipe  with  far  less  resistance  than 
wet  concrete  so  that  much  less  aid  is  required  for  the  work. 

The  concreting  plant  is  shown  in  Fig.  6.  Material  is 
delivered  by  wagon  at  the  foot  of  Avenue  B  (see  map  Fig. 
2)  and  is  dumped  down  chutes  to  the  storage  house  over 
the  mixer.  It  was  hoped  at  the  beginning  of  the  work  to 
be  able  to  use  the  rock  taken  from  the  work  in  the  concrete 
and  for  that  purpose  a  crusher  and  screen  were  installed  at 
the  mixer.  This  rock  proved  too  soft  and  crumbly  for  the 
purpose  and  that  part  of  the  plant  has  been  abandoned, 
gravel  brought  in  by  wagon  being  used  instead.  The  com- 
pressor plant  is  located  on  top  of  the  cliff  and  three 
storage  tanks  alongside  of  the  mixer  house  feed  the  pipe 
line  at  about  S5-lb.  pressure. 

From  the  mixer  an  8-in.  flanged  wrought-iron  ]>ipc-line 
is  carried  along  the  base  of  the  cliff  to  the  site,  where  it 


is  led  to  various  parts  of  the  work  on  the  trestles 
in  the  views.  The  water  is  added  just  before  the  pipe 
reaches  the  trestle  through  a  sleeve  pierced  with  nozzles 
connected  to  the  city  water-supply,  under  about  75-lb. 
head,  30  lb.  of  which  is  due  to  the  drop  from  the  water 
main  on  the  upper  street  level.  The  concrete  starts  in 
the  pipe  under  about  85  lb.  at  pressure  but  this  drops  to 
near  60  lb.  at  the  water  entrance  and  to  about  55  lb.  at 
delivery.  The  work  started  with  a  supply  of  i/^  cu.ft.  of 
nir  to  each  1  ft.  of  pipe  line  but  this  has  since  been 
increased  to  %  cu.ft.  per  1  ft.  of  line.  The  water  is 
controlled  by  a  man  at  the  sleeve  who  adds  it  accordin" 
to  judgment  when  he  hears  the  roar  and  rattle  of  the 
charge  approaching  through  the  pipe.  This  judgment  i? 
controlled  by  the  appearance  of  the  delivered  mix.  Each 
charge  is  %  cu.yd. 

At  the  delivery  end  the  mixed  concrete  is  dropped  into 
a  box  where,  when  necessary,  it  can  be  stirred  up  into  a 
more  thorough  mix,  and  is  then  chuted  to  proper  locations. 

A  great  deal  of  trouble  has  been  experienced  with  wear 
of  the  pipe  not  only  on  the  bends  which  frequently  require 
replacement  but  even  on  the  straight  line.  Clogging  of 
the  pipe  line,  with  consequent  necessary  removal  of  the 
clogged  section,  and  inadequate  mix  at  the  delivery  bo.'i, 
has  also  occurred  at  times. 

At  the  lower  falls  the  work  to  be  done  consists  in  the 
construction  of  the  new  power  house  with  the  connectinj; 
penstocks  to  the  tunnel  which  emerges  from  the  face  of  the 
cliff  just  above  the  power  house.  This  required  the 
demolition  of  an  old  unused  building  just  below  the  old 
station,  the  clearing  of  the  talus  which  shows  clearly  in 
Fig.  1  and  the  erection  of  the  new  station  partly  on  the 
rock  so  cleared  and  partly  on  rock  formerly  under  water 
below  the  old  station.  For  this  latter  work  a  small  coffer- 
dam of  crib  construction  similar  to  that  used  at  the  middle 
falls  but  built  right  in  place  was  set  up  early  in  the 
summer  and  the  excavation  for  the  new  tail-race  by  steam 
shovel  sending  spoil  by  cable  car  down  the  gorge  is  now 
under  way  back  of  the  coffer. 

All  material  for  this  part  of  the  work  is  brought  in  hv 
an  old  inclined  railway  (Fig.  9)  leading  down  from  the 
street  level  above.  This  railway,  however,  is  not  large 
enough  for  the  future  needs  of  the  station,  and  a  new  one 
280  ft.  long,  on  an  angle  of  421/2°  is  to  be  built  with  a 
capacity  of  40  tons.  The  concrete  for  the  station  is  mixed 
by  a  rotary  mixer  located  alongside  the  top  of  the  incline 
and  is  distributed  by  an  Insley  chut«  to  wherever  required. 

Driving  the  Tunnel 

The  tunnel,  details  of  which  are  sho^vn  in  Figs.  2  and 
3,  is  1,400  ft.  long  and  of  horseshoe  section,  nearly  equiva- 
lent to  a  circle  20  ft.  in  diameter,  that  is  317  sq.ft.  It  has 
a  capacity  of  3,900  cu.ft.  per  sec.  with  a  velocity  of  12.3 
ft.  per  sec.  It  is  being  driven  through  Upper  Medina 
sandstone  and  shale,  a  formation  of  sulTicicnt  .solidity  if 
dispense  with  timbering  except  at  isolated  places  when 
there  is  considerable  scaling.  Work  is  being  prosecuted 
entirely  from  the  surge  tank  shaft  toward  the  middle  falls, 
though  the  short  section  to  the  north  has  already  been 
opened  and  is  used  for  ventilation  and  to  carry  out  small 
quantities  of  rock  for  plums  in  the  power  hou.«e  concrete. 
The  main  spoil,  however,  is  carried  back  from  the  face  te 
the  shaft  where  an  elevator  takes  it  to  cars  on  the  con.strur- 
tion  railway  along  the  river  edge.  These  cars  deposit  the 
spoil  along  the  shore  just  above  (he  middle  falls. 
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The  tunnel  is  being  driven  in  full-width  headin((,  with 
a  bench  of  about  13  ft.  which  is  carried  along  with  each 
shot.  Mucking  is  done  with  a  Thew  shovel,  electrically 
driven,  which  runs  on  rollers  and  is  of  such  radius  that 
it  can  be  readily  dig  into  the  bench  spoil  and  turn  inside 
the  tunnel  to  deposit  the  muck  in  waiting  mule-cars  on  a 
narrow-gage  track.  This  shovel  has  a  special  swivel  joint 
en  the  bucket  so  that  the  bucket  will  turn  sidewise  when 
it  hits  an  immovable  piece  of  rock,  thus  obviating  the 
tlanger  of  blowing  a  fuse  from  overload,  a  common  trouble 
with  electric  shovels.     The  bucket  is  %  cu.yd.  capacity. 

The  tunnel  is  to  be  lined  with  concrete  behind  Blaw 
steel  forms,  but  the  method  of  mixing  and  depositing  the 
concrete  has  not  been  decided  upon. 

The  cliff  face  above  the  surge-tank  shaft  and  the  new 
station  was  badly  weathered  and  subject  to  dangerous  rock 
falls.  Preliminary  to  any  work  tliere  the  whole  face  was 
:'leaned  with  a  high-power  hydraulic  jet  and  subsequently 
vas  covered  with  about  Yo  in.  of  cement  mortar  applied 
vith  a  cement  gun,  devised  by  Alexander  Jensen,  who  also 
f  the  inventor  of  the  concreting  machine  used  in  the  dam. 
rhis  surfacing  of  mortar  follows  closely  the  irregularities 
■  if  the  rock  face  and  resembles  in  appearance  the  saline 
leposits  in  a  cave,  but  it  seems  to  consolidate  the  rock  face 
nd  to  prevent  the  small  rock  falls  which  might  cause 
rouble  after  the  plant  is  complete. 

Engineers  and  Contractors 

The  whole  project  described  herewith  is  under  the  direc- 
ion  of  James  T.  Hutchings,  General  Manager  of  the 
lochester  Railway  and  Light  Co.  Franklin  J.  Howes  is 
'hlef  Engineer  of  the  company  and  Frederick  W.  Fisher, 
'ield  Engineer.  Charles  M.  Whelan  is  in  charge  of  the 
esign  of  the  hydraulic  work ;  the  movable  dams  are  under 
Idgar  R.  Crofts  and  the  electrical  features  under  Walter 
.  Burch.  Norman  H.  Guinter  is  Resident  Engineer, 
'he  entire  contract  is  held  by  the  Dock  Contractor  Co., 
I  Hoboken,  N.  J.,  of  which  W.  V.  McMenimen  is  vice- 
resident  and  general  manager,  and  William  G.  Thomp- 
m,  superintendent. 


By  T.  C.  Rogers*  and  T.  L.  Smith f 

The  subject  of  this  paper  was  suggested  by  a  paper 
•  C.  B.  Stewart,  on  "The  Flow  of  Water  Through  Sub- 
erged  Tubes;  Results  of  Experiments  at  the  University 
Wisconsin,"  published  in  Eiujinecrlng  News,  Jan.  9, 
•08.  In  his  experiments  only  one  size  of  orifice  was 
ed,  a  4-ft.  square,  and  the  entrance  conditions  and 
ngth  of  tube  were  varied.  No  experiments  were  made 
ith  heads  of  more  than  0.4  ft. 

In  the  experiments  herein  described,  three  sizes  of 
ifices  were  used,  6-,  8-  and  10-in.  squares;  and  the 
ngth  of  tube  was  varied,  but  square  edges  at  entrance 
ire  u.sed  throughout.  Heads  up  to  2.2  ft.  were 
1  ployed. 

Although  these  two  investigations  were  carried  on  un- 
r  somewhat  diifcrent  conditions,  the  results  agree  very 
>sely  and  seem  to  indicate  that  for  submerged  square 

•American  Telephone  and  TelcKraph  Co.,  New  York  City. 
|i"n"t"^'°'^   '"   *^'^"    Engineering.   Cornell   University,   Ith- 


tubes  with  square  edges  at  entrance  there  is  a  definite 
law,  hitherto  unknown,  regarding  the  relation  between 
length  of  tube  and  coefficient  of  discharge. 

Equipment  for  Experiments 
The  experiments  were  made  at  the  hydraulic  labora- 
tory of  Cornell  University,  located  in  Fall  Creek  gorge 
below  Beebe  Lake,  which  furnished  an  abundant  gravity 
supply  of  fresh  water.  The  water  is  taken  from  the  lake 
through  a  48-in.  pipe  and  thence  delivered  to  the  testing 
flume  through  a  10-in.  pipe,  under  about  a  40-ft.  head. 
Control  is  by  a  10-in.  gate  valve.  The  testing  flume  is 
of  concrete  with  walls  4  in.  thick.  It  is  2  ft.  wide,  4 
ft.  deep  and  26  ft.  long.  The  details  are  shown  in 
Fig.  1.  The  galvanized-iron  baffles  in  the  flume  near 
the  supply  pipe  caused  the  water  to  approach  the  orifice 
without  eddies.  Surface  commotion  was  reduced  by  a 
wooden  float,  3  ft.  long,  placed  downstream  from  the 
baffles. 

The  bulkhead  containing  the  orifice  and  tube  was 
located  10  ft.  downstream  from  the  nearest  baffle,  the 
arrangement  being  shown  on  Fig.  1.  The  planks  of 
the  bulkhead  were  tongue-and-groove  3  in.  wide,  1%  in. 
thick  and  surfaced  on  the  upstream  face.  The  bulkhead 
was  thoroughly  calked,  and  no  leakage  could  be  detected. 
The  orifices,  except  the  sharp  edge,  for  the  three  dif- 
ferent sizes  were  cut  out  of  a  clear  white-pine  plank  12 
in.  wide,  2  ft.  long  and  1%  in.  thick,  surfaced  on  both 
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FIG.    1.     ARRANGEMENT    OP    PLUME    POR    EXPERIMENTS 
ON  SUBMERGED  ORIFICES  AND  TUBES 

sides.  Care  was  taken  to  keep  the  edges  square.  The 
tubes  were  constructed  of  clear  white-pine  boards,  % 
in.  thick  and  surfaced  on  both  sides.  After  being  fitted 
accurately  to  their  respective  orifices,  the  tubes  were 
held  in  position  by  cleats.  The  long  tubes  were  braced  at 
the  top  and  bottom  1  ft.  from  the  exit. 

The  sharp-edge  orifices  were  cut  out  of  No.  26  gal- 
vanized-iron plates,  2  ft.  square.  The  edges  were  made 
uniform  and  smooth  by  finishing  them  with  a  fine  file. 

At  the  exit  end  of  the  testing  flume,  11  ft.  3  in.  down- 
stream from  the  orifice,  there  was  constructed  a  second 
bulkhead  of  stop  planks.  These  planks  were  3  in.  wide 
and  could  be  removed  one  at  a  time,  thus  facilitating 
an  easy  change  of  head  on  the  downstream  end  of  the 
flume.  After  passing  over  the  stoji  planks  the  water  was 
led  through  a  galvanized-iron  downspout  by  means  of 
v/hich  the  flow  could  be  diverted  either  into  the  measur- 
ing tank  or  into  a  waste  ]iipe. 

Tlirec  float  gages  were  used  to  determine  the  height 
of  water  in  the  flume.  Gage  1  was  situated  2  ft.  6  in. 
above  the  bulkhead.  Gage  2  was  3  ft.  below  the  bulk- 
head; and  Gage  3  was  1.3  ft.  below  the  bulkhead.     The 
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FIG.    2.     RESL-TLTS  OF   EXPERIMENTS   WITH   .SUBMERGED   URIFICES    AND    TUBES 


connections  of  the  gages  to  the  flume  were  %   i"-  ^^ 
diameter.     The  gages  read  to  0.001  ft. 

The  measuring  tank  had  a  capacity  of  400  cu.ft.  It 
was  constructed  of  concrete  and  was  provided  witli  a 
float  gage  which  gave  cubic  feet  directly.  The  gage  read 
to  0.1  cu.ft. 

General  Method  of  Making  Observations 

The  program  followed  was  uniform  throughout  the 
experiments.  Observer  No.  1  adjusted  the  flow  by  re- 
moving or  replacing  stop  planks  and  by  varying  the 
supply  of  water.  After  the  water  on  both  sides  of  the 
orifice  had  very  nearly  reached  the  desired  levels,  suffi- 
cient time  was  allowed  to  elapse  for  the  flow  to  become 
steady.  No.  1  then  signaled  to  No.  2.  No.  2,  after  a 
warning  signal,  diverted  the  flow  into  the  measuring 
tank.  When  the  tank  was  nearly  full,  No.  2  gave  an- 
other warning  signal  and  diverted  the  flow  into  the  waste 
pipe. 

During  the  filling  of  the  measuring  tank  all  three 
gages  were  read.  The  level  of  water  in  the  tank  was 
read  before  and  after,  a  correction  applied  from  a  cali- 
bration table,  and  the  total  quantity  determined  in  this 
way. 

The  time  was  observed  in  two  ways.  For  runs  of 
less  than  2  min.  duration,  a  chronograph,  an  electric 
bell  and  several  batteries  were  connected  in  series  with 
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FIG.  3.  CURVES  SHOWING  EFFECT  OF  CHARGING 

LENGTH  OF  ORIFICE  TABLES 

From  experiments  by  Rogers  and  Smith  and  C.  B.  Stewart 


tlie  diverter  so  that  as  the  water  was  diverted  into  the 
tank  and  out  of  the  tank,  an  electric  circuit  was  mack'. 
The  completion  of  the  circuit  rang  the  bell  sharply  and 
indicated  the  instant  of  diversion  on  the  chronograph  tape. 
The  chronograph  was  connected  to  a  seconds  pendulum, 
thus  giving  a  mark  on  the  tape  each  second.  The  tapt 
ran  at  a  fairly  uniform  rate  and  time  was  read  to  0.01 

T.\BLE    1.    ORIPICE-AND-TUBE    COEFFICIENTS  FOR 

VARIOUS  HEADS 

Values   taken   after  averaging  curves  of  Fig.   2 


<x  ; 


0.2        0.4        0.6        O.S 


Siiarp  edge 
0.293 
0.500 
0.738 
0.998 
1.473   0.796  0.796  0.796 


-6-In     Oriflce- 


0.599 
0.642 
0.675 
0.726 
0.771  0.771  0.771 


0.598 
0  640 
0.669 


0.598  0.600  0.601  0.601 

0.640  0.640  0.640  0.640 

0.670  0.671  0.672  0.674 

0.728  0.829  0.731  0.732 

0.771  0.770  0,770  0.771 

0.796  0.796  0.796  0.796 


0.604  I 
0.644  I 
0.679  I 
0.738  I 
0.774  I 
0.797  I 


.Sliarp  edge 
0.215 
0.474 
0.740 
0.981 
1.494 
2.482 
3,425 


0.607 
0.621 
0.6.-)3 
0  701 
0.759 
0.783 
0.790 
0.796 


Orifice- 

0.607  0,606  0.606  0.605 


0,605 
0,619 
0.65; 


0.604  I 
0,620  I 
0,655  I 


0,620  0,619  0,618  0.618 

0,653  0.654  0.654  0.654 

0,703  0,705  0.708  0.710  0.713  0,715  O.Ti) 

0,760  0,764  0,765  0,765  0,765  0  765  I 

0.784  0.786  0  786  0.786  0.786  0.786  I 

0.790  0.790  0.790  0.791  0.793  0.795  I 

0.796  0,796  0.790  0.796  0,796  0  "96  ( 


-  10-In,    Orifice  - 


Sli.iri)  edge  0.625  0,618  0.613  0,611  0.610  0.610  0,610  0  610  0.610  0.6U  061 

0.178  0.629  0.628  0,628  0,628  0,628  0,629  0.629  0,629  0,630  0  632  (i.6i 

0.497  0.666   0.669   0.671  0.672  0.673  0.673  0  673  0.673   0.672  0.671  O.fii 

0.759  (1711    h:i,;   117-1  iiTJi;  II7:;1  11. 735  0.738  0,741   0.743  0  744  0:;- 

1.011  II  7711    (I  77n    II  771  H  7  7::  n  77  1  11.776  0  778  0.781    0.784  0.787  0." 

1.513  II  Ml  .   II  M,  ;  n  sn  ;  i.  m,  ;  ii  sii:;  li,,S03  0  803  0,803  0,804  0,804  0.81 

2.514  II, Sill   iisiiL'  II  ^iiL'  iiSHl  II  SHi;  II.X04  0  805  0.807  0.809  0.811  0.8« 
3.520  0.811   0.808  0.805  0.803  O.SOl  0.800  0.799  0,798  0,796  0.797  0.80 

sec.  The  bell  was  used  to  check  the  chronograph  tinu 
Observer  No.  1  noted  the  time  of  each  ring  to  the  near 
est  fifth  of  a  second,  using  a  watch  with  a  sweep-secoiii 
hand.  For  runs  of  more  than  2  min.,  the  chronogra])! 
was  omitted  and  the  time  was  taken  by  observer  No.  1 
lie  was  checked  to  the  nearest  second  by  No.  2. 

Conclusions 

Curves  wore  plotted  between  discharge  coefficient  ani 
head  for  each  length  of  tube  (Fig.  2)  and  also  betwee 
average  discharge  coefficient  and  length  of  tube  (Pig-  •'' 
the  latter  being  expressed  as  the  ratio  of  tube  length  L 
to  the  side  of  the  square  orifice  D. 

The  curves  plotted  showing  variation  of  discharge  « 
efficient  with  head  indicate  that  in  most  cases  thor 
is   a   slight    increase   in    coefficient   with   higher  hmii 
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This  increase  is  not  pronounced,  however,  except  in  one 
or  two  curves,  and  in  some  cases  there  seems  to  be  a 
decrease  in  the  coefficient  with  higher  heads.  At  any 
rate  there  is  no  definite  form  that  will  fit  all  the  cun-es. 
Some  are  nearly  straight  horizontal  lines  while  others 
rise  rapidly,  or  dip  in  the  middle.  Most  of  the  observa- 
tions give  good  lines,  but  in  some  cases  (and  this  is 
more  apt  to  be  so  with  L/D  =  0.50,  0.75  and  1.00)  the 
points  seem  to  be  scattered  about  the  diagrams  irreg- 
ularly. 

From  the  head-coefficient  curves.  Table  1  was  pre- 
pared, giving  coefficients  for  every  0.2  ft.  up  to  2  ft. 
The  average  of  these  was  used  in  plotting  the  curves 
)etween  L/D  and  discharge  coefficient  C. 

All  the  curves  between  L/D  and  C  seem  to  have  the 
ame  general  form,  the  coefficient  rising  rapidly  with  an 


^ngth  of  Tube 

Dirided  by 

Side  of 
Square.  L/D    6  In.  Sq 

Sharp  edge        0.600 


ORIFICE-AND-TUBE    COEFFICIENTS   FOR 
VARIOUS  LENGTHS  OF  PIPE 


Rogers  and  Smith 
-Heads  0.2  to  2  Ft.- 


C  B.       Average  of 
Stewart,    Four  Sizes 
4  Ft.  Sq.     of  Orifice 
0.605 
0.634 
0.674 
0.728 


icreased  length  of  tube  L/D  =  1.5,  after  which 
lere  seems  to  be  very  little  increase.  The  greatest  dis- 
repancy  between  any  two  of  the  curves  is  between  the 
-  and  8-in.  orifices  at  L/D  =  0.75.  The  discrepancy 
ere  is  only  3%.  These  curves,  together  with  C.  B. 
tewart's  curve  of  the  same  nature  for  orifices  4  ft. 
juare,  are  shown  in  Fig.  3. 

Table  2  was  prepared,  showing  the  coefficients  for  all 
nir  orifices  for  L/D  =  0,  0.25,  0.50,  0.75,  1.00,  1.50 
50  and  3.50.  Average  coefficients  were  taken  using 
ily  the  orifices  experimented  on  in  the  present  inves- 
^ation.  The  greatest  discrepancy  between  an  individ- 
il  observation  and  the  averages  (with  one  exception) 
3.8%.  Another  set  of  averages  was  taken,  includin<r 
r.  Stewart's  coefficients.  The  greatest  discrepancy 
om  the.«e  averages  for  a  curve  is  3.2%  (Stewart's  curve), 
id  for  an  individual  observation  4.4%. 
The  general  conclusion  may  be  drawn  from  the.«e  ex- 
•nments  that  annexing  a  tube  to  a  submerged  square 
ifice  will  greatly  increase  its  flow  under  a  given  head 
itil  the  length  of  tube  is  equal  to  about  li/g  times  the 
le  of  the  square.  A  longer  tube  will  not  decrease  the 
'W,  unless  the  friction  is  large,  but  it  will  not  mate- 
illy  increase  it. 

Another  interesting  fact  brouglit  out  is  that  for  free 
■^'•harge  into  the  air  the  coefficient  does  not  vary  but 
'nains  at  about  O.filO,  whatever  the  tube  length  This 
liie  IS  about  %%  greater  than  the  submerged  sharp- 
ge  coefficient  and  correspond.s  to  the  submerged  coeffi- 
•nt  for  L/D  =  0.05.  From  this  it  follows  that,  given 
"qiiare  orifice  with  a  tube  attached  and  a  fixed  head 
waU-r  upstream,  a  greater  quantity  may  be  made  to 
w  tiirough  the  orifice  by  .submerging  the  downstream 
■le  than  will  flow  if  the  orifice  di..charges  into  the  air 
118  fact  was  verified  by  experimentation. 
These  experiments  formed  part  of  the  work  on  an 
'iflergraduate  thesis  at  Cornell  University.  The  writers 
'■^'re  to  acknowledge  the  aid  of  Prof.  K.  W  Schoder 
"Uggestions  a.s  to  the  scope  and  coiidu.t  of  the  work 


witlh  Ssnaall  BriciS.  Ctiabes 

Some  years  ago  J.  Y.  McClintock,  County  Engineer  of 
:\ronroe  County,  N.  Y.,  devised  a  new  type  of  road  in 
which  2-in.  cubes  of  concrete  laid  on  a  sand  or  stone  bed 
formed  the  wearing  surface.  The  first  experimental 
road  was  described  in  Engineering  News,  Mar.  3,  1910. 
Some  of  these  stretches  of  road  have  been  in  service 
for  five  or  six  years,  but  they  have  not  proved  entirely 
successful,  mainly,  it  is  thought,  because  of  the  lack  of 
strength  or  toughness  in  the  concrete  itself.  The  indi- 
vidual blocks  have  broken  ot  become  edge  worn,  so  that 
it  has  been  necessary  to  replace  them  or  to  cover  with  an 
asphalt  or  tar  coating. 

About  the  same  time,  however,  experiments  were  made 
with  similar  small  cubes  made  of  clay,  and  these  have 
worn  much  more  satisfactorily,  so  much  so  in  fact  that 
Mr.  McClintock  is  favorably  inclined  to  use  them  ex- 
tensively in  resurfacing  worn  macadam  roads.  This  sea- 
son he  has  covered  an  experimental  stretch  with  apparent 
success,  although  the  test  of  time  has  not  yet  been  applied. 
The  blocks  used  are  Si^-in.  cubes  of  vitrified  clay 
made  by  the  Corry  Brick  and  Tile  Co.,  of  Corry,  Penn.,' 
and  supplied  at  Rochester  for  $2.50  per  1,000.'  Each 
block  weighs  about  1  lb.  In  resurfacing  the  road  the 
old  worn  top  is  brought  up  to  a  smooth  crown  with  sand 
and  then  rolled.  On  this  surface  the  cubes  are  placed 
by  hand,  covered  with  a  light  coating  of  sand  and  the 
whole  rolled  to  make  the  finished  road.  So  far  no  joint 
binder  has  been  used. 

In  placing  the  cubes  they  are  first  laid  out  on  a  pallet- 
work  that  can  be  done  by  a  boy.  The  filled  pallet  is 
then  put  down  on  the  rolled  surface  and  slid  from  under 
the  cubes,  leaving  them  in  place  except  for  simple  tap- 
ping with  a  hammer.  For  strctclies  already  put  down, 
the  resurfacing  co.sts  about  $8,000  a  mile  "for  a  12-ft" 
width  of  road. 

The  advantages  claimed  for  the  method  are  its  cheap- 
ness, the  ease  with  which  local  labor  can  be  used,  which 
IS  an  important  consideration  in  county  work,  and  the 
readiness  with  which  repairs  can  be  made".  If  blocks  wear 
down  or  break,  they  can  be  replaced  by  picking  out  and 
setting  others  in  place.  It  is  claimed  that  the  road  has 
a  desirable  resiliency  also.  It  resembles  in  surface  an 
ordinary  brick  road. 

In  Monroe  County,  experiments  were  also  made  with 
local  clay,  which  cannot  be  vitrified,  and  .some  sections 
of  road  with  2-in.  cubes  of  this  material  were  tried  It 
was  found,  however,  that  they  were  not  tough  enough  to 
stand  up  under  traffic.  The  2i4-in.  vitrified  <ubcs  are 
being  u.sed  for  the  pavement  of  the  new  county  brid-e 
across  the  Genesee  River  at  Charlotte.  " 

Wa?er"s'u7nu"c„  "',**,""'"  •"""•  "'^  P«"n.sylvanla  State 
water-supply  Commls.slon  says  In  Its  annual  report.  Is  needed 
b^  some  sections  of  Pennsylvania  to  supply  the  publ  c  rehire, 
ments  for  water  for  domestic  and  Industrial   uses,  as   wel    as 

Renv^ltf''  ■''*'?'"'''  "'""'«•  ^"■^^''y  '"  «<""«  cases,  as  on  the 
Beaver  River.  Industrial  development  Is  checked  because  of 
limited  water-supply.  The  commission  advises  that  JudRini 
by    experience    of    the    Miami    Conservancy    District    in    Ohio 

ci;p'i:te"''hydra°uI,r:ury"o7%en^ns;w:n;r%''",  "T  °'  " 
possibilities   for  flood   control    water  sulivnn,'''?'''"^    ""= 


838 


ENGINEERING     NEWS  Vol.  Tfi,  No.  18 

DffSiwIbriidlg'e-Type  ILocomsiOtive 
Ttsrimttable  lOO  Ft.  ILoimg 


SYNOPSIS— This  table  is  fixed  rigidly  by  end- 
rail  supports  when  in  position  and  does  not  tilt 
as  engines  run  on  and  off  the  table.  It  is  designed 
to  turn   rery  long  Mallet  locomotives. 


In  the  design  of  new  100-ft.  turntables  for  the  Atchi- 
son, Topeka  &  Santa  Fe  Ey.  special  study  was  given  to 
the  problem  of  eliminating  the  pounding  action  that 
ordinarily  occurs  when  engines  are  run  on  and  off  the 
table.  The  first  of  these  tables  is  shown  in  Fig.  1,  in 
stalled  at  Albuquerque,  N.  M. 

Locomotive  turntables  when  unloaded  normally  swing 
with  the  ends  free  and  unsupported,  and  a  source  of 
trouble  and  expense  with  long  tables  is  the  pounding  at 
the  ends  as  the  engine  wheels  cross  the  gap  and  the  table 
tilts  under  the  lo'ad.  As  one  end  of  the  table  is  apt 
to  be  higher  than  the  fixed  or  radial  tracks  (especially 
in  old  tallies),  the  longitudinal  blows  from  engines  run- 
ning on  at  this  end  are  destructive  to  the  center  and 
its  anchorage.  On  the  Atchison  System  the  experience 
has  been  that,  with  turntables  of  ordinary  construction 
in  pits  75  to  90  ft.  in  diameter,  the  annual  cost  for 
repairs  to  end  wheels  and  center  is  from  $400  to  $500. 
With  longer  tables  and  the  very  heavy  engines  carried, 
the  drop  and  pound  at  the  ends  would  be  much  more 
serious. 

The  new  100-ft.  turntable  is  designed  like  a  swing- 
bridge,  with  the  rail  ends  projecting  over  the  circle  wall 
and  having  a  bearing  on  the  wall  when  the  table  is 
ready  to  receive  an  engine.  This  construction  is  shown 
in  Fig.  2.  In  this  way  there  is  no  open  gap  between 
the  fixed  rail  and  the  "table  rail,  and  no  tilting  of  the 
table,  the  rails  being  held  rigidly  at  the  same  level.  The 
end-rail  supports  also  render  an  end  lock  unnecessary,  as 
they  can  be  applied  only  when  the  table  is  in  proper  re- 
lation to  the  radial  track,  and  when  thus  applied  the 
table  cannot  be  shifted  from  its  position. 

The  table  is  operated  by  a  tractor  running  on  the 
pit  rail  and  driven  by  a  20-hp.  electric  motor.  The 
tractor  is  hitched  to  one  end  of  the  table,  whicli  swings 
on  a  center  bearing;  but  at  the  motor  end  there  is  a 
counterweight  on  the  end  floor-beam  so  that  when  the 
table  is  empty  the  carrying  wheels  at  this  end  are  always 
down  on  the  pit  rail  and  the  table  rails  are  always  le\el 
with  the  fixed  rails.  In  other  words,  the  empty  table 
is  always  tilted,  with  it-  motor  end  down,  as  in  Fig.  2. 


The  rules  provide  that  the  table  must  always  b( 
turned  so  that  locomotives  run  upon  it  at  the  motot 
(low)  end.  They  can  be  run  off  at  either  end,  tht 
weight  of  the  engine  bringing  the  high  end  down  to  thi  ■ 
level  of  the  fixed  radial  tracks,  so  that  the  rail  locks  a! 
this  end  can  be  operated. 

On  the  circular  wall  of  the  pit  the  ends  of  the  rail- 
of  the  radial  tracks  are  supported  by  heavy  cast-stee 
blocks   bolted   to   timber   sills   on   the   masonry.     Thesi 


End  of  Table  w  th  End  Rail  Support  and  Rail  Lock 


I'li;.   1,    Di;A\\i;i:ii 


il;l•:-•i■^-|■lo  -rrKXTAi:!,!:   with    iind- 

HAII.  SUI'l'OltTS! 


Detail  of  End  Tilting  Mechanism  and  Release  Trip 
FIG.  2.    END  OF  100-FT.  DRAWBRIDGE-TYPE  TURNTABU 

blocks  extend  beyond  the  rail  ends,  and  the  table  rai 
project  over  the  blocks.  Shoes  or  wedges  are  fitted  In 
ncath  the  ends  of  the  table  rails.  Fig.  3,  and  when  tl 
table  is  in  position  and  centered  these  shoes  are  drivt 
forward  (sliding  on  the  base  of  the  rails)  so  as  to  lx>: 
n]ion  the  inclined  seats  of  the  blocks  upon  the  circ 
wall.  This  makes  a  rigid  connection.  If  the  engine 
to  run  off  at  the  opposite  end,  it  is  moved  into  such  po> 
tion  as  to  lower  that  end,  and  the  locks  are  then  operati 
as  above. 

The  centering  or  end-lock  device  consists  of  a  \ 
shaped  yoke  placed  between  the  rails  (Fig.  4).  The  rii 
shoes  are  attached  to  its  ends  and  sus]iended  from  tl 
track  rails.     The  apex  of  the  yoke  is  connected  to  v 
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irm  ou  a  transverse  shaft  operated  by  a  hand  lever  out- 
ide  the  girder,  so  that  by  turning  the  sliaft  the  yoke 
with  the  end  shoes  or  wedges  under  the  rails)  is  shifted 
0  and  fro. 

•  In  the  first  table  of  this  type,  mechanism  was  fitted 
0  allow  engines  to  run  on  at  either  end.     For  this  pur- 

/<  CL.af  Circle  Fail 


a  depth  of  7  ft.  614  in.  at  the  center  and  4  ft.  6I/4  in. 
at  the  ends.  They  are  spaced  15  ft.  c.  to  c.  They  have 
l/g-in.  webs,  with  flange  angles  8x8x%  in.,  and  top  and 
bottom  cover  plates.  There  are  stiifeners  on  both  sides, 
and  inside  gusset  plate  connections  with  the  floor-beams. 
Framed  between  the  girders  and  resting  on  their  bottom 


W L 


iwwnrrmr/f 
FIG.  3.    TURNTABLE  100  FT.  LO.VO.  WITH  KND-R.4IL  SUPPORTS;  ATCHISON.  TOPEKA  &  SANTA  FE  RT. 

se  a  tilting  device   (shown  in  Fig.  2)    was  placed  at     chords  arc  ten  transverse  plate  girders.     The  two  at  the 

!  motor  end.     A  camshaft  operated  a  vertical  plunger,     middle  are  40-in.  loading  girders  6  ft.  8  in.  apart.     Si.x 

ich  when  lowered  would  take  a  hearing  on  the  circle     of  the  others  are  42-in.  floor-beams.     The  two  end  floor- 

1  and  raise  this  end  of  the  table  so  as  to  lower  the     beams  are  only  25  in.  deep,  so  that  they  can  be  placed 

■  posite  end  correspondingly  and  enable  the  rail   shoes 

be  driven.     In  order  to  prevent  breakage  of  the  tilting 

.  .ice  due  to  the  weight  of  the  engine,  a  tripper  was 

1  'd  to  release   the   load.     The   tripper   consisted   of   a 

•  frk  lever  operated  by  the  first  wheel  of  the  locomotive 

ring  the  table  and  crossing  the  center,  thus  shifting 

I  anishaft  so  as  to  pull  up  the  plunger  and  leave  the 

1  tor  end  of  the  table  unsupported. 

The  tilting  and  tripping  devices  were  applied  to  the 

1  t  table  only  and  were  used  for  only  a  short  time. 

^lile  the   operation    was   effective   and    satisfactory,   it 

found  that  the  additional  cost  and  complication  could 

aved  by  requiring  the  tal)le  to  be  turned  so  that  its 

■ir  end  always  receives  the  load.     Tiiis  arrangement 

not  cause  any  appreciable  delay  in  the  service. 

he  table  illustrated  is  installed  at  Albuquerque,  N. 

in  a  pit  100  ft.  in  diameter.     It  is  of  the  through 

.  witii  steel  plate  girders,  floor-beams  and  stringers. 

table  itself  weighs  a  little  over  90  tons.     With  the 

■^teel  blocks  U>  support  the  ends  of  the  table   rails 

the  fi.xed  rails  of   Ki  radial  tracks,  the  weight  eom- 

'■  of  the  table  at  All)uquerque  is  about  109  tons.     The 

l-load  is  1,800  lb.  per  ft.,    (1,300  lb.   for  .steel  and 

lb.  for  track).     Construction   is  shown   in    Fig.   3. 

I     main  girders  are  97   ft.   5   in.  long  over  all,   with 


U     6 
5ide 


rJ»-^ 


-A 

Ele  V 


J  End    E  lev. 


Rail    Lock 
DETAILS  OF  END  BLOCKS  AND  RAIL  LOCKS 


under  the  stringers.  There  are  four  lines  of  stringers, 
the.sc  being  18-in.  I-l)eams,  cxcei)t  that  in  the  end  panels 
15-in.  I-beams  are  used.  Diagonal  bottom  lateral  brac- 
ing is  fitted  in  each  [lanel. 
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The  depth  of  floor  was  insufficient  for  loading  girders 
of  plate-girder  construction  (between  the  two  floor-beams 
at  the  center),  and  in  their  place  there  is  a  cast-steel 
loading  frame  fitted  between  the  floor-beams.  This  frame 
is  about  6i/2X-±  ft.,  and  3  ft.  1  in.  deep,  secured  by  l-in. 
rivets. 

The  table  has  the  railway  company's  standard  center 
designed  for  a  swinging  load  of  500  tons.  The  load  is 
carried  by  20  rollers  of  hardened  steel,  riding  on  nickel- 
steel  tracks  in  the  fixed  base  and  revolving  head.  At 
each  corner  of  the  table  is  a  truck  having  a  frame  of  a 
pair  of  15-in.  I-beams.  Upon  the  I-beams  is  a  seat  car- 
rying the  end  of  the  girder,  and  beneath  them  are  the 
bearings  for  a  pair  of  27-in.  wheels  having  their  5-in. 
treads  coned  3%  in.  in  12  in. 

The  deck  consists  of  6x8-in.  ties  laid  across  the 
stringers,  with  their  ends  resting  on  shelf  angles  on 
the  girder  webs.  They  are  secured  to  these  angles  and 
the  outside  stringers  by  hook  bolts.  The  tees  are  spaced 
12  to  14  in.  c.  to  c.  and  have  two  rows  of  filler  blocks 
between  them  to  prevent  any  creeping.  Side  strips  along 
the  ends  of  the  ties,  fitted  between  the  stiffeners,  hold 
the  ties  in  place.  The  track  is  laid  with  90-lb.  rails, 
outside  of  which  are  guard  timbers  6x8  in.,  boxed  out 
for  the  ties  and  bolted  to  them.  Timbers  6x6  in.  pro- 
tect the  end-rail  operating  yoke,  and  over  the  center  is  a 
plank  cover  with  ring  bolts  for  handling.  On  the  floor- 
beams  are  blocks  2x12  in.,  30  in.  long,  one  under  each 
rail. 

The  radial  tracks  (46  at  Albuquerque)  have  full-length 
90-lb.  rails  abutting  on  the  pit  wall.  Their  ends  are 
sawed  square  to  the  table  track,  and  the  clearance  be- 
tween the  fixed  and  table  rails  must  not  exceed  %  in. 
Cast-steel  angle  blocks  are  bolted  between  the  ends  of 
the  radial  rails. 

The  circle  track  in  the  pit  has  a  radius  of  47  ft.  2I/2 
in.  to  center  of  rail.  It  has  a  90-lb.  rail,  carried  by 
ereosoted  ties  5%x8  in.,  3  ft.  long,  placed  radially. 
These  are  spaced  12  in.  c.  to  c.  at  the  main  approach 
tracks  and  18  in.  c.  to  c.  elsewhere.  On  each  tie  the 
rail  is  seated  on  a  pair  of  wedge  tie-plates,  which  pro- 
vide for  adjustment  of  level. 

The  pit  is  5  to  61/^  ft.  deep  (beneath  rail  level)  and 
is  paved  with  5  in.  of  concrete.  The  circle  wall  is  of 
concrete  18  in.  thick,  with  a  footing  6  ft.  wide  to  carry 
the  circle  track.  Below  this  is  a  concrete  base.  On 
top  of  the  wall  are  two  circular  lines  of  timbers,  secured 
by  anchor  bolts  and  carrying  the  rail  blocks.  A  concrete 
pedestal  supports  the  center,  and  a  6-in.  pipe  extends 
under  the  pit  and  up  through  this  pedestal  to  carry  the 
v.'iring  for  power.  In  the  floor  of  the  pit  are  four  con- 
crete pedestals  or  jack  blocks.  With  the  table  swning 
over  these,  jacks  can  be  placed  under  the  girders  to 
raise  the  table  for  inspection. 

The  table  at  Albuquerque  is  designed  specially  for 
handling  Mallet  engines  of  the  2-6-6-0  class,  weighing 
293  tons  and  having  a  total  wheelbase  of  about  90  ft. 
for  engine  and  tender.  In  these  engines  the  distance 
from  the  center  of  the  forward  wheel  to  the  center  of 
gravity  is  46  ft.,  or  39  ft.  with  tender  empty,  so  that 
the  engine  can  be  approximately  centered  and  balanced 
on  the  table.  A  four-wheel  switching  engine  used  in  the 
yard  has  about  63,000  lb.  on  one  axle  and  45,000  lb.  on 
the  other.  Tliis  engine  and  a  ])assenger  engine  of  the 
1-6-2  class  arc  comnionlv  turned  together  on  tlio  table. 


Althoiigh  this  load  cannot  be  centered,  the  lack  of  bal- 
ance has  not  been  found  to  interfere  with  the  readv 
operation  of  the  table.  It  can  be  turned  through  a  full 
circle  in  II/2  niin.  This  table  was  built  by  the  American 
Bridge  Co. 

The  new  type  of  turntable  described  above,  with  its 
end-rail  supports,  tilting  device  and  other  special  fea- 
tures, was  designed  by  A.  F.  Robinson,  Bridge  Engineer 
of  the  Atcliison,  Tojieka  &  Sante  Fe  Railway  System. 

CoEacir®^®    Psivairag  Pirsicftace 
By  T.  II.  Johnson* 

In  answer  to  many  queries  which  have  arisen  in  re- 
gard to  the  why  and  wherefore  of  our  methods  of  con- 
structing concrete  pavements  in  Sioux  City,  Iowa,  de- 
scribed in  Engineering  News,  July  27,  1916,  the  following 
has  been  prepared. 

Why  not  use  a  strike-board?  I  Wduld  not  consider 
abandoning  our  method  of  finishing  with  heavy  floats  in 
order  to  use  a  strike-board,  and  I  think  the  heavy  float- 
ing would  develop  the  unequal  densities  of  the  strike- 
board  surface,  just  as  rolling  develops  the  soft  spots  in 
the  foundation;  and  we  would  have  to  depend  on  the 
floating  for  the  final  surface  amTvay. 

There  are  most  excellent  reasons  why  we  do  not  u?e 
a  templet  or  strike-ljoard.  Our  streets  are  nearly  ail 
lull-side  streets,  with  the  grade  on  one  side  frequently 
from  2  to  4  ft.  higher  than  on  the  other  side.  Three- 
quarters  of  all  the  streets  so  far  paved  had  previously 
been  provided  with  combined  curb  and  gutter.  The  fonii 
of  the  gutters  and  the  widely  varying  heights  on  oppo- 
site sides  of  the  street  have  made  it  im])ossible  to  use  any 
regularity  in  crowning  the  pavement.  Our  crowns  in 
extreme  cases  vary  in  a  single  block  from  nothing  to  18 
in.  Our  workmen  soon  learn  to  form  a  good  street  sur- 
face without  the  use  of  a  strike-board,  and  we  have  con- 
tinued to  get  along  without  it  even  where  condition.'^ 
would  have  permitted  its  use. 

However,  I  think  that  there  are  legitimate  objections 
to  the  iise  of  a  strike-board.  Where  a  mix  is  used  a? 
dry  as  is  being  insisted  on  by  most  theorists,  the  use  of 
a  strike-board  would  tend  to  pull  the  coarse  aggregate 
away  from  its  mortar  bond  on  one  side,  and  so  weaken  the 
concrete.  It  would  certainly  increase  the  density  in  front 
of  and  lessen  it  behind  tlie  particles  of  coarse  aggregat*', 
destroying  the  uniformity  of  the  structure. 

In  using  the  strike-board  there  is  not  a  uniformly  dis- 
trilnited  quantity  of  concrete  carried  along  in  front.  Part.* 
of  the  surface  the  strike-board  scarcely  touches,  passinj: 
over  without  disturliing  the  concrete.  On  other  part.* 
the  cjuantity  of  concrete  in  front  will  be  considerahle. 
and  the  strike-board  will  show  a  tendency  to  ride  or  will 
act  in  part  as  a  tamper.  Again  tiie  result  is  unequal 
density.  The  workman  in  removing  the  surplus  con- 
crete from  in  front  of  the  strike-boarcl  still  further  ag- 
gravates this  condition. 

The  usual  directions  for  using  a  strike-board  when  aj  - 
proaching  a  joint  are  to  move  it  forward  and  work  it 
away  from  the  joint.  Working  the  strike-board  away 
from  the  joint  on  both  sides  is  especially  harmful.  It  i> 
wrong  in  principle  and  should  never  be  inactici'il. 

•City  Engineer.  Sioux  City,   Iowa. 
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In  general  any  method  of  laying  concrete  pavement 
that  omits  a  possible  means  of  uniformly  increasing  its 
density,  is  wrong.  .How  much  more  then  is  a  method  that 
tends  to  decrease  the  density  ? 

The  following  analysis  of  Sionx  City  paving  practice 
has  been  prepared  to  show  in  as  brief  a  form  as  possible 
the  why  and  tlie  wherefore  of  each  detail  of  practice : 

AN  ANALYSIS  OF  STOUX  CITVS  PAVING  PRACTICE,  SHOWING 

ADVANTAGES  THAT  ACCRUE  OVER  AND  ABOVE 

THOSE  OF  STANDARD  PRACTICE 

re^  aggregate  with  finished  sur- 


Floating     with 
heavy  floats  be-  ] 

fore  applying  j  Compresses     con- 
dry  mixture  cretc,  forcing  wa- 
ter out   through 
"■    the  surface 


application  of 
rich  dry  mix- 
ture 


loating  after 
niacing  dry  mix 
ind  until  set- 
ing  begins 


Aligns  flattest  surfaces  c 
face  of  pavement 

f  Increast'S  density  and  strength  of  concret:- 

Brings     cement  (  Increases  strength  and 

toward  surface  \     resistance  to  abrasion 

.     I  Makes  concrete  easitr 

^  Permits  a  wet-     4l&^'"^"°" 
ter  mix  .  ^j^j.^^  concrete  denser 

I    and  stronger 
I  Saves  tamping 

I  Avoids  use  of  bridge  in  finishing. 
Hastens  time  of  finishing 
WmnVr"'"''"''*'    '''■'^"'    *''"'■'''"'' 
Increases  richnrss  and  str^^ngth  to- 
ward top  where  it  is  needed 
Neutraliz'^s  laitancc 

Reinforces  surface,  making  it  strong  and  wear-resisting 
Gives  additional  mortar  to  finish  surface  without  disturbing 
coarse  aggregate 

(Greater  ease  in  placing 
Finishing  without  a  bridge 
'^s\lh"  u°ifo™"y   in  structure  of 
.^.j  «tv  iuii  j  j^yQjjjg  injurious  absorption  by  the 

base    and    evaporation    from    the 
[    surface 
[  Makes  concrete  stronger 
T  I  f  More  sanitary 

d  -nsitv   ^  ^'^^'^^s  concrete  (  Lessens  expansion  and  contrac- 
acnsiiy    J    j^gg  absorptive  ]    tion.     reducing    tendency     to 
[  [    crack 

Gives  rough  surface  without  brooming 
Retards    setting     of    surface  (  Preventing  shrinkage  cracks 

concrete  \  Increasing  strength 

Gives  thick,  round  corner  not  easily  broken 
Dishing     joint  1  Gives  dense,  hard  troweled  finish  which  is  strong  and  wrar- 
ith  "edger"      ]    resisting 

Avoids  the  use  of  protection  plates 

I  would  like  to  add  a  few  observations  regarding  the 

sneral  ontery  against  a  wet  mix  for  concrete  pavements. 

'lie  argiinient  against  a  wet  mix  is  based  on  the  results 

laborator}'  tests,  showing  that  a  flowing  consistency 

not  so  good  as  one  that  requires  light  tamping.    These 

'sts  also  show  that  a  slightly  drier  consistency  is  not 

I  good  as  one  requiring  just  light  tamping. 

If  these  tests  prove  anything,  they  prove  that  a  thin- 

T  consistency  than  the  ideal  laboratory  one  should  be 

^ed  in  a  pavement,  because  in  a  pavement  the  con- 

ete  is  spread  in  a  comparatively  thin  layer,  one  surface 

'  which  is  in  contact  with  fresh  earth,  in  an  ideal  con- 

tion  to  absorb  moisture  unless  wetter  than  the  con- 

ete — which  it  never  is — while  the  other  surface  is  ex- 

'sed  to  the  drying  effect  of  the  atmosphere. 


Street  I3)iTt  sxiadl  CSeairaniag  Mot 


Another  Hanquo's  gliost  (hat  has  been  wont  to  frequent 

e  banquets  of  medical  health  officers  has  l)een  laid  low 

tor  two  years  of  careful  investigation  by  the  Committee 

Street    Cleaning    of    the    Sanitary    Section    of    the 

iierican  Public  ITealth  Association.    The  results  of  this 

vestigation  were  presented  at  the  recent  Cincinnati  con- 

ntion  of  the  Association  by  Sanmel  Wiiinery,  Chairman 

the  Committee,  in  the  fonn  of  a  somewhat  lengthy 

port  signed   also   by  the   other  committee   members; 

inely,  George  IT.  Norton,  Buffalo,  John  T.  Fetherston, 

"•  York  City,  C.  M.  Talbeit,  St.  Louis,  and  Richard 

Fox,  Chicago.     The  conclusions  of  the  report  have 

the  more  force  because  they  are  based  not  only  on  a 

idy   of  matter   previously    in    print    but    also    on    the 


responses  to  a  questionnaire.  Such  of  these  responses  as 
were  available  for  use  were,  it  is  true,  limited  to  a  baker's 
dozen,  but  they  have  much  weight  because  they  come  from 
such  men  as  John  T.  Fetherston,  Commissioner  of  Street 
Cleaning,  New  York ;  Dr.  Haven  Emerson,  Commissioner 
of  Health,  New  York  City;  Dr.  Charles  V.  Chapin. 
Superintendent  of  Health,  Providence,  E.  I.,  and  Fred- 
erick L.  Hoffman,  Statistician,  Prudential  Insurance  Co., 
Newark,  N.  J. 

The  conclusions  of  the  committee  are  summarized  in 
the  report  as  follows: 

In  view  of  all  the  facts  disclosed,  and  notwithstanding  the 
testimony  and  opinion  that  street  dirt  is  not,  on  the  whole,  a 
serious  menace  to  the  public  health,  there  is  abundant  reason 
for  believing  that  street  dust  is  a  deleterious  clement  in  urban 
life,  and  that  it  is  the  principal  source-  of  danger  to  the 
public  health  from  dirty  streets  and  street  cleaning  operations. 

If  this  be  so,  great  attention  should  be  given  to  pre- 
venting its  formation,  and  to  its  prompt  and  effectual  removal 
from  city  streets. 

Summarizing  the  results  of  our  invesfigation  the  follow- 
ing conclusions  seem  warranted: 

1.  That  street  cleaning  and  work  connected  therewith, 
as  an  occupation,  is  but  little  if  any  more  unhealthful  than  the 
average  of  other  laboring  occupations. 

2.  If  street  cleaners,  who  are  constantly  engaged  upon 
the  streets,  and  therefore  intensively  subjected  to  the  effects 
of  street  dirt  in  all  its  forms,  are  not  injuriously  affected 
thereby,  no  great  danger  to  the  public  health  from  street 
dirt  and   street  cleaning  operations  is  to  be  apprehended. 

3.  That  such  danger  therefrom  as  may  exist  is  almost 
wholly  attributable  to  street  dust. 

4.  The  dumps  and  land-fills  composed  of  street  waste  (un- 
mixed with  garbage)  are  not  notably  detrimental  to  the 
public  health. 

5.  While  disease  germs  doubtless  exist  in  street  dirt  and 
dust  there  is,  at  present,  no  positive  evidence  available  that 
such  germs  are  responsible  for  specific  diseases,  though 
the  possibility  and  even  probability  of  contagion  thereby 
should  be  assumed. 

It  should  be  noted  that  we  are,  in  this  report,  dealing  with 
the  sanitary  aspects,  alone,  of  street  cleaning.  There  are 
abundant  reasons  for  keeping  city  streets  clean  regardless  of 
the    public    health. 

In  conclusion  the  committee  again  calls  attention  to  the 
paucity  of  actual  statistics  and  accurate  scientific  investiga- 
tion in  this  field.  The  possible  importance  of  the  subject  as  a 
factor  in  the  public  health  entitle*  it  to  more  careful  study. 

The  number  of  employees  in  the  street  cleaning  depart- 
ments of  our  cities  is  sufficient  to  warrant  their  segregation 
into  a  separate  class  of  industrial  workers,  and  it  is  urgently 
recommended  that  street  cleaning  departments,  public-health 
departments  and  the  hospitals  shall  provide  and  maintain  an 
adequate  system  of  observations  and  records  that  shall  enable 
us  to  arrive  at  reliable,  definite  conclusions  as  to  the  true  san- 
itary aspects  of  street  dirt  and  street  cleaning. 

It  is  well  worth  noting  that  figures  for  the  six  years, 
1909  to  1914,  for  an  average  of  5,504  employees  in  the 
Street  Cleaning  Department  of  New  York  City,  show 
a  death  rate  of  14.8  per  thousand  compared  with  a  death 
rate  of  15  for  all  males  between  the  ages  of  20-G9  in  the 
whole  of  New  York  City. 

JS 

The  Life  of  Itnllwny  Itulllnir  Stock  on  some  of  the  older 
railways  of  New  England  appears  to  be  pretty  long.  A  re- 
port has  just  been  made  to  the  Public  Service  Commission  of 
Massachusetts  on  the  passenger  service  of  the  New  York,  New 
Haven  &  Hartford  R.R.  The  report,  presented  by  George  W. 
Bishop,  Chief  of  the  Inspection  Department  of  the  Commission, 
shows  that  the  company  has  about  252  locomotives  engaged  in 
local  passenger-train  service  In  Massachusetts  which  are 
from  13  to  36  years  old.  Of  these,  168  are  too  small  to  give 
good  service  under  the  conditions  imposed  upon  them,  and 
engine  failures  with  them  are  frequent.  The  company  oper- 
ates about  a  thousand  wooden  cars  in  local  passenger-train 
service  In  Massachu.setts.  About  h.ilf  of  these  are  In  good  con- 
dition, and  half  of  the  remaining  number  need  to  be  repaired 
to  give  good  service.  The  remaining  2.')0  have  been  In  service 
from  29  to  40  years  and  are  In  generally  poor  condition.  Re- 
cently the  company  retired  25  of  these  cars,  and  It  has  assured 
the  Inspection  Department  that  169  more  will  soon  be  taken 
out  of  passenger-train  service. 
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By  William  IIolden* 


SYNOPSIS — Methods  of  taking  an  extended  traf- 
fic census,  tabulating  and  platting  data  and  some  of 
the  changes  in  traffic  conditions  that  were  shown; 
also  some  statistics  of  standing  velticlrs  and  the 
■regulation  of  traffic  hy  ordinance. 

The  City  of  St.  Louis  has  recently  completed  an  elabo- 
rate traffic  census  with  the  following  objects  in  view : 
(1)  Regulation  of  traffic  by  ordinance;  (2)  provision  of 
suitable  pavement;  (3)  making  more  direct  coimections 
and  eliminating  obstructing  jogs  in  the  street  system  ;  (4) 
widening  existing  roadways  and  opening  up  new  thorough- 
fares where  necessary. 

The  taking  of  an  annual  traffic  census  was  started  by 
the  Street  Department  in  October,  1913.  In  that  year 
counts  were  made  on  the  most  important  streets  in  the 
downtown  section.  Observers  were  stationed  at  inter- 
sections, and  counts  were  made  of  vehicles  only,  separat- 
ing them  into  four  classes — one-horse,  two-horse,  passen- 
ger automobile  and  motor  trucks.  The  department  was 
chiefly  interested  in  detennining  the  volume  of  traffic  of 
various  classes,  and  no  attempt  was  made  to  determine 
tonnage. 

Each  year  the  territory  covered  by  the  traffic  census 
was  extended  until  in  1915  it  included  not  only  the  entire 
downtown  district,  but  covered  the  main  traveled  arteries 
leading   to    the    residential    districts    and    the    principal 
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cross-streets.  The  census  of  1911  and  of  1915  included 
street  cars.  In  1915,  observations  were  made  at  173 
points  for  the  regular  day  census  and  at  14  points  foi-  the 
night-traffic  census  iietween  the  hours  of  0  ami    10  p.m. 


In  f  913,  1914  and  1915,  counts  of  the  number  of  standini; 
vehicles  in  the  downtown  districts  were  also  made  for  tliu 
purpose  of  determining  the  amount  of  available  roadwav 
and  also  the  curb  space  occupied,  which  would  serve  as  "a 
basis  for  proper  regulation  of  parked  vehicles. 

In  1913  and  1914  the  observers  were  stationed  at  the 
street  intersections,  two  men  being  used  for  each.  The 
observers  were  located  on  corners  diagonally  opposite  each 
other.     Each  man  counted  traffic  moving  in  the  direction 
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FIG.  2.    FORM  1,  FOR  T.A.BULATING  HOURLY  TRAFFIC 

which  passed  on  his  side  of  the  street.  On  a  few  of  the 
extra-busy  intersections  it  was  necessary  to  u.se  four  nieii, 
each  man  taking  traffic  in  one  direction  only. 

In  1915  another  method  was  adopted,  which  is  now 
generally  used,  of  stationing  the  observers  in  the  middle 
of  the  block.  Each  man  counts  only  the  traffic  on  hi.' 
street,  which  is  moving  straight  past  hinu  This  elimi- 
nates the  possibility  of  confusion  due  to  vehicles  turn- 
ing the  corner  and  being  counted  twice  or  not  at  all. 
By  this  method  the  traffic  in  any  block  on  any  street  i^ 
counted  direct.  Likewise  by  taking  the  ])roper  direction 
from  the  records  of  the  observers  in  each  of  the  four  ad- 
joining blocks,  the  traffic  coming  to  any  intersection  can  \<^ 
ai'rived  at.  On  two  or  three  streets  where  traffic  was  ex 
(cpliiinally  heavy  it  was  necessary  to  place  two  men  t( 
llie  block,  eaili  man  i-ounting  traffic  bound  in  one  direr 
lion  only.  In  19i:i  and  I'.U  1,  counts  were  made  for  t«i 
days  at  each  jmiiit. 

In  the  first  two  years  the  count  extended  from  8  a.ni 
In  T)  p.m.,  omitting  the  noon  hour.  In  1915  by  a  shif 
in  the  Iwi)  (lays'  count,  the  observations  covered  from  .' 
a.m.  to  (>  ji.in.,  not  including  the  noon  hour.  The  19b 
census  was  taken  during  the  last  two  weeks  of  October,  no 
including  Sundays.  The  weather  was  clear  and  the  atnio.< 
jdiere  moderate  for  the  entire  ])ciiod. 
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R£CAP(TUtAT<OW 

Tabulated  Statement  of  Traffic 

AtVariousCorners  Within  The  District  Bounded  by 

/),-r-„o«-o  /0/c                                           WASHINGTON  AVE, CHESNUrSTR.fOUHTHST.SruELFrH  ST. 

UCTOBER  lyia.                                                                                          ^i_^Q  OTHER  CORNERS  ASHOTEO 
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FIG.   3.    SUMMARY  SHEET  OF  ST.  LOUIS.  MO.,  TRAFFIC  CEXSUS 


The  men  used  in  making  the  1915  count  were  for  the 
nost  part  average  in.'^pectors  from  the  Street  and  Sewer 
■  Divisions,  together  with  a  few  additional  inspectors  bor- 
•owed  from  other  departments.  About  one-half  of  these 
nen  had  had  some  experience  in  previous  counts.  An  as- 
i.'Stant  supervised  the  count,  collected  daily  reports,  made 
tssignments  of  new  locations  and  later  handled  the  clerical 
orce  in  tabulating  and  compiling  the  data  under  the 
'eneral  direction  of  the  engineer-in-charge. 

The  forms  used  were  made  as  simple  as  possible.  The 
;cld  sheet,  Fig.  1,  shows  in  headings  the  location  of  the 
bserver,  direction  of  traffic  observed,  date,  weather,  in- 
pector's  name,  and  hour  recorded  on  the  particular 
heet.  Generally  one  sheet  was  u.sed  for  each  hour.  A 
ehicle  drawn  by  two  or  more  horses,  as  Fig.  1  shows, 
as  counted  as  a  two-horse  vehicle.  It  was  found  that 
'le  best  observers  were  able  to  take  care  of  all  traffic 
ound  in  one  direction  even  on  the  busiest  street,  which 
mounted  to  a  maximum  of  about  870  vehicles  per  hour. 
At  the  end  of  each  day  the  men  were  required  to  total 
le  columns  for  each  hour  on  field  sheets  and  enter  the.se 
a  Form  1  (Fig.  2).  The  field  sheets  were  attached  to 
'orm  1  and  sent  to  the  office  the  following  morning.  As 
)on  as  the  work  of  the  inspector  in  totaling  and  trans- 
■rring  the  data  from  field  sheet  to  Form  1  wa.s  checked, 
le  field  sheets  were  dispensed  with.  Fi-om  Form  1  the 
affic  on  each  street  in  both  directions  was  reduced  to  an 
•  erage  per  hour. 
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From  recorded  directions  by  the  observers  in  the  four 
adjoining  blocks  only  the  traffic  coming  toward  the  inter- 
section is  entered  on  Form  2  (Fig.  4).  This  gives  at  the 
bottom  the  average  per  hour  in  each  direction  and  the  total 
of  all  four  directions.  In  the  column  of  hourly  totals 
at  the  right  are  given  combined  totals  for  each  hour. 
By  taking  the  average  for  the  two  days  for  each  hourly 
total,  is  determined  which  hour  in  the  average  day  shows 
the  maximum  traffic.  The  total  of  vehicles  and  street  cars 
was  considered  in  arriving  at  the  maximum  hour. 

From  Form  2  of  the  traffic  at  various  intersections  is 
made  up  a  recapitulation  of  tabulated  traffic,  Fig.  3.  The 
average  number  of  units  per  hour  in  each  direction  is 
totaled,  and  the  total  is  placed  in  the  street-car  colunm 
above  the  number  of  street  cars  per  hour.  Thus  at  Fourth 
and  Washington  Ave.  the  average  per  hour  of  northbound 
vehicles  plus  street  cars  was  175,  the  12  below  being  the 
average  number  of  street  cars  per  hour.  In  the  average 
totals  per  hour  and  the  maximum  hour  are  the  whole 
number  of  vehicles,  placing  this  sum  over  the  number  rep- 
resenting motor  trucks  and  the  number  of  vehicles  plus 
street  cars  over  the  number  representing  street  cars. 

Traffic  Charts 

In  order  to  present  the  traffic  data  a  little  more  clearly, 
traffic  charts  were  plotted  as  follows:  (1)  Average  traffic 
for  each  street  in  the  downtown  district;  (2)  maximum 
traffic  for  intersections  in  the  downtown  district;  and  (3) 
traffic  of  the  congested  district. 

The  Average  Traffic  charts  show  the  average  number  of 
vehicles  per  hour  (sum  of  both  directions)  and  vehicles 
plus  street  cars  in  each  block  observed  on  the  street  under 
consideration.  On  these  chart.'*,  as  on  Maximum  Traffic 
charts,  black  lines  represent  total  vehicles  and  the  shaded 
lines  represent  total  vehicles  and  .street  cars  combined.  On 
the  Average  Traffic  charts  (Fig.  5)  the  horizpntal  ba.se 
represents  the  street,  divided  into  blocks  by  the  vertical 
lines  representing  the  intersecting  streets.  The  vertical 
dimension  is  ruled  off  into  1-in.  spaces  which  represent 
'JO,  ()0  or  100  vehicles  (or  vehicles  and  street  cars),  de- 
pending on  the  scale  used,  which  varied  in  accordance 
with  the  amount  of  traffic  carried.  The  average  numl)er 
of  vehicles  per  hour  (tf)tal  of  all  classes)  for  each  block 
was  platted  in  the  middle  of  the  section  representing 
that  block  on  the  chart.  These  points  were  connected  i)y 
lines.     The  combined  number  of  vehicles  and  street  cars 
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was  platted  for  each  block,  ami  the  points  were  couiieeted 
with  a  shaded  line.  From  the  Average  Traffic  charts 
the  fluctuation  of  traffic  per  hour  in  different  blocks  can 
readily  be  seen.  On  account  of  their  effect  on  the  volume 
of  traffic  there  are  also  shown  width  of  roadway,  kind  of 
]3avement  and  number  of  car  tracks  on  the  Average 
Traffic  chart  of  each  street. 

The  llaximum  Traffic  chart  for  each  street  shows  the 
number  of  vehicles  and  vehicles  plus  street  cars  crossing 
each  intersection  on  the  street  during  the  maximum 
hour  from  all  four  directions.  The  horizontal  base  line 
represents  the  street  under  consideration,  and  the  vertical 
lines  represent  the  cross-streets.  The  total  number  of 
vehicles  during  the  maximum  hour  for  each  intersection  is 
platted  on  the  proper  vertical  line  representing  the  cross- 
street.  The  numbers  to  use  in  the  maximum  charts  are 
most  conveniently  taken  from  the  totals  shown  during  the 
maximum  hour  in  the  recapitulation  of  tabulated  traffic 
(Pig.  3).  The  relative  volumes  of  traffic  at  the  different 
intersections,  as  well  as  that  of  the  191J:  census,  are  readily 
comjiared  from  these  charts. 

A  Traffic  Cnart  of  the  Congested  District  (1915)  shows 
the  average  number  of  vehicles  per  hour  (totaling  botli 
directions)  for  each  block  of  every  street  observed  in 
the  191.5  cen.sus.  The  veliicles  are  platted  to  a  scale  of 
1,000  =  1  in.  in  width  on  a  map  of  the  territory  drawn 
to  a  scale  of  200  ft.  =  1  in.  Thus  by  comparing  the  rela- 
tive widths  of  the  black  lines  representing  traffic  we  see 
at  a  glance  the  comparative  volumes  of  traffic  on  different 
streets  and  different  parts  of  the  same  street. 

Eesults  Shown  by  Census 
The  vehicular  traffic  in  the  downtown  district,  com- 
paring the  1915  with  the  1914  census,  shows  an  increase 
of  20%,  considering  all  classes.  However,  automobile 
traffic  shows  an  increase  of  53% — passenger  automobiles 
increasing  56%  and  motor  trucks  increasing  41%.  On 
the    other    hand,    horse-drawn    vehicles    have    decreased 
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FIG.  5.  AVERAGE  TRAFFIC  CHART 

15% — one-horse  veliicles  sliowing  a  decrease  of  17%  and 
two-horse  vehicles  showing  a  decrease  of  12%. 

The  remarkable  one-year  increase  indicated  in  motor 
traffic  is  due  to  a  certain  extent  to  weather  conditions 
prevailing  at  the  time  the  census  wiis  taken.  The  counts 
in  1913  and  1915  were  taken  in  Octol)er,  during  season- 
able weather,  wliile  the  count  for  1914  was  taken  in  No- 
vember and  ran  into  some  pretty  cold  weather.  For  this 
reason  largely,  the  1911  count  showed  for  the  combined 


vehicular  traffic  only  a  slight  increase  over  1913.  The 
number  of  state  automobile  licenses  issued  in  St.  Louis 
was  8,789  in  1913,  13,391  in  1914,  and  16,362  in  1915. 
Present  records  indicate  that  the  number  for  1916  will 
be  about  20,000.  This  shows*  67%  increase  in  the  two 
years  (from  1913  to  1915). 

A  count  of  standing  vehicles  in  the  downtown  district 
was  made  in  1915.  The  count  was  for  seven  business  hours 
one  day  and  for  four  business  hours  the  following 


FIG.   6.    MAXIMUM  HOUR-TRAFFIC  CHART 

which  happened  to  be  a  Saturday,  and  the  count  ended  at 
1  p.m.  The  count  was  taken  at  the  end  of  October,  and 
weather  conditions  were  good.  Observations  were  made  in 
each  block  every  hour,  and  the  number  of  automobiles  and 
horse-drawn  vehicles  standing  on  each  side  of  the  street 
was  noted  and  recorded. 

This  information  was  compiled  to  show:  (1)  The 
average  number  of  standing  vehicles  in  each  block  durinjr 
the  11  hr.  observed,  and  also  the  block  on  the  east  and 
west  streets  and  the  north  and  south  streets  having  the 
largest  and  the  least  number  of  automobiles,  horse-drawii 
and  all  kinds  of  vehicles  in  1914  and  1915  respectively; 
(2)  the  maximum  number  of  standing  vehicles  observed  in 
each  block  in  the  district  and  the  time  when  it  was  noted. 
Finally  there  was  prepared  a  map  showing  conditions  in 
the  downtown  district,  on  which  were  jilatted  approxi- 
mately to  scale  the  number  of  standing  vehicles  in  each 
block  together  with  the  number  of  street  cars  observed 
in  each  block  and  also  pedestrian  lines,  safety  toups,  etf. 

It  was  found  that  the  ])ublic  streets  were  being  used 
to  store  vehicles  for  a  large  part  of  the  day,  and  from  the 
data  thus  collected  a  parking  ordinance  was  passed  by  the 
city  which  permits  motor  cars  to  stand  for  two  hour? 
only  in  the  congested  districts. 

The  study  of  traffic  conditions,  taking  of  census  and 
making  of  regulations  were  initiated  by  and  have  been 
carried  on  in  tlie  Street  Department  under  0.  M.  Tal- 
bert,  formerly  Street  Connnissioner  and  now  Director  of 
Streets  and  Sewers.  For  the  first  two  years  J.  Tj.  Ijftxton 
had  immediate  direction  of  the  work,  and  for  the  pastypa'' 
it  has  been  in  the  writer's  charge.  The  City  Plan  Com- 
mission is  now  extending  traffic  observations  out  to  the 
citv  limits  on  the  main  thoroughfares. 
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By  a.  Peterson* 
A  report  of  a  duty  test  made  upon  a  steam-turbine- 
Iriven  centrifugal  pump  at  the  low-level-pumping  station 
if  the  City  of  Montreal  was  published  in  Enr/ineering 
Xews  of  Apr.  27,  1916.  The  figures  presented  related 
)rincipally  to  the  conditions  of  operation  and  the  over-all 
esults,  certain  important  data  having  been  omitted  in 
aking  the  results  from  the  log  of  the  test  and  others 
laving  been  eliminated  in  editing.  As  these  omissions 
lave  been  made  the  basis  of  certain  misinterj^retations, 
t  is  believed  that  all  available  data  useful  for  a  critical 
xaniination  of  the  thermodynamic  results  should  be 
rrought  together.  The  latter  have  a  certain  interest 
ecause  of  the  fact  that  the  efficiency  of  the  installation, 
ncluding  pump  and  auxiliaries,  is  believed  to  he  higher 
ban  has  before  been  obtained  from  a  steam-turbine-driven 
entrifugal  plant. 

The  pumping  unit  consists  of  a  14-stage  impulse 
iirbine,  operated  at  3,600  r.p.m.  and  driving  through 
:  Duble-helical  reduction  gears  a  30-in.  centrifugal  pump 
t  600  r.p.m.  The  turbine  exhausts  to  a  surface  con- 
enser  of  the  water-works  type — that  is,  with  the  water 
i-culating  outside  the  tubes.  The  condenser  is  equipped 
ith  a  primary  heater  in  the  steam  space,  through  which 
16  water  is  forced  by  the  condensate  pump  into  an 
len  feed-water  heater  receiving  exhaust  from  the  con- 
■nser  dry-vacuum  pump  arid  from  the  condensate  pump 
id  additional  steam  bled  from  an  intermediate  stage 
the  main  turbine. 

The  delivery  of  the  pump  was  measured  by  a  "Simplex'' 
■nturi  meter  having  a  36-in.  inlet  and  21-in.  throat, 
iing  a  "Simplex''  registering  instrument,  which  was 
ecked  by  a  mercury  manometer,  the  two  agreeing  with- 
0.2%  difference,  on  the  assumption  that  the  coefficient 
the  venturi  tube  is  0.985.  The  water  delivered  from 
e  open  feed-water  heater  to  the  boiler-feed  pump  was 
easured  by  a  "Cochrane"  V-notch  meter  and  by  platform 
ales. 

The  points  of  attachment  of  the  suction  and  discharge 
ges  provided  for  by  the  specifications  were  such  as  to 
elude  credit  for  overcoming  the  friction  through  the 
llowing  pipe  fittings :  On  the  suction  side  of  the  pump, 
e  42-in.  gate  valve,  one  42-in.  45°  bend,  one  watcr- 
irks  type  condenser,  one  42-  to  36-in.  reducing  nipple, 
e  piece  of  36-in.  pipe  about  8  ft.  long  and  one  36-  to 
-in.  reducing  long-radius  elbow;  and  on  the  discharge 
le  of  the  pump,  one  30-  to  36-iu.  increasing  long-radius 
low,  one  piece  of  36-in.  pipe  about  9  ft.  long,  one 
-in.  long-radius  elbow,  one  36-in.  check  valve  and  one 
-in.  gate  valve.  During  the  test,  readings  of  suction 
t  and  discharge  head  were,  however,  also  taken  at  the 
-in.  suction  and  discharge  nozzles  of  the  pump. 
The  following  data  were  given  in  the  article  published 
l-'itf/ineerinf/  News  of  Apr.  27,  1916: 

.   rage  watpr  delivered.  Imperial  gal   per  hr 1  ..lOS.SOS 

*  'rage  head  at  KOKe  on  diaeharRe  pipe,  ft 107  274 

<  rage  nurlion  lift  from  water  level  to  center  line  of  pump,  ft. .  HO 

il  avirui;.-  --orreeted  head,  ft 20.") , S74 

r  hnwpower     1.300.85 

ji'iim  corrected  for  credits.  \h.  per  hr 17.314 

I'e  Hteam  preasure.  lb.  per  sq.in 159.7 

:    t  h.at  at  turbine,  deg.  F 63 

■  •rn  <'<,i,^i,iription  rorrectc<l  to  contract  conditioDB  (140  lb.  eagc  and  91 

"0°  •upcrhcat),  lb.  per  hr 16,038 

In  order  that  the  test  may  be  calculated  according 
I  the  method  given  in  the  power-test  code  of  the 
'  'Engineer,  De  Laval  Steorn  Turbine  Co.,  Trenton,  N.  J. 


American  Society  of  Mechanical  Engineers  for  tests  of 
complete  steam-power  plants  the  following  figures  are 
now  added : 

Average  feed  water,  lb.  per  hr 20,280 

Average  nozzle-pressure  gage,  Ih.  per  sq.in Kis 

.\verage  vacuum  corrected  to  30-in.  I  aromcter 2S  08 

.\verage  actual  steam  temperature  at  engine  throttle,  deg.  F 42U 

Temperature  of  feed  water  leaving  heater,  deg.  i' 210 

Steam  per  pump  horsepower,  lb 12.74*= 

Total  1  ead  generated,  as  measured  Ly  gages  at  suction  and  discharge 

nozzles,  ft 213.86 

*This  last  fi^Kire  was  given  erroneously  in  the  original  article  as  12  7. 

The  duty  per  million  B.t.u.,  based  upon  the  head 
measured  according  to  the  specifications,  was  126.2 
million  foot-pounds.  As  the  superheat,  however,  was 
only  63°,  whereas  100°  F.  was  specified,  this  figure  was 
corrected  by  deducting  from  the  steam  consumjition 
(17,344  lb.)  1%  for  each  9°  F.,  or  4.1%  in  all,  giving 
a  duty  of  129.6  million  foot-pounds.  The  duty  calcu- 
lated on  the  basis  of  the  work  delivered  by  the  pump  to 
the  water  between  the  suction  and  discharge  nozzles, 
making  the  same  allowance  for  lack  of  superheat,  becomes 
134.6  million  foot-pounds  per  million  B.t.n.  No  correc- 
tion is  made  because  of  the  fact  that  the  steam  pressure 
was  higher  than  the  110  lb.  gage  pressure  specified,  since 
the  nozzle  pressure  was  at  all  times  below  140  lb.  gage, 
and  the  turbine  would  have  shown  the  same  performance 
even  though  the  steam  pressure  had  been  reduced. 

The  question  has  been  raised  as  to  whether,  in 
stating  duties  of  pumping  units,  the  performance  of  the 
auxiliaries  .should  be  included  with  the  performance  of 
the  main  unit  and  whether  credit  should  be  allowed 
for  heat  returned  in  the  feed  water.  Considering  the 
manner  in  which  the  present  apparatus  was  designed 
to  operate,  there  can  be  no  question  that  it  is  the  over- 
all duty — that  is,  the  work  delivered  in  the  water  pumped, 
as  compared  with  the  net  heat  withdrawn  from  the 
boiler — in  which  the  purchaser  is  primarily  interested. 
Where  the  auxiliary  exhaust  cannot  be  used  for  heating 
the  feed  water,  it  sliould  be  admitted  to  some  intermediate 
stage  of  the  turbine,  in  which  case  it  would  be  included 
in  the  turbine  condensate.  On  the  other  hand,  where 
there  is  not  sufficient  auxiliary  steam  to  heat  the  feed 
water  to  the  proper  temperature,  the  efficiency  of  the  unit 
is  improved  by  extracting  steam  for  that  purpose  from 
an  intermediate  stage  of  the  turbine,  which  gives  a  more 
efficient  heat  cycle.  The  water  rate  is  then  obtained 
by  measuring  the  water  leaving  the  feed-water  heater. 
In  an  article  by  L.  A.  Day,  entitled  "Proper  Methods 
of  Testing  Water-Works  Pumps,"  which  appeared  in 
Engineeriny  News  of  June  29,  1916,  an  attempt  was  made 
to  determine  the  pump  and  turbine  efficiencies  implied 
ill  the  results  originally  published.  The  approximate 
elficiency  of  the  turbine,  based  upon  the  Rankine  cvcle, 
may  be  calculated  from  the  data  herewith  presented,  as 
follows : 

First,  to  estimate  the  actual   amount  of  steam  going 
to  the  eonden.ser. 
If 

.\'  =  Steam  going  to  condenser  in  pounds  per  hour; 

Q  =  Total  amount  of  feed  water,  pounds  per  hour ; 

H  =  Total   heat   in   B.t.u.   per  pound   of   auxiliary 
steam  and  steam  bled ; 

r    =  Latent   heat    in  .1    lb.   of   auxiliary   and    bled 
steam ; 

<2  =  Teniiierature  of  liquid  corresponding  to  pressure 
of  auxiliary  and  bled  steam  ; 

t    =  Temperature  of  condensate  leaving  condenser; 

T  =  Temperature  of  feed   water, 
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The    following    relation    exists    among   the    foregoing- 
quantities  (assuuiiuir  no  heat  losses)  : 
X(T  —t)  =  {Q  —  X)  r  +  iQ  —  X)   (/,  —  T).  or 
_  Q(r  +  t,  —  T) 

Let 

Q  =  20.280  lb. : 
t    =   74"; 

r  =  2io=. 

With  2  lb.  baek  pressure  on  the  auxiliary  and  bled 
steam,  //  =  1,120  B.t.u.  (assuming  adiabatic  expansion 
and  that  part  of  the  heat  is  recovered  by  reheating  during 
expansion).    Also. 

/,  =  218° 
r  =    1.120  —  (218  —  32)    =  934  B.t.u. 
We  then  obtain 

20,280(934  +  218  —  210) 


X  = 


74 


=  l" 


720 


218  +  934 

Q  —  X  =  20,280  —  17,720  =  2,5G0  Ih. 
represents  the  amount  of  steam  used  for  heating  the  con- 
densate ;  in  other  words,  the  sum  of  the  auxiliary  steam 
and  the  steam  extracted  from  the  turbine. 

The  auxiliaries  used  about  450  lb.  of  steam  per  hour : 
accordingly  the  amount  of  steam  bled  was  2,110  lb. 
per  hr.  This  steam  did  a  certain  amount  of  work  in 
Ihe  high-pressure  part  of  the  turbine,  which  work  can 
be  calculated  approximately  by  using  the  entropy 
diagram.  The  heat  available  in  expanding  from  145  lb. 
gage  pressure,  63°  F.  superheat,  to  2  lb.  gage  back 
pressure  is   174  B.t.u.,  which  gives  a  theoretical  steam 


consumption    of 


3,545 
174 


14.62    lb.    per    hp.-hr.,    and 


assuming  65%  efficiency  of  the  high-pressure  end  of  the 
turbine,  the  horsepower  obtained  from  the  bled  steam  was 

The  total  brake-horsepower  delivered  at  the  pump 
coupling,  assuming  82%  efficiency  of  the  pump,  is  1,725. 
(An  eiBciency  of  83%  is  not  impossible  for  so  large  a 
pump.)  Thus  from  a  steam  flow  of  17,730  lb.  represent- 
ing the  amount  of  steam  condensed,  1,725  —  94  =  1,631 

17,720 
b.hp.  will  be  obtained  on  a  steam  consumption  of  -j — 777— 

=  10.86  lb.  per  b.hp.-hr. 

The    theoretical    steam    consumption    for    the    steam 

conditions  existing  during  the  test   (145  lb.  gage,  63° 

superheat  and  28.98  in.  vacuum)    is  6.9  lb.  per  hp.-hr. 

Thus  the  efficiency  of  the  turbine  and  gears  based  upon 

6.9 
the  Eankine  cycle  is  i,,~r7.   =   63.5%.' 
■^  10.86 

From  the  above  figures  the  gain  in  economy  from 
the  primary  heater  and  bleeding  steam  can  easily  be 
estimated,  as  follows : 

The  total  heat  consumption  of  a  standard  1,735-hp. 
turbine  with  independent  auxiliaries  will  be 
(1,725  X  10.86  +  450)  X  1,231  =  23,614,888  li.f.u. 
The  heat  returned  from  the  condensate  and  auxiliary 
steam,  assuming  a  temperature  of  the  condensate  when 
leaving  the  condenser  of  65°  •  F.,  equals 

(1,725  X   10.86  X  33)   +   (450  X   1.120) 
=    1,122,205  B.t.u. 

'The  efficiency  of  the  turbine  is  in  reality  slightly  hiRher, 
due  to  the  fact  that,  owintr  to  losses  in  heat  transmission,  the 
amount  of  bled  steam  is  greater  than  figured  from  the  formula 
given  above. 


Tims  the  net  heat  consumption  is 

23,614,888  —  1,112,205  =  22,502,683  B.t.u. 
With  a  primary  heater  in  the  condenser  and  bleedin- 
steam   sufficient  to  raise  the  feed-water  temperature  X" 
210°    F.,    the    total    heat   consumption    of   turbine   ami 
auxiliaries  will  be 

20,280  X  1.231  =  24,964.680  B./.M. 
and  the  heat  returned 

20,280  X    (210  —  32)   =  3,609,810  B.t.u. 
Tlius  the  net  heat  consumption  is 

24,964,680  —  3,609,840   =    21,354,840  B.Lu. 
or  a  saving  of 

23,502,683  —  21,354,840   =    1,147,843  B.t.u. 
jier  hr.,  which  represents  an  increase  in  efficiency  of  the 
complete  installation  of 

1,U7,843 
22,502,683  ~  ^-Z" 

This  saving  is  obtained  through  a  very  slight  increase 
in  cost  of  the  apparatus,  although  should  the  saving  be 
capitalized  it  will  be  found  that  a  considerable  increase 
in  the  original  investment  would  have  been  justified. 

Mr.  Day  also  suggested  that  corrections  be  made  to 
the  readings  of  gages  attached  at  the  suction  and  dis- 
charge openings  of  centrifugal  pumps,  whore  the  openings 
are  not  of  the  same  size,  as  follows: 


2^ 


through    the    discliarge    in    feet   per 
ih  the  inlet  in  feet  per  secondj 


wherein 

r.,  =  Velocity 
second : 

i\  =  Velocity  throujj 

,/  =  32.16;  " 

/(  =  Correction  to  head  in  feet. 
While  theoretically  correct,  this  formula  should  not 
be  used  without  reservation,  as  the  efficiency  of  the 
ordinary  increasing  fittings  is  not  very  high  and  instead' 
of  getting  back  all  of  the  head  represented  by  the  formula 
the  customer  is  more  apt  to  gain  only  half  as  much. 
The  one  who  benefits  by  the  correction  is  of  course  the 
pump  builder,  who  does  not  have  to  provide  a  diffusei 
as  a  continuation  of  the  volute  of  his  pump.  He  obtains 
the  greatest  advantage  from  this  correction  on  low-head 
]nimps,  where  the  gain  may  amount  to  several  per  cent 
In  order  to  prevent  this  the  specifications  should  be  si 
drawn  as  to  consider  only  pumps  having  suction  am 
discharge  openings  of  the  same  size,  or  to  insure  thai 
the  suction  gage  will  be  located  close  to  the  suctioi: 
flange  of  the  pump  and  the  discharge  gage  at  a  poini 
on  the  discharge  pipe  where  it  has  been  increased  ti 
approximately  the  same  size  as  the  suction  opening. 

Jlr.  Day  stated  that  the  high  duty  claimed  for  thi 
Montreal  pump  was  made  on  the  basis  of  "no  credi 
for  friction  head  in  the  suction  pipe,  condenser  and  dis 
charge  pipe  up  to  the  city  main."  This  statement  i 
erroneous,  but  attention  should  be  directed  to  certaii 
desirable  modifications  in  the  general  practice  of  draw 
ing  specifications  covering  this  point.  The  manufacture 
is  often  called  upon  to  furnish,  besides  the  pump,  ■ 
certain  amount  of  piping  and  fittings  and  is  asked  t' 
assume  the  responsiljility  for  friction  in  such  piping  «"' 
to  make  allowances  therefor  in  the  duty  guarantee. 

It  would  be  better  to  require  that  the  duty  guaranti'i 
should  be  based  upon  pressure  readings  taken  as  cloi=' 
as  possible  to  the  suction  and  discharge  flanges  of  tii' 
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minp  and  that  the  mamiracturcr  shoiiKl  s[)ccify  the 
riction  head  to  be  expei-tcd  in  the  ditl'ereiit  fittings 
urnished  by  him,  together  witli  a  deseription  giving 
izes,  kind  of  elbows,  length  of  straight  piping,  ete.  It 
•  ill  then  be  easier  for  the  customer  to  analyze  and 
ompare  the  different  estimates  and  to  place  all  mami- 
iicturers  upon  the  sajne  basis  in  reference  to  duty 
uarantees.  Owing  to  the  great  difficulty  in  estimating 
he  friction  in  fittings,  two  bidders  may  offer  exactly 
le  same  piping  and  fittings,  while  estimating  upon 
reatly  different  figures  for  friction. 

SEatLaglhtles'^lDlo'Qss©  S©'w®i^©  T©stl 

By  Waldo  S.  Coulter* 

The  experience  of  the  writer  a  few  years  ago  with  a 
•st  plant  treating  slaughter-house  sewage  at  Buenos 
ires,  Argentina,  may  be  of  interest.  This  plant  was 
(Stalled  September,  1911,  at  the  Frigorifico  Argentine, 
•eliminary  to  the  design  and  construction  of  an  operative 
-  ant.  Unfortunately,  changes  in  administration  and 
lancial  rearrangements  intervened  to  prevent  the  entire 
nipletion  of  the  operative  plant. 

The  test  plant  consisted  of  a  2,300-gal.  rectangular 
i-and-draw  plant  settling  tank;  a  .sump  communicating 
ilh  the  lower  end  of  the  settling  tank  by  an  adjustable 
■ir;  a  small  rotary^  pump,  which  elevated  the  settled 
wage  to  a  head  box,  and  a  sprinkling  filter  inclo.sed  in 
15-ft.  octagonal-shaped  box,  11  ft.  high,  the  ujjper  5  ft. 
ting  as  a  wind  shield. 

The  filtering  medium  was  f!  ft.  of  %,-  to  IVL'-in. 
reened  and  washed  coal.  Coal  was  used  because  it  was 
lUiediately  available. 

The  settling  tank  was  first  oi)crated  as  a  plain 
linicntation  tank  and  was  cleaned  out  weekly  or  oftener 
keep  the  sewage  fresh. 

The  head  on  the  spraying  devices  was  kept  constant 
pumping  an  exces.s  to  the  head  box  and  conducting 
■  surplus  back  to  the  sump  by  an  overflow  trough. 
iiiatiou  of  head  for  peripheral  nozzles  was  secured  by 
lid  operation  of  controlling  valves. 
Ob.servations  were  first  made  with  upward  jet  nozzles 
the  Taylor  and  Birmingham  types,  the  net  rate  being 
0,000  gal.  per  acre  per  day  at  the  commencement,  which 
s  gradually  reduced  to  335,000  gal.  These  net  fates 
re  secured  by  long  resting  periods,  the  rales  of  applica- 
II.  while  the  spray  was  in  action,  being  3,000,000  gal. 

upward.     At  the  end  of  two  months'  operation  the 
ite  would  "stand  up"  for  only  3G  hr.  at  15°  C.  and 

retained  a  decided  crimson  tinge. 

rom  close  observation  it  became  apparent  that  low 

cs   must   be    secured    by    a    low    gross    rate,    not    by 

>  plication  at  comparatively  high  gross  rates  alternating 

'  th  long  resting  periods.     The  upward-jet  nozzles  pro- 

•Of  Hansen  &  Coulter,  Consulting  Engineers,  2  Hector  St., 
York  City. 


dueed  wiuit  was  in  ell'ect  a  series  of  flushes  through  the 
filter  at  considerable  intervals.  If  the  aperture  of  the 
upward-jet  nozzles  was  reduced  sufliciently  to  give  a  lew 
gross  rate,  clogging  began  at  once,  caused  principally  by 
flies  which  hovered  over  the  tank  and  head  box,  or  by 
any  small  object  wliii-h  hai)pened  to  find  its  way  to  the 
nozzle. 

Eecourse  was  then  had  to  downward  jets  with  dash 
])lates.  It  was  found  that  these  could  be  operated  at 
the  required  low  gross  rates  without  clogging.  By  the 
use  of  long,  tapered  nozzles,  with  a  head  of  1  ft.  or  more 
above  the  nozzle  point,  a  smootli,  solid  column  of  sewage 
coxdd  be  projected  downward  upon  the  dash  plate  without 
shifting  or  producing  an  erratic  spray.  In  conjunction 
with  a  suitable  wind  shield,  dash  plates  as  small  as  1  in. 
in  diameter,  with  correspondingly  small  nozzle  apertures, 
gave  good  distribution  over  a  wetted  area  10  ft.  or  more 
in  diameter.  The  optimum  size  of  jfiate  required  varied 
with  the  diameter  of  the  nozzle  and  the  head  on  the  same. 

Tests  showed  the  nozzle  and  dash  plate  finally  fixed 
upon  to  have  a  distribution  coefficient  of  0.83  in  still 
air,  using  Phelps'  formula.  By  so  spacing  the  nozzles 
that  the  underwetted  peripheral  areas  will  suitably  over- 
lap, a  coefficient  in  excess  of  0.9  in  still  air  is  practicalile. 
For  use  in  an  operative  plant,  expansion  joints  would  be 
required  for  the  sujiply  iiijjing,  in  order  to  keep  the 
nozzles  over  the  plates. 

Soon  after  the  downward  jets  were  installed,  a  marked 
improvement  was  noted,  samples  standing  up  from  50 
to  GO  hr..  but  the  degree  of  purification  was  still 
inadequate. 

This  test.jdant  was  at  all  times  supplied  with  wash- 
water  from  the  killing  floors  containing  large  quantities 
of  blood,  some  manure  and  small  pieces  of  fat  and 
tissue.  The  fat  content  was  snudl,  this  being  mostly 
confined  to  tank  liquors  and  tripe  washings,  etc.,  which 
were  not  treated.  The  washwater  contained  niuci! 
so-called  colloidal  matter  that  it  was  not  practical  to 
remove  by  plain  sedimentation,  and  it  had  been  proposed 
from  the  first  to  resort  to  chemical  precipitation  in 
case  ordinary  sedimentation  failed  to  effect  a  sufficien; 
clarification. 

The  septic  tank  was  not  seriously  considered,  as  it 
rendered  the  sewage  so  foul  that  subsequent  distribution 
on  a  sprinkling  filter  would  give  rise  to  a  nuisance. 
Furthermore,  the  septic  sewage  was  of  such  a  character 
that  nitrification  in  a  sprinkling  filter  was  not  practicable, 
as  was  subsequently  demonstrated  by  trial. 

It  having  become  ajiparent  that  plain  sedimentation 
was  not  providing  sulficicnlly  complete  clarification, 
chemical  preci])itation  was  tried.  Laboratory  tests  indi- 
cated that  aluminum  sulpha.te  was  the  best  precipitant, 
and  to  this  was  added  a  limited  amount  of  ferrous 
sulphate,  which  was  found  to  retard  ])utrefaction  of  the- 
.sewage  and  produce  iron  sul])hide  in  the  sludge.  It  was 
expected  that  this  would  tend  to  jirevent  the  formation 
(>(■  IfjS  at  the  operative  plant  and  reduce  the  probability 
of   odor  nuisance   in   connection   with   sludge   handliiiL'. 


'  Sample 


ANALYSES  OF  CRUDE  AND  TREATED  SEWAfJK  FROM  SLAUGHTER  HOUSE  AT  BUENOS  AIRES,  ARGENTINA 

Free      Albuminoid    Total  .Solids     Organic      Oxygen 
iVmmonla  Ammoniji   Fixed  OrK:inlc  Nitrogen  Consume-1 


Color 


Odor 


Nitrites  Nitrates  Chlorine* 


G," 


>w  sewage..   Deep  red Putrid    0  Trace  7,384 

Jnk  effluent.    Reddish  brown  Slightly   putrid  0  Trace        11,780 

l|ter  effluent  Light  yellow..    None    21  231         12.560 

,    •Chlorine   was   Itirgely   from    N:iCl    in    well    water   used    for  washing 

jo  u»ed.     The   tank   effluent  and    nitrate  above   represent   well  water.    ,„ 

^a  taken,   water  from    other   sources  constituted   a   large   percentage  of  the  wash 


140 


27.080     25,300         4,400  1,100 

...  43,!I20      11,760         2,360  590 

840  126  42,280        3,900  520  130 

Water  from  other  sources  quite  free  from  NaCl  wa.s 
toward    the   end   of   the  day,   when    the    raw   sample 
It  should  be  stated  that  these  analyses  do 


accurately   represent   the   condition    of   the   samples   at   the  time  they  were  taken.     At  least  24  hr.  elapsed  between  sampling 
y  analyzing,  probably  much  longer,  and  this  during  very  hot  weather,   without    provision    for  chilling   or  chloroforming   the 
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Ahim  was  applied  at  the  rate  of  1,000  lb.  per  1,000,000 
jral.,  with  200  lb.  of  copperas.  The  tank  effluent  at  once 
showed  a  marked  improvement  and,  soon  after,  a  light, 
straw-colored,  nonputrescible  filtrate  was  delivered. 

The  sprinklin?-filter  effluent  showed  no  putrefaction 
after  incubation  for  7  days  at  37°  C,  when  tested  by 
the  Government  cliemists,  and  stoppered  samples,  stored 
by  the  writer  at  room  temperature,  were  stable  for  an 
indefinite  ])eri()d. 

The  plant  continued  to  produce  an  effluent  of  this 
quality  until  operation  was  discontinued.  It  was  found 
possible  to  increase  the  rate  at  the  sprinkling  filter  to 
700,000  gal.  per  acre  per  day  (net),  without  deterioration. 
It  should  be  noted  that  the  jjlant  rested  from  6  p.m.  to 
C  a.m.  each  day,  duplicating  the  operative  conditions. 

The  accompanying  analyses,  indicating  tlie  work  done 
by  the  test  plant,  were  made  by  the  chemists  of  the 
provincial  health  authorities  at  La  Plata.  The  filter 
effluent  is  of  unusual  interest,  in  view  of  its  high  organic 
nitrogen  content  and  passage  of  putrescibility  tests. 

OeslgEti  Us  O^sim  PirofolemHi 

By   H.   L.  Hutsox* 

In  a  drainage-pumping  plant,  just  as  in  a  water-power 
plant,  either  the  plant  itself  must  form  part  of  a  dam  or 
there  must  be  a  dam  between  the  plant  and  its  discharge 
channel  or  between  the  plant  and  its  inlet  channel.  In 
water-power  development  the  plant  is  usually  located 
where  there  is  a  rocky  formation  in  the  stream  and  foun- 
dation conditions  arc  apt  to  be  favorable.  But  in  the 
drainage  plant  the  land  is  of  recent  formation  and  more 
than  apt  to  contain  stratified  material  such  as  vegetable 
matter,  clay,  silt,  sand,  shells,  etc.,  none  of  which  can  be 
considered  good  foundation  material. 

Another  difficulty  to  be  borne  in  mind  is  that  the  drain- 
age of  the  land  within  the  district  will  alter  the  natural 
conditions  by  lowering  the  water  level  so  that  wood  that 
has  been  preserved  for  hundreds  of  years  may  rot  and 
quicksand  that  has  been  confined,  or  at  least  in  stable 
equilibrium,  may  have  a  constant  flow  of  water  througli 
it  in  the  direction  of  the  intake  channel.  There  may  also 
be  a  certain  amount  of  hydrostatic  head  develop  in  porous 
or  water-bearing  strata  so  that  it  is  undesirable  to  break 
the  overlying  impervious  stratum  because  of  causing 
springs,  sand  boils,  etc. 

Pumping  Pl.vnt  as  a  D.\m  ;  Curtain  Walls 

Not  only  the  design  of  the  foundations,  but  the  loca- 
tion of  the  plant  with  respect  to  the  levee,  the  elevation 
of  the  floor  line  with  respect  to  liigli  and  low  water  levels, 
and  the  length  of  suction  and  discharge  pipes  will  depciul 
on  the  strata  underlying  the  plant  location. 

One  of  the  flrst  requisites,  therefore,  in  the  design  of 
a  drainage-pumping  plant  is  an  accurate  survey  by  l)orings 
of  the  plant  site.  Such  a  survey  may  indicate  the  desir- 
ability of  looking  for  another  site,  but  its  chief  need  is  to 
determine  the  location  of  the  plant  with  respect  to  the 
levee  and  whether  the  plant  itself  is  to  act  as  a  dam  or 
whether  the  levee  system  is  to  bo  carried  past  the  plant. 

If  there  is  an  im])crvious  subsoil  that  goes  to  a  depth 
well  below  the  greatest  depth  desired  on  the  intake  side. 


tlie  plant  itself  may  be  designed  as  a  dam  and  the 
suction  and  discharge  pipes  kept  relatively  short.  Such 
a  plant  is  shown  in  Fig.  1.  This  plant  was  located  on 
what  might  be  tei-med  submerged  prairie,  where  the 
subsoil  was  a  stiff,  impervious  clay.  The  discharge  canal 
was  dredged  across  the  plant  site  to  a  depth  of  perhaps 
S  ft.  below-  the  floor  line.  Tlie  dam  proper  consists  of  an 
ample  retaining  wall  on  the  discharge  side  of  the  plant. 
The  foundations  are  tied  into  this  wall,  and  the  whole 
rests  on  round  piles  and  is  surrounded  by  sheetpiling  that 
was  used  as  a  coffer-dam  while  installing  the  foundations. 

If  there  is  a  porous  stratum  of  moderate  thickness,  it 
may  be  shut  off  by  a  curtain  wall  or  sheetpiling  and  the 
plant  designed  with  short  suction  and  discharge  pipes  and 
the  plant  itself  as  a  dam.  In  this  case  great  care  is  neces- 
sary to  insure  that  the  cutofl"  wall  of  sheetpiling  or  other 
material  is  in  fact  tight,  that  it  is  long  enough  to  pre- 
vent seepage  around  the  ends  of  the  plant  and  that  it 
makes  an  impervious  joint  with  the  underlying  strata. 
The  danger  of  this  construction  is  that  we  caimot  know 
to  a  certainty  that  we  have  cut  off  the  flow,  and  there  is 
a  chance  of  gradual  erosion  undermining  the  plant 
and  causing  a  failure  after  years  of  useful  service. 

Fig.  2  shows  a  plant  where  great  care  has  been  exercised 
to  prevent  danger  from  this  cause.  This  plant  was  located 
on  fairly  firm  ground,  but  where  borings  showed  a  stratum 
of  porous  material,  such  as  broken  shells,  sand,  etc.,  at  a 
depth  that  would  be  exposed  by  the  intake  excavation.  To 
prevent  danger  from  this  source,  the  plant  was  built  within 
a  permanent  coffer-dam  of  Lackawanna  steel  sheetpiling. 
and  wing  walls  of  the  same  material  were  carried  out 
from  the  corners  of  the  building  to  sen-e  the  double  pur- 
j3ose  of  cutting  off  seepage  below  and  acting  as  a  bulkliead 
above  to  prevent  earth  from  falling  into  the  intake.  All 
these  sheetpiles  were  30  ft.  in  length.  The  concrete  wing 
walls  on  the  discharge  side  act  as  abutments  for  a  bridge 
and  are  carried  far  enough  to  prevent  wave  wash  from 
the  discharge  pipes.  Tlie  space  beneath  the  discharge 
pipes  is  filled  with  clay  puddle. 

Dams  on  Porou.s  Foundations 

If  there  is  a  porous  stratum  that  will  be  exposed  bv  the 
excavation  of  the  intake  canal  or  that  may  be  exposed  hy 
subsequent  scouring  under  the  suction  or  discharge  pipes, 
then  the  plant  and  adjacent  Icvce  should  be  considered 
as  a  dam  on  porous  formation  and  designed  accordingly. 


•A.  M.   Lockett  &  Co.,  Ltd.,  533  Baronne   St.,   New   Orleans. 


FIG.    1.    ELEVATION   OK   WHITELAKE   PUMPING   PLANT 
Reproduced  from  machinery  manufacturer's  layout  and  not 
intended  to  show  actual  i)roportion  of  foundations.     Retaining 
wall  at  the  front  contains  more  concrete  than  indicated 
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The  proper  rules  for  the  design  of  such  "dams  have  been 
iven  by  W.  G.  Bligh  (in  an  article  in  Engineering  News, 
)ee.  29,  1910) .  The  solution  of  the  problem  is  to  see  that 
le  water  which  seeps  through  the  porous  stratum  under  a 
am  has  to  travel  a  sufficient  distance  tlirough  this  stratum 
ir  the  friction  to  be  great  enough  to  prevent  a  flow  of 
ater  that  would  move  the  material  of  the  stratum.  Mr. 
■ligh  gives  the  following  coefficients  for  the  different 
iroiis  material,  where 

H  =  Head  or  difference   in  water  level   ahove  and 

below  the  dam  ■. 
L  =  Distance  water  would  have  to  travel   through 
porous  material  to  render  dam  safe; 


i  o  n 

-^  ToeoffmpoiedLevK  |    feg 

11 VAjfopnfPnp^^edlgvpr>^ 


E  1  e  V  a  +  i  o  n 


!-■ 


18  for  very  fine  saud  and  silt; 

=  15  for  fine  sand ; 

^=  13  for  course  sand : 

=    9  for  sand  and  gravel ; 

=    4  to  6  for  boulders  and  gravel. 
As  an  example,  we  will  assume  a  plant  for  draining 
irsh  lands  where  test  borings  show  muck,  3  ft. ;  soft  clay, 
ft. ;  fine  sand,  3  ft. ;  moderately  hard  clay,  8  ft. ;  and 


FIG.  3.    COMBAHEE  CORPORATION  PUMPING  PLANT 

United  states  Department  of  Agriculture  the  problem  to 
be  met  and  its  solution  are  very  well  stated.  Fig.  3  is 
reproduced  from  this  report,  which  states : 

Extensive  borings  in  and  around  tlie  pumping  plant  show 
tliat  the  first  S  ft.  of  material  is  a  heavy  impervious  alluvial 
mud.  This  la.ver  rests  on  a  nearly  level  bed  of  fine,  clean 
fairly  sharp  sand,  which  is  very  firm.  It  is  believed  th.at  by 
placing  the  suction  pit  at  a  distance  of  50  ft.  from  the  pump- 
ing plant  a  greater  protection  from  seepage  will  be  assured 
than  would  be  the  case  if  the  pit  were  placed  adjacent  to  the 
plant  and  seepage  intercepted  by  sheetpiling.  According  to 
the  testimony  of  local  parties,  sheetpiling  driven  along  the 
inside  toe  of  the  levee  have  been  detrimental,  as  they  have 
formed  a  channel  for  water  to  follow  up  through  the  im- 
pervious layer  at  the  surface. 


In  this  case  it  is  evident  that  tl)e  sheetpiling  around 
the  intake  pipes  is  intended  only  to  prevent  caving  and 
would  serve  its  purpose  equally  well  were  it  cciiiippcnl 
with  weep  pipes  to  prevent  any  water  pressure  behind  it. 
Here,  therefore,  they  depend  solely  on  the  horizontal  dis- 
tance between  the  suction  and  discharge  pipes  for  resist- 
ance to  undermining. 

.V  condition  where  it  is  considered  unsafe  or  undesir- 
able  to  drive  sheetpiles   under  a   ])lant    is   unusual.   Imt 
Jr?'-       specifications  were  issued  recently  I'or  a  phmt  on  the  lowci- 
Mississippi  where  the  engineer  had  such  a  wholesome  I'car 
oC  a  known  water-bearing  stratum  that  he  would  allow 
I  ;.  2.   ELEVATION  OF  NEW  oRLEA.N'.s  LAKE  SHORE  CO.      "»  pi'^^'*^  to  bo  driven  at  all.     In  this  case  400  ft.  of  dis- 
PLANT  charge  pipe  was  specified  with  TO  ft.  separating  the  plant 

from  the  intake  basin, 
i  'mate  layers  of  sand  and  clay  for  the  ne.xt  thousand 


i  t.  Such  a  plant  may  have  a  nomial  lift  of  3  to  G  ft. 
\  h  a  ma.ximum  at  storm  tide  of  10  ft.  From  Mr.  Bligh's 
t  le,  18  is  the  proper  "percolation  factor."  We  have  for 
t  10-ft.  head  condition  that  h  =  180  ft.  This  means 
c  irly  that  there  must  be  180  ft.  horizontal  distance 
\  ween  the  end  of  tiie  suction  pipe  and  the  end  of  the 
C  charge  pipe  unless  some  other  provision  is  made  for 
i  reasing  the  distance  L  that  the  water  must  travel. 

\%  Mr.  Bligh  lias  pointed  out,  where  a  cutoff  wall  or 
r  •  of  tight  sheetpiling  is  u.sed,  the  vertical  distance  that 
t  water  must  travel  both  down  and  up  in  order  to  pass 
a  imd  this  cutoff  wall  may  be  added  to  the  horizontal 
d  -.ance  traveled  in  figuring  the  length  L.  T^is  will  rc- 
d  e  the  actual  horizontal  distance  between  the  ends  of 
t  suction  and  discharge  pipes.  In  the  case  of  small 
pnt8  with  low  lifts  it  would  seem  cheaper  in  many  cases 
t»  iepend  only  on  the  lengths  of  the  pipes.  In  such  a 
p  nt  the  use  of  moderately  long  suctions  is  advisable,  as 
i1  liaces  the  [ilaat  some  distance  from  the  intake  end 
a  ,  if  the  f)lant  rests  on  piles,  permits  cutoff  of  the.se 
p  8  at  a  higher  level  without  danger  of  rot  from  the  re- 
d  tion  of  water  level  within  the  district. 

;n  a  report'    recently   prepared    by   engineers   of   tlie 

["Report   on    the    Drainage    of    the    Combahce    Corporation 
',-  ;1«,"  by  Charles  W.  Okey,  Senior  Drainage   Engineer,   and 
■    Gasun,  Drainage  Engineer. 


The  Future  Supply  of  (inHOllne  was  discussed  by  Van  H. 
Manning,  Director  of  the  Bureau  of  Mines,  in  an  address  at 
Washington,  D.  C,  on  Oct.  4.  Dr.  Manning  said  we  are  facing 
a  serious  condition  in  the  petroleum  industry.  According  to 
the  U.  S.  Geological  Survey,  our  future  supply  of  petroleum  is 
only  sufficient  to  last  us  from  27  to  30  years  at  the  present 
rate  of  consumption,  without  taking  account  of  the  increasing 
demand  due  to  increasing  use  of  automobiles  and  other  ma- 
chines driven  by  gasoline  engines.  The  low  price  of  gasoline 
a  year  ago  was  due  to  the  tremendous  production  of  crude 
oil  rich  in  gasoline  from  the  Cushing  neld  in  Oklahoma.  This 
field  which  was  producing  300,000  bbl.  of  crude  oil  a  day  a 
year  ago  is  yielding  less  than  60,000  bbl.  today.  Cushing 
crude  oil  yields  25  to  30%  gasoline.  Crude  oils  now  being 
used  In  place  of  the  Cushing  oil  yield  but  l!j  to  17%.  The  2Vi 
million  automobiles  In  use  on  Jan.  1,  11)10,  will  increase,  it  is 
estimated  l)y  automobile  manufacturers,  to  4 '/4  million  by 
January,  I'JIS.  In  addition,  there  is  the  increased  use  of  gaso- 
line In  motor  trucks,  farm  tractors,  motor  boats,  etc.  Th6 
automobile  of  today,  due  to  Improvements  in  the  engine  and 
carburetor,  can  use  much  heavier  fuel  than  would  have  been 
practicable  a  year  or  two  ago.  The  cracking  process  for 
converting  kerosene  and  heavier  oils  Into  gasoline  produced 
2,000,000  bbl.  of  gasoline  a  year  ago,  and  this  year  will  produce 
more  than  .'■),000,Ono  bbl.  Tests  made  by  the  Bureau  of  Mlne:i 
do  not  substantiate  the  claim  that  there  Is  any  considerable 
difference  In  the  power  developed  from  gasoline  of  different 
gravities.  Tests  In  engines  using  gasoline  from  74°  to  CC 
showed  a  difference  In  the  power  developed  of  less  than  27». 
The  engines  using  the  heavier  gasoline,  however,  were 
equipped  to  use  It  elUclently.  If  this  Is  not  the  case,  of  course 
the  lighter  gasoline  might  give  much  better  results.  The  Bu- 
reau of  Mines  is   now   preparing  standard   8i)CCincatlon8, 
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SYXOFt^IS — Tlie  nciv  reservoir  lias  novel  floor 
consiruciion  and  interior  ivells  as  its  interesting 
features,  and  the  new  pumping  plant  is  operated 
hij  oil  engines  that  also  drive  electric  generators. 

Eecent  improvements  to  the  municipal  water-works 
plant  at  Sioux  Falls,  S.  D.,  include  a  covered  storage 
reservoir  of  1,200,000  gal.  capacity,  two  triplex  pumps 
with  160-hp.  Diesel  engines  and  135-kv.-a.  generators,  new 
electric  lift  pumps  in  the  wells,  and  a  350,000-gal.  ele- 
vated tank. 

In  1915  the  city  authorities  engaged  Dahney  H.  ^Faury, 
consulting  engineer,  Chicago,  to  examine  and  report  upon 
the  water-works.  His  recommendations  for  improvements 
having  been  adopted,  he  prepared  the  plans  and  speci- 
fications. F.  G.  Gordon,  as  his  resident  engineer,  super- 
vised the  entire  construction.  The  city  voted  a  bond 
issue  of  $140,000  for  the  improvement,  and  work  was 
completed  in  April,  1916. 

The  city  has  a  population  of  about  20,000.  which  is 
estimated  to  increase  to  27,000  by  1930.  At  the  time  of 
Mr.  Maury's  investigation  in  1915,  it  had  about  42  mi. 
of  4-  to  20-in.  distribution  mains,  3,581  service  connec- 
tions, 3,087  meters  (91.5%  of  all  active  services  being 
metered),  241  fire  hydrants  and  480  valves.  The  num- 
ber of  hydrants  (about  five  per  mile  of  main)  was  much 
too  small  for  good  fire  protection.  The  average  daily 
pumpage  was  1,482,300  gal.  and  the  maximum  (for 
July)  was  estimated  at  2,300,000  gal.,  while  during 
sprinkling  hours  on  the  maximum  day  the  water  was 
being  used  at  the  rate  of  4,400,000  gal.  daily. 

Water-Supply  System 

Sioux  Falls  was  originally  supplied  by  a  private  com- 
pany, but  some  years  ago  the  city  built  a  competing 
plant,  and  the  company  was  compelled  to  go  out  of  busi- 
ness. The  supply  is  obtained  from  wells  in  a  water- 
bearing stratum  of  sand  20  to  30  ft.  deep,  which  is  cov- 
ered by  4  or  5  ft.  of  loam  and  gumbo,  and  overlies  a 
stiff,  blue  clay. 

The  quantity  is  abundant  for  many  years  to  come,  and 
the   quality   is  good  from  a  sanitary   standpoint.     The 


>9       V=^c 

Mater  is  hard,  however,  and  contains  a  large  amount  of 
iron  (4  p.p.ni.).  The  engineer  recommended  treatment 
for  removal  of  the  iron,  and  the  authorities  were  stronwjv 
in  favor  of  this  improvement,  but  feared  that  if  the  cost 
of  the  iron-removal  plant  were  included  the  bond  issue 
might  be  voted  down.  The  new  reservoir,  however  is 
built  with  columns  of  siifficient  strength  to  support  a 
treatment  plant  at  some  later  time. 

When  first  built,  the  city's  plant  took  its  supply  bv 
direct  suction  from  a  number  of  driven  wells,  but  these 
proving  inadequate,  open  wells  were  sunk.  There  are 
four  open  wells  in  the  water-bearing  stratum,  located  at 
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of  Reservoir  covered  wrHi  l4'Soil  and  sodc/ec/ 


PaH-  Plan    of   Floor 


Par+    Plan    of    Roorf 


RESERVOIR    WITH   GROINED-ARCH  FLOOR   FOR  CITY 
WORKS  OF  SIOUX  FALLS,  S.  D. 
Note  the  wells  in  bottom  of  reservoir 


FIG.    2.    GROINED-ARCH    FLOOR   OF   RESERVOIR 

distances  of  from  100  ft.  to  %-mi.  from  the  pumpinj; 
station  on  the  outskirts  of  the  cit}'.  Well  No.  1  (at 
the  station)  is  25  ft.  in  diameter  and  26  ft.  deep.  This 
was  at  first  a  supply  well,  but  of  late  years  it  has  served 
mainly  as  a  pump  well,  receiving  the  water  from  the 
other  "three  wells.  No.  2  (1,600  ft.  north)  is  35  ft  iii 
diameter  and  28  ft.  deep;  No.  3  (2,400  ft.  west  of  No. 
2)  is  50  ft.  in  diameter  and  30  ft.  deep;  No.  4  (2,500 
ft.  west  of  No.  3)  is  50  ft.  in  diameter  and  32  ft.  deeji. 
The  delivery  to  the  pump  well.  No.  1,  was  formerly  In' 
siphon  action,  but  to  increase  the  supply  the  other  three 
wells  were  later  equipped  with  motor-driven  centrifugal 
pumps.  The  jiipe  line  has  a  rise  of  27  in.  from  well 
No.  4  to  the  pump  well.  It  is  turned  do\\Ti  to  reaeli 
lu^arly  the  bottom  of  the  latter  well,  and 
when  the  siphon  is  in  operation  a 
steam-driven  vacuum  pump  is  used 
to  facilitate  the  siphon  action  by  ex- 
hausting any  air  that  may  collect  in 
the  upper  end  of  the  pipe.  The  enp- 
neer  recommended  that  the  plant  should 
be  made  capable  of  sup]ilying  for  do- 
mestic purposes  3,000  gal.  per  min. 
distributed  throughout  the  city  at  pres- 
sures adequate  for  lawn  sprinkling  in 
the  higher  parts  of  the  city.  Also  that 
it  should  be  capable  of  supplying 
for  four  hours  for  fire  purjwses  3,000 
gal.  per  min.  in  the  congested-value 
district,  or  2,000  gal.  per  min.  in  the 
residence  district. 
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FIG.  3.    FRAME  usi;i)  Vi  iv:  ( ;  I  :i  iL\  I  ;i  .-A  K^ '1 1    i-'Ijimu 

The  three  supply  wells  noted  could  not  supply 
ore  than  2,000,000  gal.  dailj^  by  siphon  action  alone, 
id  the  lift  pump  equipment  in  the  wells  was  not  satis- 
ctory.  By  placing  adequate  pumping  machinery  in 
ese  wells,  and  drawing  also  upon  well  No.  1,  it  was 
,  timated  that  it  would  be  possible  to  develop  a  supply 
'  4,200  gal.  per  min.  (6.000,000  gal.  per  day)  even 
rin<^  dry  weather.  This  plan  was  adopted  and  each 
11  now  has  a  vertical-shaft  sul)merged  centrifugal  pump 
iven  by  a  20-  or  2o-hp.  motor. 

Covered  Storage  Keservoir  of  Concrete 

To  enable  the  wells  to  maintain  a  supply  sufficient  for 

3  and  domestic   requirements,   a  storage   reservoir  of 

00,000  gal.  capacity  has  been  built  near  the  pumping 

:  tion.     This   reservoir  is   of   concrete,   116   ft.   square, 


nsual  practice  has  been  to  lay  out  the  panels  with  divid- 
ing lines  through  the  column  seats.  This  method  in- 
volves construction  joints  centering  under  the  column. 
In  other  words,  the  column  rests  on  a  pedestal  or  footing 
divided  in  both  directions  by  these  construction  joints. 
By  the  method  described  above,  each  column  rests  on  the 
center  of  a  solid  block. 

This  method  was  devised  by  the  contractor  and  was 
carried  out  by  the  use  of  light  skeleton  frames,  as  shown 
in  Fig.  3.  Each  frame  consisted  of  a  top  and  bottom 
square  frame  of  the  size  of  the  top  and  bottom  of  the 
block  or  panel,  with  four  corner  angles  curved  to  the 
shape  of  the  groined  arch.  These  light  frames  were 
easily  placed.  Fairly  stiff  concrete  was  placed  within 
them,  and  a  wetter  mix  formed  the  surface,  which  was 
then  screeded  or  stnick  to  the  required  curved  shape, 
nsing  the  corner  angles  of  the  form  as  templets. 

The  concrete  was  made  in  a  mixer  at  the  ground  level 
and  distributed  by  wheelbarrows,  being  dumped  from  the 
barrows  into  the  forms.  All  reinforcing  steel  was  cut 
and  bent  at  the  mill.  The  contractor  used  a  commer- 
cial spacer  for  all  bars  in  the  roof,  and  special  devices 
of  his  own  to  keep  other  bars  in  correct  alignment.  Ex- 
cellent results  were  secured  in  this  way.  The  excavation 
was  done  by  slip  and  wheeled  scrapers,  which  were  driven 
up  an  inclined  roadway  and  dumped  the  material  into 
piles  for  future  use  in  grading,  etc. 

The  bottom  of  tlie  reservoir  excavation  being  about 
3  ft.  below  ground-water  level  in  the  gravel  bed  while 
the  work  was  in  progress,  steps  had  to  be  taken  to  en- 
able the  Work   Id   In/  done  in  the  dry.     The  novel   jjlaii 


FIG.   4.     PUMPING   PLANT  AT  THE  WATER-WORKS  AT  SIOUX    FALLS. 
Each  unit  consists  of  an  oil  engine  at  the  left,  a  generator  and  a  triplex  pump 


a!  10  ft.  deep,  with  its  top  al)out  15  in.  below  the  fin- 

ii  ;d  surface  of  the  ground.     As  the  bottom  is  below 

I   ground-water  level,  the  floor  is  of  tlie  groined-arch 

Ir  D  in  order  to  resist  upward  pressure.     Columns  spaced 

1  ft.  c.  to  c.  support  a  slab  and  g-irder  roof.     This  res- 

e  )ir  was  built  by  Fanebust  Brothers,  of  Sioux  Falls, 

a  I  contract  price  of  $1 5,956.     There  were  no  extras. 

'he  construction  of  the  reservoir  is  shown  in  Fig.  1. 

T  •  first  portion  built  was  a  bottom  .slab  6  ft.  wide  on 

«  1  side,  these  slabs  taking  the  thrust  from  the  outer 

li  s  of  groined  arches.     The  walls  were  then  built,  tlie 

SI 'ace  of  the  construction  joint  being  first  tlioroughiy 

"^  ned. 

■I  building  the  floor,  each   column   seat  formed   the 

r  of  a  panel,  which  wa-s  in  efl'ect  a  truncated  pyra- 

with  curved  faces,  as  .«hown  in  Fig.  2.     The  more 


adopted  by  the  consulting  engineer  was  to  drive  within 
each  corner  of  the  site  a  10-in.  well  extending  about 
20  ft.  below  the  bottom  of  the  excavation.  Tliese  were 
blown  out  with  a  steam  siphon  to  get  them  clear  of 
sand,  and  were  then  connected  to  the  main  pumping  plant, 
and  pumped  continuously.  In  this  way  they  served  the 
double  purpo.se  of  lowering  the  water  level  during  con- 
struction and  affording  an  additional  sujiply  of  water  for 
the  city.  Tlie  wells  proved  suflicient  at  all  times  to  keep 
the  ground-water  level  below  the  Ijottom  of  the  excava- 
tion, even  after  very  Iieavy  rains. 

These  wells  are  maintained  permanently,  and  now  serve 
the  additional  purpose  of  preventing  excessive  upward 
pressure  on  the  floor  of  the  reservoir.  Each  is  fitted  with 
a  check  valvo  which  prevents  the  escape  of  water  from 
the  reservoir,  i)iit  in  case  the  water  level  in  the  reservoir 
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should  be  lowered  by  heavy  pumping,  the  ground-water 
pressure  will  open  the  valves  and  admit  water  into  the 
reservoir. 

PrMFiXG  Plant,  Etc. 
Previouslv  to  the  new  improvements,  there  were  two 
fteam  pumping  engines,  each  of  3.000,000  gal.  daily  ca- 
pacity: A  Holly  vertical  triple-expansion  engine  with 
surface  condenser,  and  a  Snow  horizontal  compound 
duplex  engine  with  Jet  condenser.  The  latter  is  usually 
run  nonco'iKlensing  owing  to  the  large  amount  of  cool- 
ing water  required  to  be  taken  from  the  mains.  Con- 
nected to  the  distribution  system  was  a  standpipe  and  an 
elevated  tank.  The  former  was  115  ft.  in  diameter  and 
20  ft.  high,  of  3;5,000  gal.  capacity.  The  old  tank  is 
of  230,000  gal.  capacity,  29  ft.  in  diameter  and  36  ft. 
high,  on  a  steel  tower  with  a  height  of  129  ft.  from 
base  of  tower  to  top  of  tank.  The  tops  of  the  stand- 
I'.ipe  and  tank  are  at  the  same  elevation,  giving  a  pres- 
sure of  73  lb.  at  the  pumping  station.  For  the  108-lb. 
fire  pressure  the  standpipe  and  tank  are  shut  off  by  hy- 
draulic valves  controlled  electrically  from  the  pumping 
station. 

The  new  oil-engine  pumping  plant  will  practically 
supersede  the  Snow  engine.  It  consists  of  two  Aldrich 
triplex  pumps,  each  driven  by  a  160-hp.  Diesel  oil  en- 
gine of  the  Busch-Sulzer  type.  The  capacity  of  each 
pump  is  1,500  gal.  per  min.  against  a  head  of  190  ft. 
for  domestic  service  and  260  ft.  for  fire  service.  Each 
engine  has  a  135-kv.-a.  generator  mounted  on  its  shaft, 
furnishing  current  to  operate  the  lift  pumps  in  the  sup- 
ply wells,  the  current  for  which  was  formerly  purchased 
from  a  power  company.  These  generators  are  also  avail- 
able for  helping  out  the  city  lighting.  The  engine  shaft 
is  connected  through  a  clutch  coupling  to  the  crankshaft 
operating  the  pumps. 

The  fuel  oil  is  stored  in  two  horizontal  cylindrical 
tanks  of  11.500  gal.  capacity,  housed  in  a  separate  build- 
ing equipued  with  heaters.  From  these  storage  tanks  it 
is  "pumped  to  a  30-gal.  sup]ily  tank  in  the  engine  room. 
During  the  test  the  fuel  consumption  was  10  gal.  per 
hr.  with  the  pump  delivering  1.500  gal.  per  min.  against 
an  average  head  of  170  ft.  and  the  generator  delivering 
40  kw.     This  plant  has  worked  very   satisfactorily. 

The  16-in.  cast-iron  delivery  pipe  from  the  pumps 
makes  both  a  horizontal  and  vertical  curve  near  its  con- 
nection to  the  pumps.  To  prevent  blowouts,  all  joints 
where  the  pipe  changed  direction  were  fitted  with  clamps 
and  tie-rods. 

A  new  steel  water  tower,  built  by  the  Chicago  liiidge 
and  Iron  Works,  supplements  the  old  standiuiie  and 
tank.  This  has  a  350,000-gal.  tank  with  elliptical  hot- 
turn  on  a  six-post  tower,  the  height  Iieing  96  ft.  from 
top  of  pedestal  to  the  flow  line  of  the  tank.  .\  6-ft. 
riser  pipe  supplies  the  tank. 

Other  improvements  iiu-lude  about  five  miles  of  -l-iu.  lo 
Ki-in.  distribution  mains. 

m 

Ilules  for  tlie  I'ko  of  the  Dry  Rncks  on  the  Panama  Canal 
are  published  in  the  "Panama  Canal  Record"  of  Oct.  4.  The 
new  dry  dock  at  Balboa  is  l.OOn  ft.  long  and  110  ft.  wide,  with 
a  depth  of  3.5  ft.  over  the  blocks  at  moan  tide.  The  dock  at 
Cristobal  is  300  ft.  long.  4S  ft.  wide,  with  a  draft  at  mean 
high  water  of  13  ft.  G  in.  over  the  blocks.  The  rates  charged 
for  use  of  the  docks  are  at  the  Balboa  dock  25c.  per  ton  for 
docking  and  undocking.  and  ISc.  for  each  lay  day.  At  the 
Cristobal  dock  these  charges  are  ISc.  and  10c.  In  addition, 
minimum  charges  are  fixed   for  vesacls  of  small  size. 


By  C.  C.  Harshmax* 

To  determine  the  amount  of  money  that  must  in  an 
year  be  set  aside  from  the  revenues  of  a  public-senii 
corporation  in  order  to  secure  the  integrity  of  ti: 
corjioration's  investment  and  at  the  same  time  work  i. 
hardship  on  either  consumers  or  the  corporation  becau^ 
of  excessive  or  of  confiscatory  rates  for  service,  a  carefi 
consideration  is  required  of  the  rate  at  which  the  con 
]3onent  parts  of  the  plant  become  unfit  for  further  servii 
Any  given  element  of  the  plant  becomes  unfit  fi 
further  service  in  two  ways:  (1)  By  physical  deterior. 
tion  or  wearing  out;  (2)  by  becoming  obsolete — (a 
either  through  advances  in  the  manufacture  of  moi 
efficient  units  so  that  it  is  unwise  from  an  econoni 
standpoint  to  longer  operate  the  installed  unit,  (b)  froi 
insufficient  capacity  due  to  large  growth  of  the  plan 
(c)    through  legislative  action. 

The  general  subject  of  depreciation  has  been  diseusJi 
at  great  length  by  engineers  engaged  in  valuation  wor 
Probably  most  of  the  difference  in  opinion  concemiii; 
and  difficulty  in  handling,  the  subject  is  occasioned  i 
the  fact  that  the  distinction  between  true  depreciatii 
and  obsolescence  has  not  been  recognized  and  kept  i 
mind,  but  those  two  elements  have  been  lumped  togethi 
for  consideration  and  loosely  termed  depreciation.  Siiii 
true  depreciation  is  a  function  of  time  and  obsolescence 
not,  the  sum  of  tlie  two  is  not  a  function  of  time,  bi 
varies  from  it  just  enough  to  cause  different  consider; 
tions  of  it  as. a  function  of  time  to  vary  greatly.  Obsole 
cence  should  be  considered  separately  from  doterioratio. 
Obviously,  those  who  are  consumers  served  by 
public-service  plant  should  pay  during  the  life  of  ai 
jiiece  or  part  of  that  plant,  through  the  rates  they  a 
charged  for  service,  an  annuity  that  will  have  complete 
reimbursed  the  corporation,  at  the  end  of  the  element 
natural  life,  for  the  cost  of  purchasing,  installing  ai 
removing^  the  piece  or  part  that  is  being  worn  out. 
Were  it  possible  accurately  to  forecast  the  period 
usefulness  of  the  different  component  parts  of  a  piai 
this  reimbursement  could  be  easily  accomplished.  T 
length  of  time  it  would  take  any  given  part  to  beooi 
unfit  for  use  from  wearing  out  can  in  general  be  qm 
closely  estimated  from  past  experience.  It  is,  iiowovi 
impossible  to  estimate  with  any  degree  of  certaint)'  t 
]ieriod  within  which  that  same  part  of  the  plant  m. 
become  useless  due  to  one  or  more  of  the  last  three  cau.-' 
Thus  it  becomes  necessary,  is  by  no  means  unjust  m 
is  indeed  exactly  proper  that  the  consumers  for  a  giv' 
time  after  a  part  has  become  useless  from  any  of  tin 
tliree  forms  of  obsolescence  should  pay,  in  their  rat' 
an  annuity  necessary  to  reimburse  the  corporation  ( 
such  jiart  of  the  expense  of  placing  the  supcrsi'il' 
clement  in  service  and  removing  it  as  has  not  been  tab 
care  of  in  the  fund  built  up  from  the  depreciati' 
annuity   allowance. 

In  this  way  during  the  time  any  piece  is  in  usff 
service  those  who  are  consumers  and  are  receiving  ' 
service  that  piece  is  giving  are  paying  an  annuity  ba-* 


•Valuation  Engineer  with  H.  T.  Cory,  Nevada  Bank  Bull 
ing,  San  Francisco. 

'The  cost  of  removing  will   be  a  credit  if  the  scpP,  ^'7 
exceeds   the   expense   of   taking    out.      In   any   event,   tnis  " 
should  not  go  into  capital  account;  otherwise  the  latter 
depart  from   the  true  \alue   of  the  plant. 


Novenilier   2,    IDli! 
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in  the  assumption  that  the  part  will  have  what  might 

je  st)'le(i  "normal"  useful  life ;  and  those  consumers  who 

eceive   service   after    that   piece    has    heen    replaced   by 

mother  better  piece  at  an  earlier  time  than  the  state 

if  physical  deterioration  of  the  superseded  part  would 

lave  necessitated  and  who  thus  receive  the  advantage, 

hrough   rates   or   service   or    both,   of   the    replacement 

re  paying  an  annuity  that  compensates  the  corporation 

or  the  difference  between  the  cost  installed  of  the  part 

uperseded,  less  whatever  value  it  had  as  salvage,   and 

he  amount  that  had  accumulated  from  the  annuity  pay- 

lents  during  its  life. 

As  an  example,  consider  that  a  piece  of  transmission 

ne  had  cost  $1,000  and  that,  as  a  result  of  legislation, 

le  poles  and  crossarms  had  to  be  replaced  by  higher 

oles  and  longer  crossarms,  but  that  the  wire  was   fit 

ir  further  use  reinstalled  on   the  new  line.     Suppose 

le  original  cost  had  been  subdivided  into  poles,  cross- 

rms,  etc.,  $600 ;  wire,  $400 ;  total  cost  installed,  $1,000. 

urther,  consider  that  the  normal   useful   life  of  these 

vo    parts    had    at    the    time    of    installation    been    so 

'.  timated   that,   at   the   date   of   the    change,    the   sums 

)Ilected  from  the  annuities  covering  these  items  amounted 

ith  interest  to  $500  and  $150  respectively.     Thus  the 

-called  "present  value"  of  these  at  the  time  of  recon- 

ruction — taking  "present  value"  as  the  difference  be- 

'een  "original  cost"  and  "amount  in  fund" — would  bo 

00  and   $250   respectively.     As   a   measure   of  actual 

esent  value  these  figures  are  subject  to  criticism,  but 

ey   do  represent  the  portion  of  the  original   expense 

installing  these  items  for  which  the  corporation  has 

•t  been  reimbursed.-    The  company  is  fairly  entitled  to 

me  arrangement  that  will  reimburse  it. 

Consider  further  that  the  new  line  cost,  exclusive  of 

3  wire,  $850  and,  for  simplicity,  that  the  scrap  value 

the  poles,   crossarms,   etc.,   just  equaled  the   cost  of 

noving  the  olil  line.     The  condition  is  then : 

Original  Cost  Cost 

Original      Amount     Less  Amount  New 

Cost          in  Fund           in  Fund  Line 

les,   crossarms,    etc...       $G00            $.tOO                   $100  $850 

re    400              150                     250  250 


$1,000  $650  $350  $1,100 

The  proper  procedure  would  be  to  credit  capital  with 
;  $1,000,  or  if  the  depreciation  had  been  annually 
I  dited  to  capital,  with  tlie  $350.  The  capital  account 
I  )uld  then  be  charged  with  $1,100,  being  the  cost  of 
1 !  new  work.  The  obsolescence  fund  should  be  charged 
"  :h  $100,  being  the  original  cost  less  salvage  value, 
I  nus  the  amount  in  fund,  or  ($1,000  —  $250)  —  $050 
=  $100. 

The  obsolescence  annuity  must  be  such  that  the  same 
I  e  of  interest  can  be  paid  on  the  ob.solcscence  fund  as 
I  used  in  making  up  the  allowable  rate  of  return  on 
1  capital  invested,  in  addition  to  wiiatever  part  of  the 
i  id  it  is  desired  to  retire  during  that  year.  In  case 
t  conditions  are  such  that  only  a  very  small  annuity 
Ci  be  set  aside  annually,  it  simply  means  that  the 
Mortization  of  the  oiisolcscence  fund  will  be  spread  over 
t^  reater  number  of  years.  As  the  number  of  years  over 
Ijich  the  amortization  is  spread  is  increa.sed,  the  con- 
C  on,  as  far  as  the  rates  to  be  charged  are  concerned, 
•  •roaches  that  which  would  be  in  efTeet  if  tiie  ob.so- 
Wence  fund  had  been  charged  to  capital.  Tiie  liiniting 
ditions  are: 

.  Where  the  business  is  so  prosju'rous  liiat  all  i)f  the 
f' d  can  be  charged  uW  with  interest  in  a  single  year — 


which  is  equivalent  to  charging  the  obsolescence  into 
operating  expenses,  wliii'h  is  frequently  done. 

2.  Where  only  the  interest  on  the  obsolescence  fund  can 
be  carried  by  the  rates  that  are  possible — this  is  equiva- 
lent to  charging  the  obsolescence  to  capital,  as  is  also 
sometimes  done,  with  the  very  important  exception  that, 
when  the  business  has  become  such  that  more  than  the 
interest  on  the  olisoleseence  fund  can  be  paid,  the  fund 
itself  may  begin  to  be  charged  off  and  not,  as  if  it  were 
charged  to  capital,  be  a  penalty  for  all  time  against  the 
rate  payers,  interest  on  which  they  must  always  pay. 

When  a  new  company  is  unable  to  earn  its  full  just 
rate  of  return,  the  difference  between  the  amount  that 
it  does  earn  and  the  amount  that  it  is  entitled  to  earn 
is  charged  to  capital  under  the  head  of  development 
expense,  or  some  such  item.  Similarly,  if  there  cannot 
be  provided  from  the  rates  possible  at  a  given  time  an 
annuity  sufficient  to  pay  even  the  full  amount  of  interest 
on  the  obsolescence  fund,  then  the  difference  between  that 
interest  which  is  ]>aid  and  that  interest  to  which  the  fund 
was  entitled  must  be  charged  into  the  fund  itself,  to  bear 
interest  at  the  same  rate.  When  the  business  of  the 
company  improves,  the  annuity  may  be  increased  suffi- 
ciently to  retire  the  fund. 

This  last  phase  of  the  matter  is  in  individual  cases 
frequently  of  great  iniiiorlance.  In  certain  insUviices  the 
opportunities  for  increasing  the  sales  of  the  commodity 
are  at  present  limited,  but  will  at  some  future  time  be 
large  enough  to  yield  substantial  profit.  At  the  same 
time,  much  inefficient  and  obsolete  equipment  may  now  be 
in  use  which  for  economy's  sake  should  bo  replaced  at 
the  present  time.  In  such  cases  it  might  well  be  possible 
that  rates  which  would  provide  for  amortizing  such 
obsolete  equipment  at  present  would  be  prohibitive,  kill- 
ing off  what  meager  business  the  utilities  might  now  have. 
However,  this  is  no  reason  why  obsolescence  should  be 
charged  into  capital  for  rate  payers  to  pay  interest  on 
for  all  time.  Nor  is  it,  either,  any  reason  wliy  the  utility 
should  lose  the  money  remaining  in  the  investment,  which 
was,  when  made,  strictly  in  accordance  with  what  was 
considered  at  that  time  good  engineering  ])ractice. 

By  charging  the  obsolescence  into  the  obsolescence  fund 
and  disposing  of  it  as  suggested,  with  whatever  rapidity 
a  careful  investigation  might  indicate  advisable,  both  of 
these  errors,  the  one  unfair  to  the  rate  payers,  the  other 
to  the  utilitv,  would  lie  avoided. 


A  Ladder  DredKe  for  ISxcavntlne  Snow  on  the  line  of  the 
Chilean  Trans-Andean  Ry.  has  been  designed  by  William  T. 
Lucy,  of  the  road's  engineering  staff,  and  was  described  by 
him  in  a  paper  entitled  "The  Working  of  a  Rack  Railway" 
read  before  the  Institution  of  Civil  Engineers.  This  railway 
Is  already  equipped  with  a  Leslie  rotary  snow  plow  built  by 
the  American  Locomotive  Co.,  but  Mr.  Lucy  states  that  in 
deep  cuts  when  the  snow  Is  filled  In  to  a  greater  depth  than 
15  ft.,  the  Leslie  plow  does  not  work  well,  as  snow  has  to  be 
shoveled  off  by  hand  from  the  top  of  the  cut.  More  serious 
trouble  Is  experienced  when  a  deep  cut  la  filled  with  snow  by 
an  avalanche,  as  pieces  of  rock  are  often  brought  down  with 
the  snow  and  cause  much  damage  when  struck  by  the  rapidly 
moving  blades  of  the  rotary  excavator.  Mr.  Lucy  has  there- 
fore designed  a  snow-clcarlng  machine  consisting  of  two 
parallel  ladders  carrying  endless  chains  of  buckets  of  the 
pattern  usually  employed  for  excavating  stiff  clay.  The  anow 
excavated  by  tlifsc  buckets  la  discharged  Into  a  hopper,  from 
which  It  Is  discharged  by  gravity  upon  a  centrifugal  ejector 
which  throws  It  either  to  the  right  or  left  of  the  track  aa 
required.  The  approximate  weight  of  the  machine  Is  abou'- 
GO  tons.  The  Chilean  Trana-Andcan  Ry.  has  not  yet  been 
flnanclally  able  to  purchase  the  machine,  but  lnl<n<l:i  ti>  li'- 
It  .IS  BOOM  as  cIrcum.Mtancea  permit. 
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FoptjsSsittSoini  Sfttmdlies  Ibs^  Moor® 

IEs£pectlsi.siiC5^  Cuarw® 

By  George  Holmes  ilooiiE* 

Wliat  the  author  has  named  the  Jloore  expectancy 
curve  is  a  graphical  representation  of  the  population  a 
city  may  be  expected  to  have  after  any  given  elapsed  time 
in  years.  The  curve  is  derived  by  plotting  on  cross-section 
paper  the  actual  populations  of  selected  cities  after  equal 
periods  of  elapsed  years,  ignoring  exact  dates  and  choos- 
ing such  values  for  "elapsed  time  in  years"  as  may  enable 
the  respective  curves  to  conform  most  nearly  to  a  final 
mean  value  for  the  group.  After  the  several  curves  have 
been  plotted,  the  mean  or  composite  curve  is  sketched  in. 
This  alone  is  traced  off  on  transparent  paper,  as  shown  in 
the  accompanying  diagram,  for  use  by  itself  or  for  super- 
imposing upon  other  curves  for  various  comparative  pur- 
poses. 

To  illustrate  a  simple  use  of  the  curve:  Suppose  one 
desires  to   obtain   the   most   prnljable   ])()])ulation   that   a 
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MOORE    EXPECTANCY   POPUL.\TION   CURVE 

On    the    original   each   year   and   each   10.000   population    were 

shown 

city  of  500,000  will  possess  after  a  lapse  of  20  years.  It 
is  necessary  only  to  mark  the  500,000  point  on  the  ex- 
pectancy curve,  add  20  years  to  the  elapsed  time,  which 
in  this  case  will  give  a  final  of  71  years,  and  read  off 
9(!0,000. 

The  method  can  be  used  in  almost  every  problem  that 
involves  either  population  e.stimate  or  popnlation  anal- 
ysis. It  can  be  used  to  predict  the  most  probable  popu- 
lation of  a  city  of  any  size  whatever  at  any  given  future 
time.  Or,  on  the  otlier  hand,  by  comparing  the  ])lotted 
curve  for  any  city  with  the  expectancy  curve  it  becomes 
evident  at  a  glance  whether  the  city  in  question  is  grow- 
ing, or  has  grown,  faster  or  slower  than  the  average  of 
its  class. 

Finally,  it  will  be  evident  after  a  little  reflection  that 
analyses  based  on  the  expectancy-curve  method  arc  exactly 
as  reliable  as  are  insurance  risks  written  on  the  basis  of 
mortality  tables.  And  since  by  its  use  tiie  three  quanti- 
ties of  maximum,  minimum  and  mean  populations  to  be 
provided  for  are  readily  obtainable,  it  is  claimed  that  the 
expectancy  curve  provides  a  thoroughly  derensible 
metliod — possibly  the  first — for  the  exact  analysis  of  pop- 
ulation problems. 

•City   Hyilrcfrrapher,   Seattle    Wash. 


Esspeffaeiac®  aim  Psivlirag  iFioads  o£ 

&  W^sIhiaEa||ttoini  Comiattsf* 

By  David  H.  Whitej 

Pierce  County  has  64.39  mi.  of  hard-surfaced  roads, 
completed  and  under  construction,  exclusive  of  macadam 
roads,  which  method  of  construction  has  been  found 
unsatisfactory  and  has  been  abandoned.  There  are  seven 
different  types  of  pavement:  Granitoid,  sheet  asphalt, 
one-course  concrete,  Bitulithic,  Warrenite,  brick  and 
Bitucrete.  In  order  to  determine  which  is  the  most 
economical  and  satisfactory,  a  complete  permanent  cost 
record  is  kept  of  both  construction  and  maintenance  on 
each  contract  section.  All  the  pavements  are  constructed 
without  bonded  or  other  indebtedness. 

Some  of  the  items  kept  on  record  as  a  part  of  the  cost 
sheet  are:  Cost  of  common  labor  per  day;  cost  at  mill 
of  cement  and  freight  on  cement ;  cost  of  gravel  at  bunkers 
and  freight  on  gravel ;  cost  of  sand  at  bunkers  and  freight 
on  sand ;  cost  of  crushed  rock  at  quarry  and  freight  on 
rock;  asphalt  f.o.b.  Tacoma  and  freight  on  asphalt; 
traffic  census ;  condition  of  pavement :  probable  life  of 
wearing  surface;  ultimate  renewal  value  per  square  yard; 
cost  of  right-of-way;  probable  annual  maintenance  per 
square  yard. 

Remarks  on  Vaiuous  Types  of  Pavement 

Granitoid  Pavement — Pierce  County  has  8.009  mi.  of 
Granitoid,  costing  $1.40  per  sq.yd.  without  subgrade  and 
extras.  This  pavement  consists  of  4i/.-in.  concrete  base 
of  1:3:6  mixture  and  a  lV2-ii'-  top  of  1:11/2  niixtnre. 
the  stone  in  the  surfacing  being:  .50%,  %-in.;  257(. 
i/4-in. ;  25%,  i/s-in-  -A^H  smaller  material  is  removed. 
From  present  indications  this  pavement  is  not  equal  in 
value  to  our  best  one-course  concrete  pavements,  costinsr 
considerably  less,  and  is  not  recommended  in  future 
construction. 

One-Course  Concrete — There  is  21.8501  mi.  of  one- 
course  concrete  paving,  costing  exclusive  of  subgrade  and 
extras,  85.6c.  per  sq.yd.  In  addition  to  this  we  are  iioiv 
building  1.836  mi.  in  conjunction  with  the  Western  Wash- 
ington Hospital  for  Insane.  A  number  of  paving  meth- 
ods are  being  used  in  this  pavement,  the  idea  being  to 
experiment  with  all  the  different  approved  tyjies  of  con- 
struction so  as  to  determine  the  best.  One  method  beinj.' 
tried  is  that  used  in  Sioux  City,  Iowa,  described  in 
Engineering  News,  July  27,  1916. 

In  repairing  concrete  pavement  where  holes  have  ap- 
peared all  looGC  concrete  was  removed  and  the  edges  were 
squared  up  so  that  the  sides  were  perpendicular;  then  an 
additional  2  in.  was  excavated,  making  a  depth  of  7  in. 
The  hole  was  cleaned  out  and  the  bottom  thoroughly 
tamped  with  a  50-lb.  tamper.  Cnished  rork  varying  from 
%  to  21/2  in.  in  size  was  well  tamped  into  the  hole  and 
coated  with  approximately  IV2  gal.  of  "D"  asphalt  per 
square  yard,  after  which  a  second  layer  of  crushed  rock 
of  sufficient  depth  to  bring  the  surface  to  grade,  after 
tamping,  was  placed  and  coated  with  approximately  1 
gal.  of  asphalt  per  square  yard. 

The  patch  was  covered  with  screenings  and  left  fo^ 
traffic  to  pound  down  for  a  couple  of  days,  after  which 
it  was  swept  clean  and  1  gal.  per  sq.yd.  of  "E"  grado 
asphalt  was  spread  and  well  coated  with  screenings.    The 


•Based  on  a  paper  read  before  the  meeting  of  the  Wash- 
ington Association  of  County  Ensineers,  Sept.  14  to  li.  i»»" 
tCounty   Engineer  of  Pierce  County,   Tacoma.   Wash. 


November   2,   1916 
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ock  used  was  thoroughly  dried  on  a  half-section  of  metal 
ulvert  pipe  over  a  fire. 
The  cost  of  repairing  571  sq.yd.  in  this  manner  was 
1.49  per  sq.yd.     This  was  done  by  county  forces.     A 
iniilar  kind  of  patching  was  done  by  one  of  the  asphalt 
iinipanies  at  a  cost  of  $3  per  sq.yd. 
The  one-course  concrete  pavements  hitherto  laid  in  this 
lunty  have  practically  all  been  built  under  two  different 
)ecifications,  one  being  a  1:2:4  mi.x  on  a  curved  sub- 
rade  and  5  in.  thick,  the  other  a  1  :  2 :  314  mix  with  a 
at  subgrade  and  a  thickness  of  5  in.  at  the  edge  and 
in.  at  the  center.     The  latter  construction  has  proved 
)  far  superior  to  the  former  that  we  do  not  consider 
-ing  the  older  specification. 

J[onolithic  Brick— This  office  has  abandoned  the  old- 
yle  specifications  for  brick  pavements,  which  usually 
•ovided  for  a  ll/2-iii-  sand  cushion  between  the  concrete 
ise  and  the  brick.  We  now  specify  only  the  monolithic 
■nstruction,  wherein  the  brick  is  laid  "directly  on  the 
esh  concrete  without  the  intervening  sand  cushion.  The 
se  course  of  concrete  is  laid;  and  immediately  before 
:  e  concrete  begins  to  set,  a  l/2-in-  layer  of  sloppy  1 :  3 
ortar  is  spread  over  the  fresh  concrete.  The  bricks  are 
id  directly  in  this  mortar,  leveled  by  light  tamping  and 
outed  with  a  1 : 1  mixture. 

Pierce  County  has  0.744  mi.  of  Ijrick  paving  (on  sand 
shion)  costing  $1.7!)  per  sq.yd.  exclusive  of  subgrade 
d  extras. 

Bitucrete — We  are  now  building  6.066  mi.  of  Bitucrete 

ving  on    the    National    Park    Highway,   or   llountain 

lad,  at  a  contract  price  of  $1.29  per  sq.yd.  exclusive 

subgrade  and  extras.     A  1:3:6  concrete  base  5  in. 

ick  is  used,  and  on  it  asphalt  heated  to  from  200°  to 

0°  F.  is  spread  evenly  to  a  sufficient  depth  to  give  the 

•  antity   of   asphalt   required   to    fill   the    voids    in    the 

:  ?regate,   which   consists   of   rock  or  gravel   passing  a 

■  -in.  ring,  and  clean  and  well-graded  sand  mixed  in  the 

;  )portion  that  will  obtain   maxinnim   density  and    low 

;  "centage  of  voids. 

This  aggregate  is  heated  in  a  drier  to  a  temperature 
I  ficient  to  melt  the  asphalt  and  draw  it  uj)  by  capillary 
I  faction.  The  heated  aggregate  is  spread  over  the 
!  ihalt  to  such  a  depth  that,  after  firmly  compacting  it 
1  rolling,  the  wearing  surface  is  1  in.  thick.  After  the 
f  ihaU  has  been  liquefied  and  drawn  up  by  capillary  at- 
(  ction,  the  pavement  is  again  rolled  with  a  five-ton  roller 
I  til  there  is  no  appreciable  compression.  A  flush  coat 
{  hot  asphalt  is  then  applied,  on  which  fine  aggregate 
I  ited  to  between  300°  and  400°  F.  is  spread,  and  the 
1  ement  is  again  rolled. 

Sheet  A.sphalt — Pierce  County  has  8.I;  mi.  of  shcet- 
« 'halt  paving,  the  average  cost  without  sujjgrade  and 
t  ras  being  $1,587  per  sq.yd.  A  portion  of  this  pave- 
>  nt  414  mi.  long  became  so  slippery  after  every  light 
In  that  hundreds  of  accidents  occurred,  and  five  per- 
•  s  lost  their  lives. 

To  remedy  this  condition  the  pavement  was  covered 
»h  Boadann'te  and  sand.  No  trouble  has  been  reported 
«  e.  The  90%  Koadamite  was  used,  i/t  gal-  per  sq.yd. 
bng  applied  with  a  pressure  distributor.  The  oil  was 
h  ted  t^)  from  250°  to  350°  F.  The  entire  surface  was 
in  sanded  with  coarse  washed  sand,  using  1  cu.yd.  to 
«jut  108  sq.yd.  of  pavement.  This  treatment  cost  Gi/oc. 
P  sq.yd. 
Hie  Koadamite  had  the  following  jmalvsis:  90%  resi- 


due had  a  penetration  of  77  at  70°  P.;  Osborne  test 
for  adhesiveness,  1,290  sec;  flash  point,  338°  F. ;  burning 
point,  415°  F.;  solubility  in  carbon  tetrachloride,  99.9%,; 
solubility  in  carbon  bisulphide,  99.9%. 

Bitulithic  and  Warrenite — There  are  15.5448  mi.  of 
Bitnlithic  and  3.709  mi.  of  Warrenite,  costing  respectively, 
without  subgrade  and  extras,  on  an  average  of  $1,377  and 
$1.48  per  sq.yd. 

The  foundation  was  crushed  rock,  macadam,  concrete 
or  what  is  known  as  "black  base,"  an  asphaltic  concrete. 
The  difference  between  Warrenite  and  Bitulithic  is  slight, 
some  of  the  specifications  being  identical,  with  the  ex- 
ception that  not  to  exceed  25%,  of  gravel  is  to  be  used 
in  the  Warrenite  pavement.  TJie  Warrenite  is  usually  the 
cheaper  pavement. 

Gr.AVEL  AXD  Earth  Roads 

Pierce  County  has  about  200  mi.  of  earth  roads,  the 
average  cost  for  constraction  in  1915  being  $1,156  per 
mi.,  and  about  300  mi.  of  graveled  or  spread  crushed-stone 
roads  costing  in  1915  an  average  of  $1,850  per  mi.,  of 
which  labor  was  89%,,  powder  6%  and  culvert  pipe  57c. 
The  average  cost  of  grubbing  in  an  ordinary  timbered 
country  was  about  $170  per  acre  for  a  number  of  jobs 
in  this  vicinity.  The.se  roads  were  built  from  12  to  24 
ft.  in  width,  with  a  crown  of  1  in.  per  foot  of  width, 
particular  care  being  taken  to  provide  good  side  ditches 
for  drainage.  Deep  ditches,  being  dangerous  to  traffic 
and  easy  to  fill  up,  are  not  recommended,  and  wide  shal- 
low ditches  are  required.  Corragated-metal  culverts  are 
allowed  in  remote  districts,  but  in  all  paving  contracts 
concrete  pipe  is  specified. 

A  grading  machine  propelled  hy  horses  gives  very  satis- 
factory results  and  costs  on  our  prairie  soils  or  similar 
locations  about  $150  per  mi.,  but  in  many  cases  where  a 
steam  roller  is  the  tractive  power  better  results  are 
gained  on  account  of  the  compacting  power  of  the  roller. 
Where  a  road  is  well  shaped,  the  steel  drag  is  used  to 
])reserve  the  crown  of  the  road  and  keep  the  surface  free 
from  ruts. 

The  best  ])iece  of  earth  road  discovered  in  this  vicinity 
is  a  streti-h  of  the  National  Park  Highway  between  the 
Mashel  Bridge  and  La  Grande.  This  road  is  in  fine  con- 
dition during  both  winter  and  sununer,  w'ith  but  little 
maintenance.  In  collecting  material  for  graveling  the 
road  a  portable  sand  tester  was  used  and  has  been  found 
very  satisfactory.  An  analysis  of  the  surfacing  material 
in  this  road,  made  with  the  portable  sand  tester,  gives 
the  following  results: 

SAND   FROM    LA  GR.\NDE— MECHANICAL,  ANALYSIS 


Pass  No. 

Pit. 

%   Passi 

ns 

Road. 

%  Passing 

200 

4.1 

6.4 

100 

8.0 

8.1 

80 

6.G 

4.7 

.50 

16.3 

7.4 

40 

13.1 

6.9 

30 

10.2 

6.5 

20 

14.7 

12.1 

12.7 
3.4 
9.5 


Testing  Laboratory— Pierce  County  has  a  testing  lab- 
oratory for  the  purpose  of  testing  cement  and  bituminous 
mixtures  and  making  volumetric  analyses  of  sand,  gravel 
and  crushed  rock.  This  department  has  proved  itself 
very   successful   and   .sUisfactory. 
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Plat©  Gi2=dl©ips 


In  the  constnu'tion  of  a  reinforoed-conerete  arch  bridge 
crossing  over  the  Lack;nvaim<a  E.R.  at  iiillburn,  X.  J., 
the  riglit-of-way  was  kej^t  clear  of  falsework  by  suspend- 
ing the  arch  forms  from  plate  girders  spanning  the  almt- 
ments.    This  part  of  the  line  is  subject  to  very  congested 


timber  stringers  were  rested,  four  stringers  to  each  of  ! 
three  floor-beam  openings.  In  the  middle  opening,  tiiiil 
cross-beams  resting  on  the  flanges  of  the  main  gird 
were  used  instead  of  the  steel  floor-beams.  This  arraii 
ment  is  shown  by  Fig.  2. 

The  stringers  acted  as  the  main  carriers  of  the  cent 
ing,  which  consisted  of  3xo-in.  angles  shaped  to  the  ai 
curve  and  running  lensthwise  of  the  bridge.    These  w. 


FIG.    1.     OVERHEAD   BRIDCJE   OX   LACKAWAXXA   R.R.   CONCRETED  IN  SUSPENDED  FORMS 


commuting  traffic  in  morning  and  evening  on  all  three 
of  the  tracks,  so  that  it  was  highly  desirable  that  the  usual 
falsework  posts  be  omitted.  Eather  than  use  steel  arch 
centers  (which  would  reduce  the  top  clearance  to  danger- 
ous limits)  or  attempt  to  space  falsework  posts  for  clear- 
ance, the  engineers  decided  to  suspend  the  forms  from 
above,  utilizing  an  abandoned  plate-girder  bridge  that 
could  readily  be  brought  to  the  site. 

The  accompanying  views  and  sketch  show  the  details 
of  construction.  The  arch  is  on  a  skew  with  a  single  rib 
carrying  an  earth  fill  between  gravity  spandrel  walls.  The 
abutments  and  the  arch  were  constructed  first,  the  arch 
being  carried  up  to  the  limit  of  its  overhang  on  segmental 
forms  supported  from  struts  footing  well  outside  the  out- 
side tracks.  The  arch  rib  was  finished  here  with  jogged 
skewbacks  normal  to  the  line  of  thrust.  The  intervening 
section,  '1.5-ft.  sjian,  was  carried  l)y  the  susjiended  center- 
ing. 

On  the  abutments  there  were  then  placed  the  four  ])late 
girders.  Each  girder  was  about  fiO  ft.  long  and  G  ft.  deep. 
The  outer  two  were  blocked  up  on  the  side  walls  of  the 
abutment  and  the  middle  two  on  piers  purposely  cast 
on  the  slope  of  the  abutment.  After  the  girders  were  up, 
tlieir  floor-beams  were  bolted  in  ])lace  in  the  outside  two 
of  the  three  openings;  on  their  lower  flanges   12.\12-in. 


hung  from  the  stringers  by  %-in.  rods  spaced  about  "• 
c.  to  c.  and  carried  transverse  2-in.  lagging,  which 
additionally  held  by  spiking  on  crosspieees  and  brn 
The  suspender  rods  were  covered  with  tubing  so  that  i 
could   be   readily  removed  when  the   arch  concrete 
reached  a  proper  set. 

The   method    proved    very    successful,   and   more 
iiomical    llian    ii>iiiu    sii'd     rilp^    embedded    iu    conci 


FIO.  2.    DETAILS  OF  METHOD  OF  SUPPORTING  MILLBl  N 
ARCH   ON   SUSPENDED  CENTERS 
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Sir 


rib  metal,  18  in.  wide  and  18  ft.  long,  bent  3  in.  over 
the  top  of  each  I-beam,  requiring  16  bends  to  each  piece. 
The  body  of  the  bender  consisted  of  two  2x8-in.  planks 
8  ft.  long  "separated  by  three  8x8-in.  blocks  21  in.  long 
and  4  ft.  on  centers,  all  well  spiked  together.  The 
bender  was  made  of  an  8x8-in.  erossblock  25  in.  long, 
swinging  on  two  2x8-in.  handles  11  ft.  long  and  piv- 
oted at  the  center  of  the  middle  block  of  the  body  on 
%-in.  lag  screws.  The  bender  on  the  handle  cleared 
the  anvil  on  the  body  by  1/2  in.,  and  the  comers  of  the 
bender  and  anvil  that  did  the  shaping  were  protected  with 
]i/^xiy2-in.  angles.  Over  the  anvil  block  on  the  body, 
where  the  sliaping  took  place,  an  angle  was  set  1  in.  off 
the  top,  so  that  the  metal  sheet  could  be  slid  under. 
This  was  held  liy  i/o-in.  screws  at  each  end,  and  one 
end  was  slotted  so  that  it  could  be  swung  to- one  side 


'Dnsidering  the  high  cost  of  such  steel  at  the  time 
■!iis  work  was  done.  The  proper  curve  could  be  readily 
.  ontroUed  by  the  screws  at  the  top  of  the  suspender 
rods  and  the  arch  easily  sprung  l)y  the  same  method. 
It  was  found  that  the  suspension  girders  were  somewhat 
too  dose  to  the  top  of  the  rib  for  easy  concreting,  but 
this  is  a  matter  of  detail  that  can  be  corrected  in  futun 
-imilar  work. 

The  bridge  is  being  built  for  the  Lackawanna  E.K., 
(leorge  J.  Ray,  Chief  Engineer,  by  James  A.  Hart,  con- 
tractor, of  Xew  York  City.  G.  B.  Barackman  was  assist- 
ant engineer  in  charge  of  construction,  under  G.  T.  Hand, 
division  engineer.     A.  B.  Cohen  was  designing  engineer. 

3S 


Expss-Eiidledl   M©^ail  B<siradles=  BtiaaM 

By  p.  Beall* 

The  accompanying  drawing  and  view  illustrate  a 
bender  for  rib  metal  reinforcement  used  in  a  recent 
building  construction  job.  Tiie  floor  was  of  concrete  in 
cased  I-beams  with  the  6-in.  slab  reinforced  with  No.  3 

•:;3  XTzzt  TSth  St..  New  York  City. 
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FIG.  2.    DETAILS  OF  M..\CH1NE  FOR  BENDI.VG  EXPANDED- 
METAL   REINFORCEMENT 

while  the  sheets  of  reinforcing  were  being  turned  over. 
The  bender  was  built  3  ft.  oif  the  ground  on  a  frame 
for  convenience  of  operation,  and  another  frame  was 
built  from  wliich  the  handle  could  be  raised  by  block 
and  fall. 

In  operation  the  momentum  of  the  block  falling  2 
ft.  was  sutiicient  to  bend  sheets,  the  number  of  blows 
depending  on  the  angle  of  bend  wanted.  On  account  of 
the  ]G  bends  it  was  neces.sary  to  turn  each  piece  over 
eight  times.  After  the  gang  was  organized,  the  average 
cost  of  bending  per  sheet  was  12c. 

To  Preveimft  Cos'iposaona 

The  corrosion  of  rails  and  fastenings  due  to  tiie  brine 
dripping  from  refrigerator  cars  has  been  an  increasing 
trouble  for  some  years,  and  although  the  Master  Car 
Builders'  Association  has  taken  some  steps  to  check  tlii.-' 
dripping  tlie  condition  still  continues.  The  damage  and 
destruction  to  track  by  such  corrosion  as  well  as  by  that 
due  to  weather  conditions  is  an  important  item  in  track- 
maintenance  cost  and  is  especially  serious  where  iiigh- 
priced  materials  and  devices  are  used  in  the  track. 

.\bout  three  years  ago  .\.  J.  Xeafie.  Principal  .\ssistant 
Engineer  of  the  Delaware,  l^ackawanna  &  Western  R.h'., 
undertook  to  meet  tliis  proiilem  of  protecting  the  track 
by  spraying  oil  upon  the  rails  and  fastenings.     Experi- 
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FIG.    1.    CAR    FOR    SPRAYING    OIL    ON    RAILS    AND 
TRACK  FASTENINGS 

ments  were  made  with  hanil-operated  apparatus  iinnintiMl 
on  a  flat-car,  and  the  results  were  so  satisfactory  that  a 
special  ear  has  been  built  for  this  service. 

The  track-oiling  car  resembles  a  four-wheel  caboose 
and  has  the  front  end  open  for  the  observation  of  the 
operator,  who  controls  the  oil  feed  and  the  raising  and 
lowering  of  the  spraying  apparatus  by  means  of  a  series  of 
air  valves.  In  front  of  each  forward  wheel  is  a  forked 
pipe  with  ends  bent  so  as  to  discharge  a  spray  against 


either  side  of  the  rails  and  Joints  and  down  upon  e 
spikes  and  the  plates.  A  shield  covers  the  top  of  ;e 
rail  head,  and  behind  each  wheel  is  a  wiper  or  pad  b 
clean  the  rail  head)  and  a  sand  pipe.  The  car  is  coupjl 
at  the  head  of  a  train  of  oil  tank-cars  (or  a  single  ta  '- 
car),  and  the  train  is  pushed  by  a  locomotive,  the  oil  ^ 
car  being  fitted  with  a  bell  and  signal  whistle.  '  v 
work  is  done  at  a  speed  of  20  to  30  mi.  per  hr.,  using  i 
to  125  gal.  per  mi. 

The  oil  pipe  is  3  in.  in  diameter,  and  i/^-in.  air  pi  a 
are  led  from  a  receiver  to  the  nozzles,  with  a  pressure  f 
30  to  40  lb.  for  spraying  the  oil.     A  2-in.  pipe  conn^ 
the  outlets  of  the  tank-cars,   this  being  laid  along 
1  i-ames  or  running  boards.    A  V^-in.  air  pipe  is  led  al 
the  train  and  tapped  into  the  dome  of  each  car,  to  J 
nish   pressure    (30   to  40   lb.)    for   forcing   out  the 
Live  steam  or  the  exhaust  steam  from  the  air  pump  is  1 
to  the  heater  coils  in  the  tanks,  giving  the  oil  a  tempi  - 
lure  of  about  150°.    Valves  provide  for  connecting  or  i 
iing  out  any  oil-car  as  desired.     A  heavy  oil  is  used 
its  adhesive  properties. 

About  800  mi.  of  track  was  oiled  in  this  way  in  Octol 
1915  (with  the  hand-operated  apparatus),  and  the  i 
car  oiled  about  950  mi.  of  track  during  October,  1!  . 
The  cost  for  oil,  operator,  engine  and  crew,  etc.,  is  ab  I 
.$4  per  mi.  Mr.  Neafie,  who  has  furnished  the  informal  i 
as  to  this  interesting  feature  of  trackwork,  states  t  I 
the  results  are  beyond  the  original  expectations. 

An  emergency  coffer-dam  of  canvas  and  concrete 
an  interesting  feature  in  the  construction  of  a  92 
.Strauss  bascule  bridge  over  the  inland-waterway  cana 
Cuinjack,  N.  C,  for  the  United  States  Government. 
]ncrs  were  12-ft.  steel  cylinders,  having  their  tops  2 
iiliove  the  normal  high-water  line.  During  the  flood> 
the  spring  of  1915  the  water  rose  nearly  3  ft.  above  i  ■ 
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lc\el:  and  as  it  ((intinued  for  some  time,  the  work  '• 
seriously  interrupted. 

'     In  order  to  carry  the  cyliiulcr  teni])orarily  above  fl' I 
li\(4.   two  sheets  of  canvas   were   put  together  to  fi  i 
ail    annular  chamber   3   ft.   high   and   about   6   in.  wi  • 
I  he  hottom  being  closed  by  a  strip  of  canvas  wide  enoi  i 
to   extend   up  between  the   side   sheets,   forming  an 
\crted  trough.     A^'ertical  sticks  were  set  in  the  outer 
tliiis   formed,   to   keep   the   canvas   in   shape.     Tlirn 
(anvas  cylinder  was  sunk  to  rest  on  tlie  top  of  tlic  > 
cvlinder.     When  the  canvas  was  wet.  it  shrank  .so  I 
tlie  "trough"  closed  up  and  gripped  the  top  of  the  st 
The  space  between  tlie  canvas  sheets  was  then  filled  w  ' 
concrete. 


Xoveniber  2,   1916 


E  X  G  I  X  E  E  R  I  X  (J     X  E  \V  S 


849 


After  the  concrete  had  set,  the  interior  of  the  cylinder 
v.as  pumped  out,  and  the  work  of  filling  it  with  con- 
crete was  commenced.  There  was  no  leakage  at  the 
connection  of  the  permanent  and  temporary   cylinders. 

The  bridge  was  built  by  the  Penn  Bridge  Co.,  of  Beaver 
Falls,  Penn.,  and  the  emergency  work  described  was  de- 

-I'll  by  W.  J.  Howard,  superintendent  in  charge. 


CoiracE'efte=ILiiniedl  ©il  M.eseirvoas' 

An  earth  reservoir  with  3-in.  concrete  lining  has  been 
built  by  Bent  Bros,  at  El  Segundo,  Calif.,  for  the  Stand- 
ard Oil  Co.  This  reservoir,  which  will  be  used  for  oil 
storage,  is  460.5  ft.  in  diameter  at  the  top  and  403  ft.  at 


LAYING  C   :,<    l.,,i  i;    I   l.'ii'l;   i  U'  OII.-STORAOE  RESERVOIR 
AT    Kb   SKCUN'UtJ,    CALIF. 

.he  bottom,  the  width  of  the  bank  at  the  top  being  15  ft. 
Both  slopes  are  li/.  to  1.  The  total  depth  is  19  ft.  2  in. 
riie  reservoir  is  built  in  sandy  loam  formation,  and  dur- 

_'  the  construction  the  banks  were  sprinkled  and  rolled 

til  they  were  solid. 

Tlie  accompanying  view  shows   the   floor  under   con- 

iiction.  This  is  4  in.  thick  and  reinforced  as  shown. 
!  hi,'  capacity  of  the  reservoir  is  .550,000  bbl. 


The  economical  handling  of  concrete  on  work  not  e.\- 

ling  200  cu.yd.  in  volume  was  the  subject  of  an  in- 

ligation  by  a  committee  of  the  American  Bridge  and 

Ming  Association  during  the  past  year.     The   com- 

itee  members  are  L.  D.  Hadwen,  J.  W.  Wood,  C.  F. 

'•n  and   G.   H.   Stewart.     Information   was   obtained 

111  41  railways,  having  a  total  mileage  of  127,500.     A 

iinarv'  of  these  replies  shows  that  31  railways,  repre- 

ling  a  mileage  of  100,280,  handled  their  small  concrete 

rk  with  their  own  forces,  while  only  two  of  the  roads,i 

ing  a  mileage  of  2,839,  handled  such  work  e.\clusively 

'  ontract.     The  question  of  safety  and  a  desire  to  have 

i()ni|mny's  own  employees  handle  construction  unrler 

•  rated  track  or  in   the  yards  and  shops  have  an  ini- 

lant  influence  in  eliminating  contract  work. 

Ill  regard  to  organization,  25  of  the  railways  employ 

-ion  forces,  while   11    report  a  departmental  organi- 

"11.     The  supervision  is  generally  furnislied  l)y  master 

•enters   or   division   superintendents   of    l)ridges    and 

I'lingH,  and  in  some  instances  l)y  tiie  assistant  engineers 

lie  engineering  department. 

Tlie  rates  paid,  of  course,  vary  largely  according  to  tlie 

■ion   of   tlu-   country,    the   rate    for   laborers    running 


from  1314  to  25c.  an  hour:  for  carpenters,  from  21  to 
^oc,  while  foremen  are  paid  from  $90  to  $100  a  month. 
The  size  of  the  gang  \aries  from  six  to  twelve  men,  with 
one  or  two  carpenters  and  a  foreman.  It  is  difficult  to 
get  adequate  carpenter  help  on  work  of  this  kind,  and  a 
larger  proportion  of  carpenters  in  a  crew  would  pro- 
mote the  economy  of  the  work,  could  they  be  obtained. 
Of  the  41  roads,  31  indicate  that  they  are  able  to 
organize  the  work  so  as  to  admit  of  a  regular  program 
through  the  season,  while  five  are  unable  to  do  this. 
Three  handle  work  of  this  kind  by  means  of  regular 
floating  gangs.  In  most  cases  a  program  is  mapped  out 
in  the  spring,  and  forces  are  organized  to  cover  the  sea- 
son's work.  A  good  way  of  taking  care  of  such  snuill 
jobs  would  be  to  have  a  crew  organized  under  the  dis- 
trict authority  to  take  care  of  the  work  on  each  district 
or  division,  where  the  volume  of  work  makes  this  justi- 
fiable. Some  roads  keep  a  regular  gang  all  the  year  hand- 
ling this  class  of  work  and  moving  from  one  division  to 
another.  A  feature  called  attention  to  by  the  Xashville, 
Chattanooga  &  St.  Louis  Ry.  is  the  use  of  suitable  board- 
ing cars  for  the  crews.  In  tlie  matter  of  providing  mate- 
rial there  is  considerable  divergence  in  practice.  Local 
aggregate  is  n.^ed  by  23  roads  wherever  possible.  Gen- 
iially,  material  for  structures  on  the  line  appears  to  be 
handled  by  way  freights.  Where  crews  can  be  combined 
and  material  ordered  sufficient  for  a  day's  work-train  serv- 
ice, it  is  preferable  to  handle  tlie  material  for  three  or 
lour  jobs  rather  than  handle  it  iiy  regular  train  with  a 
small  force. 

AvEHAGE  Cost  ami  the  Tools  l{E(jriitED 

The  cost  of  this  class  of  work  varies  with  conditions. 
■  Prices  were  quoted  of  $5  to  $8  per  yd.  for  mass  work 
and  $7  to  $20  for  reinforced  work.  As  to  a  list  of  tools 
considered  essential  for  a  small  concrete  outfit,  the  fol- 
lowing, submitted  by  the  Chicago,  ililwaukee  &  St.  Paul, 
is  regarded  as  typical : 


1   Concrete  mixer 
10  Wheelbarrows 

1   Cant  hook 
50   Ft.   1-ln.   water  hose 

1   Small    track-Jack 

1    Combination   vise 

1    Hand   axe 

1   Double  bit  axe 

1    Sheetplle  pounder 

1   Timber  bar 

1   Crosscut  saw 

1    No.  4  sand  screen 
12    D.  H.  S.  P.  No.  2  shov 

6   Pairs  knee  boots 

1    D.   H.   spade 

1    S-lb.    sledKC 

1    IC-lb.    sledKe 

1    S-ft.  stralffht-edse 

1  Grindstone  and  frame 
4   Clawhammers 

4    Pairs  carrylnB  hooks 

2  Heavy    mortar    hoes 
2    %-in.    bridge    augers 


Tubular  lanterns 

SinKle   bit  axe 

Water  barrels 

Heavy     galvanized     water 

pails 
Gasoline  diaphragm  pump 
Pinch  bar 

Combination   nail    pullers 
Measuring    box 
Tool  box 
Steel    broom 
Common   brooms 
Stone-mason  trowel 
16-ft.    straight-edge 
Plasterer's   trowel 
Pairs  wire  pliers 
Ft.    1-ln.    line 
Track  chisels 
12-ln.   monkey  wrenches 
18-ln.   pipe  wrenches 
Set  S-in.  double  blocks  for 

1-ln.   line 


In  most  cases  the  carpenters  are  required  to  furnish 
their  own  tools,  but  it  is  economy  fo  have  a  liberal  sup- 
ply of  hammers,  saws,  etc.,  on  hand,  so  that  laborers  can 
be  pressed  into  service  for  sheathing  the  forms,  etc.,  when 
they  would  otherwise  be  waiting.  For  crews  making  fre- 
quent moves  a  tool  car  is  worth  having. 

The  size  of  nii.xer  recommended  shows  considerable 
variation.  Only  six  railways  stated  a  preference  for 
hand  mi.xing  for  small  work;  16  recommend  mi.xers  of 
from  6  to  9  cu.ft.  capacity,  unini.xed  charge,  which  cor- 
responds to  a  one-bag  batch  nii.xer.  A  V^-.v'-  or  two-bag 
batch  mixer  is  preferred  by  eight  roads,  wbiii'  Uvo  ii.sc 
•yi-yd.  inacbines. 
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OiDiuions  as  to  the  smallest  job  on  which  the  use  of 
a  mixer  is  justiTiable  vary  widely.  Four  roads  use  some 
form  of  mixer  for  quantities  as  small  as  5  yd. ;  six  would 
use  one  where  the  quantities  are  from  10  to  30  yd.;  five 
set  50  yd.  and  six  IdO  yd.  as  a  minimum. 

B^nldliag  C^l^eipt  fotr  E50°FSo  FaM 

A  5-i't.  concrete  arch  culvert  533  ft.  long  is  being  com- 
pleted on  the  Southern  relocation  in  Georgia,  just  south 
of  Toccoa.  The  unusual  length  of  the  culvert  is  ex- 
plained by  the  fact  that  the  fill  will  be  150  ft.  high  by 
530  ft.  wide  at  the  base.  The  culvert  is  built  almost 
(85°)  at  right  angles  to  the  center  line  of  the  fill.  The 
wall  is  4  ft.  thick  at  the  floor  and  3  ft.  IQi/o  in.  at  1 
ft.  above  springline.  The  concrete  above  springline  is 
1:2:4;  below  springline,  1:21A:5.     Granite  screenings 


For  the  greater  part  of  its  length,  including  that  por- 
tion under  the  deepest  part  of  the  fill,  the  cidvert  is  on 
rock,  which  occurs  near  the  surface.  For  about  200  ft. 
on  the  west  end,  however,  the  rock  dips,  and  piling  i< 
resorted  to.  Two  lines  of  jjiles,  staggered,  are  driven 
under  each  side  of  the  arch.  The  soil  is  earth  and  soft 
rock.  The  piledriver  at  the  extreme  right  in  Fig.  1  wa»  i 
Iniilt  on  the  job  and  is  equipped  with  an  1,800-lb.  Vulcan 
hammer.  A  boiler  was  part  of  the  equipment,  but  in- 
stead of  mounting  this  on  the  platform  of  the  driver, 
steam  was  piped  from  the  horizontal  Farquhar  boiler 
shown  near-by.  Unencumbered  and  unweighted  by 
boiler,  the  piledriver  is  much  more  easily  portable. 

The  concreting  plant  should  be  examined  in  connec- 
tion with  Fig.  1.  A  i/4-ycl.  Lakewood  mixer  is  mounted 
on  timber  cribbing  about  8  ft.  high,  with  a  platform  or 
walkway   extending   out   over   the   forms.     Concrete  is 


'1  U  .'   \..,   — 


Fici.  1.    (;;ii.\i:i:Ai.  view  of  coxcrktixg  pl.vxt  and  vvi-:.st  e.nd  of  culvkrt  site; 

transported  from  mixer  to  form  in  Vs-yl-  two-wheel  ski] 
])ushed  by  men. 

Concrete  materials  are  dclivei-cd  on  the  track  show 
in  the  background  of  Fig.  1  and  at  close  range  in  Fig. 
The  stone  and  screenings  are  dum])ed  down  the  embaiil 
iiient;  the  concrete  is  stored  in  the  house  built  for  tl 
]uirpose.  The  materials  ;ire  hauled  in  wagons  to  tl 
])i!es  liehiiiil  tlie  mixer. 


FIG.   2,    NKAR  VIEW  OF  MATERIALS  DEPOT   SHOWN   IN 
BACKGROUND  OF  PIG.   1 

are  used  instead  i>r  sand.  In  the  eai'ly  ])art  of  the 
work  the  contractor,  ('.  W.  Lane  &  Co.,  was  not  permitted 
to  use  granite  screenings,  but  following  tests  which  showed 
concrete  containing  them  to  be  stronger  than  concrete 
with  sand,  these  screenings  were  used  exclusively.  In 
addition  the  concrete  flows  better,  that  there  is  less 
separation  and  that  it  retains  the  water  Ijctter  than  does 
concrete  containing  .«and. 


©Eli    lEsiB'ttlh    SlhlfSETiJ^Si^e 

By  S.  p.  Baird* 
Writers  of  books  are  as  prone  to  co]n-  the  mistakes 
other  authors  as  they  are  to  copy  the  matter  tliat  w 
si  and  test — giving  due  credit,  of  course.  T  have  Ix"' 
reading  several  books  on  engineering  subjects,  especial 
the  chapters  given  to  earthwork  and  more  ])artic«lai 
the  ))aragraphs  devoted   to   the  ehange   in   volume  vh 

•315  West  Ninth  St..  roIunil)U.«,  Ohio. 
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ear  is  disturbed.  The  information  generally  conveyed 
to  ie  reader  is  that  earth  will  shrink  when  moved  from 
a  ci  to  a  fill ;  in  other  words,  a  vard  of  cut  will  not  make 
:,  5-d  of  fill. 

(serration   convinces  me  that  there  is  an  apparent 
Jirkage  in  volume;  but  I  am  also  convinced  that  it 
is  it  necessarily  a  shrinkage  of  the  earth  making  the 
filljmt  rather  a  combination  of  the  following  factors: 
( I )  Settlement  of  the  original  ground  on  which  the  fill 
is  ide;  (8)  that  the  actual  yardage  removed  from  the 
lut  i  less  than  the  calculated  quantity;   (3)   the  actual 
rapge  in  the  fill  is  more  than  it  was  calculated  to  be. 
I  rarding  the  .settlement  of  the  original  ground  under 
the,  Med  weight  of  the  fill,  I  can  call  to  mind  a  num- 
ber f  instances  where  drain  pipes  under  the  center  of 
liea    fills  settled  until  they  have  become  inverted   si- 
l>lio  .    In    an    extreme    case,    while   making    a    fill    by 
hir  ing  from  a  trestle,  the  fill,  trestle  and  train  settled 
](i      in  a  very  few  minutes.     The  total  settlement  at 
this  lace  was  more  than  200  ft. 
i  ither  case  that  I  have  in  mind,  showing  the  settle- 
f  the  ground -under  the  weight  of  the  fill,  was 
;i  ibly  called  to  my  attention  during  the  construc- 
;iii  undercrossing  through  a  heavy  fill.     The  orig- 
lace  was  well  defined  by  the  grass  line  between 
_inal   earth   and    the    filled   material.     This   line 
:i  gradual  settlement  increasing  toward  the  center 
ill.    The  original  field  notes  showing  the  ground 
the  point  at  which  the  undercrossing  was  being 
ted  were  available  and  showed  no  such  depression, 
more  instance  to  indicate  that  the  settlement  of 
iLfinal  ground  is  not  an  infrequent  factor  in  the 
'  I  p  'nt    shrinkage    of    excavated    earth :     A    railroad 
■roe  1  a  creek  and  valley  on  a  timber  trestle  about  20 
'  h.     It  was  decided  to  fill  most  of  the  trestle,  span- 
■    main  stream  with  a  deep  plate-girder  span  on 
js   on   low   masonry   piers,   with   a   short  girder 
each  end  resting  on  masonry  abutments.      The 
i<\  abutments  were  constructed  and  the  steelwork 
ted  before   the   filling  of  the  trestle   began   by 
_'  from  trains.     The   earth-fill   had  not  reached 
••'im  of  the  stringers  before  it  was  noticed  that  the 
had  settled  very  noticeably  (about  2  ft.  where  the 
-  highest),  except  near  the  abutment.     The  driv- 
ihe  piling  under  the  abutment  probably  packed  the 
'  liy  side  pressure.     The  remainder  of  the  fill  was 
ith  ashes,  and  the  track  was  jacked  to  its  orig- 
-dit.     When  the  stringers  were  removed,  it  was 
lat  the  total  settlement  amounted  to  3^  ft.     It 
I  my  experience  that  comparatively  shallow  fills 
nyielding  bottom  can  be  made  from  cuts  having 
'■  yardage.     The   lower  portion   of   heavier  fills 
•  miewhat  compressed  by  the  weight  of  the  earth 
•lit  not  to  the  density  of  the  original  earth. 
SiiKixKAOE  Tests  with  Cell^vk  Spoil 
illy  made  cellar  excavations  are  capable  of  quite 
yardage   measurements.      On    one   occasion    all 
'i  from  the  cellar  was  weighed  and  then  dumped 
lor  filling.     The  surface  of  the  lot  wa.s  flat  and 
'.as  about  half  the  de])tli  of  the  cellar.     The  vol- 
ihis  fill  was  about  14%  greater  than  the  cellar 
11.     At  the  end  of  a  year  it  was  10%  greater, 
the  cellar  was  being  excavated,  a  number  of  tests 
'I  by  filling  a  stout  box,  3x3x3  ft.,  with   freslily 
'I   material   and   tamping  in  layers;   the  box  of 


earth  was  then  weighed.  Tt  was  found  that  the  weight, 
approximated  the  weight  of  a  yard  of  the  original 
material. 

Another  experiment  was  tried.  The  box  was  filled 
with  loose  earth,  and  a  loosely  fitting  piston  was  placed 
on  the  material  in  the  box  and  weighted  with  pig  iron 
to  give  a  pressure  equivalent  to  a  20-ft.  fill  of  earth. 
Two  weeks'  compression  brought  the  earth  in  the  box  to 
about  the  same  density  as  the  original  earth.  Of  course, 
in  this  test  there  was  side  friction,  which  would  not 
occur  in  an  open  fill. 

COKTEACTOHS  Do   NoT  BoAST  AbOUT  PuOFITS 

The  general  run  of  contractors  never  admit  that  they 
are  making  any  money,  but  rather  give  the  impression 
that  they  are  losing.  It  is  but  human  for  the  rodman, 
the  instrumentman  and  the  tapeman  to  give  them  the 
benefit  of  the  doubt,  as  it  is  very  unlikely  that  there  will 
be  a  remeasurement  on  account  of  the  quantities  being 
too  large.  In  cross-sectioning  muddy  or  soft  ground  it 
is  easy  to  get  readings  a  couple  of  tenths  low,  on  account 
of  the  rod  sinking  in  the  mud.  Fills  are  more  likely  to 
be  on  this  kind  of  ground  than  cuts.  I  have  remeasured 
.several  pieces  of  work  and  never  have  found  much  dif- 
ference that  could  not  bo  accounted  for  by  the  weathering 
of  the  cuts,  difference  of  the  viewpoint  and  difference  in 
the  time  of  the  year  as  affecting  the  shadows  and  as 
affecting  the  height  of  the  surface  due  to  freezing  (quite 
a  factor  in  shallow  work ) .  This  latter  tends  to  reduce 
the  yardage  of  cuts  and  fills  alike  by  raising  all  the 
rods  from  0  jV  to  -^  ft.,  according  to  the  material. 
The  weathering  erodes  narrow  grooves  down  the  slopes. 
These  grooves  are  not  measurable,  but  owing  to  their 
length  and  multijilicily  they  raise  the  bottom  of  the  cuts 
by  filling  in  with  the  eroded  material.  This  gives  too 
small  'a  quantity  on  remeasurement. 

Ground-line    elevations    taken    on    grass,    forest    and 
plowed  land  will  invariably  be  a  couple  of  tenths  above 
the  solid  earth.     These  tend  to  increase  the  apparent  eut"^ 
yardage  and   to  decrease  the   apparent   fill   yardage. 

As  for  the  fill  yardage  being  more  than  calculated,  the 
method  of  making  fills  causes  the  edges  of  the  fill  to 
overrun  the  slope  stakes,  as  clods  will  roll  down  the 
slopes  and  out  on  the  original  ground,  increasing  by  just 
that  much  the  a|)i>arent  yardage  of  the  fill.  Engineers 
generally  insist  on  measuring  borrowed  material  in  the 
borrowpits  rather  than  in  the  fill,  knowing  that  there  is 
less  material  in  the  solid  earth  than  in  the  fill  that  it 
will  make. 


Rv  J.  S.  Hhight* 
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Dilficidty  in  making  a  bituminous  carpet  stick  over 
the  expansion  joints  on  the  87  mi.  of  recently  con- 
structed concrete  pavement  in  San  Bernardino  County, 
California,  led  to  the  Invention  of  a  special  joint-filling 
machine.     It  has  ])roved  a  success  in  use. 

The  pavements  are  of  1:2:4  concrete,  5  in.  thick,  and 
are  finislied  with  a  wearing  surface  or  carpet  of  asphaltic 
oil  and  screenings.  Expansion  joints  of  the  Carey  sand- 
wich type  were  provided  at  intervals  of  from  30  to  75 
ft.,   deiJcnding  on   the  season   and   relative   humidity  at 

•EtiKlneer,  County  HiKhway  Commission.  San  Bernardino 
County,  San  Bernardino,  Calif. 
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JOIXT-FILLING    MACHINE.    SAN    BERNARDINO    COUNTY. 
CALIFORNIA 

the  time  of  placing  the  concrete.  Generally,  expansion 
followed  the  nncovering  of  the  pavement  after  construc- 
tion, forcing  the  joint  filler  nearly  all  out.  The  ejected 
asphalt  was  ironed  out  into  a  mat  over  the  joint,  which 
did  not  adhere  to  the  concrete,  and  as  a  result  formed  a 
weak  spot  under  the  asphalt  carpet  coat  that  was  after- 
ward applied,  so  that  it  would  not  remain  over  these 
places. 

To  remedy  these  defects  it  was  found  necessary  to 
dig  out  the  joints  to  a  depth  of  %  in.,  clean  the  ad- 
joining pavement  and  refill  the  joint  with  90%  asphaltic 
oil.  heated  to  a  temperature  of  over  200°  F.  To  do  this 
economically  it  was  necessary  to  have  a  machine  different 
from  any  on  the  local  market. 

After  experimenting  and  making  several  changes,  the 
machine  shown  was  perfected.  This  device  consists  of  a 
100-gal.  drum  mounted  on  a  pair  of  Ford  automobile 
wheels.  Beneath  the  drum  is  a  firebox  containing  four 
distillate  burners.  These  burners  are  supplied  from  a 
small  drum  carried  on  the  front  vehicle  and  connected 
to  the  burners  by  a  flexible  hose. 

The  hot  asphaltic  oil  is  drawn  from  the  drum  and 
spraved  through  a  chisel-shaped  nozzle  by  a  hand-power 
rotary  pump.  A  bypass  connects  the  discharge  line  with 
the  top  of  the  drum  so  that  the  oil  can  be  circulated  when 
the  machine  is  not  in  use,  to  prevent  the  pump  and  lines 
from  cooling  and  clogging. 

The  burners  are  generally  kept  burning  low  at  night 
to  prevent  the  oil  from  cooling,  as  it  takes  about  three 
hours  to  reach  a  sufficient  temperature  to  spray.  It  is 
usually  necessary  to  clean  the  pump  and  discharge  line 
cither  at  night  or  in  the  morning  with  distillate. 

The  oiler  is  filled  at  a  central  heating  plant  and  is 
towed  to  the  work  or  filled  from  5-gal.  buckets  distributed 
along  the  road.  The  heavy  asphaltic  oil  in  the  buckets 
must  be  heated  before  it  can  be  emi)tied  into  the  drum. 

The  thickness  of  the  coat  of  oil  api)lie(I  can  be  regu- 
lated by  the  rate  of  rotations  of  the  pump  and  by  a  valve 
in  the  discharge  line  under  the  control  of  the  nozzleman. 
It  is  surprising  how  thin  a  coat  can  be  applied  by  tliis 
machine,  but  the  oil  has  to  be  at  a  temperature  of  300° 
F.  to  obtain  the  best  results. 

■  The  crew  ordinarily  consists  of  a  forenuin,  ])\ini]iniau, 
nozzleman,  one  man  to  shovel  screenings,  one  man  to 
sweep,  two  men  to  pick  out  the  joints,  and  teamster  and 
leam  hauling  about  2  cu.yd.  of  crushed-rock  screenings 
and  towing  the  oiler.  Tliis  crew  has  finished  joints  on 
48  mi.  of  road  in  one  month  at  a  cost  of  about  $10  jier 


mi.  The  oil  and  screenings  had  to  be  hauled  fi  i  j 
to  :!.■)  mi.  The  outfit  can  cover  from  1  to  5  mi.  o  on 
per  day,  depending  upon  its  condition. 

To  protect  the  refilled  joints  prior  to  the  appli 
of  the  wearing  surface  it  is  necessary  to  use  a  > 
of  oil  in  filling  them.  In  order  to  avoid  a  bum]i 
the  wearing  surface  is  applied  the  surplus  of  oil 
joint  is  removed,  which  is  best  done  by  using  a  hot 
or  a  mattock  just  in  advance  of  the  application 
wearing  surface. 


To     Erect    a    Larse    Factory    Builflin^    in    4-    Days 

schedule  set  down  in  a  bulletin  just  received  from  th 
thaw  Construction  Co..  of  Boston.  The  building  whii 
be  erected  for  Colt's  Patent  Fire  Arms  Manufactiiri 
at  Hartford.  Conn.,  will  be  490x60  ft.  in  plan,  with  t 
wings.  It  will  be  four  stories  high  and  have  a  floor 
2.8  acres.  On  Oct.  6  the  superstructure  was  begi 
second  floor  was  to  have  been  concreted  by  Oct.  21, 
Nov.  2  the  third  floor  is  to  be  completely  concreted; 
13  the  fourth  floor,  and  on  Nov.   23   the  roof. 

Automatic  Coiiater  for  Concrete  Elevator — In  the  ci 
tion  of  a  reinforced-concrete  building  at  Philadelphia 
desired  to  count  the  nuinber  of  buckets  of  concrete  d 
to  each  floor.  These  buckets  were  delivered  on  the 
timber-frame    elevators    with    platforms    carrying   one 

of  standard  size, 
to  check  the  an, 
concrete  it  was 
necessary  to  ch 
number  of  times 
vator  went  up  ' 
floor.  To  do  thi 
dinary  dial  coun 
attached  to  one 
posts  of  each  ■ 
as  shown  in  the 
panying  per; 

The  dial  was  : 
by  a  link  tripp 
cam  that  was  p 
the  elevator  posi 
ing  up,  the  pin 
firmly  into  the 
platform  tripji 
cam  and  depre.^ 
link,  thus  mar'r 
counter.  In  golr 
thesame  pin  als^ 
the  cam;  but  a 
placed  in  the  rear  end  of  the  cam  so  that  the  link 
actuate  tile  counter,  but  traveled  along  freely  in  the  s'. 
cam  was  pulled  back  to  its  proper  balance  by  coil  spi 
tnched  above  and  below.  The  device  is  reported  b 
Tailer.  of  3634   North   12th  .St..  Philadelphia.   Penn. 

Anchoring  n  $ul>niarine  AVater  Main  was  recently 
a  rather  novel  manner  by  the  operating  bureau  of 
Diego,  Calif.,  Water  Department,  F.  M.  Lockwood,  i 
A  10-in.  main  665  ft.  long  was  laid  across  the  San  Die: 
at  a  cost  of  ?1,902.1S.  This  main  was  buried  2  ft.  bi 
bed  of  the  river,  and  at  each  joint  two  60-lb.  rails  wer 
full  length  (30  ft.)  into  the  ground  and  cl.amped  to  ' 
both  above  and  below,  making  it  practically  impose 
the  pipe   to   rise   up  or  become   displaced. 

I'roblem  of  Interest  KatPK  in  Loan  Itefinyment^ 
plicated  problem  is  submitted  by  A.  F.,  Ottawa,  Invol' 
culations  of  the  sinking-fund  type.  It  is  stated  as  to. 
A  citv  makes  a  loan  for  $1,000,000.  to  be  paid  in  12 
installments  of  $120,000  yearly,  the  first  payment  bei 
ev,  months  after  contracting  the  loan.  What  will 
annual  rate  of  interest  on  the  loan? 

.starting  with  the  fact  that  the  accumulated  vain 
loan  after  the  period  of  11  years  6^4  months  must  ' 
to  the  accumulated  value  of  the  repayment,  the  ( 
equation    is    obtained; 

»•"'*        ^(l-|-i)'»-l       ,„„,>^(L±J 


1,000,000  (1  +  i)"f2  =  123.000 


120,000- 


(1  -I-  i)  -  1 

Some  reader  may  be  able  to  suggest  how  this  can  ' 
other  than  by  trial,  or  give  a  direct  methed  for  sol 
j>roblem. 
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A    Sclho®!    f®r   Tspa 


(e  of  the  mo-^t  notable  developments  of  tiie  past  30 
yea,  in  industrial  education  has  been  the  rapid  increase 
in    e  establishment  of  training  courses  for  employees. 
Thoioneers  in  this  field  were  probably  the  railway  com- 
■  ^  which  established  schools  for  training  employees 
use  of  air  brakes  and  the  operation  of  signalino- 
In  the  manufacturing  industry,  while  training 
for  apprentices  are  of  course  very  old,  schools  for 
.  men  and  women  of  mature  years  in  specific  tasks 
u<i  uiparatively  recent. 
(\-  of  the  largest  concerns  in  the  iron  and  steel  trade, 
II  the  belief  that  its  high-salaried  executive  officers 
as  much  benefited  by  training  as  the  ordinary 
who   is  tending  a   machine,   has  established  a 
-r  training  executives.    The  students  in  this  school 
40  to  60  years  of  age,  and  the  average  age  is  52. 
1  of  the  school  is  a  Cornell  graduate  of  the  class 
The  course  of  instruction  includes  shop  practice, 
ration   and   theory.      The   course  of   instruction 
nver  six  weeks,  during  which  time  the  students 
r  entire  time  to  the  school  work.     Their  salaries 
as  usual  during  this  time,  and  their  traveling 
in  visiting  different  works  of  the  company  during 
-e  are  paid.     The  cost  of  the  school  apart  from 
ins   is   about   .$.35,000   per   annum.      The   usual 
-  to  .spend  a  forenoon  in  the  shop  and  the  aftor- 
ittending  lectures,  while  the  evening  is  devoted 
;dy  of  textbooks.     The  students  are  given  exam- 
at  stated  intervals,  and  their  markings  in   the 
«.u.  ations  are  sent  to  the  head  olTice  of  the  comiia-ny. 


1  authority  is  divided  res])onsii)ility,  which  often 
MR  as  no  responsibility.  Unless  engineering  re- 
ty  is  centralized,  in  the  design  and  erection  of 
re,  the  stnicture  may  prove  a  failure, 
of  this  kind  is  pictured  in  the  statement  of 
it  a  recent  reservoir  break.  As  the  statement 
111  an  engineer  familiar  with  local  conditions, 
lie  fairly  accurate. 

-ervoir  that  later  failed  was  built  under  the 
of  the  Water  Department.  But  the  Water 
'it  did  not  design  the  reservoir.  Instead,  it 
'  design  from  a  civil-engineering  professor  of 
ling.  The  authority  of  the  designer  ended  with 
0.  He  had  nothing  to  do  with  the  execution, 
'  in  the  hands  of  a  contractor  employed  and 
•v  the  Water  Department, 
ibility  being  thus  already  divided,  the  ra.«e  was 
■mplicated  by  the  fact  that  a  large  part  of  the 
built  without  any  engineering  inspection.  An 
^ippeared  on  the  work  when  the  side  walls  of 


iimnmraiminMiimiimiiiiiiiimmiiimiiiiiimiiiiinriiiiiniiiiiim  ir 

the  reservoir  wore  Hearing  the  roof.  This  was  an  impor- 
Uu\t  period,  because  the  construction  work  had  to  insure 
that  the  roof  would  be  tied  to  the  walls  very  thoroughly. 
The  design  intended  the  walls  to  act  as  vertical  beams 
held  at  floor  and  roof,  but  did  not  provide  means  that 
would  positively  assure  the  necessary  anchoring. 

The  results  show  that  even  the  belated  presence  of  an 
inspector  on  the  work  did  not  secure  a  proper  tying  of 
the  walls  to  the  roof;  but  as  the  inspector  was  inexperi- 
enced, he  ought  not  to  be  blamed,  perhaps. 

The  reservoir  so  constructed  was  successfully  filled  with 
water  and  used  for  half  a  dozen  years.  Earth  banked  up 
around  the  outside  of  the  reservoir  held  the  walls  against 
the  outward  pressure  of  the  water.  Recently,  however, 
work  was  started  on  an  extension  directly  alongside. 

A  firm  of  consulting  engineers  was  placed  in  full. charge 
of  this  work,  and  thereby  part  of  the  responsibility  for 
the  old  structure  fell  to  them,  for  the  time  being.  They 
specified  that  the  contractor  should  brace  the  old  wall. 
Hut  the  contractor  says  that  he  found  nothing  handy 
against  which  to  brace  the  wall,  and  therefore  he  did 
not  brace  it.  lie  took  the  chance  of  digging  away  the 
embankment  and  hurrying  the  work  .sufficiently  to  get 
the  new  wall  in  before  the  old  one  could  fail.  "  In  this 
he  did  not  succeed. 

The  responsibility  for  the  final  failure  is  thus  dis- 
tributed over  a  whole  group  of  individuals.  As  the  facts 
show,  what  was  everybody's  business  was  nobody's  busi- 
ness; and  the  public,  which  trusted  to  the  engineers  for 
a  safe  reservoir,  found  it.self  deceived. 


Save  IK.aflI  Weas?  oia  CtuiB'ves 

A  committee  report  presented  at  the  recent  annual 
meeting  of  the  Traveling  Engineers'  Association  calls 
renewed  attention  to  the  advantages  of  flange  oiling  of 
locomotive  driving  wheels  in  saving  rail  wear.  The  com- 
mittee states  that  on  the  New  York,  Susquehanna  &  West- 
ern Division  of  the  Erie  Il.li.  the  rail  wear  on  curves  has 
been  reduced  two-thirds  by  the  use  of  flange  oilers  on  the 
locomotives.  The  committee  also  believes  it  to  be  fully 
demonstrated  that  the  flange  oiler  tends  to  prevent  derail- 
ments. A  number  of  railways  reported  that  before  apply- 
ing flange  oilers  they  had  considerable  trouble  with  wheels 
climbing  the  rails  on  sharp  curves,  but  this  trouble  has 
been  eliminated  since  flange  oilers  have  been  applied. 

For  success  in  the  use  of  the  flange  oiler  a  very  heavy 
asi)haltum  oil  must  be  used.  The  oil  should  contain  40 
to  60%  of  asphaltum  in  solution  and  be  low  in  grease  and 
paralTiii.  This  heavy  oil  acts  as  a  lubricant  between  the 
wheel  flange  and  the  head  of  the  rail  when  a  lighter  oil 
would  he  forced  out.  Further  than  this,  the  heavy 
asphaltum  oil  sticks  to  the  flange  and  will  not  work  over 
onto  the  tread  of  the  driving  wheel,  as  will  an  oil  with 
a  paraflin  base.     Many  of  the  troubles  that  have  been 
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experienced  with  flange  oilers  are  due  to  the  u.<e  of  oil 
that  runs  over  onto  the  tread  and  cau.-^es  the  driving  wheel 
to  i^lip. 

From  an  operating  point  of  view,  the  saving  in  tire 
turning  is  even  more  important  than  the  saving  in  rail 
wear.  The  committee  estimates. that  the  cost  of  tire  metal 
used  u]),  labor  and  loss  of  engine  service  every  time  a  six- 
driver  locomotive  has  to  go  to  the  shop  for  turning  tires 
on  account  of  sharp  flanges  represents  an  outla_y  of  $219. 
The  committee  also  states  that  where  freight  locomotives 
not  equipped  with  flange  oilers  will  run  9,000  to  13,000 
mi.  before  requiring  shopping  to  have  their  tires  turned, 
they  will  run  l)etween  25,000  and  42,000  before  shopping 
if  equipped  with  flange  oilers.  In  passenger  service,  loco- 
motives that  have  to  be  shopped  every  1.5,000  to  25,000  mi. 
should  run  (lO.OOO  to  SO. 000  mi.  if  equipped  with  flange 
oilers. 

Notwithstanding  these  practical  advantages,  the  flange 
oiler  appears  to  have  as  yet  comparatively  limited  use. 
The  reason  apparently  is  inertia  on  the  part  of  the  operat- 
ing force  and  dislike  to  equip  locomotives  with  any  appli- 
ances not  absolutely  necessary.  Tt  is  inertia  of  this  sort, 
however,  that  is  respoiasible  for  a  great  deal  of  the 
unnecessarv  expense  in  connection  with  large-scale  opera- 
tions, whether  carried  on  by  corporations  or  by  the 
Government. 


valae  reduced  to  scrap.  This  instance  is  merely  tv 
of  the  sudden  losses  of  value  that  may  be  expected  t 
cur  sooner  or  later  with  almost  all  mechanical  ei 
ment  as  a  result  of  the  steady  progress  of  invei 
and  design. 

No  engineer  is  wise  enough  to  foresee  when  a  • 
machine  that  is  now  the  best  of  its  class  and  pert 
adapted  to  its  work  will  be  rendered  obsolete  bv 
new  invention.  The  engineer  knows,  however,  tha' 
liability  to  such  a  loss  occurring  is  always  present, 
as  tliere  is  a  certain  liability  that  any  plant  will  h 
stroyed  by  fire.  Why  is  it  not  then  as  reasonable  to 
an  annual  charge  for  the  risk  of  loss  by  obsoleseen 
it  is  to  make  an  annual  charge  for  the  risk  of  lo 
fire  ?  The  payments  made  for  fire  insurance  are  a 
of  the  annual  operating  expenses;  and  even  where  ;i 
rern  does  not  carry  insurance,  the  risk  due  to  loss  h 
should  be  charged  just  the  same.  Exactly  the  same 
sliould  be  applied  in  making  a  charge  for  the  ri- 
obsolescence  destroying  the  value  of  the  machinei 
which  the  company  has  invested  its  money.  Unlej- 
is  done  by  a  public-utility  corporation,  it  may  eveni 
liave  to  suffer  serious  losses  that  should  iu  equi 
borne  by  those  who  have  the  benefit  of  its  service. 
present  obstacle  to  adequate  treatment  of  obsoleseei 
the  lack  of  accumulated  experience  as  a  guide. 


The  contribiitidn  of  C.  C.  Harshman  on  obsolescence, 
elsewhere  in  this  issue,  serves  to  call  attention  to  one 
feature  of  the  work  of  apjn-aisal  that  has  been  too  much 
neglected  by  engineers.  Doubtless  this  neglect  is  un- 
conscious, ^lost  engineers  would  claim  that  they  had 
made  full  allowance  for  obsolescence  in  figuring  de])re- 
ciation,  but  when  two  items  of  a  different  sort  are  lumped 
together  in  an  appraisal  tliere  is  always  a  likelihood  that 
one  or  the  other  may  not  receive  sufficient  attention. 
The  main  advantage  of  making  a  separate  item  of  ob- 
solescence is  that  there  is  greater  certainty  of  this  ele- 
ment receiving  thorough  and  careful  study. 

One  of  the  reasons  why  obsolescence  is  often  neglected 
in  making  estimates  is  that  a  tool  or  machine  may  con- 
tinue in  use  year  after  year  with  apparently  no  loss  from 
obsolescence  and  then  suddenly,  by  some  new  develop- 
ment, become  oiit  of  date.  A  few  months  ago,  a  member 
of  tlio  staff  of  this  journal  visited  a  small  pumping  plant 
in  southern  California,  used  to  raise  underflow  water 
for  irrigation.  The  ])lant  was  built  within  the  past  t/>n 
years.  A  pair  of  horizontal  return-tubular  boilers  fur- 
nished steam  to  a  du])lex  direct-acting  pumping  engine 
with  necessary  auxiliaries  for  boiler  feeding,  fuel  hand- 
ling, etc.  The  machinery  was  erected  on  sul)stantial  foun- 
dations and  housed  in  a  ])ermanent  fireproof  building. 
The  i)lant  was  well  designed  and  economical  in  operation; 
and  as  it  was  used  only  for  a  short  time  during  each  year, 
the  physical  depreciation  had  been  practically  nil.  Since 
this  plant  was  built,  the  electric  motor-driven  centrifugal 
pump  had  been  made  a  commercial  success.  Tn  one 
(■(irncr  of  the  station  stood  a  centrifugal  motor-driven 
]iunip  occupying  not  a  twentieth  part  of  the  floor  s])arc 
of  the  steam  plant  and  involving  a  trifling  expense  fur 
njaintenance  and  operatioTi  compared  with  its  rival.  \\ 
one  stroke  the  praclically  new  steam   ]ilant  Iiad  had  its 


"Tiie  deadly  grade  crossing,"  according  to  stai 
recently  made  public  by  the  Pennsylvania  itailroad  i 
chiefly  dangerous  to  those  who  are  guilty  of  fooll 
recklessness.  Safety  gates  at  crossings  are  provid 
prevent  the  traveling  public  from  crossing  the  track? 
a  train  is  approaching;  but  the  Long  Island  K.B.,  • 
has  numerous  grade  crossings  subjected  to  heavy 
mobile  traffic,  finds  its  safety  gates  continually  b 
down  by  motor  cars  running  too  fast  to  be  stopped  I 
striking  the  gates. 

This  is  had  enough,  but  what  shall  be  said  of  tli' 
who  runs  his  motor  car  into  the  side  of  a  moving  ' 
The  Pennsylvania  E.R.  officials  state  that  during  th' 
eight  months  of  the  present  year,  drivers  of  33  moto 
ran  their  machines  into  sides  of  trains,  that  were  pai 
o\cr  the  crossings.  Besides  these  vehicles,  si-X  i 
cycles,  two  bicycles  and  four  horse-drawn  vehiclo.'^ 
driven  iiilo  the  sides  of  trains.  The  accidents  caii> 
ibis  way  resulted  in  the  deaths  of  six  persons  an 
injury  of  65. 

Tt  is  sometimes  argued  that  because  of  the  high  f|'' 
wliich  present-day  highway  traffic  is  carried  on,  all 
crossings  should  be  abolished.  Great  progress  has  i 
been  made  in  this  work  in  the  past  30  years.  The 
svlvania  ll.ll.  alone,  on  its  lines  east  of  Pittsburgl 
e'xpeiuled  $40,000,000  in  grade-crossing  removal 
11)1)2.  To  abolish  all  grade  crossings,  however,  in  a 
try  of  the  enormous  extent  of  the  United  States  is  a 
lliat  will  require  the  accumulated  capital  of  gcnor: 
(o  accomplish.  Meanwhile,  it  will  be  well  to  rem' 
that  the  graile  crossing  is  only  one  ])oint  on  the  hi} 
where  danger  confronts  the  reckless  motorist.  To  th' 
who  uses  roasoiuible  care  in  his  driving,  the  *' 
element  in  the  grade  crossing  is  trifiing. 
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Seuase  ©if 


Seiaftninni©iratt  T®  <Gov©i?im 
s^,g©  TiP©Si(liria©iaft? 


Sir — In  tlie  course  of  tlie  iliscussioii  on  aelivaU'd  sludge 
at  the  recent  convention  of  tlie  American  Society  of  Mu- 
nicipal Improvements,  F.  A.  Dallyn,  provincial  sanitary 
engineer,  Toronto,  Ont.,  made  the  statement  that  while 
methods  of  sewage  purification  could  be  depended  iipon 
to  give  an  effluent  from  !)5%  to  98%  pure  from  a  patho- 
genic standpoint,  public  sentiment  in  Ontario  was  de- 
manding an  effluent  whose  pathogenicity  was  zero,  prin- 
cipally because  cattle  make  use  of  the  streams  below  the 
point  where  the  purified  sewage  is  discharged. 

He  admitted  that  typhoid  could  not  be  transmitted 
'  because  of  cattle  drinking  such  waters,  but  stated  that  it 
could  be  transmitted  by  reason  of  the  unsanitary  practice 
and  carelessness  in  milking  cows  whose  udders  had  been 
wet  by  water  in  rivers  into  which  treated  sewage  95%  to 
!t8%  pure  had  been  discharged.  This  unclean  practice, 
he  stated,  consisted  in  wiping  off  the  udders  wuth  a  dirty 
cloth  or  washing  the  udders  with  dirty  hands,  u.sing  the 
milk  for  washing. 

In  view  of  the  fact  that  no  sewage-disposal  plant  can 
under  present  conditions  be  guaranteed  to  yield  an  elllu- 
cnt  at  all  times  even  approximating  95%  to  98%  pure 
])athogenically,  and  in  view  of  the  further  fact  that 
the  only  need  of  such  an  ellluent  is  to  enable  us  to  tolerate 
the  unsanitary  practice  and  carelessness  in  dairies  pointed 
out  by  Mr.  Dallyn,  can  the  engineering  profession  afford 
to  permit  the  ])ublic  to  believe  that  its  safety  lies  in  a 
futile  effort  to  prevent  the  very  remote  possibility  of 
typhoid  contagion  due  to  contact  of  the  udders  with  water 
in  streams  receiving  treated  sewage?  Does  it  not  rather 
lie  in  the  insistence  upon  drastic  regulations  requiring 
cleanliness  in  dairies,  wiiere,  along  with  the  care  against 
the  remote  possibility  of  typhoid  infection  from  the  cause 
stated,  we  can  prevent  the  direct  entry  of  the  dirt  and 
filth  through  which  the  milk  must  run  the  gantlet? 

Why  permit  the  setting  up  of  impractical  and  impossible 
standards,  the  failure  to  attain  which  will  bring  disrepute 
to  the  engineers,  when  better  results  can  be  obtained  in  a 
more  simple  and  positive  manner,  and  more  economically 
withal  ?  Alkxaxdkii  Potteu. 

50  Church  St.,  New  York  City,  Oct.  IG,  191G. 

CairaadlSciEa  I£ini{^Hiniee2's  aciidl  A.]15eira 

Sir — Referring  to  your  editorial  under  tiie  caption 
Canadian  Engineers  Object  to  Appointment  of  Alien.s,"' 
published  in  Enf/ineerinf/  News  of  Oct.  12,  1916,  I  have 
ppcken  witli  quite  a  few  prominent  engineers  on  this 
subject,  and  they  are  unanimously  of  the  opinion  that 
you  struck  the  nail  on  tlie  head  when  you  said :  "Any 
organization  of  engineers  should  beware  of  placing  itself 
Iwforc  the  public  as  seeking  to  claim  appointments  for 
it«  members.  There  could  be  no  surer  way  of  forfeiting 
public  confidence' and  respect." 


If  the  arguments  ami  statements  made  by  "J.G.S." 
and  published  in  Eiiginccriit;;  yews,  page  180,  Vol.  51, 
issue  of  Feb.  25,  1904,  were  true,  it  would  appear  that 
the  students  of  1901  have  advanced  to  the  control  of 
the  Canadian  Society  of  Civil  Engineers  in  1916. 

Winnipeg,  Man.,  Oct.  21,  1916.  J.  G.  Sullivan. 

[In  the  letter  referred  to  by  our  correspondent, 
published  in  Engineering  News  12  years  ago,  it  was 
denied  that  the  members  of  the  Canadian  Society  of 
Civil  Engineers  were  by  any  means  unanimous  in  favor- 
ing legislation  to  give  members  of  that  society  a  monopoly 
of  the  engineering  work  in   Canada.     The  writer  said: 

I  am  proud  to  be  able  to  say  th.at  not  a  single  engineer 
voiced  approval  of  the  idea,  and  the  cheering  was  apparently 
done  by  the  land  surveyors  and  .some  o(  the  younger  mem- 
bers of  the  society,  who  constituted  the  majority  of  those 
present  at  the  dinner. 

The  letter  presented  reasons  why  the  engineering 
profession  would  make  a  mistake  if  it  ado])ted  labor- 
union  methods  to  promote  its  interests — Editor.] 


§cIh©Era© 

Sir — By  hearsay,  1  have  come  across  iho  following 
story.  It  may  or  may  not  be  true,  but  will  .serve  as  an 
illustration  of  the  need  of  expert  advice  for  laymen  when 
they  consider  matters  of  a  nature  foreign  to  their  ov,-j\ 
business. 

A  large  tannery  in  one  of  the  Eastern  States  is  located 
on  a  fresh-water  stream  tliat  is  .small  enough  for  one  to 
jump  across.  The  wastes  from  the  tannery  have  been 
allowed  to  flow  into  the  stream  for  some  time.  Eecently 
the  State  Board  of  Health  has  protested,  and  the  owners 
of  the  tannery  have  expressed  their  willingness  to  spend 
money  on  a  treatment  plant  if  some  method  can  be  devised 
to  properly  treat  the  wastes.  Shortly  after  this  the  State 
Fisheries  Commission  began  demanding  the  cessation,  at 
once,  of  the  practice  of  putting  the  wastes  into  the  stream. 
It  contended  that  all  fish  would  be  killed.  No  doubt  this 
was  true;  probably  all  fish  had  been  killed  in  that  stream 
long  ago.  The  owner  of  a  patent  on  a  device  for  treating 
tannery  wastes  then  came  to  look  over  conditions.  He 
stated  that  by  installing  his  process  the  regulations  of  the 
State  Boards  of  Health  and  Fisheries  could  be  observed 
and  all  difliculties  be  eliminated. 

It  seems  that  the  device  contemplates  holding  tlie  wastes 
in  a  tank  for  90  days,  and  the  cost  for  the  installation  to 
treat  the  wastes  for  the  one  tannery  would  be  over 
$100,000. 

The  owners  have  objected  to  any  such  proposition  but 
are  being  backed  into  a  defensive  attitude  by  the  insistent 
demands  of  the  Fisheries  Commission. 

The  fact  that  makes  the  whole  affair  smell  qucerly — 
fishy,  as  it  were — is  that  the  gentleman  who  owns  the 
patent  on  the  process  for  treating  tannery  wastes  is  a 
Stale  Fisheries  Commissioner.  OnSERVEH. 

Somewhere,  Oct.  20,  1916. 
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MeclhairaScgi]!  Ag5tsitn©Ea  of  Sewage 

Sir — In  your  issue  of  Sept.  21  there  appeared  an 
editorial  on  drifting-sand  filters.  You  suggested  that 
some  of  the  devices  might  be  used  in  the  activated- 
sludge  process  and  called  attention  to  the  fact  that  some 
investigators,  more  particularly  in  England,  had  urged 
mechanical  agitation  as  an  economical  substitute  for  en- 
forced aeration.  Probably  the  view  that  stirring  with 
compressed  air  is  inefficient  has  been  taken  because  en- 
gineers are  well  aware  that  ordinarily  considerable  energy 
is  lost  in  the  transmission  of  power  by  compressed  air, 
but  a  little  thought  will  show  that  the  loss  is,  to  a  great 
extent,  avoided  in  enforced  aeration. 

\Vlien  air  is  compressed,  the  energy  input  is  absorbed 
in  two  forms.  The  air  is  put  under  tension,  and  it 
is  heated.  The  heat  is  dissipated  before  the  air  is  used, 
and  hence  this  portion  of  the  energy  is  lost.  The  loss 
manifests  itself  when  the  air  is  expanded  to  release  its 
energy,  as  it  then  cools  below  normal  temperature  and 
occupies  less  volume  than  it  otherwise  would.  This  par- 
ticular loss  is  eliminated  when  the  air  is  used  to  stir  a 
liquid  whose  temperature  is  approximately  that  of  the 
free  air.  The  heat  is  lost  in  transit  Just  the  same,  but 
is  reabsorbed  from  the  liquid  as  the  bubbles  rise  from 
the  tank  bottom. 

Moreover,  the  expansion  of  the  air  is  perfect,  and  it 
is  rejected  at  the  surface  of  the  water  with  practically 
zero  velocity.  These  favorable  conditions  are  not  ex- 
actly fulfilled  by  any  other  devices  used  for  transforming 
into  work  the  stored  energy  of  compressed  air. 

The  only  losses  in  transmitting  work  from  the  prime 
mover  to  the  liquid  are  the  slip  of  the  blower  and  the 
frictional  losses  in  compressor  and  air  lines,  but  tlu'se 
should  not  total  over  25  to  30%.  It  would  seem  likely 
that  losses  in  mechanical  agitation  would  total  higher. 
Unless  the  plant  were  very  small  indeed,  a  number  of 
agitating  units  would  have  to  be  provided.  These  units 
would  either  have  to  be  driven  individually  by  small  and 
hence  comparatively  inefficient  motors  or  else  by  shafting 
and  gearing,  which  would  absorb  power,  particularly 
under  the  exacting  conditions  that  would  have  to  be 
met. 

It  is  evident,  therefore,  that  from  the  standpoint  of 
merely  transmitting  power  to  the  water  the  compressed 
air  is  fully  as  satisfactory  as  any  mechanism  would  be. 
Undoubtedly,  however,  the  nature  of  the  agitation  af- 
forded in  either  case  is  somewhat  dissimilar.  The  ques- 
tion then  occurs  as  to  whether  the  particular  kind  of 
agitation  furnished  mechanically  might  not  lie  the  more 
efficacious. 

About  a  year  ago  the  writer  conducted  at  the  Mil- 
waukee testing  station  a  series  of  experiments  that  were 
designed  to  throw  light  on  this  particular  point.  Sewage 
and  sludge  were  agitated  in  a  tank  23  in.  square  and  4 
ft.  deep  by  means  of  screw  propellers  and  stirrers,  of 
which  a  number  of  sizes  and  forms  were  tried  out  from 
time  to  time.  The  power  input  to  these  was  brake 
tested  and  so  regulated  that  it  was  equivalent  to  the 
power  afforded  by  aerating  the  tank  with  about  %  cu.ft. 
of  air  per  minute  per  square  foot  of  tank  surface,  which 
had  been  found  ample  for  complete  clarification  in  1 
hr.  Two  sides  of  the  tank  were  of  glass,  so  tliat  good 
visual  observation  of  the  j+irring  could  be  had. 


The  experiments  showed  that  absolutely  no  clarifica- 
tion could  be  obtained  by  mechanical  agitation  even  when 
it  was  prolonged  to  2-1  hr.  or  more.  If  some  air  was 
added,  clarification  resulted;  but  the  strength  of  the 
reaction  seemed  to  be  dependent  entirely  on  the  volume 
of  air  and  to  be  independent  of  the  amount  of  agitation. 
This  would  make  it  appear  that  the  main  factor  in  the 
process  is  absorption  of  oxygen  and  that  agitation  is  . 
only  incidental  or  at  least  only  a  minor  consideration. 
Additional  evidence  of  this  was  olitained  the  following 
spring,  when  a  practical  way  of  finely  subdividing  the 
air  was  discovered.  It  was  then  found  that,  with  well- 
activated  sludge,  clarification  could  be  obtained  by  agi- 
tating with  only  I/4  cu.ft.  of  finely  divided  air  to  the 
gallon  of  sewage,  which  provided  only  one-sixth  of  the 
energy  afforded  when  mechanical  agitators  were  run  4 
lir.  and  only  one  thirty-sixth  of  the  total  energy  input 
when  the  24-hr.  run  was  made.  Yet  in  the  first  case  pood 
clarification  is  secured  and  in  the  second  none  at  all. 

The  writer  does  not  want  to  be  understood  as  sayinfr 
that  it  is  practical  to  operate  an  activated-sludge  plant 
with  only  14  cat. ft.  of  air  to  the  gallon.  It  distinctly 
is  not  practical  to  do  so  at  the  present  time.  It  is  a 
well-known  fact  that  the  amount  of  air  used  can  be  verv 
materially  reduced  for  a  short  time  if  the  sludge  is  well 
activated,  but  the  activity  of  the  sludge  is  quickly  lost 
if  the  practice  is  continued. 

This,  by  the  way,  is  additional  evidence  that  agitation 
in  itself  plays  a  minor  part,  for  it  is  difficult  to  con- 
ceive of  the  sludge  as  storing  up  energy  when  the  agi- 
tation is  violent  and  releasing  it  when  it  is  less  intense: 
but  it  is  easy  to  see  that  the  bacterial  activity  induced 
by  liberal  aeration  would  not  be  so  quickly  lost  when 
the  air  supply  was  cut  down. 

Paradoxical  as  it  may  seem,  it  is  only  when  aeration 
is  proved  to  be  all  important  and  agitation  incidental 
that  mechanical  stirring  will  prove  economical.  The  rea- 
son is  that  the  amount  of  agitation  necessary  to  main- 
tain the  sludge  in  suspension  and  which,  patently,  cannot 
be  dispensed  with,  can  best  be  furnished  by  a  mechanism, 
for  the  object  will  then  be  to  move  the  water  in  streanu 
near  the  tank  bottom  rather  than  to  cause  violent  eddie- 
and  swirls,  and  it  is  probable  that  a  stirring  device  wouk! 
be  best  adapted  to  this  end. 

This  combination  of  mechanical  stirring  plus  aeratioi 
cannot  of  course  be  used  at  present,  as  the  amounts  ol 
air  required  in  practice  are  more  than  ample  to  stir  tin 
mixture,  but  will  only  come  into  use  if  some  very  niucl 
more  efficient  means  of  introducing  the  necessary  o.xygci 
are  found.  Carl  H.  Nordell. 

Milwaukee,  Wis.,  Oct.  !),  1916. 


Sir — As  a  matter  of  inliuiiiation,  T  would  like  to  knov 
which  is  the  right  and  which  is  the  left  hand  bank  of  i 
stream;  that  is,  whether  you  call  it  the  right  hand  ml 
when  facing  the  source  of  the  stream,  or  the  right  hani 
side  when  facing  the  mouth? 

HeUBICRT  irEXnEHSOX, 

Constructing  Engineer,  Gulf  Kclining  Co. 
Port  Arthur,  Tex.,  Oct.  7,  1916. 
I  The  question  that  our  correspondent  raises  was  A\f 
cussed  at  length  in  various  issues  of  Engineering  New-- 
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Vol.  oJr,  Jiilv-Dereniber,  1905.  The  informatiou  brought 
out  at  that  time  from  numerous  sources  was  that  accord- 
ing to  the  rule  laid  down  in  the  United  States  Manual 
of  Land  Surveying,  the  right  and  left  banks  of  a  stream 
are  those  on  the  right  and  left  hand  of  an  observer  facing 
(/oicnstreani.  On  the  other  hand,  in  the  mountain  dis- 
tricts of  the  South  where  old  deeds  refer  to  the  right  and 
left  bank  of  a  stream,  it  is  almost  invariably  found  that 
what  is  meant  is  the  right  and  left  bank  when  the  observer 
is  facing  upstream.  This  latter  rule  also  applies,  accord- 
ing to  the  best  information,  to  forks. — Editor.] 

Sir — Referring  to  the  several  communications  in  regard 
to  the  Quebec  rocker  stresses  published  in  your  issue  of 
Oct.  19,  and  your  editorial  comments  thereon,  the  final 
sentence  in  the  latter :  "The  casting  is  in  fact  subjected  to 
-uch  a  complex  set  of  stresses — both  direct  and  secondary 
— that  analysis  can  only  lay  emphasis  on  the  need  for 
ultraconservative  design  in  such  a  case,"  suggests  that  the 
following  simple  analysis  indicates  that,  although  the  exact 
•  internal  stresses  cannot  be  determined,  an  indication  of 
their  character  should  not  be  ignored. 

At  either  the  top  or  the  bottom  of  the  casting  we  have 
rhe  extreme  fibers  of  one  rib  in  compression  with  the 
extreme  fibers  of  the  other  rib  in  tension  at  right  angles 
to  it.  Resolving  these  stresses  into  their  components  with 
reference  to  a  diagonal  section,  shown  in  diagram,  it  is 
-een  that  there  will  be  a  shearing  stress  on  this  diagonal 
-ection;  and  if  the  two  ribs  are  of  the  same  width  and 
the  tension  stress  equal  to  the  compression  stress,  this 
-hearing  stress  will  be  exactly  the  same  in  pounds  per 
square  inch  as  the  tension  or  compression.  As  this  shear 
IS  horizontal  in  direction  and  the  edge  of  one  of  tlie  ribs 
inclined,  the  other  being  horizontal,  the  complexity  of  the 
-tress  at  this  point  is  apparent;  and  in  all  probability  the 
•bearing  value  of  the  metal  is  more  important  than  the 
■  nsion  value.  TTowahd  C.  Baird. 

149  Broadwav,  New  York,  N.  Y.,  Oct.  20,  1916. 


Sir — Concerning  the  loss  of  the  suspended  span  of  the 
Quebec  Bridge,  on  ])age  529  of  the  issue  of  Sept.  14,  it 
.vas  stated  that  "so  long  as  the  span  remained  absolutely 
evel,  and  absolutely  central  on  the  lifting  girder,  there 
.vas  no  tendency  to  tip  or  rotate  the  girder.  ...  As 
he  truss  shoe  settled  down  through  the  broken  fragments 
jf  the  casting,  it  was  bound  to  destroy  irrecoverably  the 
lelicate  condition  of  central  loading."  Subsequently, 
ittention  has  been  directed  to  tiie  rocker  easting  and  its 
iesign,  and  the  evidence  has  been  believed  to  point  to  this 
casting,  rather  than  to  a  rotation  of  the  girder,  as  the 
•ource  of  the  disaster  to  the  suspended  span.  After  con- 
•idering  the  general  arrangement  of  the  slings  supporting 
:he  suspended  span,  it  would  seem  advisable  to  ask 
vlipther  anytiiing  else  lieside  the  breaking  of  the  rocker 

-ting  could  have  been  the  cause  of  the  failure. 

The  upper  or  transverse  pin,  supporting  the  span,  was 
<ut  2%  in.  l)elow  the  two  lowest  pins  in  the  lifting  chains, 
|)n  which  rotation  of  the  lifting  girder  could  take  place. 
flad  the  center  of  the  rocker  pin  been  slightly  more  than 
'/{j-in.  off  the  centers  of  the  lifting-chain  pins  just  mcn- 
ioned,  the  slope  of  the  lower  or  longitudinal  rocker  pin 
^onld  tend  to  be  5%,  which  is  probably  about  the  angle 
>f  friction  of  the  rocker  casting  on  the  pin.  To  insure  all 
:hree  of  these  pin  centers  being  in  n  vertical  plane,  it 


PLAN     OF      ROCKER      CASTING, 
SHOWINC^  DIAGON.AI^  SHE.\R 


would  be  necessary  that  the  workmanship  on  the  lifting 
girders  be  accurate;  that  the  lowest  castings  be  bolted  to 
the  girders  just  right  longitudinally;  that  the  centering 
plates  be  correctly  placed,  and  finally  that  the  girders  be 
in  a  vertical  plane  just  at  the  time  they  received  the  load. 
That  all  these  conditions  were  not  obtained  when  the 
weight  was  transferred  from  the  barges  to  the  slings  is 
not  outside  the  range  of  the  probable,  and  it  is  likely  that 
initial  inexact  centering  would  be  aggravated  later. 

On  the  excellent  photographs  of  the  insert  of  Sept.  81, 
there  is  no  sign  of  a  heavy  vertical  blow  on  the  southwest 

lifting  girder.  The 
most  prominent  ef- 
fects are  the  tear 
through  the  hitch 
angles,  wliich  looks 
as  if  it  were  done 
by  a  sharp  corner 
of  the  falling  mass 
dragging  through  it, 
and  the  squeezed-out 
lead,  which  proves 
that  there  was  an 
eccentric  load  or  a 
blow ;  if  it  were  the 
latter,  it  was  not 
heavj-  enough  to  break  the  casting.  The  direction  of 
motion,  indicated  by  the  several  sheared  bolts,  might 
merely  indicate  motion  of  rotation  of  the  lifting  girder, 
combined  with  the  vertical  motion  of  the  falling  mass.  It 
hardly  seems  positive  proof  of  a  broken  casting. 

Had  the  lifting  girder  been  properly  braced  by  a  strut 
to  the  bottom  chord  of  the  suspended  span,  the  equilibrium 
of  the  structure  would  not  have  depended  on  friction. 
It  would  seem  that  unnecessarily  flexible  design  might 
have  been  the  primary  cause  of  the  disaster.  Would  it 
not  have  been  better  to  have  connected  the  chains  directly 
to  the  ends  of  the  span? 

Regarding  the  rocker  casting  that  supported  the  sus- 
[lended  span  of  the  Quebec  Bridge,  and  the  computations 
recently  apponiring  in  your  columns  for  the  strength  of  the 
section  at  the  center,  would  it  not  be  well  to  call  attention 
to  some  additional  points  of  interest. 

The  midsection,  for  which  the  moment  of  inertia  was 
figured,  has  inclined  sides  and  is  irregular.  As  in  the  case 
of  a  circle,  the  distribution  of  stress  on  such  a  .section  does 
not  seem  to  follow  the  simple  law  that  it  does  in  a  rectan- 
gular section  with  vertical  sides.  A  pin,  for  instance,  will 
resist  more  bonding  than  the  ordinary  computation  would 
indicate.  In  addition,  the  midsection  has  on  each  side  of 
it  sections  increasing  in  depth  and  area.  On  this  account 
the  midsection  would  probably  stand  more  load,  as  the 
circumstances  are  analogous  to  the  nicked  tensile  speci- 
men, which  Avil!  stand  a  greater  stress  per  square  inch 
than  one  not  nicked.  Furthermore,  at  the  middle  of  the 
casting  there  are  stresses  of  opposite  kind,  in  planes  at 
right  angles  to  each  other  at  the  top  of  the  casting,  the 
fibers  running  longitudinally  with  the  span  being  in  com- 
pression and  those  running  transversely  being  in  tension. 
At  the  bottom  of  the  casting  the  condition  is  just  the 
reverse.  It  would  seem  a  very  difficult  matter  to  get 
stres.scs  actually  existing,  especially  when  so  manv  assump- 
tions can  be  made  regarding  distribution  of  the  load. 

Roherts  S.  Foi'lds. 

I'liocMixvillp,  Tcnn..  Oct.  21,  1910. 
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Ftuilblac'  Inlesilttlh   Assocng 

M©dl©E  (C®iav©E3iSa<D)Ea 

In  strikiii.t:  coiiti-a-^t  to  .^onio  conventions  of  other 
societies  held  this  year  the  forty-fourth  annual  convention 
of  the  American  Public  Health  Association  at  Cincinnati, 
Ohio,  last  week,  was  a  model  of  how  to  do  it.  Although 
1.59  papers  and  reports  were  scheduled  for  presentation 
in  a  four-day  convention,  and  although  the  only  business 
done  at  the  single  evening  session  was  the  president's 
address,  yet  the  program  was  carried  out  withoiit  con- 
fusion and  with  apparently  plentiful  time  for  discussion. 

This  high  convention  ideal  was  attained  by  skillful 
planning  and  equally  capable  execution  of  the  program 
by  men  who  knew  just  what  was  wanted  and  exactly  how 
to  get  it.  The  subjects  were  live  ones  and  well  grouped. 
Competent  men  and  women  were  chosen  to  present  them. 
The  sessions  opened  on  time  or  very  nearly  so.  The 
presiding  officers  kept  their  sessions  thoroughly  in  hand, 
holding  authors  and  discussers  of  papers  to  the  set  time 
limits  and  not  only  leaving  time  for  free  discussion  but 
judiciously  stirring  it  up  by  calling  on  this  or  that  person 
in  case  the  discussion  did  not  move  fast  enough. 

Obviously,  159  papers  and  reports  could  never  have 
been  presented  in  four  mornings,  three  afternoons  and 
one  evening  of  business  proceedings  were  not  the 
association  divided  into  sections.  These  sections  include 
Public  Health  Administration,  Laboratory,  Vital  Statis- 
tics, Sanitary  Engineering,  Sociological,  and  Industrial 
Hj'giene,  besides  which  there  was  a  special  period  devoted 
to  Foods  and  Drugs  and  three  General  Sessions. 

The  recent  marked  progress  of  the  association  is  shown 
b\^  the  rapid  increase  in  membership  during  the  past 
few  years  to  a  present  total  of  1,647  and  a  40%  increase 
in  the  circulation  of  the  Journal  to  2,-100  copies.  More- 
over, a  Journal  deficit  of  $2,800  reported  a  year  ago 
has  given  place  to  a  surplus  of  $30  for  the  year  just 
closed. 

Before  passing  on  to  brief  mention  of  a  few  of  the 
scores  of  papers  and  reports  it  may  be  noted  that  the 
President  Elect  is  Dr.  W.  A.  Evans,  not  long  ago  health 
commissioner  of  Chicago.  Prof.  Selskar  M.  Gunn,  of 
Boston,  Mass..  will  continue  as  secretary  and  editor,  it 
is  understood.  Tlie  new  chairman  of  the  Sanitary  Section 
is  Theo.  Horton,  Albany,  X.  Y. ;  and  of  the  Laboratory 
Section,  Dr.  Henry  Albert,  of  Iowa.  The  1917  conven- 
tion will  be  held  in  Xew  Orleans. 

Substantial  contriliutions  were  made  by  a  number  of 
committees.  ^lention  will  here  be  made  of  the  reports  to 
the  Sanitary  Engineering  Section,  only,  except  to  note 
that  some  changes  in  existing  laboratory  standards  were 
recommended  by  the  committees  on  bacterial  and  on 
chemical  analyses  of  water  and  sewage.  These  changes 
will  come  up  for  action  next  year. 

The  Committee  on  Water  Supply,  through  F.  F. 
Longley,  Xew  York  City,  chairman,  called  attention  to 
the  need  for  more  careful  and  extended  observations  on 
the  results  of  water  disinfection — there  now  being  about 
600  chlorination  plants  in  use,  as  compared  with  60  at 
the  beginning  of  1914. 

A  carefully  devised  score  system  for  rating  the  sanitary 
condition  of  puljlic  water-.supplios  was  presented  bv  Theo. 
Horton,  and  E.  S.  Chase,  Albany,  X.  Y.  H.  A.  Whit- 
taker,  Minneapoli.s,  Minn.,  .submitted  statistics  showing 
how  necessary  it  is  to  have  a  field  survey  or  sanitary 


inspection  of  water-supplies  instead  of  relying  upon 
analyses  alone.  On  this  subject  Mr.  Horton  remarM 
that  for  three-fourths  of  the  water-supplies  a  sanitarv 
survey  is  sufficient. 

Fundamental  principles  and  a  proposed  code  were  sub- 
mitted by  the  Committee  on  Sanitary  Control  of  Water- 
ways, H.  P.  Eddy,  Boston,  chairman.  This  report  was 
warmly  and  generally  commended.  The  section  votal 
tliat  not  only  this  but  also  the  other  committee  report.< 
submitted  for  adoption  by  the  Section  should  be  sent  to 
the  Executive  Committee  with  a  request  for  early  print- 
ing in  the  Journal;  that  reprints  of  the  reports  be  sent 
to  Section  members  about  30  days  before  the  next  ensuing 
annual  meeting,  at  which  the  reports  shoiild  come  up 
for  discussion  and  adoption.  The  proposed  code  will  be 
printed  in  a  later  issue.  In  this  issue  there  are  given  part.< 
of  the  reports  of  the  Committee  on  Sewage  Works  Opera- 
tion and  Maintenance,  W.  L.  Stevenson,  Philadelphia, 
chairman,  which  was  devoted  largely  to  an  advocacy  of 
State  Board  of  Health  supervision  of  the  operation  of  sew- 
age works,  and  of  the  report  of  the  Committee  on  Sewer- 
age and  Sewage  Disposal,  Geo.  S.  Webster,  Philadelphia, 
chairman,  which  presented  a  series  of  definitions  of 
sewerage  and  sewage  disposal  terms.  These  definition?, 
in  full,  will  go  to  members  of  the  Section  and  be  presented 
for  action  by  the  section  next  year.  H.  P.  Eddy  thought 
the  states  .should  .stop  with  insisting  that  sewage  works 
be  properly  operated,  leaving  detailed  supervision  to 
engineers  in  private  practice.  The  committee  might  well 
define  just  what  it  means  by  state  supervision,  il.  X. 
Baker,  of  Xew  York,  remarked  that  the  state  shoulil 
say  what  must  be  accomplished  rather  than  how.  Jlr. 
Stevenson  said  in  closing  the  discussion  that  the  com- 
mittee did  not  intend  that  the  state  should  usurp  tlk' 
functions  of  private  engineers. 

The  report  of  the  Committee  on  Refuse  Collection  and 
Disposal,  Samuel  A.  Greeley,  Chicago,  chairman,  men- 
tioned a  five-ton  garbage  reduction  plant  at  Pontiac. 
Mich.  Rudolph  Hering,  Xew  York  City,  read  a  paper 
discussing  at  length  what  sort  of  contract  plans  and 
specifications  are  needed  for  obtaining  incinerators  on  a 
most  economical  basis.  He  advised  taking  into  account 
cost  of  collection  and  transportation;  that  general  plans 
and  specifications  be  prepared  by  a  eomjictent  engineer 
for  the  city,  but  that  each  bidder  submit  his  own  detailed 
plans;  and  that  contract  prices  be  sulimitted  on  the  basis 
of  annual  unit  costsi  of  operation,  indudinir  capital  as 
well  as  operation  charges. 

A  valuable  study  of  the  relation  between  street  clean- 
ing and  street  dirt  and  disease  was  presented  by  iSamuel 
AVhinery,  Xew  York  City,  Chairman  of  the  Committei 
on  Street  Cleaning.  Some  of  the  main  conclusions  «l 
this  paper  are  given  elsewhere  in  this  issue. 

i®ias  ©If  §®'^«r®B»si^e  and 

The  need  for  a  careful  definition  of  terms  used  i' 
se\\^erage  and  sewage  disposal  has  been  growing  more  ani 
more  evident  for  years  past.  The  Committee  on  Sewerap 
and  Sewage  Disposal  of  the  Sanitary  Section  of  tin 
American  Public  Health  Association,  with  the  cooperatioi 
of  a  dozen  eminently  qualified  sanitary  engineers,  s«'' 
mitted  a  long  series  of  definitions  to  the  recent  Cincinna' 
convention  of  the  Association.    A  few  of  the  least  obvioii 
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I  definitions,  or  those  most  likely  to  arouse  differences  of 
; opinion,  are  here  quoted  from  the  report: 

Drain  is  a  conduit  intended  to  carry  storm,  surface  and 
ffround   water. 

Separate  Sewer  is  a  sewer  which  is  intended  to  receive 
only  sewage  and  not  storm  water  or  surface  water.  ("Sepa- 
rate Sewer"  is  preferable  to  "Sanitary  Sewer,"  which  latter 
term  should  be  discontinued.) 

SewaK:e  Treatment  is  the  process  to  which  sewage  is  sub- 
jected in  order  to  partially  remove  its  impurities  and  render 
it  fit  for  final  discharge.  (The  term  "Sewage  Purification" 
.should  be  abandoned.) 

Contamination  is  the  introduction  into  a  water  of  bacteria 
or  other  substances  which  tend  to  render  it  unsuitable  for 
domestic  use. 

Pollution  is  the  introduction  into  a  water  of  sub.«tances 
of  such  character  and  in  such  quantity  that  they  tend  to 
render  the  body  of  water  or  river  objectionable  in  appear- 
ance, or  to  cause  it  to  give  off  objectionable  odors. 

Clarification  is  the  removal  of  the  suspended  and  col- 
loidal matters. 

Colloidal  Matter  is  suspended  matter  which  is  so  finely  di- 
lided  that  it  is  no  longer  acted  on  by  gravity,  and  remains 
-uspcnded  indefinitely,  yet  will  not  pass  through  a  parch- 
nent  membrane  in  the  ordinary  process  of  dialysis. 

A  Screen  is  a  device  containing  openings  of  proper  size  to 
etain  a  part  of  the  suspended   matter  of  sewage. 

Coarse  Screen  is  one  having  openings  in  excess  of  14  in. 
'  n  least  dimension. 

Fine  Screen  is  one  having  openings  of  %  in.,  or  less,  in 
east  dimension. 

Bar  Screen  is  one  composed  of  parallel  bars  or  rods. 
Mesh  Screen   is  one  composed  of  a  fabric,   usually  of  wire. 
A   Grating    consists    of    two    sets    of    parallel    bars    in    the 
ame  plane,  the  sets  intersecting  at  right  angles. 

Perforated  Plate  Screen  is  one  made  of  perforated  plates. 
Band  Screen   is  one  consisting  of  an   endless  band,  or  belt, 
vhlch  passes  over  upper  and  lower  rollers. 

Wing  Screen  is  one  having  vanes,  uniformly  spaced,  which 
otate    on    a    horizontal   axis. 

Drum  Screen  is  one  in  the  form  of  a  cylinder  or  cone,  con- 
isting  of  perforated  plates  or  a  wire  mesh  which  rotates  on 
horizontal    axis. 

Disk  Screen  consists  of  a  rotating  circular  perforated  disk, 
Pith  or  without  a  central  truncated  cone  of  similar  material 
nounted  on  the  center. 

Cage  Screen  consists  of  a  cage  having  three  sides  made 
f  parallel  bars,  or  rods,  so  arranged  that  it  may  be  lowered 
nto  the  sewage,  and   r.aised  therefrom   for  cleaning. 

Sedimentation  Tank  is  a  tank  for  the  removal  of  suspended 
latter  either  by  quiescent  settlement  or  by  continuous  flow 
t  such  a  velocity  and  time  of  retention  as  to  allow  deposition 
f  suspended  matter. 

Dortmund  Tank  is  a  vertical  sedimentation  tank,  usually 
ylindrical,  in  which  the  raw  or  partially  treated  sewage 
nters  the  lower  part,  flows  upward  and  passes  out  near  the 
op.  The  sludge  is  drawn  before  it  becomes  septic  from  the 
onical  or  hopper-shaped  bottom. 

Hydrolytic  Tank  is  a  tank  in  which  by  biological  pro- 
esses  a  portion  of  the  suspended  matter  is  converted  into 
quid  and   gaseous   form. 

Septic  Tank  is  a  horizontal,  continuous-flow,  one-story  sed- 
Tientation  tank  through  which  sewage  is  allowed  to  flow 
lowly,  to  permit  suspended  matter  to  settle  to  the  bottom, 
•here  It  is  retained  until  anaerobic  decomposition  is  estab- 
8hed,  resulting  in  the  changing  of  some  of  the  suspended 
rganic  matter  into  liquid  and  gaseous  substances  and  a 
onsequent  reduction  in  the  quantity  of  sludge  to  be  dls- 
sed    of. 

Tarvis  Tank  is  a  two-story  tank  consisting  of  an  upper, 
.sedimentation  chamber,  with  steeply  sloping  bottom,  term- 
intlnK  in  one  or  more  slots  through  which  the  solids  may 
llde  as  deposited  Into  the  lower  or  sludgi'-dlgestion  chamber, 
hrough  which  a  predetermined  portion  of  the  sewage  is  al- 
>wed  to  pass  tor  the  purpose  of  seeding  and  maintaining 
acterlal  life  in  the  sludge  and  carrying  away  decomposition 
roducts,  thus  inducing  digestion  of  the  sludge  attended  by  its 
luction  In  volume. 

linhotT,  or  Emscher,  Tank  is  a  two-story  tank  consisting 
•  n  upper,  or  sedimentation  chamber,  with  steeply  sloping 
"tlom,  terminating  in  one  or  more  slots  through  which  the 
lolldt  may  slide  as  deposited  into  the  lower  or  sludge-dlgcs- 
ion  chamber — these  slots  being  trapped  so  as  to  prevent  the 
i»e  of  gas  and  solids  from  the  lower  chamber — the  lower 
hamber  being  provided  with  vents  for  the  escape  of  the  gases, 
he  tank  being  bo  constructed  as  to  facilitate  the  passage  of 
he  aewage  quickly  through  the  upper  chamber  and  pre- 
ent  the  flow  of  sewage  through  the  digestion  chamber,  and  so 
perated    that    the    sludge    may    be    thoroughly    decomposed, 


rendered  practically  free  from  offensive  odor  and  so  filled  with 
gas  that  it  can  be  readily  drawn  oft  and  dried. 

Activated-Sludge  Process  consists  in  the  agitation  of  a 
mixture  of  sewage  with  about  15%  or  more  of  its  volume  of 
bacterially  active  liquid  sludge  in  the  presence  of  ample  at- 
mospheric oxygen,  for  a  sufficient  period  of  time  to  at  least 
coagulate  a  large  proportion  of  the  colloidal  substances,  fol- 
lowed by  sedimentation  adequate  for  the  subsidence  of  the 
sludge  flocculi;  the  activated  sludge  having  been  previously 
produced  by  aeration  of  successive  portions  of  sewage  and 
maintained  in  its  active  condition  by  adequate  aeration  by 
itself   or   in   contact   with   sewage. 

Trickling  Filter.  (The  committee  is  of  the  opinion  that  the 
term  "Trickling  Filter"  is  preferable  to  the  term  "Sprinkling 
Filter"   or  "Percolating  Filter.") 

Disinfection  is  the  destruction,  by  the  agency  of  some 
chemical,  of  a  large  percentage  of  the  bacteria  in  sewage 
or  contaminated  water,  so  as  to  reduce  the  danger  of  in- 
fection to  a   negligible  quantity. 

Sterilization  is  the  destruction  by  the  agency  of  some 
chemical,  of  all  the  bacteria  in  sewage  or  contaminated  water, 
including    their    spores. 

Nuisance  (in  relation  to  a  polluted  stream)  is  a  condition 
which  is  offensive  to  the  sense  of  sight  or  smell. 

A  Clean  River,  in  regard  to  sewage,  is  one  which  gives  no 
sensuous  evidence  of  sewage  pollution  and  from  which  a 
wholesome  drinking  water  can  be  obtained  by  practicable 
methods  of  water  purification. 

It  should  be  understood  that  the  report  is  a  preliminarv 
one.  The  committee  wishes  full  and  free  discussion  from 
all  persons  interested.  George  S.  Webster,  550  Bourse 
Bldg.,  Philadelphia,  is  chairman  of  the  committee.  The 
other  memliers  who  signed  the  report  were  Kenneth 
Allen,  New  York  City,  Frank  A.  Barbour,  Boston,  and 
Langdon  Pearse,  Chicago. 

m 


For  the  jjurpose  of  tliis  repoi'l  the  4<S  state  boards  of 
health  in  the  United  States  have  been  divided  into  tliree 
groups : 

1.  Those  states  whose  boards  of  health  have  no  engineer 
upon  their  staif  or  have  no  specific  legislation  giving  tliem 
control  over  the  disposal  of  sewage,  or  have  so  few  sewage- 
treatment  works  under  their  jurisdiction  that  the  subject 
is  negligible.  These  2-1  states  in  1910  had  a  population  of 
over  24,250,000,  or  26%  of  the  total  population  of  the 
United  States,  and  are:  Alabama,  Arizona,  Arkansas, 
Colorado,  Delaware,  Georgia,  Idaho,  Mississippi,  Mi.ssonri, 
Montana,  Nebraska,  Nevada,  New  Mexico,  North  Dakota, 
Oklahoma,  Oregon,  South  Dakota,  South  Carolina,  Ten- 
nessee, Utah,  Washington,  West  Virginia,  Wyoming, 

2.  Those  states  whose  hoards  of  health  have  an  engineer 
or  other  officer  charged  witli  supervision  over  disposal  of 
.sewage,  but  whose  legal  powers  are  limited  and  the  number 
of  sewage-treatment  works  are  small.  The  officers  of  this 
group  of  stiites  iiave  all  signified  their  willingness  to 
c()o])erate  with  your  committee  and  have  furnished  valu- 
able data.  These  nine  stales  in  1910  had  a  population  of 
12,753,000,  or  14%  of  the  total  population  of  the  United 
States,  and  are:  Connecticut,  Florida,  Indiana,  Kentucky, 
liouisiana,  Maine,  Now  IIanii>shire,  North  Carolina, 
Eliode  Island,  Vermont. 

•'?,  The  remaining  15  states  have  boards  of  health  witli 
( ngineering  divisions  and  eitlier  have  legal  authority  or 
otherwise  exercise  control  over  the  disposal  of  sewage  and 
operation  of  sewage-treatniciit  works.     The  1910  popula- 


•B'rom  report  of  Committee  on  Sowage-Works  Operation, 
etc..  Sanitary  Section,  American  Public  Health  Association, 
presented  at  Cincinnati,  Ohio,  Oct.  2fi,  laifi.  The  members  of 
the  committee  arc:  F.  E.  Daniels,  C.  A.  Emerson,  ,Tr.,  C  B. 
Hoover,  Richard  Messcr,  W.  L.  Stevenson,  chairman,  City  Hall. 
Philadelphia,   Pcnn. 
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SEWAGE  WORKS  AND  THEIR  CONTROL  BY   15  STATE  BOARDS  OR  DEPARTMENTS  OF  HEALTH 

State  Board  or  Department  of  Health 


State 
Calif. 

OHii-cr  Furnishins  Data 
Xai.i.'                          Title 
C.  G.  CJilU'spie      Chief  engineer 

Population 
of   .State 
in  1910 

2,377..W() 

Number  of  V, 
For 
25 
Total           to 
Number       500 
100=t    .\-unier- 

orks  in  State 
Population  of 
500 

to          Over 

10.000    10,000 

90            3 

Number 
of  Works 

with 
Labor- 
atory 

Requires  Ap- 
proval of  Plans 

for  .Sewage 
Prior  to  Con- 
struction 
Yes 

Exercises 
Supervision 

Over 

Operation 

Yes 

Makes  In- 
spection 
Occa- 

Makes Anal 
yses  of  Sew- 
age and  Ef- 
Huent 
Yes 

Receiwi 
Reportaot 
Operation 
Have  pow- 

Ill 
Iowa. 

P.  Han.s.ii 
L.  Higgins 

Chief  engineer 
Sanitary  engineer. 

.i,03S,0(l(l 
2,224,SW) 

85 

1 

61 

82 

10 

2 

Yes 
Yes 

Not  yet 

To  some  ex 
tent 

sionally 

Not  yet  By  State  Wa- 
ter Survey 

-       Yes                Yes 

R'Sfe°°"« 
passed; 
not  yet 

Y'es,    aftar 
Jan,    1, 

Kans. 

C.  A.  Haskins 

Chief  engineer 

1,690.900 

67 

9 

33 

5 

Yes 

Yes 

Yes 

Yes 

1917 
Just  in- 

Md... 
Mass.. 
Mich.. 

R.  B.  Morse          Chief  engineer 
X.H.Goodnough  Chief  engineer 
E.  D.  Rich            State  sanitary  engi 

1,295,300 
3,306,400 
2,Slf),200 

13 

58  + 
38 

t 
34  + 
22 

12 
11 
14 

1 

13 

2 

1 
3 

Y'es 
Yes 

No 

Yes 
Yes 
Yes 

Yes 
Y'es 
Yes 

Yes 

Yes 

Sometimes 

stalled 
Not  yet 

Soon 

Minn 

HA,  Whittaker 

Director 

2,073,700 

79 

44 

32 

3 

No    law,     but 
nearly  all  sub- 
mit plans 

Yes 

To  some  ex- 
tent 

Yes 

Yes 

No 

N.J... 
N.  Y.. 

C.  G.  Wigley 
T.  Horton 

Chief  bureau  of  en- 
Chief  engineer 

2.337.200 
9,113.600 

168* 
178 

66 
73 

89 
90 

13 
13 

2 

Yes 
Partial 

Yes 
Yes 

Yes 
Yes 

Soon 
In  some  in- 

Ohio. 
Penii. . 

W.  H.  Dittoe 
C.  .A.Emerson, 
Jr 

Chief  engineer 
Chief  engineer 

4,767, 100 
7,665,  KXI 

162 
117 

92 
61 

64 
47 

6 
9 

u 

17,  32  par 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

stances 
No 
Ve8 

Tf.x.... 

V.  M.  Ehlers 

Sanitary  engineer 

3,896,500 

40 

2 

37 

1 

"1 

No  law.  major- 
ity submit 
plans 

No  law,  but 
plans  passed  or 

Standards 
required 

Yes 

Yes 

Yea 

Va.      . 
Wis.... 

R.  Messer              Sanitary  engineer 
W.  0.  Kirchoffer  Sanitary  engineer 

2,061,600 

2,333,S00 
Totals.. 

44 

70  + 
1,294 
100 

437 
34 

60  ± 
764 
59 

0 

10=t 
93 

1 

No  law  but 
X  supervised 

Yes 
Yes 

No 
Yes 

No 
No 

*  Fifteen  trade-wastes  plants,  not  included.  t  Many  small  institutional  plants  not  included 

tioii  in  these  states  was  about  54,000,000,  or  60%  of  the 
total  populatioa  of  the  United  States. 

The  conditions  in  these  states  are  given  in  the  accom- 
pany table  from  which  it  will  be  seen  that,  generally, 
sewerage  plans  must  be  approved  before  construction ; 
supervision,  inspection  and  analyses  are  made,  and  in  some 
states  reports  of  operation  are  made  to  the  state  board  of 
health. 

It  will  be  noticed  that  commonwealths  representing 
more  than  half  the  population  of  the  United  States  have 
given  their  state  boards  of  health  supervisory  powers,  but 
it  will  be  further  ob.served  that  at  the  present  time  only 
in  Massachusetts,  Pennsylvania  and  Texas  is  the  operation 
of  the  sewage-treatment  works  regularly  reported  to  the 
state  officials.  Several  other  states  are  preparing  to 
inaugurate  this  means  of  exercising  supervision. 

Upon  completion  of  the  construction  of  sewage-treat- 
ment works  it  very  frequently  happens  that  the  operation 
is  intrusted  to  persons  entirely  unfamiliar  with  the  intent 
and  purpose  of  the  designer.  It  is  particularly  important 
that  early  operation,  where  adjustment  of  parts  mu.'^t 
be  made  to  meet  unanticipated  conditions,  should  be 
intrusted  to  either  the  designer  or  some  engineer  familiar 
with  all  the  intricacies  of  operation.  This  jirovision  caii 
be  met  by  a  ro(]uirement  in  the  ])erniit  nl'  approval  issued 
by  the  state  for  the  construction  of  the  works. 

The  table  shows  that  over  one-third  of  the  plants  given 
therein  arc  designed  for  population  of  less  tliaii  rjOO,  over 
one-half  for  populations  between  500  and  lO.niHi,  and 
only  7%  for  populations  over  10,000. 

State  supervision  should  include  inspection  of  the 
works,  analyses  of  sewage  and  effluents,  and  examination 
of  records  of  operation.  With  these  data  the  state  otiicials 
can  advise  those  in  charge  of  the  works  how  to  operate 
them  to  obtain  the  optimum  results. 

Inspections  and  sampling  by  the  stale  shouM  Ijc  done 
not  at  regular  intervals,  but  when  critical  conditions  exist, 
in  order  to  be  familiar  with  the  results  obtained  at  times 
of  maximum  load  when  defects  are  most  noticeable. 

(icnerally,  reports  should  be  submitted  to  the  state 
board  of  health  by  all  sewage-treatment  works.  In  ca.^es 
of  small  domestic  or  institutional  plants  it  may  be  felt 
that  there  is  practically  nothing  to  report.     But  in  such 


X  Four  additional  laboratories  planned  for. 

cases,  if  the  owner  is  required  to  send  a  report  to  the  stat« 
setting  forth  the  condition  of  the  plant,  it  is  an  incentive 
to  at  least  examine  its  operation  occasionally,  which  other 
wise  Would  be  overlooked. 

Errors  in  Liquia-Mea.surine  Pumps  used  in  the  sale  of  gas- 
oline are  exceedingly  common,  according  to  a  bulletin  jusi 
issued  by  the  Bureau  of  Standards.  Examinations  of  meas- 
uring pumps  of  various  types,  chosen  at  random  in  a  numbei 
of  different  cities,  were  made  by  an  inspector  of  the  Bureat 
of  Standards  and  showed  that  70  to  80  9;  of  the  pumps  ex 
amined  had  excessive  errors.  In  nearly  all  cases  these  errori 
consisted  in  deficient  delivery.  An  approximate  estimate  In 
dicates  that  in  Illinois  alone  the  loss  to  purchasers  of  gaao 
line,  due  to  short  measure,  may  exceed  half  a  million  dollar; 
per  annum. 


The  Boston  Elevated  Uailn-a)'  Co.  is  in  need  of  additions 
capita!  for  the  purchase  of  rolling  stock  for  the  existinr 
rapid-transit  lines  and  also  for  equipping  the  Dorchester  tunne 
and  the  extension  to  Everett,  now  under  construction.  It  i 
unable  to  secure  this  capital  from  the  sale  of  stock,  becaus 
under  existing  laws  it  cannot  sell  stock  at  less  than  par,  an 
the  stock  is  now  selling  at  73.  It  cannot  sell  additional  bond) 
since  the  law  limits  its  bond  issues  to  the  amount  of  stoc' 
outstanding,  and  it  is  already  up  to  that  limit.  A  specla 
board  created  by  the  legislature  of  1916,  consisting  of  tb 
Massachusetts  Public  Service  Commission,  the  Boston  TransI 
Commission  and  members  of  the  Senate  and  House,  is  holdln 
hearings  in  Boston,  beginning  on  Sept.  25,  to  consider  meal 
of  extending  relief  to  the  company.  The  testimony  tiius  fl 
presented  shows  that  the  company's  present  financial  oon 
dition  is  due  principally  to  increased  cost  of  labor  and  ma 
terial  and  the  enormous  increase  in  the  company's  investmer 
on  which  fixed  charges  must  be  met,  this  increase  being  8 
a    much   greater   rate   than    the    growth   of   its    traffic. 

Permanent  investments  in  the  Boston  Elevated  system  0 
June  30,  liilG,  amounted  to  $116,000,000,  which  is  4 '/j  times  « 
great  as  in  1907.  The  number  of  paying  passengers  has  on! 
doubled  in  the  same  time.  Further  than  this,  the  increasln 
length  of  the  average  Journey  in  connection  with  the  fre 
transfer  s.vstem  has  prevented  the  revenue  from  increasing  i 
proportion  to  tlie  service  rendered.  The  proposals  which  lli 
hoard  is  considering  for  the  company's  relief  include  Ibe  f" 
lowing; 

1.  An   increase  In  the  rate  of  fare. 

2.  Tlie  adoption  of  the  so-called  zone  system  of  fai  r^ 

3.  Charging   for   transfers. 

4.  Establishment  of  inclosed  areas  at  transfer  poln 
where  practicable,  so  as  to  reduce  the  number  of  paper  Iran 
fers. 

5.  Elimination   of  the  Sc.   check. 

6.  Purchase  of  the  Cambridge  subway  by  the  slate  ai 
its  rental   to   the  company. 

7.  Temporarily  charginix  off  depreciation  against  pr- 
mlums  paid    in   on    stock    :in.l    bonds. 

8.  Return  of  the  J.'.iih.ihk.  ,1.  |h. sited  with  the  state,  so  tti. 
it   will   be  available   for   ..r.liii:ir\    capital   purposes. 

9.  Reimbursement    for  siil.ua.v   rentals. 
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Probably  the  largest  bridge  that  lias  thus  far  suffered 
destruction  in  the  European  War  is  the  great  cantilever 
bridge  at  Cernavoda,  Eoumania,  which  was  wrecked  by 
the  retreating  Eoumanian  anny  on  Oct.  26.  The  bridge 
was  completed  and  formally  opened  for  traffic  20  years 
awe  and  was,  so  far  as  we  are  aware,  the  longest  span 
cantileyer  bridge  in  continental  Europe. 

A  full  description  of  the  bridge  was  published  at  the 
time  of  its  completion,  in  Engineering  News  of  Aug.  27, 
1896.  We  reproduce  from  that  issue  the  accomjianying 
photograph   showing   the   bridge  partly  completed,   with 


construction.  The  piers  for  the  15  spans  of  the  approach  lead 
away  westward  to  the  end  of  the  embanliment  in  the  distance. 

The  contract  for  the  construction  of  the  Cernavoda  bridge, 
not  including  approaches,  was  awarded  to  the  Soci^tfi  de 
Fives-Lille,  of  France,  for  $1,570,000.  This  estimate  was  based 
on  a  rate  for  the  superstructure  of  $135.40  per  ton  weight, 
including  erecting  and  painting.  The  estimated  weight  was 
5,150   tons;   the  actual   is  about  5,500. 

The  construction  of  the  river  piers  was  attended  with  un- 
usual difflculties.  It  was  required  that  they  be  built  on  bed- 
rock, and  to  acciimpli-sh  this  it  was  necessary  to  sink  the 
caissons  to  a  depth  of  101  ft.  below  water  level.  Much  diffi- 
culty was  experienced  in  working  at  this  great  depth,  the  ex- 
treme pressure  proving  fatal  to  a  number  of  laborers.  The 
total  height  of  the  pier  is  207  ft.,  giving  the  floor  of  the 
bridge  an  elevation  of  121  ft.  above  high-water  level. 

There  are  four  river  piers,  each  two  supporting  a  span  790 
ft.  long,  consisting  of  two  end  cantilevers,  each  164  ft.  In 
length,  and  a  central  truss  construction.     The  spaces  remain- 


PIG.   1.    VIEW  OF  THE  CERNAVODA  BRIDGE  OVER  THE   DANUBE    UNDER    CONSTRUCTION 
(Two  main   cantilever  spans  completed  and   piers  supporting   them  under  construction) 


a  side  elevation  of  the  structure  and.  a  cross-section 
making  clear  the  extreme  batter  of  the  trusses.  The 
photographic  yiew  also  makes  evident  the  unusual  plan 
adopted  for  the  erection  of  the  structure.  The  main 
cantilever  spans  were  erected  when  the  piers  were  only 
a  short  distance  above  the  water  level,  and  the  spans 
were  raised  by  hydraulic  jacks  as  the  piers  themselves 
were  built  up  until  they  reached  their  final  elevation. 

The  bridge  was  built  by  the  Eoumanian  Government, 
and  nearly  5^2  years  were  occupied  in  its  construction. 
Some  of  the  chief  features  of  interest  with  respect  to  the 
structure,  as  printed  in  Engineering  News  20  years  ago, 
are  as  follows: 

At  the  point  on  the  river  where  Cernavoda  is  located,  and 
where  It  was  determined  to  place  the  bridge,  the  Danube  is 
divided  Into  two  branches  by  the  island  Balta.  The  river 
flows  In  a  northerly  direction  at  this  point,  and  it  is  the 
easterly  channel  that  retains  the  name  of  Danube,  the  west- 
erly being  called  the  Borcea  River.  The  island  is  swampy, 
and  at  certain  times  Is  entirely  covered  with  water.  It  is 
between  seven  and  eight  miles  In  width.  Two  bridges  are 
thus  necessitated,  and  on  the  island  a  long  stretch  of  embank- 
ment with  an  open   viaduct  about  halfway  across. 

The  total  length  of  iron  structure  Is  about  13,460  ft.,  or 
2.6  mi.,  this  being  divided  as  follows:  Cernavoda  bridge,  2,460 
ft.:  approaches  to  Cernavoda  bridge,  3,000  ft.;  viaduct  on 
Halta  Island,  4,770  ft.;  Borcea  bridge,  1,380  ft.;  and  approaches 
to  last  named,  1,840  ft.  The  flrst  two  mentioned  portions  may 
tie  seen   In   Fig.    1,    showing   the   Danube   bridge   In   course   of 
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ing  are  filled  with  three  295-ft.  truss  spans,  having  half- 
parabolic  top  chords.  An  elevation  of  the  bridge,  showing 
length  of  various  parts,  is  given  in  Fig.  2.  The  width  of  the 
bridge  at  the  floor  level  varies  from  29  ft.  at  the  piers  to  21 
ft.  at  the  ends  of  the  cantilevers.  These  widths  are  main- 
tained throughout  the  467-ft.  and  the  295-ft.  portions.  Fig. 
3  is  the  end  elevation  of  the  superstructure  at  a  pier.  One 
of  the  most  noticeable  features  of  the  construction,  the  rapid 
narrowing  from  bottom  to  top  chords,  is  here  shown.  The 
slope  of  the  tru.s.ses  is  1:10  with  the  vertical.  Basic  open- 
hearth  steel  of  a  tensile  strength  of  from 
59.000  to  68,000  lb.  per  sq.in.  is  used  in  the 
main  bridge.  The  elongation  at  failure 
in  tests  of  this  steel  was  about  20 ';f.  and 
the  elastic  limit  was  about  34.000  lb.  per 
sq.in.  On  the  approaches  a  milder  grade 
of  steel   was  used. 

The  two  main  spans  of  the  superstruc- 
ture, as  shown  in  Fig.  1,  were  erected  at 
llie  same  time  with  the  piers  themselves. 
They  were  flrst  lifted  by  trestles  to  high- 
water  level.  From  that  point  they  were 
raised  by  hydraulic  Jacks  on  the  piers. 
The  jacks  were  supported  on  pipes  em- 
bedded in  the  masonry  of  the  piers,  there 
being  four  pipes  in  each  pier,  used  in 
pairs.  While  one  pair  w.-is  being  extended, 
the  other  supported  the  weight  of  the 
jacks.  In  this  wa.v  ample  space  for  work- 
ing at  the  top  of  tho  piers  was  obtained. 
The  bridge  is  crossed  by  but  a.  single 
FIG.  3.   SHOWING    track. 

INCLINATION  OF  The  approaches  and  viaduct  present  no 

TRUSSES  features  of  particular  interest,  except,  per- 


FIG.  2.    GENERAL  ELEVATION  OF  THE  CERNAVODA   BRIDGL 
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haps,  the  solidity  and  permanency  of  construction  prevailing 
throughout.  The  masonry  piers  are  surmounted  by  trusses 
of  ordinary  type.  The  embankment  is  built  in  a  substantial 
manner,  with  a  generous  use  of  riprap. 

The  Borcea  bridge  is  similar  in  appearance  to  the  larger 
structure.  It  has  but  two  river  piers,  which  support  a  790-ft. 
span  like  the  central  spans  of  the  Cernavoda  bridge,  and  con- 
nection to  shore  is  made  by  two  295-ft.  half-parabolic  spans, 
as  before.     The  bridge  floor  is  62  ft.  above  high-water  level. 

The  total  cost  of  the  work,  including  both  bridges  and  all 
approaches,  was.   in  round  numbers,  $6,000,000. 

By  Pl.   Fleming* 

Upon  graduation  every  engineer  should  subscribe  for 
an  engineering  journal,  or  two  if  he  can  afford  them. 
It  is  ahvay.*  best  to  have  one's  own  copy.  Here  careful 
attention  will  be  given  to  the  subject  matter  than  if 
the  copy  is  borrowed,  or  read  hastily  in  a  public  librarj'. 
Any  man  will  lose  ground  who  does  not  keep  in  touch 
with  the  current  events  of  his  profession.  It  is  the 
"growing"  engineer  who  takes  a  technical  paper.  The 
engineer  who  is  not  growing  has  but  little  use  for  one. 

The  engineering  journal  furnishes  a  graduate  course 
in  engineering.  The  application  of  the  laws  of  mechanics 
may  be  seen  even  in  articles  that  are  purely  descriptive. 
In  technical  articles  a  wider  range  is  given  to  funda- 
mental laws.  For  example,  Newton's  three  laws  of  motion 
have  been  carried  to  iields  undreamed  of  by  the  great 
philosopher. 

An  analysis  of  the  contents  of  a  number  of  Engineering 
Neivs  shows  48  to  5(5  jjages  devoted  to  technical  and 
descriptive  articles,  book  reviews,  personals  and  similar 
items,  16  pages  of  construction  news  and  100  pages  or 
more  of  advertisements.  The  growing  engineer  does  not 
confine  his  reading  to  subjects  that  affect  him  directly. 
He  may  be  vitally  interested  in  the  strength  of  steel 
compression  members,  but  this  does  not  prevent  him 
from  reading  papers  on  dam  failures  or  the  artificial 
disposal  of  sewage.  If  he  has  to  deal  with  contracting, 
he  will  give  special  attention  to  construction  news.  An 
editor  of  a  well-known  engineering  jjaper  writes : 

It  is  hardly  necessary  to  point  out  that  if  magazines  did 
not  have  advertisers  the  technical  journal,  as  we  know  it 
today,  could  not  exist.  It  costs  from  $12  to  $17  per  annum  to 
send  a  high-class  technical  journal  to  a  subscriber,  yet  he 
pays  but  $3  or  $5  for  it.  From  $9  to  $12  must  therefore  be 
taken  from  the  a;dvertising  revenue  and  paid  out  in  expenses 
for  each  subscriber  on   the  list. 

That  the  advertising  pages  are  indispensable  to  the 
subscriber  interested  in  buying  and  selling  goes  without 
saying.  The  general  reader  makes  a  mistake  if  he 
supposes  that  tliey  are  without  value  to  him.  He  should 
occasionally  read  thorn  from  cover  to  cover.  It  is  signifi- 
cant that  in  the  best  technical  libraries  the  portions 
devoted  to  advertisements  are  bound  in  separate  volumes 
and  given  a  permanent  place  on  the  shelves.  Advertising- 
today  is  educational.  Witness  tiie  following  from  the 
weekly  page  of  a  national  advertiser: 

But  friction  represents  a  curious  p.ar.adox  in  the  various 
fields  of  engineering  and  mechanics.  It  is  at  once  essential 
to  efficiency  and  opposed  to  It.  Practically  all  applications  of 
power  depend  finally  upon  friction;  also  all  power  applica- 
tions are  subject  to  serious  losses  due  to  friction. 

Industrial  processes  often  first  become  known  through 
the  advertising  columns.  The  technical  paper  or  article 
follows,  and  finally  the  description  is  embodied  in  text- 

•American  Bridge  Co.,  30  Church  St.,  New  York  City. 


Ijooks.  Publishers  announce  their  new  books  in  tb 
advertising  columns.  These  announcements  with  th 
book  reviews  are  often  neglected  by  engineers.  Hei 
are  two  quotations  applicable  to  engineers  "too  busy  t 
read"'  and  others  "too  poor  to  buy''  books  and  periodical- 

The  busier  the  engineer  or  the  leaner  his  pocket-book  tl: 
greater  the  need  that  he  should  know  just  what  is  the  newe; 
and  the  best   in  engineering  literature. 

Are  you  too  busy  to  read?  Seriously  ask  yourself:  Am  1 
If  you  are,  then  you  have  cut  off  almost  every  road  to  furthi 
knowledge  and  power  save  such  narrow  pathways  as  yo 
may  laboriously  hack  for  yourself,  unaided,  through  tl 
jungle  of  ignorance. 

AVhat  use  shall  be  made  of  the  technical  journal  aft' 
it  has  been  read  ?  The  obvious  answer  for  an  enginei 
taking  but  one  or  two  papers  is  to  have  each  voluii 
bound  for  his  reference  library  as  soon  as  the  index 
published.  In  addition,  he  should  have  a  system  i 
indexing  or  recording  information.  In  this  way  he  ni: 
make  subservient  to  him  books  and  papers  that  he  do 
not  own.  If  he  has  access  to  large  libraries,  he  is  baffle 
by  the  mass  of  engineering  literature  that  confronts  hii 
Real  value  can  be  derived  therefrom  only  by  a  proci 
of  elimination  and  a  judicious  system  of  note-takin 
Da'vies,  in  his  "Engineering  Office  Systems  and  iIethod^ 
says : 

The  author  has  many  times  sincerely  wished  that,  in  adi 
tion  to  the  usual  graduation  exorcisms  to  honesty,  hard  wor 
etc..  he  had  at  that  time  been  introduced  to  the  loose-le 
method  of   keeping  engineering  data  and   sketches. 

While  the  pleasure  of  an  hour  or  two  of  desulto 
reading  among  a  score  of  periodicals  is  admitted,  iau< 
trouble  and  after-search  will  be  saved  if  notes  are  ma 
on  the  spot.  An  abstract  from  an  article  should  be 
brief  as  possible.  Often  the  title  is  sufficient.  In  ; 
cases  care  should  be  taken  that  the  authority,  with  nai 
and   date   of  publication,   is   copied   correctly. 

Many  systems  of  filing  and  indexing  information  f. 
because  they  undertake  too  much.  The  card  index, 
indispensable  to  office  and  library,  is  seldom  adapted 
the  needs  of  the  individual  engineer.  For  a  general  ind 
of  technical  periodicals  attention  is  called  to  "T 
Industrial  Arts  Index,"  covering  a  wide  range  of  subje. 
in  an  excellent  manner. 


Msi.tpIrS.etflEa^  Efim^linieeMim^  Albilits 
By  C.  F.  IlAiiDiXGt 

The  engineer  has  been  freely  criticized  as  "narrov 
It  is  said  that  he  is  unable  to  discuss  subjects  that 
not  immediately  pertain  to  his  profession.  His  estima 
and  recommendations  are  often  considered  as  inipr; 
tical  by  the  business  man  who  is  seeking  engineeri 
advice.  In  correspondence  and  upon  the  witness  stai 
his  statements  are  said  to  be  too  academic  and  involvi 

Engineering  ability  per  se  is  not  to  be  seriously  cri 
cized,  but  rather  the  marketing  of  that  training  in  t 
jiiiblic  mart  of  twentieth-century  demands.  The  avern 
young  engineer  of  today  has  the  latent  technical  abili 
but  lacks  the  wherewithal  to  provide  that  ability  w 
the  handle  that  the  layman,  the  business  manager  a 
the  town  couiu'il  must  nocessarilv  grasp  if  the  engine 


•.Abstract  of  a  paper  read  before  the  American  Asaoclal 
of  Engineers,  at  Chicago,  Oct.  6. 

tProfessor  of  Electrical  Engii  ering,  Purdue  Unlveri?! 
I^afayelte,  Ind. 
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ill"  profession  is  to  be  elevated  to  the  position  occupied 
in  the  public  mind  by  the  physician  and  the  lawyer. 

It  will  be  granted  that  the  average  engineer  is  tech- 
nically well  trained.  The  employer  and  the  public,  how- 
ever, justly  demand  more  than  thi.s  relatively  small  por- 
ition  of  the  qualifications  necessary  for  engineering  success. 
The  importance  of  such  qualities  as  good  habits,  self- 
reliance,  industrj',  honesty,  punctuality,  initiative,  sys- 
tem, popularity,  etc.,  might  be  considered  at  consideral)lc 
length.  The  object  is  not  solely  to  secure  more  salary, 
for  success  and  enjoyment  of  life  are  not  measured  in 
dollars  and  cents  alone. 

How  is  this  bond  between  the  engineer  and  the  em- 
ployer or  tlie  public  to  be  strengthened?  First,  it  may 
t)e  said,  convince  the  young  engineer  of  the  importance 
of  good  written  English  and  the  necessity  of  clear  and 
concise  verbal  presentation  of  his  recommendations  to 
a  nontechnical  individual  or  audience.  If  an  illustration 
of  this  need  were  called  for,  the  following  clause  taken 
from  an  architect's  specifications  applying  to  a  building 
of  considerable  value  would  suffice : 

■  Material  and  Workmanship — The  entire  framework,  col- 
umns, beams,  etc.,  as  indicated  by  the  framing  plans,  or  as 
specified,  is  to  be  of  wrought  steel,  of  quality  as  hereinafter 
designated,  all  materials  to  be  provided  and  put  in  place  by 
ihis  contractor.  All  work  to  be  done  in  a  neat  and  skillful 
manner,  and  is  to  guarantee  the  construction  and  workman- 
ship with  a  bond  equal  to  amount  of  tender  for  a  term  of  five 
years,  satisfactory  to  the  proprietor  and  architects,  to  prop- 
erly carry  or  support  the  loads  it  is  designated  to  carry. 
namely  its  whole  weight,  the  weight  of  the  several  floors,  roof 
and  walls  resting  thereon,  a  10,000  gravity  tank,  and  the 
pressure  of  any  wind  which  may  not  be  designated  a  hurri- 
;ane,  and  future   three   stories. 

The  engineer   should    acquire    knowledge    of   1)usiness 

rineiples,  with  which  his  audience  is  too  often  more  con- 

■<ant    than    himself.     Who    .shall    interpret    into    the 

iiiruage  of  dollars  and  cents  the  estimates  and  findings 

the  engineer?  Can  anyone  but  him  analyze  as  in- 
ligently  the  valuations  upon  which  the  corporation  is 

base  its  rate  schedules?     Surely,  no  one  will  question 

■  ju.stification  of  such  a  one  suggesting  to  commission 
court  the  fair  and  equitable  gross  income  that  should 
allowed  a  railway  corporation  in  order  that  it  may 

:iay  a  reasonable   dividend   upon   its  stock,   wlien   he   is 
perhaps  more  conversant  than  anyone  else  with  the  con- 
duction, operating  problems  and  costs  of  the  particular 
lity    in    question.     But    the    average    young    emrineer 
I'lws  little  or  nothing  about  rates,  dividends,  capitaliza- 

■  n,  stocks,  bonds,  etc.  And  what  is  worse,  many  eon- 
'ler  it  none  of  their  affair. 

An  estimate  of  the  cost  of  an  engineering  project 
•  ftcn  forms  the  connecting  link  between  the  business 
■rid  and  the  engineer.  The  business  manager,  the 
iiker,  courts  and  commissions  judge  the  engineer  by 
it  portion  of  his  work  with  which  they  are  familiar — 
it  is,  estimated  cost  of  construction,  court  testimony 

appraisals  of  property.  One  commissioner  severely 
iiicizi'd  the  engineering  profession  in  general,  iiecau.se 
<i  or  tiiroe  engineers  varied  by  a  margin  of  10%  upon 
^7,000,000  apprai.sal   in  which  "gf'"?  value"  entered 

a  large  factor.  He  argued  that  engineering  was  an 
■ict  science,  and  that  unless  tlie  estimates  of  engineers 
iild  be  made  as  exact  as  the  science  they  represent 
!•  profession  was  at  fault.  This  example  is  quoted  to 
dicafc  the  basis  upon  which  the  profession  as  a  whole 

often   falsely  judged.     Engineering  was   in  this  case 

■  •in\  <){  its  art,  and  the  important  element  of  personal 


experience  behind  the  judgment  of  able  engineers  was 
left  out  of  consideration.  Accounting  practice  and  tlie 
proper  treatniciit  of  depreciation  reserves  should  be  mat- 
ters of  common  knowledge  to  the  engineer. 

Business  knowledge,  however,  even  when  coupled  with 
a  command  of  one's  mother  tongue,  would  fall  short  of 
the  market  demands  upon  the  engineer  without  the  nec- 
essary tact  that  must  be  exercised  in  all  relations  with 
the  public.  In  a  recent  investigation  made  by  a  sub- 
committee of  the  Xatioiial  Electric  Light  Association  the 
following  significant  statement  was  submitted  by  one  of 
the  prominent  managers  of  the  West : 

Tact  is  one  of  the  most  important  things  in  the  public- 
utility  business  today,  if  not  the  most  important.  Tact  and 
the  habit  of  accurate  thinking  are  essential,  and  we  must 
add  to  these  a  good  allowance  of  energy.  My  observations  in 
the  whole  Northwest  lead  me  to  believe  that  most  of  the 
executive  failures  in  this  part  of  the  country  were  due  to 
lack  of  tact,  and  also  to  lack  of  ability  to  think  rapidly.  A 
technical  graduate  is  too  often  inclined  to  follow  strictly  the 
letter  of  the  law.  Tliis  is  because  he  has  to  deal  so  much 
with  absolute  natural  laws  which  could  not  be  tinkered  with, 
whereas  the  executive  and  the  commercial  men  have  to  deal 
with  human  beings,  who  as  far  as  I  can  discover,  do  not  fol- 
low any  laws  at  all. 

The  executive  quite  often  fills  the  gap  between  the  en- 
gineering deiiartinent  and  the  board  of  directors  or  the 
public.  He  acts  as  the  buffer  to  receive  the  rough  edges 
of  the  average  engineering  report,  and  to  polish  its  sur- 
faces that  they  may  make  better  contact  with  the  layman 
and  the  financier.  Unfortunately  he  must  frequently 
stand  upon  the  fence  picking  the  rough  burrs  from  the 
tree  of  scientific  investigation,  which  he  must  labori- 
ously open  before  the  tender  kernels  of  opportunity  for 
investment  are  disclosed.  The  term  "executive  ability" 
has  come  to  mean  "marketing  ability"  in  many  corpora- 
tions. It  is  a  comprehensive  quality  involving  many  of 
the  factors  previously  discussed. 

George  Westinghouse  was  an  engineer,  first,  last  and 
always.  There  are  many  such  in  executive  oflfices  in  this 
day.  The  number  is  rapidly  increasing.  WhcreaS  we 
may  grant  for  the  sake  of  argument  the  claim  of  skeptics 
that  executive  ability  is  born  and  not  made,  it  must  be 
admitted  that  such  a  quality  is  often  latent  and  lies 
dormant  for  years  in  many  a  human  system. 

m 

Lieht-Excludlne  Effect  of  Plate  UlrderH — The  question  of 
the  comparative  light-excluding  effect  of  Lattice  girders  and 
plate  girders  in  elcvatt'd-raih\'ay  construction  has  been  the 
subject  of  considerable  controversy  in  connection  with  the 
third-tracking  of  elevated  lines  in  Brooklyn  (New  York).  The 
easterly  half  of  the  Fulton  St.  line  was  reconstructed  a  year 
ago  with  plate  girders  for  both  transverse  and  longitudinal 
supporting  members  to  accommodate  the  third  track.  When 
drawings  were  submitted  by  the  railroad  company  for  the 
westerly  or  downtown  portion  of  Fulton  St.,  showing  a  similar 
type  of  construction,  considerable  objection  was  raised  by 
property  holders  because  of  the  amount  of  light  and  air  which 
the  proposed  construction  would  exclude  from  the  Important 
stores  which  line  this  thoroughfare.  The  new  three-track 
structure  will  be  considerably  wider  than  the  present  one  and 
will  require  much  heavier  girders  than  the  present  girders, 
which  are  of  the  lattice  type.  The  railroad  company  falling 
to  obtain  the  approval  of  the  Public  Service  Commission  for 
the  pl.Tte-glrder  design  has  now  submitted  drawings  showing 
transverse  girders  of  u  combination  type.  These  girders  have 
a  central  portion  about  22  ft.  In  length  with  lattice  web 
members,  while  at  eiich  end  Is  a  web  plate  about  12  ft.  In 
length.  The  loads  on  these  girders  are  such  that  the  end 
members  of  a  full  lattice  girder  would  require  very  largi- 
connection  plates,  which  would  exclude  practically  as  much 
light  as  a  web  plate.  The  Chief  Engineer  of  the  Public  Servlci- 
Commission  has  approved  this  typo  of  girder,  and  C<)mmlH- 
sloner  Ilcnry  W.  Hodge  has  recommended  approval  by  thi' 
Commission, 
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concrete  road  costs  to  maintain  only  $129  per  mile 
year.  Of  course,  a  riijiil  road  requires  a  rigid  shouh 
and  a  large  jaart  of  the  maintenance  work  is  done  on 
shoulders. 

Before  placing  concrete  on  an  old  macadam  road, 
practice  is  to  scarify  the  old  road  and  re-roll  it.     1 
concrete  roads  of  New  York  are  7  in.  thick  in  the  cer 
and  534  in-  at  the  sides. 

G.  T.  Murphy  discussed  concrete  in  buildings,  chooi- 
"Inspection"  as  his  text.  He  maintained  that  ci 
should  provide  inspectors  to  watch  the  placing  of  conci 
for  private  buildings.  In  reply  the  city  engineer  i- 
gested  that  it  was  up  to  the  architect  and  owner 
provide  adequate  inspection. 

ilr.  Greenman's  subject  was  concrete  fads,  the  grea 
of  which  appeared  to  be  waterproofing.  He  called  ati 
tion  to  the  necessity  for  exercising  stringent  care 
selecting  the  aggregates,  and  repeated  what  is  1 
generally  accepted,  that  hydrated  lime  in  proportion.- 
from  8  to  10%  by  weight  makes  a  smoother  flowing  ; 
a  denser  concrete.  He  stated  his  belief  in  the  possibi 
of  making  too  rich  a  mix. 


The  Hopple  St.  viaduct,  Cincinnati,  Ohio,  consisting 
of  reinforced-concrete  cantilevers  supported  on  26  sets 
of  concrete  piers,  is  now  open  for  traffic  and  will  be 
completed  as  soon  as  the  electric-lighting  system  is  in- 
stalled. All  piers  are  on  a  skew  to  the  center  line  of 
the  structure,  and  each  one  independently  supports  two 
balanced  cantilevers.  The  total  length  of  the  viaduct 
proper  is  1,930  ft.,  and  with  the  approaches  approxi- 
mately 2,600  ft.  It  provides  a  direct  connection  between 
Camp  Washington  and  Fairmount,  eliminating  grade 
crossing  for  the  Cincinnati,  Hamilton  &  Dayton,  the 
Baltimore  &  Ohio  and  Big  Four  railroads  as  well  as 
providing  a  bridge  over  Mill  Creek.  In  times  of  high 
water  due  to  Ohio  River  floods  all  street  traffic  between 
the  eastern  and  western  hills  can  be  routed  over  this 
structure.  The  total  cost  is  about  $4:50,000,  of  which 
amount  the  city  will  pay  66%%  and  the  railroads 
33%%-  The  construction  work  was  done  by  the  Kirchner 
Construction  Co.,  Cincinnati.  The  superintendence  of 
the  work  for  the  city  was  by  Frank  L.  Raschig,  principal 
assistant  engineer,  and  F.  S.  Krug,  chief  engineer;  and 
for  the  Baltimore  &  Ohio  R.R.  by  A.  M.  Kinsman,  engi- 
neer of   construction,   and   C.   \V.    Millholland,   resident 


The  Albany  Society  of  Civil  Engineers  conducted  a 
symposium  on  concrete  on  the  general  subject  of  "Present 
Day  Concrete  Practice,  or  Safety  First  in  Concrete,"  on 
Oct.  24,  under  the  leadership  of  E.  S.  Greenman.  Con- 
crete aggregates  were  discussed  by  D.  A.  Watt,  Assistant 
Engineer,  XJ.  S.  Engineer  Department,  who  stated  among 
other  things  that  hardness  of  stone  is  not  so  important 
for  mass  concrete,  giving  several  examples  where  soft 
rock  and  even  shale  has  been  used  successfully  in  con- 
crete piers.  He  preferred  gravel  to  stone.  The  matter 
of  using  both  gravel  and  broken  stone  in  the  same  concrete 
was  brought  up,  the  opinion  being  that  such  practice  was 
permissible.  Joseph  Ripley,  Consulting  Engineer  to  the 
State  Engineer,  discussed  various  methods  of  placing 
concrete,  with  special  regard  to  chuting.  He  stated  that 
the  slope  of  chutes  on  the  Barge  Canal  work  was  1  on 
iy2,  maximum  length  being  700  ft.  When  the  slope  is 
too  steep  segregation  results.  With  a  flat  slope  there  is 
too  much  water.  Attention  was  called  to  the  fact  that 
some  contractors  are  slow  to  move  the  sjiout  in  the  forms, 
preferring  to  run  the  concrete  to  one  end  of  the  form  and 
throw  the  soft  material  toward  the  other  end.  This,  of 
course,  is  a  matter  for  the  inspector  to  adjust. 

H.  S.  Mattimore,  First  Assistant  Engineer,  State 
Highway  Commission,  discussed  concrete  roadwork.  The 
state  built  its  first  concrete  road  in  1912.  This  was  a 
1 :  21/2 :  5  mix,  and  the  maintenance  cost  has  been  $1,000 
per   mile    per   year.      At   the   present    time    a    first-class 


The  most  important  subject  considered  at  the  ani!  I 
meeting  of  the  Texas  Association  of  Members  of 
American  Society  of  Civil  Engineers,  held  at  Dal  . 
Tex.,  Oct.  20  and  21,  was  the  proposal  to  license  c  1 
engineers  in  the  State  of  Texas.  About  40  meml  « 
and  as  many  engineer  guests  were  present. 

The  subject  of  licensing  Texas  engineers  has  been  ur 
study   and   investigation   for   the   past    18   months  li 
committee  of  the  Texas  Association,  of  which  J.  il.  H 
is  chairman.     The  report  of  this  committee  covered 
investigations  of  the  workings  of  similar  license  law- 
Louisiana  and  Wyoming  and  the  architects'  law  in  Illin  ■ 
the  activities  of  the  Texas  architects  for  a  proposed  ar  - 
tccts'  license  law,  as  afEecting  the  practice  of  struct)  1 
engineers    and    designers    of    buildings    for    engineei 
purposes,  together  with  a  draft  of  a  proposed  license 
as  drawn  by  the  committee. 

The  proposed  Texas  license  law  provides  for  liceii.- 
■surveyors  and  engineers  separately  under  distinct  qn 
fication  requirements,  provides  for  a  Board  of  Exaniii 
with  authority  to  revoke  licenses  for  cause,  and  pro\i 
for  temporary  licenses  without  examination  for  quali  1 
engineers  from  without  the  state,  together  with  jienal  ? 
as  a  means  of  enforcing  the  law. 
■  A  number  of  letters  were  presented,  which  had  I 
sent   in    response    to    inquiries   from   local    members 
engineers  in  the  North  familiar  with  the  discussion  •■ 
investigations    made    on    the    subject    by    the    Anieri  ' 
Society    of    Civil    Engineers.      The    discussion    brou  t 
a  lively  debate  as  to  the  advisability  of  the  proposed  1 
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The  sense  of  the  meetiiiij:  was  unanimous  that  some 
nietliod  should  be  found  for  eliminating  the  impostor 
I  engineer  with  the  public  loss  and  injury  to  the  profession 
'  resulting  from  his  operations.  As  to  the  ertic-acy  of  the 
proposed  law  to  this  end  there  was  sharp  division  of 
opinion.  There  was  no  apparent  advocacy  of  the  law  for 
the  purpose  of  making  a  close  corporation  of  the  engi- 
neering profession  of  the  state.  There  was  an  expressed 
feeling  that  no  legislation  should  be  attempted  unless 
the  engineers  of  the  state  were  fairly  unanimous  as  to 
its  desirability  and   character. 

A  motion  by  John  B.  Hawlcy,  a  director  of  the 
American  Society  of  Civil  Engineers,  indorsing  the  pro- 
posed law  and  voting  the  committee  plenary  powers  to 
carrj'  on  negotiations  for  the  legislation  was  lost  by  a 
close  vote.  The  filial  action  taken  authorized  the  com- 
mittee to  continue  its  investigations,  and  to  ascertain 
further  the  sentiment  of  all  engineers  in  the  state  on 
the  subject  of  licensing  engineers. 


\sJoinmp]le<tB©Etv   ©f  CsiScsisne^  Ma'^eip 

There  was  recently  completed  over  the  Calcasieu  Eiver, 

r.M-  Lake  Charles,  La.,   ilie  notable  reinforced-concrete 

'Ige  shown  in  the  accompanying  view.     From  south  to 

■  ith  the  bridge  comprises  one  30-ft.  girder  span;  three 

irch  spans  of  96  ft.  each   (clear)  ;  one  double-leaf  deck 

ilate-girder   drawspan   of  the   Strauss   trunnion   bascule 

ui",  118  ft.  c.  to  c.  of  main  bearings;  three  arch  spans 

96   ft.    each ;    and   twenty-eight    30-ft.    girder   spans. 

I  Mere  is  a  20-ft.  roadway. 

The  minimum  depth  of  water  at  the  bascule  piers  is 

.'   ft.     All  piers  were  constructed   by  the  open-caisson 

thod.     Each  arch  span  consists  of  two  ribs  with  span- 

I  columns  supporting  the  concrete  deck.     The  bascule 

•<  are  operated  by  two  5-hp.  electric  motors. 

The  contractors  for  the  concrete  work  were  the  Missouri 

I  alley  Bridge  and  Iron  Co.,  Leavenworth,  Kan.,  and  the 

ruin-Conlon   Contracting  Co.     The   bascule  lift  draw- 

idgo  was  fabricated  by  the  Federal  Bridge  Co.,  Wau- 

!ia.  Wis.,  and  erected  by  the  Missouri  Valley  Bridge 

I  Iron  Co.     All  electrical  equipment  was  designed  by 

II.  N'orwood,  electrical  engineer,  Chicago,  111.     F.  II. 

::inklin,  consulting  eiiirinper  of   St.   Cliarlos,   La.,   ])ro- 


pared  plans  and  specifications,  and  had  general  super- 
vision of  coiistrnction  of  the  bridge,  which  was  built  for 
the  Parish  of  Calcasieu  at  a  cost  of  $131,000.  It  is  on  the 
Spanish  Trail  Ilighwav  from  New  Orleans  to  Houston, 
Tex. 


On  Sept.  28,  1916,  the  St.  Paul  Union  Depot  Co. 
approved  the  new  plans  for  a  union  station  at  St.  Paul, 
^linn.,  and  authorized  the  executive  committee  to  proceed 
v.'ith  the  acquiring  of  land  and  the  construction  work. 
Plans  for  this  tmion  station,  which  involved  the  chang- 
ing of  the  ilississippi  Eiver  channel,  were  prepared  over 
a  year  ago,  but  were  vetoed  by  the  Chief  of  Engineers 
because  of  improper  provision  for  navigation  require- 
ments. The  new  scheme  does  not  contemplate  any 
change  in  the  channel. 

The  revised  layout  makes  it  necessary  that  the  (Jreat 
Xorthern,  the  Northern  Pacific,  the  Chicago,  Burlington 
&  Quincy,  the  Chicago,  St.  Paul,  ^linneapolis  &  Omaha 
and  the  Chicago,  Jlilwaukee  &  St.  Paul  railways  turn  in 
considerable  land,  the  basis  for  which  has  already  been 
made.  Only  one  piece  of  private  property  remains  to  be 
taken. 


USSlatlfles  C®mmimaassB®ia  Os'dles's 

The  New  York  Court  of  Appeals  has  recently  rendered 
a  decision  of  far  reaching  importance  with  respect  to  the 
powers  of  a  public  service  commission  to  control  the  oper- 
ations of  the  companies  under  its  jurisdiction.  The  com- 
mission is  given  authority  under  the  New  York  law  to 
direct  public  service  corporations  to  undertake  "reason- 
able improvements."  On  Mar.  19,  1915,  the  Commission 
for  the  First  District  directed  a  gas  company  to  extend 
its  mains  and  supply  service  in  certain  outlying  territorj'. 
The  gas  company  appealed  to  the  courts  against  the  en- 
forcement of  this  deiision,  contending  that  the  cost  would 
be  greater  than  the  financial  return  would  warrant.  The 
Appellate  Division  ujiheld  the  gas  company  and  annulled 
the  order  of  the  commission  as  unreasonable.  This  ruling 
has  now  been  reversed  by  the  Court  of  Appeals  in  a  unan- 
imous decision.     Tiie  important  ]ioint  in  the  decision  is 
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the  declaration  tliat  fourts.have  no  right  to  exercise  such 
administrative  powers  as  those  possessed  by  the  Public 
Service  Commission.  The  <'ourt  could  only  annul  the 
commission's  order  if  it  found  it  to  be  an  unreasonable, 
unlawful,  arbitrary,  or  capricious  exercise  of  power.  The 
court  had  no  authority  to  go  into  all  the  details  of  the 
case  and  practically  act  as  a  public  service  commission  of 
a  superior  order.  The  Court  of  Appeals  declared  that  if 
the  decision  of  the  Appellate  Division  had  been  allowed  to 
stand  it  would  "go  far  toward  defeating  the  efforts  of  the 
Legislature  to  establish  agencies  to  regulate  great  public 
service  corporations." 


^Eaf^niraeeips''  Ad^Sc® 
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Sharp  criticism  of  the  ]\Iayor  of  Cleveland,  Ohio,  for 
not  following  the  suggestion  of  a  committee  of  the  Cleve- 
land Engineering  Society  that  engineers  be  chosen  for 
directors  of  public  service  and  public  utilities  was  a  fea- 
ture of  a  recent  address  before  the  society  by  Mayo  Pesler, 
secretary  of  the  local  Civic  League  and  secretary  to 
ex-Mayor  Newton  D.  Baker.    Mr.  Fesler  said  in  part: 

The  Cleveland  Engineering  Society,  always  alive  to  the  best 
interests  of  the  city,  sent  the  newly  elected  mayor,  Harry  L. 
Davis,  a  courteous  letter  offering  the  most  generous  coopera- 
tion of  the  society  and  its  memliers  in  the  improvement  of  the 
public  service. 

In  that  letter  the  committee  wisely  pointed  out  how  much 
more  economically  and  efficiently  the  technical  service  could 
be  performed  if  men  with  engineering  training  and  experience 
were  appointed.  This  was  in  full  accord  with  the  mayor's 
own  statement  in  his  platform  and  on  the  stump. 

The  letter  specified  particularly  the  offices  of  director  of 
public  service  and  director  of  public  utilities  as  positions  that 
should  be  filled  "by  men  having  broad  engineering  experience 
combined   with   administrative   ability." 

What  did  the  .mayor  do?  He  appointed  to  the  directorship 
of  public  service  a  lawyer  whose  only  training  tor  the  office 
was  three  terms  in  the  city  council  and  effective  political 
service  in   both  Mayor   Davis'   mayoralty   campaigns. 

The  directorship  of  public  utilities'  was  given  to  the  secre- 
tary of  the  Federation  of  Labor,  whose  training  had  been  that 
of  business  agent  for  the  waiters'  union. 

Immediately  under  the  director  of  public  service  are  two 
offices  which  only  engineers  can  fill  satisfactorily  and  effi- 
ciently,  the  city  engineer  and   the   commissioner  of  streets. 

The  city  engineer,  a  member  of  the  engineers'  society. 'was 
not  disturbed,  but  in  the  new  position  of  commissioner  of 
streets,  to  which  the  citizens'  street  committee,  appointed  by 
the  Cleveland  Automobile  Club,  had  urged  the  appointment 
of  a  competent  engineer,  the  director  appointed  a  horseshoer, 
a  ward  leader  whose  only  experience  had  been  a  few  months' 
service  in  the  street  department  under  a  previous  Republican 
administration. 


HiclMvay  Bridge  \Vr€-»-ke<l  by  fonorete  Mixer — The  bridge 
carrying  Beale  St..  Quincy.  Mass.,  over  the  tracks  of  the 
New  Haven  R.R.,  was  wrecked  on  Oct.  27  by  a  large  concrete 
mixer  on  a  flat-car  in  a  train  passing  beneath  it.  The  bridge 
was  nearly  50  years  old  and  is  said  to  have  afforded  less 
headroom  than  more  modern  structures  on  the  line.  The 
concrete  mixer  projected  above  the  box-cars  in  the  train 
high  enough  to  cause  the  damage.  A  12-in.  water  pipe  that 
crossed  on  the  bridge  was  broken.  As  considerable  time 
elapsed  before  the  water  was  shut  off.  the  neighborhood  was 
flooded. 

A  Septic  Tnnk  Potent  Infringement  Suit  has  been  brought 
against  Shelbyville,  Ky..  by  the  Cameron  Septic  Tank  Co.. 
Chicago.  III.  Since  Shelbyville  is  a  member  of  the  National 
Septic  Process  Protective  League,  the  City  will  be  defended  by 
Wallace  R.  Lane,  of  Parkinson  &  Lane,  Chicago,  attorney  for 
the  League.     Mr.  Lane  defended   the  Knoxville,   Iowa,  suit. 

The  Relative  Gout  of  tlie  Din'erent  ElMMentialN  in  road  build- 
ing, according  to  statistics  compiled  by  the  American  Highway 
Association,  are  given  as  follows:  In  the  case  of  S7  gravel 
roads  the  grading  and  drainage  averaged  il'/r  and  the  sur- 
facing 59%  of  the  total  coat;  in  104  waterbound  macadam 
roads  the  grading  and  drainage  cost  377c  and  the  surfacing 
6li'/r.  In  53  bituminous  macadam  roads  these  proportions  were 
2"  and  73%.     These  figures  sliow  that  n'vore  than  half  the  cost 


of   a   surfaced    road    is   generally   spent    for   the    materials    !( 
labor  employed   in  surfacing  the   graded   and  drained  roadlll 

New  Passenger  and  Freight  Terminals  for  the  City 
Cincinnati,  Ohio,  have  been  definitely  decided  upon,  accon 
to  a  statement  published  in  the  "Cincinnati  Enquirer"  of 
4.  It  is  stated  that  the  three  most  important  railways 
tering  the  city,  the  New  York  Central  Lines,  the  Pennsylv; 
and  the  Baltimore  &  Ohio,  have  agreed  upon  a  tentative 
for  a  passenger  terminal  that  will  place  the  tracks  -;nd 
station  at  least  75  ft.  above  low-water  mark,  so  that  op 
tions  "will  not  be  interrupted  even  by  a  record-breaking  fl 
The  plans  include  reconstruction  of  the  city's  freight-term 
facilities  as   weH. 

City    Operation     of    Private    Gas    nnd    Electric    Plants 
been  proposed  by  the  Memphis   (Tenn.)   Municipal  Commis 
to    two    local    electric    companies.      The    utilities    would    be 
lowed  annually  6';^    return   and   3  7^    depreciation    on   apprii 
value.     The   Commission   made   an   alternative   proposition  ■ 
the   general   reduction   of  local   rates,   seeking  a   maximun  i 
fie.    per    kw.-hr.    for   current    in    place   of   10c. ;    85   and    SOc.   v 
1.000  cu.ft.  for  gas  in  place  of  $1;  and  lower  prices  for  st  * 
lighting.      The   companies   have   made   a   counter   proposal  . 
rate    adjustment    after    appraisal.      The    city    some    time    \ 
authorized  the  issue  of  $1,500,000.  bonds  for  a  municipal  <  ': 
trie    plant,    and    these    bonds    have    now    been    advertised   i 
sale  on  Nov.  14.     The  Commission  has  employed  F.  W.  Bal!  1 
of  Cleveland,   as  its  engineer,   and  has  asked   him   to   sele 
site  for  a  municipal  station. 


F.  T.  Cadmus  has  resigned  as  Manager  of  the  Ambr  » 
plant  of  tlie  American  Bridge  Co.  to  become  Manager  oi  le 
Pottstown    plant   of   the    McClintic-Marshall   Co. 

George  B,  Ga.seoigne,  Assoc.  M.  Am.  Soc.  C.  E.,  Assif  it 
Engineer  of  the  city  engineering  staff  of  Cleveland,  Ohio,  is 
been  appointed  Sanitary  Engineer  at  a  salary  of  $2,400  jr 
annum. 

T.  J.  Turk,  Chief  Engineer  of  the  Inter-State  Motor  ).. 
Muncie,  Ind.,  has  been  appointed  Assistant  General  Man  3r 
of  the  company.  He  is  a  mechanical-engineering  gradua  of 
the    University    of   Michigan. 

Myron  E.  Puller,  recently  with  George  W.  Fuller,  i- 
sulting  Engineer,  New  York  City,  has  accepted  a  position  th 
the  engineering  staff  of  the  City  of  Philadelphia,  Pent  in 
connection   with   proposed   sewage-disposal   works. 

C.  P.  Collins,  Assoc.  M.  Am.  Soc.  C.  E.,  has  resigne  as 
•Sanitary  Engineer  of  Johnstown,  Penn.,  together  with  ur 
members  of  his  staff,  as  a  result  of  friction  between  the  ty 
Department  of  Sanitary  Engineering  and  the  City  Engi  r- 
ing    Department. 

\Villiam  A.  Duff,  Assoc.  M.  Can.  Soc.  C.  E.,  Engine-  o( 
Bridges  of  the  Canadian  Government  Ry.,  at  Moncton,  1  B.. 
lias  been  promoted  to  be  Assistant  Cliief  Engineer.  He  iU 
have  the  duties  of  both  Engineer  of  Bridges  and  Engine  In 
charge  of  the  Halifax  ocean  terminals. 

John  H.  Bringhurst,  Assoc.  M.  Am.  Soc.  C.  E.,  has  res  ed 
as  Instructor  in  Civil  Engineering  at  the  University  of  '  'h* 
igan  to  become  Associate  in  Civil  Engineering  at  Johns  'P- 
kins  University  under  Prof.  C.  J.  Tilden.  Mr.  BringhU  'Is 
a   graduate  of  the   University  of  Michigan. 

Alfred  D.  Fllnn,  M.  Am.  Soc.  C.  E.,  Deputy  Chief  Eng  ler 
of  the  Board  of  Water-Supply  of  the  City   of  New  York  l»f 
been   appointed  Secretary   of  the  Mayor's  Advisory  Comi'  '•" 
on   the   extension   courses   of   the   College   of   the   City  of 
York,  which  have  been  organized  for  the  benefit  of  mun 
employees. 

C.  C.  Harshman,  of  San  Francisco,  who  is  the  author  (  *<' 
article  on  "Obsolescence  in  Appraisals  for  Rate  Mai  K>" 
appearing  elsewhere  in  this  issue,  is  a  graduate  of  the  "" 
trical  Engineering  Department  of  the  University  of  Calii 
and  has  been  valuation  engineer  on  the  staff  of  H.  T.  Cc 
San  Francisco,  since  Septemlier,  1914.  In  this  position  h  •'• 
had  chief  responsibility  in  connection  with  the  valuati  »' 
some  of  the  principal  public  utilities  of  California,  nc  bl* 
the  Los  Angeles  Gas  and  Electric  Corporation,  with  a  '" 
ation  of  $l(i,000,000,  the  People's  Water  Co..  $16,000,001111 
the  Mount  Whitney  Power  and   Electric  Co.,   $4,000,000. 

L.  \V.  llaldivln.  General  Manager  of  the  Central  of  G(  B'' 
Ry.,  has  been  elected  a  Vice-President  of  the  railway  "" 
pany.  He  was  graduated  from  Lehigh  University  in  189  >"' 
began  his  engineering  experience  as  a  chairman  on  the  II  ">' 
Central  R.R.  in  July  of  the  same  year.  He  was  In  th  ei' 
gineering    and    maintenance-of-way    departments    until  "" 
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when  he  became  a  trainmaster.  After  being  promoted  in  the 
operating  department  to  the  position  of  Division  Superintend- 
ent, he  returned  to  the  engineering  corps  as  Engineer  of  Main- 
tenance-of-Way.  But  three  years  later  he  again  became  Di- 
vision Superintendent  and  in  January,  1915,  became  General 
Superintendent  of  the  southern  lines  of  the  Illinois  Central 
R.R.  at  New  Orleans.  Since  November,  1915,  he  has  been 
General  Manager  of  the  Central  of  Georgia  Ry. 


Samnel  Bromrn,  for  30  years  Superintendent  of  Erection  for 
the  T.  H.  Brooks  Co.,  Building  Contractors,  Cleveland,  Ohio, 
died  Oct.  I'l.  He  had  charge  of  construction  of  several  Cleve- 
!-ind  skyscrapers. 

Robert  Edear  Xoyes,  M.  Am.  Inst.  E.  E.,  former  Instructor 
.  Electrical  Engineering  at  Pratt  Institute,  Brooklyn,  N.  Y., 
•lied  Oct.  21  at  his  home  in  Pittsfield,  Mass.,  from  infantile 
paralysis  (acute  anterior  poliomyelitis).  He  was  born  in 
Crowell,  Neb.,  Dec.  14,  1879.  He  is  survived  by  a  widow  and 
two  young  daughters. 

Charles  AV.  HotehklHs,  M.  Am.  Soc.  C.  E.,  Chairman  of  the 
Board  of  Directors  of  the  Virginian  Ry.,  President  of  the 
Richmond  Light  and  Railroad  Co.  of  Staten  Island,  New  York, 
and  widely  known  in  the  railway  and  financial  fields,  died 
Oct.  29,  at  Battle  Creek,  Mich.  He  was  born  in  Unadilla  Forks, 
\  N.  Y.,  June  17,  1863.  His  engineering  experience  began  at 
18  years  of  age  as  a  rodman  on  the  New  York.  West  Shore  & 
Buffalo  R.R.  Subsequently  he  was  for  10  years  Assistant 
Engineer  of  the  Michigan  Central  R.R.  From  this  position 
he  was  promoted  in  1896  to  that  of  Chief  Engineer  of  the 
Chicago  Junction  Ry.  From  1899  to  1900  he  was  Chief  Engi- 
,  neer  of  the  Chicago  Transfer  and  Clearing  Co.  For  the  fol- 
lowing five  years  he  was  President  of  the  Indiana  Harbor  R.R., 
then  General  Manager  of  the  Chicago.  Indiana  &  Southern 
".  R.  In  1912  he  was  elected  President  of  the  Chicago  Tunnel 
Mr.  Hotchkiss  moved  from  Chicago  to  New  York  in  1913. 
hen  he  was  elected  President  of  the  Rail  Joint  Co.  of 
America.  He  was  a  member  of  the  Western  Society  of  Engi- 
neers, the  American  Railway  Engineering  Association,  the 
Engrineers  Club  of  New  York  and  other  clubs  in  Chicago  and 
New  York. 

Theodore  Xewell  Ely,  M.  Am.  Soc.  C.   E.,  for/nerly  Chief  of 
.Motive    Power   of   the    entire   Pennsylvania   R.R.    system,    died 
Oct.    29    at    his    home    at    Bryn    Mawr,    Penn,       He    was    born 
at  Watertown.  N.  Y..  June  23.  1846.     He  was  graduated  from 
Rensselaer  Polytechnic  Institute  in  1866  and  was  employed  at 
lie  Fort  Pitt   foundry   at   Pittsburgh,    Penn.      His    railway   ex- 
rience    began    in    1868    with    the    engineering   department    of 
^    Pittsburgh.    Fort    Wayne    &    Chicago    Ry.,    at    Pittsburgh. 
nn.     Soon  after  he  was  appointed  Assistant  Engineer  of  the 
iiladelphia    &    Erie    division    of    the    Pennsylvania    R.R.      He 
13  promoted  to  be  Superintendent  in  1869  and  Assistant  Gen- 
ii  Superintendent    in    1870.      Three    years   later    he    was   ap- 
inted  Superintendent  of  Motive  Power  of  the  Philadelphia  & 
le   division   and    from    then   on    his   rise    to   the    head    of  the 
live    power    department    of    the    entire    system    was    steady 
li  continuous.     He  was  Chief  of  Motive  Power  of  the  Penn- 
ivania  R.R.  lines  east  and  west  of  Pittsburgh  for  18  years — 
'3  to   1911.     He  was   then   retired   on  a  well-earned   pension. 
'       Ely   was  a   member   of  the   American   Society    of  Mechan- 
1     Engineers,     the    Institution     of    Civil     Engineers     (Great 
itain),    the    American    Institute    of    Mining    Engineers,    the 
mklin   Institute  and   many  other  learned  and  scientific  so- 
•  lies.      He   was   President    of   the    Eastern   Railroad    Associa- 
■  n  and  was  a  member  of  the  permanent  commission  of  the 
ternatlonal    Railway    Congress.      He    received    the    honorary 
k'ree  of  Master  of  Arts  at  Yale  University  In  1897  and  that 
:  Doctor  of  Science  at  Hamilton  <'nii..r...   ;,>    vm 


MEHKJAN    Ml.M.NU    CU.N'JKK.S.S. 
Nov.   !.•!.      In   Chicago,  Secy..  J.   F.  Callbreath.  Munscy   Bldg., 

Waxhington.   l>.  C. 
KO  CLUB  OF  AMICRICA. 
Nov.    13.      Anniml    meeting   In    New    York    City.      Secy.,    Wm. 

Hawlty.  297  .Madison  Ave.,  New  York  City. 
vTIONAL  C0M.MI:H(IAL  gas  ASSOCIATION. 
Nov,   13-lS.     Coriv.ntlon   In  Atlantic  City.  N.  J.     Secy..  Louis 

Htotz,   «1    liroadway.    New   York   City. 
i'-H.MOND  RAILROAD  CLUB. 

Nov.    13.      Annual    meeting.     Secy.,   F.   O.   Robinson. 
TIONAL    ASSOCIATION    OF    RAILWAY    COMMISSIONERS. 
Nov.    14.      Convention    In    Washington.    D.    C.      Socy..    W.    H. 
Connolly.    Washington. 


SOCIETY        OF        NAVAL        ARCHITECTS        AND        MARINZ 
ENGINEERS. 
Nov.  16-17.     Annual  meeting  in  New  York  City.     Secy..  D.  li. 
Cox,  29  W.   39th  St. 
ELECTRIC    POWER    CLUB. 

Nov.  15-17.     Annual  meeting  in  Hot  Spring.s.  Va.     Secy..  C.  H. 
Roth,  1410  W.  Adams  St.,  Chicago. 
K.\NSAS  GOOD    ROADS  ASSOCIATION. 

Nov.     16-17.       Annual    meeting    in     Lawrence     Society     head- 
quarters in  Kansas  City. 
SOUTHERN    AND    SOUTHWESTERN    RAILWAY    CLUB. 

Nov.  16.     Annual  meiting  in  Atlanta.  Ga.     Secy.,  A.  J.  Merrill, 
P.  O.  Box  1205,  Atlanta. 
CITY   MANAGERS'    ASSOCIATION. 

Nov.    21-23.      Convention    in    Springfield,    Mass.      O.    E.    Carr, 
Niagara  Falls.   N.   Y. 
NATION.\L  MUNICIPAL  LEAGUE. 

Nov.   23-25.      Annual   meeting  in   Springfield.  Mass.      Secy..  ,C,. 
R.    Woodruff,    705   North   American    Building,    Philadelphia. 
RAILWAY    GARDENING    ASSOCIATION.  ^^      , 

Dec.    5-7.      Annual    meeting    in    New   Orleans.      Secy.,    Charles 
E.  Lowe,   Scwickley.   Penn. 
PORTLAND   CEMENT    ASSOCIATION. 

Dec.    11-13.      Annual    meeting    in    New    York    City.      Assist- 
ant to  General   Manager.   A.  H.   Ogle.   Chicago.   111. 

The  National  Builclem'  Supply  AMsoelation  will  hold  its 
annual  meeting  at  the  Hotel  Sherman.  Chicago,  Feb.  12-13. 
The  secretary  is  L.  F.  Desmond.  1211  Chamber  of  Commerce. 
Chicago. 

The  Tenth  Chicaeo  Cement  Show  will  be  held  in  the  Co- 
liseum Feb.  7  to  15,  under  the  management  of  the  Cement 
Products  Exhibition  Co.  (Blaine  F.  Smith),  210  So.  La  Salle 
St.,   Chicago. 

The  American  Concrete  Institute  will  hold  its  annual  meet- 
ing coincidently  with  the  Cement  Show,  at  the  Hotel  La  Salle, 
Feb.  8  to  10.  The  secretary  is  Harold  D.  Hynds,  1418  Walnut 
St.,    Philadelphia. 

The  IIIInolH  Lumber  and  Builders'  Sui  ply  Dealers'  Asso- 
ciation will  hold  its  annual  meeting  at  the  Hotel  Sherman, 
Chicago,  Feb.  14  to  16.  The  secretary  is  Geo.  W.  Jones.  431 
South   Dearborn   St.,   Chicago. 

The  Municipal  Engineers  of  the  City  ol  New  Yorlc  will  hold 
their  14th  annual  dinner  at  the  Hotel  McAlpin,  on  Saturday, 
Nov.  25.  at  7  p.m.  Tickets  sell  for  $3  each.  C.  S.  Bell  Is 
Chairman  of  the  House  Committee. 

The  Alabama  Technical  .Vssooiatlon  was  formally  organized 
at  a  recent  meeting  in  Birmingham.  The  association  will 
include  the  members  of  the  five  national  engineering  so- 
cieties. The  movement  for  state  organization,  according  to 
local  press  dispatches,  was  started  by  H.  S.  Geismer.  Frank  H. 
Crockard,  S.  H.  Lewis,  Martin  J.  Lide.  Julian  Kendrick,  H.  M. 
Gassman,  F.  G.  Cutler.  Priestly  Toulmin  and  W.  E.  Mitchell. 
The  constitution  and  by-laws  have  been  drawn  up  and 
mailed  to  all  members  of  the  national  organizations  in  the 
state. 

The  Steel  TreatinK  Researeh  Club  is  the  name  of  a  new 
technical  society  in  Detroit.  Mich.  Meetings  are  held  in  the 
rooms  of  the  Detroit  Engineering  Society,  46  West  Grand 
River  Ave.  The  present  dues  are  $6  per  year  for  active  mem- 
bers: it  is  very  possible,  however,  that  this  rale  will  be  cut 
In  half.  An  employment  exchange  is  provided  for  the  use 
of  anyone  requiring  services  of  men  for  case-hardening,  heat- 
treating,  tool  or  tool-hardening  work,  or  for  chemists  and 
metallurgists.  The  officers  are  as  follows:  President.  C.  N. 
Dawe,  and  the  Secretary.  H.  G.  Kiefer. 

The  New  England  Water-Works  AHsoclation — The  Nomi- 
nating Committee  appointed  by  President  Sullivan  met  on 
Oct.  21  and  prepared  the  following  list  of  nominations:  For 
president.  Caleb  Mills  Saville,  Hartford,  Conn.;  tor  vice- 
presidents,  Carleton  E.  Davis,  Samuel  E.  Klllam.  Henry  V. 
Mackscy,  Frank  A.  Barbour.  Percy  R.  Sanders,  Thomas  Mc- 
Kenzlc;  for  treasurer,  Lewis  M.  Bancroft;  for  advertising 
agent,  George  A.  King.  Taunton,  Mass.;  for  secretary,  Wlllard 
Kent,  Narragansett  I'icr.  R.  I.  The  November  meeting  will 
l.e  held   in  Boston,  on  .Nov.  8,  at  the  Hotel  Brunswick. 

American  Society  of  Mechanical  Eniclneers — The  following 
•  illlcers  for  1917  have  been  nominated  by  the  nominating  coni- 
mlttee  of  the  society:  President.  Ira  N.  Hollis.  president  of 
the  Worcester  Polytechnic  Institute,  Worcester.  Mass.;  Vice- 
Presidents.  Charles  H.  Benjamin,  dean  of  the  Schools  of  En- 
gineering, Purdue  University,  Lafayette,  Ind.;  Arthur  M. 
Greene.  Jr..  professor  of  mechanical  engineering  at  the  Rens- 
selaer Polytechnic  Institute,  Troy,  N.  Y.;  Charles  T.  Plunkett. 
president  and  secretory  of  the  Berkshire  Cotton  Manufacturing 
Co.,  Adams.  Mass.;  Managers.  Robert  H.  Fernald.  Whitney 
professor  of  dynamical  engineering.  University  of  Penn- 
sylvania. I'hlladelphla,  Penn.;  William  B.  Gregory,  professor 
of  experimental  engineering.  Tulane  University.  New  Orleans, 
La.;  C.  R.  Weymouth,  chief  engineer  of  Charles  C.  Moore  & 
Co..  Sun  Francisco.  Calif.;  Treasurer,  William  H.  Wiley,  pub- 
lisher.   New   York  City. 
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PaKsenprer-Omnibus    Trailer 

A  novel  design  of  trailer-type  omnibus  has  been  developed 
by  R.  B.  Fageol.  of  San  Francisco,  and  is  being  exploited  by 
the  Fadgl  Flexible  System.  Inc.,  Hobart  Building,  San  Fran- 
cisco. One  of  these  "flexible  street  cars"  is  shown  in  the 
accompanj'ing  view — that  built  for  the  Pacific  Electric  Co..  of 
Los  Angeles.  A  trial  run  of  this  machine  over  the  Tehachapi 
Mountains   and   Mojave   Desert    (250   mi.)    is   reported   to   have 


FADGl^    •■FLF.XIBLE    CAR" 

been  made  in  10^  hr.  and  at  u  gasoline  consumption  of  less 
than  1  gal.  per  IS  mi.  The  car  was  put  in  regular  service  by 
the  Fresno  Traction  Co.   in  July. 

This  type  of  car  was  designed  primarily  for  use  of  street- 
railway  companies  as  a  feeder  for  rail  lines.  The  weight  of 
the  bus  body  is  carried  largely  on  the  single  pair  of  rear 
wheels,  the  forward  end  being  pivoted  on  any  make  of  car 
that  it  is  desired  to  use — even  a  light  Ford.  The  rear  wheels 
are  made  to  track  with  the  hauling  wheels.  The  body  shown 
seats  15  to  IS;  a  larger  size  is  used  for  interurban  service. 

Self-PropellinK  Asphalt-Mixing  Plant 

An  asphalt-mixing  plant  that  is  portable  and  self-pro- 
pelling, to  the  extent  of  developing  a  speed  of  1  mi.  per  hr., 
has  been  placed  on  the  market  by  the  Municipal  Engineering 
and  Contracting  Co.,  Chicago,  111.  As  shown  in  the  accom- 
panying illustration,  the  machine  rests  on  four  steel  wheels, 
the  front  ones  being  40  in.  in  diameter  with  14-in.  face,  and 
the  rear  wheels  4S  in.  in  diameter  with  24-in.  face.  In  place 
of  the  rear  wheels  a  caterpillar  tread  may  be  used.  The 
firebox  is  built  in  and  forms  a  part  of  the  main  frame.  One 
side  is  equipped  with  a  furnace  for  crude  oil,  the  other  side 
with  doors  and  grate  bars  for  burning  coal,  wood  or  coke. 
The  drier  consists  of  three  drums  built  into  one  unit.  The 
largest  drum  is  68  in.  in  diameter.  Each  drum  occupies  a 
space  14  ft.  by  5  ft.  8  in.,  and  the  three  are  equal  to  a  single 
continuous  drum  4  ft.  3  in.  in  diameter  by  40  ft.  long,  with 
543  sq.ft.  of  heating  surface.  The  drums  revolve  at  S  r.p.m. 
The    asphalt-mixing    kettle    is    above    the    drier    and    therefor^ 
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does  not  require  a  separate  fire.  There  are  two  compart- 
ments to  the  kettle.  A  fluxing  tank  large  enough  to  hold  : 
half-day's  run  can  be  added,  or  a  detached  tank  on  separai 
wheels  may  be  used.  The  measuring  boxes  are  one-hal 
batch  capacity  and  are  equipped  with  standard  beam  scalt- 
The  mixer  is  of  the  two-spindle  pug  type  and  is  gear  driven 
The  mixer  discharges  into  a  wagon  on  the  street  level,  ni 
depressed    driveway   being   necessary. 

The  machine  has  an  overall  length  of  34  ft.  9  in.,  a  widtl 
of  7  ft.  3  in.  and  an  overall  height  of  IS  ft.  9  in.  The  travelini 
height  with  the  elevator  taken  down  is  12  ft.  The  outfi 
weighs  26  tons.  The  capacity  is  rated  at  SO  cu.yd.  per  8-hr 
day  in  Vi -cu.yd.  batches.  This  is  equivalent  to  1,200  sq.yd.  ol 
2-in.  asphalt  surfacing.  The  machine  is  known  as  the  Austin 
asphalt  mixer  and  is  made  by  the  Municipal  Engineering  ani 
Contracting    Co..    Chicago,    111. 

Protection   Agaln.st   Accidental   Reversal  of  Motor 

A  new  reverse-phase  relay  is  manufactured  in  both  circuit. 
opening  and  circuit-closing  styles  by  the  General  Electric  Co 
The  relay  operates  on   the  same  principle  as  the  squirrel-cagi 


AUSTIN    SELF-HKOPELMNG    ASPHALT    PLANT 


A    SAFEGUARD    WHEN    THE    ELECTRIC    MOTOR 
REVERSES  ACCIDENTALLY 

induction  inotor:  the  operating  coils  correspond  to  stator.  ai 
a     hollow    aluminum     cylinder    connected     to     the    contacts 
analogous   to   rotor.     AA'hen   a   phase   is   reversed,   the   plung- 
operates    the    contact.      These    relays    are    furnished    for  tw 
phase   or   three-phase   service. 

I*urifler  for  LuhricatiiiK   Oil 

A  new  design  of  purifier  or  reclaimer  for  used  lubricatir 
oil  is  being  made  by  the  De  La  Vergne  Machine  Co.,  of  N^ 
York  City.  The  device  is  in  the  shape  of  a  double-shell  tan 
the  inner  compartment  containing  the  oil  and  the  outi 
(annular)  serving  as  a  hot- water  jacket.  The  cleanir 
process  consists  in  agitating  the  old  oil  with  a  solution  of 
special  proprietary  coagulant,  "Oilite."  An  equal  amount  < 
hot  water  is  let  into  the  oil  from  the  Jacket;  a  solution  of  " 
coagulant  (  Vi  lb.  per  gal.  of  oil)  is  added,  and  the  contents  ■ 
the  inner  tank  are  agitated  by  compressed  air  or  a  mechai 
ical  stirrer.  Then  the  mixture  is  allowed  to  settle  for  10  h 
The  dirt  and  impurities  form  a  sludge  between  the  ele,' 
oil  and  dirty  water.  When  the  connection  between  inner  ai 
outer  compartments  is  opened,  the  clear  oil  is  automatical 
discharged. 

InMuIatiiiK  Paint 

Two  new  insulating  paints  for  electrical  apparatus  a 
being  made  by  the  Union  Insulating  Co.,  West  Jaeksi 
Boulevard.  Chicago,  under  the  trade  names  "Ohmlac"  at 
"Hyblack."  They  are  made  from  mineral  hydrocarbon  min' 
in  L'tah,  called  elaterite_  or  wurtzilite.  This  asphaltio  l"' 
is  combined  with  nonoxidlzing  oils  and  thinned  with  naphU^ 
The  paints  are  claimed  to  be  useful  also  for  protection  aga"' 
gases,  acids,  alkalies  and  electrolytic  action. 
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Settlement  of  the  pile  fouuJatioos  under  a  steel  viaduct 
carrying  Eiverside  Drive  across  Manhattan  Valley  in 
New  York  City  made  a  very  difficult  repair  job  necessary. 
The  work  has  been  carried  out  successfully,  however,  and 
at  very  low  cost,  by  the  Bureau  of  Highways,  Borough 
of  Manhattan,  under  E.  W.  Stern,  Chief  Engineer,  and 
Robert  A.  ilacGregor,  Assistant  Engineer.  A  remarkable 
:  phenomenon  in  the  course  of  the  job  was  incipient  failure 


the  design  and  construction,  except  that  the  fonnal 
countersign  of  the  Bureau  of  Highways  had  to  be  affixed 
to  vouchers.  None  of  the  present  officials  of  the  bureau 
were  connected  with  the  work,  and  little  or  no  detail 
information  is  found  in  the  files  of  the  Bureau. 

The  viaduct  consists  of  plate-girder  spans  about  65  ft. 
long  and  one  plate-girder  span  over  Manhattan  St.  about 
128  ft.  long.     In  place  of  diagonal  bracing  longitudinally 


RIVERSIDE  DRIVE  VIADUCT,  SHOWING  TWO  OP  THE  SETTLED  BENTS  AT  THE  RIGHT;  THE  LARGE 

ARCH  IS  TO  THE  LEFT 


of  the  lower  portions  of  the  columns,  as  shown  in  largo 
digtortions  and  web-buckling. 

The  ]{iverside  Drive  viaduct  was  completed  in  1900. 
A  fairly  full  description  of  the  structure  in  Engineering 
News  of  June  8,  1899,  pp.  3.58  to  3G0,  wifii  a  double- 
page  inset  of  drawings,  may  be  consulted  with  regard  to 
the  details.  Wiiile  that  article  stated  that  the  work 
was  constructed  under  the  Bureau  of  Highways,  with  F. 
S.  Williani.son  as  Consulting  Engineer,  the  fact  appears 
to  be  that  a  separate  organization  over  which  the 
Highway  Bureau  liad  no  jurisdiction  was  in  charge  of 


and  transversely,  there  is  arch  bracing.  According  to 
the  designers'  intentions,  this  arch  work  was  intended 
to  8U|)i)ort  i>art  of  the  moving  load,  or,  in  other  words, 
to  reduce  the  deflection  of  the  res])cctive  plate  girders 
under  moving  load,  but  not  under  dead-load,  the  arch 
and  girder  being  merely  in  contact  under  full  dead-load 
conditions.  The  proliabilitics  are  tiiat  the  arches  serve 
principally  as  ornaments  and  as  bracing,  although  the 
bracing  effect  (in  longitudinal  direction  at  least)  is 
seriously  reduced  by  the  inadequacy  of  the  bolt  con- 
nections between  arch  and  girder. 
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Some  time  in  191--'  the  roadway  on  the  viaduct  was 
?een  to  show  a  marked  sag  in  the  length  of  a  few  hundred 
feet  north  of  the  large  arch.  Levels  were  taken  on  the 
footinss,  and  it  was  found  that  two  or  three  bents  had 
settled"!  to  a  maximum  of  about  7%  in.  Presumably 
the  settlement  had  existed  longer,  but  maintenance  and 
inspection  during  the  dozen  preceding  years  had  apparent- 


dicated  a  cost  of  $100,000 ;  the  method  followed  is  bein 
carried  through  for  about  $11,000. 

The  columns  of  the  viaduct  are  designed  to  carry  aboi' 
450  tons  total  load,  but  the  actual  dead-load  on  them  : 
only  about  200  tons.  All  parts  of  the  jacking  rig  wei 
figured  for  the  200-ton  load.  The  columns  are  unusuall 
la%e  and  of  peculiar  section:     A  two-rib  section  wit 


Nor+h     Abu+men+ 


FIGS.   2  AND  3.     DETAII^S  OF 


RIVERSIDE  DRIVE  VIADUCT  AFFECTED  BY  FOUNDATION   SETTLEMENT 


ly  not  been  close  enough  to  give  information  on  the 
settlement.  Plans  for  repair  were  made  in  1915,  and 
the  work  was  taken  in  hand  during  the  past  summer. 

The  columns  are  founded  on  a  concrete  spread  footing 
supported  by  piles  cut  off  about  2  ft.  below  water  level,  or 
10  to  13  ft.  below  street  level.  Each  column  has  16  piles, 
giving  over  8  tons  dead-load  per  pile. 

"Why  six  of  the  columns  should  settle  and  the  others 
not  cannot  be  explained,  but  the  Bureau  believes  that 
softer  subsoil  in  the  region  of  settlement  is  responsible ; 
the  location  is  near  what  appears  to  be  the  deepest  part 
of  the  geological  valley. 

In  spite  of  the  settlement  the  engineers  of  the  Bureau 
decided  to  rely  on  the  old  foundations  without  rein- 
forcement or  other  change.  This  decision  determined 
the  general  nature  of  the  repair  job. 

The  decision  was  based  on  three  sets  of  levels,  run  re- 
spectively in  April,  1915,  September,  1915,  and  February. 
1916.  These  showed  irregular  but  not  consistent  differ- 
ences; while  the  later  levels  showed  generally  lower 
elevations,  they  also  showed  in  a  few  cases  what  appeared 
to  be  a  rising.  The  conclusion  reached  was  that  the 
differences  in  levels  were  to  be  attributed  to  indefinitenoss 
of  the  benches, 'personal  equation  of  the  leveling  party, 
etc.,  and  could  not  be  held  to  indicate  continuation  ol' 
settlement.  It  was  judged  by  the  engineers  of  the  Bureau 
that  the  settled  foundations  had  remained  stationary 
during  the  ten  months  of  observation  and  in  consequcnrc 
that  it  is  safe  to  leave  the  structure  on  the  old  imIc 
foundations,  merely  jacking  up  the  superstructure  to 
original  level. 

It  can  readily  be  understood  that  this  decision  will 
save  a  large  present  outlay.  Estimates  made  for  repair 
with    reinforcement   of   the   six   settled   foundations    in- 


FIG.  4.    DISTORTION  AS  SHOWN  BY 
PLUMB-LINE  (NORTH  FACE  Ol- 


CHORD-LINE 
.'  COLUMN  15) 


Ifovember   9,   1916 


ENGINEERING     NEWS 


871 


'two  59x%-in.  web  plates,  four  corner  angles  6x3iAx%  in., 
and  inner  horizontal  stiffening  angles,  the  two  channel- 
shaped  ribs  being  latticed  on  the  open  (north  and  south) 
sides.  Two  jacking  diaphragms  were  riveted  vertically 
between  the  two  webs,  high  enough  above  the  base  to 
allow  the  insertion  of  a  jacking  beam.  The  beam,  con- 
sisting of  three  24-in.  I-beams,  16  ft.  long,  was  placed 
through  the  latticed  sides  of  the  columns,  bearing  upward 
igainst  the  jacking  diaphragms,  and  at  the  outer  ends 
t  rested  on  groups  of  jacks  on  cribbing. 

This  arrangement  worked  satisfactorily.  The  cribbing 
,vas  proportioned  for  a  soil  loading  of  about  3  tons  per 
;q.ft.  and  was  placed  in  shallow  pits  about  4  ft.  below 
■treet  level.      Screw  jacks  were  used,  of  rated   capacity 


under  them,  and  the  base  was  then  grouted  to  make  a,  . . 
solid  mass  with  the  cap  stone.  .^~* 

After  the  first  of  the  columns  had  been  jacked  and 
lowered,  it  was  noticed  that  the  entire  base  portion  for 
a  height  of  8  or  10  ft.  was  buckled  into  a  long  S-shape 
(see  Fig.  4).  Such  bending  developed  in  several  of 
the  columns  after  the  jacking,  when  the  shims  and  wedges 
were  placed  under  the  base.  The  distorting  process  was 
facilitated  by  the  absence  of  one  panel  of  latticing,  where 
the  jacking  beam  went  through  the  column. 

Lateral  displacement  of  the  columns  complicated  the 
matter.  All  of  the  six  columns  were  out  of  position 
nefore  work  started;  three  were  east  of  true  position 
by  amounts  of  I14  in.,   li/4  in.  and  3  in.  respectively. 


FIGS.  5  AND  6.    COLUMN  IS  DURING  AND  AFTER  JACKING.  SHOWING  REINFORCING  PLATE  AND  RESIDUAL  KINK 


0  tons  each.  At  first  four  jacks  were  used  under  each 
nd  of  the  triple  jacking  beam,  but  later  six  were  placed 
t  each  end.  The  jacking  was  done  on  two  jacks  of 
ne  end  at  a  time,  four  men  working  with  an  8-ft.  bar. 
t  is  believed  that  a  lifting  force  of  possibly  To  tons  per 
air  of  jacks  was  exerted. 
Cast-steel  jacks  of  the  tj^De  ordinarily  used  in  house 
aising  failed  by  the  threads  shearing  out  of  the  nuts. 
acks  of  forged  steel  were  then  employed,  with  full 
itisfaction,  except  that  the  work  was  hard  and  slow. 
'he  men  made  a  quarter-turn  on  one  pair  of  jacks,  then 
roeeeded  to  the  next  pair  and  then  to  the  third.  It 
■as  thought  during  the  work  that  hydraulic  jacks  would 
iave  proved  more  convenient,  and  amply  safe  if  used  with 
-'few  jac-ks  as  follow-ups.  The  amounts  the  six  settled 
olumns  were  jacked  are  shown  in  the  accompanying 
vbulation. 


West 

Side 

East  Side 

1.  No. 

Raised,  Ft. 

Col.  No.               Raised.  Ft 

15 
17 
19 

0.094 
0.41S 
0.386 

IB                           0.r,84 
18                           0..598 
20                           0.466 

\\  hen  the  columns  were  jacked  to  the  desired  height 
a  little  above,  shims  of  I-beams  or  rails  were  set 


This  condition  is  attributed  to  either  tipping  or  lateral 
shift  of  the  top  of  the  pile  group  under  the  column 
footing,  occurring  simultaneously  with  the  settlement. 

During  the  jacking  the  columns  moved  laterally  back 
and  forth,  because  of  slightly  unsynimctrical  position  of 


PIG.   7.    CRAIKKIr    AM.    SI  .\I,I.i:i>    rilOK    CAPS   ATTRIB- 
UTED TO   PUIOSSURIO  A.ND  BONFIRES 

the  jacks.  This  kick  at  times  amounted  to  several  inches. 
In  some  cases  its  direction  was  such  as  to  correct  the 
initial  displacement  of  the  column;  one  column,  however, 
is  farther  of[  true  position  now,  after  completion  of  the 
work,   than    originally.     For  the   three   columns   who.se 
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initial  displacement  was  measured  the  figures  are: 
Col.  18,  before  jacking,  3  in.  E,  after  jacking,  2  in.  E; 
Col.  19,  before  jacking,  1.2  in.  E,  after  jacking,  0.6  in.  W; 
Col.  20,  before  jacking,  1.2  in.  E,  after  jacking,  3.4  in.  E. 

For  one  of  the  worst  cases,  Col.  15,  a  ram  was 
used  to  bring  the  column  back  to  true  position.  When 
the  column  was  lifted,  a  plumb  line  from  its  top  showed 
the  bottom  to  be  1%  i"-  east,  and  the  cap  stone  21/3  in- 
farther  east;  the  colunm  had  originally  been  central  on 
the  stone.  B}'  using  a  battering  ram  the  column  was 
easily  pushed  over  to  plumb,  and  then  the  stone  was 
shoved  west  31/4  in.  to  come  under  the  column  base.  At 
the  two  other  columns  where  the  ram  was  tried,  it  proved 
ineffectual.  Sideward  jacking  by  a  kicking  jack  was 
resorted  to.  One  of  the  columns  was  forced  west  y-i  in. 
by  this  means,  but  the  other  one  could  not  be  moved  over. 

This  latter.  Col.  18,  shown  in  Figs.  5  and  6,  was  seen 
to  have  a  sharp  kink  in  the  base  section  even  before 
jacking  was  started;  this  kink  resulted  from  removal 
of  two  lattice  bars  to  admit  the  jacking  diaphragms.  An 
extra  tie-plate  was  put  on  the  sides  just  above  the  batten 
plate  at  the  base  (Fig.  6).  The  kink  partly  remains, 
but  it  is  less  severe  than  it  was  during  the  work. 

Dishing  of  the  Column  Webs 

Fiilly  as  serious  as  the  lateral  bending  of  the  columns 
was  the  dishing  of  the  column  webs,  which  appeared  at 
the  same  time.  The  amount  of  this  dishing  on  the  59-in. 
width  of  the  rib  was  as  great  as  14  i^-  in  places.  The 
longitudinal  bending,  measured  at  the  corner  angles,  was 


there  was  not  more  than  4,000  lb.  per  sq.in.  in  the  met; 
if  uniformly  distributed.  But  it  was  quite  eviden 
during  the  work,  that  the  column  bases  did  not  be; 
unifonnly,  and  therefore  probably  put  non-unifonn  stre: 
into  the  colunms.     Some  column  bases  were  clear  of  tl 


FIG.   8.    NORTH   END  OF  VIADUCT;   COLUMN   51    IN 
FOREGROUND 

^t  the  same  time  as  much  as  l/o  in. ;  thus  there  was  at 
the  worst  place  a  total  buckling  distortion  of  the  wel) 
of  over  %  in.  out  of  its  plane,  in  a  relatively  short 
wave.  This  evidently  denoted  a  very  threatening  failure 
of  the  web  plates  to  do  the  work  of  load-carrying  that 
they  were  expected  to  do. 

These  columns  were  not  highly  stressed,  but  on  the 
contrary,  with  100  sq.in.  to  carry  the  load  of  200  tons, 


FIG.    9.     DIAGRAM    SHOWING    RESIDUAL    BEND    I\ 

VIADUCT   COLUMNS 

Horizontal  scale  1  In.  =  20  In. 

footing  cap  stones  at  one  side  of  corner;  others  h;. 
cracked  or  spalled  the  cap  stones  near  one  end.  Thus  tl 
stress  in  the  columns  is  a  doubtful  matter.  In  spite  ■ 
this,  the  buckling  and  dishing  of  the  columns  is  obvious 
a  symptom  of  constitutional  weakness. 

Effect  of  Settlement  and  Jacking  on  the  Viadci 

The  settlement  involved  only  six  columns;  if  oth' 
parts  of  the  viaduct  settled,  the  movement  was  fair, 
uniform  and  its  amount  cannot  now  be  determined. 

The  marked  sag  of  the  structure  at  the  six  settlt 
columns  did  not  produce  any  visible  effects  in  tl 
superstructure,  except  to  shear  off  numerous  bolts  coi 
neeting  the  arches  to  the  girders,  due  to  longitudin; 
motion  of  the  arches  relative  to  the  girders  above  then 
During  the  jacking  such  longitudinal  motion  occurred  i 
even  more  marked  degree,  resulting  in  shearing  off  mo 
of  the  bolts  in  the  connection. 

Each  longitudinal  arch  is  connected  to  the  girder  ovi 
it  by  eight  bolts  at  the  crown.  The  minor  (decorative 
arches  that  fill  in  the  spandrels  are  similarly  connectt 
to  the  girder  by  two  bolts  each.  In  some  instances  a 
eight  bolts  of  the  main  arch  and  several  of  the  minor-an 
liolts  sheared  off  during  the  jacking.  These  same  bol 
liad  been  replaced  only  a  year  earlier,  having  then  sheari 
off  as  the  eilect  of  the  settlement.  Xo  rivets  were  shean 
or  heads  snapped  off  in  the  attachment  of  arches  i 
columns,  so  far  as  has  been  discovered. 

Treatment  of  Column  Bases  and  Footing  Cai'> 

The  footing  cap  stones  under  the  jacked  columns  wi 
remain,  except  that  in  two  cases  the  stone  was  bad! 
cracked  and  was  therefore  removed  and  replaced  I 
concrete.  The  other  caps  will,  however,  be  banded  wit 
two  6xl/^-iu.  steel  bands  to  forestall  any  cracking  tei 
dencies.  Later,  this  banding  will  be  extended  to  all  piei 
of  the  viaduct. 

Vertical  stiffener  angles  6V2  ft.  long,  three  on  eac 
web,  have  been  attached  to  the  sides  of  the  jacked  column 
to  take  up  the  dishing  and  guard  against  its  recurrenc 
The  base  portions  of  these  columns  are  being  inclo8i 
in  a  cast-iron  shell  5-ft.  high  above  street,  fitting  with 
slight  clearance  around  column  and  footing  cap.  Concre: 
lining  will  be  carried  up  to  the  tops  of  these  shells. 
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It  is  intended  to  apply  this  shell  treatment  to  all 
he  columns  of  the  viaduct.  Concrete  filling  3  ft.  high 
s  being  put  in  now.  It  is  found  that  the  base  portions 
lire  often  used  to  store  paper  and  rubbish,  wliich  if  set 
iifire  exposes  the  steel  of  the  columns  to  possibly  dangerous 
leating.  Later  the  concrete  filling  will  be  carried  up  to 
lear  the  tops  of  the  columns,  as  fireproofmg  and  as  stiflen- 
ng,  in  view  of  the  uncertain  stress  distribution  in  the  col- 
imns.  The  transverse  portal  or  bracing  arch  is  riveted  to 
he  side  of  the  column,  but  is  not  backed  by  a  diaphragm 
0  transmit  the  arch  thrust  to  both  ribs  of  the  colunm. 
>ince  the  arch  must  exert  thrust  whenever  it  performs 
;ny  bracing  action  or  other  useful  effect,  the  need  of 
ome  stiffening  to  the  column  at  this  point  is  obvious. 

One  Column  Is  Bent  Five  Inches  Out  of  Line 

Supplementary  to  the  present  repair  work  is  some  work 
n  the  northerly  two  bents  of  the  viaduct.  Cols.  49  and  50 
nd  Col.  51.  The  latter  is  of  serious  concern  in  the 
iaduct. 

Column  51  supports  the  west  edge  of  the  viaduct  where 
.  t  swings  eastward  to  its  landing  on  the  north  abutment 
the  abutment  runs  parallel  to  the  center  line  of  the 
iaduct  and  is  situated  Just  east  of  its  easterly  edge). 
;'he  transverse  bracing  arch  and  strut  from  this  column 
re  attached  at  their  east  ends  to  the  abutment;  and 
s  the  abutment  has  moved  outward  several  inches  at 
he  top,  due  to  settlement  of  the  forward  edge,  it  forced 
he  column  outward  near  mid-height,  forming  what 
ppears  to  be  a  permanent  bend. 

Wlien  this  condition  was  discovered,  the  anchorage  of 
he  strut  in  the  abutment  was  cut.  This  resulted  in 
ecreasing  the  bend  in  the  column  by  %  in.;  the  strut 
.ipyed  east  by  this  amount,  and  its  east  end  also  moved 
orth  2  in.  The  residual  bend  in  the  column,  which 
5  clearly  visible,  measures  about  5  in.  (Fig.  8).  Steel 
olsters  will  be  inserted  through  the  pier  cap  stone  to 
upport  the  column,  and  the  column  will  be  filled  with 
oncrete. 

There  is  a  similar  bend  in  both  columns  of  the  pair 
ext  south.  Cols.  49  and  50.  Their  condition  is  sketched 
1  Fig.  9.  Tlie  treatment  here  will  be  the  same  as  for 
'ol.  51.  The  distortion  of  this  bent  is  probably  due  to  the 
ction  that  pushed  Col.  51  over,  the  effect  being  trans- 
litted  by  the  rigidity  of  the  buckle-plate  floor  of  the 
iaduct. 

The  pier  cap  stones  under  many  of  the  columns  are 
racked,  and  some  are  spalled  (Fig.  7).  Bonfires  may 
ave  oontributed  to  this,  but  in  .some  cases  at  least  con- 
entrated  pressure  of  the  column  base  is  believed  to  be 
ne  of  the  causes.  Ice  formation  in  the  bolt  holes  may 
Iso  have  played  a  part ;  the  holes  in  the  stones  are  3  in. ; 
I'hile  the  bolts  are  li/4  i°- 

It  IB  held  that  the  cracks  are  not  important  enough 

I  justify  replacement  of  the  bases.  As  soon  as  an 
ppropriation  can  be  obtained,  however,  the  stones  will 

II  be  banded,  and  the  ca.st-iron  jackets  placed. 

S5 

strrrtM    with    TtTO    DrlvcnayM    anil    n    Central    Faot-\Vnlk 

':  a.  part  of  the  shop  and  warehouwe  district  of- Toronto. 
■111.  There  being  only  a  curb  between  the  driveway  and  the 
rent  wall  of  the  buildings,  wacrons  can  be  driven  or  backed 
lo«e  up  to  the  doorways.  The  driveways  drain  to  and  down 
heir  center  lines.  Midway  In  each  block  a  cross  driveway 
itersects  the  central  walk.  Poles  and  wires  are  placed  at 
he  curbs  of   the   central    walk. 
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By  Ciiakles  A.  IIolden* 

The  discussion  now  in  progress  in  regard  to  engineer- 
ing education  in  large  part  neglects  two  fundamental 
considerations:  (a)  A  recognition  of  the  basic  principles 
common  to  all  engineering  problems;  (b)  the  product 
being  turned  out — well-grounded  men  who  will  continue 
to  be  students. 

Highway  engineering  may  be  taken  as  an  illustration. 
It  involves  the  following  subjects  that  are  common  to 
most  engineering  work: 

Mathematics 

Physics 

Chemistry 

Graphics 

Surveying 

Earthwork 

Drainage 

Foundations 

Retaining  walls 

Reinforced   concrete 

Hydraulics 

Bridges 

Electricity 

Accounting 

Specifications  and  contracts 

Correct,  concise  and   forceful  presentation 

Selection    and    management   of  labor 

Administration,   etc. 

Also  for  a  general  and  preliminary  grasp  of  the 
subject,  it  is  necessary  to  consider  it  from  the  viewpoint 
of  one  of  the  texts  on  highway  construction.  Later,  if 
the  engineer  becomes  enough  concerned,  intensive  special- 
ization is  necessary. 

In  the  same  way  other  divisions  of  engineering  activity 
can  be  analyzed  into  a  group  of  subjects  that  are  common 
and  fundamental  to  all  operations.  Any  one  of  these 
subjects  may  become  the  major  activity  in  an  engineer's 
life,  while  the  others  arc  minor  but  often-considered 
branches.  One  cannot  be  tenned  an  Engineer  who 
has  not  the  background  furnished  by  the  above  broad 
survey.  Otherwi.se  he  must  be  denoted  a  [particular 
branch]   engineer. 

The  consideration  of  an  educational  program  always 
brings  one  to  the  inquiry  whether  the  student  is  to  be 
prepared  for  his  lifework  or  for  one  branch  of  engineer- 
ing. In  the  former  case  he  needs  a  training  that  will 
enable  him  to  accept  any  openings  which  may  be  offered 
him  and  to  adapt  himself  to  his  environment.  In  the 
latter  case  there  will  be  many  prepared  in  a  particular 
mold  from  whom  the  employer  may  select  a  few,  while 
the  others  will  have  to  enter  different  work  for  which 
they  are  not  prepared  and  have  to  suffer  the  loss  incident 
to  the  readjustment. 

It  is  frequently  two  or  three  years  before  the  young 
engineer  finds  a  branch  of  engineering  that  combines 
opportunity  and  congeniality.  It  is  then  that  with  most 
effectiveness  and  certainty  he  can  undertake  specialization, 
either  in  actual  practice  or  at  .some  university. 

The  futility  of  too  early  specialization  is  illustrated 
from  anotiier  angle  by  the  reply  to  a  circular  in  regard 
to  training  highway  engineers.  The  commissioner  of  a 
state  highway  department  writes:  "I  presume  there  is 
a  lack  of  trained  road  engineers  for  the  reason  that  the 
type  of  road  building  changes  so  rapidly  that  it  is  hard 
for  an  engineer  to  keep  up  with  the  times.  I  would  give 
preference  to  graduates  of  a  college  highway-engineering 
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course,  provided  they  had  as  nuich  experience  as  tlie  other 
applicants." 

The  present  time  demands  and  the  future  will  more 
insistently  demand  men  with  breadth  and  depth  of  vision, 
who    will    be    able    to    discern    fundamental    principles, 


develop  constructive  policies  and  administer  those  polici, 
consistently  and  adequately.     I  know  of  no  one  who 
in  a  better  position  than  the  broadly  trained  engineer 
render  to  this  country  and  this  generation  the  servi 
that   is  needed. 
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F>Y   11.    E.   BiLGEK* 


SYNOPSIS — Description  of  small  details  essen- 
tial to  successful  highway  construction,  hut  fre- 
quently neglected.  Simple  means  of  rendering 
grade  crossings  less  dangerous,  and  the  essentials 
of  aligmnent  to  insure  surface  drainage. 

The  really  permanent  part  of  the  entire  improvement 
of  a  rural  highway  is  its  alignment,  both  horizontal  and 
vertical.  Hence  the  alignment  merits  attention  before 
greater  expenditures  are  made  for  surfacing  work,  which 
at  best  is  of  but  a  relatively  temporary  character.  This 
statement  applies  particularly  to  the  level  prairie  states 
of  the  Middle  West,  where  to  superficial  appearances  there 
seems  little  choice  in  the  matter  of  alignment. 

In  the  prairie  states  the  general  features  of  highway 
alignment  as  originally  established,  in  most  cases,  will 
meet  satisfactorily  the  requirements  of  modern  traffic. 
These  highways  as  a  rule  follow  the  section  lines  east  and 
west,  and  north  and  south,  and  are  straight. 

Because  of  the  unusually  favorable  conditions  afforded 
by  the  topography  and  because  also  of  the  fact  that  prac- 
tically all  parts  of  the  country  could  be  utilized  for  agri- 
cultural purposes,  a  very  large  mileage  of  highways  was 
laid  out  in  the  states  of  the  Mississippi  Valley. 

The  State  of  Illinois,  for  example,  has  1.69  mi.  of 
rural  roads  for  each  square  mile  of  land  area.  Likewise 
Eichland  County,  Illinois,  has  a  corresponding  figure  of 
2.27,  the  greatest  in  the  state;  while  Pope  County  has 
0.95  mi.,  the  least  in  the  state. 

In  view  of  this  large  mileage  of  intersecting  roads 
on  grades  that  invite  high  speed  and  on  a  soil  that  yields 
its  best  crops  with  the  worst  mud,  it  is  evident  that  close 
attention  should  be  paid  to  all  details  of  highway  align- 
ment and  particularly  to  those  involving  drainage. 

Small  Details  of  Horizontal  Aligxmext  Often 
Xeglected 

Marked  improvement  can  be  effected  in  small  details 
that  will  tend  greatly  toward  the  general  safety  and  com- 
fort of  the  traveling  public.  For  example,  at  all  abrupt 
angles  in  the  right-of-way,  and  particularly  those  ap- 
proaching 90°,  greater  safety  of  travel  can  be  brought 
about  by  simply  procuring  enough  additional  right-of-way 
to  permit  moving  the  inner  fence  corner  a  distance  of  only 
30  or  40  ft.  By  so  doing,  the  radius  of  the  curve  can 
be  considerably  lengthened  and  a  much  better  view  pro- 
vided. Travel  is  benefited  out  of  all  proportion  to  the  cost 
of  the  little  piece -of  land.  In  order  that  this  additional 
right-of-way  at  the  corner  may  be  utilized  to  the  utmost. 


it  is  necessary  that  all  vegetation  be  kept  down  and  th 
signboards,  if  any,  be  transferred  elsewhere. 

A  typical  90°  angle  in  a  highway  is  shown  in  the  i 
companying  sketch,  similar  to  which  there  must  be  mc 
than  100,000  in  Illinois  alone.  To  keep  the  impro\ 
ment  at  the  corner  within  the  oO-ft.  right-of-way  lit 
would  require  a  curve  having  only  a  52.9-ft.  radii 
and  the  clear  sight  provided  for  the  traveler  would 
only  70  ft. 

As  contrasted  with  this,  notice  the  advantages  afford 
by  acquiring  the  piece  of  land  KLMX  (see  sketch),  whi 
contains  0.055  acres  and  would  cost,  at  the  rate  of  $3 
per  acre,  only  $16.50.  The  longer  curve  provides  an  oi 
look  of  142  ft.  as  against  the  70  ft.  for  the  other.  , 
the  same  time  it  shortens  the  pavement  from  a  to  &  by 
amount  sufficient  to  save  40.6  sq.yd.  for  a  15-ft.  pa\ 
ment — about  $70  on  a  brick  pavement  and  $50  on  one 
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concrete,  which  is  about  three  times  a  reasonable  pri 
for  the  laud. 

In  addition  to  this  the  right-of-way  is  not  contract' 
at  the  corner  as  it  is  by  the  shorter-radius  curve,  so  tli 
the  17.5-ft.  margin  between  the  inner  edge  of  the  pav 
ment  and  the  property  line  is  preserved  for  use  as  an  ear 
road  around  the  corner  as  well  as  on  tangents.  Moreov( 
the  land  KLMN  because  of  its  corner  location,  is  practi 
ally  vahieless  for,  agricultural  purposes. 

At  all  crossroads  additional  land  should  be  providi 
by  moving  the  fences  back  to  include  the  land  at  the  fot 
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lorners  within  the  limits  of  the  right-of-way,  as  proposed 
in  the  sketcli.  This  brings  the  control  of  the  corners  with- 
in the  authority  of  the  road  ofBcials,  who  can  have  removed 
all  vegetation  that  obstructs  the  view  of  the  approaches. 
^Tiere  there  is  an  angle  greater  than  45°  in  the  align- 
ment and  the  improvement  at  this  place  is  on  an  embank- 
ment higher  than,  say,  4  ft,  there  should  be  provided  on 
the  outside  of  tlie  curve  a  substantial-looking  guardrail 
painted  white,  to  serve  as  a  warning  to  traffic. 

Impkovemexts  at  Railway  Gilvde  Crossings 

In  the  State  of  Illinois  there  are  95,696  mi.  of  rural 
highways  and  13,198  mi.  of  steam  railroads.  As  practic- 
ally all  the  highways  have  been  located  on  the  section 
lines,  their  directions  are  north  and  south,  and  east  and 
west.  With  comparatively  few  exceptions  the  general  di- 
rections of  the  railways  are  also  north  and  south,  and  east 
and  west,  so  it  becomes  at  once  apparent  what  a  relatively 
large  number  of  crossings  are  formed  by  the  railroads 
and  the  highways;  and  considering  the  practically  level 
topography  it  is  readily  seen  why  87%,  or  17,119,  of 
these  crossings  are  at  grade. 

Economic  conditions  do  not  exist  that  will  at  this  time 
warrant  the  separation  of  grades  on  as  many  as  10%  of 
these  crossings  in  the  rural  parts  of  Illinois.  Neverthe- 
less, every  effort  should  be  made  to  improve  these  cross- 
ings in  a  manner  that  will  minimize  the  accident  hazard. 

In  the  vicinity  of  crossings  the  improvement  should 
be  such  as  to  provide  an  unobstructed  view  along  the 
track  for  a  distance  of  at  least  1,000  ft.  each  way,  and 
this  view  should  be  enjoyed  along  a  length  of  highway 
extending  a  distance  of  at  least  300  ft.  on  each  side  of  the 
crossing. 

It  is  particularly  important  that  there  be  provided 
accommodations  for  two  vehicles  to  pass  with  entire 
safet}'  and  comfort  at  the  crossing,  requiring  never  less 
than  18  ft.;  and  the  highway  for  a  distance  of  50  ft.  or 
more  on  each  side  of  the  crossing  should  be  practically 
level  or  should  at  least  have  a  very  easy  grade,  say  not 
steeper  than  about  2%. 

Much  destruction  of  both  life  and  property  is  caused 
motor  vehicles  taking  a  run  on  the  steep  grades  up 
to  the  crossing  and  then  stalling  the  engine  on  the  track. 
Occasionally  two  vehicles  will  make  a  run  from  opposite 
sides  of  the  crossing  and  upon  reaching  it  find  that  the 
highway  does  not  have  sufficient  width  for  passing. 

Vertical  Alignment  and  Drainage 
In  establishing  the  general  vertical  alignment  of  the 
highway  there  must  be  carefully  considered  the  construc- 
tion cost,  the  serviceability  of  the  road  and  the  practic- 
ability of  economic  maintenance.  These  three  factors 
will  assume  varying  degrees  of  importance,  dependent 
'■'•■gely  upon  the  development  of  the  country  contiguous  to 
■   road  improvement. 

The  proper  alignment  for  any  road  is  so  closely  related 

such   local  conditions  as  topographic  features,  avail- 

'  I'  funds,  etc.,  that  general  recommendations  might  be 

■)lly  a  misfit  when  applied   to  a  particular  case.     It 

n  be  safely  said,  however,  that  grades  should  be  kept 

isonably  consistent  and  closely   in  hamiony  with  the 

noral  topography  of  the  neighboring  country,  but  aside 

.from  this  there  is  little  justification  for  expenses  incurred 

I  in  order  to  obtain  grades  lower  than  some  3  or  4%. 

To  design  highway  improvements  according  to  a  Jimit- 

-'  grade  fixed  for  a  geographical  area  even  as  large  as 


15,000  sq.mi.  is  not  warranted  either  by  the  nature  of 
or  by  any  factors  of  the  highway  problem.  The  whole 
matter  is  more  of  a  local  issue  as  regards  both  the  factors- 
of  construction  and  the  use  of  the  roads,  but  in  order  to 
make  the  most  oiit  of  a  given  combination  of  conditions 
a  broad  experience  in  road  building  is  required. 

The  Most  Esskntlvl  Element  in  Surface  Drainage 

The  particular  feature  of  a  large  percentage  of  the  Ill- 
inois roadwork  commanding  attention  is  the  necessity  for 
positive  surface  drainage  of  the  roadbed  by  elevating  it 
above  the  level  of  the  adjacent  fields.  In  order  to  maintain 
satisfactorily  a  road  surface  in  practically  level  country 
on  other  than  a  sandy  soil  it  is  generally  absolutely  neces- 
sary to  forestall  capillarity  by  elevating  the  roadbed. 

It  is  probably  true  that  on  more  than  one-half  of  the 
mileage  of  the  roads  in  the  state  the  traveled  way  is  lower 
than  the  general  elevation  of  the  adjacent  fields,  and  in  a 
large  percentage  of  these  cases  the  practicable  gradient  of 
the  side  ditches  is  not  sufficient  to  carry  off  surface 
water.  This  condition  is  due  to  the  simple  fact  that  for- 
merly highway  construction  consisted  chiefly  of  fencing 
off  a  right-of-way  across  the  prairie  without  attention  to 
the  matter  of  surface  drainage. 

In  connection  with  tilling  the  land  for  agricultural  pur- 
poses the  under-drainage  of  the  road  has  been  given  more 
consideration  than  the  surface  drainage.  It  has  not  been 
fully  appreciated  that  underground  drains  are  primarily 
for  the  removal  of  underground  water' and  that  for  the  re- 
moval of  surface  water  these  drains  cannot  be  depended 
upon  as  more  than  a  20%  substitute  for  complete  surface 
drainage. 

Classification  of  Soils  in  Facility  of  Drainage 

With  respect  to  their  properties  of  shedding  or  absorb- 
ing surface  water  all  characters  of  soil  encountered  in 
Illinois  roadwork  may  be  assigned  to  one  of  the  three 
following  classes: 

Class  1 — Impervious  soils,  such  as  the  prevailing  gumbo 
throughout  the  corn  belt,  or  any  dense  clay  or  other  soil 
through  which  surface  water  will  not  readily  penetrate. 

Class  2 — Semi-pervious  soils,  those  soils  of  an  inter- 
mediate character  that  evidently  are  not  assignable  to 
either  Class  1  or  Class  3. 

Class  3 — Very  porous  soils,  including  sand,  gravel  or 
loose  stone ;  soils  through  which  surface  water  will  readily 
penetrate. 

In  case  of  doubt  as  to  whether  a  {)articular  soil  should 
be  assigned  to  Class  1  or  Cla.ss  2  it  should  be  assigned  to 
the  former,  and  for  doubt  between  Classes  2  and  3  the 
assignment  should  be  made  to  Class  2. 

How  To  Deal  with  Each  Class  of  Soil 

Class  1 — No  matter  whether  on  an  elevated  tableland  or 
on  a  low  bottom,  where  the  obtainable  side-ditch  grade  is 
less  than  0.4%,  not  more  than  800  ft.  of  road  in  one 
stretch  .should  have  the  crown  of  its  subgrade  (finished 
crown  for  earth  roads)  less  than  12  in.  above  the  general 
elevation  of  the  adjacent  land  without  the  limits  of  the 
right-of-way,  notwithstanding  the  size  of  the  side  ditches. 

Exceptions  to  this  rule  would  be  where  the  highway  fol- 
lows a  practically  level  ridgo  and  the  adjacent  land  drains 
away  from  the  road  on  both  sides;  also,  where  the  highway 
follows  along  land  that  all  drains  one  way.  In  the  latter 
case,  needless  to  say,  cross-culverts  should  be  placed  at 
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suitable  intervals  to  earrv  the  water  from  the  higher  iliteh 
to  natural  outlets. 

'     Class  2 — Same  as  Class  1,  except  that  O.'i'^i  should  be 
substituted  for  0.4%. 

Class  3 — The  crown  of  the  subgrade  should  be  at  least 
G  in.  above  the  general  elevation  of  the  adjacent  land  with- 
out the  limits  of  the  right-of-wa}^ 

Notwithstanding  the  character  of  soil,  where  the  grade 
of  the  side  ditches  is  from  0.4%  to  1%  an  endeavor 
should  be  made  to  keep  the  crown  of  the. subgrade  at  least 
G  in.  above  the  general  elevation  of  the  adjacent  fields. 
With  a  nonporous  soil  and  an  open-ditch  gradient  of  less 
than  0.4%  it  is  difficult  to  provide  surface  road  drainage 
by  seeking  natural  channels  located  at  considerable  dis- 
tances apart.  A  more  effective  and  more  positive  practice 
is  to  elevate  the  roadljed  bv  filling  from  Ijorrow  pits 
to  an  elevation  above  the  accumulated  water  level,  whicli 
under  the  conditions  assumed  is  the  general  level  of  the 
adjacent  fields. 

Reduce  Speeding  Hazards  on  Vertical  Curves 

The  speed  of  motor-vehicle  traffic  requires  that  other 
details  of  vertical  alignment  be  given  full  consideration. 
For  the  most  rigid  types  of  Illinois  roads,  as  brick  and 
concrete,  parabolic  vertical  curves  should  always  be  used 
when  the  rate  of  change  from  one  grade  to  another  is  as 
much  as  1%,  and  for  the  more  resilient  types  of  roads 
when  the  rate  of  change  is  as  much  as  2%.  Both  the  safe- 
ty and  the  comfort  of  travel  recjuire  these  vertical  curves, 
though  their  proper  lengths  are  dependent  upon  factors 
that  necessarily  must  be  assumed. 

It  would  be  only  reasonable  to  assume  that  in  rural  ter- 
ritory automobiles  frequently  ascend  short  grades  up  to 
10%  at  a  rate  of  from  15  to  25  mi.  per  hr.  To  come  from 
this  speed  to  a  full  stop,  there  should  be  provided  at  least 
150  ft.  If  it  is  assumed  that  on  ascending  grades  two 
automobiles  are  approaching  one  another,  each  at  the  rate 
of,  say,  20  mi.  per  hr.,  the  vertical  curve  at  the  summit 
should  be  of  such  length  as  to  enable  the  drivers  to  see 
one  another  when  they  are  at  least  300  ft.  apart. 

With  the  eyes  of  the  drivers  5  ft.  above  the  road  sur- 
face no  vertical  curve  is  required  to  meet  this  condition 
when  the  change  in  the  rates  of  the  grades  is  not  more 
than  G.G7%.  Wlien  this  change  is  10%,  however,  the 
curve  should  never  be  less  than  200  ft.  long.  Likewise, 
changes  of  13  and  1G%  would  require  minimum  curves 
of  292  ft.  and  3G0  ft.  respectively.  Practical  considera- 
tions would  commonly  suggest  the  use  of  vertical  curves 
before  they  would  be  required  to  meet  this  condition,  l)ut 
nevertheless  it  is  well  to  have  in  mind  reasonable  limits 
within  which  ordinary  practice  should  be  confined. 

While  the  search  for  the  ideal  road-surfacing  material 
and  the  battle  for  supremacy  of  certain  material  interests 
go  on,  the  local  road-building  authorities  cannot  do  bet- 
ter than  confine  their  activities  to  the  fundamentals  of 
the  highway  prolilem — namely,  the  establishment  of  a 
drainage  practice  similar  to  tliat  of  the  railways  and  the 
production  of  a  highway  alignment  that  will  properly  fit 
all  the  purposes  for  which  it  exists. 


PInnH  for  n  Munlcipnl  Bloctric  I.iKbt  PIniit  for  St.  Louis, 
Mo.,  have  been  under  consideration  for  IS  months.  By  a 
resolution  of  the  Hoard  of  Aldermen  on  Oct.  ID,  Mr.  Hooke, 
the  Directo."  of  Public  Utilities,  was  authorized  to  make  ad- 
ditional surveys  and  estimates  for  this  plant  at  a  cost  of 
$12,500,  and  to  report  within  a  year's  time. 


I.  There  shall  be  no  objectionable  deposits  at  ai 
jioint  in  a  waterway  as  a  result  of  sewage  or  other  wasti 
discharged  therein. 

Note — To  prevent  such  deposits  public  authorities  shou 
recognize  the  efficacy  of  such  preventive  and  correcti' 
measures  as  the  dredging  and  removing  of  the  deposits  befo 
they  become  objectionable,  the  proper  location  of  sewer  ou 
lets  and  the  removal  of  solids  by  screening,  sedimentatio 
cliemical  precipitation  and  like  methods. 

II.  There  shall  be  no  local  nuisance  created  at  or  i 
the  vicinity  of  any  sewage  or  industrial-wastes  outfal 
arising   from   excessive   turbidity   or   the   production  . 

odors. 

Note — To  prevent  such  conditions  public  authorities  shou 
recognize  the  efficacy  of  such  preventive  and  corrective  mea 
ures  as  the  arrangement  and  proper  protection  of  sewai 
outlets  and  all  methods  of  sewage  treatment  in  proper 
designed  plants,  including  screening,  sedimentation,  chemic 
precipitation,  oxidation  in  various  t.vpes  of  coarse-  and  fln 
grained  filters  and  treatment  by  the  activated-sludge  proces 

III.  There  shall  be  no  general  nuisance  created  in 
waterway  due  to  excessive  turbidity  or  to  odors,  as 
result  of  sewage  or  other  wastes  discharged  therein. 

Note — To  prevent  such  conditions  public  authorities  shou 
recognize  the  efficacy  of  such  methods  of  sewage  treatme 
as  are  enumerated  in  the  note  to  Article  II,  but  it  will  1 
necessary  to  carry  the  treatment  far  enough  to  meet  the  fc 
lowing    requirements: 

1.  That  dissolved  oxygen  shall  be  present  in  the  wate 
of  the  waterway  at  all  points  and  at  all  times  in  such  quani 
ties  as  to  prevent  the  emanation  of  putrefactive  odors. 

2.  That  every  municipality  or  Industrial  establishmei 
discharging  sewage  or  wastes  into  a  waterway  may  have  i 
proper  share  of  the  dissolved  oxygen,  subject  to  the  afor 
said   limitation   of  paragraph   1. 

3.  That  the  share  of  dissolved  oxygen  of  a  waterwa 
which  a  municipality  or  industrial  establishment  may  utili: 
at  any  time,  should  be  subject  only  to  the  aforesaid  lim 
tation  (stated  in  paragraph  1),  so  long  as  other  parties  a 
not  utilizing  it  nor  thereby  being  deprived  of  its  use. 

4.  That  as  the  size  and  number  of  municipalities  or  i; 
dustrial  establishments  discharging  sewage  or  wastes  in 
the  waterway  increases,  and  the  available  share  of  dissolv- 
oxygen  for  each  decreases,  treatment  methods  must  be  i* 
creased  generally  and  correspondingly,  in  order  that  eai 
party  may  continue  to  have  the  share  of  the  available  oxyg' 
to    which    it    is    entitled. 

IV.  There  shall  be  no  interference  with  or  undue  bii 
den  upon  mechanical  operation  or  bacterial  efficieiii 
of  water-purification  plants  procuring  their  raw  wat 
from  a  waterway. 

Note — The  public  authorities  should  recognize  in  this  cas 

1.  The  efficacy  of  relocating  water-supply  intakes  bt 
sewer   outlets  as  a  means  of  remedy. 

2.  The  efficacy  of  such  methods  of  sewage  treatment  ; 
will  reduce  the  quantity  or  alter  the  character  of  either  th 
suspended  matter  or  that  dissolved  matter,  or  both,  whii 
may  interfere  directly  or  indirectly  with  the  mechanic 
efficiency  and   operation   of  water-purification   plants. 

3.  The  efficacy  of  such  methods  of  treatment  as  will  r 
duce  the  number  of  bacteria  that  may  cause  a  bacterial  burdi 
upon  water-purification   plants. 

4.  That  since  water-  or  sewage-purification  processes  ci 
be  carried  to  any  desired  limit,  at  least  theoretically,  H 
share  of  responsibility  that  is  to  be  imposed  upon  the  diffc 
ent  sewage-disposal  and  water-purification  plants,  with  r 
spect  to  extent  of  purification,  will  obviously  depend  upon 
number    of    legal    and    administrative    considerations    of    : 

•From  the  report  of  the  Committee  on  Sanitary  Control 
Waterways,  submitted  to  the  Sanitary  Section  of  the  Ame 
ican  Public  Health  Association  ,at  Cincinnati,  Ohio,  Oct,  - 
1S16.  The  members  of  the  committee  are  Harrison  P.  Edd 
chairman,  Boston,  Mass.;  I'M  win  A.  Fisher,  Rochester,  N.  i 
Paul  Hansen,  KprinKflcld.  Ill;  Theodore  Horton,  Albany.  N.  'i 
W.  H.  Dittoe.  foUinilnis,  Oliio.  The  code  was  preceded  by 
statement  of  fuiidameiitnl  i)rhiciples.  The  full  report  w 
be  printed  in  the  ".loui  iml"  of  the  American  Public  Heal' 
Association  (877  Boylston  St..  Boston,  Mass.).  Reprints  will  I 
sent  to  members  of  the  Saiiitary  Section  about  30  days  in  a' 
Vance  of  the  1917  convention,  at  which  the  code  will  ' 
presented   for  possible  amcnrlnient   and    for  adoption. 


Xovehiber   9,   1916 
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economic,  engineering  and  public-health  nature  which  prop- 
erly come  within  the  jurisdiction  of  central  authorities  and  the 
courts. 

V.  There  shall  be  no  active  (potentially  rlangerous) 
bacterial  contamination  or  gross  pollution  of  properly 
located  and  authorized  shellfish  beds. 

Note — Public  authorities  should  recognize  in  this  matter 
five  important  features: 

1.  The  proper  supervision,  by  competent  authority,  of  the 
location  of  shellfish  beds  and  drinking  places,  and  suitable 
control  of  shellfish  operation. 

2.  That  the  gross  pollution  of  shellfish  beds  by  deposits  ojf 
suspended  matter  from  sewage  or  industrial  wastes  can  be 
prevented,  and  that  bacterial  contamination  of  the  beds  may 
be  avoided,   by   relocation   of  sewer  outlets. 

3.  That  the  gross  pollution  of  shellfish  beds  by  deposits 
of  suspended  matter  from  sewage  or  industrial  wastes  can  be 
prevented  also  by  the  installation  of  proper  sewage-treat- 
ment processes  that  will  remove  these  solids  to  the  extent 
necessary. 

4.  That  where  shellfish  beds  are  so  located  as  not  to  be 
subject  to  gross  pollution  and  where  bacterial  protection  only 
will  be  necessary,  this  protection  can  be  accomplished  satis- 
factorily by  the  employment  of  such  methods  of  treatment  as 
will  destroy  or  remove  the  bacteria. 

5.  That  since  active  bacterial  contamination  and  gross 
pollution  of  shellfish  beds  can  be  prevented  by  proper  loca- 
tion of  such  beds  and  by  proper  location  of  sewer  outfalls 
and  proper  treatment  of  sewage  and  other  wastes,  the  en- 
forcement of  the  abandonment  or  relocation  of  shellfish  beds 
or  of  preventive  or  remedial  measures  to  protect  such  beds 
will  obviously  depend  upon  a  number  of  legal  and  adminis- 
trative considerations  of  an  economic,  engineering  and  public- 
health  nature  which  properly  come  within  the  jurisdiction  of 
central  authorities  and  the  courts. 

VI.  There  shall  be  no  active  (potentially  dangerous) 
bacterial  contamination  or  gross  pollution  of  properly 
located  and  authorized  bathing  bcaclies  and  other  bath- 
ing places. 

Note — The  public  authorities  should  recognize  in  this 
matter: 

1.  That  notwithstanding  the  legal  rights  of  riparian 
owners,  in  view  of  our  knowledge  of  the  dangers  to  health 
arising  from  bathing  in  waters  contaminated  by  the  bather.s 
thenoselves  as  well  as  from  sewage  and  wastes  discharged  into 
them,  control  is  needed  both  in  the  selection  and  authoriza- 
tion of  bathing  places  and  of  the  discharge  of  sewage  and 
wastes  into  the  waters  in   which  bathing  is  authorized. 

2.  That  the  gross  pollution  of  bathing  beaches  by  sus- 
pended matter  from  sewage  or  industrial  wastes  can  be  pre- 
vented, and  bacterial  contamination  may  be  avoided,  by  re- 
location of  sewer  outlets. 

3.  That  where  protection  of  properly  authorized  bath- 
ing places,  from  bacterial  contamination  only,  is  required, 
.such  protection  can  be  secured  by  such  sewage-treatment 
processes  as  will  destroy  or  remove  the  bacteiia. 

4.  That  where  properly  authorized  bathing  places  re- 
quire protection  against  gross  pollution  arising  from  sus- 
pended or  other  objectionable  sewage  matters,  this  additional 
protection  can  be  secured  by  the  installation  of  such  addi- 
tional sewage-treatment  processes  as  will  sufficiently  remove 
the  objectionable  matters. 

5.  That  since  active  bacterial  contamination  and  gross 
pollution  of  bathing  places  can  be  prevented  by  proper  loca- 

■  n  of  such  places  and  by  proper  location  of  sewer  outfalls 
'i  proper  treatment  of  sewage  and  other  wastes,  the  en- 
!  cement     of     the     abandonment     or     relocation     of    bathing 

■  iches  or  of  preventive  or  remedial  measures  to  protect  such 
riches  will  obviously  depend  upon  a  number  of  legal  and 
mlnlstrative  considerations  of  an  economic,  engineering  and 

public-health  nature  which  properly  come  within  the  juris- 
diction of  central  authorities  and  the  courts. 


Peiniirasylvaimia  M..R.. 

Signals  that  use  lights  only  (by  day  and  niglit),  but 
in  which  the  lights  give  position  indication.s  simulating 
the  positions  of  semaphore  arras,  have  been  in  use  for 
about  1')  months  on  the  electrically  operated  section  of 
the  Pennsylvania  IJ.R.  between  Philadelpliia  (Broad  St. 
"t.-ition)  and  Paoli,  Penn. — 20  mi.    All  lightfl  are  white, 

iiee  all  indications  are  given  by  position   (Fig.   1). 


Each  unit  or  signal  consists  of  a  group  of  incandescent 
lamps  inclo.sed  in  casings  and  mounted  upon  a  board  or 
background.  Certain  of  those  lamps  are  lighted  or  extin- 
guished in  varying  the  indications.  Fig.  2  shows  one  of 
the  installations  on  a  four-track  signal  bridge  near  Ard- 
more.  In  this  view  the  eastbound  train  has  just  set  the 
top  right-hand  signal  at  "Stop,"  while  the  signal  below 
shows  that  there  is  a  ti'ain  in  the  second  block  ahead.  In 
the  left-hand  signal  the  top  indication  is  ''Proceed,  pre- 
pared to  stop  at  next  signal";  the  lower  indication  shows 
that  there  is  a  train  on  this  track  also  in  the  second  block 
ahead.  The  upper_signal  (for  the  fir.st  block)  gives  three 
indications;  the  lower  signal  (for  the  second  block)  gives 
two  indications.  The  blocks  here  are  3,500  ft.  long.  The 
view  shows  a  steam  train,  but  the  catenary  trolley-wire  sus- 
pension will  be  noticed. 

Exact  and  pennanent  location  of  the  lamps  behind  their 
respective  lenses  is  essential  for  correct  reading  by  the 
motormen.  For  this  reason  bayonet  sockets  are  used  in 
preference  to  screw  sockets.  Difficulty  was  introduced  in 
the  beginning  by  the  fact  that  the  lamp  makers  could  not 
guarantee  a  uniform  distance  between  the  base  of  the  lamp 
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FIG.   1.    TYPICAL   INDICATIONS  BY   POSITION-LIGHT 
SIGNALS  ON  THE  PENNSYLVANIA  R.K. 
Those  marked  "I"  are  for  interlocking  plants 

and  the  lilainent,  and  allowance  had  to  be  made  for  a  varia- 
tion of  at  least  W  in.  A  slotted  brass  collar  is  used  for 
adjusting  the  lamp  in  })osition. 

Although  the  filament  has  coils  of  large  diameter,  there 
was  trouble  due  to  its  attachments  not  being  secure  and 
permitting  a  drop,  or  sag,  that  necessitated  refocusing. 
This  defect  has  been  remedied.  The  lamp  has  a  spherical 
bulb,  and  the  filament  is  above  the  center  line. 

The  first  signal  was  mounted  about  2.5  ft.  above  the 
rail,  but  at  a  distance  of  175  ft.  the  light  was  invisible.  .\ 
special  lens  was  then  devised,  in  wliich  both  the  lower 
(|uarter  and  the  bullseye  portion  deflect  rays  downward. 
This  was  neces.sar)'  as  the  signal  bridges  are  about  29  ft. 
clear  above  the  rails,  and  the  top  light  of  the  vertical 
row  of  lamps  is  over  •10  ft.  from  the  rails.  ,Thc  effect  is 
to  give  ])ractically  three  zones  of  light:  First,  the  direct 
rays,  from  a  distance  of  a  mile  or  more  to  within  200  or 
300  ft.  of  the  signal ;  then,  overlapping  these  and  to  williin 
40  or  50  ft.  of  the  signal,  come  tlie  rays  deflected  down- 
ward through  the  lower  quarter  of  the  lens;  finally,  the 
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image  in  the  mirror  reflcftcd  thiongh  the  bullseye.  The 
steps  of  the  lens  are  painted  bhick  to  prevent  trouble  from 
tlie  reflection  of  rays  of  sunlight  striking  these  steps.  On 
curves  the  same  typo  of  lens  is  used,  with  the  spread-light 
feature  in  addition. 

The  signals  are  operated  with  3-volt  current  by  day  and 
11-volt  current  at  night.  The  latter  gives  good  residts 
on  foggy  nights.  It  is  found  that  a  12-volt  lamp  burning 
night  and  day  at  10  volts  has  a  range  of  3.000  ft.  or  more 
by  day  and  is  not  hard  on  the  eyes  at  night  if  the  signals 
are  a  mile  or  two  apart.  The  first  signals  had  (for  each 
indication)  five  lights  in  a  row,  12  in.  c.  to  c,  correspond- 
ing to  a  5-ft.  semaphore  arm.  Better  results  are  obtained 
with  four  lights  18  ih.  c.  to  c,  as  in  Pig.  1.  In  this  illus- 
tration the  backgrounds  appear  unduly  large,  but  in 
construction  the  second  and  third  rows  of  lights  have  their 
own  backgrounds,  of  various  shapes,  depending  upon  the 
number  of  indications.  This  reduces  the  wind  pressure  on 
the  structure. 

This  system  is  in  use  for  automatic  and  manual  block 
signals,  interlocking  signals  and  dwarf  signals.     There  is 


PIG.    2.     SIGNAL  BRIDGE  WITH   POSITION-LIGHT   SIGNALS 
ON  PENNSYLVANIA  R.R.  NEAR  PHILADELPHIA.  PENN. 

also  a  special  "Take  siding"  signal  (Fig.  1).  This  is 
mounted  by  itself  on  a  mast  and  has  a  background  3x3  ft., 
with  lights  13  in.  e.  to  e.  It  is  lighted  only  when  giving 
the  indication.  In  December,  1915,  two  signals  were  in- 
stalled to  protect  traffic  at  a  signal-track  tunnel.  These 
are  lighted  by  the  approaching  train. 

liKsui/rs  WITH  LiiiuT  Signals 
After  a  year's  experience  it  is  concluded  that  with 
the  position-light  signals  the  chance  of  false  clear  or  mis- 
read signals  is  at  a  minimum,  while  the  number  of  total 
failures  is  greatly  reduced.  The  enginemen  are  practically 
unanimous  in  stating  that  these  signals  are  more  visible 
than  any  others  at  night,  in  fog  and  in  snowstonns.  'I'he 
close  indication  (within  150  ft.  of  the  signal)  is  better 
tlian  that  of  the  semaphore  at  night  and  is  as  good  by  day 
as  the  semaphore  is  at  night. 

The  indications  are  uniform  by  day  and  night.  Willi 
semaphores  the  indications  are  by  position  during  the  day 
and  by  color  during  the  night,  and  by  both  during  morn- 
ing and  evening  periods.  Colored-light  signals  give  indi- 
cations by  color  only,  while  position-light  signals  give  indi- 
cations by  position  only.   Semaphore  and  colored-light  sig- 


nals are  limited  to  three  indications.  The  position-li ^it 
signals  can  give  four  indications,  thus  in  many  cases  eli  i- 
nating  advance  or  other  signals  required  to  supplement  i.e 
semaphore.  \ 

These  signals  are  said  to  have  every  advantage  wl  1^ 
.power  from  a  central  plant  is  available,  as  where  alteri  ;- 
ing-current  track  circuits  are  used.     They  are  speci:  v 
adapted  for  distant  switch  and  block  signals  on  bra  h 
lines.    The  cost  of  lighting  continuously  from  a  prim  v 
battery  is  prohibitive,  but  on  lines  of  light  traffic  the   • 
nals  can  be  lighted  on  the  approach  of  a  train  and  ex 
guished  after  the  train  has  passed.    The  cost  of  a  typ  .. 
four-track  automatic-signal  bridge  with  signals  and  tl 
fittings  (including  track  circuits)  is  estimated  at  $10,(  ,. 
as  against  $10,633  with  motor-operated  signals,  which 
about  the  least  expensive  semaphore  signals  on  the  I 
With  1,883  lamps  in  service  the  lamp  renewals  avei 
only  17U  per  month,  or  a  cost  of  $16  per  year,  whicl 
about   the   cost  for   ordinary   repairs   to   motor-open 
semaphore  signals. 

This  system  of  signals  was  developed  by  the  engineer  I 
llic  Pennsylvania  1?.R.  in  cooperation  with  the  Corr  ,g 
Glass  Works  and  the  Union  Switch  and  Signal  Co.  'b 
several  parties  had  a  share  in  the  invention  of  vari  e 
parts,  it  was  considered  advisable  to  pool  the  patt  s 
and  applications.  Licenses  under  these  patents  have  b  a 
granted  to  the  Union  Switch  and  Signal  Co.,  Gen^  1 
Railway  Signal  Co.,  Federal  Signal  Co.  and  the  1 
Switch  and  Signal  Co.  The  foregoing  description  is  c 
piled  from  an  article  prepared  by  A.  11.  Rudd,  Signal  - 
gineer  of  the  Pennsylvania  E.R.,  and  sent  out  by  the  r  - 
way  company.  In  it  Mr.  Rudd  makes  the  following  st.  - 
ment : 

"My  own  opinion  [of  these  signals],  prejudiced  perh  s 
but  nevertheless  concurred  in  by  many  of  our  people  i  0 
have  had  to  do  with  them,  is  that  unless  a  speed  centre  s 
developed,  so  reliable  and  dependable  as  to  preclude  e 
necessity  of  fixed  signals,  the  power-operated  signals  f 
the  future  will  be  light  signals  (either  position  or  coh  . 
perhaps  of  several  types,  superseding  gradually  the  n  - 
able  arms  now  in  use." 

By  Douglas  II.  Nelles* 

I'hotogrammetry,  on  this  continent  at  least,  has  I  n 
made  use  of  principally  by  governments  where  large  a  .6 
were  to  be  mapped  in  rough,  rugged,  mountainous  regi'  S. 
In  Canada  22,750  sq.mi.  has  been  mapped  by  this  meth  '. 
and  if  to  this  is  added  the  31,000  sq.mi.  nuipped  by  c 
Canadian  International  Boundary  Commission  in  Ala:  i, 
it  makes  the  total  of  approximately  53,750  sq.mi.  to  d  i. 

The  recent  use  of  photogrammetry  for  mapping  " 
sq.mi.  of  the  Thirty-one  Mile  Lake  watershed.  Que 
was,  however,  of  an  entirely  different  nature,  'i 
presented  a  mass  of  irregular,  bush-covered  hills  from  0 
to  1,000  ft.  high.  Running  through  the  center  of  e 
watershed  are  two  main  lakes,  Thirty-one  Mile  :il 
i'eniichangan,  and  in  between  the  hills  on  either  side  e 
101  small  lakes. 

The  Geodetic  Survey  of  Canada  liiul  two  prim  y 
triangulatioii  stations  established  in  this  \  icinity,  on(  " 
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the  center  of  the  watershed  and  one  on  the  outside  of 
the  southern  edge,  from  which  a  secoudarv  triangulation 
was  thrown  over  the  watershed,  comprising  24  stations. 
Ten  of  these  stations  were  in  the  southern  portion  of  tlie 
watershed,  containing  93  sq.mi. 

To  these  10  stations  were  tied  83  photo-topographic 
stations,  and  from  each  station  was  taken  a  set  of 
photographs  forming  a  panorama  of  the  country  that 
could  be  seen  from  each  station.  Plotting  from  photo- 
graphs taken  during  the  summer  was  not  a  success,  aa 
enough  points  coukl  not  be  identified  to  control  the 
topography.  Another  set  of  photographs  was  therefore 
'nken  during  Feburary,  from  which  ver\'  successful  results 

■re  obtained. 

All  the  lake  outlines,  creeks,  fanns  and  clearings  were 

rveyed  by  plane  table,  and  the  roads  by  transit  and 
-:;idia.  All  these  detail  surveys  were  tied  to  the  triangu- 
lation  and  camera  stations.  The  rest  of  the  topography 
was  filled  in  from  the  photographs. 

Office  Wokk  and  Methods 

The  office  routine  consisted  of  computing  the  positions 

of  stations;  drawing  a  polyconic  projection  on  the  scale 

■hosen;    plotting    triangulation    and    camera    stations; 

insferring   and   adjusting   the    plane-table    topography 

the  map;   drawing   the   horizon   and   direction   lines 

|Hin  the  photographs;   identifying  and  marking  direc- 


SIMPLE  DEVICE  FOR  PLOTTING  TOPOGRATHY  FROM 
PHOTOGRAPH.S 

"II  points;  choosing  and  marking  topographic  control 
•ints  on  photographs;  plotting  the  photograph  traces 
'I  the  map,  as  explained  later;  plotting  control  points; 
'  ferminiiig  their  elevations  and  finally  sketching  in 
■ntonrs  and   other  detail. 

The  ordinary  methods  of  plotting  from  photographs 
r,.  genprally  known  and  will  not  he  described.  Tn  this 
■rk  a  wpecial  machine  shown  in  the  accompanying  illus- 
ition  was  used  entirely  for  taking  out  elevations.  The 
'•lit  for  the  original  idea  of  determining  elevations  by 
'  method  to  be  described  is  due  to  W.  U.  Boyd,  Chief 
[)ographer  of  the  Canadian  Geological  Survey.  The 
iiaihine    designed    bv     the    writer    and     made     in     the 


Dominion  Observatory  machine  shop,  besides  giving 
elevations,  measures  the  focal  length  of  a  photograph 
and  plotvS  the  photograph  trace  on  the  map. 

The  focal-length  clamp  has  a  double  action.  The 
larger  screw  damps  the  scale  in  position.  Inside  of 
this  screw  is  a  smaller  one  with  a  fine  steel  point  on 
its  lower  end.  The  smaller  screw  serves  the  purpose 
of  lifting  the  needle  point  so  that  it  will  not  touch 
the  paper  when  the  machine  is  being  used  for  deter- 
mining elevations.  This  point  is  inserted  at  the  station 
point  when  the  machine  is  being  used  to  plot  photograph 
traces  or  to  determine  focal  lengths. 

The  focal-length  clamp  has  a  vernier  with  two  zeros, 
one  at  the  forward  edge,  from  which  the  thread  swings, 
and  one  opposite  the  center  of  the  needle  point.  The 
vernier  reads  to  0.01  in.  In  the  center  of  the  forward 
edge  of  the  focal-length  clamp  is  a  small  hole  in  which 
a  fine  silk  thread  is  fastened  by  a  wooden  plug.  The 
other  end  of  this  thread  is  attached  to  a  spring  that 
serves  the  purpose  of  keeping  it  taut.  The  spring  is 
attached  to  a  ring  placed  around  the  screw  of  the  thread 
slide.  The  thread-slide  clamp  is  kept  tight  enough  so 
that  the  slide  will  stay  at  any  position. 

UsK  OF  I'lottixg  Machine 

To  determine  an  elevation :  Set  the  focal-length 
clamp  at  the  focal  length  of  the  photograph,  using  the 
line  of  the  zero  scale  as  zero  (see  illustration).  Set 
the  altitude  scale  of  the  elevation  slide  so  that  the  part 
of  it  opposite  the  center  mark  of  the  slide  will  read  the 
altitude  of  the  station  plus  the  height  of  the  camera. 
Now  measure  the  distance  between  the  control  point  and 
the  })hotograph  trace  and  make  tJie  distance  between 
the  elevation  slide  (on  the  focal-length  scale)  and  tlie 
zero  scale  equal  to  it.  Measure  the  distance  of  the  control 
point  above  or  below  the  horizon  line  and  set  this  distance 
off  on  the  zero  scale  above  or  below  the  zero.  Move 
the  thread  to  cut  the  point  so  obtained,  and  the  thread 
will  also  cut  the  altitude  scale  of  the  elevation  slide 
at  the  elevation  of  the  station. 

When  working  on  small  scales  and  in  a  region  of  high 
altitudes  such  as  the  Rocky  Mountains,  points  are  very 
often  plotted  at  a  distance  of  from  5  to  15  mi.  from 
the  station.  This  would  only  be  done  when  nearing  the 
limits  of  the  country  controlled  by  the  survey,  and  in 
the.se  cases  it  becomes  nece.ssary  to  take  into  consideration 
the  correction  of  curvature  and  refraction,  which  is  14.4 
ft.  for  5  mi.,  57.4  for  10  mi.  and  129.1  for  15  mi.  This 
is  done  by  computing  and  plotting  a  curvature  and  re- 
fraction scale  for  the  particular  scale  of  the  map,  and  so 
jdacing  it  on  the  machine  that  the  forward  edge  of  the 
elevation  slide  will  cut  it  at  the  proper  jioint  each  time 
that  it  is  set.  Then  to  get  the  true  elevation  of  the 
control  point,  the  curvature  and  refraction  reading  is 
mentally  added  to  the  thread  reading. 

To  determine  the  focal  length  of  a  photograj)!!  with 
the  machine,  a  photosrraph  is  selected  that  lias  two  well- 
defined  points  in  it,  to  which  instrumental  directions 
have  been  read  from  the  camera  stiition.  These  two 
directions  are  jilotted  on  the  plan.  The  center  mark  of 
the  forward  edge  (boftoni  in  view)  of  the  machine  is 
then  placed  over  the  direction  line  of  the  photograph; 
and  the  distances  of  the  points  on  each  side  of  it  are 
marked  on  the  edge  of  the  machine  with  a  pencil.  The 
larger  the  angle  betwe<;n  the  juiints  the  better  the  results. 
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The  needle  point  of  the  focal-length  clamp  is  screwcil 
down  at  the  station  and  tlie  elanip  left  loose  to  slide 
longitudinally.  The  machine  is  then  swung  around  and 
moved  up  and  down  ahout  the  clamped  needle  point  until 
the  two  pencil  points  on  the  edge  coincide  with  the  two 
direction  lines  on  the  plan.  The  machine  is  thou 
oriented  in  azimuth,  and  the  reading  on  the  vernier 
opposite  the  needle  will  give  the  focal  length  of  the 
photograph  to  0.01  in. 

If  a  line  is  drawn  along  the  edge,  it  will  be  the  trace 
of  the  photograph.  If  a  dot  is  made  at  the  center  mark 
on  the  edge  and  a  line  drawn  between  it  and  the 
station  mark,  it  will  represent  the  direction  line  of  the 
photograph. 

The  photographs  were  generally  enlargements,  double 
tiie  size  of  the  original,  and  measuring  12  by  S^A  in- 
They  were  all  made  the  same  size,  so  that  their  focal 
lengths  were  the  same ;  but  before  being  used  for  plotting, 
the  focal  length  was  checked  by  measuring  the  distance 
between  the  cone  marks  that  control  the  location  of  the 
horizon  and  direction  lines.  All  recent  surveying  cameras 
have  marks  placed  at  a  distance  apart  equal  to  the  focal 
length,  which  are  photographed  upon  the  negative  so  that 
the  focal  length  of  any  photographic  jn-int  or  enlarge- 
ment can  be  measured  directly. 

Photographic  Surveyixg  with  ax  Ordinaey 
Eastman  Kodak 

It  so  happened  that  a  map  being  plotted  under  the 
direction  of  the  writer  was  found  to  have  what  is  official- 
ly termed  "a  hole  in  it" ;  that  is  to  say,  there  was  a  small 
valley  which  could  not  be  plotted  for  lack  of  photographs. 
It  was  known  that  the  valley  contained  a  small  lake  that 
had  not  been  surveyed  by  plane  table,  so  that  it  was 
necessary  to  get  accurate  information. 

An  officer  of  the  survey  could  not  be  sent  to  tlie  locality 
to  get  the  required  photographs,  so  it  was  decided  to  ask 
the  superintendent  of  a  fish  and  game  club  who  lived  near 
the  valley  to  take  the  photographs  for  the  survey.  He 
under-stood  how  to  use  a  kodak,  but  not  a  surveying 
camera,  so  a  No.  4  Eastman  kodak  was  sent  to  him  with 
a  map  showing  the  hills  surrounding  the  valley  and  the 
two  places  from  which  the  photographs  were  to  be  taken, 
together  with  minute  directions  for  exposure,  etc. 

In  order  to  use  these  photographs  it  was  necessary  to 
locate  from  them  the  position  on  the  map  of  the  two 
places  from  which  they  were  taken  and  the  position  of 
their  traces  on  the  map.  To  do  this,  a  photograph  trace 
was  drawn  upon  a  piece  of  tracing  cloth.  This  was  taken 
to  represent  the  trace  of  the  photograph  on  the  right 
side  of  the  panorama  from  one  station.  The  trace  of  the 
photograph  next  to  it  was  then  ])lotted  in  its  proper  posi- 
tion by  making  use  of  a  common  object  in  the  overlap 
of  the  photographs,  and  the  other  three  traces  plotted 
in  the  same  way.  There  wore  eight  known  points  shown 
in  the  different  photographs  which  had  been  plotted  on 
the  map  from  other  sources.  Direction  lines  were  drawn 
llu'ough  these  points  on  the  tracing  cloth,  which  was  then 
|ihicod  on  the  map  and  the  position  of  the  station  located 
liy  the  three-point  problem,  or  in  this  case  an  eight-point 
problem — that  is,  a  position  was  found  for  the  tracing 
rloth  so  that  every  direction  line  cut  through  its  respec- 
tive point  on  the  map.  When  this  position  was  found, 
the  position  of  the  station  point  was  pricked  through 
on  tlio  maj)  and  also  positions  of  the  photograph  traces. 
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By  Joseph  P.  Schwaua* 

The  usual  procedure  in  the  design  of  arches  requi 
the  adoption  of  an  arch  ring  to  which  the  rigid  anal} 
may  be  applied.  If  the  arch  ring  chosen  is  satisfactc 
as  shown  by  the  analysis,  the  work  is  over;  but  if  il 
not  satisfactorj',  repeated  trials  must  be  made  until  a 
is  found  that  satisfies  the  requirement  for  work 
stresses.  If  a  certain  variation  of  thickness  from  crd 
to  springing  is  adopted,  the  problem  becomes  one 
choosing  a  proper  crown  thickness. 

This  firoblem  has  been  studied  to  some  extent,  and 
a  result  a  number  of  empirical  rules  have  been  formula 
for  its  solution.  Application  of  these  rules  shows  la 
differences  in  results,  and  so  will  lead  one  to  think  1 
the  assumptions  upon  which  some  of  them  are  based 
radically  wrong  or  that  they  ought  more  properly  to 
called  personal  opinions. 

The  important  factors  entering  into  the  problem  : 
The  span  and  rise  of  the  arch  ring,  the  curvature, 
tliickness  at  the  crown,  the  relative  thickness  from 
crown  to  the  springing,  the  live-  and  dead-loads,  and 
amount  of  temperature  variation  and  unit  stresses  assui 
in  the  design.    The  number  and  nature  of  these  varial 


FIG.    1.    NOMENCLATURE    USED    IN    ARCH-THRUST 
FORMULA 

however,  are  such  as  to  prevent  inclusion  of  all  of  tl 
in  the  same  formula,  because  no  rule  can  be  drawn 
that  will  include  such  variables  as  curvature  and  temp 
ture  variation ;  some  assumptions  regarding  them  ii 
therefore  be  made  and  a  formula  drawn  up  accordiii 

With  this  in  view  a  method  is  here  proposed  for  i 
determination  of  the  crown  thickness  of  arches.  The  ' 
sumption  is  made  that  the  vertical  thickness  at  the  spr 
ing  is  equal  to  three  times  the  crown  thickness.  In 
design  of  a  series  of  railroad  arches  analyzed  accon  ; 
to  methods  followed  in  actual  practice,  it  was  found  1 1 
when  this  relation  was  adopted  and  the  arch  axis  n  ! 
to  coincide  with  the  dead-load  pressure  lino,  satisfac  ; 
results  invariably  were  obtained.  It  is  further  assu  ' 
that  the  intrados  and  extrados  curves  are  jiarabolas,  ! 
cause  in  the  design  of  those  arches  it  was  found  1 1 
though  arcs  of  circles  were  used,  the  ]iarabola  elo . 
approximated  the  curves,  sufficiently  at  least  for  the  3 
posed  method.  A  uniform  live-load  on  the  whole  ^J 
is  assumed,  and  a  temperature  variation  of  ±  20°  1  i 
allowed. 

With  those  assum]itions  a)i  expression  for  the  cr  i 
thrust  can  be  fonnulated.  The  depth  of  arch  ring  at  i 
crown  can  then  be  determined  by  dividing  the  thrus  i; 
an  average  unit  crown  stress,  a  stress  whi<'h  has  s  i 
definite  relation  to  the  maximum  stress  in  tlie  arch    y 
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for  various  spans  and  ratios  of  rise  to  span.    In  the  sketch 
of  a  half -arch,  Fig.  1,  let 

L  =  Span  of  intrados,  ft. ; 
R  =  Rise  of  intrados,  ft. ; 
(/      =  Crown  depth  of  ring,  ft. ; 

F     =  Depth  of  fill  at  crown  (not  including  track      g^l^o^o 
and  ballast  or  pavement),  ft. ;  3  ^ 

/      =  Weight  of  lili,  lb.  per  cu.ft. ; 
B     =  Weight  of  track  and  ballast  or  pavement,  lb.         ^j^^    ^ 

per  sq.ft. ; 

c      =  Weight  of  concrete,  lb.  per  cu.ft. ; 

w     --  Uniform  live-load,  lb.  per  sq.ft. ;  can  be  determined  in  terms  of  7?,  d,  L  and  F  by  finding 

IFft  =  Total  weight  of  track  and  ballast  or  pavement     the  areas  of  the  fill  and  of  the  concrete,  from  the  relation 
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FIG.  2.    CROWN  THRUST  BY  FORMULA    (LINES)  AND  IN  ACTUAL 
ARCHES   (POINTS) 


between  the  areas  under  the  parabolas  and  certain  rect- 
angular areas,  and  then-  multiplying 
each    area    by   its   unit   weight. 

The  area  of  the  fill  is  equal  to 
the  difference  between  the  area  of 
the  rectangle  BCGK  and  the  area  un- 
der the  parabola  BHK.  The  area 
of  the  concrete  can  be  obtained  by 
subtracting  the  area  under  the  para- 
bola AIM  from  the  sum  of  the  area 
of  the  rectangle  ABKM  and  the  area 
under  the  parabola  BHK.     The  area 

of  the  fill  then  is   {R  —  2d  +  F)  ^ 

R 

6 


-{R 


^d)^ 


^^n^ 


Wf  =  Total  weight  of  fill  on  the  half-span,  lb.; 
Wc  =  Total  weight  of  concrete  on  the  half-span,  11). ; 
Ww  =  Total  live-load  on  half-span,  lb.; 
T  =  Crown  thrust  for  full  load,  lb. ; 
fc  =  Maxinmni   unit  stress  in   arch   ring,  lb.  per 
sq.in. 
Consider  a  section  of  arch  ring  1  ft.  wide  and  assume 
tlie  pre.ssure  line  to  pass  through  0  at  the  crown  and  S  at 


«  3  "^  2 

{R  —  2d)  ~ 


and   the  weight  of  the  fill   is    11'/    = 
Jjf.     The  area  of  the  concrete  is  --^—  -(- 

=  ^dL,  and  the  weight  of  the  cou- 


3  3 

Crete  is  ll'c  =  ^^dLc. 

From  the  same  relations  between  the  parabolas  and 
rectangles  the  centers  of  gravities  of  the  fill  and  con- 


the    springing,     and     take    moments     about    S;    then      crete  with  respect  to  ^C  can  be  found  by  statical  moments. 


/■  (R  —  d)  =  1\M,  or  T 


rj/ 


„        -,,  where  2M  is  the 
E  —  a 

im  of  moments  of  the  vertical  loads  or  weights  Wy,,    If'j, 

11/    and  Fc   about  S.     Now  the  values  of  Ww   and    lift 

wL 

~2"  ""  ■    2 


The  distance  of  the  center  of  gravity  of  Wj  from  AC  is 


ire  respectively  — j-  and  -:p.    The  values  of  Wf  and  Wc 
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The  distance  of  the  center  of  j^ravity  of  Wc  from  AC  is 
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The  centere  of  gravities  of  Vi'iu    and  ^Yh  are  distant 
from  AC. 

With  these  values,  2".!/  in  the  expression  T  =  p ^ 

becomes 

8     ^  1^48       a4  ^  8  y  -'        ^      G      ^     8 
and  the  expression  for  crown  thrust  finally  is 

In  general,  the  weight  of  till  is  taken  at  120  lb.  per 
eu.ft.,  and  of  concrete  at  150  lb.  The  value  of  the  thrust 
T  then  becomes 


T  = 


{£  —  d) 


[I 


+  R  +  8d  -\-  6F  + 


20 


That  the  assumptions  made  in  deriving  the  expression 
for  thrust  are  reasonable  assumptions  is  shown  in  Fig.  2, 
by  a  comparison  between  the  values  of  thinist  according 
to  the  expression  (shown  by  the  curve)  and  actual  values 
of  thrust  determined  in  a  series  of  railroad  arches  ana- 
lyzed according  to  the  elastic  theory  (shown  by  the  plot- 
ted jjoints). 

For  the  arches  designed  according  to  the  assumed  con- 
ditions of  thickness  and  curvature,  the  relation  between 
the  maximum  stress  and  average  crown  stress  (determined 
by  dividing  the  actual  full-load  crown  thrust  by  the 
cross-section  at  the  crown)  is  shown  graphically  in  Fig.  3. 
The  black  dots  in  each  case  are  the  average  crown  stresses, 
or  working  crown  stresses.  The  circles  are  the  ratios  of 
these  average  crown  stresses  to  the  maximum  stresses  any- 
where in  the  arch.  That  some  definite  relation  exists 
between  these  stresses  is  evident.  The  curves  drawn 
through  these  (circles  may  then  be  said  to  represent  the 
variation  of  this  ratio  for  the  different  ratios  of  rise  to 
span. 

The  curves  grouped  in  Fig.  4  provide  a  means  for 
determining  the  value  of  the  average  crown  stress  fcE, 
in  terms  of  fc,  the  assumed  maximum  stress  in  the  arch. 
The  heavier  portions  represent  this  relation  as  determined 
from  the  data  and  shown  in  Fig.  3.  The  lighter  por- 
tions of  the  curves,  from  100  to  120  ft.  and  from  60  to 
about  45,  are  obtained  by  producing  these  lines.  A  fur- 
ther extension  of  this  relation  to  the  very  short  spans 
would  result  in  thicknesses  less  than  would  be  desirable 
for  practical  reasons,  and  the  variation  is  therefore  arbi- 
trarily changed  to  provide  a  general  expression  for  all 
working  conditions  of  railroad  arches. 

An  expression  for  the  thickness  at  the  crown,  in  feet, 
may  then  be  derived  as  follows: 

tJirnst 


d  = 
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In  Fig.  5  is  shown  the  application  of  the  formula  for 
crown  thickness  to  a  series  of  railroad  arches  for  ratios 
of  rise  to  span  from  %  to  %  and  for  conditions  as  noted 


4       ^ 


12  X  12  X  average  stress 
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FIG.    6.    CROWN   THICKNESSES   AND   STRESS    COEFFI- 
CIENTS OF  HIGHWAY  ARCHES 

in  the  fignre.  For  convenience  the  coefficients  of  stress 
for  certain  spans  are  arranged  in  tabular  form.  Interme- 
diate values  can  be  determined  and  the  crown  thieknes 
for  am'  other  conditions  easily  obtained. 

To  adapt  the  formula  for  crown  thickness  to  highwa} 
arches  a  slight  change  must  be  made  in  the  value  ot 
coefficients  for  short  spans,  because  of  the  light  loads  in- 
volved and  because  of  a  desire  to  obtain  thicknesses  whicl 
are  practical.  The  coefficients  for  fc  for  spans  iip  to  abou' 
60  ft.  therefore  differ  from  the  coefficients  for  the  sami 
spans  for  railroad  arches.  For  spans  over  60  ft.  thi 
coefficients  are  the  same.  A  complete  table  of  values  fc; 
highway  arches  is  given  in  Fig.  6,  with  an  application  t( 
a  series  of  highway  arches  for  conditions  shown  in  thi 
figure. 

To  illustrate  the  application  of  the  formula  to  a  high 
way  arch  assume:  Span,  90  ft.;  rise,  12  ft.;  weight  0 
pavement,  100  lb.  per  sq.ft. ;  fill  1  ft.;  live-load,  300  11 
per  sq.ft.  unit  stress  fc,  550  lb.  per  sq.in.  Then  k  = 
0.71.  Assume  depth  at  crown  to  be  23  in.  =  1.92  ft 
According  to  the  expression, 

^^^^'^'  '  =57.6X10yxf7OO50[-^+^-»+  ^^'^ 

+  6  +  1,^]  =  1.1) I  //.  =  23  in. 
If  the   resulting  thickness  does  not  check  the  assuine< 
thickness,  another  trial  must  be  made. 

In  applying  the  fornmla  for  ci'own  thickness  it  shoul< 
be  understood  that  fc  in  the  expression  represents  an  i 
proximate  maxinmm  value  of  stress  which  one  may  rea 
•sonably  expect  to  obtain  if  the  arch  is  designed  accordin 
to  the  rules  for  curvature  and  thickness  followed  in  tli 
design  of  the  arches  here  considered.  The  niaximun 
value  of  stress  for  these  arches  varied  from  575  lb.  pi' 
sq.in.  to  650  lb.  per  sq.in.,  with  an  average  value  of  abou 
625  lb.  per  .sq.in.  A  value  of  550  lb.  per  sq.in.  to  600  H 
per  sq.in.  for  fc   is  suggested  for  use  in  the  fornmla. 
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Ei®dl    §(BW<as'   TtSflHtyEa©!   HEa  M.©<cSS.  flepth    and    from    teiuporarv    points    the    crosscuts    wore 

W^t    M.OcfcieS^©E'  '■^"''^^  °'''^''  t°  ^^^e  main  line. 

_,                                       ,  To  carry  tlie  surx'ev  into  the  tn^mnel  from  the  base  line 

By  Lh.U!LEs  L.  1{aymoni)==  ^.^^^  g.l,j_  pim^b-bobs  were  hung  in  the  shaft  and  care- 

The  ilain  and  Front  St.  sewer  tunnel  in  Rochester,  fully  set  in  line  on  the  surface.     The  transit  was  then 

X.  y.,  was  driven  at  an  average  depth  of  38  ft.  below  taken  down  the  shaft  and  into  the  crosscut.     Here  it 

-:treet  level  for  a  distance  of  2,200  ft.  along  ilain  St.  v.-as  accurately  set  up  in  line  with  two  phimblines  and 

and  1,500  ft.  along  Front  St.  this  line  produced  to  permanent  points  set  in  the  roof. 

Six  working  shafts,  about  10x13  ft.,  were  located  in  The  survey  ])oints,  in  the  tunnel  roof,  were  spuds  set 

side  streets  varying  from  20  to  40  ft.  in  distance  from  in  a  wooden  plug  driven  tigiit  in  a  2-in.  hole  drilled  -1 

|< g'-o-- - H 


FIG.   1.     SECTIONS  OP  MAIM  AND   FRONT  ST.   SKWKH  TUNNEL 


ihe  main   line   of   the   tunnel.     These   shafts   were   con- 
nected by  crosscuts  to  the  main  tunnel.     Six  angles  were 
turned  on  the  center  line  of  the  tunnel,  and  three  dif- 
I'erent  slopes  were  used  in  the  grade. 
For  the  engineering  work  a  careful  preliminary  sur- 


iu.  deep.  Both  grade  and  line  were  carried  on  this  spud. 
A  theoretical  roof  grade  was  carried,  and  as  each  new 
point  was  set  the  contractor  was  given  the  distance  the 
plug  was  above  or  below  this  grsj.de;  since  the  distance 
from  the  grade  line  to  tlie  bottom  of  the  tunnel  was  con- 


a.  2.    ROCHESTER  SEWER  TUNNEL  DURING  CONSTRUC- 
TION, LOOKING  WEST  TOWARD  ANGLE  TO  SHAFT  2 


LOOKING    NORTH    AT   MAIN    AND 
FRONT  ST. 


of  all  street.s  concerned  wa.s  first  made.    Then  a  ba.sc 

offset  line  35  ft.  south  of  the  center  line  of  Main 

and  19  ft.  ea.st  of  the  center  line  of  Front  St.  was 

"■ated.     Points  were  set  on  this  base  line  on  the  center 

ine  of  the  shafts  and  crosscuts  to  the  main  tunnel.    Tlie 

hafts  were  then  marked  out  and  sunk  lo  the  required 

■EriKlneer    In    charee,    Main 
tochester,  N.  Y. 


and    Front    SI.    Sewer    Tunnel, 


stant  it  was  a  simple  matter  for  the  contractor  to  carry 
along  the  grade. 

Some  difficulty  was  experieiu'ed  at  first  in  keeping 
numbers  on  the  plugs.  Small  tin  tags  were  tried  and 
(hen  wliite  jjaint,  liut  the  dust  from  the  blast*)  and  the 
corrosive  ell'ec't  of  the  tunnel  water  soon  destroyed  both. 
Then  a  heavy  brass  tag  with  tiie  nun»i)er  stamped  deeply 
into   it  was   tried,  and   this   iirnvcd   satisfaclorv. 
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All  lines  and  grades  carried  into  the  tunnel  were 
checked  twice,  and  some  three  times. 

The  tunnel  was  driven  both  ways  from  all  six  shafts. 
The  greatest  error  in  alignment  at  the  meeting  of  head- 
ings was  1/4  in.,  and  the  error  in  grade  was  less  than  that. 
This  being  well  within  the  allowable  error  the  work  was 
considered  satisfactory. 

The  rock  in  the  greater  part  of  the  tunnel  was  a  good, 
liard  limestone.  The  contractor  had  an  electrically 
driven  air  compressor  to  furnish  power  for  drilling.  Pipe 
lines  were  laid  along  the  curb  of  the  street  through  which 
the  tunnel  was  driven  and  carried  into  the  tunnel  through 
the  working  shafts.  The  Leyner  type  of  drill  was  found 
to  give  the  greatest  satisfaction ;  "jackhamers"  were  nsed 
to  a  small  extent  in  trimming  the  sides  and  bottom. 

In  drilling  the  heading  from  eight  to  ten  holes,  aver- 
aging 6  ft.  in  depth,  were  drilled,  and  these  afterward 
were  loaded  with  from  four  to  six  sticks  of  60%  dyna- 
mite. Holes  were  fired  singly  except  the  V-shaped  cut 
in  the  center,  which  was  fired  first. 

For  the  greater  part  of  the  work  the  ordinary  fuse 
was  used,  it  being  cut  to  the  required  lengths  for  timing 


the  shots.  An  average  of  25  ft.  a  week  was  made  in 
each  heading,  and  at  no  time  was  traffic  on  the  street 
delayed  nor  serious  damage  done  to  property. 

There  was  very  little  over-breakage  in  the  tunnel.  Some 
occurred  at  Shaft  No.  2  where  the  rock  for  about  250 
ft.  was  quite  soft,  and  also  a  little  at  Shaft  No.  4  at 
the  corner  of  ilain  and  Front  St.  The  rest  of  the  tun- 
nel had  to  be  trimmed  to  meet  the  required  dimensions. 

Only  a  little  trimming  was  necessary  at  Shaft  Na  2. 
Here  the  roof  of  the  tunnel  was  good  rock,  but  the  side* 
and  Ijottom  contained  soft  mud  seams. 

The  excavation  of  rock  has  been  completed,  the  last 
headings  being  holed  through  on  March  3,  1916.  The 
vi'ork  now  carried  on  is  the  laying  of  18  and  24-in.  vit- 
rified tile  invert  and  the  placing  of  the  concrete  lining 
in  the  bottom,  also  the  construction  of  brick  manlioles 
at  all  the  shafts.  These  manholes  will  have  larger  cast- 
iron  covers  than  ordinarily,  for  dumping  snow. 

These  manholes  are  to  be  connected  with  all  the  ex- 
isting sewers  in  ilain  and  Front  St.  Concrete  baffles 
are  constructed  in  the  manholes  to  prevent  the  sewage, 
in  flowing  down,  from  injuring  the  bottom. 
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SYNOPSIS— The  National  Lumber  Manufactur- 
ers Association  has  recently  distribtded  as  a  bulletin 
a  paper  by  F.  E.  Davidson,  President  of  the  Illinois 
Society  of  Architects,  presenting  a  detailed  estimate 
for  the  construction  of  two  buildings  on  the  same 
site — one  of  standard  mill  construction,  the  other 
of  reinforced  concrete.  The  paper  shows  that  the 
cost  of  the  latter  building  is  about  30%  more  than 
that  of  the  building  of  timber  construction.  The 
figures  given  by  Mr.  Davidson  are  of  much  inter- 
e.'it;  but  since  they  are  put  forward  by  those  inter- 
ested in  exploiting  the  use  of  wood  in  construction, 
it  seemed  desirable  to  present  at  the  same  time  a 
statement  of  the  case  from  the  point  of  view  of 
those  who  are  well  qualified  to  speal-  as  to  the 
merits  of  concrete  for  building  construction.  T.  L. 
Condron,  the  designer  of  the  concrete  building  re- 
ferred to  in  Mr.  Davidson's  paper,  has  therefore 
prepared  a  statement  which  ive  print  below,  follow- 
ing Mr.  Davidson's  paper. 

By  F.  E.  Davidson* 

I  have  as  architect  designed  and  superintended  the  con- 
struction of  a  great  many  manufacturing  plants,  both  of  fire- 
proof construction  and  of  the  type  l<nown  as  standard  miU. 
Based  upon  the  actual  construction  costs,  the  increased  cost 
of  a  strictly  fireproof  manufacturing  building  is  from  2.5  to 
35%  greater  than  the  actual  fir.st  cost  of  an  exactly  similar 
standard  mill  building.  In  considering  these  costs  I  have  in- 
cluded everything  necessary  absolutely  to  complete  the  build- 
ing ready  for  the  owner's  occupancy;  that  is,  the  heating. 
lighting,  elevators,  power  wiring.  lighting  fixtures,  sprinkler 
equipment,  window  shades,  window  screens,  etc.,  are  all  in- 
cluded in  the  cost  of  both  types  of  construction. 


•Architect  and   Engineer,   Chicago,    111.;   President,    Illinois 
Society  of  Architects. 


It  is  of  course  manifest  that  the  actual  cost  of  many  of  the 
items  of  construction  will  be  practically  identical  for  either 
type  of  building.  I  have  designed  standard  mill  factory 
buildings  in  Chicago  that  have  cost,  complete,  including  all 
these  various  items,  less  than  7c.  per  cu.ft.;  but  I  have  never 
been  able  to  secure  the  construction  of  a  fireproof  building, 
including  all  these  items  of  cost,  for  less  than  lie.  per 
cu.ft.,  nor  do  I  know  of  any  accurate  data  showing  any  lower 
costs  than  those  noted  above. 
DEPRECIATION  CHARGES  AND  COST  OF  MAINTENANCE 

When  depreciation  charges  are  considered,  I  have  always 
recommended  that  a  depreciation  charge  of  S'A'yo  per  year  be 
charged  against  a  standard  mill  building  and  that  a  deprecia- 
tion charge  of  2%%  per  year  be  charged  against  an  absolutely 
fireproof   building. 

As  to  maintenance  charges:  It  is  of  course  evident  that  as 
much  outside  painting,  and  in  fact  as  much  interior  painting 
and  calcimining,  or  whitewashing,  will  be  required  for  a  flre- 
proof  building  as  for  a  building  of  standard  mill  construction 
Practically  the  only  thing  that  wears  and  must  be  replaced 
in  a  mill  building  is  the  finished  flooring,  and  I  do  not  know  of 
any  accurate  records  of  maintenance  cost  of  a  standard  mill 
building  which  will  average  more  than  three-fourths  of  1"^ 
per  year.  Yet,  on  the  other  hand,  I  do  not  know  of  any 
records  of  the  maintenance  charges  on  fireproof  building? 
which  will  average  less  than  one-half  of  1%  per  year. 
INSURANCE  RATING 

As  to  insurance  ratings:  Every  architect  and  engineer  o( 
course  knows  that  a  standard  null  sprinklered  building  is  given 
a  much  lower  insurance  rating  than  an  absolutely  fireproof 
building  if  unsprinklered.  And  even  if  the  fireproof  building 
is  sprinklered,  the  difference  in  the  actual  ratings  between  a 
standard  mill  sprinklered  factory  and  a  standard  fireproof 
sprinklered  factory,  vv'ith  the  ordinary  occupancy,  will  only 
amount  to  about  10c.  per  $1,000  per  year  on  the  insurable  value 
of   the    building. 

ADVANTAGES   OF   STANDARD  MILL  CONSTRUCTION 

Thus,  considering  first  cost,  depreciation,  maintenance  and 
Insurance  only,  the  argument  is  all  in  favor  of  the  standard 
mill  building.  When  I  refer  to  a  standard  mill  building  I 
mean  a  building  designed  by  a  thoroughly  competent  In- 
dustrial architect,  who  will  inclose  all  stairs  and  elevators 
with  brick  masonry  walls  and  have  the  openings  to  them  pro- 
tected with  automatic  firedoors.  and  will  have  all  windows, 
with  the  possible  exception  of  street  frontages,  of  sheet  metal 
and  glazed  with  wired  glass,  with  no  unprotected  vertical 
openings  between  any  floors  in  the  building.  These  are  Items 
that,  more  than  any  others,  affect  insurance  ratings  on  any 
building. 
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There  are  in  addition  to  the  questions  above  noted  some  ad- 
ditional arguments  in  favor  of  the  standard  mill  factory  build- 
ing. One  of  the  principal  ones  that  have  recently  been 
brought  to  the  writer's  attention  is  the  fact  that  a  skilled 
artisan  will  not  work  if  compelled  to  stand  on  a  concrete 
floor,  if  he  can  secure  employment  at  equal  wages  in  a 
standard  mill  building.  Many  owners  of  fireproof  buildings 
have  had  trouble  in  keeping  help,  due  to  this  reason  only, 
and  in  some  fireproof  factories  it  has  been  necessary  to  cover 
the  concrete  floor  with  a  layer  of  asphalt  or  to  place  cork 
carpet  or  wood  thereon,  in  order  to  render  the  factory  "hab- 
itable." 

There  is  yet  another  argument  in  favor  of  the  standard 
mill  building,  which  in  any  large  city  should  be  given  serious 
consideration,  and  that  is  the  salvage  value  of  the  building 
itself.  We  all  know  that  a  standard  mill  building  can  be 
wrecked  and,  if  the  work  is  carefully  done,  all  the  structural 
material  can  be  used  in  another  structure,  whereas  in  wreck- 
ing a  concrete  structure  there  is  no  salvage.  In  fact,  I  have 
been  quoted  by  one  of  the  largest  contracting  firms  in  Chi- 
cago a  price  for  the  wrecking  of  a  monolithic  concrete  build- 
ing which  amounted  to  a  trifle  more  than  one-half  the  origi- 
nal cost  of  the  building.  Our  American  cities  are  growing 
so  rapidly  that  it  would  indeed  be  a  courageous  investor, 
or  at  lease  one  blest  with  a  prophetic  vision,  who  could  pre- 
dict as  to  what  particular  use  a  certain  piece  of  property 
would  be   best   adapted  for  25   or  30  years   in   the   future. 

A  SPECIFIC  CASE 

The  tables  that  follow  represent  the  lowest  proposals  re- 
ceived by  my  ofllce  on  a  building  to  be  erected  for  Walter  E. 
Olson,  of  42  South  Laflin  St.,  Chicago.  Mr.  Olson  decided  to 
build  an  addition  to  his  present  factory  and  at  first  purposed 
erecting  the  addition  of  reinforced  concrete. 

With  this  idea  in  view,  plans  and  specifications  were  drawn 
for  a  concrete  structure,  the  Condron  Co.,  structural  engineer, 
of  Chicago,  doing  the  engineering  work.  After  these  plans 
were  made,  the  owner  decided  to  find  out  what  a  standard  mill 
building  would  cost  him,  with  the  result  that  another  set  of 
plans  and  specifications  was  prepared  by  Davidson  &  Weiss, 
architects,  Chicago,  and  bids  were  taken  on  both  sets  of  plans, 
which  amounted  to  practically  duplicating  the  contemplated 
concrete  building  in  mill  construction  as  nearly  as  it  is  pos- 
sible to  have  uniformity  of  design  between  the  two  types. 

The  building  is  55  ft.  1%  in.  by  124  ft.  7'/4  In.,  in  area, 
A'lth  six  stories  and  basement,  and  contains  598,477  cu.ft.  The 
<tory  heights  are  in  general  13  ft.  S  in.  floor  to  floor.  The  typ- 
ical bays  of  the  building  are  18  ft.  by  17  ft.  10  in.  The 
Uructure  was  designed  for  a  live-load  of  150  lb.  per  sq.ft.  in 
iccordance  with  the  requirements  of  the  Chicago  building 
;ode,  which  limits  the  stresses  in  long-leaf  Southern  pine  to 
t.300  lb.  per  sq.in.  in  bending  and  1,100  lb.  per  sqin.  in  direct 
compression  with  the  grain. 

The  floor  girders  are  composed  of  two  lOxlS-in.  timbers 
<oUed  together,  and  the  floor  joists  or  beams  are  8x16  in., 
ocated  4  ft.  6  In.  c.  to  c.  The  girders  are  carried  on  steel 
>ost  caps  of  the  writer's  own  design.  The  floor  construction 
s  a  3-ln.  tongued  and  grooved  flooring  finished  with  a  %-ln. 
naple  wearing  surface. 

This  building  is  an  addition  to  an  existing  factory,  and  it 
vaa  necessary  to  use  cantilever  foundations  for  the  entire 
itructure.     This,  of  course,   is  true  for  either  design. 

The  timber  speclflcd  in  the  contract  was  to  be  of  the  select 
itructural  grade  as  per  the  new  grading  rules  of  the  Southern 
'Ine  Association.  The  cost  to  the  contractor  in  this  particular 
lullding  at  the  site  was  as  follows:  Approximately  $34.50  per 
•I.  for  the  18-ln.  stock  and  $33  per  M  for  the  IG-ln.  stock. 


ESTI.MATE  FOR  STANDARD  MILL  BUILDING* 
and  brick  masonry  coriiplfte ... 


ivation,  concrete  foundat 

irpenl«T  work  complete 

litoellancouH  concrete,  including  fireproof  siaire 
'ructural  sloci  and  miscellaneous  iron 


'"•i.inn 

'•■ctric  wiring 

lutering 

ToUl 

•  Exclusive  of  heating  and  sprinkler  equipment. 


$I.';.884 

14,374 

3..';47 

7.1.i() 

138 

735 

14.1 

i.mr, 

1.430 
3.3(l'l 
1,470 
720 
01.') 
1,100 


t.52,138 


On  the  basis  of  598,477  cu.ft.  the  cost  of  the  building  com- 
lete,  as  shown  from  the  total  cost  given  above,  exclusive  of 
eating,  sprinkler  and  architects'  fees.  Is  S'%c.  per  cu.ft.  In 
RUrIng  the  cubical  contents  the  space  from  the  bottom  of 
he  footings  to  top  of  parapet  wall  Is  Included. 


For  the  same  building  proposals  were  taken  on  the  mono- 
lithic flat-slab  concrete  design,  and  the  lowest  proposals  pre- 
sented were  as  follows: 

ESTni.\TE  FOR  REINFORCED-CONCRETE  BUILDING* 

Foundations,  reinforced  concrete,  masonry  and  carpenter  work  $.55,941 

Slieet  metal 138 

Cut  stone -. ,- . .  735 

Roofing 145 

Glazing 1,470 

Steel  sash 1,936 

Firedoors 3,360 

Fire  escapes '. 1,479 

Painting 790 

Plumbing 725 

Electric  wiring 1,250 

Plastering 90 

Total $68,059 

*  Exclusive  of  heating  and  sprinkler  equipment. 

The  cubic  contents  of  the  reinforced-concrete  design  on  the 
same  basis  as  cubic  contents  for  the  timber  design  equal  5S5,- 
467  cu.ft.  Thus  the  total  estimated  cost  of  building,  exclusive 
of  heating,  sprinkler  and  architects'  fees,  would  be  11  Vic. 
per  cu.ft.,  and  the  difference  in  first  cost  of  the  two  designs, 
exclusive  of  heating,  sprinkler  and  architects'  fees,  is  $15,921. 

The  concrete  design  was  made  as  inexpensive  as  possible 
and  provided  for  the  use  of  high-carbon  steel  reinforcing  ma- 
terial; and  in  other  ways  costs  were  cut  as  much  as  possible, 
in  spite  of  which  fact  there  was  a  difference  of  2%c.  per  cu.ft. 
in  the  cost  of  the  two  types  of  construction. 

In  this  instance  it  will  be  noted  that  the  cost  of  the  con- 
crete structure  would  have  been  about  30%  more  than  the 
cost  of  the  mill  building,  and  this  saving  to  the  owner  was 
effected  in  addition  to  the  advantages  he  gained  in  the  matter 
of  quick  erection,  etc.  The  insurance  rate  is  the  same  on 
the  standard  mill  building  as  it  would  have  been  on  the 
concrete  structure. 


TSa®  Case  f®5P  Coiaca'e^e 

Sir:  The  bulletin  issued  by  the  National  Lumber  Manufac- 
turers Association,  prepared  by  F.  E.  Davidson,  has  just  been 
brought  to  the  writer's  attention.  As  our  company  is  re- 
ferred to  as  having  prepared  the  plans  for  the  reinforced- 
concrete  building-  used  in  this  comparison,  we  believe  you  will 
be  interested  in  some  later  data  from  us  on  this  very  inter- 
esting subject,  which  show  that  for  a  factory  building  for 
the  Imperial  Brass  Manufacturing  Co.  the  bids  received  for 
the  concrete  construction  ran  only  17%  above  the  cost  for 
the  mill  construction  for  the  same  building,  or  only  47r 
more  than  the  cost  of  the  mill  construction  of  the  building 
cited  by  Mr.  Davidson. 

In  all  these  comparisons  the  cost  of  heating,  sprinkler 
and  elevator  equipment  and  plumbing  fixtures  has  been  omitted : 
and  it  is  obvious  that  if  the  cost  of  these  equipments,  which 
may  be  assumed  at  2Sc.  per  sq.ft.  of  floor  surface  for  either 
type  of  building,  be  added  to  the  cost  per  square  foot  shown 
by  the  bids  received,  the  percentage  of  additional  cost  of  con- 
crete over  mill  construction  will  be  reduced.  Making  this  ad- 
dition in  all  cases,  the  reinforced-concrete  construction  of  the 
Imperial  Brass  Co.  building  is  -shown  to  be  14'^  more  than 
for  standard  mill  construction  for  the  same  building,  or  only 
3%  more  than  the  cost  of  the  mill  building  cited  by  Mr.  David- 
son. 

These  comparisons  are  even  more  instructive  when  it  is 
noted  that  the  Imperial  building  was  designed  for  heavier 
live-loads  per  square  foot  than  the  Olson  building  cited  by  Mr. 
Davidson:  and  that  the  bids  for  the  Imperial  building  for 
standard  mill  construction  totaled  11%  less  per  square  foot  of 
floor  than  in  the  case  of  the  Olson  building,  showing  that 
our  design  for  standard  mill  construction  meets  the  require- 
ment for  an  exceedingly  economical  structure.  Our  designs 
for  the  concrete  construction  of  both  the  Imperial  and  the 
Olson  buildings  were  Identical,  so  far  as  type  and  unit  stresses 
were  concerned,  and  were  for  flat-slab,  or  glrderless,  floor  con- 
struction. The  accompanying  table  presents  In  ready  form  for 
comparison  all  the  figures  on  which  the  foregoing  comments 
are  made. 

It  is  perhaps  well  to  state  that  In  the  case  of  the  Olson 
building,  made  the  basis  of  the  comparison  by  Mr.  Davidson, 
the  Condron  Co.  was  engaged  as  consulting  engineer  by  Mr. 
Davidson,  architect,  to  prepare  the  general  design  for  the 
reinforced-concrete  construction  of  the  proposed  Olson  build- 
ing, and  Mr.  Davidson  prepared  the  architectural  plans,  In- 
cluding the  general  layout  for  both  the  concrete  and  the  mill 
buildings. 

The  specifications  and  general  Instructions  to  bidders  for 
both  constructions  wore  Issued  by  Mr.  Davidson.  After  the 
concrete  plans  were  started  and  fairly  well  advanced,  but 
before  bids  were  called  for,  the  architect  Informed  us  that 
the  owner  had  decided  to  abandon  the  Idea  of  a  concrete  build- 
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C0MP.\RISON  OF  CO.STS  07  MILL  .A.ND  CONCRETE  CO.N'STRUCTIO.V 

Comparison  of  Bids  for  a  '  actory 
Building  of  Standard  Hill  and 

Reinforced  Concr.-t^  Olson  Building  imperial  Building 

Type  of  construction    Mill     Concrst?  Mill  Conor,  to 

Total  floor  ar -as.  sq. ft 44.500        45.C00  74.000  74,000 

Masonry  (brick,  ston:*  and  concrete) ,. ,  S20,256      S56,76fi  S31,097  1  «on  nnn 

Ornamental  and  misc.- llansous  iron,  etc.  11,989          4,839  13,250)  «»"■""" 

Carpentry 14.374        .      ...  23,500            

Steel   sash,   glazing,   painting,   roofing, 

etc 3.804          4,479  6,069  6,883 

Plumbing  (drainage) 615             725  1,536  1,669 

Wiring* 1,100          1,250  1,830  2,060 

Totals  of  bids  received 852,138     $68,059    S77,282         $90,479 

Per  sq.ft.  of  floor  areas SI.  17         SI. 51       SI. 04  SI. 22 

Relative  costs  p;r  sq.ft 100%         129%         89%  104% 

Relative  costs  per  sq.ft 100%  117% 

Adding  28c.  per  sq.ft.  of  floor  area  to 
cover  cost  of  sprinkler,  heating  and 
elevator    equipment    and    plumbing 

fixtures Sl-45         $179       $132  $150 

Relative  costs  per  sq.ft 100%         124%         91%  103% 

Relative  costs  per  sq.ft 100%  114% 

Per  cu.ft.  of  building Sic.  llic.  8c.  9Jc. 

Relative  costs  per  cu .ft 100%         132%         94%  107% 

Relative  costs  p:r  cu.ft 100%  114% 

Adding  2c.  per  cu.ft.  of  building  to 
cover  cost  of  sprinkl.r,  heating  and 
elevator    equipment    and    plumbing 

fixtures lO^c.  13ic.  10c.  lljc. 

Relative  costs  per  cu.ft 100%         126%         95%  106% 

Relative  costs  per  cu.ft 100%  1125% 

♦Estimates  of  wiring  only, 
ing  and   to  build   of  "mill  construction."     We   suggested   that 
since  the  concrete  plans  were  so  far  advanced  it  would  be  in- 
teresting and  perhaps  instructive  to  get  comparative  bids. 

This  was  done,  and  the  results  have  proved  interesting;  but 
we  think  they  are  not  especially  instructive.  The  column 
spacing  was  modified  in  making  up  the  mill  design,  changing 
the  spans  from  21  ft.  0  in.  (concrete  design)  to  17  ft.  10  in. 
(mill   design). 

At  the  time  the  bids  were  called  for  on  the  Olson  build- 
ing, the  plans  for  the  Imperial  Brass  Co.  building  were  under- 
way in  our  ofBce.  and  in  this  case  the  owner  desired  bids  on 
both  concrete  and  mill  construction.  The  Imperial  building 
was  to  be  an  addition  to  a  standard  mill  building  located  in 
the  same  neighborhood  as  the  Olson  building.  After  the  bids 
were  received  the  owner  decided  to  have  the  addition  built  of 
standard  mill  construction,  notwithstanding  the  small  differ- 
ence in  cost.  Doubtless  one  of  the  factors  in  arriving  at  this 
decision  was  the  greater  ease  in  tearing  down  a  mill  building, 
provided  it  was  found  desirable  to  change  the  character  of 
the  improvement  within  a  comparatively  few  years. 

Attention  has  been  called  to  the  objection  of  skilled  ar- 
tisans to  working  upon  concrete  floors  instead  of  wooden 
floors.  As  you  doubtless  know,  many  reinforced-concrete 
buildings  are  provided  with  maple  wearing  surfaces  to  obviate 
this  very  objection,  but  it  is  worth  while  to  remember  in  this 
connection  that  the  Ford  Motor  Co.,  with  several  hundred 
acres  of  floor  space  devoted  to  factory  purposes  and  em- 
ploying many  thousands  of  skilled  artisans,  has  adopted  con- 
crete construction  for  all  its  buildings  and  has  used  on  all  its 
later  buildings  cement  finish  floors  rather  than  wooden  wear- 
ing surfaces.  This  is  also  true  of  practically  all  the  automo- 
bile factories  throughout  the  United  States,  and  there  seems 
to  be  a  gro'wing  preference  for  concrete  floors  over  wooden 
floors,  especially  in  machine  shops.  The  trouble  with  working 
on  concrete  floors  is  largely  imaginary  in  buildings  that  are 
heated.  It  is  true  that,  in  unheated  buildings,  stone  and  con- 
crete, being  better  conductors  than  wood,  are  cold  to  the 
feet  and  therefore  unpleasant  to  work  upon. 

The  equipment  of  buildings  with  sprinklers  seems  to  the 
writer  to  be  quite  as  important  in  concrete  construction  as  in 
mill  construction,  because  the  contents  of  buildings  are  usu- 
ally not  fireproof,  even  if  the  building  construction  itself  is 
fire  resisting.  We  have  seen  serious  conflagrations  spread 
throughout  so-called  fireproof  buildings,  fed  only  by  the  in- 
flammable contents.  In  these  cases  the  fires  would  have  been 
almost  insignificant  had  the  buildings  been  equipped  with 
sprinklers. 

With  reference  to  the  "prophetic  vision"  necessary  to  know 
what  kind  of  building  will  be  required  in  any  locality  in  the 
future  there  is  no  question  that  a  first-class  reinforced-con- 
crete building  six  or  eight  stories  high  with  wide  column 
spacing  will  serve  any  and  all  purposes  for  which  buildings 
may  be  required  so  long  as  men  carry  on  pursuits  in  struc- 
tures protecting  them  from  the  weather. 

The  Imperial  Brass  Co.  building  that  has  been  referred  to, 
which  ia  now  under  construction.  Is  S.5xl25  ft.  in  area,  six 
stories  and  basement,  and  has  74,000  sq.ft.  of  floor  surface.  The 
cubical  contents  measured  in  the  same  manner  as  adopted  for 
the  Olson  building  are  972.000  cu.ft.  for  the  standard  mill  con- 
struction and  993,400  cu.ft.  for  the  reinforced-concrete  con- 
struction, the  difference  in  cubical  contents  being  due  to  the 
greater   depth    of   foundations    for   the   concrete   construction. 


The  typical  bays  of  the  standard  mill  construction  are  IS  ft. 
by  16  ft.  6  in.  and  for  the  reinforced-concrete  construction 
IS  ft.  by  21  ft.  6  in.  The  structures  were  designed  for  a  live- 
load  of  175  lb.  per  sq.ft.  in  accordance  with  the  requirements 
of  the  Chicago  building  code. 

In  the  standard  mill  construction  the  floor  girders  are  com- 
posed of  two  8xlS-in.  timbers,  bolted  together,  and  the  floor 
joists  or  beams  are  8x16  in.  spaced  4  ft.  6  in.  c.  to  c.  The 
girders  are  carried  on  steel  post  caps  built  up  of  plates  and 
angles.  The  floor  construction  is  3  in.  tongued  and  grooved 
yellow-pine  flooring  with  %-in.  maple  wearing  surface.  The 
timber  specified  was  select  structural-grade  Southern  pine,  ■ 
according  to  the  specifications  for  dense  Southern  pine  given 
in  the  Southern  Pine  Association  Density  Rule  Book  of  Mar. 
15.  1916.  No.  1  Douglas  flr  "was  permitted  as  an  alternate  for 
the  above  yellow  pine. 

The  reinforced-concrete  design  called  for  an  8-in.  rein- 
forced-concrete slab  supported  by  flaring  column  heads,  and 
reinforced-concrete   round   columns. 

The  foundations  for  the  mill-construction  building  are  the 
usual  spread  type,  except  that  cantilever  foundations  are  re- 
quired on  the  side  adjacent  to  the  old  building. 

CONDRON  CO.. 
By  T.  L.  CONDRON. 

Monadnock  Block.  Chicago.  Oct.  21.   1916. 


Tlie  destructive  floods  of  July.  IfiKi,  in  the  East  Gull 
;md  the  South  Atlantic  States  are  the  subject  of  a  valu- 
able special  study  by  Prof.  Alfred  J.  Henry  in  thi 
Monthly  Weather  Beview  for  August,  published  Nov.  1 
Through  the  courtesy  of  C.  F.  Marvin,  chief  of  thi 
Weather  Bureau,  we  are  able  to  present  material  from  ad- 
vance proofs  of  the  study  and  also  to  announce  that  "s 
small  number  of  separates  will  be  available  for  distribu- 
tion to  engineers  who  may  be  particularly  interested  ir 
the  conditions  that  produced  the  flood." 

The  floods  were  caused  by  two  tropical  cyclones.  Th( 
first  of  these  occurred  during  the  night  of  July  .5-6,  pass- 
ing inland  through  Mississippi,  and  was  accompanied  am 
followed  by  almost  continuous  rain  for  five  days,  witl 
extraordinary  precipitation  in  some  sections.  The  sec 
ond  cyclonic  storm  passed  inland  over  South  Carolin: 
the  morning  of  July  14.  Before  this  storm  died  out 
''unprecedented  rains  fell  over  the  eastern  slope  of  tiii 
Blue  Iiidge  and  also  in  the  valley  of  the  French  Broad.' 
The  saturated  condition  of  the  soil  contributed  to  a  prcli 
able  80  to  90%  runoff  and  unprecedented  floods  in  botl 
the  Tennessee  and  Atlantic  drainage  areas. 

The  study  by  Professor  Henry  includes  detailed  rain 
fall  figures  for  the  two  storms  for  many  stations  am 
also  20  maps  and  diagrams,  mostly  rainfall  maps,  bu 
including  a  few  hydrographs  or  river-elevation  diagrams 
Four  rainfall  maps  of  most  general  interest  are  reproduco' 
I'ere  as  Figs.  2  to  5,  and  some  cumulative  rainfall  din 
grams  as  Fig.  6. 

Fig.  2  illustrates  an  "island"  of  heavy  ]u-ecipitatioi 
in  southeastern  Mississippi,  the  most  notable  of  three  suci 
islands  in  the  storm  of  July  5  to  8.  Professor  Henr 
slates  that  there  is  no  explanation  of  these  i.slands. 

Taking  the  whole  area  covered  by  the  storm  of  Jul 
.5  to  8,  inifi,  the  records  show  that  during  a  singl 
2  1-hr.  period  more  than  8  in.  of  rain  fell  on  an  area  o 
4,9-15  sq.mi.  and  more  than  4  in.  over  17,582  sq.mi.  Hig' 
records  in  three  states -for  24  hr.  were:  12.7  in.  at  Alagi 
Ala. ;  10.8  at  Eufala,  Ala. ;  9  at  Ozark,  Ala. ;  9.9  at  Blak( 
ly,  Ga. :  9  at  Fort  Gaines,  Ga. ;  and  10.8  in.  at  De  Funia 
Springs,    Fla. 

Taking  up  high  records  for  the  .second  of  these  cvcloni 
storms,  farther  (>ast,  fi'cim  8  (o  10  in.  of  rain  was  recorde' 
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July  14  at  five  North  Carolina  stations.     The  climax  oc- 
curred later  and  is  thus  summarized  by  Professor  Henry : 

Beginning  during  the  afternoon  of  July  15  and  continuing 
for  24  hr.  the  rains  in  the  mountain  districts  of  North  Carolina 
were  extraordinarily  heavy.  At  a  special  orchard  station 
maintained  at  Altapass  in  the  southeastern  corner  of  Mitchell 
County,  N.  C.  (altitude  2.625  ft.  above  mean  sea  level),  an 
actual  measurement  of  19.32  in.  of  rain  in  24  hr.  was  recorded 
in  an  S-in.  standard  rain  gage.  The  measurement  was  made  at 
6  p.m.,  July  16,  1916.  According  to  the  observer,  J.  S. 
Bowen.  between  2  p.m.  Saturday  and  2  p.m.  Sunda.v,  July  16, 
the  rainfall  amounted  to  19.32  in.  as  measured  on  the  16th, 
and  about  2.90  in.  of  the  rainfall  measured  on  the  afternoon 
ot  the  15th  fell  after  2  p.m.  of  that  day;  hence  the  24-hr.  rain- 
fall, 2  p.m.  15th  until  2  p.m.  the  16th,  was  about  22.22  in. 

The  highest  hourly  rate  of  precipitation  mentioned  by 
Professor  Henry  is  5.21  in.  per  hr.  at  Mobile,  Ala.,  July 
8,  1916.    Tliis  continued  for  25  min.,  "and  appears  to  be 


most  of  ^^•hom  were  drowned  in  the  streams  of  North 
Carolina.  The  estimated  property  loss  totals  $21,724,000, 
divided  as  follows :  Buildings,  roads,  bridges,  culverts, 
etc.,  $4,918,000;  crops  not  gathered,  $11,606,000;  live- 
stock and  movable  farm  i3ropertv,  $811,000;  suspension 
of  business,  loss  of  wages,  etc.,  $1,939,000 ;  railroads,  in 
roadbed,  bridges,  trestles,  culverts,  etc.,  $2,450,000. 

As  to  the  likelihood  of  similar  storms  in  the  future 
Professor  Henry  says: 

Unfortunately,  our  present  knowledge  of  the  underlying 
causes  of  cyclonic  storms,  their  distribution  in  time  and  space, 
is  so  indefinite  that  any  discussion  thereon  must  be  largely 
speculative.  It  may  be  said,  however,  that  the  floods  in  Miss- 
issippi, Alabama  and  Georgia  were  due  almost  wholly  to  a 
single  long-continued  rainstorm  which  was  closely  associated 
with  the  passage  inland  of  a  tropical  cyclone.  Likewise,  the 
floods  of  the  rivers  in  the  coastal  plain  of  South  Carolina,  es- 
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FIG.4-PRCCIPITATI0N   JULY  15,1916  FIO.  S-PRKIPITATION  JULY  14-16. 1916, INaUSIVE 

RAINFALL  IN  THE  EA.ST  GULF  AND  SOUTH  ATLANTIC  STATES  DURI.N'G  TWO  CYCLONIC  STORMS  IN  JULY,  191S 


<■  greatest  fall  for  25  min.  in  August"  ever  recorded  on 
automatic  gage,  though  a  rate  of  6.36  in.  continued  for 
min.  was  visually  observed  at  Jupiter,  Fla.,  Aug.  21, 
'■'i.  Details  of  hourly  rates  for  .July  5  to  8,  1916,  are 
'11  in  the  report  for  Mobile  and  Montgomery,  Ala., 
lidian.  Miss.,  Birmingham,  Ala.,  Atlanta,  Ga.,  Chatta- 
'-'a.  Tenn.,  and  Aslieville,  N.  C. 

The  rumulativo  precipitation  for  si.x  station.s,  on  as 
iiy  rivers,  is  shown  graphically  by  Fig.  6. 
i'iood  conditions  are  reviewed  by  Professor  Henry.  As 
storm  progressed  upstream,  "we  have  the  rather 
irnalous  situation  of  a  river  being  in  flood  in  its  lower 
II  hes  before  the  headquarters  have  reached  the  flood 
L'e."  Also,  "the  flood  stage  was  naturally  long-drawn- 
'  by  reason  of  the  advance  of  the  rains  in  a  direction 
'ctly  opposite  to  that  of  the  course  of  streams."  High- 
tiT  marks  were  greatly  exceeded  at  many  7)laces. 
Tlie  exact  lo.ss  of  life  as  a  result  of  tlie  floods  caused 
the  two  storms  is  unknown,  Iiut  is  placed  at  80  persons. 


pecially  the  Great  Pee  Dee,  were  due  to  the  movement  inland 
of  a  single  tropical  cyclone.  The  floods  in  the  streams  origi- 
nating in  North  Carolina  were  due  to  the  torrential  rains  of 
the  15th  and  16th  coming  at  the  close  of  a  period  of  heavy 
rain.s  that  were  associated  with  the  first,  or  Alabama,  storm. 
Tropical  cyclones  do  not,  as  a  rule,  synchronize  as  did  these 
two,  and  on  that  fact  we  would  base  our  belief  that  a  repe- 
tition of  the  storms  of  July,  1916,  is  not  probable  more  than 
once  in  a  century  at  least. 

It  seems  hardly  neccs.sary  to  advise  those  desiring  the 
full  paper  on  these  great  storms  to  lo.se  no  time  in  apply- 
ing to  the  Weather  Bureau,  Washington,  D.  C,  for  a  copy. 
?»? 

KIt-ilrli-AiiUim.il.ll.-  |-|r.-riKliiliiK  i:i|iii|iin.iit  has  been 
generally  adopted  l)y  the  City  of  I'aterson,  N.  J.,  replacing 
horse-drawn  apparatus.  After  a  study  of  motor  apparatus  in 
use  elsewhere.  It  was  decided  that  the  readiness  hiU-cllmb- 
[ng  power,  simplicity  of  operation  and  general  rcllabllit.v 
dictated  use  of  electric  traction  in  that  city.  It  Is  reported 
that  there  will  be  retiulred  six  *ractor-drawn  (two-wheel  front 
drive)  steam  pumping  engines,  five  combination  chemical  en- 
gines and  hose  wagons  and  one  four-wheel-drlve  aPrlal  truck. 
Batlery-charglng  apparatus  will  be  Installed  In  each  engine 
house. 
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SYXOPSIS — Tlte  design  and  erection  at  Whcaton, 
lU.,  of  a  steel  water  towm-  and  tank  having  a  total 
height  of  173  ft.  are  described. 


All  elevated  water  tank  of  200,000-gal.  capacity,  with 
a  sis-post  steel  tower,  is  being  built  for  the  municipal 
water-works  at  Wlieaton,  111.,  to  replace  an  old  138,000- 
(ral.  standpipe.  The  tower  is  138  ft.  high  from  the  con- 
crete footing  to  the  horizontal  ring  girder,  and  the  height 
to  the  top  of  the  tank  is  172  ft.  6  in.  The  tank  is  38 
ft.  in  diameter  and  3.5  ft.  high  in  the  cylindrical  portion. 
It  has  a  segmental  bottom  14  ft.  deep,  connected  to  a  48- 
in.  riser  pipe,  and  is  covered  by  a  conical  steel  roof. 

The  tower  has  a  batter  of  1  in  12  and  is  divided  into 
four  stories  or  bays  by  three  courses  of  horizontal  struts. 
The  columns  are  of  box  section,  each  composed  of  two 
15-in.  side  channels  and  an  inner  18-in.  cover  plate,  with 
double  lacing  on  the  cniter  side.  They  are  made  in  four 
lengihs  of  about  38  ft.  The  horizontal  struts  are  pairs 
frf  channels  with  top  and  bottom  Wing,  except  that  at 
the  ends  the  channels  are  brought  tjogether  and  riveted 
to  connection  plates  on  the  columns.  Each  panel  has  two 
adjustable  diagonal  tension  rods,  set  up  by  turnbuckles  and 
having  welded  loop  ends  fitted  to  2-in.  pins  in  the  con- 
nection plates.  The  loops  are  double,  straddling  the  plate 
and  engaging  botli  ends  of  the  pins.  The  connection 
])lates  at  the  bottom  are  on  the  outside  of  the  columns; 
the  others  are  riveted  to  the  sides — that  is,  to  the  webs 
of  the  channels. 

Near  the  tops  of  the  columns  are  outside  brackets  to 
carry  the  ring  girder,  above  which  the  column  is  ex- 
tended about  8  ft.  by  four  6x4-in.  angles,  which  are 
riveted  to  the  bottom  course  of  the  side  of  the  tank. 
Large  reinforcing  plates  are  placed  between  the  backs  of 
the  columns  and  the  tank  plates. 

The  tank  has  five  courses,  7  ft.  high,  with  each  course 
outside  of  the  next  course  below.  The  plates  are  87  in. 
high  and  15  ft.  long,  with  double  riveting  in  the  ver- 
tical seams  and  single  riveting  in  the  horizontal  seams. 
All  seams  are  made  with  lap  Joints.  The  thickness  is  % 
in.  for  the  segmental  bottom  and  the  lowest  course  of 
plates,  j%  in.  for  the  second  course  and  i/i  in-  for  the 
other  courses.  At  the  top  are  brackets  carrying  a  cir- 
cular clianncl  supporting  the  5-in.  channels  forming  the 
rafters  of  the  conical  roof,  which  has  %-in.  plates.  The 
roof  projects  about  18  in.  lieyond  the  tank  and  fits  close 
against  its  upper  edge,  so  that  there  are  no  openings  by 
which  birds  can  enter. 

At  the  liase  of  the  cylindrical  portion  of  the  tank 
is  a  ring  girder  with  a  Vj-in.  horizontal  web  ])late  41 
in.  wide,  having  radial  stifTcners  on  the  under  side.  The 
inner  flange  is  a  single  angle  riveted  to  the  tank  shell ; 
the  outer  flange  is  a  fi-in.  channel  having  its  lower  flange 
riveted  on  top  of  the  web  plate.  The  hand  railing  around 
this  girder  consists  of  steel  angle  stanchions  and  toj) 
rail,  with  two  diagonal  bars  in  each  panel. 

About  18  in.  below  the  top  edge  of  the  tank  is  an 
inside  Z-bar  ring  that  serves  as  a  stiffener.  On  the  cover 
is  a  swivel  trolley  for  a  painters'  platfonn.  The  top  of 
it  is  attached  to  the  apex  of  the  roof  in  such  a  manner 
as  to  allow  it  to  revolve,  and  its  lower  end   supported 


by  means  of  a  pair  of  3i/^-in.  flat-tired  wheels  between 
a  pair  of  angles.  This  frame  carries  an  outside  bent 
plate  having  a  hole  for  a  clevis  or  stirrup  to  which  the 
tackle  of  the  painters'  platform  is  hooked.  The  overflow 
is  a  3-in.  pipe  le::ding  out  through  the  top  course  of  the 
tank  and  carried  down  one  of  the  columns. 

The  48-in.  riser  is  of  i/4-iii-  plates  in  5i^-ft.  course^ 
with  single-riveted  circular  and  vertical  seams.  At  thie 
top  is  a  domed  cover  with  a  telescopic  expansion-joint 
connection  to  the  12-in.  pipe  entering  the  tank.  The 
bottom  is  flat,  with  a  12-in.  opening  for  the  pipe  coa- 
nection  to  the  mains  and  a  6-in.  opening  for  the  pipe 


Inside  DIam.  S3'—- 


FIG.   1.    DESIGN  OF  SIX-POST  WATER  TOWER  WITH 
200.000-GAL.  TANK 

from  the  service  pumps.  A  10xl6-in.  manhole  is  pro- 
vided in  the  lowest  course  of  plate.  With  the  large 
body  of  water  in  a  riser  of  this  size  no  frost-i)rotection 
covering  is  needed. 

To  give  access  to  the  expansion  joint,  there  is  a  gang- 
way from  the  column  carrying  the  ladder  to  the  risei 
pipe.  Around  the  riser  is  a  horizontal  ring  girder  k 
ft.  wide,  supported  by  brackets  on  the  riser  and  forming  ( 
])latform.  The  gangway  has  a  floor  plate  l(v%  in.  widft 
resting  on  the  bottom  flanges  of  a  pair  of  channels  and 
stiffened  by  transverse  angles  across  the  bottom  of  thj 
plate  and  channels.  Hand-rail  stanchions  are  riveted  tc 
the  backs  of  the  channels.  In  this  gangway,  and  in  th« 
ring  girders  and  the  Z-bar  stiffener,  holes  are  made  ii 
the  horizontal  wch  plates  to  provide  drainage. 
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The  foundations  consist  of  six  heavy  concrete  foot- 
ings or  piers  for  the  columns,  and  a  central  pier  for 
the  4-ft.  riser.  The  site  is  on  a  good  gravel  forma- 
tion, and  the  pressure  of  the  base  of  the  piers  upon  the 
-oil  averages  3,?  70  lb.  per  sq.ft.  The  column  piers  are 
ibout  81/^  ft.  high,  5x5  ft.  at  the  top,  which  is  inclined 
-0  that  the  columns  will  be  perpendicular  to  it.  In 
•ach  pier  there  are  two  1%-in.  anchor  rods,  with  2%- 
n.  upset  ends.  The  anchor  rods  are  inclined  1  in  12 
md  have  the  upper  ends  incased  in  3-in.  pipe  sleeves 
'A  in.  long,  into  which  the  rods  are  grouted  after  final 
idjustment.  The  size  of  the  piers  was  not  governed  by 
lie  bearing,  but  was  made  to  comply  with  a  specified 
actor  of  safety  of  11/4  on  iiplift. 

The  central  pier  is  8  ft.  square  and  9  ft.  deep.  It 
las  a  chamber  for  the  pipe  connections  and  a  valve  on 

6-in.   blowout   pipe.     The   top   of   the   pier,   over   the 

hamber,  is  reinforced  with  steel  rods.     There  are  221/^ 

u.j'd.  of  concrete  in  each  column  pier  and  18%  yd.  in 

he  central  pier.     The  concrete  is  a  1:3:5  mix   (made 

,  "ith  stone),  except  that  for  the  caps  of  the  column  piers 

'  C  is  1 :  2 :  3.     It  was  made  in  a  mixer  of  the  continuous 
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type,  and  the  concrete  for  each  pier  was  poured   in   a 
continuous  run. 

The  tower  and  tank  are  of  openhearth  steel  conform- 
ing to  the  specifications  of  the  American  Railway  Engi- 
neering Association.     The  live-load  on  the  roof  is  taken 
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Overflow 


Bottom    Course    of  Tank 

:g.    3.    RING    GIRDER    AND    BOTTOM    COURSE    OF 
TANK   SHELL 
Showing  reinforcing  plate  at  column  connection 


Concre/e 

Reor 
Face 
fS/tncJtor^^o/fs,  7-6'%. 


Sec+ional  Side  Elevation 
1  ftj 


FIG.   2.    DETAILS  OF  COLUMNS  AND  STRUTS  OP 
WATER  TOWER 


Eleva+ion   of  Inside   Face 
PIERS  FOR  COLUMNS 

FIG.   4.     FOUNDATION  TIERS   FOR   WATER  TOWER 

at  30  lb.  per  sq.ft.,  or  200  lb.  concentrated  at  any  point. 
Tlie  wind  pressure  is  taken  as  30  lb.  per  sq.ft.!  acting 
on  GG%  of  the  diameter  of  the  tank  for  its  full  height. 
The  steel  was  given  one  coat  of  paint  at  the  shop  and 
one  field  coat  after  erection. 

Erection  of  Watei;  Tower 

The  erection  outfit  was  very  simple.  A  light  timber 
A-frame  sufficed  to  raise  the  tower.  It  was  just  higli 
enough  to  enable  the  tackle  to  be  hitched  above  the  mid- 
dle of  a  column  length,  the  column  thus  swinging  free 
and  being  guided  into  pasition  I)y  guy  lines.  For  the 
upper  liays  the  A-frame  was  placed  upon  each  line  of 
struts  in  turn.  With  the  tower  completed,  including  the 
ring  girder  and  the  bottom  course  of  the  tank  (to  which 
the  heads  of  the  columns  are  attached),  the  next  step 
was  to  place  the  segmental  bottom.  Two  or  three  rope 
tackles  were  attached  to  the  top  of  the  tower,  operated 
by  a  tx!am  or  a  hand  winch  for  heavy  hoisting,  and  by 
hand  for  ailjnslmcnt  of  (he  parts. 
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Two  of  the  bottom  plates  were  hoisted  into  place  and 
bolted  to  the  tank  shell,  and  then  the  bottom  disk  or 
circle  plate  (with  pipe  connection)  was  hoisted.  With 
the  aid  of  the  tackles  hitched  to  the  circle  plate  and 
the  ends  of  the  two  bottom  plates  the  parts  were  brought 
together  so  that  erection  bolts  could  be  fitted.  The  other 
bottom  plates  were  then  placed  withoixt  difficulty.  A 
platform  composed  of  a  few  loose  planks  was  used  in 
this  part  of  the  work. 

The  tower  and  tank  bottom  were  erected  in  this  way 
without  any  riveting,  all  parts  being  connected  by  serv- 
ice bolts.  The  riveting  was  started  on  the  column  splices, 
working  upward,  and  was  completed  before  proceeding 
to  finish  the  tank.     All  riveting  was  done  by  hand.    The 


A-frame  mentioned  above  was  utilized  to  support  the 
riveters'  platform.  It  was  placed  horizontally  with  the 
wider  end  lashed  to  one  of  the  struts  and  the  narrow  end 
attached  to  one  of  the  ropes  from  the  top  of  the  tower. 
For  riveting  the  tank  seams  a  steel  cage  was  used  car- 
ried l)y  long  bars  which  were  hooked  over  the  top  of  the 
shell  plates. 

This  structure  was  designed  by  L.  J.  Euddock,  Citv 
Engineer  of  "\Mieaton,  111.  It  was  built  and  erected  bv 
the  Memphis  Steel  Construction  Co.,  of  Greensburg, 
Penn.  The  material  was  inspected  at  the  shops  by  Bob- 
ert  W.  Hunt  &  Co.,  of  Chicago.  The  cost  was  $8,843 
for  the  steel  tank  and  tower  and  $1,071  for  the  concrete 
foundations.  ■ 


By  a.  M.  Brosius'^ 


^<y^'U^lSLS — ,1  difuxcr  n-keel  in  the  bottom  of 
each  tank  draws  air  and  sewage  down  through  a 
central  foam  cliamher  to  the  bottom  of  the  tank, 
from  which  both  pass  upward.  Air  under  1  lb. 
pressiirc  will  also  be  admitted  to  each  central  pipe. 

Among  the  assets  of  the  cities  and  towns  on  the  south- 
ern California  coast  are  the  fine  bathing  beaches.  It  is 
therefore  unadvisable,  for  sesthetic  reasons,  to  discharge 
sewage  into  the  ocean  adjacent  to  these  beaches  without  its 
having  been  treated  to  a  high  degree. 

On  account  of  the  most  available  site  for  the  Hermosa 
Beach  sewage  works  being  located  within  the  city  limits, 
it  was  necessary  to  select  a  method  of  treatment  that 
would  be  unobjectionable  to  the  near-by  property  owners, 
and  the  activated-sludge  process  was  recommended. 

In  view  of  the  fact  that  the  porous  plates  used  as  air 
diff users  in  some  of  the  activated-sludge  plants  have 
caused  more  or  less  trouble  by  clogging  with  oil  and  dust, 
an  effort  was  made  to  develop  a  method  of  air  diffusion 
that  would  obviate  this  difficulty,  and  a  series  of  experi- 
ments covering  a  period  of  several  months  \yere  made  for 
this  purpose. 

The  experimental  jjlant  (Fig.  1)  includes  a  circular 
wooden  tank,  5  ft.  in  diameter,  with  an  available  water 
depth  of  91/2  ft.  This  tank  has  glass  portholes  at  1,  2,  4 
and  5  ft.  above  its  bottom.  Diffiisers  of  various  designs 
were  tried  out,  both  with  and  without  compressed  air 
being  supplied  to  them. 

The  experiments  resulted  in  the  adoption  of  a  diffuscr 
wheel,  similar  to  an  impeller  of  a  centrifugal  pump, 
revolving  on  a  vertical  shaft.  This  wheel  is  in  the  bottom 
of  the  tank,  4  ft.  from  one  side,  and  at  the  lower  end  of 
a  vertical  galvanized  sheet-iron  pipe,  71/2  "i-  '"  diameter, 
which  extends  about  3  in.  above  the  surface  of  the  water 
^vlion  the  depth  of  the  water  i.s  91/^  ft.  In  the  side  of  the 
pipe  is  an  opening  6  in.  sfjuare,  the  center  of  which  is  1  ft. 
under  water.  This  opening  is  provided  with  a  gate  so 
that  the  amount  of  water  entering  the  pipe  can  be  con- 


trolled. It  was  found  that  the  water  as  it  enters  the  pipe 
forms  a  foam  with  the  air  in  the  top  of  the  pipe,  which 
may  be  designated  as  the  foam  chamber.  The  action  of 
the  impeller  draws  this  foam  to  the  bottom  of  the  pipe 
and  throws  it  out  approximately  horizontally,  thereby 
diffusing  the  air  uniformly  throughout  the  contents  of 
the  tank,  the  diameter  of  the  bubbles  ranging  from  ^  to 
Vioo  ill-  or  smaller. 

It  is  believed  that  under  ordinary  conditions  of  sewage 
flow  sufficient  air  will  be  drawTi  down  the  vertical  pipe 
without  supplying  air  under  pressure.  It  was  considered 
advisable,  however,  to  provide  a  blower  for  the  Ilermosa 
Beach  plant  (Fig.  2)  for  furnishing  air  to  the  foam 
chamber  under  a  pressure  of  about  1  lb.  This  was  done 
in  order  that  the  air  may  be  more  readily  measured.  Th 
air  pressure  is  maintained  practically  uniform  by  a  trap 


•Consultinc  Engineer.  Honinpsworth  Buildinsr,  Los  An- 
preles,  Calif.;  formerly  Principal  Assistant  Engineer,  Baltimore 
Sewerage   Commission. 


FIG.    1.    EXPERTMENT.M^    .MR-DIFFHSKR    TAN'K   AT 
HEKiIt)S.\    BE.\CH.    CALIF. 

The  tank  contains  clear  water.  The  only  air  diffu"' 
through  it  Is  beinK  drawn  down  the  vertical  piiie  and  throw 
Dvit  l>y  the  centrifusal  action  oC  the  diffuscr  wheel  in  '" 
bottom  of  the  tank 


November   9,   191G 


E  X  G  I  X  E  E  R  I  jST  G     X  E  W  S 


891 


in  the  sewage  iulet  channel,  whir-h  enters  one  side  of  the 
foam  ciiamher,  and  by  an  elbow  pointing  downward,  which 
enters  the  foam  chamber  on  the  opposite  side,  the  head 
on  the  lower  end  of  the  eibow  being  slightly  less  than  the 
head  in  the  trap. 

The  operation   of  the   Hermosa  Beach  plant  may  be 
briefly    described   as   follows :    After    the    sewage    passes 


>t(St< 


one  of  tlie  lirst  pair  of  tanks  adjacent  to  the  machinery 
room.  There  are  four  pairs  of  tanks  121/^  ft.  in  diameter, 
with  a  maximum  water  depth  of  12  ft.  The  tanks  adja- 
cent to  the  machinery  room  may  be  used  for  activating 
the  sludge,  or  as  aerating  tanks. 

On  the  assumption  that  the  sludge  has  been  properly 
activated  in  one  tank,  the  sewage,  mixed  with  air,  is 
discharged  into  it  at  the  bottom  of  this  tank  by  the 
diffuser  wheel.  The  revolution  of  the  wheel  gives  the 
mixed  sewage  and  air  a  high  velocity  as  it  leaves  the 
wheel.  The  diffuser  wheel  also  gives  a  rotary  motion  to 
the  entire  contents  of  the  tank,  which  causes  the  air 
bubbles  to  rise  in  a  spiral  path  having  an  angle  of  about 
4.5°  with  the  vertical.  The  ratio  between  the  length  of  the 
spiral  path  of  the  bubbles  and  a  vertical  path  is  approxi- 
mately 14  to  10.  This  means  that  the  spiral  path  of  the 
bubbles  in  a  tank  10  ft.  deep  would  be  about  14  ft.  long, 
thereby  giving  a  proportionately  longer  period  of  contact 
between  the  bubbles  and  the  sludge. 

The  sewage  leaves  the  tank  by  a  circular  weir-like  over- 
flow basin  in  the  center  of  the  tank,  at  the  top,  and  runs 
through  an  inclined  pipe  leading  to  a  double  Y-trougli 
between  the  second  pair  of  tanks,  where  it  may  be  diverted 
either  in  whole  or  in  part  to  either  one,  or  both,  of  these 
tanks.  This  diversion  is  accomplished  by  means  of  two 
swinging  tongue-like  gates  in  the  double  Y-trough. 

The  sewage,  npon  entering  the  second  pair  of  tanks, 
passes  into  the  foam  chambers,  mixes  with  air  and   is 
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through  grit  and  screen  chambers,  it  enters  a  float  cham- 
ber where  the  movement  of  a  float  is  communicated 
■oiigh  a  calile  to  the  brusli-shifting  device  attached  to  a 
iriable-speed  motor.  In  this  way  the  speed  of  the  motor 
lis  controlled  by  the  volume  of  sewage  flow.  The  sewage 
|on  leaving  the  float  diamber  enters  the  foam  chamber  in 


thrown  out  by  the  dilfusor  wheel  in  the  same  manner  as 
described  in  connection  with  the  first  tank.  If  the  volume 
of  sewage  flow  is  large,  it  may  be  passed  similarly  through 
the  third  i)air  of  tanks.  If,  however,  the  flow  is  small,  it 
would  be  necessary  to  pas-s  the  sewage  tiirough  only  one 
or  two  tanks  that  arc  being  supplied  with  air,  the  other 
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tanks  acting  as  sedimentation  tanks.  When,  however,  it 
is  necessary  to  use  four  tanks  in  addition  to  tlie  first  tank, 
the  effluent  from  the  last  tanks  would  be  discharged  into 
one  of  the  fourth  pair  of  tanks,  which  would  then  operate 
as  the  sedimentation  tank ;  and  the  clarified  effluent  from 
this  tank  would  be  discharged  into  the  outfall  sewer. 

It  may  be  desirable  to  oxidize  further  the  sludge  that 
has  accumulated  in  one  of  the  last  pair  of  tanks.  The 
other  one  of  these  tanks  is  then  utilized  as  the  sedimenta- 
tion tank.  The  method  of  sludge  aeration  is  accomplished 
in  the  sedimentation  tanks  by  mechanism  similar  to  that 
in  the  other  tanks. 

In  the  process  Just  described  most  of  the  sludge  in  the 
first  tank  will" be  carried  with  the  sewage  tlirough  the 
several  tanks  and  deposited  in  the  final  sedimentation 
tanks.  From  these  tanks  it  may  be  discharged  onto  the 
sludge  beds  or  returned  to  the  sludge  pump  in  a  manhole 
between  the  first  pair  of  tanks.  The  retiirned  sludge  is 
then  lifted  by  the  sludge  pump  and  is  di.^eharged  into  one 
or  the  other  of  the  tanks  of  the  first  pair,  preparatory  to 
repeating  the  cycle  of  operation. 

While  one  of  the  first  pair  of  tanks  is  being  used  for 
the  purpose  of  sludge  activation  and  when  the  sludge  in 
the  other  tank  is  in  proper  condition,  this  last-mentioned 
tank  would  be  used  as  the  first  aerating  tank. 

The  bottom  bearing  for  the  shaft  of  the  diffuser  wheel 
is  so  designed  that  it  serves  as  a  valve  on  the  upper  end 
of  the  sludge  pipe  in  each  tank.  This  valve,  together 
v.'ith  the  wheel  and  vertical  pipe  leading  downward  from 
the  foam  chamber,  may  be  raised  by  means  of  a  handwheel 
operating  on  the  threaded  upper  end  of  the  diffuser-wheel 
shaft.  In  this  way  the  contents  of  any  of  the  tanks  may- 
be drained  out  through  the  sludge  pipes,  whenever  neces- 
sary, either  for  cleaning  or  for  repairs. 

The  Hermosa  Beach  plant  is  designed  for  a  maximum 
daily  sewage  flow  of  400,000  gal.,  and  an  aeration  period 
of  3  hr.  It  is  estimated  that  the  power  required  for  a 
plant  of  this  capacity  will  amoimt  to  about  60  kw.-hr.  per 
100,000  gal.  of  sewage  treated.  The  writer's  designs  for 
this  plant  were  approved  on  July  6,  1916,  by  C.  E. 
Sumner,  city  engineer,  and  by  the  Board  of  Trustees  of 
Hermosa  Beach.  It  is  expected  that  bids  for  construction 
will  be  received  in  October  and  the  plant  be  in  operation 
early  in  1917. 

Tlh©  FSiTsS  Comraplleft©  IR.®.5Il'^''Siy=' 
VgiU'oaaitlnoini  ]R©-p®s=fts  Fnlledl 

Great  interest  attaches  to  the  first  complete  reports  of 
the  valuation  of  railway  comjjanies'  property  by  the  Val- 
uation Division  of  the  Interstate  Commerce  Commission, 
which  were  filed  at  Washington  on  Oct.  9.  The  two 
roads  of  which  the  valuation  has  been  completed  are 
the  Texas  ]\Iidland  T?.R.,  a  line  111  mi.  long  in  Texas, 
and  the  Atlanta,  Birmingham  &  Atlantic  Tt.Tl.  in  Georgia 
and  Alabama.  The  Federal  Valuation  Act  required  the 
Interstate  Commerce  Commission  to  ascertain  for  each 
railway  the  cost  of  reproduction  new,  the  cost  of  repro- 
duction less  depreciation,  and  the  original  cost  to  date. 

The  principal  figures  for  the  Texas  Midland  E.R. 
under  these  three  heads  are  as  follows : 

Road   (wholly  owned): 

Cost  of  reproduction   new    $2. (501, 289 

Cost  of  reproduction  less  depreciation 2.007,708 

Equipment: 

Cost  of  reproduction   new    r).S2,071 

Cost  of  reproduction  less  depreciation 362,910 


General  Expenditures-  ' 

Cost  of  reproduction   new    17,6,69: 

Cost  of  reproduction  less  depreciation 138,56 

Total  (including  proportion  of  line  owned  jointly)  : 

Cost  of  reproduction   new    3,382,00 

Cost  of  reproduction  less  depreciation 2,527,41 

Land: 

1,S63  acres  owned  and  used  for  transportation  pur- 
poses      236,68 

76   acres  not  held   for  transportation   purposes  and 

structures   thereon    8,61 

Original  Cost: 
Original  cost  of  road  could  not  be  found. 

Original  cost  of  equipment    now    in    existence 528,87 

Original  cost  of  1.370   acres  purchased 68,23 

Original  cost  of  493  acres  donated   (cost  to  donors)  43,10 

No  other  values  or  elements  of  value  were  found  to  exis; 

The  Texas  Midland  received  aids  and  donations,  includin: 
gifts  of  right-of-way,  amounting  to  $69,SS5,  not  includiriL 
contributions  of  Hetty  R.  Green. 

The  capitalization  of  the  company  since  lOOS  has  con 
.sisted  of  $2,000,000  of  4%  mortgage  bonds  and  $112,001 
of  capital  stock.  The  present  capitalization  of  the  road 
therefore,  is  materially  less  than  it  would  cost  to  repro 
duce  the  road  in  its  present  condition. 

Tlie  railway  was  chiefly  owned  by  the  late  Hetty  E 
Green,  of  New  York  City.  Although  commonly  repiite^ 
to  be  the  wealthiest  woman  in  the  United  States,  it  i 
evident  that  it  was  not  through  such  investments  as  tha 
in  the  Texas  ^lidland  R.R.  that  she  acquired  her  wealtl 

The  accounting  division  of  the  valuation  force  give 
an  extended  history  of  the  Texas  ^lidland  R.T?. :  ani 
while  it  has  not  been  able  to  ascertain  from  exi.^ting  ret 
ords  all  the  data  concerning  the  financial  history,  th 
{principal  facts  may  be  briefly  siimmarized  as  follows:  T 
the  early  '80's  the  Texas  Central  R.R.  built  a  line  o 
railroad  about  .52  mi.  long  in  central  Texas.  This,  witi 
other  railway  lines  ovraed  by  the  company,  was  sold  unde 
foreclosure  proceedings  in  1891.  Mrs.  Green  owned  75' 
of  the  $1,000  bonds  that  had  been  issued  by  the  Texa 
Central,  and  she  took  this  53-mi.  line  of  road  in  ex 
change  for  her  bonds.  This  line  was  incorporated  a 
the  Texas  Midland  R.R.,  and  extensions  were  built  wit 
money  furnished  by  Mrs.  Green.  Up  to  August,  190.*- 
she  had  advanced  to  the  company  about  $1,7-50,000.  I 
addition,  she  had  made  other  cash  advances  for  freigli 
cars  and  other  requirements,  making  the  total  cash  ad 
vanced  to  the  company  by  Mrs.  Green,  according  to  th 
report  of  the  accountants,  $2,099,140.  As  far  as  th 
books  disclose,  !Mrs.  Green  had  up  to  June  30,  191) 
never  received  directly  or  indirectly  anv'thing  from  th 
Texas  ilidland  R.R.,  "except  a  payment' of  $115,650  h 
the  construction  company  that  built  the  road,  and  intere^ 
on  the  bonds  she  held  amounting  to  $334,596. 

During  the  entire  time  from  Feb.  26,  1893,  when  th 
railway  company  began  business,  until  June  30,  1911 
the  entire  net  earnings  of  the  company,  above  operatiii' 
expenses  and  taxes,  amounted  to  $1,127,000.  From  th' 
amount,  $354,000  was  paid  out  in  rents  for  land,  build 
ings  and  rolling  stock,  leaving  $773,000  lialance  availabl 
for  payment  of  interest  and  dividends.  The  total  amoiin 
of  interest  accruing  on  bonds  during  tliis  period,  how 
ever,  amounted  to  $1,152,000,  leaving  a  deficit  of  nearl 
$380,000,  as  the  total  operating  results  for  that  time. 

Among  other  interesting  facis  found  by  the  account 
ants  in  delving  into  the  pa.«t  history  of  the  company  i 
that  when  the  Texas  Central  R.R.  was  sold  at  foreclosur 
jiroceedings  in  1891  there  were  outstanding  upon  it  mort 
gage  bonds  amounting  to  $3,399,000,  of  which  ]\Irs.  Greoi 
owned  $750,000.  The  result  of  the  foreclosure  sale  wa 
(hat  when  the  assets  were  distributed  aiiiong  the  bond 
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holders  of  the  company  the  holder  of  each  $1,000  bond 
received  the  sum  of  $151.3T. 

Atlanta,  Biemingh.vji  &  Atlantic  R.R. 

The  Atlanta,  Birmingham  &  Atlantic  Tl.Ti.  is  a  single- 
track  narrow-gage  railway  about  (534  mi.  in  extent,  lying 
iu  Georgia  and  Alabama.  It  has  been  in  the  hands  of 
a  receiver  since  Jan.  1,  1909.  The  valuation  results  are 
summarized  as  follows : 

Common-Carrier   Property; 

Co.st  of 

Reproduction  of 

Road  iind   Equipment. 

Excluding  Lands  Present 

Less  De-         Vaiue 
New         preciation    of  Lands 

Owned  by  A..  B.  &  A.  R.R $22,716,886   ?18. 071.950  $1,091,886 

Leased  to  others 170,754  111,366  13.668 

Used    by    A.,    B.    &    A.    R.R.. 

owned    $22,546,132   $17,960,584   $1,078,218 

Leased   from  others 1,608,866       1,448,226      1,213,195 

Total  used  by  A.,  B.  &  A.  R.R. $24, 154, 998   $19,408,810  $2,291,413 

Noncarrier  lands,  present  value $145,203 

Other  Noncarrier  Property: 
Stock    in    compress    and    terminal    companies    (par 

value)    4,505,000 

Rails  and  track  material 36,058 

Aids,  Gifts,  Grants  of  Right-of-Way  and  Donations: 

Present 
Value 

Carrier  lands   $226,080 

Noncarrier   lands    21,795 

Total    $247,875 

In  addition  to  the  above,  certain  counties  and  municipal- 
ities donated  sums  of  money  amounting  to  $85,060  for  the 
purchase  of  right-of-way.  No  other  values  or  elements  of 
value  were  found  to  exist,  and  the  original  cost  of  the  prop- 
erty could  not  be  found. 

The  various  items  entering  into  the  physical-property 
\aluation  of  the  system  arc  given  as  follows  for  that 
jiart  of  the  system  owned  and  used  by  the  company: 

Cost  of  Reproduction 

of  Road  and  Equipment 
Less  De- 

1.  Head:  Ne'w  preciation 

Engineering:    $589,503  $589,503 

Grading   5,263,885  5,254,891 

Tunnels    and    subways 46,856  43,575 

Bridges,  trestles  and  culverts 2,370,728  1,980,705 

Ties    999.281  508.347 

Ralls    2,717,804  2,400,600 

Other  track   material 539,920  372,990 

Ballast     381,770  278,343 

Track  laying  and  surfacing 716,765  549,166 

Right-of-way   fences    11,254  5,929 

Crossings   and    signs 173,975  125,529 

Station  and  office  buildings 635,614  470,155 

Roadway   buildings    338.227  239,282 

Water  stations   134.139  87,949 

Fuel   stations    58,413  28,497 

Shops   and    engine   houses 244,343  169  248 

Wharves  and  docks 678,378  461,616 

Telegraph   and    telephone   lines 286  200 

■Signals  and   interlockers 7,050  4,825 

Power-plant    buildings    17.245  13.795 

Power-transmi.ssion    systems    2.715  2.243 

Power-distributing   systems    8.460  5,715 

Power-line  poles  and   fixtures 410  260 

Miscellaneous  structures    7.145  4.595 

Roadway    machines    36,751  22,504 

Roadway    small    tools 9,276  4,636 

-hop   machinery    204,535  143,641 

■  wer-plant   machinery    27,001  27,531 

Total    $16,221,729     $13,791,270 

2.  Equipment: 

Steam   locomotives    $1,263,647  $942,795 

Freight-train    cars    2,895,376  1,570.641 

I'aseenKer-traln    cars    399,780  264,357 

' "rk   equipment    131,621  84,339 

Total    $4,690,424        $2,862,130 

3.  General   Expenditures: 

Organization    expenses    $20,912  $16,729 

General  officers  and  clerks 125,473  100  378 

'-»f,   62,736  60,190 

iHlatlonery  and   printing 20.912  16  730 

if"«"    : 104.561  83.649 

I '"'•'■•■t   during   construction 1,215,737  972,590 

"iner   expenditures — general    83,648  66,918 

Total    $1,633,979        $1,307,184 

Grand  total    $22,546,132     $17,960,584 

j    The  endeavor  of  the  commission's  accountants  to  un- 
jtangle  the  i>aKt  financial  and  corporate  history  of  the 


Atlanta,  Birmingham  &  Atlantic  E.R.  has  not  been  very 
fruitful.  For  five  of  the  companies  whose  lines  make 
up  tlie  present  system  no  records  whatever  could  be  found, 
and  the  records  of  the  other  three  companies  were  in- 
complete. The  accounts  of  the  Atlanta,  Birmingham  & 
Atlantic  E.R.  itself  were  not  so  kept,  moreover,  as  to 
make  accurate  statements  possible. 

The  present  system  is  the  outcome  of  the  schemes  of 
certain  Boston  and  Atlanta  capitalists  to  build  railway 
lines  from  Brunswick,  Ga.,  to  Atlanta  and  Birmingham, 
connecting  with  a  steamer  line  from  Brun.swick  to  Xew 
York,  to  Boston.  The  railway  was  built,  but  the  steam- 
ship line  was  never  operated.  The  total  outstanding 
capital  liabilities  of  this  company  amount  to  $51,571,- 
000,  besides  wliicli  $1,99-1,000  of  receiver's  certificates 
have  been  issued.  Included  in  tlie  capitalization  is  $25,- 
000,000  of  common  stock  and  $10,000,000  of  preferred 
stock. 

As  to  the  results  of  operations  of  the  company,  the 
accountants  find  that  the  total  net  earnings  above  oper- 
ating expenses  from  the  time  the  present  company  began 
operations  in  1909  to  June  30,  1911,  were  $4,190,000. 
During  that  time,  however,  rentals  and  interest  on  bonded 
debts  have  accrued  amounting  to  $8,630,000,  so  that  the 
company  has  not  only  paid  no  dividends  on  its  stock,  but 
since  it  has  been  operated  has  come  short  nearly  $1,500,- 
000  of  earning  its  fixed  charges. 
'^. 

Engineers  as  County  Maiiaeent  are  urged  by  correspond- 
ents from  California  in  letters  published  in  the  journal  issued 
by  the  American  Association  of  Engineers.  One  of  these  cor- 
respondents says:  "Every  county  transacts  its  business 
through  a  board  of  supervisors  or  county  commissioners,  and 
90%  of  the  members  of  these  boards  are  farmers  who  are  un- 
familiar with  the  principles  of  construction  and  management. 
The  resulting  waste  is  appalling.  Members  of  the  board  are 
each  engaged  in  his  own  private  business  and  give  attention 
to  county  affairs  only  at  meetings  occurring  perhaps  once  .i 
month.  A  good  many  thousand  jobs  will  some  day  be  given 
to  county  managers,  and  it  behooves  engineers  and  their 
friends  to  get  busy." 


The  PfniisylvniilM  Waier-Siipply  rommiKHion  in  its  annual 
report  states  that  the  incorporation  of  companies  to  furnish 
domestic  water-supply  has  almost  ceased  in  Pennsylvania, 
Only  nine  such  companies  filed  applications  with  the  com- 
mission during  the  year,  whereas  during  the  five  years  prior 
to  the  creation  of  the  State  Water-Supply  Commission  from 
100  to  150  such  companies  were  incorporated  annually,  in- 
cluding companies  for  the  development  of  water  power.  The 
commission  received  during  the  year  51  applications  for  the 
construction  of  dams  and  issued  43  permits.  It  received  29 
applications  for  permits  for  alterations  and  repairs  on  exist- 
ing dams.  The  commission's  engineers  conducted  626  field 
examinations  on  348  existing  dams  and  ordered  repairs  or 
alterations  on  121  of  these.  The  commission  approved  485 
applications  for  the  erection  of  Structures  In  stream  channels, 
of  which  402  wore  for  bridges,  21  for  fills  and  62  for  walls, 
piers.  Ice  breakers,  etc.  The  commission  comments  on  the 
disastrous  flood  at  Erie.  Penn.,  on  Aug.  3.  1915,  in  which  34 
people  were  killed  and  $2,000,000  worth  of  damage  to  property 
was  done,  and  says: 

It  is  bfllcved  th.at  this  flood  would  have  passed  off  without 
unusual  damage  had  It  not  been  for  the  restricted  conilitlon 
of  the  channel  through  the  city.  The  commls.slon  had  prev- 
iously call'-d  the  attention  of  the  city  nllicials  to  the  obstructed 
condition  of  the  stream  and  reconimindid  that  a  compre- 
hensive plan  for  Us  Improvement  be  prepared  and  sulimltted 
to  the  commission  for  approval,  but  nothing  was  done  until 
after   the   catastrophe   had    occurred. 

The  commission  urges  legislation  empowering  the  com- 
mission to  establish  encroachment  or  shore  lines  along 
streams  In  densely  populr.ced  districts  to  serve  as  permanent 
boundary  marks  within  which  no  encroachments  may  be 
placed  and  rerjulrlng  where  possible  the  removal  of  existing 
encroachments.  The  cc.nmlsslon  Is  ready  to  proceed  with 
the  construction  of  the  I'ymatuning  reservoir  to  regulate  the 
flow  of  the  .Shenango  and  Beaver  Rivers  as  soon  as  the  neces- 
sary funds  are  provided.  An  Hpi)roprlatlon  of  $1,500,000  for 
the  work,  made  by  the  legislature  of  1915,  was  not  approved 
by   the   Governor   on    account   of   InHulllcleat   state    'cvenuo. 
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Something  new  in  reinforced-concrete  work  is  the  con- 
struction of  reservoirs  and  tanks  by  means  of  the  cement 
gun  without  the  use  of  forms.  The  steel  reinforcement 
is  first  erected  in  the  form  of  a  self-supporting  frame  or 
cage  of  angles  and  bars,  with  the  required  amount  of 
spiral  reinforcing  bars  (with  hooked  ends)  securely  fast- 
ened in  place.  Over  this  frame  is  jilaced  a  heaw  wire 
netting  of  triangular  mesh,  which  serves  chiefly  to  hold 
the  concrete  in  place  while  setting,  but  also  forms  addi- 
tional reinforcement. 

When  this  entire  steel  structure  is  erected,  hea^'  can- 
vas or  ducking  is  stretched  over  the  outside,  and  upon 
this  (working  from  the  interior)  a  layer  of  concrete  1  to 
li/j  in.  thick  is  applied  by  means  of  the  cement  gun. 
When  this  layer  has  set  for  a  short  time,  the  canvas  is 


removed :  and  additional  layers  of  dense  concrete  are  ap- 
plied from  both  the  interior  and  the  exterior.  In  this 
way  the  walls  are  built  up  to  the  desired  thickness;  and 
as  each  new  layer  is  applied  before  the  previous  one  has 
set,  the  result  is  a  thoroughly  homogeneous  concrete  mass. 
The  roof  is  built  in  the  same  way.  The  surface  is  finished 
by  floating. 

The  first  stnacture  of  this  type  was  built  at  Car}',  111., 
in  1912.  This  is  shown  in  Fig.  3.  It  is  18x32  ft.  A 
larger  reservoir  now  being  built  at  Elmhurst,  III,  is 
illustrated  in  Fig.  1.  This  is  36  ft.  in  diameter  and  22  ft. 
high,  witli  a  6-iu.  wall,  but  the  lower  portion  is  below  the 
ground.  The  work  is  being  done  by  the  Dewey  Cement 
Gun  Co.,  of  Chicago.  Ilarrj'  L.  Emerson,  of  Chicago, 
is  consulting  engineer  for  the  Elmhurst  water-works. 

One  advantage  claimed  for  this  type  of  const luction  is 
the  reduced  cost  due  to  the  elimination  of  formwork.  It 
also  produces  a  very  dense  concrete  and  a  very  tight 


FIG.   1.    BUILUi.S..    ,v    rii-.iMiitcCKD-CONCRETE  WATRR  TANK  BY  THE  CEMENT  GUN  WITHOUT  USING  FORMS: 

ET.MHUR.ST.  ILL. 

A — The  steel  reinforcement  erected  In  advance  of  the  concreting.  B — The  finished  structure  (only  the  upper  pa'''  j' 
above  ground).  C — Exterior  of  rougrh  concrete.  D — Bulldlnpr  up  the  concrete  on  the  steel.  E — Lower  course  of  rough  con- 
crete, with  canvas  in  place  at  the  left  for  the  next  course  above 
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•■"IG.   2.    REINFORCED-CONCRETE  WATER   TOWER   BUILT 
WITHOUT  THE  USE  OF  FORMS,  AT  CART.  ILL. 

tructure  obviating  the  use  of  special  compounds  in  the 
oncrete  or  placing  a  waterproof  lining.  One  of  the 
eatures  of  the  work  is  that  cornices  of  various  forms 
an  be  built  by  an  expert  operator  with  the  nozzle.  These 
re  struck  oil  to  true  lines  by  means  of  a  sweep  and  may 
■e  left  in  the  rough,  or  finished  to  a  traveled  or  floated 
urface.  Successful  results  in  the  density  and  monolitliic 
haracter  of  the  concrete,  and  also  in  the  appearance  of 
he  structure,  depend  considerably  upon  the  skill  of  tlie 
perator  handling  the  cement  gun. 


AcciuiiP^cs^  lia  Fipecis©  "Worl^ 

By  E.  G.  Fischer* 

The  level  rod  adopted  for  use  in  the  geodetic  leveling 
f  the  United  States  Coast  and  Geodetic  Survey  in  1900, 
lough  contributing  materially  toward  the  very  great  in- 
rease  in  miles  of  completed  line  per  unit  of  time  made 
nee  then,  had  certiiin  shortcomings,  which  it  was  thought 
mid  be  eliminated  by  placing  the  significant  part  of 
irraduation  on  a  metal  that,  besides  being  structurally 
.-lant  as  compared  with  wood,  should  have  a  small  tem- 
LTature  coefficient. 

The  rod  now  in  use  (which  was  described  in  A])pcndi.\ 

of  the  IJnited  States  Coast  and  Geodetic  Survey  I?o- 

'rt  of  1899)   is  made  of  the  best  quality  of  soft  white 

i",  submerged  for  eight  hours  in  hard  paraffin   at  a 

[lorature  of  about  102°  C.    The  centimeter  graduation 

'laced  directly  upon  the  wood.     Meter  spaces  of  tliis 

■luation,  defined  by  fine  lines  on  small  silver  plugs, 

I-  for  occasional  checking  of  the  absolute  length  of 

rod.     The  temperature  coefficient  was  found  to  l)e 

loniily  0.000001  per  degree  Centigrade,  which  is  the 

me  as  that  of  soft  wliite  pine  not  treated  witli  paraffin. 

Wliile  tests,  such  as  keeping  a  completed  rod  submerg<'il 

a  day  or  two  in  water,  proved  tliat  wood  so  treated 

■nstant  as  regards  moisture  conditions,  it  was  found 

i  the  rods  were  subject  to  variations  in  length,  wliieli 

I  1)6  referred  only  to  changes  in  cellular  or  even  inoli'- 

ir  structure,  incident  to   periods  of   rest,   of  jarring 

•'•hlff.  Instrumr^nt  Division,  t^nlted  Staten  Coaat  and  Gco- 
'■■    Survey,   W;m)iini.'tf.n,    D    r 


and  vibrating  wMle  in  the  field,  protracted-  periods  of 
high  or  low  temperature,  etc.  These  variations  were  of 
sufficient  magnitude  to  require  the  measuring  of  the 
meter  spaces  before  and  after  each  season's  work,  and  at 
frequent  intervals  in  the  field. 

The  new  Coast  and  Geodetic  Survey  geodetic  level  rod 
consists  substantially  only  of  a  metal  foot  (or  shoe)  to 
which  is  fastened  securely  a  strip  or  band  of  "Gamma" 
steep  (American  invar)  carrying  the  centimeter  gradua- 
tion. The  wooden  rod,  in  the  face  of  which  this  strip  is 
embedded  loosely  and  is  free  to  move  vertically,  serves 
only  to  support  the  latter  in  an  upright  position  and  to 
carry  the  marks  and  numerals  defining  the  decimeters 
and  meters  of  the  graduation  of  the  strip.  The  strips 
are  Ig^j  in.  wide,  0,04  in.  thick  and  122  in.  long.  Their 
coefficients  of  expansion  differ  slights,  but  in  the  mean 
amount  to  0,000001  per  degree  Centigrade. 

As  is  seen  from  the  adjoining  illustration,  the  form  of 
the  foot  differs  materially  from  that  of  the  present  stand- 
ard, which  was  designed  to  rest  with  its  spherical  lower 
surface  either  in  the  spherical  cavity. of  a  foot  plate  or 
pin,  or,  as  more  than  95%  of  the  geodetic  leveling  is 
done  along  railways,  directly  upon  the  top  of  the  rail. 
Only  the  greatest  care  could  prevent  errors  due  to  in- 
stability of  the  foot  plate.  Long  series  of  observations 
made  with  the  rods  supported  upon  the  top  of  the  rail 
showed  errors  caused  by  irregularities  in  worn  rails. 

The  search  for  a  more  perfect  support  ready  at  hand 
at  any  place  and  free  from  these  objections  led  to  tlie 
selection  of  the  track  spike.  To  suit  this  support  the 
lower  surface  of  the  foot  was  made  a  plane  normal  to 
the  rod.  The  spikes  being  in  close  proximity  to  the  rail, 
the  brass  casting  holding  tiie  hardened-steel  shoe  was 
made  to  extend  upward  sufficiently  to  permit  facing  the 
rod  in  any  direction,  wlien  leveling  along  tracks  witli  the 
heaviest  and  therefore  highest  rails.  For  leveling  away 
from  railroads,  a  heavy  foot  pin  with  convex  top  surface 
is  used. 
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This  method  of  placing  the  rod  was  tried  out  duriiiji 
the  past  season  and  was  found  to  eliminate  certain  sys- 
tematic errors  that,  no  doubt,  were  due  to  habitually 
l)lacing  the  rod  differently  with  respect  to  the  width  of 
the  rail  when  facing  forward  and  backward. 

The  foot  of  the  rod  is  of  red  metal  for  a  height  of  10 
cm.,  with  a  shoe  5.5  cm.  high  of  1%-in.  square  steel,  the 
lower  end  of  which  is  hardened,  made  plane  and  polished. 
The  "Gamma"  steel  strip  is  fastened  to  the  red-metal 
foot  by  means  of  a  stout  screw,  and  its  unvarying  rela- 
tion to  the  hardened-steel  plane  is  secured  by  four  steady- 
pins. 

The  wooden  part  of  the  rod  is  of  soft,  light  white  pine 
ly^  in.  thick  and  4%  in-  wide.  It  is  not  treated  with 
paraffin,  but  oiled  and  varnished  for  protection  against 
wear  and  decay. 

The  "Gamma"  steel  strip  is  held  in  its  recess  by  six 
pairs  of  thin  brass  plates  projecting  slightly  over  its 
edges,  but  leaving  it  entirely  free,  so  that  changes  in 
the  wooden  support  cannot  aifect  the  accuracy  of  the 
centimeter  graduation. 

Just  above  the  handle  at  the  rear  is  embedded  a  small 
thermometer,  which  is  shielded  by  a  wooden  sliding  cover. 
An  adjustable  universal  level,  below  the  handle,  enables 
the  rodman  to  hold  the  rod  vertical.  The  weight  of  the 
rod  is  14  lb. 

The  bottom  of  the  foot  being  of  hardened  steel,  and  the 
"Gamma"  steel  strip  being  secured  to  the  foot  in  a  man- 
ner to  make  them  practically  one  piece,  the  index  error 
will  have  to  be  determined  only  at  long  intervals. 

Changes  in  Leveling  Practice 
Heretofore  it  has  been  the  practice  of  the  precise-level- 
ing party  to  have  one  of  the  two  rodmen  occupy  with  his 
rod  all  the  odd-numbered,  and  the  other  witli  his  rod 
all  the  even-numbered,  turning  points,  so  that  each  rod 
was  first  shown  to  the  instrument  on  the  foresight ;  then, 
after  the  instrument  was  carried  forward  and  past  this 
rod  to  the  next  station,  it  was  turned  on  its  support  for 
the  backsight. 

This  involved  at  each  change  of  instrument  station  the 
carrying  forward  of  the  rear  rod  past  the  forward  rod, 
past  the  level  in  its  new  station,  to  the  next  turning 
point ;  or  in  other  words,  a  distance  of  two  turning-point 
intervals.  By  thus  alternating  successively  the  relations 
of  the  rods  to  the  instrument  accumulated  errors  due  to 
uncertainties  as  to  their  lengths  were  reduct'd  to  a 
minimum. 

The  lengths  of  the  new  rods  being  known  quite  accur- 
ately at  all  times,  one  of  them  can  be  kept  in  the  position 
to  the  rear  and  the  other  forward  of  the  level  for  several 
miles  at  least  before  it  is  necessary  to  exchange  them  in 
order  to  avoid  accumulating  errors  due  to  remaining 
.flight  uncertainties  as  to  rod  lengths.  This  method  will 
save  considerable  time. 

'^. 

R®tuj^]hini©©s  ®f  Sfteell  Pnp©  Aftleff" 

]?v  W.   L.  1;i;yxoi.1)s* 

A  Kutter's  formula  coefficient  of  roughness,  n,  of 
0.00938  has  been  found  for  a  22-yr.  old  IG-in.  (outside 
diameter;  inside  diameter,  15.5  in.)  lap-welded  steel  pipe 
at  Glenwood  Springs,  Colo.     Tlic  line  was  built  in  1888 

♦Glenwood  Springs,  Colo. 


tiy  the  Glenwood  Light  and  Water  Co.,  to  bring  water  to 
tile  to";^'n  for  domestic  iises  and  power.  The  pipe  was 
like  that  now  made  by  the  National  Tube  Co. 

A  valuation  of  the  plant  was  made  in  1910,  and  it  was 
necessary  to  determine  both  the  carrying  capacity  and 
condition  of  this  line.  The  following  data  are  from  a 
test  then  made  to  determine  the  coefficient  of  roughness. 

The  conditions  for  such  an  examination  were  exception- 
ally good.  Three  wood-stave  tanks  of  about  90,000  gal. 
capacity  each  are  direct  connected  to  the  upper  end  of  the 
line.  These  tanks  are  supplied  by  a  flume.  When  the 
test  was  made,  the  supply  was  cut  off  and  the  quantity 
of  water  that  passed  through  the  pipe  was  measured  di- 
rectly by  recording  the  difference  in  the  water  surfaces. 
At  the  power  house  the  line  branches  into  lines  supplying 
the  wheels  and  the  distributing  mains.  A  gage  that  had 
recently  been  compared  with  a  standard  gage  was  used  in 
recording  pressures  at  the  power  house.  The  line  is  free 
from  sharp  curves  and  well  below  the  hydraulic  gradient, 
being  under  nearly  200  lb.  per  sq.in.  pressure  most  of  its 
length.  A  physical  examination  showed  the  pipe  to  be  \er\ 
smooth  on  the  inside  and  little  corroded  on  the  outside. 

TEST  DATA,  GLENWOOD  SPRINGS  STEEL-PIPE  LINE 

^i"    5  "    2s  »     - 

•^  W  3  c  >i  -^  ?  CJ^r"   I  rt}  ^   T  M  S     *" 

.Zc-,,-  5^S—o  5„  01  o  o  t.^0                oi.«e 

3.14  660.00  460.00  199.6 

3.14  1.46  458.54  l.">4,6 

3.16y.  2.75  457.25  147.1 

3.19  4.08  455.92  142.1 

3.21%  5.25  454.75  141.6 

3.24  6.35  453.65  141.1 

3.26V"  7.50  452.50  141.1 

3.29  8.60  451.40  140.6 

3.31%  9.69  450.31  140.6 

3.34  10.81  449.19  140.1 

3.36%  1189  448.11  140.1 

3.39  13.02  446.98  139.6 

Averages     11.56  452.60  142.6  328.6 

Volume  was  measured   from   three  wood-stave   tanks  at  head 
of  the  line.     Diameter  at  3.14   (time).  27.9  ft.;  at  3.39,  29.4  ft 

Volume   of  water   used,   cu.ft 22.3tit 

Average   velocitv.   ft.   per  sec 11.3S 

Velocity    head,    ft 2.00 

Entrance    head   loss,   ft 3  00 

Average   friction  head  loss,  ft 128. ( 

Slope   to  overcome   friction,    % 0.020fil 

Hydraulic    radius,    ft 0.322ri 

Coefficient  C    1396 

Coefficient  n   0.0093" 

At  the  head  end  of  the  line  included  in  the  length  of 
6,229  ft.,  there  is  G40  ft.  of  spiral  riveted  steel  pipe  vary- 
ing in  diameter  from  the  16-in.  pipe  to  24  in.  at  the  con- 
nection with  the  tanks.  Of  course,  the  presence  of  thi.< 
larger-diameter  pipe  would  have  a  tendency  to  give  n 
lower  friction  factor  than  the  actual  when  the  whole  length 
was  considered  as  of  15.5-in,  inside  diameter.  To  over- 
come this  error,  I  have  recomputed  for  a  value  using  a 
total  length  of  pipe  of  only  5,589  ft,  or  in  other  words 
I  have  assumed  there  was  no  friction  loss  in  the  .spiral 
pipe.  Tn  this  assumption  S  =  0.02297;  C  =  132.33; 
r  =  11.38,  as  before;  r  =  0.3225,  as  before.  B.v 
substituting  in  Kutter's  formula,  as  before,  I  found  a 
value  of  H  of  0.00975.  Therefore  the  correct  value  cvi- 
flently  is  between  0.00938  and  0.00975,  Either  value  i? 
below  that  which  is  usually  given  for  new  steel  pipe  and 
perhaps  only  about  one-half  the  value  one  would  expect 
lo  find  in  a  pipe  after  22  years  of  service. 

A  check  on  the  value  obtained  by  this  test  appeareil 
when  20.3  sec.-ft.  of  water  was  allowed  to  flow  throngli 
the  pipe  and  the  loss  as  indicated  by  the  pn\ver-hoii.«t 
gage  corresponded  very  closely  « ith  the  coinputcd  loss. 
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SHEAHAN'S    DAILY    COST    SHEET    (8'/bxll?4) 


The  first  form  herewith  shows  how  J.  J.  Sheahan,  of 
Eoanoke,  Va.,  keeps  tab  on  the  cost  of  a  contract.  The 
figures  shown  are  a  day's  record  on  the  low-grade  line  of 
the  Xorfolk  &  Western  R.E.,  between  Burkeville  and 
Pamplin,  Va.,  in  1915.  Such  a  sheet  is  filled  out  for 
each  shift  and  handed  to  ^Ir.  Sheahan,  if  he  is  on  the 
work,  or  forwarded  to  him.  If  the  foreman  or  super- 
intendent has  any  special  remarks,  he  writes  them  on 
the  back  of  Ihc  sheet,  upon  which  there  is  no  printing  or 
ruling. 

C.  W.  Lane  &  Co.,  of  Atlanta,  Ga.,  uses  two  daily  cost 
sheets,  one  each  for  labor  and  material,  as  shown.  At 
foot  of  Sheet  1  is  a  reminder:  "This  report  must  be 
filled  out  tonight  and  mailed  by  first  mail  tomorrow  to 
Atlanta." 

Both  these  contractors  are  now  working  on  the  new 
second-track  grading  of  the  Southern  Ry.  between  Cen- 
tral, S.  C,  and  Cornelia,  Ga.,  and  are  using  here  their 
respective  methods  of  keeping  track  of  costs.  Lane's 
section  is  5.5  miles  long,  and  8  shovels  are  at  work  on 
it.  He  uses  large  standard-gage  locomotives  to  haul  12- 
yd.  air-dump  cars.  Whiles  and  2-yd.  wagons  handle  from 
one  shovel  (revolving).  The  section  is  22%  complete. 
Sheahan  has  a  part  of  the  Einehart  &  Dennis  section,  and 
his  plant  comprises  two  shovels,  six  dinkeys,  sixty  4-yd. 
dump  cars,  two  well  drills  and  two  hand  hammer  drills. 
Work  i^tarted  about  the  mid- 
dle of  May.  The  total  yard- 
age over  the  entire  50  miles 
is  about  9,000,000.  In  the 
case  of  Sheahan's  form,  both 
the  material  and  the  labor 
accounting  are  on  one  side 
of  the  sheet, 
and  that  not 
only  is  the 
day's  total 
cost  worked 
out  but  that 
this  figure  is 
expected  to 
be  a  d  d  e  d 
to  the  previ- 
ous total  cost 
in  order  to 
obtain  the 
total  cost  to 
date.  Sheet  1 
of  Lane's  sys- 
tem is  for 
labor  only.  The  classes  of 
labor  are  listed  in  the  first 
column.  In  the  heading  col- 
umn are  the  various  classes 
of  work  on  which  the  men 
are  employed.  The  reverse 
of  this  .sheet  is  for  follow- 
ing up  the  material  and  tlic 
third  fonn  is  to  be  used  for 
costs  of  material  and  works 
very  satisfactorily. 
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By  0.  W.  Childs* 

Not  many  years  ago  bridges  on  rural  highways  were 
designcil  for  a  uniform  live-load,  and  but  slight  atten- 
tion wa.':  given  to  concentrated  or  wheel  loads.  Later, 
traction  engines  were  a.«sunied  to  be  the  critical  loads 
for  the  floor;  and  still  later,  road  rollers  were  used  for 
the  same  purpose.  Today,  motor  trucks  are  usually  con- 
sidered to  be  the  bogy  of  the  highway  bridge. 

Large  motor  trucks  equal  in  weight  the  heaviest  trac- 
tion engines  or  road  rollers,  travel  at  much  greater  speeds 
and  have  a  wider  range  of  travel.  These  considerations 
indicate  that  motor  trucks  are  the  proper  form  of  con- 
centrated loads  to  specify  in  the  design  or  investigation 
of  highway  bridges. 

Specifications  as  to  concentrated  loads  for  highway 
briilyut;    vary    con  a  i  durably.      This    is    inconvenient   and 

MAXIMUM        SHEAR 


center.  One-third  of  the  weight  is  on  the  front  axle. 
two-thirds  on  the  rear  axle.  With  this  standard  size  aud 
distribution  the  capacity  may  be  definitely  and  simply  ex- 
pressed as  the  total  weight  in  tons  of  the  loaded  truck. 

The  accompanying  diagram  of  maxinuim  shears  and 
moments  covers  the  range  from  5-ton  to  24-tou  trucks, 
and  spans  up  to  50  ft.  The  table  for  10-tou  trucks  niav 
be  used  for  any  weight,  as  the  values  vary  in  direct  ratio 
with  the  weight. 

Bridges  on  improved  roads  should  as  a  rule  be  designed 
for  15-ton  typical  trucks,  but  other  capacities  may  be 
necessary  for  special  conditions.  The  capacity  of  an  old 
Iiridge  may  be  expressed  as  any  number  of  tons  that  it 
mav  figure  to  carry  on  the  wheel  spacing  of  this  typical 
triU'k. 

The  table  and  diagrams  give  static  stresses.  An  addi- 
tion nmst  be  made  to  these  to  provide  for  the  effects  of 
impact,  which  are  more  serious  from  swiftly  moving 
motor  trucks  than  from  slower-moving  road  rollers  and 
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causes  indefiniteness  in  judging  the  comparative  capari- 
ties  of  structures.  Traction  engines,  road  rollers  and 
motor  trucks,  with  varying  wheel  and  axle  spacings  and 
various  distributions  of  loads  to  the  wheels,  all  give  dif- 
ferent results  even  when  the  total  weights  of  the  different 
vehicles  are  the  same.  It  is  very  desirable  to  use  some 
standard  type  of  concentrated  load. 

A  typical  truck  of  a  varying  weight  serves  conveniently 
for  this  common  standard;  when  other  loads,  a.s  road  roll- 
ers or  traction  engines,  must  be  considered,  their  effects 
may  be  readily  expressed  in  terms  of  equivalent  typical 
1  rucks. 

A  typical  truck  is  herein  assumed  to  have  two  axles 
spaced  10  ft.  on  centers,  with  the  two  wheels  on  each 
axle  spaced  5  ft.  on  centers.  This  truck  covers  a  space 
9  ft.  wide  by  20  ft.  long,  symmetrical  abcmt  the  truck 
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traction  engines.  Tn  general  this  iin]iact  allowance  should 
not  be  less  than  30%  of  the  static  stress,  but  it  should 
be  varied  to  fit  conditions.  The  nature  and  condition  of 
roadway  surface  and  the  type  of  floor  system  are  important 
factors  of  impact  effect. 

Wheel  loads  will  usually  cause  maximum  stresses  ii 
the  floor  system  only,  but  their  effect  should  be  provideii 
fur  in  all  members  where  they  may  cause  stress  in  excef" 
of  that  of  the  uniform  live-load. 

On  rural  highways  only  one  truck  need  ordinarily  1" 
considered  as  acting  on  a  bridge,  as  the  roadway  is  nar 
row,  in  most  cases.  However,  two  trucks  should  be  sf 
sumed  as  meeting  and  passing  each  other  whenever  tin 
roadway  is  wide  enough  to  permit  this.  Truck  loa<' 
need  not  as  a  rule  be  considered  as  acting  in  coiubinatioi  t 
with  uniform  live-load.  Centrifugal  force  and  braking  = 
eil'eets  should  be  taken  account  of  where  special  condition: 
render  this  advisalde. 
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MAXIMUM   SHEARS  AND   BONDING  MOMENTS   FOR 
TYPICAL   TRUCKS 


pan.  Ft. 


Values 

for   two  1 

vheels  on   one 

side 

10-Ton 

Truck 

10-Ton  Truck 

Shear. 

Moment. 

Shear. 

Moment, 

Lb. 

Ft.-Lb. 

Span.  Ft. 

Lb. 

Ft.-Lb. 

6,666 

8.333 

2S 

8.S10 

54,325 

6.666 

10.000 

29 

S.S52 

56,791 

6.666 

11.666 

30 

8.890 

59,259 

6.666 

13.333 

31 

8,926 

61,740 

6.666 

15.000 

32 

8,958 

64,201 

6.u66 

16.666 

33 

8,990 

66,675 

6.970 

IS. 333 

34 

9,018 

69.150 

7.222 

20,000 

35 

9.048 

71.627 

7.436 

21.666 

36 

9.074 

74,005 

7.622 

23,333 

37 

9,100 

76.584 

7.778 

25,000 

38 

9.124 

79,094 

7.91S 

26.666 

39 

9,146 

81,546 

8.040 

28.333 

40 

9,168 

84.048 

8. 148 

30,000 

41 

9.188 

86.511 

S.246 

32.294 

42 

9.208 

88.993 

8,334 

34.721 

43 

9.226 

91.477 

8.412 

37.154 

44 

9.244 

93.965 

8,486 

39.594 

45 

9,260 

96.451 

8.552 

42.040 

46 

9.276 

98.946 

8.612 

44.488 

47 

9  292 

101,424 

8.668 

46.942 

48 

9,306 

104.012 

8.718 

49,401 

49 

9,320 

106.400 

8.766 

51.833 

50 

9,334 

108,889 

The  second-tracked  Southern  By.  will  cross  the 
ugaloo  Eiver  in  South  Carolina  on  a  deck  girder  bridge 
rasisting  of  five  100-ft.  spans  on  two  cellular  concrete 
lutments  and  three  concrete  piers.  The  concrete  work 
IS  been  carried  on  with  efficiency  and  vigor,  with  the 
■suit  that  it  is  expected  that  the  bridge  will  be  completed 
)  months  ahead  of  the  contract  date.  Work  started  in 
pril,  1915,  and  the  contract  calls  for  completion  by 
'ptember,  1917.  On  Oct.  1,  1916,  one  of  the  abutments 
Pig.  1)  was  nearly  finished,  the  excavation  for  the  other 
as  down  20  ft.  to  rock,  and  the  pier  forms  were  being 
ected.  The  foundation  pits  are  dredged  out  by  an 
angepeel.  The  forms  are  very  heavy  and  are  intended 
T  use  on  future  contracts. 

The  concreting  plant  is  designed  to  minimize  manual 
l)Or.  Crushed  stone  is  transported  to  the  job  by  a  gaso- 
118  scow  from  a  quarry  located  a  mile  or  two  up  the 
ver;  it  is  unloaded  by  a  derrick  and  clamshell  into 
bin.  The  bin  is  connected  to  a  hopper  that  discharges 
to  a  %-yd.  Ransome  mixer.  The  concrete  is  conveyed 
the  forms  in  buckets  on  small  cable  cars  on  a  track, 
he  buckets  are  lifted  off  the  cars  by  a  derrick  and 
imped.  Tlie  derrick  then  replaces  the  buckets  on  tJK 
rs  and  they  arc  returned  to  the  concrete-mixing  plant. 


The  contract  section  of  the  new  Southern  on  which  the 
Tugaloo  bridge  occurs  is  held  by  Winston  &  Co.,  under 
Mdiom  the  Shiplett  Concrete  Co.  is  building  the  bridge. 
The  headquarters  of  G.  D.  Shiplett  are  on  this  job.  J.  0. 
Parsons,  Assistant  Engineer,  supervises  the  work  for  the 
railway. 


The  Sandy  Ridge  tunnel  on  the  Carolina,  Clinchfield  & 
Ohio  Ry.  is  being  lined  with  concrete  by  the  pneumatic 
method.  Before  this  work  was  started,  a  profile  v.-as 
plotted  from  the  final  cross-sections  taken  every  5  ft. 
through  the  tunnel.  The  profile  showed  the  rock  out- 
line very  accurately.  Close  examination  of  the  profile 
brought  out  the  fact  that  the  interior  face  of  the  pro- 
posed lining  could  be  shifted  outward  and  yet  adequate 
strength  secured.  Thus  a  large  yardage  of  concrete  was 
saved  and  a  wider  tunnel  obtained.  A  small  section  of 
the  profile  of  the  tunnel  excavation,  from  which  the  trim- 
mintr   of    the    linino;   was    determined,    is    sliown    below. 


mi  lira 

100-F+.    stations 

FIG.  1.     PROFILE  OF  TUNNEL  EXCAVATION.   FROM  WHICH 
TRIMaMLN'O    for    LLVING    was    DETERMINED 


FORMS  UP   FOR   hollow    ABUTMENT   OF  TUQALOO 
BRIDGE;  A  PIER   COFFER-DAM 


STEEL   FORMS   USRD  TO   LINE    SANDY    RIDGE 
TUNNEL;   NOTE   ROCK 
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The  tunnel  is  7,804  ft.  long  and  for  about  one-half  its 
length  is  through  slate  and  shale  formations,  which  dis- 
integrate iipon  exposure  to  air;  the  remaining  half  is 
through  sandstone  formation  badly  seamed  and  broken. 
Fig.  2  is  an  interior  view  of  the  tunnel,  showing  a  30-ft. 
section  of  steel  forms  in  place.  The  finished  tunnel  is 
19  ft.  wide,  li  ft.  5  in.  from  subgrade  to  springline  and 
has  a  radius  of  9  ft.  0.  K.  Morgan,  Johnson  City,  Tenn., 
is  Engineer  in  Charge. 

JsicE^ina^  ComiC2'e6e=§]i8iIb  IBirndl^© 

About  a  year  ago  an  old  highway  bridge  in  Monroe 
County,  N.  Y.,  was  replaced  by  a  reinforced-concrete 
girder-and-slab  bridge  resting  on  the  old  abutments.  The 
new  bridge  is  of  a  novel  type  that  has  been  used  for  sev- 
eral crossings  in  the  county.  Two  girders  at  the  sides 
rest  on  the  longitudinal  arms  of  a  U-abutment  and  carry 
a  middle  floor-beam.  The  floor  slab  spans  the  space  be- 
tween the  face  walls  of  the  abutment  and  the  floor-beam. 
The  load  on  the  slab  is  thus  being  transmitted  to  the 
girders  through  the  floor-beam  only,  as  there  is  no  rein- 
forcement connection  between  slab  and  girder.  This 
bridge  had  a  span  of  15  ft.  and  a  width  of  22  ft.  inside 


Laying  Street  Paving  by  Force  Account  is  favored  by  tl 
Department  of  Public  VVorics  of  St.  Paul,  Minn.  In  the  annu 
report  of  the  Commissioner  of  Public  Works,  M.  N.  Goss,  f 
the  year  1915,  it  is  stated  that  the  practical  effect  of  ei 
force-account  work  during  the  year  has  been  a  saving 
about  12%  over  the  lowest  bids  submitted  by  street-pavi: 
contractors.  The  Chief  Engineer  of  the  department.  O.  Clau 
sen.  says:  "The  department  is  in  favor  of  continuing  to 
paving  by  city  force  account  for  various  special  reasons  ai 
is  splendidly  equipped  at  the  present  time  to  lay  in  an  el 
cient  and  economical  manner  20  to  30  mi.  of  pavement  p 
season."  Mr.  Claussen  does  not  favor,  however,  the  systt 
in  which  the  city  bids  against  contractors  for  paving  woi 
as  he  considers  it  unfair  both  to  the  department  and  to  t 
contractor  and  predicts  that  it  "VN'ill  eventually  be  discontinu- 
In  comparing  contractors*  bids  with  bids  made  by  the  depat 
ment  for  paving  work,  criticism  has  been  made  of  the  depai 
ment  because  3%  is  added  to  the  contractors'  bid  to  represt- 
the  cost  of  inspection  if  the  work  is  done  by  contract.  T 
extra  engineering  expense  on  contract  work  is  certaii 
enough  to  account  for  3%. 

Piledrivins  Rules  ol  10  Railnays — The  general  piledrlvi 
practice  on  a  number  of  railways  is  included  in  the  rect 
report  of  the  Committee  on  Modern  Methods  of  Driving  Pi 
of  the  American  Railway  Bridge  and  Building  Associati' 
The  minimum  depth  of  penetration  for  piles  in  trestles 
usually  considered  to  be  about  15  ft.,  but  there  are  numb. 
less    situations    where    piles    stopped    at    this    depth    will    i 


1,-h;.    1.      .\|.  iNKi  ii:   '■Mr.\T\     IIKIl  ";I0  JACKED  UP 

the  girders:  tbc  girders  were  27  ft.  long,  extending  fi  ft. 
beyond  the  face  of  the  abutment  at  either  end. 

During  the  present  summer  extremely  high  water 
undermined  one  corner  of  one  abutment  and,  washing  out 
the  earth  l)acking  there,  allowed  one  corner  of  the  bridge 
to  fall.  The  whole  superstructure,  there  being  a  construc- 
tion joint  between  abutment  and  girder,  toppled  over  as 
a  unit  toward  this  corner,  crushing  the  other  abutment 
wall  on  the  same  side  as  the  washout  and  lifting  off  from 
the  abutment  on  the  opposite  side  of  the  bridge. 

Examination  showed  that  there  was  no  damage  to  the 
bridge  itself.  A  frame  was  therefore  laid  across  the 
creek  bed  and  the  bridge  jacked  back  into  place,  as  shown 
in  Fig.  1.  Once  there,  it  was  a  simple  matter  to  concrete 
a  new  abutment  side  wall  and  to  repair  the  face  walls,  so 
that  now  the  l)ridge  is  doing  service  as  shown  in  Fig.  2. 

The  design  and  repair  work  were  carried  out  by  the 
office  of  the  County  Engineer,  J.  Y.  l\IcC]intock,  and  was 
in  charge  of  George  Wright,  Assistant  County  Engineer. 


Fill,  1'.    i:i:i'aii:ed  con'Ckete  girder  and  slab 

sustain  the  load.  The  determination  of  the  proper  stoppi 
place  is  largely  a  matter  of  judgment  and  experience.  For 
ulas  or  rules  have  been  devised  to  assist  the  judgment,  an. 
summary  of  the  methods  used  by  a  number  of  railroad  cv 
panies  follows: 

Foreman's  judgment  without   formulas 11  ro: 

As  long  as  the  pile  will  drive  without  damage ;  ro. 

Practical   refusal    ^''° 

"Engineering  News"   formula j  *""■ 

Special  instructions  based  on  investigation  and  tests.      S  ro 

Central  of  Georgia — 3.000-lb.  drop  hammer  with  a  zn 
drop,  1-in.  penetration;  Bucyrus  No.  43,  steam  hammer,  14 
per  blow. 

Central  of  New  Jersey — 3,000-lb.  drop  hammer  with  a  i» 
drop,   1-in.   penetration. 

Chicago  &  Northwestern — 3,000-lb.  drop  hammer,  i» 
drop,  >^-in.  penetration.  (Above  applies  to  foundation  pi 
"Engineering  News"   formula  is  also   used.) 

Illinois  Central— 3,000-lb.  drop  hammer,  20-ft.  drop,  Vi 
penetration.  ,  ,  r   *.    j.^n 

Michigan   Central— 3,000-lb.   drop   hammer,   15-ft.  drop, 

'"■  New'^York 'centl-al  Lines  West— 3,200-lb.  drop  hammer, 

ft.  drop,   %-  to  1-in.  penetration.  .„ 

N.  Y.,  N.  H.  &  H. — 2,000-lb.  drop  hammer,  25-lb.  drop,  i" 

*°'^Plii[adelph°ir  &  Reading— 2,250-lb.  drop  hammer.  15-ft  ib 
refu-sal;  3,300-lb.  drop  hammer,  10-ft.  ''■•°P;,;;f '"'■'''„,_,er    1 

St.    Louis    &    San    Francisco — No.    2    Vulcan    hammer, 
in  four  to  six  blows.  »      ..  e   ^A   fi    w 

Toledo,   St.    Louis   &   Western— Penetration   of   14   n. 
ft.   Conditions  uniform. 
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Will  Sinffipir©^einnieiat§  iia  Wateir= 


Bitter  complaints  have  been  made  at  recent  water-works 
conventions  that  after  large  expenditures  have  been  made 
at  the  insistance  of  the  Fire  Underwriters  and  with  the 
lure  of  lower  water  rates  no  reduction  of  rates  follows. 
Perhaps  with  this  in  mind,  Dabney  H.  Maury,  Chicago, 
in  a  report  on  possible  improvements  to  the  water-works 
of  Wilmette,  111.,  concludes  as  follows : 

A  large  part  of  the  cost  of  the  improvements  herein  con- 
templated would  be  incurred  for  fire  protection.  No  one  will 
profit  more  directly,  nor  to  a  greater  extent,  from  these  im- 
provements than  will  the  fire  underwriters,  and  they  should 
bear  their  share  of  the  cost.  It  is  therefore  recommended  that 
these  gentlemen  be  aslted  to  state  definitely,  in  advance  of  any 
expenditure  for  these  improvements,  what  reduction  they  will 
make  in  insurance  rates  if  the  standards  of  service  herein- 
before specified  be  established  in  Wilmette. 

This  seems  an  eminently  fair  question  to  put  to  the 
Fire  Underwriters.  Cities  or  property  owners  are  sub- 
jected to  penalties  right  and  left  for  alleged,  and  doubtless 
real,  deficient  fire  protection.  What  more  natural  than 
to  e.xpect  that  the  fire-insurance  rates  will  be  lowered 
when  a  hundred  thousand  or  a  million  dollars  have  been 
spent  by  a  city  on  strengthening  the  fire  service  of  the 
water-works?  Perhaps  rates  are  lowered  oftener  than  is 
credited  to  the  insurance  men,  but  no  one  speaks  out  in 
meeting  and  says  so  at  water-works  conventions. 

The  fact  is  that  the  feeling  most  commonly  exhibited 
t  the  water-works  conventions  is  that  the  fire-insurance 
men  continually  cry  "Give,  give."  to  the  water-works  men 
and  seem  unwilling  to  give  anything  in  return  except 
what  the  water-works  men  regard  as  arl)itrary  rules  with 
unwarranted  penalties  thrown  in  for  full  and  running- 
over  measure. 

The  outcome  of  ^Ir.  Maury's  sugtrestion  to  the  Wilmette 
\'illage  Tru.stees  will  be  watched  for  with  interest.  Per- 
liaps  it  will  show  that  the  Fire  Underwriters  are  more 
willing  to  go  halfway  than  the  water-works  men  com- 
iiKinlv  believe. 


Six  Cofflminn\®in:adlinffieimfts  off  Sanaitas'S'' 
Disposal!  of  Sc'wei^e 

Six  short  sentences  comprise  what  may  well  be  termed 
ic  Six  Commandments  of  Sanitary  Disposal  of  Sewage, 
i-ently  suljmittcd  as  a  proposed  code  by  the  Committee 
■;a  Sanitary  Control  of  Waterways  of  the  Sanitary  Section 
of  the  American  Public  Health  Association.  The  six 
rules,  together  with  the  committee's  explanatory  notes, 
are  printed  elsewhere  in  this  issue.  They  deserve  the  at- 
tention of  every  reader  of  this  journal. 

Rarely  does  a  code  .so  clearly  crystallize  the  strong  be- 
i"f  of  the  vast  majority  of  engineers  working  in  an  im- 
portant field  as  do  these  six  commandments.     We  tliere- 
fore  expect  from  engineers  no  material  objection  to  the 
"de's   requirements.      That   there    may    be   considerable 
lotests  to  the  proposed  code  we  have  no  doubt,  but  for 


the  most  part  they  will  be  in  the  nature  of  outbursts  from 
persons  with  more  zeal  than  knowledge. 

It  is  unfortunate,  but  true,  that  popular  zeal  for  the 
protection  of  natural  waters  from  pollution — zeal  that 
was  long  in  being  aroused — has  far  outrun  knowledge  of 
the  real  efl'ects  of  discharging  sewage  into  natural  waters, 
of  what  is  practicable  in  the  way  of  sewage  treatment,  and 
of  the  relationships  of  sewage  treatment  and  of 
water  treatment  to  stream  pollution  and  to  each  other. 
The  fundamental  principles  succinctly  laid  down  by  the 
committee  in  its  report  and  the  well-considered  notes  to 
each  of  the  six  sections  of  the  code  provide  needful  moans 
of  popular. education  on  these  subjects. 

The  code  and  its  prefatory  fundamental  principles,  it 
is  hoped,  will  soon  be  brought  to  the  attention  of  the 
general  membership  and  of  the  other  readers  of  the 
"Journal"  of  the  American  Pulolic  Health  Association. 
So  far,  good;  but  this  is  not  enough.  The  whole  report 
deserves  much  wider  circulation.  The  cause  of  public  san- 
itation and  sound  public  economics  would  be  well  served 
and  at  the  same  time  the  American  Public  Health  Asso- 
ciation would  be  given  helpful  and  deserved  publicity  if 
the  entire  report  were  reprinted  and  widely  distributed 
for  publication  and  comment  in  the  daily  and  weekly 
press  of  the  country. 

Rosidl  S^ipfacflEig  Es  HoS  M.oadl 

Since  the  beginning  of  the  extensive  use  of  pavements 
on  rural  highways  the  term  "road  building"  seems  to  have 
become  confused  with  pavement  construction,  or  "road 
surfacing."  There  is  a  difference.  Poad  building  is  a 
much  broader  term ;  it  includes  more  than  a  superficial 
impi'ovement,  in  a  literal  as  well-as  in  a  figurative  sense. 
'Pile  Komans  were  road  builders,  and  their  roads  have  en- 
dured, while  modern  road  surfacings  have  worn  out  in 
a  veiT  few  years. 

The  permanent  character  of  the  Roman  roads  was  of 
course  attained  at  too  high  a  cost  to  be  emulated  by 
modern  highway  enginceis,  yet  there  ai-e  certain  perma- 
nent featui-es  in  everyday  modern  road  building  which 
ought  not  to  be  neglected;  and  there  seems  to  be  plenty 
of  foundation  for  believing  that  they  ai'c  neglcctetl,  and 
that  a  little  of  the  effort  and  talent  being  dii-ected  to  find 
an  ideal  surfacing  material  might  well  be  addressed  to 
some  of  these  simple  engineering  essentials. 

What  some  of  these  essentials  are  II.  E.  Bilger,  Road 
Engineer  of  the  Illinois  State  Highway  Commission, 
points  out  in  another  part  of  this  issue.  Little  of  this 
matter  is  new.  In  fact,  most  of  it  is  I'ather  hackneyed,  yet 
it  seems  that  constant  i-eiteration  of  these  jirinciples  is 
necessary  to  insui-c  considei'ation. 

Tons  of  literature  have  gone  fortli  on  the  necessity 
of  pi-oper  drainage  of  road.s,  but  let  this  significant  sen- 
tence from  i\Ir.  Bilger's  article  sink  in:  "In  order  to 
maintain  satisfactorily  a  road  surface  in  practically  level 
counti'y  on  other  than  a  sandy  soil,  it  is  generally  abso- 
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lutely  necessary  to  forestall  capillarity  by  elevating  the 
roadbed  above  the  level  of  the  adjacent  fields." 

Obvious  and  platitudinous  as  this  may  seem,  there  is 
no  elementary  principle  of  road  building  that  is  oftener 
violated.  Anyone  who  has  traveled  over  some  of  the  in- 
famous roads  of  Kansas,  Nebraskaj  Missouri  and  some  of 
the  other  agi'icultural  prairie  states  can  vouch  for  the  fact 
that  a  great  part,  if  not  all,  of  their  troubles  is  caused 
by  the  fact  that  the  roadbeds  are  troughs  in  cultivated 
fields.  No  amount  or  kind  of  surfacing  on  such  roads  will 
cure  their  real  weakness. 

It  is  strange  that  a  practice  so  universally  followed  in 
railway  grading  should  be  so  often  ignored  in  the  parallel 
practice  of  highway  grading,  although  behind  this  neglect 
of  course  is  the  desire  to  save  expense.  To  raise  a  21- 
ft.  roadbed  1  ft.  above  the  level  of  the  surrounding  land 
requires  about  4,500  cu.yd.  of  fill  per  mile,  making  an  al- 
lowance of  10%  for  shrinkage.  Made  with  wheel  scrapers 
from  roadside  borrow  pits  at  20c.  per  cu.yd.,  this  extra  cost 
isvould  be  $900  per  mi. — a  liberal  estimate. 

Suppose  we  go  a  little  farther  than  Mr.'Bilger  and 
suggest  a  nearer  approach  to  railway  practice — an  18-in. 
fllf_niaking  the  additional  cost  not  over  $1,500  per  mi.,  or 
10%  of  the  probable  pavement  cost,  which  is  not  an  ex- 
travagant expense  when  the  permanency  of  a  $15,000-per- 
mi.  investment  is  under  consideration. 

AETmeff-icSiKa    Coimcretie    EimstlSStiste 

Those  connected  with  the  concrete  industry  who  are 
aware  of  the  difficulties  through  which  the  American  Con- 
crete Institute  has  traveled  in  the  recent  past  will  be 
pleased  to  learn,  in  connection  with  the  announcement  of 
the  annual  convention  to  be  held  next  February,  that  the 
Institute  is  now  in  a  financially  sound  condition.  Back 
numbers  of  the  Institute's  Proceedings,  which  have  long 
been  withheld  from  publication  for  lack  of  funds,  are 
shortly  to  be  printed  and  placed  in  the  hands  of  the  mem- 
bers. The  delayed  volumes  Nos.  9  and  10,  containing  the 
Proceedings  of"  the  conventions  of  1913  and  1914,  will 
be  printed  and  distributed  to  the  members  before  the 
end  of  the  year.  The  Proceedings  of  the  convention  of 
1915  were  printed  during  that  year  in  the  form  of  a 
monthly  journal.  Vol.  12,  which  contains  the  Proceed- 
ings of  the  convention  of  last  February,  has  been  printed, 
and  is  now  in  the  hands  of  the  binders.  The  cash  neces- 
sary for  publishing  all  these  volumes  is  already  in  hand. 

The  concrete  industry  owes  a  debt  to  the  officers  of  the 
Institute,  headed  liy  President  Leonard  C.  Wason,  for  the 
energetic  manner  in  which  they  have  discharged  the  re- 
sponsibilities laid  upon  them.  There  can  be  no  dissent 
from  the  proposition  that  the  Institute  has  in  the  past 
done  a  very  important  work  for  the  sound,  technical  de- 
velopment of  the  concrete  industry.  It  is  the  record  of 
that  past  work,  doubtless,  whidi  has  made  possible  the 
campaign  that  has  plaied  the  Institute  on  a  sound  finan- 
cial basis. 

The  rapid  growth  of  the  industry  ought  to  make  possi- 
ble a  large  accession  of  membership  to  the  Institute  now 
that  it  is  firmly  established  as  a  successful  going  concern. 
The  President  announces  that  fourteen  committees  are 
at  work  upon  subjects  in  connection  with  the  concrete 
industry  in  order  to  have  their  reports  ready  for  presenta- 
tion at  the  Fel)ruary  convention.     Under  these  conditions 


many  new  members  should  join  the  Institute  at  le 
present  time  so  that  they  may  be  either  able  to  attend  d 
take  part  in  the  February  meeting  or  entitled  to  rec"e 
the  report  of  its  proceedings. 


i.aE!i°lSs'SiMiiEaa  -wu  \ 
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Saving  the  power  generated  when  a  train  runs  d'  n 
a  grade  and  utilizing  that  power  to  help  the  train  p 
another  grade  has  been  a  dream  of  inventors  ever  s  '.e 
the  early  days  of  the  railway  era.  The  invention  »f 
the  electric  motor  and  its  application  to  railway  ser  * 
seemed  to  open  the  way  for  the  possible  realizatioi  if 
this  dream,  since  the  electric  motor  is  capable  of  ac  g 
both  as  a  motor  and  as  a  generator. 

In  the  November  "General  Electric  Review,"  J  f. 
Liuebaugh,  of  the  General  Electric  Co.'s  railway  d 
traction  engineering  department,  reviews  the  progres  if 
regenerative  electric  braking.  The  problem  may  s  n 
easy  to  the  engineer  unfamiliar  with  electrical  des;  | ; 
but  while  a  great  many  different  combinations  of  fi(  i, 
armatures,  motors  and  control  have  been  inventec  o 
make  possible  regenerative  electric  braking,  none  of  t  « 
combinations  have  until  recently  been  found  practic  e 
with  the  direct-current  railway  motor. 

With  the  three-phase  alternating  current  the  indue  n 
motor  used  can  very  readily  be  adapted  to  ele*  c 
braking  on  steep  grade  lines,  and  such  a  system  ,s 
been  in  operation  for  many  years  on  some  of  the  All  le 
lines  of  the  Italian  state  railways.  The  three-pl  ie 
system  has  been  strongly  urged  as  preferable  to  the  dii  > 
current  system  in  the  electrification  of  steam  railway:  d 
account  of  this  advantage. 

The  principal  installations  of  electric  braking  in  s 
country  on  alternating-current  installations  have  1  n 
in  connection  with  the  electrification  of  the  wes  u 
division  of  the  Norfolk  &  Western  Ky.  and  on  e 
electrified  section  of  the  Great  Northern  Ey.  through  c 
Cascades  tunnel,  the  former  on  the  split-phase  and 
latter  on  the  three-phase  system. 

One  of  the  most  notable  features  in  connection  '  li 
the  Chicago,  Milwaukee  &  St.  Paul's  electrificatioi  if 
its  main  line  through  ^Montana  and  Idaho  is  that  elei  ic 
braking  has  been  adopted  and  made  successful  with  le 
3,000-volt  direct-current  system.  In  fact,  the  bral  g 
system  is  claimed  to  be  superior  to  that  used  with  le 
induction  motor  on  alternating-current  railways.  '\  li 
this  latter  type  of  motor  as  used  on  the  Norfoll  & 
AVestcrn  Ry.,  for  example,  electric  braking  is  only  op  i- 
tivc  at  one  uniform  speed.  In  other  words,  when  le 
train  is  running  down  grade  and  the  motors  are  ac  ig 
as  generators,  the  train  is  held  to  one  uniform  s)  td 
regardless  of  changes  in  the  profile  and  alignment. 

In  practical  railway  operation,  however,  it  is  o  m 
desirable  to  make  large  variations  in  speed  when  rum  ig 
down  grade,  and  the  direct-current  motor  employee  iS 
a  generator  permits  this.  The  control  adopted  on  le 
St.  Paul  lines  allows  the  motors  when  used  as  genera  rs 
to  be  operated  either  in  series  or  parallel.  With  w 
flexibility  thus  secured  it  is  possible  to  do  effective  elei  ic 
braking  over  a  wide  range  of  speeds.  Mr.  Lineba  tn 
submits  cards  of  braking  effect  from  a  freight  locomi  « 
at  speeds  of  8  to  35  mi.  per  hr.  and  from  a  passci 
locomotive  at  speeds  of  15  to  65  mi.  per  hr. 
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The  success  of  this  electric-braking  system  is  claimed 
to  be  due  to  the  eomiiiutatinjr  pole  motor  used,  which, 
n-ith  its  thorough  internal  ventilation,  can  stand  without 
injurv  the  heavy  overloads  due  to  fluctuating  line  voltage, 
and  also  to  the  simple  form  of  control  that  was  worked  out 
v  the  General  Electric  engineers  just  before  the  St.  Paul 
nntract  was  let. 

It  is  evident  that  if  regeneration  is  used,  all  the 
apparatus  on  the  locomotives  and  in  the  substations,  etc., 
■•lust  be  capable  of  operating  inverted.  Not  only  must 
he  motors  on  the  locomotives  act  as  generators,  but  the 
generating  equipment  in  the  substations  must  invert; 
iid  if  motor-generators  sets  are  used,  the  direct-current 
.rnerators  must  operate  as  motors  and  the  synchronous 
lotors  as  generators.  They  must  be  capable  of  doing 
;iiis  instantly  and  as  often  as  required  without  affecting 
leliability  or  succes.sful   operation   in   any   way. 

The  electrical  machinery  installed  on  the  St.  Paul 
system  has  been  designed  to  meet  these  requirements. 
When  a  train  is  descending  a  heavy  grade  and  feeding 
urrent  back  into  the  line,  that  current  is  utilized  in 
he  propidsion  of  trains  on  other  portions  of  the  line. 
I'nder  the  rare  conditions  when  more  power  is  being 
returned  to  the  line  than  is  required  by  other  trains, 
•lie  surplus  power  is  available  for  other  demands  over 
he  wide  network  of  linos  fed  from  the  power  houses  that 
ipply  current  to  the  railway.  This  returned  power  is 
11  fact  credited  to  the  railway  company. 

On  the  electric-braking  system  used  on  the  Norfolk 
V  Western  Ry.  the  power  house  supplies  current  to  the 
lilway  alone,  and  it  was  necessary  to  install  large  water 
iieostats  to  turn  excess  current  into  heat,  when  the  rail- 
ay  is  returning  energy  to  the  power  house  instead  of 
drawing  from  it. 

The   profile   of   the    electrically   operated    line    of   the 

?>t.  Paid  shows  grades  of  2%  as  a  maximum,  while  there 

lie  long  stretches  of  1.7%  grades,  and  three  mountain 

"mmits  are  crossed  at  elevations  of  5,678  ft.,  6,;550  ft. 

lid  4,200  ft.     The  electric   motors  are  used  as  brakes 

I  lily  in  descending  the  steeper  grades.     On  a  grade  of 

less  than    !/•;%   there   is  little   or   no   surplus  of  power 

over  that  required  to  overcome  the  train  resistance.     On 

rades  of  0.6%  one-half  the  locomotive  is  used  to  generate 

:  "wer.     It  will   be  understood   that  the  air  brakes  are 

•  gujarly  used  for  stopping  and  holding  trains  and  as  an 

iixiliary  for  regulating  speed  when  the  electric  motors 

:iie  acting  as  generators. 

The  great  advantage  of  the  electric-braking  system  in 
-wuring  the  safe  handling  of  trains  on  long  heavy  grades 
"ill  be  obvious  to  every  railway  man  who  is  familiar 
with  the  precautions  necessary  for  the  safety  of  trains 
■n  such  grades  with  air  brakes  alone.  The  St.  Paul 
■  sending  trains  of  3,000  to  3,-500  tons'  weight  behind 
■le  tender  down  these  mountain  grades,  often  with  a 
ingle  locomotive. 

It  will  be  readily  understood  that,  with  electric  braking, 
(lie  train  is  bunched  against  the  locomotive  in  descending 
a  grade,  and  the  common  ditTiculty  with  broken  draft 
gear  due  to  unequal  action  of  air  brakes,  varying  profile, 
ftc,  is  eliminated.  Of  equal  importance  is  the  elimina- 
tion of  ovcrlieated  wheels  and  brake  shoes,  with  the 
ri'sultant   liability  to  accident. 

These  practical  advantages  in  the  operation  of  trains 
■11  mountain  grades  are  probably  more  important  than 
hi'    saving    in    power    by    the    use    of    the    motors    as 


generators  although  the  power  saving  is  considerable. 
Mr.  Linebaugh  states  that  in  descending  a  long  2% 
grade  a  train  will  return  to  the  line  about  60%  of  the 
current  that  would  be  required  to  haul  it  up  the  same 
grade.  In  actual  service  the  power  saving  varies  of  course 
with  the  grades  operated  over.  On  eastbound  St.  Paul 
trains  between  Deer  Lodge  and  Three  Forks  the  power 
retui-ned  to  the  line  is  about  25%  of  the  power  drawn 
from  it.  On  trains  in  the  reverse  direction  over  the 
same  division  7%  is  the  proportion  returned.  On  the 
entire  220  mi.  between  Deer  Lodge  and  Ilarlowton  the 
power  returned  by  all  trains  both  ways  is  about  14% 
of  the  total  current  consumption. 

The  foregoing  summary  of  what  has  been  actually 
accomplished  with  electric  braking  presents  facts  of 
interest  and  importance  to  every  railway  engineer. 
Numerous  problems  of  economic  railway  location  may 
require  revision  in  the  light  of  these  facts.  Just  as  the 
application  of  mechanical  power  to  road  vehicles  has 
radically  revised  standards  of  road  construction,  so  the 
introduction  of  electric  motive  power  and  regenerative 
braking  may  cause  a  new  answer  to  be  given  to  old 
problems. 

To  take  a  concrete  example,  engineers  are  generally 
familiar  with  the  extensive  line  revision  carried  out  by 
the  Delaware,  Lackawanna  &  Western  R.K.  a  few  vcars 
ago,  west  of  Scranton,  Penn.,  at  a  cost  of  about  $12,000,- 
000,  by  which  40  mi.  of  new  railway  were  built  to  save 
327  ft.  of  total  rise  and  fall  with  a  reduction  also  of 
maximum  grades  and  of  curvature.  It  is  at  least  within 
the  possibilities  that  the  introduction  of  electric  motive 
power  over  this  division  might  have  been  a  much  more 
economical  .solution  of  the  problem,  since  it  would  also 
have  improved  operating  conditions  on  the  long  and  heavy 
grade  that  still  remains  on  the  line  west  of  Scranton. 

This  is  only  a  typical  example  of  the  problems  in  rail- 
way location  and  relocation  where  the  engineer  will 
need  hereafter  to  take  into  consideration  the  fact  that 
the  use  of  electric  motive  power  with  electric  braking 
has  materially  reduced  the  difficulties  and  losses  in  the 
operation  of  railways  with  heavy  grades. 

Mowr  To  Use  YotLar  OHd  CanaaHs 

For  many  years  a  number  of  American  cities  have  suf- 
fered from  the  nuisance  of  abandoned  canals  in  their 
midsts — canals  that  not  only  were  obnoxious  as  open  sew- 
ers, but  were  worse  than  useless  because  their  boatless 
waters  took  up  useful  ground  in  the  bu.sy  areas  of  the 
town.  Now  several  of  these  communities  are  finding,  or 
hope  to  find,  a  use  for  these  deep  water-filled  cuts  by 
draining  the  canal  and  using  the  bed  for  rapid  transit  or 
railway  lines.  In  Cincinnati  the  ])roposed  interurban 
entrance  is  on  the  Miami  and  Eric  Canal  there;  in  Syra- 
cuse the  old  Erie  Canal  bed  will  certainly  in  time  become 
the  route  of  the  New  York  Central  through  the  city  to 
replace  the  tracks  which  now  are  the  most  disgraceful  ex- 
ample of  municipal  disfigurement  in  the  country;  in 
Rochester  the  Erie  Canal  will  soon  be  turned  into  new 
channels,  permitting  the  use  of  its  bed  for  a  street  rail- 
way route.  The  condiined  advantages  of  ridding  the  city 
of  a  nuisance  and  of  obtaining  ready  made  a  depressed 
railway  terminal  or  rapid  transit  route  arc  of  such  com- 
manding importance  as  to  recommend  (he  jirocedure  to 
any  city  now  saddled  witii  an  niiiiscd  canal. 
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Sir — Eegarding  the  editorial  on  p.  710  of  Engineering 
News,  Oct.  12,  on  pavement  destruction  by  motor  trucks, 
it  might  be  interesting  to  note  that  agitation  looking 
toward  the  elimination  of  springless  trucks  has  been  in 
progress  for  some  time  in  San  Francisco,  Calif. 

The  effect  of  the  efficiency  of  springs  on  the  impact  of 
heavy  loads  can  be  seen  very  easily,  as  also  the  probability 
of  objections  to  springs  that  might  tend  to  throw  the  load 
out  of  the  container.  T.  H.  Cladssen. 

Stanford  University,  Oct.  16,  1916. 

[The  particular  trucks  referred  to  in  the  editorial  men- 
tioned, and  in  the  article  on  page  691  of  the  same  issue, 
have  springs;  but  springs  to  carry  18-ton  loads  are  about 
as  stiff  and  useless  as  locomotive  springs  to  save  wheel 
shocks. — Editor.] 
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from  chuck  holes  relative  to  floor  area  on  short  briv 
is  great.     In  short,  the  continuity  of  the  surfacing    t 
terial  does  minimize  this  trouble,  especially  with  care  h 
construction  of  fills. 

4.      The  gravel  covering  is  of  great  assistance   in   prop- 
curing  the   concrete   slab. 

With  this  I  cannot  agree.  The  period  of  curinc  ^ 
most  important  during  the  first  seven  to  ten  days  a  sr 
pouring.  Generally  speaking,  concrete  bridge  floors  -e 
poured  some  little  time  before  the  approach  fill  is  it 
in ;  consequently,  the  placing  of  a  gravel  cover  is  it 
practicable  at  such  a  time.  A  good  curing  blanket  d 
be  obtained  with  either  earth  or  sand  kept  damp,  r 
where  the  floor  is  on  a  level  grade,  a  clay  dam  at  e  h 
end  and  a  few  inches  of  water  maintained  over  the  ;  b 
will  be  found  to  give  excellent  results. 

The  writer  has  experienced  considerable  trouble  cai  d 
Ijy  the  gravel  covers  washing  and  raveling  from  effect;  f 


Sir — In  the  issues  of  Engineering  Neivs  for  Sept.  7 
and  Oct.  13  are  letters  from  C.  E.  V.  and  C.  E.  Nagel 
respectively,  regarding  the  use  of  gravel  covers  on  con- 
crete bridge  floors.  TMr.  Nagel  makes  four  categorical 
statements,  which,  with  your  permission,  I  will  reply  to 
seriatim : 

1.  The  gravel  covering  is  less  expensive  than  the  extra 
thickness  of  concrete  floor  and  weighs  no  more. 

The  question  of  the  comparative  cost  of  gravel  as 
against  that  of  an  extra  thickness  of  concrete  is  one 
governed  entirely  by  the  cost  of  each  material  at  the 
site,  which  of  course  varies  greatly  according  to  local- 
ity; and  also  with  the  volume  and  nature  of  traffic,  by 
which  the  required  extra  thickness  of  the  concrete  wear- 
ing surface  should  be  determined. 

Unless  the  gravel  contains  a  suital)le  sand-clay  binder 
and  is  laid  at  least  5  or  6  in.  thick,  experience  shows 
the  gravel  cover  difficult  to  maintain.  The  extra  weight 
of  gravel  cover  as  against  the  extra  thickness  of  concrete 
required  calls  for  a  heavier  design  in  the  bridge,  when 
load  requirements  in  the  design  receive  the  care  they 
should. 

2.  Troweling  the  top  of  the  slab  is  not  necessary  when 
a  gravel  covering  is  to  be  placed,  making  a  further  saving 
in   cost. 

Granted.  Neither  is  troweling  required — in  fact,  it  is 
a  detriment — when  an  asphalt  or  tar  composition  is 
used. 

3.  Chuck  holes  at  the  »-nd  of  the  bridge  are  avoided  where 
the  surface  material  on  the  bridge  is  the  same  as  that  on  the 
road. 

This  contention  is  justified  to  a  certain  extent.  If 
the  approach  fill  is  well  consolidated,  this  trouble  is  mini- 
mized; but  even  then,  and  with  a  continuous  surface  of 
gravel,  chuck  holes  will  eventually  develop.  It  is  this 
feature  that  has  almost  entirely  governed  the  writer  in  | 
using  a  gravel  cover  continuous  with  a  gravel  road  on 
short  bridges,  as  the  proportional  area  of  trouble  arising^ 


T.\i:-i-Ai:i'i;Ti;n  i-i.imm',  of  ca^lcasieu  Rl^'l;I:  r.iur  ;. 

i\E.\K   l.AKE   CHARLES.   LOUISlAN.\ 

rain.  A  bridge  deck  thus  covered  is  also  difficult 
drain  without  impairing  the  condition  of  the  surfac  ;. 
Tlie  writer's  experience  points  favorably  to  the  use  'f 
a  tar  or  asphalt  composition  placed  as  thinly  as  '  *- 
sible,  with  a  good  blanket  of  torpedo  sand  cast  on  be  f 
the  composition  cools  and  sets. 

Traffic  over  the  concrete  deck  should  first  be  con  i- 
ued  until  the  aggregate  is  exposed  and  all  laitance  )- 
moved.  Good  results  have  been  obtained  from  a  tr  t- 
ment  of  0.3  gal.  of  tar  to  the  square  yard.  Great  <  * 
shinild  be  taken  to  see  that  the  concrete  surface  is  q  e 
clean  and  dry  and  that  the  sand  blanket  is  maintai  d 
until  all  signs  of  bleeding  have  passed. 

The  writer  had  a  number  of  concrete  bridges  trer  d 
about  14  months  ago  in  this  manner,  and  despite  a  he  y 
traffic  the  surfacing  is  still  in  first-class  condition  :  d 
'.probably  will  not  require  resurfacing  for  several  nior  is 
'yet.  The  Calcasieu  River  bridge  near  Lake  Charles.  *- 
cently  completed  from  the  writer's  plans  and  specif  i- 
tions    and    under    his    general    supervision,    receivec  a 
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wearing-surface  treatment  of  0.3  gal.  of  tar  per  square 
yard,  with  a  torpedo-sand  blanket,  at  a  cost  of  4%c.  per 
sq.yd.  for  approximately  3,200  sq.yd.  The  treatment  was 
put  on  by  day  labor. 

The  use  of  a  plain  concrete  wearing  surface  on  bridge 
;<>ors  subjected  to  light  traffic  has  proved  quite  satis- 
;uctory. 

The  writer's  conclusions  stated  above  have  been  arrived 
at  from  a  number  of  years'  experience  in  the  design  and 
construction  of  concrete  highway  bridges  in  many  local- 
ities under  very  varied  conditions. 

F.  H.  FIlA^•KLA^•D. 

Lake  Charles,  La.,  Oct.  15,  191U. 

Busiest  City  TlhoiPO^glhifare? 

Sir — In  Engineering  News  of  Oct.  19,  1916,  p.  761, 
L.  S.  Brodd  quotes  a  police  count  published  by  the  Chicago 
'ribune,  giving  extremes  of  traffic  on  Chicago  streets,  as 
lilows: 

On  state  St..  between  Madison   and   Washington   St..   11,674 

hides  between  the  hours  of  8  a.m.  and  6  p.m.  of  July  19.  1915. 

'  r  1.167  vehicles  per  hour.     On  Rush  St.  bridge,  13.600  vehicles 

between  9  a.m.  and  6  p.m.  of  July  13,  1915,  or  1,511  vehicles  per 

hour. 

In  Engineering  News  of  Sept.  28,  1916,  p.  597,  it  is 
stated  that  on  Fifth  Ave.  in  New  York,  at  42d  St.  1,119 
vehicles  were  counted  proceeding  south  in  the  hour 
between  3  :30  and  4 :30  p.m. 

These  figures  are  represented  as  maxima  for  the  world. 
I  find,  however,  in  a  published  report  of  the  Traffic  Branch 
of  the  London  Board  of  Trade  in  1913  that  in  Piccadilly, 
the  most  heavily  traveled  of  all  streets  in  London,  31,335 
vehicles  pas.sed  tlie  Hotel  Ritz  in  12  hr.  This  is  2,61 1 
vehicles  per  hour.  The  heaviest  bridge  traffic  in  London 
is  on  London  Bridge.  The  figures  are  17,250  vehicles  in 
12  hr.,  or  1,438  vehicles  per  hour.  These  are  much  higher 
intensities  of  traffic  than  the  figures  for  either  Chicago 
or  New  York.  Ch.\ri,i;s  L.  Strobkl, 

President,  Strobel  Steel  Construction  Co. 

Chicago,  111.,  Oct.  24,  1916. 

\\  traffic  census  at  Fifth  Ave.  and  42d  St.,  New  York, 
on  Oct.  18  by  the  Fifth  Avenue  Association  .showed  17,151 
vehicles  moving  north  and  south  between  tlie  hours  of 
8  a.m.  and  6  p.m.  This  gives  an  average  for  the  10  hr. 
of  1,715  vehicles  per  hour,  which  is  much  more  than  the 
Chicago  count.  Moreover,  it  must  be  rememliered  that 
4?d  St.  is  almost  equally  congested,  and  that  every  effort 

lieing  made  to  divert  traffic  from  Fifth  Ave. — Editor.] 
'^. 
Combiraati  oirtk  ofFUcxiTi^e  Ts&ble  ain^<dl 
Tramisat  for  Topo^jpapfcjy 

Sir — In  your  is.<ue  of  Sept.  14,  1!)16.  p.  488,  is  described 
-ystem  of  surveying  using  a  combination  of  plane  table 
d  transit.  The  undersigned  .some  years  ago  developed 
n  system  almost  exactly  as  described  and  explained  its 
•  in  the  textbook  entitled  "Military  Topography," 
itten  in  1910.  Tlie  following  extracts  are  from  this 
■k,  p.  166: 

i'UA.VE  TABLE  A.VD  STADIA  SURVEY,   WITH  TRANSIT 
USED    TO    READ    STADIA 
183.  The   trannlt    may    hf    used    for    readln^r   the   ntadla  and 

rtlcal  anicle  when  the  plane-table  alidade  ha»  no  telcacope, 
havtni?  the  trannlt  and  |ilan>'  table  net  up  «Ule  by  side  at 
h    Inntrument   station    and    about    ^    ft.    apart    to   allow    the 

"erver    to    pasa    between    them.      The    observer    alKhta    each 

I   poaltlon   throutrh    the   alehtlnK   allta,   draws   the    radlatlns 


line,  and  while  he  is  doing  this  the  recorder  is  reading  the 
stadia  and  vertical  angle  on  the  rod.  The  recorder  then  reads 
from  the  computer  the  true  distance  and  elevation  of  the 
point  sighted  to  the  observer,  who  plots  them  as  in  the  method 
first  described,  for  plane  table  with  telescope.  .  .  .  It  is 
evident  that  the  work  can  be  done  much  more  rapidly  by  this 
method  than  with  the  plane  table  alone,  because  of  the  more 
equal  division  of  the  labor  between  observer  and  recorder. 
The  observer  can  devote  more  time  and  study  to  the  ground 
and  its  contouring,  and  the  assistant  to  estimating  distances, 
slopes  and  elevations.  This  method  also  has  the  advantage 
that  stadia  readings  and  vertical  angles  are  more  rapidly  and 
accurately  read  with  a  transit  than  with  a  plane-table  alidade 
because  of  the  difficulty  of  maintaining  the  large  drawing 
surface  of  the  plane  table  in  sufficiently  exact  level  to  give 
accurate  vertical  angles.  The  telescope  alidade  is  heavy  and 
awkward  to  use  and  carry  from  one  station  to  another.  In 
taking  readings  with  it  the  observer  is  very  liable  to  lean 
down  on  the  plane  table  so  that  his  breast  rests  against  the 
board.  If  this  occurs  his  breathing  causes  the  board  to  move 
up  and  down,  deranging  the  reading  on  the  rod.  Therefore, 
always  use  the  transit  and  plane  table  where  a  transit  is 
available. 

In  reasonably  open  country  tliis  .system  is  in  my  opin- 
ion the  most  rapid  and  economical  method  of  taking 
topography  as  well  as  the  most  accurate  of  all  the  avail- 
able methods  usually  employed.  I  was  glad  to  observe 
that  the  wn-iter  u.sed  the  plane  table  as  a  plane  fable  and 
not  as  a  drawing  board  for  protracting  the  angle  readings 
taken  with  the  transit.  C.  0.  Shehkill, 

Major,  Corps  of  Engineers,  U.  S.  A. 

Ancon,  C.  Z.,  Sept.  28,  1916. 


Woodl^ISlocEs.   EsspsiiiasaoEa   Joniats 


Sir— I  note  with  interest  what  the  :Michigan  State 
Highway  Department  concludes  about  eliminating  e.x- 
l)ansion  joints  in  concrete  pavements  (.see  Engineering 
Xeifs,  Sept.  28,  p.  609). 

Our  experience  with  the  tyi)e  of  expansion  joint  in 
use  here,  covering  a  period  of  five  years  on  streets  and 
roads  of  varying  traffic,  has  been  so  satisfactory  that  it 
should  be  of  interest  to  your  readers. 

We  use  creosoted  wood  blocks,  16-lb.  treatment,  sawed 
out  of  commercial-size  2-in.  lumber  in  length  equal  to 
the  depth  of  the  pavement.  These  2-in.  blocks  are  placed 
in  a  continuous  row  across  the  pavement  with  the  tops 
flush  with  the  top  of  the  pavement  and  with  the  grain  of 
the  wood  vertical. 

To  prevent  the  blocks  from  being  hammered  down  un- 
der traffic  we  place  a  strip  of  concrete  6  in.  wide  and 
4  in.  deep  under  the  row  of  blocks.  To  place  them  evenly 
a  lath  is  tacked  on  each  side  and  nailed  to  short  stakes 
driven  into  the  ground. 

We  require  the  day's  work  to  sto])  at  a  joint  and  space 
joints  about  30  ft.  apart.  Transverse  cracks  are  prac- 
tically uiiknf)wn,  and  the  joints  have  not  needed  any  at- 
tention ;  even  those  five  years  old  are  in  perfect  condition. 
In  hot,  dry  weather  the  wood  shrinks  as  the  concrete 
expands,  and  it  swells  again  by  absorption  as  the  con- 
crete contracts  in  wet,  cooler  sea.sons. 

The  co.st  here  is  about  10c.  per  lin.ft.  of  joint,  or  about 
3V^c.  per  sq.yd.  of  pavement.  P.  L.  Bhockway, 

A.ssistant  City  Engineer. 

Wichita,  Kan.,  Oct.  13,  1916. 

[It  should  be  added  that  the  theory  proposed  above, 
that  the  wood  swells  in  wet  weather  while  the  concrete 
contracts,  is  contrary  to  the  now  generally  acc('])ted  fact 
that  concrete  expansion  is  cnii-sed  fully  as  much  by  the 
absorption  of  nioi.'<turc  as  by  heat. — Editor.] 
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By  H.  'SI.  Chittexdex' 


SYNOPSIS — The  most  important  ivorlc  for  rircr 
regulation  and  flood  control  ever  undertaken  in  the 
United  States  {aside  from  the  levees  on  the  Missis- 
sippi and  Sacramento  Rivers)  is  that  now  projected 
for  the  control  of  the  Miami  River  in  central  Ohio. 
For  a  month  past  a  court  has  been  hearing  the 
testimony  of  distinguished  engineers  on  the  ques- 
tion whether  this  worl-  .thould  proceed.  At  the 
request  of  the  editors  of  "Engineering  News,"  Gen. 
H.  M.  Chittenden,  of  Seattle,  one  of  the  eminent 
engineers  summoned  to  testify,  has  prepared  the 
following  summary  of  the  evidence  thus  far  pre- 
sented for  and  against  the  project. 

The  Conservancy  Court  of  the  ^liami  Conservancy  dis- 
tinct has  been  holding  a  public  hearing  at  Dayton,  Ohio, 
fur  a  month  on  objections  to  the  official  plan  for  flood 
protection  which  was  adopted  by  the  directors  of  the 
district  on  May  10,  1916.  The  liearing  has  been  full  of 
interest  throughout  and  has  led  to  some  developments  of 
value  to  the  engineering  profession.  The  following  is  a 
resume  of  events  leading  up  to  the  hearing  and  of  the 
chief  features  of  the  Ohio  conservency  law: 

CHRONOLOGY  OF  PROJECT 

1913,  Mar.  22-27 — Occurrence  of  the  greatest  flood  in  the 
recorded   history   of  the   Miami   Valley. 

1913,  May  27 — Fund  of  $2,000,000  subscribed  with  which  to 
carry  on  work  of  formulating  a  plan  of  flood  relief  for  the 
valley.  Fund  administered  through  a  Flood  Prevention  Com- 
mittee of  the  Citizens'  Relief  Commission,  an  incorporated 
body. 

1913,  May  5 — Morgan  Engineering  Co.,  Memphis,  Tenn., 
engaged  to  investigate  the  physical  problem  and  present  a 
scheme   for  its  solution. 

1913,  Oct.  3-4 — Preliminary  report  by  Morgan  Engineering 
Co.  on  different  projects  for  flood  protection,  and  definite  pro- 
nouncement   in    favor   of   retarding   basins. 

1914,  Feb.  17 — Conservancy  law  of  Ohio  enacted.  (See 
outline   given   below.) 

1914,  Feb.  IS — Petition  asking  for  creation  of  Miami  Con- 
servancy District  filed  in  Court  of  Common  Pleas,  Montgomery 
County. 

1914,  Mar.  26 — Report  of  Special  Board  of  Consulting  Engi- 
neers. The  preliminary  hearing  on  above  petition  was  to  have 
been  held  Mar.  20,  1914.  To  assist  in  presenting  its  case,  a 
board  of  engineers,  consisting  of  men  who  had  some  special 
familiarity  with  problems  of  this  character,  was  summoned 
to  Dayton.  Legal  obstacles  having  indefinitely  postponed  the 
hearing,  the  board,  before  leaving  Dayton,  submitted  a  report 
upon  the  plan  of  flood  prevention  as  so  far  developed. 

1915,  June  3 — Court  of  Appeals  upheld  constitutionality  ot 
law.  Case  appealed  to  Supreme  Court  and  after  a  great  deal 
of   litigation. 

19iri,  June  4 — Supreme  Court  definitely  upheld  entire  law. 

1915,  Apr.  21 — Attempts  to  alter  or  annul  conservancy  law 
by  legislative  action   finally  defeated. 

1915,  June  24 — District  finally  fixed  at  its  present  size  with 
nine  judges  constituting  Conservancy  Court. 

1915,  June  28 — Miami  Conservancy  District  established; 
E.  A.  Deeds,  of  Dayton,  H.  M.  Allen,  of  Troy,  and  G.  S.  Rent- 
schler,   of   Hamilton,   made   Board   of  Directors. 

1915,   July    7 — A.    E.   Morgan   appointed   Chief   Engineer. 

1915,  Aug.  4 — Board  of  Appraisers  appointed  In  accordance 
with  Section  26,  conservancy  law. 

1916,  Mar.  1 — Report  of  Chief  Engineer  submitting  plan 
tor  flood  prevention   filed  with  Board   of  Directors. 

1916.  Apr.  10  to  May  10 — Hearings  by  Board  of  Directors  on 
plan  of  Chief  Engineer. 

•Brigadier  General,  Corps  of  Engineers,  U.  S.  A.,  retired. 


iai 


1916,  May  10 — Plan  of  Chief  Engineer  adopted  as  o 
plan  of  district.  Objections  having  been  filed  with  the  fen 
servancy  Court,  a  date  was  fixed  by  the  court  for  a  i  I 
hearing    thereon. 

1916,  Oct.  3 — Public  hearing  began. 


COXSEEVANCY  LaW  OF  OhIO 

Existing  legal  machinery  being  inadecjiiate  foi 
proper  handling  of  a  problem  like  that  of  controllin 
floods  of  the  Miami,  a  law  was  passed  by  the  state  le 
ture  authorizing  tlie  creation  of  conservancy  distriei 
the  purpo.se.  The  law,  which  was  drafted  undei 
Morgan's  supervision,  is  very  comprehensive.  The 
of  procedure  under  it,  down  to  the  stage  which  the  J 
project  has  now  reached,  is  given  in  outline  below : 

1.      Organization   of  districts   is   initiated   by   petition 
specified   restriciions   to   the   Court    of  Common    Pleas    of 


MAP  OF  MIAMI  RIVER-DRAINAGE  AREA.   SHOWING 
POSED  DETENTION  BASINS  FOR  FLOOD  CONTRt 

county  in  the  district  affected.  If  the  territory  shall  < 
into  more  than  one  county,  the  court  shall  consist.  f< 
purposes  of  the  act.  of  the  judges  of  the  several  countl< 
shall  sit  in  the  courthouse  of  the  county  where  the  or 
petition  is  filed. 

2.  Before  a  district  can  be  organized,  the  court  mus- 
a  public  hearing  at  which  all  objections  may  be  hoard, 
favorable   finding   by    the   court   the    organization    of   th 
trict   is  decreed.     The  decision   of  the  court  is  subject 
usual  judicial  appeals. 

3.  Within  30  days  after  the  decree  incorporating  th 
trict  the  court  shall  appoint  a  board  of  three  directors 
specified  Qualifications,  terms  of  service,  etc. 


t' 
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4.  Among  other  details  of  organization  the  Board  of  Di- 
rectors is  required  to  appoint  a  Chief  Engineer. 

5.  The  Board  of  Directors  must  forthwith  cause  to  be 
prepared  a  plan  for  carryins  out  the  purposes  of  the  dis- 
trict. Before  the  plan  is  adopted  the  board  must  hold  a  public 
hearing.  After  the  hearing  the  board  may  adopt  the  plan, 
which  then  becomes  the  official  plan  of  the  district,  subject  to 
modification  as  provided  in  the  next  section. 

6.  If  objections  to  the  plan  are  filed  with  the  Con- 
servancy Court  within  a  specified  time,  the  court  must  itself 
hold  a  public  hearing  and  pass  upon  the  question  raised. 
In  case  of  rejection  of  the  plan  a  new  plan  must  be  prepared. 
In  case  of  reference  back  for  modification  the  hearing  shall 
be  continued.  In  any  case  it  is  contemplated  that  a  plan 
will   be   finally   adopted.      It   is   this   hearing  by   the   Conserv- 

I    ancy  Court    which    is   now    in    progress. 

,j  The  Official  Plan 

Although  quite  a  complete  description  of  the  plan  has 

ready  appeared  in  Engineering  Neics  (Apr.  6,  1916), 

■  following  condensed  summary  of  it,  together  with  the 

ompanying  sketch  map,  will  contribute  to  the  conveni- 

m  euce  of  readers. 

The  plan  is  a  very  carefully  w^orked-out  combination 
of  reservoir  control   and  of  channel   improvement.     By 
neither  method  alone  could  the  ]iroblcm  be  solved.     The 
cost  of  protection  against  a  flood  like  that  of   1913  by 
channel  imjirovement  exclusively  would  have  been  abso- 
lutely prohibiten,-.     On  the   other  hand,   reservoir  sites 
were  not  available  that  would  control  the  discharge  of 
PHch  a  flood  ^o  that  no  channel  improvement  through  the 
ties  and  towns  would  be  necessary.     But  it  was  found 
->ible  to  secure  sufficient  storage  to  reduce  the  flood 
-iharge   to  a   point   where   channel    improvement   was 
tirely  practicable  and  within  a  cost  for  the  whole  scheme 
uich  bore  a  fair  relation  to  the  benefits  to  be  received. 
The  following  are  the  chief  features  of  the  final  plan : 

1.  The  plan  provides  for  a  storm  40%  In  excess  of  that 
of  1913;  that  is,  it  is  planned  on  this  basis,  but  as  actually 
developed  it  will  do  much  more  than  that.  The  dams  will  be 
perfectly  secure  against  a  flood  more  than   twice  as  great  as 

It  of  1913,  while  the  freeboard  on  the  levees  through  the 
ies  is  3  ft.  or  more  above  the  estimated  flood  plane  for  a 
.d   40%    greater  than   that  of  1913. 

2.  The  reservoir  control  is  to  be  accomplished  by  five  re- 
tarding basins.      For  several   reasons   the   possible   scheme   of 

DATA    PERTAININ'G    TO    DAMS    FOR    FLOOD    CONTROL 
OF  MIAMI  RIVER 

fJerman-  Engle-  Lock-  Tay-  Huft- 
town  wood  Ington  lorsville  man 
Dam  Dam         Dam        Dam         Dam 

Average    elevation    bed 

of  river    723  768.0         876  759  777 

Average  elevation   val- 

1-y  floor    730  782.0         885  770  785 

vatlon    of    spillway 

rf-st    815  876.0  938  818  835 

vatlon  of  top  of  dam        830  892.5  954  837  850 

xlmum    elevation    of 
.Iter    surface    for    a 

ood  like  1913 805  862.0  936  815  830 

p    for    40';     greater 

-od     815  876.0  940  820  835 

le  for  twice  as  great 

flood    824  887.0  948  832  846 

a    Hubmerged     In     a 
■I'.fMl  like  1913,  acres    2,950        6,350.0      3.600        9,630        7,300 
xlmum      amount      of 
>^lfr      stored      In      a 
'■""1   like   1913,  acre- 

73,000    209,000.0    63,000    152,000     124,000 

'>f      crest      of 

'     1.210         4,660.0    •6.400       •2,980       •3.340 

■>     of    dam     at 
•     elevation    of 

tl'ior.   ft 650  740.0  410  390  380 

■'I    outlet    con- 

'      520  T2.-..0  45  40  40 

■f   conduits.  . .  2  2,0  2  4  3 

Hi. mil   area  of 

■.ndullM.  H<|,ft,        1S2  21,40  158         1,116  705 

dlHchiirK'-    of 
'-<   In  1913  flood. 

9.340       11.000.0       8,630       51,300       32.600 

40'/,    greater 

10,000       12.000.0       9.000       65.000       35,000 

'■  tcr  twice  an  great 

Hood    16.100     26,500.0    18.100       79.400       48.400 

"Klh       of       spillway 

'vm.  tt B5  100.0  72  132  100 

•Including  iiplllway  crest. 


storing  the  water  for  industrial  or  other  use  was  rejected. 
The  reservoirs  will  be  for  flood  prevention  only.  Their  func- 
tioning will  be  purely  automatic.  The  outlets  are  to  have  no 
gates,  but  to  remain  at  all  times  wide  open.  The  ordinary  dis- 
charge passes  freely.  Only  in  time  of  freshet  will  there  be 
any  accumulation,  and  such  as  does  occur,  even  in  great  floods, 
will  all  run  out  in  a  few  days.  As  these  floods  nearly  always 
occur  in  the  winter  or  early  spring,  the  basins  will  be  free 
of  water  during  the  crop  season  and  practically  as  useful  for 
cultivation   as   at    present. 

2.  There  are  to  be  five  of  these  basins.  Their  names  and 
locations  are  shown  on  the  map.  One  is  above  Piqua;  four 
are  above  Dayton:  all  are  above  Hamilton.  With  almost  in- 
credible pains  the  problem  of  balancing  these  reservoirs  so 
as  to  prevent  undue  flooding  in  certain  cases,  yet  so  to  con- 
trol the  outflow  of  all  as  to  insure  the  desired  restriction  of 
flood  discharge,  was  eventually  worked  out.  The  more  Im- 
portant data  pertaining  to  the  system  are  given  in  the  ac- 
companying table. 

3.  Through  the  cities  or  villages  of  Piqua,  Troy.  Dayton. 
West  Carrollton,  Miamisburg,  Franklin.  Middletown  and  Ham- 
ilton, channel  improvements  will  be  made  to  carry  a  flood 
flow,  as  regulated  by  the  basins,  40<;r  In  excess  of  1913.  These 
improvements  will  vary  to  suit  the  particular  case  and  will 
include  channel  rectification,  dredging,  levees,  slope  paving, 
etc. 

4.  The  execution  of  the  plan  will  involve  considerable  re- 
location of  roads,  railroads  and  other  facilities,  public  and 
private,  and  the  acquisition,  either  by  easement  or  fee,  of  con- 
siderable areas  of  land. 

Such,  in  briefest  summary,  is  the  official  plan.  The 
object  of  the  present  hearing  by  the  Conservancy  Court 
at  Dayton  is  to  consider  objections  that  have  been  raised 
to  the  plan. 

KOUTIKE  OF  THE  HEARING 

The  Conservancy  Court  consists  of  nine  judges,  one  each 
from  the  counties  of  Hamilton,  Butler,  Warren,  Preble, 
Montgomery,  Greene,  Clark,  Miami  and  Shelby,  all  of 
which  counties  embrace  lands  within  the  limits  of  the 
district.  The  judge  from  Montgomery  County,  in  which 
the  original  petition  was  filed,  is  presiding  judge  of  the 
Conservancy  Court.  Questions  before  the  court  are 
decided  by  majority  vote  of  those  present.  The  court  sits 
on  Tuesday,  Wednesday,  Thursday  and  Friday  of  each 
week,  from  10  to  12:30  a.m.  and  from  1  :30  to"4-:30  p.m. 
It  has  very  properly  taken  the  ground  that  the  nature  of 
the  inquiry  before  it  requires  some  rela.xation  of  the  rules 
of  evidence  as  applied  in  a  strictly  judicial  trial,  and 
witnesses  are  given  all  reasonable  latitude  in  answering 
questions  and  explaining  their  views. 

The  first  session  of  the  court  was  taken  up  with  organ- 
ization and  with  statement'!  by  counsel  for  the  district 
and  for  the  opposition  of  the  general  plan  of  flood  protec- 
tion, on  the  one  hand,  and  the  basis  of  op])osition  to  it. 
on  the  other.  The  next  three  sessions  were  consunied  in 
viewing  the  sites  of  the  several  dams,  so  that  the  hearing 
did  not  commence  in  earnest  until  Oct.  10. 

The  Conservancy  District  is  reiirespiited  at  the  hearing 
i)y  its  legal  staff,  including  Attorneys  Orrin  B.  Brown  and 
.lohn  A.  McMahon,  of  Dayton,  and  .Tohn  (ialvin,  of  Cin- 
cinnati, who  are  taking  active  parts  in  the  conduct  of  the 
case.  Other  counties  are  also  represented.  The  brunt  of 
the  work,  however,  is  being  carried  by  E.  .T,  B.  Schubriiig, 
of  Madison,  Wis.,  who  has  specialized  in  engineering  law 
and  practice,  is  familiar  with  engineering  technical  terms 
and  is  admirably  e(|uip|)ed  for  the  conduct  of  a  case  like 
this. 

The  principal  attorneys  of  the  opposition  are  Percy 
Taylor,  of  Sidney,  representing  Miami  and  Shelby  coun- 
ties; J.  A.  Kerr,  represent iiig  Ti|)pecanoe  City;  F.  (;. 
(loodrich,  prosecuting  attorney  of  Miami  County;  and  C. 
]j.  Darlington,  re[)rescnting  Oreeiic  County. 
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Nothing  so  mystifies  an  onlooker  at  the  hearing,  even 
one  who  has  kept  in  close  touch  with  the  history  of  the 
case,  as  to  try  to  discover  the  real  basis  of  opposition  to 
the  conservancy  plans.  That  opposition  has  been  strenu- 
ous and  resourceful  from  the  beginning,  but  just  what  it 
is  based  on  is  difficult  to  say.  In  Mr.  Taylor's  opening 
address,  following  Mr.  Schubring,  he  professed  to  disclose 
the  grounds  of  the  opposition,  but  except  for  a  single 
reference  to  the  public  health  of  the  community  the  sole 
ground  presented  was  the  lack  of  safety  in  the  dams. 
There  was  no  dissent  from  the  proposition  that  something 
should  be  done.  "We  all  want  to  get  together,"  said  Mr. 
Taylor,  "and  see  what  is  the  best  thing  to  be  done  for  the 
district."  Even  cost  was  not  the  matter  "of  prime  import- 
ance," but  safety,  and  Mr.  Taylor  continued : 

The  fundamental  proposition  is  this,  as  we  see  it.  Is  the 
plan  of  protection  by  retarding  basins  safe  and  feasible,  or  is 
It  not?  Now,  that  is  absolutely  the  crux  of  the  whole  situa- 
tion. Anything  else  is  practically  surplusage.  Of  course, 
there  are  questions  of  local  flood  protection  that  ouRht  to 
be  heard  and  will  be  heard,  but  the  thing  we  want  to  get  at 
is  this  one  matter;  everything  hangs  upon  that:  Are  the 
dams  safe? 

Elaborating  this  idea,  the  whole  system  of  retarding 
basins  was  attacked  in  general  and  in  detail  as  essentially 
unsound  and  creating  an  ever  present  menace  to  the 
inliabitants  in  the  valleys  below. 

Unfortunately  this  line  of  attack  lacks  the  essential 
elements  of  sincerity.  Those  who  are  mainly  using  it  live 
cbove  the  dams,  except  some  few  below  the  small  basin  at 
Lockington.  No  complaint  worth  considering  has  come 
from  beloiv  the  main  dams.  There  is  no  pronounced 
distrust  of  their  safety  there,  where  if  anywhere  it  must 
e.xist.  It  is  therefore  impossible  to  accept  this  argument 
as  the  real  reason.  It  is  effective,  it  strikes  a  popular 
chord,  it  plays  upon  public  fears  and  is  a  useful  instru- 
roent  in  accomplishing  the  real  purpose.  Yet  what  the 
real  purpose  of  the  opposition  is  and  what  is  the  motive 
back  of  it  are  nowhere  definitely  disclosed. 

The  writer  is  convinced  in  his  own  mind  that  it  is  the 
desire  to  escape  the  burdens  of  an  assessment  district, 
which  some  fear  will  be  out  of  proportion  to  the  benefits. 
Indirectly  this  idea  has  cropped  out  in  numerous  places. 
Then  there  is,  or  has  been,  a  feeling  that  the  scheme  is  for 
the  benefit  of  Dayton,  Hamilton  and  other  towns  and  that 
the  outlying  districts  will  be  taxed  for  their  benefit. 
Finally,  the  very  fact  of  opposition  has  gained  a  certain 
vogue,  enters  more  or  less  into  local  politics,  serves  to 
sustain  much  legal  practice,  and  thus  its  continuance 
derives  an  importance  in  certain  directions  which  is  not  to 
be  lightly  estimated. 

Such  is  a  general  view  of  the  situation  as  nearly  as  the 
writer  has  analyzed  it.  He  has  not  been  able  to  lay  his 
finger  on  what  he  can  term  a  single  valid  objection.  There 
may  be  such ;  but  if  so  they  have  been  covered  up  under 
the  plausible  appeal  of  safety,  which,  as  already  stated, 
lacks  the  simplest  element  of  sincerity. 

Maneuvering  for  Advantage 
Inasmuch  as  the  hearing  was  for  the  sole  purpo.se  of 
considering  objections  to  the  plan,  it  was  assumed  as  a 
matter  of  course  that  the  objectors  would  open  the  case  by 
the  introduction  of  their  own  witnesses.  Not  so.  The 
opposition  asked  to  be  allowed  to  call  Chief  Engineer 
Morgan  of  the  Conservancy  District  as  an  adversary  wit- 
ness for  purposes  of  cross-examination.  After  some 
deliberation  the  court  granted  this  request,  and  Mr. 
Morgan  took  the  stand. 


For  five  consecutive  sessions  (five  days)  Mr.  Moi'oi 
was  on  the  stand  undergoing  a  continuous  fusilladi  jf 
questions.  His  testimony  brought  out  in  the  cleast 
possible  light  the  magnificent  work  that  he  and  his  le 
staff  have  been  doing  during  the  past  three  years.  T  re 
was  no  point  so  obscure,  no  question  so  abstruse,  no  i  m 
of  data  so  unexpected  that  the  required  information  is 
not  instantly  at  hand.  Friend  and  foe  alike  recogn  id 
his  splendid  achievement,  and  his  testimony,  taken  ;  d- 
gether,  was  an  education  to  most  of  those  present, 
after  day  the  opposition  beat  itself  against  this  wal 
information  only  to  recoil  without  making  the  sligt  ft 
impression. 

Some  of  these  encounters  had  an  element  of  hu  )r 
about  them  which  even  the  dignity  of  the  courtroom  ci  d 
not  suppress.  One  lawyer,  a  gentleman  of  much  sole  j- 
ity,  thought  he  had  at  last  got  the  witness  where  he  wai  d 
him.  He  had  heard  the  witness  state  that  the  ave  je 
velocity  of  flow  of  the  river  at  the  crest  of  the  1913  f  d 
was  about  4  mi.  per  hr.  (including  the  overflow  secti  ), 
and  it  seemed  to  counsel  so  incredible  that  he  set  al  it 
to  refute  it.  At  last  he  found  what  he  wanted.  Branc  i- 
ing  a  report  of  the  United  States  Weather  Bureau  * 
declared  that  this  authority  proved  that  the  velc  7 
between  Dayton  and  Hamilton  was  1 71/2  mi.  per  hr.  1- 
lowing  is  an  excerpt  from  the  colloquy  that  ensued : 

Q.  How  did  it  happen  that  it  [the  crest  of  the  fl'  ] 
was  two  hours  after  it  was  here?  Was  it  because  of  the  ^t 
that  it  took  it  two  hours  to  run  from  here  to  Hamil  ? 
(Laughter) 

A.     Not   at   all. 

Q.     And   didn't   the   stream  pass   down   at   the   rate  ot 
mi.  per  hr.?     (Laughter.) 

A.     If  it   had,    there   would   be  a  hole   in   this  valley  n 
feet   deep   from   here   to  Hamilton. 

Q.  I  am  not  asking  anything  about  results.  Isn't  ^1 
fact  that   that  is   what   it  did? 

A.     It  didn't  do  anything  like  that. 

Q.     It  didn't  do  anything  like  that? 

A.      Not    at    all. 

Q.     Then  the  Weather  Bureau  report  is  not  correct? 

A.     The  Weather  Bureau  made  no  such  statement. 

Q.      What    did    they   state? 

A.  I  am  speaking  from  memory.  The  Weather  Bu:  u 
stated  that  the  crest  at  Hamilton  occurred  only  about  o 
hours   after   the   crest   at   Dayton. 

Q.  Doesn't  that  mean  that  it  took  it  two  hours  to  n 
here   to   Hamilton?      (Laughter.) 

Mr.    Morgan's   testimony   fills   620   typewritten   p:i 
No  adequate  summary  is  here  possible,  and  only  a  1  ■' 
notice  of  some  of  the  leading  features  can  be  presentei 

A  very  complete  outline  was  given  of  the  plan  itself  d 
a  clear  description  of  building  dams  by  the  hydra  c 
process.  The  manner  of  handling  floods  during  const  >■ 
tion  and  of  effecting  final  closure  of  the  dams  was  g  « 
into  at  length.  Danger  of  settlement  in  hydraulic  " 
dams  was  shown  to  be  very  slight.  The  causes  of 
accident  to  the  Necaxa  dam  in  Mexico  were  explained, 
accident  being  the  chief  reliance  of  the  opposition  in  ■•= 
effort  to  discredit  the  hydraulic-fill  process.  Many  ea  1- 
dam  failures  were  cited,  their  cau.ses  analyzed  and  she  1. 
in  practically  every  ca.se,  to  be  avoidable. 

Mr.  Morgan  explained  in  this  connection  how  gre;  » 
factor  of  safety  (even  bordering  on  the  extreme)  <! 
been  adopted  for  the  proposed  Miami  dams.  Wave-W;  1. 
muskrat  action  and  other  sources  of  trouble  were  shi  n 
to  be  nonexistent  in  basins  that  are  empty  practically  c 
year  around. 

The  danger  of  clogging  the  conduits  was  pressed  by 
opposition  more  than  any  other  one  point.     Mr.  Mor  n 
clearly  showed  that  it  amounted  to  practically  nothi?- 
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He  described  in  detail  the  form  of  drift  barriers  provided 
in  the  official  plan,  showed  that  ice  could  never  come  in 
volume  or  size  of  blocks  that  would  choke  the  conduits; 
that  the  basins  themselves  were  to  be  kept  free  of  floatable 
material ;  that  drift  of  any  considerable  size  brought  down 
from  above  could  only  come  after  a  flood  had  reached  a 
point  that  woiild  fill  the  basin  well  over  the  conduits,  con- 
verting them  into  lakes  without  current  velocity  and  on 
which  drift  would  be  driven  about  by  the  wind  and  more 
likelv  than  not  be  stranded  on  shores;  and  that  in  any  case 
n  little  intelligent  care  at  the  proper  time  would  take  care 
any  drift  that  might  come  against  the  barriers. 
But  no  argument  would  avail  with  the  opposition. 
Visions  of  great  sycamores,  highway  bridges  and  houses 

'  hurled  down  by  a  raging  torrent  into  the  vortex  of  these 
conduits,  forming  there  a  close  grillage  that  would  quickly 
be  sealed  up  by  haystacks,  corn  fodder  and  trash  of  all 
fjorts,  were  held  up  to  the  court  as  something  absolutely 
certain  to  happen  if  the  dams  were  ever  built. 

Mr.  Morgan  went  very  thoroughly  into  the  matter  of 
channel   improvement  and,   for   that  matter,   into  every 

I  other  feature  of  the  subject.  But  space  permits  no  further 
consideration  of  his  testimony  here.  If  the  opposition 
thought  to  secure  any  tactical  advantage  by  putting  Mr. 
Morgan  on  the  stand  in  the  first  instance,  it  is  difficult  to 
see  where  it  succeeded. 

Mr.  Hill's  Testimoxy 

Following  Mr.  Morgan,  John  AY.  Hill,  of  Cincinnati, 
was  called  by  the  opposition  for  direct  examination.  Mr. 
Hill  had  a  contract  with  the  three  counties  of  Miami, 
Shelby  and  Clark  to  present  their  case  at  the  hearing.  He 
was  the  only  engineer  placed  on  the  stand  on  that  side  of 
the  case.  He  had  prepared  a  report  of  over  150  printed 
pages,  which  was  introduced  in  evidence,  and  his  own 
-timony  was  in  elucidation  of  this  report. 
(  oncerning  both  report  and  testimony,  the  most  charit- 
jble  commentary  that  can  be  made  is  that  they  were 
unfortunate,  whether  from  a  professional  point  of  view  or 
as  a  contribution  to  the  cause  of  the  opposition.  It  is  true 
that  Mr.  Hill's  time  and  resources,  as  he  repeatedly  urged, 
were  very  limited,  and  it  was  not  to  be  expected  that  he 
could  offset  in  wealth  of  detail  the  elaborate  work  of  the 
district  itself.  But  the  report  was  not  merely  weak  in 
this  respect;  it  disclosed  a  willingness  to  adjust  data  to 
suit  the  exigencies  of  the  case,  and  this  feature  was  so 
I  manifest  as  to  deprive  the  report  of  all  claim  to  public 
fonfidence.  A  few  examples  will  show  this  general 
'idency. 

Mr.  Hill  .'iougiit  to  attack  the  hydraulic-fill  method  of 
11  construction  o:i  the  authority  of  the  late  J.  D. 
myler,  its  most  earnest  champion,  if  not  the  father  of 
....:  method  itself.  In  doing  this  he  quoted  Schuyler's 
Well-known  book,  but  only  as  already  quoted  in  a  trade 
I  publication  on  earth  dams  put  out  by  the  Ambursen  Co. 
As  a  matter  of  fact,  he  (juoted  Ambursen  a  good  deal  more 
.than  he  did  Schuyler,  but  in  a  way  that  left  the  impression 
that  it  vran  all  from  Schuyler.  At  the  same  time  lie 
omitted  many  citations  that  he  might  readily  have  taken 
jfrom  Schuyler,  showing  that  gentleman's  unqualified  faith 
I  in  the  hydraulic-fill  method. 

Bearing  in  mind  the  fact  that  the  Ambursen  Co.  is 
'loiting  on  the  market  a  type  of  liyilraulic-lill  dam  in 
|if>sition  to  the  ordinary  type  (but  as  yet  wholly  untried 
practice),  the  utter  unfairness  of  those  citations  from 


Ambursen,  quite  aside  from  the  indefensible  course  of 
crediting  them  to  Schuyler,  is  apparent. 

In  the  very  important  matter  of  cost  estimates  the  same 
policy  of  unfairness  appeared.  Unit  prices  of  18c.  and 
14c.  for  excavation  were  used  in  the  Hill  report  for 
working  out  the  ':"ost  of  his  proposed  channel  improve- 
ment, while  in  revising  the  estimates  of  cost  in  the  official 
plan,  where  30c.  per  cu.yd.  is  used  for  the  same  cla.ss  of 
work  in  the  same  localities,  Mr.  Hill  increased  this  30c. 
to  75c.  and  then  made  comparisons  between  the  two  (esti- 
mates as  if  they  were  made  up  on  the  same  basis.  If  the 
same  unit  price  is  applied  to  the  Hill  estimate  that  he  uses 
in  revising  the  official-plan  estimates,  the  cost  of  his  chan- 
nel-improvement scheme  will  be  increased  from  about 
$40,000,000  to  about  $200,000,000. 

In  estimating  the  necessary  channel  improvement 
through  Dayton  under  his  own  plan  Mr.  Hill  assumes  a 
runoff  for  Mar.  25,  1913  (the  date  of  the  flood  crest),  of 
105  sec.-ft.  per  sq.mi.  of  watershed,  a  material  reduction 
from  the  recorded  discharge.  In  another  place,  estimat- 
ing probable  flood  conditions  at  Hamilton  with  reservoir 
control,  he  adopts  for  the  watershed  below  the  reservoirs 
a  figure  of  125.6  sec.-ft.  per  sq.mi.,  or  the  full  depth  of 
rainfall  as  given  by  him  for  that  date.  He  assumes  the 
dams  to  be  filled  to  capacity  (which  would  require  a  storm 
more  than  twice  as  great  as  that  of  1913)  ;  makes  no 
allowance  for  retardation  of  basin  discharge,  but  makes  it 
arrive  simultaneously  with  the  uncontrolled  runoff,  and 
thus  deduces  a  figure  of  356,000  sec.-ft.  discharge,  almost 
as  great  as  his  own  estimates  below  Hamilton  (Hill's 
report,  page  13)  without  any  reservoir  control  whatever. 
As  a  matter  of  fact  the  controlled  flow  at  Hamilton  for  a 
1913  flood  will  be  between  175,000  and  200,000  sec.-ft. 

Passing  by  these  inconsistencies,  which  abound  through- 
out the  report,  a  feature  of  Mr.  Hill's  scientific  methods 
may  be  noted.  He  was  unable  to  make  a  survey  of  the 
entire  river  to  determine  the  cost  of  channel  improvement. 
He  had,  however,  made  such  a  survey  and  estimate 
through  Butler  County  immediately  after  the  great  flood. 
To  apply  this  work  to  the  whole  river,  Mr.  Hill  assumes 
that  "nature  has  demonstrated"  that  the  size  of  channels 
is  proportionate  to  the  ordinary  flood  flow;  that  this  flow 
at  any  point  is  ])ro])ortionate  to  the  area  of  watershed 
Aiibove  it;  and  that  tiie  cost  of  enlargement  is  therefore 
directly  pro])ortional  to  such  area  and  to  the  length  of  the 
])articular  stretch  of  channel  considered.  Thus  the  exca- 
vation in  Butler  County  as  found  by  his  survey  was 
87,000,000  cu.yd.;  the  channel  length,"  27  mi.;  and  the 
average  watershed  above,  as  3,222  sq.mi.  Dividing  the 
yardage  by  the  product  of  27  and  3,222,  he  obtains  a  coetfi- 
cient  of  1,000,  which  he  applies  successively  to  seven  other 
stretches  of  the  river  and  thus  deduces  the  channel  excava- 
tion for  the  whole  stream  necessary  to  carry  a  1913  flood. 

Mr.  Hill's  main  contention  was  that  channel  improve- 
ment would  answer  every  jiurposo  and  that  it  was  ciieaper 
than  tiie  official  ])lan.  On  this  last  ])oint  lie  failed  com- 
])lctely,  and  his  whole  argument  was  finally  whittled  down 
to  the  single  jioint  that  such  great  dams  ought  not  to  be 
built  so  near  large  centers  of  population.  Under  cross- 
examination  he  was  unwilling  to  commit  himself  abso- 
lutely to  the  proposition  that  a  hydraulic-fill  dam  could 
not  be  made  safe.  If  earth  dams  were  to  bo  built,  how- 
ever, he  preferred  the  old  method  of  spreailing  and  rolling. 
But  he  thought  that  no  dams  should  be  built  where  these 
are  proposed.     This  was  the  final  result  of  his  report  and 


910 


E  N  G  I  N  E  E  E  I  N  G     NEWS 


Vol.  76,  No. 


testimony — a  personal  dictum  rather  than  a  scientific 
conclusion. 

A  feature  of  the  opposition's  case  which  obtruded  itself 
on  all  occasions  was  the  assumption  of  conditions  that 
coidd  never  occur.  There  is  not  the  remotest  possibility  of 
any  storm  ever  filling  these  dams  to  the  spillways,  to  say 
nothing  of  the  crests  of  the  dams.  Yet  this  last  impossible 
contingency  was  constantly  assumed  and,  by  continuous 
reiteration,  no  dcdbt  created  a  feeling  that  it  might 
possibly  occur. 

Over  and  over  the  opposition  insisted  upon  assumptions 
that  virtually  amounted  to  this:  What  will  happen  if  a 
storm  occurs  of  such  magnitude  as  to  exceed  the  power 
of  the  dams  to  resist  it?  The  answer  must  be  that  in 
such  a  case  the  dams  would  fail.  This  sort  of  argument 
no  doubt  had  a  certain  effect  upon  some.  Its  chief  virtue 
was  that  it  shut  off  all  counter-argument. 

Additioxal  Testimony 

In  the  minds  of  most  of  the  attendants  at  the  hearing, 
the  case  was  practically  settled  by  the  testimony  of  Morgan 
and  of  Hill.  The  opposition,  however,  called  several  minor 
witnesses  on  purely  local  features  of  the  plan,  and  then 
the  district  took  up  its  own  direct  examination. 

The  first  witness  called  was  E.  A.  Deeds,  president  of 
the  Board  of  Directors.  In  straightforward  and  simple 
language  Mr.  Deeds  told  the  story  of  the  work  for  flood 
protection  in  the  valley,  in  which,  from  the  beginning,  he 
has  borne  a  leading  part.  His  statement  of  the  ])ublic 
purpose  back  of  the  whole  movement  and  of  the  manifold 
difficulties  that  had  beset  the  work  on  every  hand  made  a 
profound  impression  upon  court  and  audience  alike. 
There  was  no  cross-examination. 

Following  Mr.  Deeds,  Chief  Engineer  Morgan  was 
called.  Although  he  had  gone  over  practically  the  whole 
ground  on  his  cross-examination,  it  had  been  done  in  such 
a  desultory  and  disconnected  fashion  that  it  was  consid- 
ered best  to  place  in  the  record  a  consecutive  and  orderly 
narrative  of  the  work  of  his  department.  The  opportunity 
was  improved  to  bring  out  certain  points  passed  over  on 
cross-examination,  ^fr.  Morgan  is  still  on  the  stand  at 
this  writing  (Oct.  26).  "" 

Following  Mr.  Morgan,  several  members  of  his  staff  will 
be  called  on  special  features  of  the  plan.  Then  will  come 
the  witnesses  brought  in  from  the  outside.  These  include 
T.  W.  Jaycox,  of  Denver,  Colo.,  and  F.  J.  Fischer,  of  Los 
Angeles,  on  the  hydraulic-fill  method;  G.  B.  Massey,  of 
Chicago,  on  methods  and  costs  of  channel  improvement; 
and  J.  W.  Alvord,  of  Chicago,  Prof.  D.  W.  Mead,  of 
Madison,  Gen.  W.  II.  Bixby.  of  Washington,  and  the 
writer,  upon  the  general  features  of  the  plan  as  a  whole. 
The  object  in  presenting  this  rather  formidable  array  of 
testimony  was  apparently  not  so  much  because  it  was 
considered  necessary  for  the  purpose  of  this  hearing,  as  it 
was  to  make  up  as  complete  a  record  as  possible  in  the 
event  of  an  appeal  from  flie  findings  of  this  court. 

COMMEXT 

Viewing  the  case  as  a  whole,  it  well  illustrates  what  the 
writer  has  often  remarked  :  The  greatest  obstacles  that  the 
promoters  of  public  work  have  to  overcome  are  not  those 
of  nature,  but  of  man.  Nature  is  sometimes  a  stubborn 
adversary,  but  she  always  acts  in  the  open,  without  subter- 
fuge or  indirection.  But  human  ignorance,  prejudice  and 
self-interest    are    handicaps    of    a    different    character. 


Ignorance   is   least   important,   because   it   may  yit 
instruction.     Prejudice — that  is,  prejudgment  of  ;  i 
and  then  sticking  to  it  regardless  of  facts — is  imni'  ^ 
ably   worse.      But   self-interest   is   the   most   insup  ^ 
obstacle  of  all.    Public  measures  are  judged  by  their 
on  the  private  pocket-book,  and  the  rarest  phenoi 
in    the   world   is   a   willingness   to   subordinate   pe 
interest  to  the  public  welfare. 

It  is  obstacles  like  the  foregoing  that  the   Boii  I 
Directors  of  the  district  have  been  and  are  still 
called  upon   to  overcome.     The  engineering  probl 
wsli  worked  out.     No  such   thorough   investigatio 
ever  before  made  of  an  engineering  problem.    The  i 
the  work  to  date  is  something  over  three-quarters  „ 
million    dollars.      Even    the    Panama    Canal    is    nla 
exception. 

The  engineering  staff  is  ready  to  proceed  with  cor 
tion.     But  months  and  perhaps  years  must  yet  be  i 
in     this    exasperating    struggle    with     purely    ar 
obstacles.     It  is  important  that  the  people  of  the 
who  really  want  protection,  understand  this  situat  i 
it  is.    Any  further  delay  in  proceeding  with  the  exe  \ 
of  the  work  will  not  come  from  tlie  merits  or  demc 
the  plan  itself,  or  any  lack  of  preparation  to  ]irocec 
solely  from  an  intangible  opposition  such  as  is  de> 
above.     From  the  point  of  view  of  tlie  physical  pr 
the  work  ought  to  be  entirely  completed  within  th  _ 
five  years. 


By  Edward  R.  Bowex* 

During  the  summer  of  1916,  meters  were  instal  I 
all  services  of  the  Redondo  Water  Co.  at  Redondo,  an 
This  company  serves  about  one  thousand  tons 
The  decrease  in  the  consumption  of  water  resulting 
from  the  installation  of  meters  is  striking,  as  is 
by  the  accompanying  tabulations  from  the  superi 
ent's  monthly  reports. 

REMARKABLE  EFFECT  OF  WATER  METERS.  EEDOXDO,  ( 
1916 

Ml-tlTfl 


>lei 


Amount     of 
power  con- 

kw'-hr'.      .  11,430  33,240  U  560  34.930  12.930 

Amount    of 

raised,  gal.    13.183.700  40.105.400  14.201,000  42.822.000  14.654.200  A 
Amount    of 
power  con- 
sumed por 
1.000   gal. 


Cost      of 
pumping 
per     1.000 
gal.      dol- 

Amount  per 
onpita    ptr 
day  pumprd, 
gal 

Rflinfall 
during 
month,  in. 

Amount  re- 
ceived from 
consumers 

I  per  1,000 
gal.,  dollars 


0  8157         0  8823 


0  0171        0  01336       0  01687        0  01328       0  01665 


•En^ineerinK  Omces  of  J.  B.  Lippincott.   Central   Bi 
Los  Angeles,  Calif. 
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The  recently  constructed  concrete  pavement  of  the 
Toronto-Hamilton  highway  in  the  Province  of  Ontario, 
Canada,  has  just  been  made  the  subject  of  unfavor- 
able criticism  bj'  R.  C.  Harris,  Commissioner  of  Works 
of  the  province.  A  considerable  number  of  lonaritudinal 
racks  and  raised  joints  were  reported  in  August,  1916, 

->  than  a  year  after  most  of  the  pavement  had  been 
iiiid.  The  condition  of  the  pavement  was  of  peculiar 
interest  because  apparently  every  effort  had  been  made 
to  insure  a  first-class  job,  and  the  question  naturally 
arose  whether  concrete  was  a  suitable  paving  material  for 
the  extreme  climatic  conditions  of  eastern  Canada. 

The  chief  engineer  of  the  Toronto  and  Hamilton  High- 
way Commission,  H.  S.  Van  Scoyoc,  was  asked  to  make 
a  personal  inspection  of  every  slab  and  joint  in  the  162,- 
841  sq.j'd.  of  concrete  pavement  laid  in  191.5,  and  his 
report  to  the  commission,  an  abstract  of  which  is  given 
herewith,  contains  some  interesting  information  on  de- 
fects of  this  pavement  and  their  probable  causes.  A  gen- 
eral summary  of  the  results  of  Mr.  Van  Scoyoc's  inspec- 
tion follows : 

GENERAL  SU.MMARV  OF  CONDITION  OF  PAVEMENT 

SL.ABS 

Totol  number 2,076 


Uncrscked 

Slightly  cracked. 


r      Toul 

Cracks  need  filling. 


Satufactory 

Need  chipping. 
Need  chiseling. 


SUMMARY;  WORK  DONE  SUBSEQUENTLY  TO  OCT.   15 
SLABS 


96   I 
3.9 


93  9 

4.  I 
2.0 


634 
31.5 


racked 

-■htly  cracked. 
'I  Ailing 


%    of    Total 
Laid  in  I9IS 

(  30  0 

I  39    I 
40.2 


No. 
548 


83  9 
10  I 
6  0 


654 

31   5 

%  of  Totali 

Number  Laid 

in  1915 

28   2 


i.,factory 

'I  chipping 

'1  chiaeling 

SURFACE  DEFECTS 

aI  number  of  square  yards 162.841    =«  1.465,569  ^<i  Tt 

of  bolcfl  noticed I 

4x4  in.  -  16  sq.in.  -CM  sq.fl 


Chief  Enginebh'.s  Conolusions 
The  summary  shows  quite  conclusively  that  the  trouble 
^eloped  in  those  sections  laid  after  Oct.  15.     It  is  open 

serious  question  if  any  work  siiould  i)e  done  in  tills 
'  ality  after  that  date.  The  temptation  was  great  last 
ison,  both  on  account  of  the  extremely  wet  weather 
!lier,  which  had  delayed  progress,  and  the  unusually 
Id  weather,  which  continued  well  into  Novemlwr.  Cnre- 
I  construction  succeeded  in  i)reventing  any  injurj' 
the  surface  by  the  frost,,  but  it  appears  that  the  work 
I-  not  so  fortunate  so  far  as  joints  were  concerned. 
Tlie  explanation  of  the  trouble  is  believed  to  iw  that 
ncrete  expands  not  only  with  an  incrca.se  of  tempera- 
"',  but  al.'io  with  an  increa.we  in  the  quantity  of  nioist- 
le  it  contains.     It  contracts  not  only  with  n  decn'ase 

toniperatiire.   but    h1.-«i   as   the   excess   water   used    in 


mixing  dries  out.  Ordinarily,  concrete  is  laid  in  warm 
weather.  It  contracts  in  setting  up  and  in  addition  con- 
tracts with  the  cooler  weather  during  the  winter  months. 
The  slabs  shorten  more  than  enough  to  provide  for  the 
increase  in  length  with  the  rise  in  temperature  during 
the  following  siimmer. 

In  this  case  the  concrete  laid  late  did  not  dry  out,  on 
account  of  the  low  temperature.  A  very  wet  fall  was 
succeeded  by  an  extremely  wet,  cold  spring.  The  warm 
weather  came  suddenly,  and  the  concrete  expanded  be- 
fore there  had  been  the  usual  contraction.  Even  with 
these  conditions  it  is  believed  that  there  would  have  been 
no  noticeable  trouble  if  the  joints  had  been  vertical. 

All  the  joints  that  have  been  chiseled  through  are 
more  or  less  inclined  from  the  vertical.  In  practically 
every  case  this  inclination  is  in  the  directibn  in  which 
the  mixer  was  working.  The  only  exceptions  that  have 
been  found  up  to  the  present  have  been  on  the  steeijer 
grades,  where  the  tendency  of  the  concrete  is  to  flow  down 
hill,  and  in  the  joints  made  at  the  end  of  a  day's  work, 
where  there  was  probable  lack  of  care. 

It  is  quite  possible  that  yyider  joints  would  have  less- 
ened the  trouble,  but  in  this  connection  it  should  be 
added  that  to  have  increased  the  thickness  of  joints  to 
%  in.  would  have  entailed  an  additional  expenditure  of 
more  than  $5,000  for  materials  alone.  It  is  to  be  antici- 
pated that  the  maintenance  of  a  ^\ade  joint  would  be 
greater  than  that  of  a  narrower  one.  In  this  case  a 
small  part  of  the  $5,000  will  put  the  joints  in  such 
shape  iis  to  cause  no  serious  inconvenience  to  travel. 

The  longitudinal  and  other  cracks  have  been  tarred  on 
the  approximately  7  mi.  from  Oakville  Bridge  to  the  Blue 
Dragon  at  a  cost  of  less  than  $25  for  materials  and  $175 
for  labor.  This  includes  any  tarring  that  has  been  done 
on  the  joints  as  well.  Four  or  five  more  barrels  of  tar 
were  required  for  the  remaining  work. 

Mr.  Van  Scoyoc  further  states,  in  a  communication 
to  the  editor,  that  less  than  4%  of  the  total  number  of 
slabs  required  attention  from  cracking — a  condition  which 
compares  favorably  with  concrete  highways  of  any  extent 
tiiat  have  come  under  his  personal  ob.<ervation  or  knowl- 
edge. He  says  that  there  was  reason  for  criticism  re- 
garding a  limited  number  of  joints,  more  particularly 
during  the  early  summer;  but  this  condition,  however, 
to  a  large  extent,  righted  itself,  and  a  very  limited  amount 
of  repairs  has  removed  grounds  for  this  complaint. 
IS 

The  >>w  Pier  at  CrUtuliiil,  C'nniil  Zone,  althougrh  not  quite 
completed,  has  been  put  to  u.so  for  unloading:  cargoes  to  relieve 
the  pressure  for  more  handling  space  at  the  other  two  piers, 
Nos.  8  and  9,  and  Dock  10.  The  new  pier,  No.  7.  Is  1.035x212  ft. 
Of  the  237,300  sq.ft.  of  floor  space,  155,000  Is  lnclo.scd  and 
roofed.  The  pier  Is  carried  on  212  steel  cylinders  6  ft.  In 
diameter  and  125  ft,  long,  with  tops  at  water  level.  They  were 
sunk  by  open  dredging  and  rilled  with  concrete  In  which  are 
embedded  steel  rails  for  carrying  girders  for  the  floor  system, 
composed  of  continuous  steel  stringers  with  11-ln.  concrete 
slabs.  The  shed  Is  of  steel  frumcwork  with  concrete  walls 
and  ccmcnt-tlle  roof,  the  21,000  pieces  of  tile  being  furnished 
by  the  American  Cement  Tile  Manufacturing  Co.  Pier  7  has 
no  depressed  railroad  tracks  running  the  whole  length  through 
the  middle,  as  Is  the  case  In  Piers  8  and  3;  but  It  has  a 
railroad  track  running  outside  along  the  walls,  for  handling 
freight.  In  the  construction  of  the  shed  2.200  tons  of  steel 
was  used.  The  total  cost  of  the  pier  Is  $1,420,000.  With  its 
completion  there  will  be  available  at  Cristobal  5,S1,150  sq.ft. 
of  floor  area  In  the  new  concrete  dock  and  pier  system  at  the 
Atlantic  terminal  of  the  canal,  of  which  area  418,180  sq.ft. 
will  be  Inclosed.  To  provide  for  the  still  larger  demand 
expected  within  the  next  few  years,  preliminary  work  has 
already  been  begun  and  the  contract  let  for  the  steel  cylinders 
for  another  concrete  pier  of  the  same  size  as  No.  7,  to  cost 
about   11.500.000  ond   to  bo  completed   within   two  years 
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Tras&sit   Head    foir    FatlGsIbtiaB'glhi  "tier  of   the   Pennsylvania  Highway  Department.    5o\ 


Major/ Annstrong,  of  Pittsburgh,  Penn.,  on  Nov.  6 
pent  to  tne  City  Council  for  confirmation  as  Rapid  Transit 
Commissioner  the  name  of  Edwin  K.  Morse.  The  po- 
sition, which  pays  $8,000  per  year,  was  recently  created  by 
an  ordinance  which  directs  the  commissioner  to  make  a 
transit  survey  of  the  city  and  to  recommend  a  solution  of 
the  transit  problem.  A  budget  is  ordered  as  soon  as 
possible.  Mr.  ]\Iorse  is  a  Pittsburgh  engineer  who  has 
devoted  most  of  his  attention  to  bridge  work.  He  was 
born  in  1856  and  graduated  from  Yale  in  1881.  His 
early  professional  experience  was  in  bridge  shops  and  in 
1887  he  went  to  Australia  to  erect  the  superstructure  of 
the  famous  Hawkesbury  Bridge  there.  Since  his  return  in 
1889  he  has  resided  at  Pittsburgh  and  has  had  charge  of 
the  construction  of  a  number  of  the  bridges  in  that 
district. 

^etfcxlelheim  Sfteefl  C®o   To  SpeEad 

IE3s4®EasnoEiiS 


The  Bethlehem  Steel  Co.,  in  a  circular  signed  by  its 
President,  E.  G.  Grace,  under  date  of  Oct.  30,  announces 
that  it  will  expend  approximately  $60,000,000  in  the  next 
four  years  in  extending  the  steel  plant  which  it  purchased 
from  the  Pennsylvania  Steel  Co.,  and  in  diversifying 
products.     The  circular   says: 

Additional  blast  furnaces  will  be  built  at  both  Steelton 
and  Sparrows  Point.  The  finishing  mills  at  Steelton  will  be 
enlarged  and  extended  and  new  lines  of  products  added.  At 
Sparrows  Point  advantage  will  be  taken  of  its  exceptional 
position  as  a  point  for  manufacturing  material  for  export: 
and  besides  the  improvements  and  extensions,  to  the  existing 
rail  mills,  there  are  in  course  of  erection  mills  for  the  manu- 
facture of  merchant  bars,  rods  and  s^heets,  a  general  commer- 
cial line  of  plates  and  a  complete  tin-plate  mill. 


I£ast©ira=ASIl©initlcD\;yini 


C(DEac5petle 
ic 

The  8-mi.  concrete  road  completed  tliis  season  between 
Easton  and  Bethlehem,  Penn.,  was  formally  opened  with 
iiljpropriate  ceremonies  on  Thursday,  Nov.  2.  The  cele- 
bration was  in  charge  of  the  William  Penn  Highway  As- 
sociation of  Pennsylvania  and  the  Portland  Cement  Man- 
ufacturers Association,  with  the  cooperation  of  some  of 
tlie  civic  and  .social  organizations  of  Easton  and  Bethle- 
hem. Special  trains  were  run  from  New  York,  Philadel- 
])liia  and  Ilarrisburg,  bringing  over  1,000  guests.  An 
automobile  parade  with  nearly  1,500  vehicles  in  line 
went  over  the  new  road  from  Easton  to  Betlilchcm.  Here 
a  barrier  across  the  road  was  removed  by  the  guest  of 
honor.  Governor  Brumbaugh  of  Pennsylvania,  assisted  by 
tAvo  young  ladies,  while  a  third  broke  a  bottle  of  cham- 
pagne upon  the  road  surface.  Liinclieon  was  served  at 
Oak  Park,  a  resort  midway  between  Bethlehem  and  Eas- 
ton. Addresses  were  made  by  Governor  Brumbaugh,  Con- 
gressman Henrv  J.  Steele  and  W.  D.  llhler,  Chief  Engi- 


tal 

tl 


ernor  Brumbaugh  announced  that  he  would  ur 
passage  by  the  next  legislature  of  a  state  appropria  li  c 
$5,000,000  to  build  concrete  roads  in  Pennsylvan  |an 
Chief  Engineer  Uhler  stated  that  the  policy  of  tb 
Highway  Department  hereafter  would  be  to  spe 
state  money  only  for  roads  in  which  concrete  we 
either  for  the  entire  road  or  for  the  foundation.  5 
of  work  in  the  construction  of  the  road  have  bi 
scribed  in  past  issues  of  Engineering  News.  The  t 
road  received  high  commendation  from  the  many  h 
engineers  who  examined  it,  about  the  only  criticisr 
being  that  its  width,  16  ft.,  is  too  narrow  for  fas 
mobile  traffic.  It  is  probable  that  the  remaining 
to  be  built  next  season  from  Bethlehem  to  Alleuto' 
be  18  ft.  wide. 

ILos  Aiageles  Ma^*"  S©  H^s  O 


By  an  amendment  to  the  city  charter  of  Los  A 
Calif.,  approved  by  popular  vote  on  Oct.  24,  the 
authorized  to  make  various  street  improvements 
day-labor  or  by  the  contract  plan,  as  it  sees  fit,  a 
to  assess  the  cost  of  the  improvement  upon  eithe 
ting  property  or  upon  an  improvement  district 
specific  work  that  may  be  so  done  and  asses.sed 
construction  or  reconstruction  in  any  public  strec 
or  other  public  place,  or  in  any  right-of-way  owneil 
city,  of  sewers,  drains,  water  or  gas  mains,  and  li 
conduits  for  transmitting  electric  energy,  and  otiic 
mains,  lines  and  conduits,  or  other  public  improve) 

Ordinances  providing  for  such  improvements  ar 
liable  to  suspension  for  a  period  of  not  less  tl 
mouths  on  protest  by  owners  of  half  the  frontage  n 
unless  meanwhile  a  majority  of  the  frontage  petiti 
the  improvement;  but  such  protests  will  not  be  i 
as  regards  sanitary  sewers  or  certain  minor  ini]iro\ 
adjacent  to  similar  existing  adjacent  improvcmen 

A  restrictive  "if"  on  the  day-labor  plan  is  inch  -u 
the  charter  amendment,  as  follows: 

No  improvement  to  be  paid  for  by  special  assessme  sli: 
be  made  by  the  city  by  the  direct  employment  of  lal  '  o 
purchase  of  materials,  under  the  authorization  of  tV  si 
division,  unless  the  city  shall  have  been  requested  ."^ 
by  a  petition  signed  by  the  owners  of  a  majority  of  tli 
age  to  be  assessed  for  such  improvement,  or  unless 
time  of  receiving  bids  for  the  construction  of  such  ii 
ment  the  city  shall  have  submitted  a  sealed  bid  and  1 
lowest  responsible  bidder;  provided,  that  should  an\ 
improvement  provided  for  in  this  subdivision  be  ail 
to  be  let  by  contract  and  the  bids  for  the  same  be. 
opinion  of  the  owners  of  a  majority  of  the  frontap 
assesed  for  such  improvement  excessive,  then  upon  : 
tlon  to  the  council  by  the  owners  of  such  majority  of  f' 
duly  made  within  20  days  after  such  bids  have  been  i 
all  bids  may  be  rejected  and  the  city  may  proceed  to  ci 
the  proposed  Improvement  by  the  direct  employment  i 
and  purchase  of  materials. 


The  vote    (unofficial) 
for  to  22,450  against. 


the   amendment  was 


I 
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Harvard-Tech  xology 
A  fellowship  for  research  study  of  asphaltic  materials 
and  their  uses,  to  be  knovra  as  the  "Clifford  Richardson 
Fellowship,"  has  been  established  in  these  associated  in- 
stitutions. The  appointment  of  the  incumbent  of  tlie  fel- 
lowship and  the  choice  of  subjects  for  investigation,  as 
well  as  the  disposition  to  be  made  of  the  results  of  such 
investigations  as  may  be  undertaken,  are  to  be  decided 
by  the  institute  faculty  or  the  Joint  committees  of  the 
university  and  the  institute  having  control  of  engineering 
work.  The  funds  were  provided  by  the  Barber  Asphalt 
Paving  Co.,  of  Philadelphia. 

UXITERSITY    OF    CALIFORNIA 

As  part  of  its  course  in  mining  engineering  under 
Prof.  Frank  H.  Probert,  the  University  of  California  has 
started  construction  of  the  "Lawson  Adit,"  an  1,800-ft. 
Tunnel  into  the  Berkeley  Hills,  starting  just  east  of  the 
Hearst  Memorial  Mining  Building.  The  object  of  this 
work  is  to  familiarize  the  students  with  all  the  mechanical 
processes  of  mining,  and  classes  will  be  held  in  the  under- 
L'round  workings. 

UXIVERSITV    OF    TeN'XE.SSEE 

The  University  of  Tennessee  has  organized  its  exten- 
sion courses  for  the  benefit  of  shop  employees  and  others 
who  may  be  benefited  by  practical  courses  in  mechanic 
studies.  This  is  the  second  year  of  this  work.  The  classes 
are  held  at  ^Memphis,  the  largest  city  in  the  state,  under 
the  direction  of  Prof.  Charles  E.  Ferris,  dean  of  engi- 
neering. The  total  cost  is  $.5  and  in  some  instances  60- 
ilay  notes  are  accepted  in  payment.  Thomas  H.  Allen, 
I  onsulting  engineer,  is  assisting.  The  Memphis  Engi- 
neers' Club  is  cooperating.  The  State  Manufacturers'  As- 
.-ociation  last  year  paid  part  of  the  cost.  Correspondence 
r-ourses  are  also  given. 

Massaciiu.setts  Ixstitute  OF  Techxology 

The  first  of  the  dormitories  at  the  site  of  the  new 
Technology-  buildings  in  Cambridge  have  been  opened. 
These  are  cream-colored  buildings  in  the  Florentine  style, 
located  a  little  below  the  educational  group  facing  the 
Charles  River  Basin.  The  group  is  L-shaped  in  plan 
with  a  tower  in  the  angle,  and  forming  a  block  of  six 
independent  houses,  each  with  its  own  entrance,  stair- 
way and  party  walls. _  The  latter  are  pierced  by  fire  doors 
f')  be  unlocked  only  in  emergencies  and  after  breaking 
1  glass  guard.  The  two  end  houses  have  been  assigned 
to  two  fraternities  which  have  desired  to  exiierlment  with 
i|uarters  in  the  blocks  about  the  campus.  These  houses 
have  different  layout  from  the  others — each  having  a 
kitchen,  dining  room  and  two  large  living  rooms.  The 
rrstaurant  and  Students  Union,  serving  the  regular  dor- 
mitories, are  temporarily  located  in  the  basement — pend- 
ing conBtniction  of  the  Walker  Memorial  Building. 
>tudent  government  will  rule  these  dormitories,  there 
"ing  a  faculty  committee  having  general  supervision  of 
-iich  mattors  as  sanitary  inspection,  maintenance,  etc. 
UxivEit.siTY  OK  Illinois 

The  College  of  P^ngineeriiig  of  the  University  of 
Illinois  is  to  have  the  l)enefit  this  year  of  nil  Advisory 
i'.oard  for  the  Railway  Industries  of  Illinois,  which  u|x>n 
the  recommendation  of  the  dean  and  the  approval   of 


the  president  of  the  university,  has  recently  been  ap- 
pointed by  the  trustees.  The  presidents  of  five  of  the 
larger  railroads  centering  in  Chicago,  and  having  their 
administrative  offices  in  that  city,  have  consented  to  serve 
as  the  members  of  this  Advisory  Board.  The  Department 
of  Railway  Engineering  is  soon  to  receive  a  modern  higii- 
power  superheating  locomotive  for  use  during  the  fall 
and  winter  under  the  direction  of  Professor  Schmidt. 

Initial  steps  have  been  taken  and  authority  has  been 
received  from  the  president  and  the  trustees  of  the 
university,  which  provide  a  foundation  for  the  establish- 
ment within  the  College  of  Engineering,  in  cooperation 
with  the  State  Public  Utilities  Commission  of  Illinois, 
of  an  Electrical  Standards  Laboratorj'  to  which  the 
public  service  corporations  of  the  state  can  send  any  piece 
of  apparatus  to  be  checked  and  corrected. 


A  Gravel-Bank  Cave-In  killed  five  men  at  Barton,  Ala.,  Oct. 
24.  The  men  were  taking  out  material  for  roadwork  and 
were    buried    by    the    fall    of   several    tons   of   gravel. 

A  Mine  ExploHlon  at  Marvel.  Ala.,  on  Oct.  22  caused  the 
death  of  every  man  in  the  mine  of  the  Roden  Coal  Co.,  ex- 
cept one — 17  men.  The  one  who  escaped  was  a  pumpman  in 
one  of  the  upper  headings.  All  the  men  killed  had  gone  into 
the  mine  to  install  a  new  electric-feeder  cable.  Open  lights 
were  used,  but  up  to  this  time  the  mine  had  not  been  con- 
sidered gassy.  The  United  States  Hureau  of  Mines  mine-res- 
cue car  was  sent  to  the  scene  of  the  explosion,  but  by  the 
time  it  arrived  gas  helmets  were  no  longer  necessary. 

Three  Adjoining  Drick  Buildinex  Collapited  on  Portland 
St.,  Boston.  Mass.,  Oct.  26.  The  original  failure  appears  to 
have  been  in  a  six-story  brick  structure  at  21-37  Portland 
St.  In  falling,  it  brought  down  the  two  adjoining  build- 
ings, a  one-story  and  a  three-story  structure.  The  six-story 
building  was  unoccupied  and  was  being  remodeled.  The  col- 
lapse occurred  about  8  p.m.  During  the  day  about  50  work- 
men had  been  employed  on  the  remodeling.  No  lives  were 
lost,  but  the  loss  In  property  is  stated  to  amount  to  many 
thousand    dollars. 

A  BoHton  Sarfaoe  Car  Jumped  an  Open  Drawbridge  killing 
50,  on  the  evening  of  Nov.  7.  The  car.  Jammed  with  pas- 
sengers from  South  Boston,  Mass.,  smashed  through  the  gates 
In  front  of  the  open  draw  in  Summer  St.  .ind  plunged  into 
Fort  Point  Channel.  Press  dispatches  state  that  the  accident 
appears  to  have  been  caused  by  the  absence  of  a  red  lantern 
on  the  guard-gate  and  the  fact  that  the  electric  arc  lamp 
that  usually  illuminates  the  bridge  was  not  lighted.  A  float- 
ing crane  was  installed  at  the  open  span,  and  divers  went 
down  to  the  wrecked  car.  which  they  reported  was  standing 
on  end  on  the  bottom.  The  motorman  and  conductor  escaped 
death  by  Jumping.  They  have  since  been  arrested  on  tech- 
nical charges  of  homicide. 

The  Krenknge  of  a  Locomotive  Drlvlnsr  Axle,  which  caused 
a  train  accident  on  the  Southern  Ry.  June  7.  1915,  has  been 
investigated  by  the  Division  of  Safety  of  the  Interstate  Com- 
merce Commission.  Examination  of  the  broken  axle  was  made 
by  .Tames  E.  Howard,  Engineer-Physicist,  and  It  was  ascer- 
tained that  the  cause  of  the  fracture  was  an  area  of  metal  at 
the  surf.ioc  of  the  Journal  which  contained  chatter  marks  and 
short  Incipient  cracks  made  by  the  roughing  cut  In  the  lathe 
during  the  machining  of  the  forging  from  which  the  axle  was 
made.  It  appeared  that  the  (Inlshing  cut  was  not  deep  enough 
to  take  off  all  the  metal  which  had  been  injured  by  the  rough- 
ing cut.  Defective  wurkmanHhlp  nn  the  axlo  Is  further  Indi- 
cated by  the  fact  that  the  length  of  hearing  of  the  axle  In  the 
wheel-seat  was  from  'A  to  \%  In.  long,  instead  of  bearing  for 
the  whole  length  of  8  In.  In  the  wheel-scat  as  It  should  have 
done.  Two  other  fractures  had  started  In  the  wheel-seat 
which  would  .soon  hove  caused  failure  of  the  axle  had  It  not 
broken    In    the  Journal. 

I'avlnic  H>  Ony  l.nhor  In  tho  City  of  Minneapolis,  Minn., 
amounteal  to  lon.nno  sq.yil.  in  tho  season  Just  closing.  This 
iM  approximately  25  ml.  nf  streets.  Three-quarters  of  the  total 
was  creoMoted  wood-blork  pavement  for  which  the  city  has 
become  famous.  IC.  U.  IJutton  Is  asHlstant  city  englncor  In 
charge  of  paving. 
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Rallm-ay-Electplflcatlon  Work  on  a  large  scale  is  planned 
by  the  Great  Northern  Ry.,  according  to  reports  from  the 
State  of  Washington.  The  company  has  planned  to  alter 
to  electric  traction  all  its  lines  in  the  State  of  Washington, 
at  an  estimated  ultimate  cost  of  $16,000,000  to  $20,000,000.  It 
Is  stated  that  the  water-power  sites  where  current  will  be 
generated  to  operate  the  lines  have  already  been  chosen. 

The  Panama  Canal  during  the  first  two  years  of  its  oper- 
ation, from  Aug.  15,  1914,  to  Aug.  14,  1916,  was  used  by  2,097 
ships,  with  an  aggregate  net  tonnage  (Panama  Canal  meas- 
urements) of  7,046,407.  These  vessels  carried  9,031,613  gross 
tons  of  cargo.  During  the  second  year  of  operation  the 
canal  was  closed  for  nearly  six  months,  which  reduced  the 
amount  of  traffic  through  it  nearly  one-half.  The  total  tolls 
collected  were  $5,102,000  in  the  first  year  and  $2,310,000  in 
the  second  year. 

A  Municipal  Ocean  Steanisliip  Line  has  been  recommended 
to  the  mayor  and  council  of  Los  Angeles,  Calif.,  by  the  Cham- 
ber of  Commerce.  It  is  stated  that  Los  Angeles  exporters 
have  gone  to  great  expense  in  extending  the  city's  trade, 
but  find  themselves  handicapped  by  conditions  over  which 
they  have  no  control.  The  city  charter,  adopted  by  popular 
vote,  allows  the  city  to  engage  in  the  shipping  business,  and 
the  Chamber  of  Commerce  suggests  that  a  start  be  made  by 
building  two   wooden   ships  at  a  cost   of  not   over   $150,000. 

.\  National  Conference  to  discuss  uniform  state  legislation 
covering  the  construction  of  boilers  has  been  called  by  the 
Industrial  Commission  of  Ohio,  to  take  place  at  Washington, 
D.  C,  during  the  week  beginning  December  4.  It  is  probable 
that  the  Boiler  Code  of  the  American  Society  of  Mechanical 
Engineers  will  be  the  basis  for  discussion  at  this  meeting. 
It  is  stated  that  the  City  of  Philadelphia  is  about  to  adopt  a 
new  boiler  ordinance  based  on  the  A.  S.  M.  E.  Code  to  re- 
place its  old  rules  regarding  boiler  construction,  which  are 
said  to   have  been   in  existence  since   1868. 

Tlie  Union  Railway  Station  buildings  in  St.  Paul,  Minn., 
were  condemned  by  the  State  Fire  Marshal,  R.  W.  Hargadine, 
oh  Oct.  20  and  ordered  to  be  removed  within  six  months. 
The  order  was  issued  on  the  ground  that  the  buildings  were 
dangerous  to  human  life  and  surrounding  property.  Plans 
for  the  construction  of  a  new  station  by  the  St.  Paul  Union 
Depot  Co.,  of  which  W.  C.  Armstrong  is  Chief  Engineer,  have 
not  yet  been  agreed  to  by  all  the  roads  concerned.  The  plans 
for  a  new  station  first  prepared  have  been  objected  to  by 
S.  M.  Pelton,  President  of  the  Chicago  Great  Western  R.R., 
on  the  ground  that  the  plan  of  operation  of  the  track  system 
would  be  prohibitively   expensive. 

Municipal  Ownership  of  the  electric  light  and  power  dis- 
tributing systems  of  Los  Angeles  is  likely  to  be  realized  in 
the  near  future.  Negotiations  have  been  in  progress  for 
months  between  the  city  authorities  and  the  three  companies 
distributing  electric  current  within  the  city  limits.  The  city 
has  offered  the  companies  $10,000,000  for  their  distributing 
systems  and  the  steam  plant  of  the  Los  Angeles  Gas  and 
Electric  Corporation.  The  companies  have  offered  to  .sell 
the  property  at  $13,691,000.  The  city  also  offers  to  purchase 
power  from  the  companies  for  5\^  yr.  at  0.S5c.  per  kw.-hr. 
The  companies  ask  for  a  10-yr.  power  contract  from  the  city, 
during  which  time  the  city  would  purchase  power  from  them 
for  half  its  requirements  at  $33.17  per  hp.  The  city  is  al- 
ready at  work  paralleling  the  companies'  distribution  systems, 
but  this  work  will  of  course  be  stopped  it  an  agreement  is 
effected  for  the  sale  to  the  city  of  the  existing  lines. 

Reduceil  Rates  for  electric  current  have  been  offered  to 
the  Public  Service  Commission  for  the  First  District  of  the 
State  of  New  York  by  the  New  York  Edison  and  United 
Electric  Light  and  Power  Co.,  and  would  apply  to  the  Borough 
of  Manhattan  and  part  of  Bronx,  beginning  Jan.  1,  1917.  The 
maximum  tariff  in  both  the  general  lighting-rate  and  power 
schedules  is  reduced  from  8  to  7i^c.  per  kw.-hr.  until  July  1, 
1917,  after  which  time  it  is  further  cut  to  7c.  The  right  is 
reserved  to  restore  the  8c.  maximum  if  unforeseen  conditions 
adversely  affect  the  companies'  financial  status.  This  is  re- 
ported to  mean  a  revenue  reduction  of  $1,750,000.  Similar  re- 
ductions had  previously  been  ordered  upon  the  associated 
Brooklyn  Edison  Co.,  and  this  offer  was  the  outcome  of  con- 
ferences between  the  Public  Service  Commission,  the  city 
administration  and  the  companies.  The  change  Is  acceptable 
to  the  city  government  and  it  is  expected  that  it  will  be 
formally  accepted  by  the  Commission. 

The  HuUHon  May  Hallway  enterprise  has  beeji  under  in- 
vestigation by  the  Canadian  Government  Railway  Commis- 
sion, which  heard  at  Ottawa  the  testimony  of  W.  A.  Bowden, 
Chief  Engineer  of  Construction  in  the  Department  of  Rail- 
ways and  Canals.  The  theoretical  advantage  of  the  Hudson 
Bay  route  is  the  saving  in  transportation  cost  on  grain  ex- 
ported   to    Europe.      The    distance    from    the    principal    grain- 


raising  centers  in  the  Canadian  Northwest  to  Port  Nelson  c 
Hudson  Ba.v  is  practically  the  same  as  the  distance  fro 
Winnipeg  to  Fort  William  at  the  head  of  Lake  Superior.  Tl 
sailing  distance  from  Port  Nelson  to  Liverpool  is  substantial 
the  same  as  from  Montreal  to  Liverpool,  and  it  was  con 
puted  that  the  saving  in  the  transportation  cost  by  reason 
the  shorter  land  Journey  would  be  from  5c.  to  12c.  per  bush 
of  wheat.  Mr.  Bowden  further  said:  "The  information  v 
had  when  we  started  the  work  has  proved  very  unreliab 
during  the  five  seasons  we  have  been  working.  For  e 
ample,  our  information  was  that  Hudson  Bay  would  be  op, 
to  navigation  about  the  first  of  July.  The  fact  is  it  is  n 
open  until  the  last  of  July  or  the  first  of  August.  The  da 
when  navigation  was  closed  by  ice  was  not  fixed  in  th 
early  information.  However,  ordinary  tramp  steamers  ha 
left  Port  Nelson  on  Oct.  23  and  gone  through  without  dar 
age.  A  Government  tug  went  through  on  Nov.  1.  but  the  i 
would  have  damaged  a  tramp.  The  grain  shipped  in  Augu 
by  this  route  would  have  to  be  what  was  left  over  from  tl 
previous  year's  crop.  New  grain  could  be  shipped  in  Septer 
ber  and  October. 


PERSONALS 


li,  D,  Heilly  has  been  appointed  Manager  of  the  Ambrid 
plant  of  the  American  Bridge  Co.,  succeeding  F.  T.  Cadmi 
w^ho  has  resigned. 

Elmep  Folsoni  and  Milo  C.  Taylor  announce  the  format! 
of  the  firm  of  Folsom  &  Taylor,  Civil  Engineers,  Peoples  Bai 
Bldg.,    Bloomington,    111. 

Francisco  Asenjo,  Civil  Engineer,  of  Santiago,  Chile, 
making  an  investigation  of  irrigation  systems  in  the  We 
He    is   now    in   California. 

Sanford  E.  Tliompson,  M.  Am.  Soc.  C.  E.,  Consulting  Enf 
neer,  has  established  offices  and  a  concrete-testing  laborato 
at  136  Federal  St.,  Boston,  Mass. 

G.  C.  Hal)ernieyer,  of  Aurora,  111.,  has  been  appointed  A( 
ing  Engineer  of  the  Illinois  State  Water  Survey,  with  offi 
at  the  University  of  Illinois,  Urbana,  111. 

Ealy  G.  Brings,  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  I 
spector,  Department  of  Public  Works,  St.  Paul,  Minn.,  h 
been  appointed  Sidewalk  Engineer  of  the  department. 

Charles  A.  Leninion,  formerly  Chief  Engineer  of  the  But 
Anaconda  &  Pacific  Ry..  is  now  Assistant  to  the  General  Ma 
ager  of  the  Anaconda  Copper  Mining  Co.,   Anaconda,   Mont. 

A.  Leclvle,  former  Division  Engineer  of  the  Arkansas  We^ 
ern  Ry.,  at  Pittsburgh,  Kan.,  is  now  Division  Engineer  of  t 
Kansas  City  Southern  Ry.,  at  Kansas  City,  Mo.,  succeed!; 
E.   M.   Basye,   transferred. 

M.  F.  Clements,  M.  Am.  Soc.  C.  E.,  Assistant  Engineer  of  t 
Northern  Pacific  Ry.  at  Spokane,  Wash.,  has  been  promoted 
be  Bridge  Engineer,  succeeding  H.  E.  Stevens,  who  was  ma 
Chief  Engineer,  as  noted  in  these  columns  Sept.  28. 

Charles  T.  O'Neal,  formerly  Superintendent  of  the  Lehi 
Valley  R.R.  at  Buffalo,  N.  Y.,  has  been  promoted  to  be  Genei 
Superintendent,  with  headquarters  at  South  Bethlehem.  Pei 
He  is  succeeded  as  Superintendent  at  Buffalo  by  P.  J.  Flynn 

AVendell  I».  Ball,  recently  with  the  valuation  department 
the  Cincinnati,  Hamilton  &  Dayton  Ry.,  at  Cincinnati,  Oh 
has  been  promoted  to  be  Assistant  Engineer  in  the  mai 
tenance-of-way  department,  with  headquarters  at  Cinci 
nati. 

H.  H.  Barber,  formerly  Sales  Engineer,  and  W.  B.  Greei 
formerly  Advertising  Manager  of  the  Stephens-Adamson  Ma 
■ufacturing  Co.,  Aurora,  111.,  announce  the  formation  of  t 
Barber-Greene  Co.,  manufacturers  of  car  unloaders,  wag 
loaders,  etc.,  Aurora,   111. 

Edward  Ray  AVeidleln  has  been  appointed  Associate  I 
rector  of  the  Mellon  Institute  of  Industrial  Research  of  t 
University  of  Pittsburgh.  He  was  graduated  from  the  Ui 
versify  of  Kansas  in  1909  and  has  been  a  senior  fellow 
charge  of  hydrometallurgical  investigations  at  Mellon  Ins' 
tute. 

W.  H.  Vance,  recently  Engineer  of  Maintenance-of-Way 
the  Louisiana  &  Arkansas  R;'.,  has  been  promoted  to  be  Chi 
Engineer  and  his  former  office  has  been  abolished.  He  Is 
graduate  of  the  University  of  Illinois,  class  of  1S99,  and  w 
formerly  with  the  engineering  departments  of  the  Peoria 
Eastern  Ry.  and  the  St.  Louis,  Iron  Mountain  &  Southern  F 

J.  S.  McMrlde,  formerly  Valuation  Engineer  of  the  Chica 
&  Eastern  Illinois  R.R..  has  been  promoted  to  be  Princlr 
Assistant    Engineer   with    headquarters   at   Chicago.     He   Is 
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vil  engineering-  graduate  of  Rose  Polytechnic  Institute.  He 
IS  been  continuously  in  the  service  of  the  Chicago  &  Eastern 
linois  since  1905,  when  he  was  appointed  an  instrumentman 
1  construction.  He  was  promoted  to  be  Assistant  Engineer 
1908  and  Valuation  Engineer  in  1914.  He  will  continue  to 
ive  supervision  of  the  valuation  work  in  addition  to  his  new 
ities. 


Wllliani  Cooper  Cuntz,  Assoc.  Am.  Soc.  C.  E..  General  Man- 
or and  Treasurer  of  the  Goldschmidt  Thermit  Co.,  New  York 
ty,  died  Nov.  2  at  Auburndale,  Mass.  He  was  born  in  Ho- 
ken,  N.  J.,  45  years  ago.  He  had  been  connected  with  the 
lidschmidt  Tnermit  Co.  since  1910. 

James  C.  "Wallace,  former  President  of  the  American  Ship- 
ilding  Co.,  of  Cleveland,  Ohio,  died  Oct.  31.  aged  53  years. 
!  started  his  business  career  as  a  machinist  in  18S1.  Six 
ars  later  he  took  charge  of  the  drafting  room  of  the  Cleve- 
nd  Shipbuilding  Co.,  of  which  he  became  Vice-President  and 
neral  Manager  in  1893.  When  this  company  was  merged 
to  the  American  Shipbuilding  Co.,  in  1899,  he  became  General 
inager,  and  in  1904  President. 


lERICAN  MINING   CONGRESS. 

\'ov.  13.     In   Chicago,  Secy.,  J.  F.  Callbreath,  Munsey  Bldg., 
Washington,  D.  C. 
.  RO  CLUB  OF  AMKRICA. 
sov.   13.     Annual   meeting   in   New   Tork    City.      Secy.,    Wm. 
Hawley,  297  Madison  Ave.,  New  York  City. 
i  TIONAL  COMMERCIAL,  GAS  ASSOCIATION. 
;ov.  13-18.     Convention   in  Atlantic  City,  N.  J.     Secy.,  Louis 
Stotz.   61    Broadway.    New   York  City. 

;  :;hmond  railroad  club. 

.'ov.  13.     Annual  meeting.      Secy.,   F.   O.   Robinson. 
I  TIONAL    ASSOCIATION    OP    RAILWAY    COMMISSIONERS. 
Joy.    14.      Convention    in    Washington,    D.    C.      Secy.,    W.    H. 
Connolly,   Washington. 
I  :;IETT       OP       NAVAL       ARCHITECTS        AND        MARINE 
ENGINEERS. 
Tov.  16-17.     Annual  meeting  in  New  York  City.     Secy.,  D.  H. 
Cox,  29  W.   39th  St. 
i  ECTRIC   POWER   CLUB. 
:ov.  15-17.     Annual  meeting  in  Hot  Springs,  Va.     Secy.,  C.  H. 
Roth,  1410  W.  Adams  St.,  Chicago. 
]  NSAS  GOOD   ROADS  ASSOCIATION. 
Toy.    16-17.      Annual    meeting    in    Lawrence    Society    head- 
quarters in  Kansas  City. 
(  jTHERN   AND    SOUTHWESTERN    RAILWAY   CLUB, 
.'ov.  16.     Annual  meeting  in  Atlanta,  Ga.     Secy..  A.  J.  Merrill, 
P.  O.  Box  1205,  Atlanta. 
<  "Y  MANAGERS'   ASSOCIATION. 
Tov.    21-23.      Convention    in    Springfield,    Mass.      O.    E.    Carr, 
Niagara  Falls,  N.  Y. 
I  TIONAL  MUNICIPAL  LEAGUE. 
'ov.  23-25.     Annual  meetlne  in   Springfield.  Mass.      Secy.,   C. 
R.   Woodruff.    705    North    Amirican    Building,    Philadelphia. 
1  ILWAY   GARDE.NING    .ASSOCIATION. 
>ec.   5-7.      Annual    meeting    in    New   Orleans.      Secy.,    Charles 
E.  Lowe,   Sewlckley,    Penn. 
1  RTLAXD   CEMENT    ASSOCIATION. 
)ec.    11-13.      Annual    meeting    in    New    York    City.      Assist- 
ant to  General  Manager,   A.  H.   Ogle,   Chicago,   111. 

I  lie  NorthweHtern   Road  Congrrew*  will   meet   for   the   third 
on  Dec.    8   and   9    in   Chicago.      A   tentative   program   has 
I  I   been    issued,    and   can    be    obtained   from   Secretary   J.    L. 
1  ig,  Moline.  III. 

The  American  Society  of  Aerlcnltaral  Rnirlneern  holds  its 
%  th  annual  meeting  at  Chicago.  Dec.  27  to  29.  The  pre- 
l|  Inary  program  has  been  issued  and  can  be  obtained  from 
t    secretar.v,  D.  K.  Shedd.  Ames,  Iowa. 

V   New  York  State  Inilnrttrial  Safety  CnnKTenn  is  to  be  held 

II   to  14.  in  Syracuse,   N.  Y.  at  the  Hotel  Onondaga.      Ad- 

•  M  will  be  delivered  on  fire  prevention,  factory  sanitation, 

The  New   York   City   office   Is  at   230  Fifth   Avenue. 

I  he    North    Carolina     DrainaKC    AaKOclatlon     will     hold     Its 

■  I  meeting  N' v.   22  and   23   In   Greensboro,  N.   C.      This   Is 
■"  be  the  first  time  In  a  number  of  years  that  the  annual 

ng  of  this  organization  has  been  held  In  an  Inland  town 

>  lie  RnirlneerH'  Society  of  AVeatem  Pennnylvanla  ha.<<  taken 
toward  the  puroha.se  of  "Solitude",  the  home  of  the  late 
•■  WeHtlnghouse.   in  Pittsburgh,  and  to  convert  the  rcsl- 

■  Into  a  memorial.     If  the   project   Is  carried   through,   It 
Involve  an   expenditure   of  about   J400.000. 

'  i>e  Detroit  Amoclatlon  of  the  Members  of  the  American 
•    of    Civil    Enginf-ers    was    organized    on    Oct.    26,    and 


officers  were  elected  as  follows:  President.  Theodore  A.  Lei- 
sen,  General  Superintendent  Detroit  Board  of  Water  Com- 
missioners; vice-presidents,  Henry  C.  Ripley  and  Gale  Cum- 
mins: secretary,  Clarence  W.  Hubbell.  consulting  engineer,  De- 
troit, Fifty  charter  members  attended  the  organization  meet- 
ing. 

The  Pittsbnrsh  .Vssoclation  of  Members  of  the  .Vmeri- 
can  Society  of  Civil  BneineerH  was  organized  on  Nov.  4  at  a 
meeting  held  in  the  rooms  of  the  Engineers'  Society  of  West- 
ern Pennsylvania,  Pittsburgh.  G.  F.  Davison  and  R.  A.  Cum- 
mings  were  continued  as  temporary  chairman  and  secretary, 
respectively,  and  the  committee,  which  reported  on  the  ad- 
visability of  foi-ming  the  association,  was  continued  and  in- 
structed to  draft  by-laws,  and  be  ready  to  report  at  another 
meeting  to  be  held   in  the  near  future. 

.Vmericnn  Society  of  Civil  Kngineers — The  nominating  com- 
mittee has  selected  the  following  officers  to  be  voted  for  at 
the  annual  meeting,  Jan,  17.  1917:  President,  George  H.  Peg- 
ram,  Chief  Engineer  of  the  Interborough  Rapid  Transit  Co.  and 
the  Rapid  Tra.nsit  Construction  Co..  New  York  City;  vice- 
presidents,  George  W.  Kittredge,  Chief  Engineer,  of  the  New 
York  Central  Lines,  New  York  City;  and  George  S.  Webster. 
Director  of  the  Department  of  Wharves,  Docks  and  Ferries, 
Philadelphia,  Penn.;  treasurer,  George  W.  Tillson,  Consulting 
Engineer  of  the  Borough  of  Brooklyn,  New  York  City;  di- 
rectors, Alfred  D.  Flinn.  Deputy  Chief  Engineer  of  the  Board 
of  Water-Supply,  City  of  New  York;  Lewis  D.  Rights,  Con- 
struction Manager  of  Lewis  F.  Shoemaker  &  Co.,  New  York 
City;  William  R.  Hill,  Consulting  Engineer,  Albany,  N.  Y.; 
Arthur  P.  Davis,  Chief  Engineer  of  the  United  States  Reclama- 
tion Service,  Washington,  D.  C. ;  William  L.  Darling,  recently 
Chief  Engineer  of  the  Northern  Pacific  Ry.,  St.  Paul,  Minn.; 
and  R.  H.  Thomson,  Consulting  Engineer,   Seattle,   Wash. 

The  Association  of  llailway  Klectrical  Kngineers,  which 
deals  with  train  lighting  and  the  general  use  of  electricity 
for  power  and  light  in  railway  service,  held  its  ninth  annual 
meeting  at  the  La  Salle  Hotel,  Chicago.  Oct.  31  to  Nov.  3.  The 
attendance  was  good  and  there  was  an  extensive  exhibit  of 
railway  and  electrical  appliances.  In  regard  to  train  light- 
ing, a  committee  submitted  recommendations  for  standards; 
these  have  been  considered  also  by  the  Master  Car  Build- 
ers' Association.  Another  committee  reported  on  the  system 
of  lighting  from  a  plant  at  the  head  end  of  the  train,  which 
system  is  in  extensive  use  and  is  in  general  more  economical 
than  the  individual  car  system.  But  where  the  service  re- 
quires the  frequent  making  up  and  breaking  up  of  trains, 
and  diverting  cars  to  other  lines,  the  Individual  equipment 
system  is  the  only  one  that  meets  the  requirement.  Other 
reports  related  to  the  rating  of  lamps  used  in  train  service, 
and  arrangement  of  lamps  for  lighting  freight  and  repair 
yards.  In  relation  to  power  and  shop  work,  the  reports  dealt 
with  the  rating  of  crane  and  turntable  motors,  the  use  of  com- 
pressed air  in  railway  shops,  and  the  use  of  electric  welding 
for  various  purposes.  It  was  pointed  out  that  the  saving  in 
cost  due  to  such  welding  has  been  so  great  that  little  at- 
tempt has  been  made  at  scientific  management  of  the  work. 
The  time  is  approaching,  however,  when  it  will  be  neces- 
sary to  reduce  the  cost  of  this  electric  welding  work  very  ma- 
terially. 

Officers  were  elected  as  follows:  President,  C.  J.  Causland, 
Chief  Electrician.  Pennsylvania  Lines;  Secretary,  J.  A.  And- 
reucetti.  C.  &  N.  W.  Ry.,  Chicago. 

The  American  Itoad  nuililerH  AHHOclatlon — The  annual  bus- 
iness meeting  of  the  Association  for  the  election  of  otticers 
was  held  In  New  York  City  at  the  Automobile  Club  of  America 
on  Nov.  3.  The  oflioers  elected  were  as  follows:  President, 
A.  W.  Dean,  Chief  Engineer,  Massachusetts  Highway  Com- 
mission; Vice-Presidents,  Wm.  H.  Connell,  Chief  of  the  Bureau 
of  Highways  of  Philadelphia;  Austin  B.  Fletcher,  State  High- 
way Engineer  of  California;  Prof.  Arthur  H.  Blanchard,  Pro- 
fessor of  Highway  Engineering,  Columbia  L^nlversity;  for 
Directors  to  serve  three  years,  Paul  D.  Sargent,  Chief  Engi- 
neer of  the  Maine  State  Highway  Commission;  R.  H.  Gillespie, 
Chief  Engineer  of  Sowers  and  Highways,  Borough  of  the 
Bronx,  New  York  City;  T.  R.  Agg,  Professor  of  Highway  En- 
gineering, Iowa  State  College;  B.  Michaud,  Deputy  Commis- 
sioner of  Highways,  Province  of  Quebec;  Fred  E.  Ellis,  Man- 
ager, Essex  Trap  Rock  Co.;  W.  E.  Atkinson,  State  Highway 
Engineer  of  Louisiana;  Secretary,  E.  L.  Powers,  Editor  of 
"Good  Roads."  At  the  dinner  following  the  meeting,  the  re- 
tiring President,  Col.  E.  A.  Stevens,  State  Highway  Com- 
missioner of  New  Jersey,  acted  as  toaslmaster,  and  among 
the  after-dinner  speakers  were  Edwin  Duffey,  State  High- 
way Commissioner  of  New  York;  and  H.  E.  Breed,  Deputy 
Commissioner  of  Highways  of  New  York.  Commissioner  Duffey 
stated  that  under  an  act  of  the  last  legislature,  the  Com- 
missioner, Stale  Engineer,  and  Superintendent  of  Public 
Works,  were  given  authority  to  prepare  a  code  of  rules  for 
the   control   of  commercial   motor  vehicles  operated   on   high- 
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ways  within  the  state  -n-ith  the  object  of  protecting  the  roads 
from  destruction.  The  commission  has  had  an  engineer  at 
work  for  some  months  collecting  the  information  on  which  to 
base  such  a  code  of  rules  and  will  shortly  hold  a  public  hear- 
ing upon  them.     They  are  to  go  into  effect  on  Feb.  1  next. 


la.ttes'ials 


Pressed-Steel    Elevator   Gates 

An  all-steel  freight-elevator  gate  with  the  principal  mem- 
ber pressed  from  a  single  piece  of  sheet  steel  is  being  made 
by  the  Paterson-Leitch  Co.,  of  Cleveland,  under  the  trade  name 
"Steelite."  The  gate  is  as  light  as  a  wooden  one  and  much 
more  rigid;  it  costs  but  little  more.  After  the  main  piece  is 
pressed,  the  raitered  corners  are  welded  (oxyacetylene  pro- 
cess), and  whatever  reinforcements  are  desired  are  spot- 
welded.     An   oak.  bumper   is  fastened   to   the   bottom   of   each 
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leg  to   cushion   the   impact   and   reduce   noise.     A   two-section 
telescoping  gate  of  similar  design  is  made. 

With  these  all-steel  gates,  are  furnished  steel-channel 
guides,  steel  weight  boxes,  ball-bearing  pulleys,  etc.,  for  man- 
ual or  semi-automatic  operation. 

X'on-KefleftiiiK    ."Store    WindoH- 

A  store  front  that  clearly  discloses  the  interior  and  elimi- 
nates the  disturbing  reflections  commonly  encountered  has 
been  developed  by  the  Store  Improvement  Co.,  1804  Finance 
Building,  Philadelphia.  This  construction,  shown  in  the  ac- 
companying sketch,   is  known  as  the   "shadow-box  window." 


This  result  is  produced  by  substituting  for  the  usual  flat  plat, 
glass  two  plates  of  glass  the  width  of  the  window,  havint 
the  upper,  or  "awning  section"  (above  the  line  of  vision),  o 
ordinary  flat  glass  and  the  lower,  or  "vision  section,"  a  ben 
glass  plate  set  horizontally  with  the  concave  side  toward  th. 
observer.  The  two  plates  meet  in  a  plain  clamp  Joint  about 
foot  above  a  tall  observer's  eyes.  A  shadow  box,  or  barrier 
is  then  placed  across  the  lower  front  of  the  window  on  th' 
building  line,  with  suitable  provisions  for  drainage.  Thi 
barrier  may  be  of  any  material  to  harmonize  with  the  build 
ng — as  stone,  iron,  wood,  kalamein,  or  iron  or  bronze  grilles 
etc. 

In  new  buildings  the  installation  of  this  type  of  window  i 
easy  and  comparatively  inexpensive — about  the  cost  of  goo' 
flat-plate  construction.  In  old  buildings  the  cost  is  more- 
and  in  some  cases  is  prohibitive.  Where  a  window  is  ver 
wide,  it  is  usually  found  best  to  divide  it  by  muUions  int 
two  sections,  or  into  a  wide  central  section  and  two  narrot 
end  sections.  Users  of  this  window  are  obliged  first  to  pur 
chase  a  license  and  then  to  have  the  window  constructed  di 
rectly  by  the  controlling  company  or  by  local  contractor 
under  the   company's   specications. 


Pocket  CO™  Indicator  with  Replaceable  Parts — A  pocket  CO 

indicator  for  use  by  testing  engineers,  superintendents  am 
power-plant  operators  has  recently  been  brought  out  by  th- 
Bacharach  Industrial  Instrument  Co.,  14  Wood  St..  Pittsburgh 
Penn.  It  works  on  the  familiar  principle  of  the  COj  ab 
sorption  by  KOH.  This  instrument  is  designed  for  rathe 
j-ough  usage,  and  every  part  can  be  easily  replaced  in  th' 
ovent   of  breakage.      It   is   reported   that    17   to  20  analyses  pe 
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I;U(^,GED  CO:  INDICATOR   FOR  QUICK  TESTS 

hour  can  be  made  with  this  instrument.  With  ordinary  car 
an  analysis  can  be  made  with  a  maximum  error  of  2%.  Th 
reagent  is  a  solution  of  potassium  hydroxide  in  water.  -Severs 
hundred  analyses  can  be  made  with  one  charge  of  the  caustl' 
The  device  is  compact  and  portable. 


NOVEMBER   16,   1916 


NUMBER  20 


The  much  exploited  hydro-electric  project  at  the  nar- 
ows  of  the   Yadkin   River  in   Stanley   County,   N.   C, 
i  now  approaching  a  completed  reality,  after  15  years 
f  vicissitude  and  in  the   hands  of  the  fourth  interest 
!iat  has  undertaken  its  development.     Here  is  rising  a 
slid   concrete    dam    about    1,400    ft.    long,    of    217    ft. 
laximum  height  and  containing  .525,000  cu.yd.  of  con- 
rete.     This  is  the  highest  overfall-type  dam  on  record 
'  nd  one  of  the  largest  in  its  concrete  yardage.     In  the 
ower  house  immediately  below  the  dam  there  are  being 
istalled  three  31,- 
i)0-hp.  generating 
aits    (out   of   an 
.•entual  four) 
lese   being   by    a 
'  -iderable    mar- 
the     largest- 
ipacity       single- 
inner       turbines 
■t  built.  Thepos- 
bility  of  develop- 
ig  a  great  block 
electric    power 
the  gorge  of  tlie 
I  adkin    River, 
me  30  mi.  south- 
-t  of  Salisbury. 
.    C,    has    long 
e  e  n    attractive, 
he  first  recorded 
iempt  at  utiliz- 
ig   the    fall    was 
■omoted    by    the 
'  te  George  Whit- 
■•.  of  Pittsburgh. 
"•0  actual  construction  started,  the  project  passed  into 
hands  of  the   North   Carolina   Electric  and   Power 
which  created  the  town  of  Wiitney  and  built  a  very 
and  e.vpensive  cut-stone  dam  at  the  head  of  a  5-mi. 
I' h   of   canal.     This   company   was   caught   in    the 
M'ial  depression  of  1907  and  was  taken  over  later 
1  French  concern,  the  Southern  Aluminium  Co.,  which 
("sed  to  establish  in  that  distric-t  a  large  aluminum 
dustf)'.    This  company's  plans  for  tlie  development  had 
•en  made  on  radically  novel  lines,  and  construction  had 
•ogressed  steadily   (as  described  in  Enfjineeritifj  New.i, 
Jne,  11,  1914)  when  the  European  War  halted  the  work. 
\ftar  about  a  year's  interim  the  new  town  of  Badin 
the  industrial  site  were  purchased  by  the  Tallassee 
••  L-r  Co.,  a  subsidiary'  of  the  Aluminum  Co.  of  America. 
Inder  the  new  owners  the  town  hii-s  been  further  developed 
id  is  rapidly  growing  toward  its  eventual  population  of 
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5,000.  The  plans  of  the  hydraulic  development  have  been 
considerably  changed  again  by  the  new  owners  and  a 
practically  completed  power  house  and  its  equipment 
were  abandoned ;  but  the  dam,  so  far  as  it  was  constructed, 
has  been  made  use  of. 

Geneiul  Plans  of  Present  Development 

The  plans  of  the  French  engineers  (that  is,  of  the 
Southern  Aluiiiinium  Co.)  because  of  the  features  of 
novelty — judged  from  American  standards — excited  un- 
usual interest  in 
engineering  cir- 
cles. The  old 
French  plan,  brief- 
ly reviewed,  con- 
sisted of  throwing 
a  curved  non-over- 
flow gravity-sec- 
tion concrete  dam 
about  1,350  ft. 
long  and  200  ft. 
liigh  (maximum) 
across  a  deep  rock 
gorge,  the  creation 
of  a  reservoir  cov- 
ering about  8 
sq.mi.  of  territory 
and  the  construc- 
tion of  a  power 
station  on  the  west 
bank  immediately 
below  the  dam, 
housing  sixteen 
5,200-kw.  direct- 
current  and  (wo 
The  effective  head 


1,200-kw.  alternating-current  units. 
was  to  be  175  ft. 

In  connection  with  this  dam  there  was  to  be  no  side 
canal  or  bypass,  as  commonly  provided  in  American 
practice.  There  was,  instead,  a  short  overi'all  .section 
with  10  control  gates  above  the  crest,  at  the  east  end  of 
the  dam,  dispo.sed  in  a  curve  around  a  bowl  excavated 
in  the  hillside  and  drained  by  two  big  wells,  60  ft.  in 
diameter,  connecting  with  two  bypass  tunnels  which  were 
also  to  be  used  dui'ing  construction  to  divert  the  river 
from  its  original  course. 

The  changes  made  by  the  Tallassee  Power  Co.  prin- 
cipally concern  the  conversion  of  the  dam  into  an  overfall 
section  clear  across  the  river,  the  use  of  a  spilhvav  bypass 
channel  instead  of  wells  and  tunnels,  the  building  of  a 
new  power  house,  the  use  of  vertical-shaft  turbines,  and 
the  geneni*ion  i.r  nltornating  current  instead  of  direct. 
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The  Tallassee  Power  Co.  in  order  best  to  utilize  the  con- 
crete placed  in  the  dam  by  the  French  company,  without 
accepting  all  the  features  of  the  layout,  retained  the  idea 
of  a  curved  dam  of  gravity  section — making  the  main 
dam  of  overfall  section  along  the  entire  length,  ex- 
cept for  about  450  ft.  of  wing  at  the  west  end 
and  100  ft.  at  the  east  end,  increasing  the  base 
width  and  the  area  of  cross-section  and  modifying 
various  other  details.  The  cross-section  of  the  dam  as 
now  being  built  is  shown  in  Fig.  4.  In  connection  with 
this  it  should  be  noted  that  the  weight  of  the  cyclopean 
concrete  is  unusually  great — 162.5  lb.  per  cu.ft.  This  is 
due  to  the  high  specific  gravity  of  the  porphyry  aggregate. 

A  new  power  station  was  built  across  the  river 
and  designed  to  house  four  27,000-hp.  single-runner 
vertical-shaft  Francis  turbines  driving  alternating-current 
generators.  These  are  the  largest-capacity  single-runner 
wheels  yet  built.  Only  three  units  are  to  be  installed  at 
the  present.  The  penstocks  are  of  steel  plate  and  come 
down  from  an  intake  section  at  the  east  end  of  the  dam 


proper.  Inclined  stop-log  grooves  are  provided  in  front 
of  the  trash  racks  of  the  intake,  and  motor-operated 
hoist-lifted  Stoney  gates  will  be  installed — to  be  con- 
trolled from  the  power  station. 

There  are  23  Taintor  gates,  25x10  ft.,  placed  between 
piers  along  the  crest  of  the  main  length  of  dam  west 
of  the  intake.  From  the  intake  a  spillway  section,  with  a 
lower  elevation  of  crest,  curves  sharply  away  to  the  south- 
east. This  section  is  about  44  ft.  long  over  all  and  car- 
ries 10  Stoney  gates,  each  of  33  ft.  clear  width  between 
piers.  The  combined  discharge  capacity  of  the  Taintor 
and  Stoney  gates  is  computed  to  be  250,000  sec.-ft.— or 
90,000  sec.-ft.  greater  than  the  biggest  flood  flow  of  the 
last  century. 

The  more  important  features  of  the  Taintor  gates  are 
shown  in  Fig.  5.  It  is  especially  interesting  to  note  that 
these  22  crest  gates  are  operated  by  a  single  movabk 
hoist  that  travels  along  the  overhead  bridge.  This  is  an 
economical  depar-ture  froru  the  usual  expensive  practict 
of   individual   hoists   for  each   gate.      Each   gate  carrier 
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FIG.    2.    GENERAL  LAYOUT  OF  YADKIN   NARROWS   DEVELOPMENT.    TALLASSEE   POWER  CO. 
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FIG.   3.     VIEWS  UK    YAUKl.X   NARROWS  DAM  AT  VARIOUS   STAGES   OP   WORK 

Top — From  upstream,  showing  conditions  at  about  time  Tallassee  Power  Co.  toolt  over  tlie  project.  Lower  Left — 
-lowing  spray  wall  at  junction  of  overfall  and  high  sections.  Lower  Right — Showing  plums,  drainage-tube  forms,  key 
joints,    etc.      Photographs   by    E.    Jungerman,    Columbus,    Ga..   photographer  for  the  Hardaway  Contracting  Co. 


vo  hoist  chains,  which  are  picked  up  by  the  traveling 

lists  for  raising  and  lowering.     The  gate,  when  raised, 

held  up  by  dogs  on  the  chains  and  bridge  engaging, 

I  that  the  hoist  is  freed  for  service.    The  bottom  seal  of 

le  gate  is  a  bolted-on  plank  with  rubber-packing  strip. 

■  sides  are  sealed  by  a  strip  of  rubber  belting  folded 

longitudinally. 

The  bypass  Stoney  gates  are  also  sho\v^l  in  Fig.  5.    The 

-'sign  of  gate  and  guides,  it  should  bo  noted,  was  con- 

llcd  by  the  dimensions  of  the  concrete  piers,  which 

■  partly  built  before  the  Tallassee  Power  Co.   took 

!■  the  project.  The  gate  slots  were  already  molded  in  tlie 

|)iers,  and  this  limited  the  treatment  of  gate  ends. 

..Lse  Stoney  gates  are  among  tlie  large  ones   in  this 

'luntry — though  hardly  approaching  tlie  largest  built — 

lid  well   illustrate   the   bcst-recognizcd   practice  of   the 

liy.    They  are  35  ft.  wide,  26  ft.  high,  are  horizontally 

'  amed  structures  with  built-up  horizontal   girders  and 

'■  open  at  the  back.     The  downstream  flanges  of  the 

''  horizontal  girders  are  hung  by  channels  from  a  top 

llach  gate  is  lifted  by  a  pair  of  permanently  attached 
I  rows,  the  lower  ends  of  which  engage  ;j-in.  ])ins  in  side 
jates  at  the  upper  jjate  corners.    Each  scrciv  is  lifted  by 

'on-risiri;,'  nut  rotated  through  worm  gearing  by  a  2.'5- 


hp.  motor.  The  details  of  guides,  rollers  and  seals  for 
the  Stoney  gates  are  shown  iu  Pig.  5. 

To  provide  contraction  joints  and  to  facilitate  construc- 
tion the  dam  is  built  in  vertical  blocks  of  about  .50-ft. 
width,  measured  on  the  upstream  face.  One  block  was 
carried  up  several  lifts  before  the  adjacent  one  was  started. 
The  horizontal  joints  (marking  a  day's  work)  were  al- 
lowed to  come  at  the  convenience  of  the  contractor,  but 
never  closer  than  5  ft.  The  concrete  was  continuously 
poured  during  each  day's  work,  except  wliere  the  inspec- 
tion galleries  were  inclined. 

The  vertical  faces  of  the  blocks  of  the  dam  are  marked 
with  key  grooves  21^  ft.  wide  and  4  ft.  apart,  as  shown 
in  Fig.  4.  These  are  jjainted  with  coal-tar  paint  (1  pt. 
of  kero.sene  to  1  gal.  of  tar)  ai)])lied  hot.  This  is  to 
))revent  all  bond  of  concrete  to  concrete;  and  while  there 
is  no  ai)])recial)le  thickness  to  the  tar  coating,  it  suffi- 
ciently serves  as  a  contraction  joint. 

Although  the  upstream  cutoff  trench  was  carried  to 
sound  tight  rock,  a  line  of  ;?0-ft.  drill  holes  on  10-ft. 
centers  was  put  downi  in  the  ledge  under  the  heel  of  the 
dam.  These  holes  will  be  grouted  from  the  lower  up- 
stream inspection  gallery.  Eighteen-inch  drain  holes,  on 
10-ft.  center.s,  were  cored  in  the  cf)iicrcte  to  rock  under  the 
downstream  trallcrv :  fnjin  tlie  bottom  of  tlie.-^c  di'aiii  holes, 
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40-ft.  holes  were  drilled  into  the  ledge — and  left  open  to 
serve  as  drains  and  thus  prevent  uplift  due  to  water  which 
may  percolate  past  the  line  of  grouted  drill  holes.  Along 
the  dam  and  7  ft.  below  its  crest  runs  an  upper  inspection 
gallery,  connected  to  the  lower  upstream  gallery  by  18-in. 
drain'holes,  on  12i/^-ft.  centers  for  the  entire  length  of 
the  dam.  These  holes  were  cored  in  the  concrete,  using 
collapsible  steel  forms.  The  drain-hole  openings  in  the 
upper  and  lower  galleries  are  covered  by  cast-iron  gratings. 

As  the  dam  is  curved  (radius  1,678  ft.)  and  the  piers 
supporting  the  gate-operating  bridge  are  on  radial  lines, 
the  piers  were  tapered  so  as  to  provide  parallel  walls 
for  each  gateway. 

The  spillway  apron,  formed  by  the  downstream  face  of 
the  main  dam,  is  dished  toward  the  downstream  corners, 


lO'C.foC. 

MAXIMT-'M    SECTION,    YADKIN    NARROWS    DAM 

so  as  to  form  a  bucket  that  shall  guide  the  overflowing 
water  toward  the  river  channel.  The  apron  is  separated 
by  spray  walls  from  the  non-overflow  section  on  the  west 
end  and  from  the  penstocks  and  power  house  on  the  east 
end. 

Unusual  Featuhes  of  Power  Station 

The  power  station,  for  many  reasons,  is  one  of  the  most 
interesting  built  in  recent  years.  By  generating  at  the 
transmission  voltage  (13,200)  no  station  transformers 
are  required,  except  for  the  building  services.  This 
greatly  simplifles  the  switching  layout,  and  the  effect  is 
increased  by  using  outdoor  type  of  main  oil  switches 
on  a  gallery  outside  the  generating  station.  Fiber  con- 
duits carry  the  conductors  from  the  generators  to  the 
oil-switch  terminals. 

The  remarkably  steady  load  to  be  furnished  by  the 
nearby  aluminum  works  permits  an  efficient  use  of  very 
large  generating  units — larger  than  is  commonly  desirable 
in  general  practice.  Each  turbine  will  develop  27,000  hp. 
at  maximum  efficiency  and  31,000  hp.  at  full  gate,  so  that 


in  point  of  capacity  these  are  the  largest  hydraulic  tur- 
bines ever  built.  Each  turbine  drives  an  18,000-kv.-a.  36- 
cycle  1,330-volt  three-phase  generator  with  its  exciter  {iH 
on  top.  Aside  from  this  they  have  points  of  interest  in  I 
their  mechanical  design,  notably  the  use  of  steel-plate 
scroll  casing  embedded  in  concrete  and  a  scheme  of  dis- 
mantling the  runner  from  below,  as  described  more  in 
detail  in  another  article.  The  runner  diameter  is  108  in.; 
the  speed,  151:  r.p.m. ;  and  the  head,  165  to  180  ft.  The 
casing  inlet  is  12  ft.  in  diameter,  and  a  tapering  thimble 
connects  to  the  lo-ft.  penstocks.  The  upper  part  of  the 
draft  tube  is  of  cast  iron  and  telescopes  into  the  section 
below,  which  is  molded  in  the  concrete  substructure. 
The  draft  tube  is  11  ft.  in  diameter  at  the  top,  but 
immediately  begins  to  flare;  and  it  flattens  as  it  makes 
the  usual  right-angle  turn,  the  outlet  being  32  ft.  wide 
by  13  ft.  3  in.  high. 

Dismantling  Turbine 

One  feature  of  particular  interest  is  the  method  adopted 
for  removing  a  turbine  runner  without  disturbing  its 
generator  or  dismantling  much  of  the  turbine  itself.  The 
upper  section  of  the  draft  tube  telescopes  downward 
exposing  the  runner  which  can  be  lowered  on  a  spider 
carried  \>y  a  cable  running  up  through  the  hollow  turbine 
and  generator  shafts  to  the  main  station-crane  hook.  The 
runner,  once  clear  of  the  shaft,  is  lowered  upon  a  service 
car  and  shoved  out  through  an  adit  between  the  draft-tube 
chamber  and  a  longitudinal  tunnel  11%  ft.  wide  and 
Si/o  ft.  high.  Tracks  in  the  latter  allow  the  runner  to  be 
carried  on  a  car  to  a  hatch,  up  through  which  it  is 
lifted  by  the  main-station  crane  and  carried  to  the  rail- 
way connection  in  the  south  end  of  the  building. 

Above  the  runner-shifting  tunnel  is  a  second  and 
smaller  longitudinal  tunnel  (9  ft.  wide  and  10  ft.  high) 
that  serves  two  purposes.  It  gives  access  through  a 
manhole  to  each  turbine  scroll  case,  and  it  also  serves 
as  the  exhaust  duct  for  the  cooling  air  from  the  generators. 
Four  3x4-ft.  passages  come  down  from  each  generator 
into  the  tunnel.  The  tunnel  tenninates  at  each  end  in 
a  vertical  11-ft.  well  whose  top  is  oiitside  the  building. 
The  generators  are  inclosed  in  air-tight  sheet  steel 
cases  and  act  as  their  own  fans,  drawing  cool  air  in  from 
the  generator  room,  which  is  replaced  by  air  coming 
through  the  roof  monitor,  and  forcing  it  through  the  tun- 
nel and  wells.  The  upstream  air  well  can  be  protected 
from  extreme  high  water  by  a  4imber  and  steel  covaQ 
A  control  gallery,  about  13x20  ft.  in  plan,  projects  out 
into  the  generator  room  from  the  east  wall  of  the  staj 
tion.  It  is  10  ft.  above  the  generator-room  floor.  FrOBl 
it,  steps  lead  up  to  the  switch-gallery  door  and  down  tO 
the  generator  floor.  A  continuous  steel  platform  runB 
■from  unit  to  unit  at  the  control-gallery  level  and  pro- 
vides a  walkway  around  each  thrust  bearing,  so  that 
attendants  may  pass  from  one  machine  to  another  without 
descending  to  the  main  floor.  The  generator-room  floor 
will  be  of  concrete,  in  6-ft.  squares  with  troweled  joints. 
The  superstructure  of  the  station  is  a  steel  frame  with 
l>rick  curtain  walls  rising  10  ft.  above  the  substructure, 
which  itself  has  foundation  walls  rising  18  ft.  above  the 
generator-room  floor,  to  provide  for  flood  conditions.  The 
.■steelwork  of  this  structure  is  material  taken  over  from 
the  original  station  superstructure,  now  dismantled.  The 
columns  have  been  reinforced  with  channels,  etc.  A  pump- 
house  to  supply  the  town  and  works  with  water,  is  located  al 
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the  south  end  of  tlio  building  next  to  the  air  well.  The 
power  house  is  SlSi/o  ft.  long  over  all  and  76  ft.  wide. 
Under  the  railroad  siding  in  the  south  end  of  the  genera- 
tor room  are  the  lockers,  shower,  toilet  and  battery  room. 
The  penstocks  are  15  ft.  in  diameter  and  from  270  to 
370  ft.  long.  They  are  made  of  steel  plate,  the  thick- 
nesses varying  by  11  steps  from  %  to  %  in.  They  are 
anchored  at  the  top  in  the  dam  and  below  this  in  the 
power-house  substructure.  In  between  they  rest  on  steel 
saddles  supported  by  concrete  piers,  and  are  free  to  slide 
as  they  expand  or  contract. 

m 

The  most  striking  things  about  the  Yadkin  work,  as  a 
construction  job,  perhaps  are  the  large  number  of  unusu- 
ally high,  steel,  guyed  derricks  used  for  handling  material 


All  the  hoi.st-engine  and  swinging-gear  units  for  these 
derricks  are  alike — a  somewhat  special  Lidgem-ood 
outfit  with  9xl0-in.  tandem  engines,  steel  gears,  extra- 
heavy  swinging-gear  drumshafts,  and  double  brakes  on 
both  drums. 

These  engines  have  been  adopted  as  standard  by  'Hie 
contractor  for  his  derrick  work  generally,  as  this  simj 
ties  maintenance,  and  has  resulted  in  always  having' 
cnginemen  familiar  with  every  hoisting  outfit  on  the  j3 
The  engines  are  run  on  compressed  air  supplied  at  Ifl 
lb.  gage.     Each  branch  line  to  each  engine  from 
distribution  lines  has  a  small  iron  coil  inserted,  and 
this  the  enginemen  keep  a  small  wood  fire  on  cold  dajl 
and  early  mornings  to  prevent  frost  causing  trouble  in 
the  engine  exhaust. 

There  are  two  compressor  plants  on  the  work,  hous 
electric-driven  machines  having  a  total  capacity  of  13,! 
cu.ft.  of  free  air.    The  main  plant  is  located  on  the  wesi 
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and  the  multi])lieation  of  railroad  trat'ks  to  serve  them. 
This  arrangement  affords  not  only  great  capacity,  but 
almost  complete  llexibility  also — blocking  of  one  track  or 
a  delay  or  accident  to  one  derrick  reduces  the  capacity 
of  the  outfit  only  a  little.  This  job  illustrates  tlie 
well-known  practice  of  this  contractor  in  the  multiplica- 
tion of  derricks,  which  marks  most  of  his  work.  There 
are  in  all  47  of  these  derricks — all  built  by  the  American 
Hoist  and  Derrick  Co. — with  115-ft.  steel  masts  and 
100-ft.  steel  booms.  One  derrick  has  a  lifting  capacity 
of  50  tons;  and  the  4(5  others,  20  tons  eai'h.  There  is 
here  used  about  60  mi.  of  guy  cable. 


bank,  near  the  dam.  A  smaller  plant  is  placed  at  one  of 
the  downstream  quarries  about  a  mile  belov,'  the  dam. 
Electric  power  for  coiistruction  service  is  brought  in  by  n 
transmission  line  tapping  the  system  of  the  Southern 
Power  Co. 

Use  of  Largest  Mixers 
This  job  is  the  one  on  which  are  used  the  largest 
concrete  mixers  yet  built — two  4-yd.  units  built  especially 
for  this  work  by  the  T.  L.  Smith  Co.,  as  described  in 
Engineering  News,  Apr.  6,  1916.  Each  drum  is  91/2  f'- 
in  diameter  and  is  supported  on  a  structural-steel  framing;- 
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FIG.  1.    CRUSHING  AND  MIXING  PI.AXTS  OF  THE   HARDAWAT  CONTRACTING  CO.  ON  YADKIN  RIVER  WORK 
Left — Upstream    plant   and   cement   storage.      Right — Downstream  plant 


The  great  gain  through  the  use  of  these  mixers  comes 
jm  the  concentration  of  capacity  in  two  working  units 
stead  of  distributing  it  over  four.  The  desire  here  was 
retain  the  simple  plant  with  two  mixers  and  one  rail- 
ly  track  but  turning  out  about  50%  more  concrete 
an  the  four-mixer  two-track  layout.  The  mixers  are 
n  on  3-yd.  batches  instead  of  being  pushed  to  capacity, 
lere  has  been  a  gain  by  the  concrete  trains  getting  away 
icker,  and  the  load  being  taken  off  quicker  at  the  dam 
that  the  train  can  return  sooner.  The  derricks  also 
ve  to  make  only  two-thirds  the  number  of  movements 
place  the  concrete. 

On  this  job  there  are  two  mixing  plants,  one  upstream 
im  the  dam  (four  2-yd.  cube  mixers,  each  pair  dis- 
arging  to  separate  tracks)  and  one  downstream  (with 
0  4-yd.  mixers).  The  output  of  each  has  been  about 
180  cu.yd.  on  an  ordinarily  good  day.  The  upstream 
icreting  plant  has  cement  storage  for  40,000  bbl.  All 
nent  is  brought  in  sacks  and  chiefly  from  Southern 
lis.  At  the  end  of  the  cement  shed  is  the  crushing 
int.  Stone  is  brought  in  on  tracks  from  upstream  and 
--es  in  order  through  a  64x42-in.  jaw  crusher,  a  No.  10 
itory,  four  No.  6.  gyratories,  and  then  goes  to  a  2i/^- 


in.  revolving  screen.  The  rejections  are  returned  to  a 
pair  of  special  No.  6's— fitted  with  No.  5  throws  for  finer 
crushing.  A  i\-in.  jacket  on  the  screen  takes  out  the 
sand,  which  goes  with  the  material  mider  -fg  in.  from  the 
first  screens  to  the  sand  pile.     Stone  under  21/0  in.  is 
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FIG.  3.  LAYOUT  OF  HARDAWAY  CONTRACTING  PLANT 
BEFORE  FLOODS 
Not  to  scale.  1 — Wood  shop.  2 — Machine  shop.  3 — Sup- 
ply house.  4 — Crushers  and  mixers.  5 — Cement  storage. 
fi-^Sand  conveyor.  7 — Commissary.  8 — Transformer  house. 
9 — Compressor  plant.  10 — Tallassee  Power  Co.,  engineer's 
oflice.     11 — Machine  shop.     Topline  of  derricks  placed  later. 

elevated  to  the  mixing-plant  bins.  A  No.  21  Gates  gyra- 
tory is  also  installed  for  use  in  case  the  jaw  or  No.  10  is 
out  of  service  because  of  repairs  or  otherwise. 

The  downstream  mixing  plant  has  but  small  cement 
storage,  the  shed  serving  more  as  a  transfer  depot  between 
the  car  and  mixer  house,  to  which  the  cement  is  elevated 
on  a  belt  conveyor.  Stone  is  brought  in  from  thi-ce  down- 
stream quarries  and  passes  through  an  84x60-in.  jaw 
crusher,  two  No.  8's  and  then  over  2iA-in.  screens.  The 
stone  between  ('f  and  21/;  in.  going  through  is  elevated  to 
the  bins,  while  the  rejections  go  to  two  No.  G  gyratories 
and  an  elevator.  A  portion  of  the  stone  between  -/jj  anil 
1  in.  goes  to  sand  rolls  and  screens  and  finally  to  sand 
bins. 

The  sand  used  at  both  concrete  mixing  jilants  is  wa.<he(l 
Catawba  River  sand,  mixed  with  2G  to  28%  of  cni.sher 
sand,  the  latter  running  from  A-in.  size  to  dust.    This 
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proportion  is  found  to  give  the  best  grading  of  the  sand 
for  fonorcte  work.  The  river  sand  is  brought  in  on  cars 
and  dumped  down  the  hillside  to  a  belt  elevator,  500  ft. 
long  (descending  and  braked),  which  carries  it  farther 
down  to  the  mixing  plant.  To  avoid  a  higher  trestle,  the 
elevator  belt  is  in  two  sections,  the  second  ascending  to 
the  mixer  house. 

Daily  tests  of  sand,  cement  and  concrete  are  made  in 
a  well-equipped  field  laboratory.  The  cement  tests,  how- 
ever, are  few  and  only  checks,  as  the  cement  is  tested 
bv  an  independent  commercial-laboratory  company  before 
shipment. 

At  first  a  1:3:5  mix  was  used ;  but  as  studies  into 
sand,  aggregates  and  concrete  were  continued,  this  was 
changed  to  1:  21/3:  5,  which  gives  the  best  and  strongest 
concrete.  The  concrete  is  unusually  heavy,  weighing 
I621/2  lb.  per  cu.ft.  This  is  due  to  the  high  specific 
gravity  (2.92)  of  the  local  porphyry  rock  used  as  aggregate 
and  crusher  sand.  About  25%  of  displacers  are  used  in 
the  concrete,  these  varying  from  1  to  4  cu.yd.  in  size. 

In  excavating  the  porphyry,  sharp  shots  of  00% 
nitroglycerin  dynamite  are  used.  The  hardness  of  this 
rock  causes  heavy  expense  for  maintenance  of  mixing 
machinery.  Screens  last  only  about  two  weeks;  elevator- 
bucket  bolt  heads  are  cut  off  in  about  10  days;  mixer 
linings  and  sheet-steel  plates  last  but  little  longer. 

The  contractor  employs  about  2,000  men,  including 
350  convicts,  for  whom  the  state  is  paid  a  specific  sum 
per  man  (fixed  by  bidding)  and  provides  quarters,  meals, 
guards,  etc.  These  convicts  are  engaged  on  quarrying, 
excavating  and  filling. 

Three-room  houses  are  provided  for  the  married  fore- 
men, hoist  enginemen  and  carpenters.  Two-room  houses 
are  provided  for  the  men  who  board  at  a  mess  hall  lun 
by  the  contractor  for  unmarried  labor.  Negro  labor  is 
taken  care  of  in  one-room  houses.  None  of  the  men  live 
in  bunk  houses.  The  contractor  also  maintains  a  large 
commissary  store.  The  water  for  the  camp  is  pumjied 
from  deep  bored  wells. 

Floods  Delay  Woek 

The  work  of  the  contractor  was  interrupted  in  July, 
1916,  by  the  extreme  high  water  in  the  Yadkin  Eiver 
prevailing  at  the  time  of  the  phenomenal  rain  in  that 
region.  The  flow  reached  160,000  sec. -ft.  in  louml  num- 
bers, and  the  river  rose  above  the  tracks  and  colVer-dam. 
The  end  of  the  \ipstream  coffer-dam  was  carried  away 
by  the  flood,  and  its  downstream  side  was  damaged  by 
the  overflow.  The  downstream  cover  was  very  largely 
carried  away,  parts  of  the  stone  cribbing  remaining,  how- 
ever. A  portion  of  the  outer  wall  of  the  old  power-station 
substructure  fell  out,  owing  to  the  pressure  of  the  wet 
fill  inside.  All  the  slabs,  wells  and  tunnel  on  the  dam 
were  lost.  Two  derricks  were  carried  away  upstream 
at  the  face  of  the  dam,  and  lliree  down.stream  below 
the  dam.  Practically  all  the  railway  tracks  for  300  ft. 
upstream  of  the  dam  and  (iOO  ft.  downstream  were 
carried  away. 

In  rebuilding  the  construc^tion  work,  the  coffer-dams 
were  replaced  upstream  and  downstream  as  before,  and 
the  upstream  tracks  were  replaced  in  practically  their 
original  position. 

Few  of  the  downstream  tracks  were  replaced,  although 
without  them  only  half  the  designed  rate  of  progress 
in  concreting  could  be  secured.     It  would  have  taken  so 


long  to  restore  the  lines  that  the  concreting  could  be 
completed  as  quickly  without  them.  The  contractor 
therefore  had  to  lose  for  about  two  months  .the  extrehie 
progress  which  he  would  have  showed  on  the  larger  sec- 
tions of  the  dam.  This  was  perhaps  the  most  serious 
effect  of  the  flood.  ■  ■'  •;■ 

EXGINEEKS  AND  CoNTILiCTORS 

The  Tallassee  Power  Co.,  making  this  development, 'is 
a  subsidiary  of  the  Aluminum  Co.  of  America.  All  lie 
main  works  at  Badin  were  designed  under  Edwin  S. 
Fickes  as  Chief  Engineer  and  G.  F.  Murphy  as  principal 
assistant.  The  complete  plans  for  the'  electrical  installa- 
tion were  elaborated  by  William  Hoopes,  Chief  Electrical 
Engineer,  and  T.  J.  Bostwick,  his  principal  assistant. 
The  hydraulic  development  was  designed  by  James  W. 
Rickey,  Chief  Hydraulic  Engineer,  and  C.  B.  Hawley,  his 
principal  assistant.  J.  E.  S.  Thorpe,  as  resident  engineer 
for  the  power  company,  has  charge  of  construction  work 
at  Badin.  He  is  directly  in  charge  of  the  work  at  the 
dam  site.  The  work  on  the  industrial  plant  and  town 
of  Badin  is  under  the  immediate  supervision  of  E.  B. 
Stevenson. 

The  Ilardaway  Contracting  Co.,  of  Columbus,  Ga.,  is 
the  contractor  for  all  the  work  at  the  vicinity  of  the 
dam.  The  contract  for  the  bypass  excavation  channel 
was  sublet  to  Einehart  &  Dennis,  of  Charlotteville,  Va. 
The  hydraulic  turbines  and  related  equipment  were  built 
by  the  Allis-Chalmers  IManufacturing  Co.,  of  Jlilwaukee. 
The  generators  and  exciters  were  from  the  General  Elee- 
ti'ic  Co.,  of  Schencctadv.  N.  Y. 


for  YsidMia  Fllsimift 

The  three  turbines  built  for  the  initial  installation  of 
the  Tallassee  Power  Co.  at  its  Yadkin  Eiver  development 
in  North  Carolina  (described  in  the  preceding  articles) 
are  by  far  the  largest  single-runner  Francis  turbines 
built  and  show  features  of  unusual  interest  and  novelty, 
aside  from  size,  particularly  in  the  steel-plate  spiral  cas- 
ing and  the  provision  for  dismantling  the  runner. 

The  spiral  casing  for  each  unit  is  of  circular  section 
and  is  made  of  shaped  steel  plates  riveted  together  and 
to  a  cast-steel  speed  ring  delivering  the  water  to  the 
guide  vanes  and  runner. 

Fig.  1  shows  the  casing  practically  assembled  with  the 
speed  ring  in  the  manufacturer's  shop.  The  immensity 
of  the  casing  can  be  realized  from  the  size  of  the  man 
inside  the  entrance.  The  casing  is  formed  by  about  two 
dozen  conical  sections,  each  one  matching  into  the  other 
so  as  to  form  a  continuous  smooth  passage.  The  thick- 
ness of  the  plate  varies  from  %  in.  at  the  large  diametflt, 
to  fu  'II-  ^t  the  smallest  diameter.  This  type  of  casisfi! 
has  been  patented  by  tlie  manufacturers;  the  design 
simple  and  the  cost  very  reasonable.  With  it  a  smoofl 
interior  is  secured.  The  casing  joints  are  beveled  but  1 
rivet  heads  are  not  countersunk — not  being  countersu 
in  the  penstocks. 

Shaft  axd  GriDK  Beakings 
The  shaft  of  the  turbine  is  2t  in.  in  diameter;  that 
of  the  generator  is  about  the  same.  The  two  shafts  are 
joined  by  forged  flanged  couplings  between  the  wheek 
guide  bearing  and  generator.  The  flanges  are  made  of 
larger  diameter  than  usual,  and  the  bolts  are  much  heav- 
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FIGS.  1  AND  2,    STEEL-PLATE  .SPIRAL 


AST-STEEL    SPEED    AND    UPPER    SUPPORTING    RINGS    OP 
-HP.  TURBINES 


IMPLIFIED  SECTION  THROUGH  TALLASSEE     TURBINE  UNIT, 
SHOWING    SCHEME   OF   DISMANTLING    RUNNER 


iur  than  neoo.'isary  to  tninsiuit  the 
torque,  the  heavy  bolting  being  neces- 
sary in  order  to  make  the  .shaft  sub- 
stantially as  strong  in  bending  at  the 
flange  as  at  other  points.  The  shafts 
of  both  waterwheel  and  generator  are 
hollow,  to  facilitate  inspection  of  the 
forging  and  to  permit  handling  the 
runner  and  upper  section  of  the  draft 
tube  by  means  of  a  cable  passing 
through  the  center  of  the  shaft  to  the 
hook  of  the  main  station  crane.  The 
waterwheel  and  generator  are  designed 
as  a  mechanical  unit,  so  that  the  lower 
guide  bearing  usually  furnished  with  a 
generator  is  omitted ;  the  machine,  then, 
is  what  may  be  called  a  "two-guide- 
bearing  unit."  One  guide  is  located 
above  the  rotor  of  the  generator,  imme- 
diately under  the  thrust  bearing.  The 
large  guide  bearing  of  the  turbine  serves 
as  the  lower  guide  bearing  for  the  gen- 
erator, as  may  be  seen  in  Fig.  3. 
The  guide  bearing  on  the  waterwheel 
is  a  babbitted  casting  with  -18-in. 
shaft  face,  oil  lubricated.  It  is  sup- 
ported in  a  conical  seat  of  the  main 
cover  plate,  which  also  carries  the  shift- 
ing ring  and  the  guide-vane  shafts. 
Oil  is  forced  in  through  a  pipe  line 
and  a  flow  meter  is  fed  to  the  top  of 
the  guide  bearing.  The  housing 
cover  has  an  overflow  pipe  to  the  oil 
drain  below  the  bearing.  The  oil  is 
prevented  from  being  drawn  into  the 
shaft  tube  by  providing  a  large  oil- 
throwing  ring  on  the  shaft  between 
the  lower  end  of  the  bearing  and  the  oil 
drain.  The  elevation  of  the  oil  catcher 
from  the  turbine  guide  bearing  is 
sufliciciitly  high  so  that  the  oil 
(Iniiii.<-h()rizontally  over  the  top  of  the 
distributor  plate  and  is  led  down 
through  one  of  the  vanes  of  the  speed 
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ring  to  a  sump  tank  below  the  level  of  the  spiral  casing. 
A  short  pipe  connection  with  union  joints  connects  the 
oil  passages  in  the  main  cover  plate  and  the  speed-ring 
casting,  and  between  the  speed  ring  and  the  sump.  Below 
the  oil  thrower  is  a  double  water  seal  with  air  vent  be- 
tween, and  grease-lubricated  shaft  rings. 

The  total  weight  of  the  revolving  parts  and  the  reac- 
tion thrust  of  the  loaded  runner  are  carried  by  a  Kings- 
bury thrust  bearing.  The  total  weight  of  the  various 
revolving  parts  is  as  follows : 

Turbine  shaft 1 8.000  lb 

Runner 20.000  lb 

Generator  and  exciter  rotor 146,000  lb 

Hydr.iulic  thrust 60,000  lb. 

The  weights  of  the  various  stationary  parts  are  as 
follows : 

staters  and  bridge 142.500  lb. 

Upper  supporting  ring  and  brake  ring 80.000  lb. 

Spiral  casing  and  cover  plates 1 60.000  lb. 

Lower  supporting  ring 40.000  lb. 

The  turbine  runner,  weighing  20,000  lb.,  is  a  single 
piece  of  solid  bronze  and  is  probably  the  largest  casting  of 
the  kind  ever  made. 

Each  guide  vane  is  supported  upon  an  oil  thrust  bear- 
ing placed  ju.st  underneath  the  guide-vane  lever  so  as  to 
maintain  the  guide  vane  in  central  position  and  avoid 
friction  at  each  end  of  the  vane.  To  keep  the  guide 
vane  from  bearing  on  the  upper  distributor  ring,  due  to 
the  water  pressure  in  the  casing,  a  collar  is  provided 
below  the  upper  vane  bearing.  The  connection  between 
the  guide-vane  levers  and  the  shifting  ring  is  such  that 
adjustment  can  be  made  on  any  vane  that  may  have  be- 
come distorted. 

A  brake  support  has  l)een  provided,  consisting  of  a 
heavy  cast  cone  fitted  into  the  upper  supporting  ring 
between  the  waterwheel  and  the  generator.  This  cast- 
ing has  openings  permitting  inspection  of  the  windings 
on  the  rotor  of  the  generator  from  the  turbine  pit.  These 
openings,  however,  have  sliding  doors  so  that  when  they 
are  closed  the  cone  forms  a  partition  between  the  gen- 
erator and  the  wheel  pit,  preventing  the  hot  air  from 
the  generator  from  being  driven  down  into  the  turbine 
pit  before  it  is  led  off  to  the  exhaust  tunnel  in  the  sta- 
tion substructure. 

The  governor  is  essentially  the  standard  design  of  the 
wheel  manufacturer,  in  which  fly-ball  actuated  valves  con- 
trol the  admission  and  discharge  of  oil  to  two  operating 
cylinders  ("servomotors")  that  have  piston  rods  running 
to  the  shifting  ring. 

Cap..\oity  and  Efi'iciency 

As  the  head  available  for  the  operation  of  these  units 
will  vary  consideraljiy,  two  guarantees  of  output  at  given 
heads  were  made.  Each  unit  is  designed  to  deliver  to 
the  generator  shaft  not  less  than  27,000  hp.  when  oper- 
ating under  an  efTective  head  of  165  ft.  and  running 
at  a  speed  of  154  r.p.m.  Under  these  conditions  it  is  to 
develop  an  efficiency  of  not  less  than  90.5%  (efliciency 
being  defined  as  ratio  of  water  horsepower  delivered  to 
the  unit  to  mechanical  horsepower  output  at  the  turbine 
shaft).  Each  unit  also  is  guaranteed  to  deliver  not  less 
than  31,000  hp.  operating  under  an  effective  head  of  180 
ft.  and  at  154  r.p.m.  A  36-in.  model  runner  was  con- 
structed and  tested  at  Ilolyoke,  having  dimensions  homol- 
ogous to  those  of  the  large  design.  E.xtracts  from  the 
Holyoke  tests  are  apiiended.     An  efficiency  of  practically 


91%  was  shown,  and  it  is  expected  that  this  will  be  ex- 
ceeded in  the  large  units  by  a  wide  margin. 


HOLYOKE  FLUME  TE.ST.S  OF  Y'ADKIN  TURBINES 
(Extracts  from  reportof  tests  of  36-in.  R.  H.  AUis-Chalmers  turbine  wheel 
ving  gate,  conical  draft  tube.) 


Test  2446,  made  Mar.  18  and  20,  1916; 


Proportional    Part 
Opening         Full 
of  Speed 
Gate.  In. 


3  000 
3  000 
3  000 
2  750 
2  750 
2  750 
2  500 
2  500 


2  125 
2  125 
2  060 
2  060 
2  060 
2  000 
2  000 
2  000 
I  875 
1  875 
1  875 
I  750 
1.750 
1.750 
1.375 
1.375 
1  375 
I  000 
I  000 
1  000 
Turbii 


Dis- 
charge 
I   002 

0  998 

1  000 
0  959 
0  955 
0  950 
0  908 
0  903 
0  895 
0  799 
0  796 
0  793 
0  782 
0  780 
0  779 
0  775 
0  769 
0  767 
0  738 
0  735 
0  729 
0  690 
0  689 
0  685 
0  560 
0  555 
0  541 
0  420 
0  413 
0  408 


Wheel, 
Ft. 
17  32 
17  37 
17  31 
17  II 
17  08 
17  10 
17  40 
17  41 
17.44 
17  80 
17  79 
17  95 
16  60 
16  86 

16  59 

17  70 
17  70 
17  75 
17  87 
17  85 
17  86 
17  90 
17  84 
17  92 
16  80 
16  71 
16  54 
16  89 
16  90 
16  91 


Wheel, 

R.P.M. 

143  67 


00 


158  00 

146  00 

153  25 

158  00 
146  50 
151  50 

157  00 

155  25 
163  00 
167  50 
151  80 

154  50 
154  50 
149  00 

156  50 

159  50 

148  60 
154  25 

158  00 

149  40 
149  75 
153  75 
130  75 
138  75 
151  50 
117  25 
124  50 
132  75 


Relative      Water 
Velocity        Dis-       Power 
Based  on    charged,  Devel- 
36-In.       Cu.Ft.      oped. 
Diameter    per  Sec. 
0  676         67  55 

67  41 

67   41 

64   25 

63  98 

63  64 

61    40 

61    06 

60  59 

54  64 

54  38 

54  44 

51    61 

51    87 

51  42 

52  83 
52  44 
52  38 
50  53 
50  28 
49  90 
47  27 
47  15 
46  96 
37  17 
36  77 
35  68 
27  98 
27  51 
27  20 


0  696 
0  744 
0  691 
0  726 
0  748 
0  688 
0  711 
0  736 
0  721 
0  757 
0  774 
0  730 
0  737 
0  743 
0  694 
0  729 
0  741 
0  688 
0  715 
0  732 
0  692 
0  694 
0  711 
0  625 
0  665 
0  730 
0  559 
0  593 
0  632 


Effi- 
ciency 
of  Wheel. 

Hp.  % 

109  89     82  82 

110  48     83  20 

111  18  84  02 
107  20  85  99 
107  84     87  01 

106  35 

107  57 
107  53 
105  67 

99  75 
99  74 
100  44 
88  24 


87  92 
95  73 
95  76 
95  65 
92  75 
92  50 
90  88 
85  93 
85  22 
85  61 
60  00 
59  43 
56  55 
43  05 
41  90 
40  61 


86   17 

88  78 

89  20 

88  18 

90  43 
90  91 
90  63 
90  82 
90  56 
90  88 
90  27 
90  97 
90  71 
90  57 
90  87 

89  92 
89  55 
89  33 
89  71 

84  73 

85  29 
84  49 
80  32 
79  47 
77  86 


■  and  dynamometer  carried  on  ball  bearings.  Weight  of  dynamonietcr 
and  that  portion  of  shaft  above  lowest  coupling,  2,600  lb.  With  flume  empty 
a  strain  of  0.5  lb.  applied  at  distance  of  3.2  ft.  from  center  of  shaft  sufficed  to  start 
wheel. 

The  generators  for  these  units  are  28-pole  13,200-volt 
machines  rated  at  18,000  kv.-a.  They  have,  however,  an 
overload  guarantee  of  22,500  kw.  (at  unity  power  factor). 
The  efficiency  at  18,000  kw.  (unity  power  factor)  i.* 
96.9%.  The  stator  is  19  ft.  6  in.  in  diameter,  and  the 
rotor  14  ft.  9  in.  The  rotor  flywheel  effect  {WR'^)  is  ap- 
proximately 4,000,000.  The  weight  of  the  rotors  given 
above  includes  that  of  the  bridge  between  generator  frame 
and  exciter.    The  latter  is  a  72-kw.  250-volt  machine. 

These  turbines  were  designed,  built  and  installed  by  the 
Allis-Chalmers  Manufacturing  Co.,  of  Milwaukee,  under 
direction  of  W.  JI.  White,  Manager  and  Chief  Engineer  of 
the  ITyrdaulic  Department.  The  generators  and  exciter? 
were  furnished  by  the  General  Electric  Co.,  of  Schenec- 
tady, N.  Y. 


A    W'a<er-\%'orks    Rnte    Decision    holding    that    a    dentist's 

revolving  bowl  is  not  a  machine  and  that  water  supplied  to 
it  should  be  charged  for  under  the  domestic  and  not  the  In- 
dustrial schedule  has  recently  been  handed  down  by  the 
Westminster  County  Court,  England.  According  to  the  Lon- 
don "Surveyor";  "The  plaintiffs  were  the  Metropolitan  Water 
Board,  and  they  sought  to  recover  £3,  being  the  charge  for  six 
years  at  the  rate  of  10s.  per  annum,  frotn  a  dentist  for  water 
used  for  alleged  nondomestic  purposes  for  a  revolving  bowl 
at  the  side  of  the  patient's  chair.  Water  was,  of  course,  also 
used  from  this  tap  for  washing  out  the  mouth  and  the  usual 
antiseptic  purposes.  The  surgery  formed  part  of  the  defend- 
ant's house,  on  which  the  ordinary  domestic  water  rate  was 
paid.  The  board  claimed  that  this  use  of  water  was  non- 
domestic  under  Sec.  25  of  their  Charges  Act,  1907,  on  the 
ground  that  it  was  water  used  for  working  any  machine  or 
apparatus,  and  in  addition  or  alternatively  because  it  was 
water  used  for  a  trade,  manufacture  or  business.  The  learned 
judge  delivered  a  written  judgment  to  the  effect  that,  al- 
though the  mechanical  contrivance  perhaps  came  within  one 
of  the  dictionary  meanings  of  machine,  it  was  not.  In  his 
opinion,  a  inachine  within  the  meaning  of  the  act.  nor  was 
the  water  used  for  the  purpose  of  working  it,  the  contrivance 
being  used  merely  for  sanitary  reasons.  On  the  second  point 
he  held  that  washing  out  the  mouth  was  an  ordinary  domestic 
use  of  water,  and  that,  although  such  use  was  ancillary  to 
the  defendant's  business,  which  indeed  could  not  be  carried 
on  without  It,  his  honor  found  himself  unable  to  distinguish 
the  case  from  that  very  far-reaching  decision  of  the  House  of 
Lords  In  the  case  of  the  Metropolitan  Water  Board  vs.  Avery, 
1914.    A.C.,    lis,   and   gave   Judgment    for   the   defendant." 


Xoveiiiber  16,  1910 
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By  Perkins  Boyxtox* 

The  substitution  of  sulphate  of  iron  for  aluminum  sul- 
phate at  the  filtration  plant  of  the  Clarksburg,  W.  Va., 
water-works  has  greatly  reduced  the  war-time  cost  of 
coagulaut  and  yielded  some  other  noteworthy  results. 

The  water-supply  of  Clarksburg  is  taken  from  the  West 
Fork  of  the  Jlonongahela  Eiver  and  is  purified  by  coag- 
ulation and  sedimentation,  mechanical  filtration,  and 
sterilization  by  hypochlorite  of  lime.  The  plant  was  de- 
signed by  George  W.  Fuller,  of  New  York,  and  the  filters 
were  equipped  by  the  Xew  York  Continental  Jewell  Fil- 
tration Co.  The  capacity  of  the  filter  plant  is  3,000,000 
gal.  per  day  with  four  filters,  a  coagulating  basin  of 
600,000  gal.  and  a  clear-water  well  of  200,000  gal.  The 
filter  plant  was  put  into  operation  in  Xovember,  1911 
(the  pumping  station  had  been  running  since  1888),  with 
sulphate  of  alumina  as  the  coagulant  and  with  the  use 
of  lime  when  necessary  to  increase  the  alkalinity  of  the 
river  water.  The  river  before  reaching  the  water-works 
flows  through  a  clayey,  limestone  region  and  is  contam- 
inated by  mine  wastes. 

Last  winter  the  greatly  increased  price  of  sulphate  of 
alumina  led  the  Water  Works  and  Sewerage  Board,  un- 
der the  advice  of  S.  G.  Highland,  superintendent,  and 
the  writer  to  make  a  trial  of  sulphate  of  iron  and  lime 
to  coagulate  the  water.  The  American  Steel  and  Wire 
Co.  through  its  Chicago  office  courteously  supplied,  free 
of  charge,  the  sulphate  of  iron  for  the  trial  run  and  sent 
its  representative,  E.  V.  Wintzingerode,  to  assist  the 
writer  in  the  experimental  work. 

The  original  design  of  the  filter  plant  does  not  include 
a  mixing  chamber,  but  provides  that  the  chemicals  be 
pumped  into  the  low-lift  line,  carrying  the  water  from 
the  river  to  the  coagulating  basin,  the  lime  entering  the 
line  about  50  ft.  ahead  of  the  alum.  No  trouble  has  ever 
been  experienced  in  obtaining  a  good  floe  with  alum. 
The  same  general  plan,  with  the  substitution  of  iron  for 
the  alum,  also  produces  a  good  floe  as  soon  as  the  water 
flows  into  the  basin  over  the  weir.  A  secondary  treat- 
ment, with  iron  only,  is  possible  just  as  the  water  enters 
the  second  half  of  the  basin,  so  that  any  considerable 
amount  of  fine  material  passing  through  the  first  half 
of  the  basin  is  coagulated  by  this  second  dosage,  suffi- 
cient lime  being  introduced  into  the  water  at  the  outset 
til  allow  for  this. 

During  the  two  weeks  of  the  trial  nin,  there  were  sev- 
ral  days  of  low  turbidities  (10  parts)  and  two  periods 
of  high  turbidities,  one  including  a  turbidity  of  1,500 
parts.  These  covered  all  conditions,  as  far  as  turbidity 
was  concenied,  that  had  been  met  with  heretofore.  The 
smallest  amount  of  iron  used  was  0.4  grain  per  gal.  and 
the  largest,  8.4  grains. 

The  conclusions  drawn  from  the  trial  run  were  that 

clear  sparkling  effluent  can  be  obtained  at  all  times, 

th  original   turbidities  varying  as  stated,  by  the  use 

■'I  the  same  amount  of  iron  as  of  alum.     The  results  in 

'the  last  six  months  have  borne  out  this  conclusion.    The 

comparative  costs  of  the  two  coagulant.'^ — iron,  including 

ill'  use  of  lime  all  the  time,  and  alum,  using  lime  when 

•  le.ssar)' — were  $5  and  $13  per  million  gallons. 

•Chemlst-ln-CharRc.  Clarksburg  Water-Works,  ClarksburK. 


Several  interesting  facts  have  been  brought  out  since 
the  use  of  iron  and  lime  was  begun.  When  the  first  M'a- 
ter  treated  with  iron  and  lime  reached  the  filters,  the 
loss-of-head  gages  began  to  show  a  decrease  in  the  loss 
of  head  instead  of  an  increase.  The  curve  continued  to 
drop  for  two  or  three  hours  and  recorded  a  loss  of  head 
from  1  to  11/^  ft.  less  than  when  the  drop  began,  then 
liegan  to  rise  nomially  again.  This  was  explained  as 
follows:  The  filters  were  saturated  with  free  C0„,  al- 
though never  having  shown  that  they  were  "bound"  by 
it;  and  this  CO.^  was  absorbed  by  the  normal  carbonates 
in  the  water,  10  to  20  parts  of  phenol  alkalinity  being 
carried  by  the  water  upon  reaching  the  filters. 

The  fact  that  the  filters  were  impregnated  with  CO, 
leads  to  the  statement  of  another  item  of  interest,  indi- 
rectly the  result  of  using  iron  and  lime.  At  times  the 
water  in  the  river  reaches  the  plant  with  a  turbidity  of 
5  or  less,  an  alkalinity  approaching  0,  sometimes  with  a 
slight  acidity,  a  CO,  as  high  as  30  parts  and  magnesium, 
17  to  24  parts.  At  such  times  the  lime  added  to  pro- 
duce nornuil  carbonates  in  the  water  to  prevent  the  solu- 
tion of  the  iron  throws  out  the  magnesium  in  sufficient 
(juantity  to  act  as  a  coagulant  for  the  low  turbidity  and 
jiermits  the  supply  of  iron  being  cut  out  entirely. 

Since  beginning  the  use  of  iron  and  lime  the  quantity 
of  hypochlorite  of  lime  required  to  kill  B.  coli  in  the 
filtered  water  has  been  increased  from  5  to  6  lb.  to  8  to  10 
lb.  per  million  gallons.  This  is  in  accord  with  the  the- 
ory that  a  longer  time  is  necessary  for  a  given  quantity  of 
hypo  to  act  in  a  water  free  from  CO,  than  in  one  with 
CO,  present.  In  order  to  obtain  negative  results  in 
testing  for  B.  coli  in  the  water  leaving  the  ])lant,  more 
hypo  is  required  to  complete  the  germicidal  action  with 
a  water  freed  of  CO,  than  formerly  with  CO,  present, 
using  alum. 

;« 

Two  concrete  barges  or  pontoons  in  service  at  Balboa 
on  the  Panama  Canal  recently  passed  through  a  successful 
service  test,  according  to  the  Panama  Canal  Record.  They 
were  rectangular  pontoons,  120  ft.  long  by  28  ft.  wide  by 
8  ft.  deep,  with  bottom,  sides  and  deck  of  reinforced  con- 
crete. They  were  built  to  be  used  as  landing  stages  for 
boats  up  to  65  ft.  in  length.  The  concrete  in  each  is  about 
186  cu.yd.  Buffer  timbers  were  affixed  at  the  ends  and 
sides  by  means  of  anchor  bolts. 

At  tile  time  of  the  blowing  up  of  the  coffer-dam  behind 
which  the  pontoons  were  built  the  surface  of  the  water  in 
the  entrance  basin  was  about  15  ft.  below  the  mean  tide 
level.  The  gap  made  by  the  explosion  did  not  allow  the 
water  to  pour  in  from  the  sea  until  the  tide  rose.  The 
stream  which  broke  over  the  dam  at  high  tide  cut  an 
increasing  channel  in  the  earth,  resulting  in  a  strong 
inrushing  current  sufficient  to  make  the  barges  part  their 
moorings  and  circle  about  the  basin.  In  so  doing  one  of 
them  struck  a  fender  ])ile  and  broke  it  at  a  ])oint  about 
20  ft.  below  the  butt,  whore  its  diameter  was  about  12  in. 
The  barge  groaned  under  the  im])act,  and  one  of  the  end 
timbers  was  sheared  ofl",  dragging  its  anchor  bolts  through 
the  concrete  and  causing  it  to  crack.  Thie  damage  was 
rhove  the  water  line.  In  other  respects  the  pontoon  was 
uinnjured.  The  two  pontoons  collided  once  in  their  course 
around  the  basin,  but  this  did  no  damage  to  either. 

Both  pontoons  have  been  in  regular  use  since  that  lime 
as  landings,  and  are  standing  the  service  well. 
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SYNOPSIS — TJie  longest  milway  tunnel  ever  pro- 
jected is  that  proposed  by  the  author  of  this  article 
to  carry  railway  traffic  under  the  high  mountain 
wall  of  the  Cascades,  ivhich  divides  eastern  and 
western  Washington.  The  engineering  prohlem  as 
to  whether  such  a  tunnel  would  he  a  paying  enter- 
prise or  not  requires  for  its  solution  data  on  the 
cost  of  tunneling  and  shaft  sinhing  and  on  the  cost 
of  railway-train  movement  on  mountain  lines  and 
in  tunnels.  These  data  are  given  in  the  paper. 
General  Chittenden  was,  when  on  the  active  line, 
one  of  the  hest-known  officers  of  the  Corps  of  En- 
gineers. Through  his  service  as  Chairman  of  the 
Seattle  Port  Commission  since  his  retirement 
from  active  service  in  the  army,  he  has  heen 
brought  in  contact  with  traffic  conditions  in 
the  Northwest.  His  project  for  the  tunnel  will 
receive  the  careful  attention  of  the  profession,  not 
only  because  of  its  magnitude,  hut  because  at  va- 
rious other  points  in  the  United  States,  projects 
for  long  tunnels  to  carry  railways  under  high 
mountain  ranges  arc  under  consideration. 

Puget  Sound  is  one  of  the  best  terminals  for  ocean 
traffic  in  the  world.  On  the  Pacific  Coast  of  the  United 
States,  where  safe  harbors  are  so  few,  Puget  Sound  is  an 
asset  of  enormous  value  to  the  country's  trade.  But  on 
its  eastward  side  the  Sound  is  hemmed  in  by  the  high 
mountain  wall  of  the  Cascades.  The  lowest  passes  across 
this  great  barrier  are  more  than  3,000  ft.  high,  and  in  the 
more  severe  storms  of  the  winter  they  become  practically 
impassable. 

In  the  past  ten  years  there  have  been  three  winters  in 
which  rail  traffic  across  the  Cascade  Mountains  in  Wash- 
ington has  been  completely  stopped 
for  periods  of  from  one  to  tliree  weeks. 
There  have  been  several  other  winters 
in  which  the  interruptions,  though  less 
complete,  have  been  serious.  There 
have  been  only  two  or  three  winters 
in  which  approximately  normal  traf- 
fic conditions  have  been  maintained 
throughout.  During  the  past  decade 
there  have  been  some  grave  accidents 
with  heavy  loss  of  life,  and  there  has 
been  a  prodigious  financial  loss  to  the 
railroads  and  the  community.  Last 
winter  some  of  the  worst  storms  on 
record  visited  the  State  of  Washington, 
and  the  accidents,  loss  and  inconven- 
ience have  again  forced  upon  public 
attention  the  serious  meaning  of  the 
Cascades  problem.  What  this  Cascades 
barrier  means  to  the  future  develnji- 
ment  of  Puget  Sound  and  its  useful- 


ness as  a  seaport  for  the  rest  of  the  country  may  be 
estimated  by  imagining  what  such  a  barrier  would  have 
meant  to  the  Port  of  New  York,  if  Nature  had  planted 
a  high  mountain  range  entirely  around  that  port  from 
New  Haven  to  Philadelphia. 

Eailroad  enterprise  has  indeed  done  much  toward  over- 
coming this  great  handicap.  Equal  terminal  rates  place 
Puget  Sound,  in  a  certain  sense,  on  a  par  with  its 
great  commercial  rival,  Portland,  at  the  mouth  of  the 
Columbia,  from  which  a  water-grade  route  extends  up  the 
valley  of  the  Columbia  to  the  interior;  but  so  long 
the  present  high  crossings  are  maintained,  it  wall  never 
be  possible  to  eliminate  the  waste  of  energj'  involved  in  the 
half-mile  vertical  lift  over  the  range;  nor  the  delays, 
dangers  and  enormous  maintenance  cost  due  to  heavy 
gradients,  excessive  curvature  and  to  winter  conditions. 

A  Tunnel  Project 

The  problem  as  it  presented  itself  to  the  writer  ten 
years  ago  was :  Can  a  route  be  found  on  which  a  tunnel 
may  be  built  under  the  Cascades,  at  an  elevation  low 
enough  to  eliminate  the  worst  grades  and  practically  all' 
the  winter  difficulties  of  the  present  crossings? 

The  destructive  floods  cf  November,  1906,  first  drew 
the  writer's  attention  definitely  to  this  subject,  and  in  the 
course  of  the  next  two  years  he  gave  it  a  great  deal  of 
study.  The  Cascade  Range  had  been  thoroughly  explored 
throughout  its  length,  and  the  best  passes  had  already 
been  occupied.  With  the  limited  traffic  of  a  new  country, 
the  railroads  in  their  pioneer  work  could  not  afford  long 
tunnels.  The  three  so  far  built  are,  in  the  chronological 
order  of  construction:  The  Stampede  tunnel  (Northern 
Pacific),  length  9,834  ft.,  elevation  al)ove  sea  level,  2,837 
ft.;  the  Cascade  tunnel  (Great  Northern),  length  13,500 
ft.,  elevation  o.STo  ft.;  and  the  Snoqualmie  Pass  tunnel 


Of  her  Proposed 
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SKETCH  MAP.  SHOWING  THE  RELATION  OF  PROJECTED  TUNNEL 
ROUTE  TO  EXISTING  RAILWAY  LINES  IN  WASHINGTON 
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(Chicago.  Milwaukee  &  St.  Paul),  length  11.890  ft.,  ele- 
\-ation,  2,560  ft.  The  gradients  on  the  approaches  to  these 
tunnels  range  from  1%  to  S.2%  over  distances  varying 
from  10  to  30  mi. 

As  will  be  seen  from  these  figures,  the  tunnels  simply 
nerce  the  thin  comb  of  the  ridge,  leaving  the  approaches 
or  long  distances  supported  upon  precipitous  mountain 
dopes  with  excessive  gradients  and  subject  to  the  dangers 
nseparable  from  such  situations.  It  was  manifest  that 
10  substantial  relief  from  existing  conditions  was  possible 
•xcept  by  building  much  longer  tunnels — three  or  four 
imes  as  long  at  the  very  least :  and  it  was  equally  mani- 
est  that  the  railways  individually  could  not  go  to  this 
xpense  unless  driven  to  it  by  dire  necessity. 

This  consideration  suggested  a  combination  by  whicli 
he  roads  might  jointly  build  a  low-grade  route  between 
he  Columbia  River  and  the  Sound.  If  such  a  route  could 
■e  located  where  it  would  be  conveniently  available  to  the 
everal  lines,  a  large  expense  might  be  incurred  without 
nduly  burdening  any  single  company. 

The  Most  Feasible  Eoute 

Starting  on  this  theory  of  a  Puget  Sound  terminal 
aihvay,  the  writer  carefully  studied  existing  data  for  a 
ossible  location.  It  was  a  simple  matter  to  demonstrate 
lat  there  was  but  one  such,  but  it  was  an  unexpected 
itisfaction  to  find  that  this  one  would  serve  the  through 
■afiBc  of  all  the  roads  as  well  as,  and  some  far  better 
lan,  the  present  lines.  This  location  is  at  the  point  where 
le  Columbia  River,  in  its  great  southern  swing  through 
le  State  of  Washington  on  the  eastern  side  of  the  Cas- 
idcs,  comes  nearest  Puget  Sound — namely,  at  the  mouth 
'  the  Wenatchee  River.  The  distance  between  tidewater 
;  Everett  or  Seattle  and  the  Columbia  at  Wenatchee 
slevation  about  600  ft.)  is  barely  90  ml.  The  valleys  of 
16  Wenatchee  (east  side)  and  Skykomish  (west  side) 
•e  almost  in  direct  line  with  each  other  and  lead  by  pos- 
ble  gradients  not  exceeding  0.6%  to  points  separated  by 
distance  of  only  about  30  mi. 

At  no  other  point  in  the  entire  range  could  .so  favorable 
situation  be  found  that  would  be  available  to  all  the 
lads.    The  trend  of  the  Columbia  Valley  from  the  Snake 


River  to  Wenatchee  is  westward  and  would  lead  the 
Xorthern  Pacific  and  the  Union  Pacific  to  Puget  Sound 
by  as  short  or  shorter  routes  than  by  their  present  lines. 
This  may  at  first  thought  seem  doubtful,  but  the  map 
shows  it  to  be  true.  It  is  interesting  to  notice  how  little 
this  route  from  the  mouth  of  the  Snake  to  Everett  on 
Puget  Sound  varies  from  a  straight  line.  Table  1  and 
the  accompanying  profiles  exhibit  the  distance  and  grad- 
ient relations  of  the  proposed  and  existing  routes. 

First  Peesent.\tiox  of  the  Project 

Having  demonstrated  the  very  advantageous  distance 
and  grade  relations  of  the  new  route  and  its  availability 
for  every  Eastern  line  that  now  reaches  Puget  Sound  or 
ever  will,  the  writer  proceeded  to  consider  what  to  do 
with  the  30-mi.  obstacle  which  stood  in  the  way  of  so 
desirable  a  consummation.  It  was  at  this  point  that 
he  placed  his  professional  reputation  in  jeopardy  by 
suggesting  that  the  whole  distance  be  covered  by  a 
tunnel.  The  radical  thoroughness  of  this  solution  of 
the  problem,  made  possible  by  topographical  conditions 
unparalleled  in  any  other  situation  within  the  writer's 
knowledge,  appealed  to  him  very  strongly.  The  project, 
once  carried  out,  would  be  in  every  respect  as  advantag- 
eous as  if  the  Columbia  River  itself  had  pierced  the  range 
at  this  point.  Far  to  the  south  its  course  to  the  sea  is 
through  a  defile  nearly  200  mi.  long.  Here  the  short  dis- 
tance of  80  to  90  mi.  w'ould  accomplish  an  even  greater 
transition,  for  it  would  connect  the  interior  with  mari- 
time facilities  of  the  finest  inland  roadstead  in  the  world. 

The  scheme  was  set  forth  by  the  writer  in  1909  in  a 
pamphlet,  which  considered  the  subject  in  all  its  phases. 
Its  reception  showed  how  local  prejudice  may  prevent  hon- 
est consideration  of  even  the  mo.st  important  enterprises. 

The  Portland  newspapers  gave  an  elaborate  review  of 
the  pamphlet,  because  it  showed  how  dire  were  the  straits 
in  which  Seattle  admitted  herself  to  be  and  from  which 
she  could  never  expect  relief  because,  of  course,  the  tun- 
nel scheme  was  utterly  visionary !  The  Seattle  papers 
gave  the  project  short  shrift,  dismissing  it  contemptuously 
and  in  hot  anger  that  one  of  h:r  citizens  should  admit 
that  Puget  Sound  was  laboring  under  any  handicap  com- 


TABLE  1.  TRAFFIC  RELATIONS  OF  PROPOSED  CASCADES  TUNNEL  ROUTE 


Name  of  Railroad 


Differences  in  Distance  by  Present  and  Pro- 
posed Routes  Between  Columbia  River  and    Savins:  in 
Four  Principal  P'orts  on  Puget  Sound,  Ml.'     Vertical 


Everett 
+  39 
+  129 


Bellingbatn 
+  39 
+  129 


—28 
+  37 


Lift.  Ft. 
1.693 
1,693 
No 
material 
dlfTerence 
■        2,25.5       ■ 
2,166 


Location  of  Columbia  Crossing 
Pasco,  just  above  Snake  River 
Eiglit  miles  above  Beverly 

Two  Rivers,  just  below  Snake   River 


Tion  Pacific   (via  Portland) t +69 

ilcago,  Milwaukee  &  St.  Paul§...   — 46 
-eat  Nortliernll    +48 

•+    indicates   saving   by   new   route;   —   indicates  loss.  t.Should  the  tunnel  project  ever  become  a  reality,  the  Northern 

iclflc  would  extend  its  proposed  EUensburg  cutoff  (already  begun)  to  the  Colunil)ia  only  and  build  thence  to  the  mw 
'Ute  at  Wenatchee.  The  second  group  of  distance  relations  In  the  table  is  figured  on  this  assumption,  and  the  initial  point 
taken  at  RItzville.  where  the  line  leaves  the  present  line  of  the  Northern  Pacific.  Po.ssibly  a  better  route  would  be  acroM.s 
e  plain  of  the  well-known  Quincy  V<alley  in  a  northwest  direction,  reaching  tlie  Columl)ia  at  about  the  same  point  that 
e  Great  Northern  does,  thus  still  further  shortening  the  distance  to  Puget  Sound.  If  that  rem.arkable  region — the 
ulncy  Valley — is  ever  brought  under  irrigation,  Its  enormous  resources  will  produce  a  traffic  that  will  be  sought  by  all  the 
llroads.  tThe  distance  relations  of  the  Union  Pacific  have  been  figured  from  the  mouth  of  Snake  River,  as  the  most 
ntral  point  of  the  activities  of  that  system  In  the  region  round  about.  For  traffic  going  southeast  over  the  Blue 
ountalns.  Pendleton  would  be  the  point  to  estimate  from  and  the  figures  in  the  table  should  be  reduced  about  40  ml.  The 
nlon  Pacific  has  also  considered  extending  its  Yakima  Valley  branch  across  Nachez  Pass  to  Puget  Sound.  In  that  case  the 
stance  and  gradient  relations  v/ould  be  comp.arable  to  the  first  group  in  the  table  for  the  Northern  Pacific,  but  oven 
ore  favorable  to  the  proposed  tunnel  route.  §The  Milw.aukee  crosses  the  Columbia  about  halfway  between  Pasco  (where 
e  Northern  Pacific  crosses)  and  Wenatchee,  and  the  Northern  Pacific,  as  already  stated,  has  begun  a  parallel  line  a  little 
>rth  of  the  Milwaukee  In  order  to  shorten  by  somcihlng  like  Sn  ml.  its  present  roundabout  route  between  Spokane  and 
cattle.  Both  these  routes.  Immediately  after  crossing  the  Columbia,  encounter  natural  obstacle.s  second  In  magnitude 
ily  to  tho.se  In  the  Cascades.  The  Saddle  Mountain  ridge  lies  between  the  Columbia  and  Ellensburg.  Involving  very 
^avy  work,  gradients  of  2%  and  a  long  tunnel.  The  Wenatchee  line  would  save  all  this  as  well  .as  the  high  Cascade  crossings. 
ie  "North  Hank"  route  from  Pasco  to  Puget  Sound  via  V.-incouver,  Wash.,  is  closely  comparable  with  the  Union  Pacific. 
•  far  as  the  data  In  the  table  arc  concerned.  The  Canadian  Pacific  has  long  sought  an  entrance  Into  Seattle.  It  now 
Iterates  Into  that  city  over  the  Northern  Pacific  from  Sumas.  It  also  operates  Into  Spokane  from  Dunmore  Junction.  If  It 
ere  to  extend  Its  Spokane  connection  to  Wenatchee  and  utilize  the  tunnel  route,  It  would  save  fully  12">  ml.  of  distance  and 
700  ft.  of  vertical  lift.  This  would  be  a  great  saving  In  freight,  a  matter  of  no  little  lmt)ortancc  in  connection  with 
e  grain   export   trade   and   shipments   eastward   of   timber  and  fish  r>roducts.     Passenger  tralTIc  would  make  only  .a  limited  use 

tne  line,   because   that   Is  controlled   largely    by    the    scenic   attractions    of    the    Canadian    Pacific    west    of    Dunmore.  ||The 

atance    figures    for    the    Great    Northern    are    based    upon    the   assumption    that    a    crosHcut    to    Sea'tle    will    be    built    Instead 

Koing    around    by    Everett,    as    at    present,    and    that    the  Tacoma     connection     will     be     via     the     cast     shore     of     Lake 
ashlngton   Instead  of  through  Seattle. 
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merciall}'  as  eomparerl  with  Portland !  In  engineering 
and  railroad  circles  the  scheme  was  looked  at  askance, 
though  there  were  many  who  referred  to  it  as  only  a  little 
In  advance  of  its  time  and  certain  of  ultimate  realiza- 
tion. 

The  idea  quickly  dropped  out  of  sight  until  the  winter 
of  1910,  when  a  disastrous  tie-up  occurred  on  all  the  lines 
and  with  it  the  appalling  accident  at  Wellington  on  the 
Great  Northern  Ry.  in  which  a  passenger  train  was  swept 
down  the  mountain  side  by  an  avalanche  and  most  of  the 
passengers  killed.  This  lirought  the  tunnel  scheme  into 
great  prominence  and  general  favor,  and  it  was  seriously 
proposed  to  take  the  matter  to  the  state  legislature.  Upon 
the  advice  of  the  writer  this  was  not  done,  as  he  considered 
such  action  at  the  time  premature. 

As  always  happens  after  great  disasters,  public  interest 
in  remedial  measures  waned  rapidly  with  the  lapse  of 
time.  The  Great  Northern,  however,  was  faced  with  a 
situation  that  it  had  to  meet  at  once,  and  this  it  proceeded 
to  do  by  the  erection  of  the  most  elaborate  system  of 
concrete  snowsheds  ever  constructed.  The  cost  has  been 
very  heavy. ^  No  serious  conditions  arose  thereafter  until 
the  past  winter,  when  former 
experiences  were  gone  tlirough 
with,  including  even  the 
avalanching  of  a  passenger 
train  on  the  Great  Northern 
with  serious  loss  of  life,  and  a 
narrow  escape  from  a  similar 
accident  on  the  Northern 
Pacific.  It  was  reported  in 
the  press  that  the  State  Rail- 
way Commission  had  threat- 
ened to  take  a  hand  and  com- 
pel the  Great  Northern  Ry. 
to  lower  its  tunnel.-  The 
whole  subject  is  thus  revived 
again  and  every  such  revival 
serves  to  accentuate  the  neces- 
sity of  definite  action  for 
the      radical      improvement      of      existing      conditions. 

With  the  foregoing  general  statement  of  the  problem, 
let  us  examine  in  detail  its  technical  and  eco- 
nomic features.  It  may  be  stated  at  once  that  the  techni- 
cal problem  presents  nothing  which  should  seriously  chal- 
lenge the  resources  of  the  engineering  profession.  The 
only  feature  that  would  establish  a  precedent  would  be 
the  length,  which  would  be  nearly  three  times  as  great  as 
that  of  any  railway  tunnel  yet  built. 

The  nearest  approach  is  in  the  Alps,  where  there  are 
five  tunnels — Mont  Cenis,  8  mi.;  Saint  Gothard,  9.3  mi.; 
Arlberg,  6.5  mi.;  Simplon,  12.3  mi.;  and  Loetschberg,  9 
mi. — ^the  aggregate  length  of  the  three  longer  being  just 
the  same  as  that  of  the  proposed  Cascades  tunnel.  There 
are  many  railway  tunnels  in  various  parts  of  the  world 
ranging  from  2  to  7  mi.  in  length.  The  Catskill  Aque- 
duct for  the  New  York  water-supply  is  120  mi.  in  length, 
of  which  49  mi.  was  driven  in  tunnel. 


Some  of  the  Alpine  tunnels  developed  obstacles  mucl' 
more  serioirs  than  any  which  it  is  believed  will  be  encour- 
tered  here.  The  Cascades  rock  is  mainly  granite,  with 
some  schist  at  the  western  end  and  possibly  a  short  streteli 
of  sandstone  about  midway.  (The  geology  along  most  of 
the  line  has  not  been  developed,  and  these  conclusions  are 
based  upon  the  geology  along  the  Great  Northern.)  It 
is  not  likely  that  serious  difficulty  will  be  encountered 
from  exces.'^ive  heat,  the  sole  surface  indication  being  a 
warm  spring  on  the  Great  Northern,  3  mi.  north  of  the 
line  and  at  elevation  2,200,  with  a  temperature  of  130° 
F.  No  trouble  from  this  cause  was  experienced  in  any 
of  the  three  tunnels  already  built  through  the  Cascades. 
The  Cascade  granites  carry  more  or  less  water,  but  not 
in  troublesome  quantities,  judging  from  experience  on 
the  Great  Northern  tunnel. 

If  the  tunnel  were  to  be  excavated  only  from  the  ends, 
a  sunnnit  level  about  midway  would  facilitate  drainage 
dui'ing  construction.  If  shafts  were  to  be  used,  this  would 
not  make  much  difference,  unless  one  of  the  shafts  were 
utilized  to  develop  the  water  power  of  Icicle  Creek.  In 
that  case  the  outflow  would  have  to  be  to  the  east,  because 


C.M.ecST.P.  =  Ch'.cago,Mil-waukee  &  &<- Paul 
N.R  =  NoH-hern  Pacific 
G.N.  =  &rea+  Northern 
UP.  =  Union  Pacific 
S.P.ecS.=  North  Bank 


-3000 


2000 


1000 

BEVEKLY.EIS^I 
PJSCO.B.36a 

0 


'The  outlay  by  the  Great  Northern  .since  1910,  including 
work  now  ordered,  amounts  to  about  $fi,O0O,000  expended  in 
snowshed.s,  tunnels  and  realignment.  Wb.at  the  cost  of  acci- 
dents has  been  the  writer  does  not  know,  but  it  must  have 
been  heavy. 

=The  chairman  of  the  Public  Service  Commission  has  since 
Informed  the  writer  that  the  commission  has  compromised 
with  the  company  on  concrete  snowsheds,  their  location  and 
sufTiciency    to   be   approved    by   the   commission's   engineer. 


PROFILE.S  OF   TO.XISTING  RAILRCAD   LINES  CROSSING  THE   CASCADE  MOUN- 
TAINS, AND  OP  PROPOSED  30-MI.  TUNNEL  LINE  UNDER  THE  RANGE 

the  irrigation  districts  of  the  east  slope  would  not  per- 
mit any  of  their  water  resources  to  be  diverted  to  the 
west  side,  and  the  slope  from  the  power  shaft  eastward 
would  have  to  be  sufficient  to  carry  off  the  water.  On 
tlie  accompanying  profile  (Fig.  3)  a  summit  is  she 
about  3  mi.  west  of  the  lower  Icicle  Creek  shaft,  wil 
an  elevation  of  1,810  ft. 

Rate  of  Progress  and  Cost 
The  cost  of  the  work  as  affected  by  interest  charges 
during  construction  is  so  dependent  upon  the  rate  of  prog- 
ress that  both  matters  will   be  considered   together  in 
this  division  of  the  .subject. 

In  the  matter  of  progress  in  tuiuu'l  building  tliei'o  has 
been  continuous  improvement  since  the  first  long  Alpine 
tunnel  was  built.  This  is  well  shown  in  the  following 
table : 

ALPINE  TUNNELS 

Rate  of  Progress. 

N.nme  of  Tunnel                   Date      Length,  Mi.  Ft.  per  Day 

.Mont    Cenis    isr)7-71            7.5  7.75 

St.   Gothard    lSs72-,xi            9.5  18.00 

Arlberg   1SS0-S4            6.5  27.25 

Simplon    1S93-99          12.25  36.00 

Loetschberg     1906-11            9.00  36.00 

The  Rogers  Pass  tunnel,  now  Hearing  completion,  is  a 
double-track  tunnel  neai-ly  5  mi.  long  through  the  Selkirt 
Ranire  on  the  Canadian   Pacific  Rv.     Progi-ess  has  been 
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made  at  a  rate  of  3.6  mi.  per  year,  or  about  52  ft.  per 
Jay.  As  an  example  of  rapid  work  on  a  small  tunnel 
{about  13  ft.  wide  and  13.5  ft.  high),  we  may  cite  the 
Pirahy  tunnel  in  Brazil,  in  which  27,657  ft.  length  was 
driven  in  489  days,  or  56  ft.  per  day.  This  work  was  done 
under  great  pressure  for  time  and  with  the  inducement 
of  a  liberal  bonus.  Several  shafts  were  sunk  to  facilitate 
progress.^ 

Upon  the  whole,  the  Eogers  Pass  experience  seems  most 
applicable  to  .our  present  estimates.  The  extraordinary 
record  made  was  due  to  a  favorable  rock  and  to  the  use  of 
the  comparatively  new  method  of  driving  a  small  auxiliary 
tunnel  in  advance  of  and  at  one  side  of  the  main  bore, 
;rom  which  cross-galleries  were  run  and  additional  head- 
ngs  opened  up.  Undoubtedly  the  same  expedient  would 
)e  applied  to  the  much  larger  work  here  considered. 

In  the  estimates  for  the  Cascades  tunnel  the  follow- 
ng  dimensions  for  the  cross-section  of  the  tunnel  have 
)een  assumed :  Width,  30  ft. ;  height  at  center,  25.5  ft. ; 
leight  over  outer  rail,  22.5  ft. ;  net  cross-sectional  area 
after  lining),  about  650  sq.ft.;  gross  area  in  excavation, 
:  ibout  850  sq.ft. 

Sinking  Inteejiediate  Shafts 

The  great  length  of  the  tunnel  naturally  suggests 
esort  to  intermediate  shafts  in  order  to  facilitate  prog- 
ess.  The  question  of  their  use  turns  mainly  upon 
heir  effect  in  shortening  time  of  completion  and  thereby 
aving  interest  and  hastening  the  period  when  the  work 
lay  become  revenue  producing.  These  shafts  would  be 
.\pensive,  about  $100  per  foot  depth  for  a  deep  shaft  of, 
aj',  four  compartments  (about  250  sq.ft.  cross-section) 
nd  would  take  considerable  time  to  construct,  100  ft. 
er  month  being  standard  experience.*  Four  possible 
ications  are  indicated  on  the  profile  (Fig.  3).  In 
nalyzing  their  probable  value  in  expediting  the  work  and 
.'ducing  interest  charges  a  somewhat  higher  rate  of  cost 
lan  previously  indicated  has  been  assumed — namely,  for 
le  lower  Icicle  Creek  shaft  (1,100  ft.  deep),  $150,000; 
)r  the  Middle  Icicle  and  Deception  Creek  shafts  (1,700 
Dd  1,860  ft.  respectively),  $250,000;  and  the  upper 
cicle  shaft  (2,320  ft.),  $350,000.  The  estimated  effect 
f  these  shafts  in  reducing  time  and  cost  is  shown  in 
able  2. 

Ventilation  and  Water-Povver  Development 

The  pioneer  tunnel  and  the  several  shafts  would  be  of 
reat  value  in  the  subsequent  operation  of  the  tunnel, 
.'hile    ventilation   with    electric-train    operation    is    not 

difficult  problem,  still  it  would  be  materially  simpli- 
ed  by  the  auxiliary  tunnel  and  the  shafts.     High-speed 

•"Engineering  News."  May  18.  1916,  p.  921. 

•The  Woodbury  shaft  now  being  sunk  In  the  Lake  Superior 
lining  region  has  already  reached  a  depth  practically  the 
ime  as  that  of  the  deepest  shaft  here  proposed.  The  rock  Is 
uartzlte  and  granite.  There  is  but  little  water.  The  net 
imensions  In  cross-section  are  13  ft.  1  in.  by  21  ft.  1  in.  The 
ro»a  dimensions  In  excavation  are  about  15x23  ft.  The  shaft 
aa  eunk  2.1S0  ft.  In  the  period  from  Mar.  1,  191n,  to  Mar.  1, 
'16,  or  at  an  average  monthly  rate  of  1S2  ft.  The  average 
>»t,  Including  everything  complete,  has  been  $102.30  per  lin.ft. 
he  shafts  herein  proposed  would  not  be  quite  so  large  as  the 
'oodbury  shaft  and  would  probably  cost  no  more  |)er  unit  of 
apth.  Our  cKtlmate,  both  as  to  time  and  cost,  would  thcre- 
)re  seem  to  have  a  margin  of  safety  of  !i07r-  The  cost  of 
laft  operation  In  the  Lake  Superior  region  Is  about  8c.  per 
>n  of  material  hoisted.  Assuming  a  figure  of  10c.  In  the  case 
ere  considered,  headings  of  sno  sq.ft.  and  a  weight  of  rock 
r  170  lb.  per  cu.ft..  the  cost  of  the  hoisting  would  be  about 
'.20  per  lln  ft.  of  tunnel.  Offsetting  this  by  the  cost  of 
^moval  of  the  material  by  way  of  the  portals.  If  the  tunnel 
ere  excavated  without  shafts,  the  additional  cost  by  the  use 
'  shafts,  assumed  in  this  article  as  IS  per  lin.ft..  would 
lem  to  be  about  right. 


operation  of  trains  would  be  essential,  and  the  air 
pressures  would  be  lessened  by  frequent  connections  with 
the  side  tunnel,  while  the  shafts  would  have  a  similar 
effect  and  would  promote  frequent  complete  changes  of 
air. 

Two  of  the  construction  shafts  could  be  cheaply  utilized 
for  the  development  of  power.  Icicle  Creek  has  a 
dependable  low-water  flow  at  the  site  of  the  lower  shaft 
of  over  50  sec.-ft.  The  head  at  the  shaft  exceeds  1,000 
ft.  Corresponding  data  for  Deception  Creek  are  20  and 
1,850.  In  addition  to  these  shafts,  designed  primarily 
for  construction  purposes,  a  small  one  for  power  only 
could  be  let  down  from  the  Wenatchee  Eiver.  The  head 
would  be  a  little  over  200  ft.,  and  the  dependable  low- 
water  flow  in  excess  of  500  sec.-ft.  These  figures  indicate 
a  possible  aggregate  development  of  21,300  hp.  theo- 
retical. The  water  would  be  disposed  of  through  the 
auxiliary  tunnel  and  would  require  bnt  a  small  percent- 
age of  its  space,  except  from  the  Wenatchee  shaft 
outward,  where  it  would  require  practically  all.  With 
any  reasonable  assumption  as  to  volume  of  traffic,  this 
power  ought  to  operate  the  entire  line  from  Wenatchee 
to  near  Monroe,  with  sufficient  surplus  to  ventilate  and 
light  the  tunnel.  That  is  to  say,  the  tunnel  itself,  by 
the  mere  fact  of  its  construction,  would  create  power 
not  otherwi.se  available  sufficient  to  operate  the  entire 
terminal  .system  here  considered. 

Computing  Rate  of  Progre.ss 

At  Eogers  Pass,  as  already  stated,  a  rate  of  progress 
of  3.6  mi.  a  year  was  attained,  or  a  mean  of  1.8  mi. 
from  each  end.  In  the  estimates  from  which  Table  2 
is  made  up,  it  is  assumed  that  1.6  mi.  per  year  could 
be  maintained  from  each  portal  and  1.4  mi.  each  way 
from  each  shaft.  It  is  assumed  that  the  widening  for 
necessary  sidetracks  would  be  equivalent  to  1.2  mi.  of 
full  tunnel  section,  thus  making  an  equivalent  total 
length  of  32  mi.  If  shafts  were  used,  the  time  would 
be  controlled  by  the  longest  subdivision  and  by  the  rates 
of  progress  at  its  two  ends.  Thus,  with  no  shaft,  the 
length  would  be  32  mi.  and  the  annual  rate  3.2  mi. ;  with 
one  shaft,  the  controlling  section  would  be  17.4  mi.  and 
the  rate  3  mi.;  with  two  shafts,  these  figures  would  be 
14.4  and  3  respectively;  with  three  shafts,  11.2  and  2.8; 
and  with  four  shafts,  7.5  and  3.  It  is  assumed  that  two 
full  years  would  be  consumed  in  installation  of  plant, 
including  shafts,  and  in  getting  well  started;  12  months 
in  getting  the  tunnel  into  operation  after  the  main  bore 
is  holed  through.  The  times  of  completion  under  the.se 
assumptions  are  shown  in  Table  2. 

In  arriving  at  an  estimate  of  cost  the  writer  has  relied 
largely  on  the  Rogers  Pass  experience,  but  has  con- 
sulted other  work  and  authorities  as  well.  lie  believes 
that  the  following  unit  prices  are  conservative,  if  the 
tunnel  is  driven  from  the  ends  only : 

Per  Lln. Ft. 

Plant   (except  shafts) SB 

Excavation   of  bore 120 

Lining   tunnel    7,S 

Tracks  and   equipment 5 

Surveys  and   mIscellaneouB 5 

Total    $210 

It  is  assumed  that  the  item  for  excavation  from  the 
shaft  headings  will  be  $5  greater  than  given  in  the 
preceding  tabulation,  this  increase  to  cover  the  extra  cost 
of  removing  muck  and  water  tiirough  the  shafts. 
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With  the  foregoing  assumptions,  with  an  interest  rate 
of  6%  and  an  interest  period  equal  to  half  the  period 
of  construction,  the  details  as  to  costs  and  times  are 
shown  in  Table  2.  The  second  column  includes  the 
increased  plant  cost  of  shaft  installation  as  already  given 
and  the  extra  cost  of  $5  per  ft.  for  removing  muck 
and  water  by  the  shafts. 

TABLE  2.    TIME  REQUIRED  FOR  COMPLETION  AND  COST 
OF  CASCADES  TUNNEL 
Scheme  Cost         Time,  Yr.       Interest 

No   shafts    $35,481,000        13.0  $13,837,000 

"1  9,754,000 

I  8.743,000 

I  7,698,000 

i  6,123,000 

A.  C.  Dennis,  Superintendent  for  the  contractors  on 
the  Rogers  Pass  tunnel,  to  whom  the  writer  referred 
these  estimates,  expresses  some  doubt  as  to  the  practic- 
ability of  securing  this  efficiency  from  the  shafts.  He 
is  inclined  to  favor  doing  the  whole  work  from  tlie 
portals  only,  or  at  least  using  only  the  one  shaft  nearest 
midway  of  the  tunnel.  In  this  connection  he  made  the 
following  observation  in  a  letter  to  the  writer : 

Under  normal  rock  and  water  conditions  this  tunnel  can 
be  finished  ready  for  operation,  worliing  from  the  portals 
only,  in  nine  years.     With  a  bonus,   or  forfeit  claim  based  on 


One   shaft    36,127,000 

Two  shafts   36,429,000 

Three    shafts    36,659,000 

Four   shafts    37,114,000 


Total 
$49,318,000 
45,881,000 
45,172,000 
44,357,000 
43,237,000 


estimate  at  $4,000,000.  A  more  complete  system  would 
result  if  it  were  extended  into  Everett,  Seattle  and  along 
the  east  shore  of  Lake  Washington  to  Eenton,  from  which 
point  all  lines  are  available  to  Tacoma.  Doubtless  this 
would  be  the  ultimate  outcome. 

It  may  be  objected  that  this  route  would  be  practically 
available  to  only  one  of  the  railroads  entering  the 
Puget  Sound  country — namely,  the  Great  Northern, 
which  lies  directly  on  the  route  of  the  tunnel.  The 
answer  is  that,  long  before  such  a  work  could  be  carried 
to  completion,  the  development  of  the  Columliia  Valley 
will  have  brought  the  other  lines  as  far  north  as  Wenat- 
t-hec  for  local  traffic  only. 

The  Ec'oxomic  Problem 

We  come  finally  to  the  crucial  test  that  any  pro]'eet 
of  this  character  must  pass  before  it  can  commend  itself 
to  the  favorable  judgment  of  practical  men.  As  an 
economic  proposition,  will  it  pay?  To  answer  this  ques- 
tion as  we  should  like  to  answer  it  would  require  definite 
(lata  concerning  the  traffic  movements  across  the  Cascade 
Range  and  the  saving  on  that  portion  which  could  ad- 


Flc;.  3.    MAI-  AND  PROFILE  OF  PROPOSED  30-MI.  RAILWAY  TUNNEL  .\ND  APPROACHES  UNDER  THK 

CASCADE  MOUNTAINS 


nine  years'  time  limit,  I  am  satisfied  that  this  work  can  be  let 
for  $33,000,000,  to  cover  every  expense  in  connection  with  the 
work  until  ready  for  operation  and  with  an  additional  reduc- 
tion of  $70  per  ft.  for  any  unconcreted  section. 

The  costs  as  given  in  Table  2  pertain  to  the  tunnel 
only.  To  make  this  work  properly  available  by  giving 
unrestricted  access  to  all  railway  lines,  the  system  should 
be  extended  on  both  sides  to  the  natural  points  of 
divergence,  say  to  Wenatchee  on  the  cast  side  and  to  some 
])oint  near  Monroe  on  the  west.  This  would  add  probably 
50    mi.    of    open -conn  try    double    track,    which    we    will 


^antageously  u.se  the  new  route;  the  saving  in  future 
maintenance  and  construction  cost  to  the  several  lines 
affected;  the  saving,  to  the  railways  by  avoidance  of 
delays,  interruption  of  traffic  and  losses  from  accident; 
and  finally  the  advantage  to  the  pul)lic  in  different  ways. 
It  is  manifest  that  a  complete  analysis  of  the  problem 
on  this  comprehensive  basis  is  a  practical  impossibility. 
The  records  of  the  railroads  are  not  kept  in  form  to 
furnish  the  precise  information  necessary.  The  cost  of 
freight   nio\enicnt    is   so   inliniatcly   dc]H'iidcnt    uiioii  it- 
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volume  that  conclusions  based  upon  a  particular  example 
might  be  quite  inapplicable  to  any  other.  Then,  the  effect 
upon  the  public  interest  is  never  made  a  matter  of 
record — in  fact,  could  not  be — and  therefore  the  public 
advantage  of  the  new  route,  though  certainly  very  great, 
cannot  be  computed  in  definite  terms. 

The  best  we  can  do  as  to  the  several  railroads  is  to 
bHow  for  each  the  difference  of  conditions  between  present 
service  and  that  by  the  proposed  route,  and  then  make 
the  best  assumptions  we  can  as  to  the  saving  due  to 
this  difference.  It  is  manifest  that  the  advantage  to  some 
would  be  greater  than  to  others,  even  for  the  same  volume 
of  traffic,  and  that  mere  tonnage  figures  would  not  be 
a  sufficient  guide.  With  frank  acknowledgment  of  the 
unavoidable  uncertainties,  both  as  to  the  data  and 
assumptions  involved,  we  will  state  the  conclusions 
reached. 

Great  Northern — The  other  railways  would  still  main- 
tain their  present  lines  for  local  traffic  and  possibly  to 
some  extent  for  through  traffic,  but  the  Great  Northern 
n-ould  probably  abandon  most  of  its  present  line  between 
,  Skykomish  and  Leavenworth,  these  points  being  at  the 
foot  of  the  mountain  grades  on  the  two  sides  and  the 
locations  of  the  portals  of  the  proposed  tunnel.  This 
would  niean  abandoning  57  mi.  of  railway,  all  of  which 
requires  pusher  service  and  has  gradients  as  high  as  2.2%, 
curvature  amounting  to  6,855°,  an  average  vertical  lift 
jf  2,335  ft.,  mountaid  grades  costly  to  maintain  and 
dangerous  to  operate,  enormous  winter  difficulties,  3  hr. 
passenger  time  and  10  hr.  freight  time.  In  its  place 
the  company  would  have  a  nearly  straight  and  level 
line,  free  of  all  the  difficulties  just  enumerated,  with 
I  passenger  time  of  40  min.  and  a  freight  time  of  1.5  hr. 

The  writer  has  obtained  four  separate  and  independent 
jstimates  of  the  probable  annual  saving  by  the  proposed 
route  on  the  basis  of  four  passenger  trains  and  six 
'reight  trains  each  way  daily.  One  of  these  estimates 
s  based  upon  Wellington's  treatise,  another  upon  an 
malysis  of  the  Rogers  Pass  tunnel  problem,  a  third  is 
ly  a  prominent  railway  engineer,  and  the  fourth  is  in- 
lependently  worked  out  by  the  writer.  These  estimates 
•ange  from  about  $900,000  to  $1,500,000  on  the  basis 
)f  present  service.  Capitalized  at  7%,°  this  would  in- 
licate  a  justifiable  expenditure  of  from  $13,000,000  to 
S20,000,000  to  produce  the  proposed  change." 

The  higher  figure  may  be  reached  in  a  different  way. 
The  late  Alexander  Stuart,  the  Great  Northern's  engineer 
'11  this  coast  for  many  years,  strongly  urged  the  building 

'  a  new  tunnel  between  Scenic  and  Merritt  (see  Fig.  3), 

distance  of  about  13  mi.,  reducing  the  vertical  lift 
ibout  1,200  ft.  and  the  distance  about  11  mi.  The 
Toject,  indeed,  was  about  halfway  in  magnitude  between 


of  6%  for  corporate  funds  and  5%   for  funds  guar- 
y  the  pubnc   (state,  counties  or  cities)   are  generally 

p    nmnlv    Hiifflnipnt        This    ivoiilrl    Innrpnnp    thA    PAndnl. 


•Rates  _ 
tnteed    by   me   puoiic    vsiate,   couniies   or   ciiies;    are   Kenerauy 
leld  to  be  amply  sufllclent.     This  would  Increase  the  capital- 
zatlon  figures  here  given  by  14  to  20%. 

•Since  the  above  estimates  were  prepared,  the  writer  has 
obtained  the  train-mile  costs  on  two  widely  dissimilar  dlvis- 
'■ns  of  the  Great  Northern  Ry.  One  of  these  is  the  Cascade 
llvUlon,  extending  from  Leavenworth  to  Seattle,  and  includes 
he  mountain  section  between  Leavenworth  and  Skykomish. 
The  other  Is  a  prairie  division  in  North  Dakota,  on  which  both 
^iT*  mtd  curvature  are  very   light,   being  comparable   In 

ne»e  respects  to  the  proposed  tunml  section  here  considered, 
"he  train-mile  costs  are  averages  for  thi-  entire  division  in 
■ach  case  and  Include  all  expenses  of  opiratlon.  etc.  They 
I'Pparently  do  not  include  the  Item  of  snowshed  construction. 
rne  average  totals  on  the  two  divisions  an-  per  traln-mlle: 
■or  freight  service.  $5.40  on  the  mountain  division  and  $1.90 
'n  the  prairie  division:  for  passenger  service,  $1.72  on  the 
notintain  division  and  $1.or,  on  the  prairie  division.  Applying 
nese  figures  as  they  stand  to  the  Skykomlsh-Le.ivenworth 
lection,  with  the  same  assumptions  as  before  as  to  the  volume 


the  present  Great  Northern  tunnel  and  that  proposed  by 
the  writer.  The  cost  would  probably  have  been  about 
$15,000,000.  There  is  little  doubt  that  the  Great  North- 
ern might  better  have  followed  this  advice  than  the 
course  it  has  pursued,  which  has  already  cost  a  sum  fully 
half  as  great  as  that  of  the  Scenic-Merritt  route  without 
any  of  its  advantages.  But  the  point  here  emphasized 
is  that,  if  this  tunnel  would  have  been  a  justifiable 
project  at  the  cost  stated,  the  larger  tunnel  would 
certainly  justify  an  outlay  of  $20,000,000. 

Northern  Pacific — The  advantage  of  the  proposed 
route  to  the  Northern  Pacific  must  be  estimated  from 
the  second  group  of  traffic  relations  given  in  Table  1, 
based  on  the  construction  of  a  line  west  from  Ritzville 
to  the  Columbia  River.  The  cost  of  the  proposed  line 
from  the  Columbia  to  Ellensburg  (the  Ellensburg  cut- 
off, which  would  become  unnecessary  if  the  tunnel 
project  were  adopted)  would  easily  build  the  line  up  the 
Columbia  to  Wenatchee. 

The  average  distance  by  the  existing  line  between 
Ritzville  and  Puget  Sound  points  (32-1  mi.)  would  be 
reduced  about  90  mi.  and  the  vertical  lift  about  1,850 
ft.  Assuming  that  the  train-mile  cost  over  the  moun- 
tains, with  extensive  pusher  service,  will  average  $2.25, 
and  by  the  proposed  route  $2,  and  that  the  through 
traffic  which  would  take  advantage  of  this  route  would 
amount  to  eight  trains  a  day  each  way,  we  should  have 
an  indicated  annual  saving  in  train  service  of  $1,242,840, 
which  would  justify  an  outlay  of  $16,000,000.  The  time 
is  rapidly  approaching,  moreover,  when  the  Northern 
Pacific  will  have  to  double-track  its  line  across  the 
Cascades,  and  it  may  very  likely  be  necessary  to  lower 
its  present  tunnel.  Such  a  course  would  involve  a  cost 
of  probably  $10,000,000,  which  might  far  better  be 
applied  to  the  more  thorough  project  here  proposed. 

Union  Pacific — Second  only  in  its  advantages  to  the 
Great  Northern,  and  possibly  even  exceeding  them,  would 
be  those  of  the  proposed  tunnel  route  to  the  Union 
Pacific. 

The  project  which  the  Union  Pacific  at  one  time  had 
in  mind  of  building  down  the  Snake  River  from 
Huntington,  thus  flanking  the  Blue  Mountain  Range, 
was  found  not  to  be  worth  while,  so  far  as  its  present 
line  downi  the  Columbia  is  concerned,  because  the  in- 
creased distance  and  curvature  more  than  offset  the 
climb  over  the  mountains.  But  such  a  project  would  fit 
in  perfectly  with  the  proposed  tunnel  route  and  would 
give  a  low-grade  line  from  Puget  Sound  all  the  way  to 
the  Wyoming  plateau  and  the  mountains  of   Colorado. 

The  average  saving  of  distance  between  Puget  Sound 
and  Inland  ilmpire  points  by  the  proposed  route  as  com- 
pared with  the  detour  via  Portland  would  be  at  least 


of  traffic,  we  have  an  Indicated  annual  saving  of  $l,447.2.'i0, 
virtually  the  same  as  the  largest  of  our  previous  estimates. 
But  this,  manifestly,  does  not  tell  the  whole  story.  The  train- 
mile  cost  on  the  Skykomlsh-Leavenworth  section  may.  l)e 
assumed  conservatively  as  T>0'/,,  greater  than  upon  the  Cascade 
division  as  a  whole.  On  the  other  hand,  the  train-mile  cost 
on  the  tunnel  section.  If  the  tunnel  Is  built  with  the  thorough- 
ness that  It  naturally  would  be,  would  probably  be  iess  than 
th.it  on  the  prairie  divl.slon  above  given.  Be  this  as  It  may. 
the  cost  ItSflf  would  be  divided  .imong  the  cooperating  roads, 
which  amounts  to  saying  that  it  would  be  distributed  over  a 
tratlic  three  or  four  times  as  great  as  that  on  the  main  lln^  of 
the  Great  Northern.  This  would  reduce  the  train-mile  cost 
by  one-third  at  the  very  least.  Revising  our  estimate  on  the 
basis  of  .'J0%  increase  of  cost  over  the  figures  for  the  moun- 
tain division  and  one-third  decrease  from  the  figures  for  tfie 
prnlrle  division,  we  have  an  indicated  annual  saving  of  over 
$2,100,000.  These  figures  show  that  the  Great  Northern  can 
pretty  nearly  afford  to  build  the  tunnel  single-handed  If  funds 
can  be  raised  at  (i'7, .  If  snowshed  cost  be  taken  Into  consid- 
eration and  if  reasonable  allowance  be  made  for  increase  of 
traffic  by  the  time  the  tunnel  is  completed. 
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180  mi.,  while  that  via  Pendleton  to-  southern  Idaho, 
Utah  and  the  southeast  would  be  about  140  mi.  Assume 
an  average  of  160  mi.,  a  traffic  of  eight  trains  daily  each 
way,  a  train-mile  cost  of  $2  by  either  route,  and  we 
have  an  indicated  annual  saving  of  about  $1,870,000. 
Deducting  a  reasonable  sum  for  building  connections  on 
the  two  sides  and  for  a  proper  share  in  the  maintenance 
of  the  new  route,  we  shall  still  be  justified  in  claiming 
a  net  saving  of  $1,400,000,  which  should  justify  an  out- 
lay for  construction  of  $30,000,000. 

Considering  now  the  proposed  Nachez  Pass  extension, 
the  average  distance  to  Puget  Sound  points  from,  say, 
the  mouth  of  Snake  Eiver  may  be  taken  as  the  same 
as  that  by  the  Northern  Pacific  from  Pasco — about  250 
mi. — which  is  approximately  the  same  as  by  the  proposed 


Fit;.  4.    A  TYPICAL  VIEW  IN  THE  CASCADE  MOUNTAINS 

tunnel  route.  The  construction  of  this  extension,  with 
an  adequate  tunnel  at  the  summit,  would  cost  probably 
$1.0,000.000,  and  the  route  would  then  be  subject  to  all 
the  drawbacks  of  these  high  crossings.  Assuming  an 
operative  cost  over  the  range  25c.  greater  per  train-mile 
than  by  the  low  tunnel  route  and  a  traffic  of  eight  trains 
daily  each  way,  we  have  an  indicated  annual  saving  of 
$365,000,  which  would  justify  a  capital  expenditure  of 
$5,200,000.  Adding  this  to  the  construction  cost  of  the 
Nachez  Pass  route,  we  have  practically  the  same  result 
already  arrived  at. 

Chicago,  Jlilwaukee  &  St.  Paul  —  The  Milwaukee 
system  would  profit  least  of  any  by  the  proposed  route, 
as  compared  with  its  present  line,  because  the  distance 
from  the  Columbia  to  Puget  Sound  points  would  be 
lengthened  about  25  mi.  Assuming  the  present  average 
distance  to  be  170  mi.  and,  owing  to  the  two  summits, 


the  heavy  gradients  and  excessive  curvature,  the  train- 
mile  cost  to  be  $2.50  as  compared  with  $2  by  the  tunnel 
route,  we  have  for  an  eight-train  daily  service  each  way 
an  indicated  annual  saving  of  $205,000,  which  would 
justify  an  outlay  of  about  $3,000,000.  The  time  will 
come,  it  must  be  assumed,  when  increase  of  business  will 
make  it  necessary  to  double-track  its  present  line  between 
the  Columbia  and  the  Sound.  The  cost  of  such  an 
enlargement,  with  its  two  mountain  crossings  and  two 
long  tunnels,  might  far  better  be  expended  in  aid  of  the 
proposed  low-grade  route. 

From  the  foregoing  analysis  it  is  apparent  that,  unless 
we  are  utterly  astray  in  our  assumptions,  the  four  trans- 
continental lines  having  access  to  Puget  Sound  could 
well  afford,  as  an  economic  proposition,  to  build  this 
low-grade  route  between  the  Sound  and  the  Col- 
umbia Eiver.  The  tonnage  between  Pu£;et 
Sound  and  points  east  of  the  Cascades,  includ- 
ing the  small  percent^age  that  moves  by  the  Can- 
adian Pacific,  the  Union  Pacific  and  the  "North 
Bank"  (Spokane,  Portland  &  Seattle  Ey.),  is 
over  60,000  tons  daily.  This  is  train  tonnage 
and  includes  passenger  as  well  as  freight  traffic 
and  also  locomotives.  It  represents  the  aver- 
age total  load  daily  hauled  in  and  out  of  the 
Puget  Sound  country,  fully  90%  of  which  could 
advantageously  use  the  proposed  route,  if  devel- 
oped on  the  lines  herein  suggested.  If  we  as- 
sume, as  was  done  in  the  preliminary  studies  of 
the  Eogers  Pass  project,  a  doubling  of  traffic  by 
the  time  the  work  is  completed,  the  justification 
of  the  expenditure  would  be  overwhelming. 

Difficulties  in  the  Wat 
What,  then,  are  the  chief  obstacles  in  the 
way  of  so  important  a  consummation?  ¥e 
have  shown  that  they  are  neither  technical  nor 
economic.  Carried  out  as  proposed,  the  project 
would  be  practicable  from  an  engineering  point 
of  view  and  feasible  from  an  economic  point 
of  view.  The  real  obstacles  are  of  a  character 
far  less  definite,  but  also  far  more  trouble- 
some to  deal  with. 

There  is,  first,  the  heavy  investment  in  ex- 
isting  linos.      The   most   striking   example  is 
that  of  the  "North  Bank"  line  (a  Great  North- 
ern-Northern Pacific  property)   between  Spok- 
ane and  Portland  along  the  Columbia  Eiver. 
It  is  one  of  the  best-built  railways  in  existence  and  is 
said  to  have  cost  upward  of  $40,000,000.    It  is  idle  now 
to  argue  that  this  immense  sum,  or  a  part  of  it,  might 
better  have  been  spent  in  securing  an  equally  good  route 
through   the   Cascades   to   Puget   Sound.     The   "North 
Bank"  is  a  fact,  and  it  must  get  a  great  deal  of  business 
in  order  to  pay  its  fixed  charges  and  running  expenses, 
to    say    nothing    of    paying    dividends.      Anything   that 
might  cut  into  this  business  as  the  proposed  tunnel  route 
would  certainly  do,  would  naturally  be  looked  upon  with 
disfavor  from  this  particular  direction. 

Another  intangible  obstacle  in  the  way  of  this  com- 
prehensive course  lies  in  the  independent  action  of  the 
several  roads.  Each  will  continue  to  imjirove  its  present 
lines  by  building  snowsheds,  making  minor  changes  of 
alignment,  etc.;  and  the  more  each  expends,  the  less  will 


it  be  inclined  to  aid  in  the  greater  worl 
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Then  there  is  the  perfectly  natural  opposition  to  per- 
iiitting  the  invasion  by  one  railroad  of  territorj'  here- 
ofore  exclusively  tributary  to  another.     It  is  too  much 

0  expect  of  railroad  human  nature  that  the  Great  North- 
rn,  for  example,  would  welcome  with  open  arms  any 
ther  line  within  its  exclusive  bailiwick  of  the  Wenatchee 
nd  Upper  Columbia  Valleys. 

Finally,  there  is  the  "get-together"  difBculty — the 
roverbial  reluctance  to  direct  cooperation  on  an  ex- 
;nsive  scale  among  independent  and  competing  lines, 
'ortunately,  the  State  of  Washington  furnishes  a  eom- 
lete  answer  to  this  objection  in  several  of  the  most 
olightening  examples  of  cooperation  to  be  found  any- 
here.  The  Great  Northern  and  Northern  Pacific  jointly 
uilt  the  "North  Bank"  road.  The  Union  Pacific, 
istead  of  building  a  separate  line  from  Portland  to 
eattle,  secured  traffic  privileges  over  the  Northern 
acific  from  Portland  to  Tacoma  and  over  the  Milwaukee 
■om  Tacoma  to  Seattle;  later,  the  Great  Northern 
:cured  similar  privileges  over  the  Northern  Pacific, 
jvering  tlie  whole  distance.  As  a  part  of  this  agree- 
;  lent  the  Northern  Pacific  has  double-tracked  its  entire 
ne  from  Portland  to  Seattle.  All  these  examples  show 
lat  cooperation  among  railroads,  even  where  there  is 
rong  competition,  is  no  new  thing  in  this  section  of 
le  country. 

It  is  apparent  from  the  foregoing  that  the  real 
jstacles  in  the  way  of  this  project  are  of  that  indefinite 
id  intangible  character  that  only  mature  study  and  con- 
deration  can  overcome.  They  are  based  upon  prejudices 
.ther  than  upon  facts.  The  purpose  that  the  writer  has 
liefly  in  view  in  this  presentation  of  the  subject  is  to 
tm  public  thought  in  this  direction  and  dissuade  the 
ilways  from  continuing  the  policy  of  radical  improvc- 
ent  of  their  present  lines  in  the  Cascades  until  they  have 
oroughly  investigated  the  advantages  that  would  result 
om  building  this  30-mi.  tunnel. 

Public   Aid 

A  work  of  this  magnitude,  fraught  with  so  many  public 
■nefits,  is  entitled  to  public  aid.  Commerce,  both  intra- 
id  interstate,  is  frequently  brought  to  a  standstill  un- 
■r  present  conditions,  mails  are  interrupted,  vexatious 
•lays  are  experienced,  and  business  is  temporarily  de- 
oralized.  These  are  evils  of  a  public  character  which 
stify  public  action  for  their  removal.  It  is  idle,  bow- 
er, to  expect  any  aid  from  the  Federal  Government. 
Itliough  the  project  would  accomplish  more  for  the 
nefit  of  interstate  connnerce  than  the  improvement  of 
e  Columbia  IJiver,'  for  example,  and  although  it  would 
cilitate  traffic  where  the  interests  of  the  Government 
e  particularly  heavy,  still  it  would  be  practically  im- 
issible  to  induce  Congress  to  grant  any  assistance.  The 
ecedent  would  be  too  far-reaching. 
But  with  the  State  of  Washington  the  project  would 
a  measure  of  internal  development  of  the  first  im- 
irtance.  On  one  side  of  the  great  mountain  wall  that 
retches  from  north  to  south  across  the  state  is  a  great 
id  richly  favored  maritime  section,  abounding  in  the 
lest  harbors  in  the  world.  On  the  other  side  is  a 
eh  agricultural  domain,  which  has  come  to  be  called, 

1  'The  Government  outlay  on  the  Improvement  of  the  Colum- 
i  River  above  Portland  aKKregates  ?11, 000.000,  or  nearly 
e-thlrd  the  cost  of  the  proposed   tunnel.      Yet   It  la  doubtful 

I  the  river  will  ever  carry  10%  of  the  traffic  that  would  pass 
rough  the  tunnel. 


not  inappropriately,  the  Inland  Empire.  The  wall  that 
separates  these  two  sections  compels  trains  to  climb  half 
a  mile  into  the  air  to  get  oVer  it  and  entirely  stops  all 
highway  communication  for  six  months  in  the  year.  The 
state  can  well  afford  to  make  a  considerable  investment 
in  order  to  bring  these  two  sections  into  closer  relations 
with  each  other. 

All  that  New  York  Harbor  has  meant  to  the  State 
of  New  York,  Puget  Sound  should  mean  to  the  State 
of  Washington ;  and  all  that  the  Erie  Canal  meant  to  the 
slates  bordering  on  the  Great  Lakes,  this  low-grade  route 
should  mean  to  the  Northwest.  When  New  York  had 
a  population  of  about  a  million,  it  assumed  the  burden 
of  building  the  Erie  Canal  and  paid  for  it  $7,600,000. 
If  the  State  of  Washington  were  to  make  the  same  per 
capita  contribution  to  this  work,  based  on  its  probable 
population  wlien  it  is  done,  it  would  amount  to  more  than 
$10,000,000. 

It  would  be  easy  to  demonstrate,  if  space  permitted, 
that  this  tunnel  could  be  utilized,  in  addition  to  its  ordi- 
nary rail  service,  to  maintain  highway  traffic  between 
the   sections   for  the  year   round.     Such  traffic   is   now 


FIG.  5.    A  SXOW  BLOCKADE  IN  THE  CASCADES 

wholly  non-cxistcnt  for  seven  months  of  the  year,  and 
of  little  practical  value  the  rest  of  the  time.  This  is  one 
specific  example  of  justification  of  public  aid  which  cer- 
tainly does  not  fall  within  the  constitutional  provisions 
which  exist  in  the  State  of  Washington  against  lending 
the  credit  of  the  state  to  private  individuals,  companies 
or  corporations. 

None  of  this  public  aid  should  be  given  outright,  but 
it  should  be  made  available,  say,  when  the  main  tunnel 
is  first  opened,  with  a  definite  time  limit  fixed  within 
which  the  work  must  be  done.  This  would  obviate  risk 
of  failure  and  avoid  interest  charges  until  the  work  is 
ready  for  use.  If  such  a  sum  could  be  guaranteed,  sub- 
ject to  these  conditions,  it  might  prove  of  great  assistance 
in  encourasrinfr  an  early  undertaking  of  the  work. 


A  Lnndnllile  on  the  Great  Northern  Ry.  In  the  Cascade 
Mountains  occurred  on  Sept.  13.  after  the  preceding' article  was 
written.  It  Is  remarkable  because  of  Its  occurrence  at  the 
driest  season  of  the  year.  The  Seattle  "Post-IntelUgencer" 
of  Sept.  14  said: 

Passenger  trains  of  the  Great  Northern  Railway  Co.  were 
routed  over  the  Northern  Paclflc  lines  last  nlnht  following  a 
big  slide  of  earth,  trees  and  debris  at  Windy  Point.  The  slide 
covered  the  entire  track  for  400  ft.  and  la  about  the  same 
point  where  a  fatal   slide  occurred   last  year. 
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SYNOPSIS — Sandy  Bidge  funnel  on  Carolina. 
ClincJi field  £  Ohio  Ry.  is  being  lined  under  traf- 
fic with  concrete  mixed  and  delivered  from  gaso- 
line-driren  car  equipped  with  pneumatic  tnixcr. 
Steel  forms  in  SO-ft.  sections  are  moved  from 
place   to   place  in   tunnel.     Records  of   progre.sx. 

The  Sandy  Kidge  tunnel  on  the  Elkhorn  extension  of 
the  Carolina,  Clinchfield  &  Ohio  Ey.,  which  was  opened 
for  traiEc  in  1915,  is  being  lined  witli  concrete,  the  pneu- 
matic process  of  concreting  being  used,  with  the  novel 


run  into  the  tunnel  on  the  regular  railway  tracks  ani 
mixes  and  delivers  the  concrete  through  the  medium  o 
air  compressed  outside  the  tunnel  and  delivered  througl 
a  pipe  line  with  regularly  spaced  taps,  to  which  the  mixc 
on  the  car  is  attached. 

The  dimensions  of  the  car  are  40  ft.  long  over  end  sills 
.io  ft.  414  ill-  wide  over  braces,  and  17  ft.  9  in.  from  to] 
(jf  rail  to  top  of  car.  A  central  chamber,  open  on  the  sides 
8 1/2  ft.  long,  9  ft.  8  in.  w^de,  and  10  ft.  3  in.  high,  con 
tains  on  one  side  the  pneumatic  concrete  mixer  and  on  thi 
other  side  the  charging  skip.  Over  this  chamber  is  : 
water  tank  of  1,850  gal.  capacity.     This  furnishes  watei 


CONCRETING  CAR  FOR  CAROLINA.   CLINCHFIELD  &  OHIO  RT.  TUNNEL 
Delivery  pipe  arranged  for  sidewall  concreting 


addition  of  a  portable  mixing  and  placing  plant.  The 
system  comprises  the  following  elements :  A  self-propelled 
mixer  ear,  a  loading  and  storage  trestle,  a  compressed- 
air  plant  outside  the  tunnel,  an  air  pipe  line  through  the 
tunnel,  and  forms  that  can  be  easily  erected,  moved  and 
taken  down.  The  tunnel  is  7,804  ft.  long  by  19  ft.  wide. 
The  central  element  of  the  method  is  the  concreting 
car,  shown  in  Figs.  1  and  2.  This  is  a  steel  frame,  gaso- 
line motor-driven  car,  carrying  a  pneumatic  concrete 
mixer  and  space  for  aggregate,  cement  and  water.     It  is 


for  the  concrete  and  is  also  connected  with  the  coolini; 
system  for  the  gasoline  engine.  Facing  the  central  cham- 
ber is  the  stone  bin  (30  cu.yd.  capacity)  on  one  end 
and  the  sand  bin  (12  cu.yd.  capacity)  on  the  other. 
Each  bin  has  a  chute  20  in.  wide  leading  to  the  charging 
skip,  and  each  chute  is  controlled  by  an  undercut  gate. 
Under  the  stone  bin  is  space  occupied  by  a  96-cu.ft.  aii 
receiver  standing  vertically  and  also  space  for  storagi 
of  bags  of  cement,  which  is  protected  from  water  by  tlu 
bin  overhead. 


LINEAL  FEET  OF  CONCRETE  PLACED  AND  HOURS  OF  LABOR  IN  LINING  SANDY  RIDGE  TUNNEL 
-Lineal  Feet  of  Concrete  Placed- 


1916 

Month     Form  I 

February..  112 

March 83 

April 140 

May 112 

June 140 

July 28 

August.      .  28 
Sept.    1    to 

20   28 


I  2  Form  3  Form  4  Form 


112 
140 
112 


laced- 

Moving 
and 

Trinmiing 

—Number  of  Hours  Spent 
Night    Repairs 

m  Each  Operation 

Miscel-    Total 

Total 

RuildinK  Setting 

SidnwalU 

Unloading 

Watch-       to 

laneous 

Hours 

3rra  5 

Liji. Ft.  Masonry 

Forms 

and  Roof 

Material 

man       Plant 

Work 

Worked                      Remarks 

140 

588 

4,606 

1,110 

1,769 

818 

372           137 

273 

9,085 

S4 

503 

3,644 

2,410 

1,279 

980 

348           384 

384 

9,393 

14(1 

616 

4,280 

2,779 

1,447 

860 

372           295 

10,013 

140 

672 

4,169 

2,587 

1,324 

905 

372             93 

448 

9,898 

140 

B16 

3,4,';.-) 

1,.306 

1,312 

797 

372             90 

590 

7,982 

2S 

196 

1,370 

1,018 

802 

560 

372           132 

140 

4,456     15  days  repairing  flood  dsmajf 

28 

.■)fi 

(i40 

440 

160 

210 

360           100 

484 

2.400     24  days  repairing  flood  daroag" 

50     2,252       5,397     Delayed  69  br.,  no  cement 
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Under  the  sand  bin  is  the  gasoline  engine  and  its 
auxiliary  equipment,  completely  housed  from  water  and 
dust.  In  its  lower  position  the  charging  skip  stands  with 
its  top  rim  about  1  ft.  3  in.  above  the  floor,  and  it  trav- 
els on  inclined  guide-rails  (-lO-Ib.  T-rails)  to  its  upper 
position  over  the  mixer,  being  hoisted  by  a  compressed- 
air  cylinder  9I/4  in.  diameter.  The  gate  of  the  skip 
works  automatically  by  means  of  a  guide-rail.  The 
mixer  is  for  a  two-bag  batch  (/„  cu.yd.)  and  has  its 
8-in.  outlet  pipe  at  the  bottom  running  horizontally  and 
L'urving  to  the  outside  of  the  rear  truck  and  thence  ver- 
tically to  near  the  top  of  the  car,  where  it  branches  by 
aeans  of  a  Y  into  two  lines — one  a  180°  bend  to  the 
rear  for  "shooting"  in  foundation  and  sidewall,  and 
:he  other  going  to  the  roof  for  "shooting"  into  the  arch. 

The  entire  arrangement  is  made  compact  with  a  view 
0  saving  manual  labor.  One  man  controls  the  hoisting 
)f  skip,  injection  of  water  and  mixing  and  discharge  of 
he  batch.  One  man  is  placed  at  each  chute,  and  two 
nen  carry,  open  and  empty  the  cement  bags.  The  car  and 
fasoUne  engine  were  built  by  the  McKeen  Motor  Car 


FIG.  2.    CAR  AT  ENTRANCE  TO  SANDY  RIDGE  TUNNEL 
Delivery  pipe  arranged  for  arcli  concreting 

lo.,  of  Omaha,  Neb.  The  car  was  sent  knocked  down 
nd  was  erected  in  the  railway  shops  at  Erwin,  Tenn., 
nd  mo\''ed  to  the  work  (105  mi.)  under  its  on^n  power, 
raveling  at  speeds  of  as  high  as  25  mi.  per  hr.  Tlie 
lixer  was  installed  and  the  piping  done  on  the  car  by  the 
'neumatic  Placing  Co.,  of  2  Ecctor  St.,  New  York  City. 

Loading  and  Storage  Trestle 

The  service  trestle  is  of  special  design  and  is  so  ar- 
anged  that  the  concreting  car  goes  under  it  and  receives 
tone  (crusher  run),  sand,  cement  (in  bags)  and  water, 
11  by  gravity  and  frequently  all  at  the  same  time.  The 
md  and  stone  are  drawn  from  overhead  bins  by  means 
undercut  gates.  Cement  is  conveyed  into  the  car  by 
■  hute.  The  trestle  (Fig.  3),  has  over  its  deck  a  track 
pon  which  stone  and  sand  in  hopper  cars  are  stored  or 
nloaded  into  the  bins  below.  There  is  a  continuous 
ow  of  27  bins  with  an  aggregate  capacity  of  324  cu.yd. 
nd  a  total  length  of  162  ft.,  and  five  loaded  cars  can 
e  stored  over  these  bins,  giving  an  additional  storage 
|f  200  cu.yd.  The  trestle  is  built  of  timber  and  has  a 
^mcwhat  unusual  arrangement  of  posts  and  bracintr. 


LOADIXO   trestle  FROM  SOUTH  PORTAL  OF 
SANDY    RIDGE   TUNNEL 


The  forms  are  of  steel,  except  the  arch  ring,  which 
is  of  3-in.  hard  pine  on  steel  ribs.  They  are  of  the 
Blaw  collapsible  type  and  are  held  to  the  rock  wall  by 
anchor  bolts,  as  shown  in  the  sketch  (Fig.  5).  First, 
a  hole  is  drilled  in  the  rock,  and  a  rod  18  to  20  in.  long, 
split  at  one  end  and  threaded  at  the  other,  is  inserted, 
v.'ith  the  point  of  a  wedge  just  entering  the  split.  The 
rod  is  driven  against  the  end  of  the  hole,  causing  the 
wedge  to  spread  the  split  end.  A  square  cast  coupling 
or  nut  is  screwed  on  the  tapped  end  of  the  rod,  and  a 
second  rod  is  screwed  into  the  outer  end  of  the  coupling. 
A  similar  coupling  is  placed  on  the  free  end  of  this  sec- 
ond rod,  and  the  last  section  of  the  hanger  is  screwed 
into  this  coupling. 

The  most  important  feature  of  the  hanger  is  the  square 
couplings,  whose  shape  prevents  their  turning  in  the  con- 


FKJ.    4.    A    30-FT.    SiCiliuN 


.ll'.l'.l.     iMiUM.- 
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Crete  when  the  outer  rod  is  unscrewed.  Pipe  couplings 
were  tried  at  first,  but  being  round,  they  turned  with  the 
rod  and  gave  much  trouble.  Standard  bolt  thread  is  used 
as  being  more  satisfactory  than  standard  pipe  thread. 

Five  30-ft.  sections  of  forms  are  provided,  and  these 
are  distributed  through  the  tunnel  as  seems  best.  On 
account  of  the  pressure  of  the  wet  concrete  an  entire 
section  is  not  concreted  in  one  operation.  After  con- 
creting the  walls  up  to  spring-line  the  car  moves  to  an- 
other section. 

Had  it  been  possible  to  place  concrete  at  full  capacity, 
the  five  sections  would  probably  have  proved  inadequate 
to  keep  the  car  busy.  Difficulty  in  obtaining  sufficient 
cement — due  to  some  local  conditions — has  kept  the  rate 
of  progress  notably  low. 

Sand-Bag  Bulkhead  Retains  Concrete 

Wlien  a  section  is  moved  to  a  new  position,  one  end 
is  caused  to  overlap  the  concrete  last  placed.  At  the 
other  end  of  the  form  a  bulkhead  of  sand  bags  is  con- 
structed. Burlap  bags  are  preferable,  but  cement  bags 
also  can  be  used.     These  are  half  filled  with  sand  and 


FIG.   5.    HOW   THE  STEEL  FORMS  ARE  HELD  IN  PLACE 

are  stacked  a  foot  thick  all  around  the  opening,  the  bulk- 
head rising  with  the  concreting. 

The  progress  in  lining,  from  February  to  September 
inclusive,  is  given  in  the  table  on  p.  936.  The  sharp 
drop  in  "concrete  placed"  in  July,  August  and  Sc])teniber 
is  attributable  to  lack  of  cement. 

The  concreting  car  was  put  in  service  on  July  9,  1915. 
The  high  record  for  concrete  placed  in  one  day  was  230 
cu.yd.,  on  May  12,  1916.  The  daily  records  and  monthly 
totals  for  the  summer  months  just  past  were  respectively 
a.s  follows:  June,  214  yd.,  total  of  4,098;  July,  191, 
total  of  1,570;  August,  154,  total  of  508;  to  Sept.  20, 
184,  total  of  1,317. 

The  maximum  advance  was  made  in  May,  1916,  the 
weekly  totals  l)eing  as  follows:     First  week,  590  cu.yd.; 


second,  1,020  cu.yd.;  third,  1,098  cu.yd.;  fourth,  990  cu 
yd.;  fifth,  564  cu.yd.  The  total  concrete  placed  froin 
July  1,  1915,  to  Oct.  31,  1915,  was  10,438  cu.yd.,  whik- 
from  the  latter  date  to  Apr.  30,  1916,  the  weekly  totals 
averaged  more  than  600  cu.yd.  It  is  expected  that  the 
tunnel  lining  will  be  finished  next  summer. 

The  work  is  being  done  by  the  company  forces  under 
the  general  direction  of  0.  K.  ilorgan,  Engineer  in 
Charge  of  the  railway,  who  also  designed  the  car. 

m 


A  paper  by  Eugene  W.  Stern,  chief  engineer  of  the 
Bureau  of  Highways,  Borough  of  Manhattan,  New  Yorli 
City,  on  the  "Necessity  for  Limiting  the  Loads,  Speed  and 
Size  of  Vehicles,"  read  before  the  American  Society  of 
Municipal  Improvements  at  Newark,  N.  J.,  Oct.  12,  gives 
in  greater  detail  than  the  article  in  Engineering  News  of 
the  same  date,  the  damage  done  New  York  City  pavement* 
by  the  18-  or  19-ton  motor  trucks  used  to  haul  material 
from  the  subway  excavations.  The  pavements  ruined 
include  not  only  the  granite-block  pavement  on  West  42d 
St.,  but  the  sheet-asphalt  pavements  on  this  and  West 
50th  St. 

All  this  damage,  Mr.  Stern  said,  has  been  done  in  a  very 
short  time  (about  nine  months)  and  has  amounted  to 
5,400  sq.yd.  of  repairs  on  granite  blocks  (equal  to  32% 
of  the  total  area),  costing  $6,000,  and  1,900  sq.yd.  of 
repairs  on  sheet  asphalt  (equal  to  30%  of  the  total  area), 
costing  $1,900,  whereas  prior  to  this  time  the  average  cost 
per  year  of  maintenance  on  these  granite-block  pavements 
was  $150  and  on  the  sheet  asphalt  $70. 

In  common  with  others  who  have  studied  the  problem 
Mr.  Stern  comes  to  the  conclusion  that  little  damage  is 
to  be  anticipated  from  vehicles  with  rubber  tires,  because 
as  he  said,  "The  manufacturers  of  motor  vehicles  have 
found  by  experience  that  about  750  lb.  per  in.  width  of 
tire  is  about  all  the  load  rubber  tires  will  stand,  and  thi.^ 
load,  together  with  the  resiliency  of  the  rubber  and  the 
adequate  springs  that  good  construction  demands,  seem 
to  be  the  saving  features  in  protecting  the  pavements 
against  undue  wear,  even  under  heavy  loads." 

Mr.  Stern  contended  that  immediate  action  must  be 
taken  to  protect  not  only  the  pavements  of  the  cities  and 
the  municipalities  immediately  surrounding  the  cities, 
but  also  the  country  highways  that  are  liable  to  be  exposed 
to  such  kinds  of  traffic,  as  the  taxpayers  will  be  called  upon 
to  make  very  heavy  payments  to  maintain  thsir  streets  and 
highways,  although  these  have  been  constructed  in  thor- 
oughly first-class  manner  and  in  accordance  with  the  latest 
practice. 

An  investigation  was  made  of  the  laws  and  ordinances 
governing  the  weights  and  loads  of  vehicles,  which  covered 
those  in  effect  in  eight  states  and  19  cities  in  this  country 
and  Europe.  Among  the  most  uptodate  of  these  ordi- 
nances Mr.  Stern  listed  the  following: 

CHICAGO,  ILL.: 

Maximum  weight  of  vehicle J§  J°"' 

Maximum  load  on  any   one   axle 12  tons 

Maximum  load  on  the  wheel   ?„„  fl' 

Maximum  load  per  inch  width   o£  tire 1.000  in 

Maximum  length   '0  n 

Maximum  width    8  ft.  6  m 

Speed:   Compatible  with   safety,   but   not  to  exceed 
9  ml.  per  hr.     Not  to  exceed  4  mi.   per  hr.  when 
truck  has  defective  tire  that  would  cause  injury 
to  pavement. 
Motor  trucks  must   have  rubber  tires. 
Trailers  must  have  steel  tires. 
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NEW  YORK  STATE: 

Maximum  weight  of  vehicle 14  tons 

Maximum  load  on   any  one   axle „„  ,1? 

Maximum  load  per  inch   width SOU  lb. 

Maximum  width     (except    traction    engines,    which 

may  have  a  width  of  9  ft.  2  in.) 8  ft.  4  in. 

Speed:    Over    4    tons,    15    mi.    per    hr.;    over    6    tons, 

6  mi.  per  hr.  with  steel  tires,  12  mi.  per  hr.  with 

rubber  tires. 
.;TATE  OF  NEW  JERSEY: 

Maximum  weight  of  vehicle ^2%  tons 

Maximum  load  per  inch  width  of  tire oOO  lb. 

Speed:  4  tons,  12  mi.  per  hr.  with  iron  tires:  6  tons. 

8  mi.  per  hr.  with  iron  tires,  10  mi.  per  hr.  with 

rubber  tires. 

5TATE  OF  PENNSYLVANIA: 

Maximum  weight   of  vehicle 12  tons 

Maximum  load  on  any  one  axle „.„°,1.^ 

Maximum  load  per   inch  width  of  tire VoO  lb. 

Maximum  width,  7  ft.  6  in.;  for  busses  in  large 
cities,  S  ft.  4  in. 

:TATE  of  MASSACHUSETTS: 

Maximum  weight   of   vehicle 14  tons 

Maximum  load   per  inch   width   of  tire    (except   for 

hard  pavements)    SOU  ID. 

Speed  4  tons,  15  mi.  per  hr.;  6  tons,  6  mi.  per  hr. 
with  iron  or  steel  tires,  12  mi.  per  hr,  with  rub- 
ber or  similar  tires. 

1AKLAND,  CALIF.: 

Maximum  weight   of   vehicle 14  tons 

Maximum  load   per  inch  width  of  tire    (except   for 

hard    pavements)     800  lb. 

Speed:  4  tons,  6  mi.  per  hr.  with  iron  or  steel  tires; 
12  mi.  per  hr.  with  rubber  tires. 

ENGLAND: 

The  English  have  much  the  most  complete  and 
scientific  ordinances  of  any  of  those  examined. 

Maximum  weight  of  vehicle 12  tons 

Maximum  load  on  any  one  axle  (for  trailers,  4  tons)         s  tons 

Maximum  weight  of  vehicle  without  load 5  tons 

Combined  weight  of  motor  car  and  trailer 6 ',4  tons 

Weight  of  axle  to  be  proportioned  to  diameter  of 

The  load  per  inch  width  of  tire  (steel)  shall  be  840 
lb.  for  wheels  3  ft.  in  diameter;  and  an  additional 
allowance  of  9a  lb.  for  every  additional  increase 
in  diameter  bevond  3  ft.;  and  for  wheels  less 
than  3  ft.  in  diameter,  a  deduction  of  ISj  lb.  per 
Inch  width  of  tire  for  every  inch  less  in  diameter 
than  3  ft.  ,         ^  „ 

Vehicles  for  military  service  limited  as  follows: 

Weight  of  car  unladen    6  tons 

Weight  of  car  with   trailer    »  tons 

Unit   of   registered  axle   weight   with   tires   shod 

with  crossbars    aoO  l" 

Maximum  width,  90  in.  for  3  tons;  90  in.  for  trailer. 

Speed:  Dependent  on  axle  weight  tor  iron-tired 
vehicles;  6  tons,  12  mi.  per  hr.  for  rubber  tires: 
over  6  tons,  8  mi.  per  hr.  for  rubber  tires; 
should  car  unladen  weigh  more  than  3  tons, 
speed  is  limited  to  8  mi.  per  hr. ;  if  motor  draws 
trailer,  maximum  speed  is  5  mi.  per  hr. 

The  points  that  Mr.  Stern  consi(3ered  shoiil(i  be  covered 
y  such  a  law  are:  (1)  The  load;  the  diameter  of  the 
•heel ;  the  width  of  tire ;  whether  or  not  the  tire  is  of  a 
esilient  material  such  as  rubber,  or  of  steel ;  the  kind  of 
prings.     (2)  Speed. 


TKe  Htiflinmaini  Feictoir  nira  nmicdltmstipy* 
By  F.  H.  Newell! 

The  engineer,  if  true  to  his  name,  is  the  man  of  in- 
cnuity.  He  has  made  the  strength  of  one  man  equal  to 
hat  of  a  hundred  of  his  forefathers.  His  machines  per- 
orm  the  intricate  tasks  that  a  generation  ago  required  the 
kill  of  a  score  of  workers.  He  has  rendered  it  possible 
or  millions  to  live  and  to  find  work  in  the  narrow  con- 
nes  of  a  city,  by  providing  the  machinery-  to  bring  them 
ood  and  other  necessities  of  daily  life. 

The  human  units,  under  this  development  of  mechan- 
?al  efficiency,  have  attained  a  wonderful  efficiency  in  pro- 
uction  of  more  things  at  cheaper  prices.  But  success  in 
his  direction  has  been  accompanied  by  serious  defects 

'  which  the  engineer  is  rapidly  becoming  aware.     The 

iiit  in  hand  has  crumbled  to  a.'^hes.  What  profits  it  if 
he  world  of  things  is  gained  to  the  loss  by  the  many  of 
heir  higher  life? 

I      'Extract   from   an   address  before   the   Congress  of   Human 

Engineering,  Columbus.  Ohio,  Oct.  26,  1916. 
'      tProfcBsor    of    Civil    Engineering,    University    of    Illinois. 

hampalgn.  111. 


The  present  unrest  among  the  industrial  workers  is 
evident.  Many  fail  to  recognize,  however,  that  this  is 
the  necessary  outgrowth  of  the  work  of  the  engineer  con- 
centrated on  narrow  lines. 

In  many  industries  the  investment  in  machinery  and 
equipment  represents  roughly  50%  of  the  outlay;  the 
amount  expended  for  labor  is  approximately  equal.  The  > 
engineer  has  been  educated  to  think  almost  exclusively 
in  terms  of  machinery  and  equipment.  Absorbed  in  these 
details  he  has  apparently  overlooked  the  ob^-ious  fact  that 
there  is  a  limit  to  the  effective  working  of  this  machinery, 
and  that  limit  is  set  not  by  the  inventor,  but  by  the 
man  who  must  operate  it.  The  relative  efficiency  on  the 
part  of  the  improved  machines  may  be  80  or  90%  of  per- 
fection, while  that  from  the  human  side  may  be  as  low 
as  20%. 

Here,  then,  is  a  lack  of  proper  balance.  It  is  of  no 
avail  to  secure  1%  or  2%  increase  by  throwing  out  the  old 
and  procuring  better  machines,  if  there  is  a  persistent 
loss  ten  times  as  great  on  the  labor  side.  It  is  be- 
coming evident  that,  if  the  engineer  is  to  continue  to  add 
to  the  health,  comfort  and  pro.-perity  of  mankind  through 
more  inventions,  it  will  be  by  a  larger  recognition  of  the 
fact  that  these  inventions  must  aid  the  men  who  use  them 
to  progress  upward  rather  than  downward. 

The  application  of  economic  laws  to  human  welfare  in 
industry  is  far  more  complicated  and  subject  to  more 
exceptions  than  the  application  of  physical  laws  to  engi- 
neering, yet  these  laws  are  as  ascertainable  as  those  which 
govern  the  action  and  reaction  of  the  so-called  forces  of 
nature. 

Engineers  are  awakening  to  the  fact  that  they  have 
a  duty  as  well  as  an  opportunity,  and  they  are  getting 
down  to  specific  details.  The  progress  is  illustrated  by  the 
work  done  liy  the  United  States  Reclamation  Service.  Be- 
ginning with  the  necessity  of  providing  medical  and  surgi- 
cal aid  to  its  laborers  in  remote  construction  camps,  it 
has  taken  up  not  merely  the  proper  feeding,  but  also  the 
housing  of  its  men  and  their  families — in  some  cases 
providing  schoolrooms  and  lending  a  hand  in  social  activi- 
ties that  tend  to  keep  the  men  not  only  on  the  job,  but 
also  at  their  best. 

These  and  similar  lines  of  work  were  not  dreamed  of 
at  the  time  the  Reclamation  Act  was  passed.  They  were 
regarded  as  wholly  outside  the  domain  of  engineering. 
Today  the  responsible  man  in  immediate  charge  of  con- 
struction regards  it  as  an  essential  part  of  his  work,  as 
well  as  a  privilege.  He  can  show,  in  his  final  statement 
of  cost  compared  to  output,  economy  in  the  expenditure 
of  time  and  money  in  ways  that  a  generation  ago  would 
have  been  regarded  as  purely  altruistic  and  inconsequen- 
tial. \Xc  arc  no  longer  compelled  to  defend  this  new  em- 
phasis on  the  human  factor,  but  on  the  contrary  wo 
may  properly  apologize  for  doing  too  little  rather  than 
too  much.  We  now  know  that  the  efficiency  and  economy 
of  the  final  results  depend  not  alone  on  properly  cared 
for  machinery,  but  on  the  welfare  of  the  men  and  women 
who  use  it. 

state  lIlBhwny  Mnliitennnco  r'liiinot  he  Forced  according  to 
county  court  decision  In  Pennsylvania  In  a  case  where  the 
county  commissioners  sought  a  mandamus  on  the  State  High- 
way Department  to  compel  the  state  to  construct  and  main- 
tain a  road  between  Nazareth  and  Bethlehem.  The  Judge  held 
the  state  highway  act  of  1911-'13  requires  the  repair  and 
maintenance  of  highways  Incorporated  in  the  state  system 
"only  In  eases  where  the  state  formally  takes  over  this  duty 
and    assumes    responsibility." 
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E;ira^iEa®©s's  ss.s  M.esidieB's  siiad 


By  E.  Fleming* 

In  reading  fiction  an  engineer's  professional  experi- 
ence enables  him  to  appreciate  some  passages  that  a  reader 
without  technical  training  would  pass  unnoticed. 

In  Kipling's  story,  "Tlie  Ship  That  Found  Herself," 
the  Scotch  captain  who  is  showing  the  owner's  daughter 
around  the  new  and  untried  vessel  says: 

But  it's  this  way  wi'  sliips,  Miss  Frazier.  Slie's  all  here, 
but  the  parts  of  her  have  not  learned  to  work  together  yet. 
They've  had  no  chance.  .  .  .  Every  part  of  her,  ye'll  un- 
derstand, has  to  be  livened  up  and  made  to  work  wi'  its 
neighbor — sweetenin'  her.  we  call  it  technically.  .  .  .  For 
a  ship,  ye'll  obsairve.  Miss  Frazier,  is  in  no  sense  a  reegid 
body  closed  at  both  ends.  She's  a  highly  complex  structure 
0'  various  an'  conflictin'  strains,  wi'  tissues  that  must  give 
an'  tak'  accordin'  to  her  personal  modulus  of  elasteecity. 

Here  may  be  the  answer  to  the  question.  Why  do  some 
structures  stand?  The  principles  of  mechanics  are  ig- 
nored, indeterminate  stresses  and  redundant  members 
abound,  and  yet  the  structure  does  not  fail.  The  mem- 
bers of  the  structure  adjust  themselves  to  work  together, 
each  to  its  "personal  modulus  of  elasteecity." 

There  is  a  pas.sage  in  "Pickwick  Papers": 

That's  the  wery  prudentist  resolution  as  you  could  come 
to,  sir,  replied  Mr.  Weller.  You  rayther  want  somebody  to 
look  arter  you,  sir,  wen  your  judgment  goes  out  a  wisitin'. 

Mr.  Pickwick  had  found  himself  in  a  most  embarrass- 
ing situation  because  his  judgment  had  gone  visiting. 
How  many  mistakes  of  engineers,  good  and  reliable  men, 
are  explained  by  the  simple  statement  that  their  judg- 
ment went  visiting.  One  engineer  estimated  the  "typical 
floor"  as  a  single  floor;  another  used  a  table  of  areas 
instead  of  a  table  of  weights;  another  scaled  drawings 
with  a  wrong  scale — all  three  allowed  their  judgment  to 
go  visiting. 

In  "The  Turnstile,"  a  recent  novel  by  A.  E.  W.  Mason, 
a  member  of  the  English  Parliament  is  thus  addressed: 

You  must  all  know  that  a  man  who  is  any  use  at  all  does 
change  his  opinions  as  his  experience  widens.  Surely  that's 
true.  What's  the  use  of  thought  at  all  if  it  leaves  you  pre- 
cisely where  you  were?  .  .  .  And  why,  when  he  has  risen, 
doesn't  he  say:  "Of  course  I  have  changed  my  views.  I  am  a 
better  man  than  I  was  two  years  ago." 

Of  course !  This  may  explain  why  the  answer  to  a 
problem  in  a  textbook  on  reinforced  concrete  is  given 
differently  in  two  editions,  or  why  tension  in  the  anchor 
bolts  of  a  steel  stack  is  treated  in  three  ways  in  as  many 
editions  of  a  standard  book  on  steel  structures.  These 
writers  became  wiser  men  in  the  two  years  or  so  between 
the  different  editions. 

An  eminent  profes.sor  writing  of  lieam  flexure  followed 
the  accepted  theory  that  the  neutral  axis  of  a  section 
(symmetrical  or  unsymmetrical)  passes  through  the  cen- 
ter of  gravity  of  the  section.  In  the  second  edition  of 
his  book  he  located  the  neutral  axis  so  as  to  make  the 
moments  of  the  horizontal  forces  on  the  two  sides  equal. 
In  later  editions  he  came  back  to  the  accepted  theory  as 

•American   Bridge   Co.,   30   Church   St.,  New   York   City. 


given  in  the  first  edition.  Was  there  a  growth  or  a 
retardation  in  tlie  professor  wlien  he  wrote  the  second 
edition?    Or  did  his  judgment  go  visiting? 

It  is  seldom  that  marked  mathematical  ability  and  un- 
usual imaginative  powers  are  found  in  the  same  writer. 
Yet  Eev.  C.  L.  Dodgson  and  Lewis  Carroll  are  the  same 
person.  It  seems  hardly  credible  that  he  wrote  both 
"An  Elementary  Treatise  on  Determinants"  and  "Alice 
in  Wonderland."  But  note  how  the  mathematician  be- 
trays himself  in  that  delightful  children's  classic,  "Alice 
in  Wonderland."  At  the  tea  party  Alice  is  asked  to 
take  some  more  tea : 

"I've  had  nothing  yet,"  Alice  replied  in  an  offended  tone, 
"so  I  can't  take  more." 

"You  mean  you  can't  take  less."  said  the  Hatter;  "it's  very 
easy  to  take  more  than  nothing." 

It  may  not  be  generally  known  that  Eankine  wrote  a 
volume  of  "Songs  and  Fables."  '  There  is  a  fine  blend- 
ing of  mechanics  and  humor  in  the  introductory  poem, 
"The  J\lathematician  in  Love."  "The  Three-Foot  Rule" 
is  a  skit  against  the  adoption  of  the  metric  system.  The 
"Fables"  are  short  and  amusing.  The  "Goat  and  Com- 
passes" is  one: 

A  pair  of  compasses,  belonging  to  a  geographer,  was  lying 
on  a  table,  when  a  goat,  happening  to  pass  by,  addressed  to  it 
the  following  taunt:  "Your  limbs  serve  but  to  straddle  across 
a  piece  of  paper,  mine,  to  bound  over  the  mountains." 

"Your  limbs."  replied  the  instrument,  "enable  one  wretched 
animal  to  seek  its  food;  mine  assist  a  sage  to  map  the  world." 

Moral — Science,  though  despised  by  the  ignorant,  is  better 
than  bodily  strength. 

The  engineer  will  have  his  horizon  broadened,  his 
youth  renewed  and  his  life  prolonged  by  frequent  incur- 
sions into  the  realm  of  the  best  fiction.  It  may  not  help, 
him  to  make  a  better  living  in  the  way  that  phrase  isJ 
usually  interpreted,  but  it  will  help  him  to  new  sourcesi 
of  pleasure  in  his  life. 


Review i:i)  isy  H.  E.  Longwell* 

CENTRIFUGAL  TUMPS  AND  SUCTION  DREDGERS— By  E. 
W.  Sargeant.  Philadelphia:  J.  B.  Lippincott  Co.  Clotlfi 
6x9  in.;  pp.  viii  +  18S;  160  illustrations,  including  14  lolo- 
ing   plates.     $3.25. 

A  little  book  so  modest  and  unpretentious  as  to  disarm 
hostile  criticism.  The  reader  will  easily  recognize  the 
author  as  belonging  to  the  older  school  of  engineers,  who 
followed  their  respective  specialties  from  the  drafting 
board,  tlirough  the  pattern  shop,  foundry  and  machine 
shop  into  actual  service. 

The  work  is  in  no  sense  profound.  On  the  contrary  it  i:^ 
essentially  a  simple  and  readable  description  of  method.'^ 
and  constructions  that  have  worked  out  satisfactorily  m 
widely  diversified  centrifugal  pump  jiractice. 


'It  is  to  be  regretted  that  this  little  book  is  not  more  ac- 
cessible. The  writer  knows  of  but  one  copy  in  the  United 
States — that  owned  by  the  Boston  Public  Library. 

•General  Manager,  The  Westinghouse  Air  Spring  Co.,  New 
Haven,   Conn. 
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The  principles  of  design  laid  down  by  the  author  are 
■trictly  empirical,  being  based  on  formulas  deduced  from 
tests  of  a  number  of  pumps  of  known  dimensions.  This 
of  course  presupposes  that  the  pumps  tested  represent  the 
utmost  possibilities  in  point  of  efficiency — an  assumption 
that  is  perhaps  hardly  justifiable.  However,  the  method 
has  the  advantage  of  being  conservative  and  safe,  even 
though  so  easy  as  not  to  be  particularly  stimulating. 

A  somewhat  unusual  feature  in  books  of  this  character 
is  Chapter  YII,  which  touches  on  patterns  for  casings  and 
runners  and  methods  of  molding  them  in  sand  and  loam. 
These  suggestions  are  not  at  all  out  of  place,  as  centrifugal 
pump  castings — especially  in  the  larger  sizes — have  both- 
ered a  good  many  fairly  well-experienced  foundrymen. 
There  are  also  in  this  chapter  a  few  directions  as  to  con- 
venient methods  of  machining  these  castings. 

The  book  deals  briefly  with  the  more  modern  develop- 
ments of  series  pumps  for  unusually  high  heads,  and 
parallel  pumps  for  large  capacities  at  high  speeds.  Vari- 
ous forms  of  charging  or  priming  apparatus  are  described, 
and  concise  directions  are  given  for  carrying  out  tests. 
Considerable  attention  is  given  also  to  the  important  sub- 
ject of  the  arrangement  of  piping  and  valves. 

A  fairly  comprehensive  treatment  is  given  of  the  appli- 
cation of  centrifugal  pumping  machinery  to  sundry 
specific  purposes,  such  as  drainage,  irrigation,  handling 
sewage,  pumping  out  docks,  salvaging  wrecked  vessels,  fire 
service  and  dredging  and  conveying  solids.  There  is  a 
brief  chapter  on  rotary  air  pumps,  but  the  treatment  of 
the  subject  is  quite  superficial  and  no  attempt  is  made 
to  go  into  the  details  of  design. 

American  readers  must  bear  in  mind  that  in  the  numer- 
ous formulas  and  tables  capacities  are  given  in  Imperial 
gallons,  which  are  20%  larger  than  the  measure  which  is 
standard  in  this  country. 

The  book  is  copiously  illustrated.  Many  of  the  illus- 
trations are  dimensioned  and  appear  to  be  reproductions 
of  scale  drawings  of  actual  machines. 

On  the  whole  the  work  is  scarcely  one  that  would  he 
classed  as  a  textbook.  Its  contents  savor  more  of  the 
general  counsel  of  an  engineer  of  broad  practical  experi- 
ence. It  would  do  excellent  service  as  a  corrective  with 
which  to  temper  the  ultra-theoretical  treatment  that  is 
often  encountered  in- textbooks  dealing  with  this  subject. 

OZONE:  Its  Manufacture.  Properties  and  U.-ses — Bv  A.  Vos- 
maer,  Ph.D..  M.  Am.  Inst.  E.  E.  New  York:  D.  Van  Nos- 
trand  Co.  Cloth;  6x9  In.;  pp.  xii  +  197;  67  lUustratlons. 
$2.50  net. 

Ten  years  ago  the  subject  of  ozone  was  a  much  more 
live  matter  for  engineering  study  in  this  country  than 
it  is  today.  It  has  apparently  taken  a  back  seat  as  a 
universal  sterilizer,  in  America  at  least,  through  the 
greater  commercial  development  of  such  disinfecting 
processes  as  those  employing  chlorine  gas,  and  ultra-violet 
light.  Therefore  Mr.  Vosmaer's  book  at  this  moment  is 
probably  more  of  academic  interest  than  practical  service. 
Perhaps  that  condition  explains  some  of  the  more  out- 
standing peculiarities  of  the  volume. 

There  is  much  within  the  covers  of  the  book  that  is 
worthy  of  permanent  record,  but  the  author's  statements 
of  scientific  fact  and  engineering  development  seem  rather 
too  meager  in  technical  detail  and  limiting  circumstance 
to  be  succe.ssfully  applied  by  other  workers  in  this  field. 
Fact    is    curioiislv    int(iu(i\cn    with    tncrc    otiininii;    and 


there  is  an  obtrusive  display  of  irrelevant  discourse  on 
the  author's  experimentation.  The  English  in  spots 
hides  the  thought.  There  is  a  multitude  of  three-page 
chapters.  All  of  which  points  to  the  need  of  stricter 
editing  of  the  text. 

The  author  starts  hy  discussing  the  history  and  nature 
of  the  gas,  its  occurrence,  properties  and  identification. 
A  second  part  deals  with  matters  of  manufacture.  Ozone 
production  as  a  side  effect  of  chemical  reactions  and  ther- 
mal processes  is  reviewed  preliminary  to  taking  up  the  use 
of  electrical  discharges.  Spark,  arc,  and  brush  discharge 
are  compared  at  len<rth — always  of  course  from  the  stand- 
point of  ozone  production,  though  it  may  seem  to  some 
that  the  digres.sions  are  rather  far  pursued.  Then  the 
efi'ects  of  placing  solid  dielectrics  between  the  discharge 
electrodes  are  described,  with  emphasis  on  the  compara- 
tive uselessness  of  the  older  open-electrode  systems. 

A  considerable  part  of  the  text  is  taken  up  by  the  notes 
on  utilization  of  ozone  in  the  purification  of  drinking 
water,  air  and  industrial  materials.  The  author  laments 
the  lack  of  American  initiative  that  prevents  wide  utili- 
zation of  ozone  over  here,  but  he  fails  to  account  for 
the  large  expenditures  in  generating  the  gas  that  have 
been  indicated  as  necessary,  the  inherent  difficulties  of 
applying  it,  and  the  lack  of  any  American  demand  (such 
as  has  been  reported  in  Europe  where  ozone  has  been 
commercially  employed)  for  sterilization  as  compared 
with  rca.sonably  complete  disinfection  of  water,  air,  or 
industrial  products. 

PRINCIPLES  .A.ND  METHODS  OF  MrXiril'AL  ADMINISTRA- 
TION— By  William  Bennett  Munro.  Professor  of  Muni- 
cipal Government  in  Harvard  University.  New  York:  The 
Macmillan  Co.     Cloth;  6x9  In.;  pp.  xi    +    491.     $2.25  net. 

In  this  volume  on  the  organization,  work  and  method 
of  the  principal  departments  of  American  cities.  Pro- 
fessor Munro  has  provided  a  valuable  supi)lement  to  his 
excellent  earlier  books  on  "The  Government  of  European 
Cities"  and  "The  Government  of  American  Cities."  The 
present  volume  deals  with  the  leading  functions  of  muni- 
cipalities as  did  the  two  other  ones  with  their  framework. 
For  the  general  student  who  wishes  to  go  farther  afield, 
Professor  Munro  has  already  provided  a  useful  "Biblio- 
graphy of  Municipal  Government."  (For  reviews  of  the 
three  earlier  volumes  just  named  see  Engineering  News, 
May  13,  1909,  Apr.  17,  191.3,  and  Dec.  16,  1915.)' 

The  subject  matter  of  the  volume  now  before  us  is 
introduced  by  a  chapter  on  the  current  demand  for  muni- 
cipal efficiency.  A  second  chapter  which  in  a  measure 
may  lie  considered  as  introductory  also  reviews  briefly  the 
history,  principles  and  practice  of  city  planning.  The 
author  then  takes  up  in  order  streets,  water-supply,  gar- 
bage disposal  and  related  subjects,  sewerage  and  sewage 
treatment,  public  lighting,  the  police,  fire  prevention  and 
protection,  and  the  administration  of  schools.  The  final 
chapter  is  devoted  to  financial  questions. 

Each  of  the  main  functions  or  departments  indicated 
is  presented  from  the  viewpoint  of  the  work  to  be  done, 
the  organization  for  such  work,  and  the  various  methods 
of  accomplishing  the  results  to  be  obtained.  Obviously, 
the  •treatment  must  be  sketchy  in  a  volume  dealing  with 
so  many  subjects  and  written  prcsumal)ly  for  students  of 
municipal  government  in  and  out  of  college  rather  than 
for  men  or  women  who  expect  to  follow  any  one  of  these 
stibjccts  professionally. 
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Notwithstanding  the  limitations  just  stated,  the  au- 
thor has  succeeded  admirably  in  presenting  a  general 
view  of  each  of  the  municipal  functions  indicated.  Here 
and  there  statements  appear  that  to  one  versed  in  the 
technicalities  of  the  subjects  treated  seem  unhappily  e.x- 
pressed  and  in  a  few  cases  actually  misleading.  For 
instance,  we  are  told  on  page  lOT  that  asphalt  differs  from 
certain  other  pavements  previously  described  "in  that  it 
is  not  laid  unit  by  unit,  but  in  the  sheet."  Close  by 
language  is  used  that  would  lead  any  uninformed  person 
(and  presumably  the  book  is  for  the  uninformed)  to  think 
that  asphalt  pavements  are  laid  on  a  foundation  of  brok- 
en stone.  The  paragraphs  on  bitulithic  and  on  macadam 
are  also  likely  to  give  wrong  impressions  to  the  uniniti- 
ated. In  dealing  with  water  waste  the  author  makes 
the  curious  suggestion  that  it  would  be  cheaper  to  buy 
fertilizer  than  to  use  so  much  water  on  lawns.  Else- 
where reference  is  made  to  figures  which  the  author  says 
"prove  very  clearly  that  under  a  metered  system  much  less 
water  is  used  in  the  homes  of  the  poor  than  in  those  of 
the  well  to  do,"  overlooking  the  fact  that  meters  or  no 
meters  the  "poor"  use  less  water  than  the  '"well  to  do." 

All  these  are  of  course  relatively  minor  blemishes  that 
probably  will  do  little  harm  among  the  class  of  readers 
for  which  the  book  was  designed. 

HANDBOOK  OF  M.A.CHINE-SHOP  ELECTRICITY— By  C.  E. 
CleweU  Assistant  Professor  of  Electrical  Engineering. 
University  of  Pennsylvania.  Leather;  4x7  in.;  pp.  xi  + 
461;  61  illustrations.     $3. 

This  compact  and  concise  encyclopedia  of  machine-shop 
electricity  really  can  serve  the  engineering  profession  as 
a  dictionary  of  industrial  electricity.  It  obviously  was 
carefully  planned,  and  it  is  clearly  written.  The  illus- 
trations are  all  well  chosen,  and  for  the  most  part  are 
particularly  attractive.  The  few  of  inferior  execution 
set  off  the  "others  and  disclose  the  advance  of  recent  years 
in  technique  of  publishing  such  books.  The  ground  cov- 
ered by  the  text  includes  industrial-machine  nomencla- 
ture, circuits,  fundamental  laws,  communication  systems, 
power  and  lighting  supply,  measuring  instruments  and 
miscellaneous  appliances. 


CENTENNIAL  CELEBRATION  OF  THE  UNITED  STATES 
COAST  AND  GOEDETIC  SURVEY,  April  5  and  6,  1916. 
Washington.  D.  C:  The  Survey.  Leather;  7x10  in.;  pp. 
196;  illustrated. 

The  very  interesting  papers  and  historical  documents 
connected  with  the  celebration  of  the  100th  anniversary 
of  the  United  States  Coast  and  Geodetic  Survey  last  April 
are  brought  together  in  permanent  form  in  this  volume. 
Regret  is  often  expressed  that  so  little  attention  is  paid  to 
the  history  of  engineering  acliievements.  It  is  a  matter 
for  congratulation,  therefore,  that  some  of  the  interesting 
historv  of  the  work  of  the  Government's  earliest  scientific 
bureau  is  here  made  available  to  the  profession. 


ICS 
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CONCISE  TECHNICAL  PHYSICS— By  J.  Loring  Arnold.  Ph.  D., 
Professor  Electrical  Engineering  at  New  York  University. 
New  York:  McGraw-Hill  Book  Co.,  Inc.  Cloth;  6x9  in.; 
pp.  V   +   275;   294  illustrations.     $2  net. 

The  chief  claim  of  this  new  physics  text  is  that  it  is 
short.  Various  novelties  of  treatment  have  been  adopted 
to  secure  the  desired  brevity.  Tliey  make  the  book  attrac- 
tive for  either  classroom  or  home  use. 


STANDARD  SPECIFICATIONS  FOR  PERSONAL  SERVICE— 
Prepared  by  the  Bureau  of  Standards  for  the  Board  of 
Estimate  and  Apportionment  of  the  City  of  New  York, 
Municipal  Building,  New  York  City.  Paper;  7x10  in ' 
pp.   931. 

This  bulk}-  volume  represents  what  has  thus  far  been 
accomplished  in  a  herculean  task;  to  wit,  the  classifica- 
tion of  all  the  many  thousand  officers  and  employees  of 
New  York  City,  from  the  ilayor  down  to  the  common 
laborer.  This  work  has  been  done  by  the  Bureau  of 
Standards,  of  which  George  L.  Tirrell  is  Director,  for 
the  Board  of  Estimate  and  Apportionment.  A  statement 
concerning  this  task  of  standardizing  duties  and  salaries 
was  published  in  Engineering  News  of  Jan.  14,  1915. 
The  system  has  been  in  practical  operation  now  for 
some  18  months  and  is  comparatively  simple.  All  the 
oflBcers  and  employees  of  the  city  are  first  grouped  in 
divisions  called  "services."  There  are  sixteen  of  these 
services.  Examples  are :  Executive,  Professional,  Investi- 
gational, Inspectional,  Police,  Fire,  Skilled  Trades.  Each 
.service  is  divided  into  subdivisions  termed  "groups.'" 
Under  the  professional  service,  for  example,  there  are  the 
Accountant  group.  Architect  group.  Bacteriologist  group. 
Engineer  group,  Pathologist  group.  Physician  group,  etc. 
Each  group  may  be  divided  into  grades  according  to  it.^ 
relative  importance  and  the  number  of  employees  it 
contains.  There  are  six  grades,  for  instance,  in  the  Engi- 
neer group.  Under  each  grade  are  stated  the  titles  of  the 
different  positions,  and  the  duties,  qualifications  and  com- 
pensation, with  any  special  regulations  governing  com- 
pensation. A  grade  itself  may  be  divided  according  to 
the  class  of  work  performed  in  it;  for  example,  under 
Grade  3  of  the  Engineer  group  some  of  the  positions 
classified  are  (1)  Assistant  Engineer,  (2)  Assistant  En- 
gineer, Civil,  (3)  Assistant  Engineer,  Mechanical,  (4) 
Electrical,  (5)  Sanitary,  (6)  Power-plant  Supervision. 
The  rates  of  salary  for  this  group  vary  from  $2,280  per 
annum  to  $.3,180  per  annum. 

Here,  as  practically  everv'where  else  in  the  classified 
service,  the  idea  is  that  persons  entering  the  service  in 
a  certain  grade  will  do  so  at  the  lowest  salary  rate  and  will 
be  promoted  to  receive  larger  salaries  year  by  year  as 
they  gain  in  experience,  even  though  they  remain  in  the 
same  grade.  It  is  the  expectation,  apparently,  that  the 
best  men  in  each  grade  will  so  demonstrate  their  abilit}' 
as  to  justify  their  promotion  to  the  next  higher  grade. 

Everyone  has  heard  the  chronic  kicker  declaring  that 
the  money  which  a  city  raises  in  taxes  is  spent  in  paying; 
extravagant  wages  and  salaries  to  a  lot  of  idle  fellows  who 
hold  their  places  by  political  pull  and  who  would  not  be 
tolerated  for  a  day  if  employed  by  a  private  business 
firm.  Those  who  make  .such  criticisms  as  a  rule  have 
no  conception  of  the  other  side  of  the  picture — the  amount 
of  faithful,  hard  work,  j-ear  in  and  year  out,  given  by 
men  in  the  municipal  service  who  work  often  for  lower 
wages,  less  appreciation,  and  smaller  prospect  of  better- 
ing their  condition  than  the  average  employee  in  a  com- 
mercial concern. 

Criticisms  and  kicks  at  the  waste  and  inefficiency  of 
city  service  have  been  in  circulation  time  out  of  mind  in 
cities  without  number;  but  the  New  York  City  govern- 
ment is  the  first,  so  far  as  we  are  aware,  to  undertake  a 
broad  constructive  plan  to  better  the  conditions  of  citj' 
employment  by  placing  it  on  a  systematic  basis. 
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The  aim  is  of  course  to  create  a  business-like  organiza- 
tion in  which  the  pay  and  isromotion  of  every  man  will 
be  proportioned  to  the  work  which  he  performs ;  needless 
positions  will  be  eliminated;  and  every  competent  em- 
ployee will  be  encouraged  to  render  better  service  by 
placing  his  pay  and  promotion  on  a  definite  basis. 

The  size  of  the  volume  attests  the  magnitude  of  the 
task.  The  payroll  of  New  York  City  is  far  larger  than 
that  of  any  other  city  in  the  world. 

Before  the  Bureau  of  Standards  undertook  this  work, 
the  city's  payroll  had  been  increasing  steadily  at  the  rate 
3f  $2,000,000  to  $2,500,000  a  year.  In  1915,  as  a  result 
jf  the  work  of  standardization,  checking  salary  increases, 
:tc.,  the  city's  payroll  was  reduced  more  than  -$300,000. 
In  preparing  the  budget  for  1916,  when  a  more  sweeping 
ipplieation  of  the  standard  system  was  made,  many  sal- 
iries  lower  than  the  standard  rates  were  raised,  and 
Tiany  positions  found  to  be  unnecessary  were  abolished. 
The  saving  made  was  over  $600,000. 

It  is  of  course  too  much  to  expect  that  any  system  of 
his  sort  can  of  itself  produce  efficiency  and  industry,  or 

:  an  prevent  money  from  being  wasted  in  payment  for 
mnecessary  service  or  service  slovenly  performed.  It  is 
ipparent,  however,  that  without  some  systematic  grading 
)f  employees  such  as  has  been  here  undertaken,  those  at 
he  head  of  a  city's  government  are  practically  helpless 
0  produce  the  good  results  in  the  way  of  a  businesslike 
idministration,  which  is  always  promised  in  the  election 
■arapaign  but  seldom  performed. 

In  the  introduction  to  the  volume  the  basis  on  which 
alary  rates  are  fixed  is  explained.  A  large  amount  of 
lata  was  obtained  as  to  the  salaries  and  wages  paid  by 
irominent  business  corporations,  also  compensation  paid 
ly  the  Federal  Government  and  by  other  large  cities,  espe- 
ially  where  some  sort  of  scientific  method  had  been  used 
n  fixing  the  salary  rate.  Director  Tirrell  then  reviews 
he  conditions  of  employment  in  Government  service,  ad- 
erse  and  favorable.  It  is  of  interest  to  quote  his  state- 
rient  that,  "excepting  a  relatively  small  number  of 
lositions,  the  city  service  is  not  at  the  present  time  at- 
ractive  to  the  best  talent.  Advancement  and  promotion 
re  slow,  and  it  is  generally  believed  that  they  are  not 
lased  solely  upon  merit.  .  .  .  Many  branches  of 
irivate  business  offer  far  greater  opportunities  for  con- 
picuous  material  success  than  Government  employ- 
iient.  .  .  .  It  is  necessary  for  the  city  to  pay  higher 
ates  than  those  paid  in  the  most  progressive  private  em- 
iloyments,  if  it  is  hoped  to  attract  and  retain  equally 
ompetent  men." 

m 
A  valuable  aid  to  the  water-works  engineer  is  the 
lew  index  of  the  "Transactions"  (1883-1885)  and  the 
Journal"  (1882-1915)  of  the  New  England  Water- Works 
Association.  This  is  a  123-page  booklet  containing  sub- 
ect  and  author  references  to  a  veritable  mine  of  data 
•n  water-works  practice.  Wliile  the  early  volumes  of  the 
■Journal"  are  rare,  it  would  soem  that  most  of  the  en- 
rineering  libraries  are  supplied  with  files  of  the  issues 
ince  1890,  so  that  the  greater  part  of  the   references 

Tould  be  accessible  to  engineers  in  the  larger  cities.  The 
ndex  has  been  prepared  for  the  E.vccutive  Committee 
ly  Bichard  K.  Hale,  editor  of  the  "Journal."  Copies 
nay  be  obtained  by  nonniembers  of  the  association  for 

pi,  by  addressing  the  headquarters,  715  Tremont  Temple. 

r>oston,  Mass. 


PRINCIPLES  OF  ELECTRICAL  DESIGN:  D.  C.  and  A.  C. 
Generators — By  Alfred  StiU.  Pel.  Am.  Inst.  E.  E.,  Professor 
of  Electrical  Design,  Purdue  University.  New  Yorl;: 
McGraw-Hill  Book  Co.  Cloth;  6x9  in.;  pp.  xiv  +  365;  146 
illustrations.     $3  net. 

The  practical  designer  of  electrical  equipment  will  not 
need  this  book,  and  his  needs  have  been  purposely  ne- 
glected to  emphasize  fundamental  ideas.  The  text  ob- 
viously is  not  a  compendium  for  the  student  either,  but 
rather  a  convenient  guide  to  be  supplemented  by  lec- 
tures, further  book  study,  and  home  work  with  design 
problems.  The  author's  method  seems  to  be  so  far  as 
l)ossible  to  proceed  logically  from  fundamental  principles, 
neglecting  the  practical  short  cuts  which  experience  gen- 
erally places  in  the  practiced  designer's  hand,  but  em- 
ploying empirical  data  and  statements  where  advisable. 

A  unique  feature  of  the  book  is  the  first  or  intro- 
ductory chapter  which  gives  some  sound  advice  on  quali- 
fications to  be  cultivated  by  the  student  who  aspires  to 
be  a  good  designer — on  acquiring  sound  knowledge  of 
engineering  principle.*,  respect  for  ability  to  draw  and 
write,  development  of  self-confidence,  self-reliance  and 
personality. 

The  cour.se  starts  off  with  the  magnetic  circuit  and 
electromagnets,  then  goes  into  direct-current  dynamo- 
electric  machinery  and  finally  ends  with  alternators. 


GOVERNMENT  OF  THE  CITY  OF  ROCHESTER.  N.  T— Gen- 
eral Survey,  Critical  Appraisal  and  Constructive  Sugges- 
tions. Prepared  for  the  Rochester  Bureau  of  Municipal 
Research  by  the  New  York  Bureau  of  Municipal  Research. 
May-July,   1915.     Paper;   6.x9   in.;   pp.   546;   illustrated. 

So  complete  an  analysis  as  this  of  the  operation  of 
the  municipal  government  of  a  typical  American  city 
is  sure  to  prove  most  instructive  and  valuable  to  all 
who  are  interested  in  promoting  efficiency  in  public 
affairs.  The  study  is  the  more  interesting  because 
Rochester  has,  like  many  other  Eastern  cities,  an  old- 
style  charter  which  provides  for  a  single  executive  and 
a  large  council.  The  investigators  have  come  to  the  con- 
clusion that  this  form  of  charter  is  not  essentially  bad, 
and  that  a  great  many  improvements  in  the  line  of  effi- 
ciency could  be  made  without  changing  the  charter. 

Notwithstanding  criticisms  which  point  to  many  de- 
fects in  the  organization  and  administration  of  the  city 
government,  the  statement  is  made  that  the  New  York 
Bureau  of  Municipal  Research,  after  an  administrative 
study  of  some  fifty  different  municipal  governments  and 
a  comprehensive  study  of  twenty-five,  has  decided  that 
in  Rochester  the  results  and  conditions  are  superior  to 
those  which  have  been  found  in  any  other  city  investi- 
gated. AMiere  other  old-type  single  executive,  council- 
managed  governments  have  broken  down,  this  particular 
one  has  held  together  and  done  its  work  well. 

The  report  is  made  up  in  exactly  the  reverse  order  in 
which  most  such  documents  are  written.  For  the  conclu- 
sion of  the  report,  in  the  form  of  suggestions  which  can 
he  made  effective  with  and  without  charter  change,  form 
the  first  two  diapters.  The  tenor  of  the  whole  criticism 
seems  to  be  lack  of  coordination  and  lack  of  definite  and 
single-headed  responsil)iIity.  Work  and  responsibility 
which  shoidd  be  centralized  is  now  divided  among  .several 
bureaus  more  or  less  independent. 

An  entire  reorganization  of  the  Department  of  Public 
Works  is  recommended  under  a  commissioner,  with  the 
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city  engineer  made  chief  engineer  of  the  Department. 
The  Department  would  then  be  subdivided  into  bureaus, 
whose  heads  would  be  appointed  by  and  be  responsible 
to  the  commissioner,  instead  of  being  independent  and 
responsible  only  to  the  mayor  and  council  as  at  present. 

Most  of  the  suggestions  are  sufficiently  general  in 
character  to  apply  to  almost  any  other  city-engineering 
organization,  and  if  generally  accepted  would  undoubt- 
edly promote  centralization  and  efficiency  in  any  organi- 
zation. One  recommendation,  however,  regarding  record 
map.s  and  plans  might  well  meet  with  some  opposition 
from  engineering  departments.  This  is  the  recommen- 
dation that  all  record  plans  now  kept  by  the  engineering 
department  should  be  divided  up  and  filed  with  the  dif- 
ferent bureaus,  as  water-works,  sewerage,  etc. 

The  wisdom  of  this  recommendation  is  well  open  to 
question,  for  there  is  no  valid  reason  why  there  should 
not  be  a  concentration  of  engineering  records  and  data  as 
well  as  of  work  and  authority.  The  original  plans — 
tracings — should  certainly  be  kept  with  the  bureau  where 
they  originated,  and  where  they  are  most  likely  to  be 
wanted  for  reference  and  correction.  If  it  is  necessary 
for  the  different  bureaus  to  have  copies  for  their  records, 
this  could  easily  be  arranged,  but  it  would  seem  far  better 
to  centralize  the  responsibility  for  keeping  the  city  engi- 
neering records  in  available  shape,  and  much  more  con- 
sistent with  the  general  tenor  of  the  recommendations. 

m. 
SHeiiafflffiete  Coiatiffiiiis©s  Kevlsnoim 

THEORY  AND  CALCULATION  OF  ALTERNATING-CURRENT 
PHENOMENA — By  Charles  Proteus  Steinmetz,  A.  M..  Ph. 
D  Fifth  edition,  thoroughly  revised  and  entirely  reset. 
New  York:  McGraw-Hill  Book  Co.  Cloth;  6x10  in.;  pp. 
480;   iUustrated.     $4  net. 

The  joint  revision  of  Steinmetz's  well-known  "Elements 
of  Electrical  Engineering"  and  "Alternating  Current 
Phenomena"  was  mentioned  in  these  columns  (^lay  18, 
1916),  on  the  appearance  of  the  new  edition  of  the  first 
named  work.  It  was  then  noted  how  the  great  expan- 
sion of  electrical  science  and  art  had  necessitated  recast- 
ing the  two  books  on  new  lines  and  putting  some  of  the 
new  material  that  had  been  made  available  into  another, 
a  third,  number  of  the  series. 

The  volume  now  at  hand  retains  the  old  title  "Theory 
and  Calculation  of  Alternating-Current  Phenomena,"  but 
the  text  shows  limitation  to  discussions  only  of  the  more 
common  and  general  phenomena  and  equipment — instan- 
taneous values,  vector  representation,  symbolic  method, 
polar  diagrams,  properties  of  circuits,  eddy  currents,  di- 
electric losses,  transformers,  induction  motors  and  gen- 
erators, reactions  in  synchronous  machines,  general  waves, 
and  polyphase  power  systems. 

EstiBTmate  acad  PayroM  Tables 

STANDARD  IMPROVED  RATE  TABLES — For  Manufacturers, 
Engineers,  Bankers,  Brokers.  Contractors  and  Shippers — 
Calculated  by  John  W.  Marshall.  The  Most  Rapid  Tables 
in  the  World  for  Finding  Wage  Earnings  by  Any  Unit  or 
Fraction  Thereof,  and  for  Any  Length  of  Time.  New 
York:  Boorum  &  Pease  Co.     Cloth;  7x9  in.;  pp.  SO.     $4. 

Eate  tables  are  useful  in  computing  earthwork  and 
concrete,  and  in  preparing  monthly  estimates,  as  well  as 
in  making  up  the  payroll. 

Each  leaf  of  "Standard"  rate  tables  contains  two  tables ; 
on  the  front  side  total  amounts  are  given  at  a  full  cent 
rate,  while  on  the  reverse  side  the  amounts  are  given  for 
a  half-cent  rate.  The  total  amounts  are  given  from  one- 
quarter  unit  to  200  units. 


Ir®ia  anad  Steel  Ms^sfteries 

THE  PHYSICO-CHEMICAL  PROPERTIES  OF  STEEL— By 
C.  A.  Edwards,  D.Sc,  Professor  of  Metallurgy.  Manchester 
University.  Cloth;  6x9  In.;  pp.  x  +  229;  181  illustrations 
$3.50  net. 

To  the  engineer  ambitious  to  know  more  of  the  mys- 
teries of  iron  and  steel,  a  stimulative  introduction  into 
the  subject  of  chemistry  and  structure  is  offered  by  the 
new  work  of  C.  A.  Edwards.  It  appears  mainly  a  fairly 
full  discussion  of  the  iron-carbon  alloys,  and  in  this  part 
particularly  is  valuable  for  its  wealth  of  references.  Alloy 
steels  do  not  seem  to  be  as  comprehensively  treated.  In 
this  field  and  in  the  mill  and  shop  field  the  book  gives 
!nuch  less  than  the  worker  in  the  respective  fields  will 
look  for.  A  large  number  of  photomicrographs  illu-st-ates 
the  structure  of  carbon  steel. 


POWER  TRANSMISSION  BY  LEATHER  BELTING — By  Rob- 
ert Thurston  Kent,  Jun.  Am.  Soc.  M.  E.,  Consulting  En- 
gineer. New  York:  John  W^iley  &  Sons.  [Wiley  Engi- 
neering Series.]  Cloth;  6x8  In.;  pp.  vl  +  114;  31  illustra- 
tions.    $1.25  net. 

The  scientific  refinement  of  macliine-shop  practice, 
wrought  by  the  late  F.  W.  Taylor  and  his  associates, 
among  its  other  effects  has  completely  revised  the  old  art 
of  designing  power-transmission  belts.  But  so  scattered 
in  engineering  journals  and  society  publications  has  been 
the  literature  of  this  particular  development  that  the 
average  engineer  has  been  ignorant  of  the  change.  This 
little  book  should  alter  that  situation,  and  make  the  new 
knowledge  accessible  to  all.  The  new  schemes  of  design 
are  highly  logical,  though  of  course  employing  empirical 
factors,  compared  with  the  crude  rules  of  thumb  which 
have  heretofore  prevailed.  The  new  schemes  usually  call 
for  heavier  belts  and  lower  tensions  than  the  old  for- 
mulas, but  they  result  in  a  minimum  annual  cost — con- 
sidering expense  of  repairs  and  maintenance  and  loss 
through  breakages — as  well  as  first  cost. 


APPLIED  ELECTRICITY  FOR  PRACTICAL  MEN — By  Arthur 
J.  Rowland,  Professor  of  Electrical  Engineering  at  Drexel 
Institute.  New  York:  McGraw-Hill  Book  Co.  Cloth;  5iS 
in.;  pp.  xiv    +    375;  323  illustrations.     $2. 

The  better  class  of  electrical  texts  for  practical  men 
are  of  great  interest  and  importance  to  a  wide  variety 
of  highly  educated  specialists — including  of  course  the 
mechanical  or  civil  engineer  who  comes  in  contact  with 
electrical  equipment  at  every  turn  though  he  never  de- 
signs any  of  it.  So  it  is  that  this  book,  though  it  is  pri- 
marily intended  for  electrical  workers,  has  a  place  in  an 
engineer's  library.  One  of  its  prominent  features  is  the 
large  use  of  numerical-computation  problems  to  illustrate 
the  action  of  apparatus. 

The  book  starts  off  with  "fundamental  principles"  and 
magnetic  phenomena.  Thus  the  road  is  paved  for  direct- 
current  generators,  heating  and  power  service,  distribu- 
tion lines,  and  direct-current  motors.  Up  to  the  close  of 
this  half  of  the  work,  nothing  has  been  presented  about 
alternating  currents.  For  this  field  the  author  first  goe.^ 
back  to  elementary  discussions  of  rudimentary  matters 
like  inductance,  capacity,  reactance,  voltage  and  current 
waves,  etc.,  preparing  to  carry  the  reader  into  such  sub- 
jects as  transformers,  polyphase  distribution,  a.c.  gen- 
erators and  motors.  The  end  of  the  book  covers  storage 
batteries,  electric  lamps  and  house  wiring. 

The  book  is  very  readable  and  the  discussions  are  helped 
bv  a  moderate  use  of  well  selected  illustrations. 
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Two  new  standard  specifications  for  brick  pavements 
lave  been  issued  by  the  National  Paving  Brick  ilanu- 
actnrers'  Association  under  date  of  Sept.  1.  They  cover 
he  two  new  approved  methods  of  brick-pavement  con- 
struction— brick  laid  on  the  green  concrete  foundation 
(monolithic  construction)  and  the  use  of  a  dry  sand- 
■ement  mixture  in  place  of  sand  as  a  bedding  or  so-called 
■ushion  course.  The  specifications  for  laying  brick  on 
he  green  concrete  foundation  state  that  after  the  foun- 
lation  has  been  laid  and  shaped  in  the  usual  way  it 
"shall  be  brought  to  the  required  smoothness  and  con- 
h'tion  for  laying  the  brick  thereon  by  adding  thereto  a 
bin  coating  of  sand  and  cement."  The  following  para- 
graph provides  for  the  dry  mixing  of  one  part  cement 
0  three  parts  sand,  and  it  is  presumed  that  this  mixture 
-  applied  dry  to  the  foundation  concrete,  although  the 
pecifications  do  not  definitely  say  so.  The  brick  are 
aid,  rolled  and  grouted  as  in  ordinary  practice. 

The  specifications  for  the  "sand-cement  superfounda- 
ion  type"  vary  from  the  standard  sand-cushion  type 
■hiefly  in  the  "superfoundation,"  which  is  a  dry  mixture 
,  if  1:4  cement  and  sand,  stone  screenings  or  granulated 
lag.  This  bedding  course  is  not  over  1  in.  in  depth, 
t  is  struck  off  to  a  smooth  surface  and  rolled  with  hand 
oilers  before  laying  the  brick.  Copies  of  these  speci- 
ications  may  be  olrtained  by  applying  to  Will  P.  Blair, 
Secretary,  National  Paving  Brick  Manufacturers'  Asso- 
iation.  Engineers'  Building,  Cleveland,  Ohio. 


So  much  interest  has  been  manifested  in  the  paper 
ntitled  "The  Typhoid  Toll,"  presented  by  George  A. 
'ohnson,  Consulting  Engineer,  New  York  City,  before 
he  recent  convention  of  the  American  Water-Works 
issociation,  that  the  association  has  decided  to  reprint 
t  in  the  hope  and  expectancy  that  it  will  be  bought  and 
iistributed  in  large  numbers  by  water-works  men  and 
thers  interested  in  putting  down  typhoid  fever.  The 
irice  per  copy  up  to  99  copies  will  be  20e.  without,  or 
'5c.  with,  the  discussion;  for  100  copies  the  prices  will 
.6  $15  and  $18.75;  100  to  500,  $14  and  $17.50  per 
00;  over  500,  $12.50  and  $15.75.  Orders  should  bo 
ddressed  to  John  ]\I.  Diven,  Secretary,  American  Water- 
Vorks  Association,  47  State  St.,  Troy,  N.  Y.  The  paper 
eviews  the  causes  and  means  of  prevention  of  typhoid 
ever,  with  special  relation  to  public  water-supplies.  It 
lis  77  pages,  and  is  followed  by  an  equal  number  of  pages 
f  oral  and  written  discussions  by  many  engineers  and 
anitarians. 


Any  one  desiring  information  on  autogenous  welding 
■f  steel  pipe  by  the  oxyacetylenc  process  should  secure 
he  new  edition  of  Bulletin  26  of  the  National  Tube  Co., 
'itfeburgh,  Penn.  This  bulletin  gives  the  history  and 
ochnolog}'  of  such  work  by  an  extensive  reprinting  of 
loteworthy  papers.  U.se  of  welded  gas  mains  and  piping 
II  general  is  treated.  Efficiency,  cost  and  strength  of 
voided  joints  are  discussed. 


The  sections  on  cement,  lime,  sand  and  gravel  and  on 
isphalt,  etc.,  have  been  reprinted  .separately  from  "Min- 
ral  'Resources  of  the  United  States.  1015,"  published  by 
ihe  United  States  Geological  Survey,  Washington,  D.  C. 


HEW   FUBILHCATEOMS 


[So  far  as  possible  the  name  of  each  publisher  of  books  or 
pamphlets  listed   in  these  columns  is  given  in   each  entry.     If 
the   book  or  pamphlet   is   for  sale  and   the  price   is  known   by 
the  editor,   the  price  is  stated   in  each  entry.     Where  no  price 
is  given  it  does  not  necessarily  follow  that  the  book  or  pam- 
phlet can  be  obtained  without  cost.     Many,  but  not  all,  of  the 
pamphlets,   however,  can  be  secured   without  cost,  at  least  by 
inclosing  postage.     Persons  who  are  in  doubt  as  to  the  means 
to   be    pursued    to    obtain    copies   of   the    publications    listed    in 
these  columns  should  apply  for  information  to  the  stated  pub- 
lisher,   or   in   case   of  books   or   papers   privately   printed,    then 
to  the  author  or  other  person  indicated  in  the  notice.] 
THE   ANALYSIS  OF  COPPER  AND   ITS  ORES  AND  ALLOTS 
—By  George  L.  Heath.  M.  Am,  Inst.  M.  E.,   Chief  Chemist, 
Calumet  &  Hecla  Smelting  Works.     New  York:     McGraw- 
Hill   Book   Co.     Cloth;   6x9   in.;   pp.  vii    +    292;   20   illustra- 
tions.     $3    net. 
ANNUAL    REPORT    OF    THE    QUEBEC    STREAMS    COMMIS- 
SION.    1915 — Quebec,     Canada:     the    Commission.       Paper; 
T.xlO   in.;    pp.   109;    illustrated. 
AUSTRALIAN    COMMONWEALTH    DEMOGRAPHY.    1915    and 
Previous     Years — Melbourne,     Australia:       Commonwealth 
Bureau    of    Census    and    Statistics.      Population    and    Vital 
Statistics   Bulletin   No.   33.     Paper;   8x13   in.;   pp.   272.     5s. 
AUTOMOBILE      WELDING      WITH      THE      OXTACETYLENE 
FLAME:     A  Practical  Treatise  Covering  the  Repairing  of 
Automobiles    by    Welding,    with    a    Nontechnical    Explana- 
tion  of  the  Principles  To  Be  Guided   by   in  the  Successful 
Welding    of    the    Various    Metals — By    M.    Keith    Dunham. 
New  York:     Norman  W.  Henley  Publishing  Co.     Leather; 
4x6  in.;  pp.  167;  65  illustrations.     $1. 
CHEMICAL    STUDY    OF    ILLINOIS    COALS — By    S.    W.    Parr. 
Bulletin   3,   Illinois  Coal   Mining   Investigations,   conducted 
jointly    by    United    States    Bureau    of    Mines,    State    Geo- 
logical Survey  and  Engineering  Experiment  Station.   Uni- 
versity of  Illinois.     Urbana,  111.:     State  Geological  Survey. 
Paper;   6x9   in.;  pp.  86;  illustrated. 
GAS,   OIL  AND  PETROL  ENGINES,    Including  Gas-Producing 
Plant    and    Humphrey    E.xplosion    Pumps — By    A.    Garrard. 
New  York:     Whittaker  &  Co.     Cloth;   5x8  in.;  pp.  viii   + 
221;    112    illustrations.      $2. 
GEOGRAPHIC  TABLES  AND  FORMULAS — Compiled  by  Sam- 
uel    S.     Gannett.       Fourth     edition.       Washington,     D.     C. : 
United    States    Geological    Survey.      Bulletin    650.      Paper; 
6x9    in.;    pp.    388:    illustrated.      25c.    per   copy    from    Super- 
intendent of  Documents. 
THE  MEASUREMENT  OF  SILT-LADEN  STREAMS — By  Ray- 
mond C.   Pierce.     Washington.   D.   C. :     United   States  Geo- 
logical   Survey.      Water-Supply   Paper    400-C.      Paper;    6x9 
in.;   pp.      39x51;    illustrated. 
MECHANICAL    EQUIPMENT    OF    BUILDINGS:      A    Reference 
Book  for  Engineers  and  Architects — By  Louis  Allen  Hard- 
ing,   B.    S.,    M.    E.,    M.    Am.    Soc.    M.    E,;    and    Arthur    Cutts 
Willard,   S.    B..    formerly   Assistant  Professor   of   Mechani- 
cal Engineering;.  George  Washing;ton  University,  and  San- 
itary and    Heating   Engineer,    United    States   War   Depart- 
ment.     New    York:      John    Wiley    &    Sons.      Leather;    7x9 
in.;  pp.   615;   illustrated.     $4  net. 
MELTING    ALUMINUM    CHIPS — By    H.    W.    Gillett    and    G.    M. 
James.       Washington,     D.    C. :       linited    States    Bureau     of 
Mines.      Bulletin   108,   Mineral   Technology   14.     Paper;    6x9 
in.;    pp.     88.      10c.    a    copy    from    the    Superintendent    of 
Documents. 
THE  MODEL  T  FORD  CAR:  Its  Construction,   Operation  and 
Repair — By    Victor    W.    Page.    Member    of    the    .Society    of 
Automobile    Engineers;    author    of   "The    Modern    Gasoline 
Automobile."     New  York:     Norman  W.  Henley  Publishing 
Co.      Cloth;    5x8    in.;    pp.      228;    94    illustrations.      $1. 
MORTALITY   STATISTICS,   1914— Washington,   D.  C:     Bureau 

of  the  Census.  Cloth;  9x12  in.;  pp.  714. 
NEW  YORK  STATP:  DEPARTMENT  OF  HEALTH:  Report 
for  the  Year  Ended  Dec.  31,  1914.  Albany.  New  York. 
Cloth;  6x9  in.  Vol.  I,  General  Information.  Pp.  876; 
illustrated.  Vol.  II,  Report  of  the  Sanitary  Engineering 
Division.  Pp.  502. 
PARKS:  Their  Design,  Equipment  and  Use — By  George 
Burnap,  B.  S..  M.  A..  Landscape  Architect  of  Public  Build- 
ings and  Ground.s,  Washington,  D.  C,  Lecturer  In  I<and- 
scape  Design.  University  of  Pennsylvania,  Special  Lect- 
urer, University  of  Illinois;  with  an  Introduction  by 
Richard  B.  Watrous,  Secretary  American  Civic  Asso- 
ciation. Philadelphia.  Penn.:  J.  B.  Lippincott  Co.  Cloth; 
7x10  In.;  pp.  310;  163  halftones  and  4  diagrams.  $6  net. 
PASSENGER  TERMINALS  AND  TRAINS— By  John  A.  Droege, 
General  Superintendent,  New  York.  New  Ilaven  &  Hart- 
ford R.R.  New  York:  MoGraw-HllI  Book  Co.  Cloth; 
6x9  In,;  pp.  v  -f  410;  220  illustrations.  $5. 
PROBLEMS  IN  PHYSICS  FOR  TECHNICAL  SCHOOLS.  COL- 
LEGES AND  UNIVERSITIES— By  William  D.  Henderson, 
Ph.  D.,  Associate  Professor  of  Physics,  I'niversltv  of  Mich- 
igan. New  York:  McGraw-Hill  Hook  Co.  Cloth;  6x9 
in.;  pp.  vill  -f-  205;  167  illustrations.  $1.50  net, 
THE  PT'RpnSES  OF  THE  INDEBTEDNESS  OF  AMERICAN 
CITIES.  lSSO-1912— New  York  (2fil  Broadway):  Bureau  of 
Munlcli)al  Research  and  Training  School  for  Public  Serv- 
ice. No.  75.  July.  1916.  Paper:  6x9  In.;  pp.  72,  $1. 
SEVENTH  ANNI'AI,  REPORT  OF  THE  BOARD  OF  SUPER- 
VISING E.VGINEER,S.  CHICAGO  TRACTION.  Covering  the 
Fiscal  Year  Ended  Jan.  31,  1914— Cloth;  6x9  In.;  fv  + 
277;  Illustrated. 
A  STUDY  OF  THE  BEHAVIOR  OP  RAPID  SAND  FILTERS 
.SUBJECTED  TO  THE  HIGH-VELOCITY  METHOD  OF 
WASHING— By  Joseph  W.  Ellms.  M.  Am.  Snc.  C.  R„  and 
John  S,  Gettrust.  With  DIscuHslon.  Reprinted  from 
"Trans."  Am.  Ror,  C.  E,  Vol,  LXXX,  p.  1342  (1916).  New 
York.     Paper;  6x9  In.:  pp.  1342-1428;  Illustrated. 
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Charlotte  tries  sheet-steel  paving — New  York  Central's  experience  with  an  electric  tie  tamper — Types  of  dumping  trestle 
on  50-mile  Southern  relocation — Part  sand  plays  in  concrete  failure — How  one  big  New  York  contractor 
timbers  and  excavates  the  new  subways — Pile  jetting  practice  on  several  railways 


Sfiaeet  Steel  fos"  F^vlimg 

A  steel-plate  pavement  is  the  latest  innovation  of  the 
seekers  after  the  ''universal"  and  "perfect"'  pavement. 
It  harks  back  to  the  early  sixties,  when  cast-iron  blocks 
were  thoiight  to  solve  the  same  problem,  and  were  actually 
tried  out  on  Cortlandt  St.,  New  York  City. 

The  city  to  be  famed  for  trying  out  steel-plate  pave- 
ment is  Charlotte,  N.  C.  The  pavement  has  been  laid  on 
West  Ave.,  where  a  macadam  roadway  7  in.  thick  is 
under  construction;  the  gradient  at  this  point  is  4%. 
The  following  method  was  employed :  The  macadam  was 
built  up  to  within  3  in.  of  net  grade,  forming  a  base  -i  in. 
thick,  upon  which  was  deposited   concrete   proportioned 


STEEL   PLATES  LAID   IN   CONCRETE   AS  AN   EXPERI- 
MENTAL   PAVEMENT   IN   CHARLOTTE,    N.    C. 

1:2:4,  which  the  largest  aggregate  not  over  %  in.  in 
size.     The  surface  was  leveled  with  a  strikeboard. 

The  wearing  surface  consists  of  steel  plates  18  ft.  long, 
30  in.  wide,  and  of  No.  11  gage  %  in.  thick,  with 
trapezoidal-shaped  perforations  2x11/^x11/4  in.  in  size, 
spaced  from  1  to  li/.  in.  apart.  The  shorter  parallel 
side  of  each  perforation  is  uncut,  and  the  metal  is  bent 
down  at  right  angles  to  form  a  projecting  dovetail  on 
the  under  side  of  the  sheet.  Along  one  side  of  each 
sheet,  tongues  or  lugs  1  in.  square  are  left  at  intervals 
of  (5  in. ;  on  the  other  side  slots  are  spaced  to  correspond, 
forming  a  connection  for  adjacent  sheets. 

The  steel  sheets  were  placed  in  position  and  tamped 
to  a  solid  bearing,  with  the  tops  flush  with  net  grade. 
Bach  steel  sheet  was  joined  to  the  one  already  placed  by 
raising  the  outer  edge  and  slipping  the  tongues  of  the 
new  sheet  into  corresponding  slots  of  the  other  plate. 
The  new  sheet  was  then  lowered,  and  at  the  same  time 
pushed  close  to  the  .other  sheet.  A  space  of  about  V^  in. 
was  left  between  adjacent  sheets.  The  accompanying  view 
shows  a  sheet  being  lowered  to  place,  also  the  finished 
pavement  in  the  background. 


The  following  items  show  the  extent  and  actual  ccst 
of  the  work : 

.Ajea  18x80.34  ft  ,   16068  sq.yd. 

Macadam  base  4  in.  thick $48  00 

Concrete  materials 61  90 

Stee!  surfacing. 180  77 

Labor,  including  supervision 40, 00 

Total  cost J330.67 

Unit  cost,  $2.06  per  sq.yd. 

The  steel  cost  $50  per  ton;  cement  $2.G0  per  bbl.; 
crushed  stone  $1.50  per  cu.yd. ;  sand  $1  per  cu.yd. 

The  inventor  and  patentee  of  the  pavement  is  J.  F. 
Wixom,  "a  retired  farmer,"  of  Ilammondsport,  N.  Y., 
^vlio  is  quoted  as  stating  that  for  an  18-ft.  countrj'  road 
(for  which  the  pavement  is  designed)  the  approximate 
cost  of  the  steel  plates  would  be  around  $10,000  or 
$12,000  per  mile,  and  the  estimated  cost  of  getting  the 
material  on  the  ground  and  of  the  actual  laying  of  the 
road  is  $5,000,  which  will  total  approximately  $15,000 
or  $17,000  per  mile.  The  city  engineer  of  Charlotte,  who 
has  given  the  pavement  a  trial,  is  S.  H.  Lea. 

lEEectrac  Ts's^cfis.  Tsismipeirs   ©ira  the 


Mew  Y®5Pk  C 

By  G.  W.  V.vugiian* 

An  electric  track  tamper  used  in  Germany  was  de- 
scribed in  Engineering  News,  Mar.  16,  page  515.  On 
the  same  page  is  a  column  article  dealing  with  electric, 
pneumatic  and  hand  tamping  of  track  ballast.  Since  see- 
ing those  articles  it  has  been  in  my  mind  to  comment 
briefly  upon  the  German  machine,  and  furnish  further 
information  on  the  Vaughan  electric  tamper.  The  ac- 
companying views  show  the  tamper  in  operation  on  the 
New  York  Central  R.E. 

Bcferring  ;  j  the  electric  machine  used  in  Germanv. 
and  which  has  been  patented  in  the  United  States,  I 
note  from  the  photograph  that  the  tamper  evidently 
could  not  be  used  unless  the  ties  were  spaced  farther  apart 
than  is  the  general  American  practice,  and  that  in  oper- 
ating the  machine  the  men  have  to  bend  over  practically 
as  much  as  if  they  were  using  a  tamping  pick. 

The  rate  of  progress  of  a  gang  of  six  men  operating 
four  of  these  machines  on  the  Hamburg-Berlin  line  is 
given  as  500  ft.  per  day,  the  cost  per  foot  of  track  being 
2.2  cents.  The  view  in  the  Mar.  IG  article,  however, 
indicates  that  only  one  side  of  the  tie  was  tamped,  as  is 
done  when  picks  are  used.  Therefore,  if  the.se  macliines 
tamped  both  sides  of  the  ties  the  cost  would  be  double. 

On  account  of  the  straight  tamping  bar  and  the  posi- 
tion of  the  machine,  it  would  seem  that  it  would  be  im- 
possible to  use  it  to  tamp  switch  ties  or  around  switches 
and  frogs  or  slip  switches,  where  the  ties  are  very  close 
together.  If  I  am  right  in  this,  the  application  of  the 
machine  would  bo  limited  to  tracks  where  the  ties  are 

•Ensinper  of  Maintenance-of-Way,  New  York  Central 
Railroad  Co..  Grand  Central  Terminal.  New   York   City. 
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quite  wide  apart.  There  is  no  question  that  the  machine 
nnll  tamp  ties  providing  the  tamping  bar  is  placed  lower 
than  the  bottom  of  the  tie,  so  as  to  drive  the  ballast  under 
the  tie. 

In  the  Vaughan  electric  tamper,  the  motor  of  the  ma- 
:-hine,  contained  in  a  box  on  the  side,  drives  the  crank 
in  the  back  of  the  casing.  The  crank  moves  a  recip- 
rocating cylinder  within  which  is  a  free,  piston  driven 
lack  and  forth  by  the  air  compression  in  the  cylinder  and 
iy  a  solenoid  at  the  lower  end  of  the  tamper,  the  recip- 
-ocating  cylinder  shifting  the  magnetic  field  produced 
)y  the  solenoid.  The  electric  tamper  weighs  86  lb.  and 
he  tamping  bar  4  lb.,  making  a  total  weight  of  90  lb., 
ind  requiring  two  men  to  operate. 

Fig.  1  shows  a  foreman  and  five  men  using  these  tam- 
iers  on  general  section  work.  This  foreman  claims  he 
roiild  rather  have  this  outfit  in  his  gang  than  six  addi- 
ional  men.  I  think,  however,  that  this  statement  can  be 
aken  with  a  grain  of  salt,  as  I  believe  that  if  the  ma- 
■hine  is  equal  to  four  additional  men  on  a  section,  that  is 
ill  that  could  reasonably  be  expected  of  it.  Fig.  2  shows 
he  tamper  in  operation  in  the  third-rail  territory  of  the 
electric  Division,  taking  current  from  the  third  rail 
hrough  resistance  boxes  shown  at  the  right  of  the  track, 
'ig.  3  shows  the  tamper  in  operation  in  connection  with 

generating  set  mounted  on  a  handcar,  which  is  equipped 
0  that  electric  lights  may  be  used  when  working  in 
unnels.     Fig.  4  shows  the  electric  generator. 

At  the  present  time  there  are  a  number  of  these  tam- 
pers working  on  the  Electric  Division,  taking  power  from 
he  third  rail,  and  on  the  Exterior  Zone  taking  power 
rom  a  generator  car.  The  tampers  are  usually  oper- 
ted  in  sets  of  three,  so  that  in  ease  of  accident  there  is 

spare  tamper  with  which  to  continue  the  work. 

In  tamping  tracks  two  of  these  machines  are  oper- 
ted  simultaneously  from  opposite  sides  of  the  tie  which 
leans  thorough  tamping  of  the  ties.     This  necessitates 


twice  as  much  work  as  required  by  hand  tamping,  as  in 
the  latter  case  only  one  side  of  the  tie  is  tamped.  If 
both  sides  were  tamped  by  hand,  the  second  tamping 
would  loosen  up  the  ballast  previously  tamped.  Where 
the  machine  tampers  are  used  on  opposite  sides  of  the  tie, 
the  track  will  stay  up  longer  and  better  than  by  any 
method  of  hand  tamping.  On  the  Xew  York  Central 
there  is  track  that  was  tamped  by  machine  in  1914  and 
has  not  been  tamped  since  that  time. 

The  cost  of  operating  the  Vaughan  tamper,  first  by 
using  a  portable  gasoline-engine-driven  generator  and 
second  by  taking  current  from  the  third  rail  through  par- 
allel resistances  is  as  follows : 

Cost  of  generator $600.  00 

Cost  of  two  tampers 400  00 

Cost  of  two  resistances,  including  contact  boards,  cables,  etc 100  00 

Depreciation  and  interest  per  day  is  figured  on  the 
assumption  that  the  machines  were  used  180  working  days 
per  year. 

TAMPERS  OPERATED  FROM  GENERATOR 
Operation 

Foreman.  10  hr $0  27  $2  70 

5  men,  50  hr  .    1 9  9.50 

Gasolme,  4  gal 20  80 

Engine  oil,  J  pint ,,,,             05  !  03 

Fixed  Charges 

Depreciation  (generator) 7i%  .25 

Depreciation  (two  tampers) [ ,  ,  10%  .  22 

Interest  and  maintenance  (generator) 10%  33 

Interest  and  maintenance  (two  tampers) , .  15%  |  33 

Total  cost  per  day $1416 

Tamped  on  average  356  ft.  per  day. 
Total  cost  per  foot,  $0.04. 

TAMPERS  OPERATED  FROM  THIRD  RAIL 

Operation 

Foreman.  lOhr $0  27         $2  70 

6men,601ir..    19  1 1   40 

Power,  96  kw.-hr oi  .96 

Fixed  Charges 

Depreciation  ( 2  tampers) 10%  .22 

Depreciation  ( 2  resistances) 7k  %  04 

Interest  and  maintenance  ( 2  tampers) 15%  .33 

Interest  and  maintenance  (2  resistances) 10%  .06 

Total  per  day $1571 

Tamped  on  average  356  ft.  per  day. 
Total  cost  per  foot.  $0,044. 


i-ii;.s.   I  TM  1.    viKW.s  u|.-  \-Ari;iiA.\  ioi,i.:ctici<'  t.v.mim:!!  a.vh  i'mwioh  si'ti'LY 


948 


E  N  G  I  X  E  E  E  I  X  G     NEWS 


Vol.  76,  No.  20 


Eailway  fills  are  made  chiefly  by  dumping  from  one  or 
more  lifts  of  trestle  or  by  building  one  trestle  and  then 
jacking  the  track  to  grade.  As  is  the  case  on  most  large 
grading  jobs  where  several  contractors  are  doing  the  work, 
both  these  methods  are  in  use  in  grading  the  50-mi. 
second-track  Southern  Ey.  relocation  between  Central, 
S.  C,  and  Cornelia,  Ga.  Some  of  the  typical  dumping 
trestles  are  shown  herewith. 

Half  a  mile  south  of  Ayersville,  Ga.,  the  trestle  for  a 
fill  on  the  new  line  is  built  on  the  side  of  the  old  70-ft. 
fill.  This  trestle  was  not  anchored  very  securely,  as  Figs. 
2  and  5  indicate.  In  dumping,  the  12-yd.  cars  were 
backed  out  on  the  trestle  very  carefully  and  just  far 
enough  to  dump  clear. 

The  timbers,  which  are  obtained  near  the  right-of-way, 
are  hauled  to  place  and  hoisted  by  hand,  by  ox  team  or  by 
mules.  Fig.  1  shows  the  design  of  a  trestle  at  Seneca, 
S.  C,  in  which  some  of  the  bents  were  wired  together. 
Some  single-story  bents  that  reach  70  ft.  in  height  are 
shown  in  Fig.  4. 


Two  especially  good  examples  of  the  trestle  method  and 
the  jacking  method  are  found  on  this  work.  The  heaviest 
fill  is  150  ft.  high,  and  it  has  been  carried  up  more  than 
60  ft.,  to  date,  by  jacking  the  tracks  from  the  first  18-ft. 
trestle  lift.  This  work  is  near  Toecoa,  on  the  Lane  section. 
Near  Deercourt,  Ga.,  a  105-ft.  fill  is  being  made  from 
three  parallel  trestles  of  increasing  height.  This  is  on  the 
Einehart  &  Dennis  section.  This  fill  must  be  carried 
across  a  30-ft.  arch  culvert  at  Walton's  Creek.  The  150- 
ft.  fill  is  pierced  by  a  5-ft.  arch  culvert  533  ft.  long,  de- 
scribed in  Engineering  News,  Nov.  2,  p.  850.  Both  these 
large  fills  are  almost  entirely  borrow. 


-Cross-Sec+ion 
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FIG.  1.    TRESTLE  AT  SENECA,  S.  C.  IN  HEAVIEST  FILL,  ON  NORTHERN  SECTION.    FIG.  2.    TRESTLE  BUILT  ON  SLOPE 
OF   OLD   70-FT.    FILL.     FIG.    3.    TWO-STORT   TRESTLE- BENT     THREE     MILES     SOUTH     OF     TOCCOA,     GA. 


FIG.  4.    HIGH  TRESTLE  WITH  SINGLE-STORY  BENTS    I    1-.  i:i    I  1 ,1  .i  x.  ;  Tl!i:.STLE  ON  SIDE  OF  OLD  FILL  (SEE  FIG.  2). 

FIG.  G.    FILLING  WITH  ROCK.     FIG.  7.     IMUCCTI.VC    .STRINGERS.    USING    MULF,    HOIST 
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The  increasing  attention  given  to  the  (luality  of  sand 
ased  in  concrete  was  emphasized  by  D.  A.  Watt,  Assistant 
Engineer,  United  States  Engineer  Department,  Albany, 
it  the  "concrete  meeting"  held  by  the  Albany  Society  of 
ZJivil  Engineers  on  Oct.  24. 

In  all  concrete  failures  that  have  come  under  Mr.  Watt's 
ibservation  it  has  been  shown  that  bank  sand  was  used. 
River  sand  seems  to  make  a  better  concrete.  It  has  been 
lemonstrated  that  5%  silt  increases  the  strength  of  con- 
■rete  and  that  even  10%  is  not  deleterious,  but  that  be- 
ond  10%  the  concrete  becomes  poorer. 

Mr.  Martin  called  attention  to  the  fact  that  the  pres- 
■nce  of  oxide  of  iron  in  sand  retarded  or  actually  pre- 
ented  setting  of  concrete,  depending  upon  the  amount 
•f  the  oxide  pre.sent.  It  occurs  as  a  hard  reddish  coating 
■n  the  grains.  This  condition  is  found  in  Adirondack 
and. 

Quite  a  controversy  arose  on  the  subject  of  laitance  and 
low  far  this  feature  of  concrete  work  was  due  to  the  sand. 
I.  S.  Mattimore  said  that  the  State  Highway  Commission 
■  pecifies  coarse  sand  and  that  with  this  quality  of  sand 
nd  a  drier  mix  than  is  common  practice  no  trouble  has 
een  experienced  with  laitance. 


aiiacsi  iniesicslflinig 

By  Geohge  D.   Fimko* 

On  Section  4  (Routes  4  and  38)  of  the  Seventh  Ave. 
ubway  between  12th  and  13th  St.,  New  York  City, 
regress  in  excavating  was  verj'  much  hampered  after 
'aching  groundwater — at  27  ft.  below  the  street  surface 
lid  about  9  ft.  above  subgrade  of  the  subway.     About 


•1S2  St.   Nicholas  Ave.,  New  York  City. 


Subgrade 


2  ft.  iielow  groundwater  a  mixture  of  very  wet  clay  and 
fine  sand  was  encountered  having  a  bearing  of  approxi- 
mately 4  tons  per  sq.ft.  The  subgrade  of  the  trench  was 
about  36  ft.  below  the  street  surface,  and  90.5  ft.  wide, 
where  the  completed  subway  has  a  four-track  express  sta- 
tion 500  ft.  long.  The  distance  between  theoretical  build- 
ing lines  is  100  ft.,  allowing  only  4. To  ft.  between  neat 
lines  of  subway  and  building. 

Excavating  proceeded  in  four  lifts,  the  first  being  from 
10  to  15  ft.  deep.  This  depth  is  practically  the  same  as 
that  of  ordinary  cellars  and  basements,  the  walls  of  which 
formed  the  sides  of  the  excavation,  thus  affording  easy 
access  to  the  buildings  for  underpinning  operations  and 
eliminating  also  the  necessity  for  sheetpiling.  The  sec- 
ond, third  and  fourth  lifts  were  24.  30  and  36  ft.  re- 
spectively below  the  street  surface. 

Excavating  was  done  with  pitchforks  and  shovels. 
The  muck  was  conveyed  to  the  nearest  shaft  in  0.8-yd. 
buckets  running  on  tracks  on  the  finished  floor. 

Starting  at  the  third  lift,  at  points  where  the  subway 
steel  would  not  interfere,  the  street  loading  was  trans- 
ferred to  four  30-in.  180-lb.  42-ft.  longitudinal  needle 
beams,  as  illustrated  in  Fig.  1.  These  I-beams  were  on 
20-ft.  centers,  and  from  them  were  suspended  12x12 
braces,  as  shown. 

The  needle  beams,  with  20  ft.  of  their  forward  ends 
re.<ting  on  the  third  lift  of  the  excavation  and  their  rear 
ends  supported  on  the  finished  floor  of  the  subway,  are 
the  key  to  the  timbering  method,  by  which  the  finished 
structure  was  kept  20  ft.  behind  the  heading  face  of  the 
lowest  lift.    At  the  face  2-in.  t.  and  g.  sheeting  was  driven 

3  ft.  below  subgi'ade  and  braced. 

The  posts  adjacent  to  the  heading — centered,  on  the 
line  of  the  temjiorary  posts  and  having  concrete  footings 
extending  1  ft.  2  in.  below  .subgrade  to  take  the  street 
load — were  set  ijefoi-o  excavating  the  fourth  lift.   As  soon 
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as  the  excavation  of  the  fourth  lift  reached  the  final  sub- 
grade,  4xl2-in.  plain  rough  planks  were  placed  on  the 
bottom  ill  order  to  keep  the  water  down  as  much  as  pos- 
sible. This  plank  bottom  was  held  in  place  by  means  of 
intermediate  temporary  wood  posts  on  spread  footings 
placed  on  10-ft.  centers  transversely. 

Just  before  placing  the  8-in.  concrete  floor  the  planks 
and  posts  were  removed.  The  waterproofing — one-ply 
fabric  and  5  in.  of  brick  in  asphalt  mastic— was  placed 
on  the  floor  concrete,  and  upon  this  was  set  the  grillage 
consisting  of  transverse  18-in.  80-lb.  I-beams,  5  ft.  c.  to  c. 
longitudinallv.  These  beams  were  concreted,  and  to  them 
was  transferred  the  load  carried  by  the  needle  beams. 
The  latter  were  then  moved  ahead  20  ft.,  to  make  ready 
for  the  nest  section. 

At  the  inside  column  lines  of  the  completed  subway 
(Fig.  2),  the  18-in.  floor-beams  carry  36-in.  longitudinal 
girders  10  ft.  long  and  10  ft.  11  in.  c.  to  c.  transversely, 
weighing  about  one  ton.  These  floor  beams  were  not  riv- 
eted until  the  bottom  of  the  next  20-ft.  section  had  been 
concreted,  allowing  the  steel,  which  was  set  1  in.  high,  to 
settle  to  grade.  In  only  a  few  places  was  there  any  settle- 
ment below  grade  due  to  the  vertical  load  forcing  out 
the  wet  clay  and  fine  sand  on  the  bottom.  This  proved 
the  effectiveness  of  the  method  safely  to  confine  the  run- 
ning water  and  soil.  Where  the  steel  settled  below  grade, 
shim  plates  varying  from  I14  to  %  in.  thick  were  placed 
on  top  of  the  18-in.  floor-beams,  to  insure  the  roof  of  the 
completed  subway  being  set  to  the  proper  base-of-rail 
clearance. 

The  buildings  were  maintained  against  settlement  or 
tranverse  movements  by  driving  40-lb.  arch-web  steel 
sheetpiling  14  ft.  below  subgrade  at  subway  neat  lines, 
instead  of  the  usual  4-in.  t.  and  g.  timber  sheeting. 


A  Reinforced-Conorete  Stairway  cantilevering  out  from 
side  walls  was  recently  built  for  the  residence  of  George  Howe 
at  Chestnut  Hill.  Philadelphia,  by  the  Humphrey  Construction 
Co.  The  owner  of  the  house,  an  architect,  had  plans  drawn  in 
which  stairs  extended  on  opposite  sides  of  a  hall,  leaving  an 
open  well  down  the  middle.  He  particularly  desired  not  to 
have  columns  on  the  outside  edges  of  the  stairs,  so  that  it  was 
necessary  to  tie  them  back  by  cantilevering  to  the  brick  walls. 
These  brick  walls  were  made  3  ft.  thick  and  extended  clear 
from  basement  to  roof,  and  the  stair  was  designed  as  shown  in 


Pile-Jetting  Practice — In  a  recent  investigation  by  the 
American  Railway  Bridge  and  Building  Association  on  the 
subject  of  driving  piles  in  railway  construction  it  was  found 
that  the  water  jet  is  in  successful  use  under  proper  condi- 
tions on  about  50 To  of  the  56  railways  from  which  data  were 
obtained.  Some  use  it  only  with  concrete  piles,  others  for 
foundation  piles  or  only  with  a  marine  piledriver.  Only  one 
failure  is  reported,  and  it  is  ascribed  to  the  small  size  of  the 
gump.  Favorable  conditions  for  jetting  are  sandy  soil  or 
gravel  and  deep  penetration.  The  practice  is  fairly  uniform, 
and  that  of  the  New  York  Central  (Lines  West)  is  typical. 
It   is   as   follows: 

The  water  jet  is  sometimes  used  to  put  down  piles  in  sand, 
where  the  track  can  be  adequately  safeguarded  and  where 
there  is  plenty  of  water  and  provision  for  the  waste  water 
to  run  away.  For  jetting,  a  pump  of  sufficient  capacity  is 
placed  near  a  stream  or  other  body  of  water,  when  at  hand, 
or  else  on  the  piledriver  tank.  A  2  ^,2 -in.  hose  is  used  with  a 
2-in.  iron-pipe  jet  30  to  40  ft.  long,  with  the  lower  end  drawn 
down  to  a  diameter  of  about  1^  in.  to  serve  as  a  nozzle.  For 
a  30-ft.  pile  the  jet  is  so  manipulated  that  the  pile  will  go 
down  about  25  ft.  under  the  weight  of  the  hammer,  then 
driven  the  remaining  5  ft.  to  place. 

The  committee  report  states  that  the  jet  pipes  of  the  dif- 
ferent railways  vary  from  2Vi  to  IVt  in.  The  Chicago  &  North- 
western Ry.  uses  the  following  jet  pipe: 

A  2-in.  pipe  drawn  out  to  a  1-in.  nozzle,  and  somewhat 
longer  than  the  depth  to  be  penetrated,  is  used.  The  upper 
end  is  fitted  with  an  elbow,  a  nipple  and  a  loose  connection 
to  a  duplex  pump  of  sutficient  capacity  to  maintain  a  pressure 
of  100  lb.  per  sq.in.  in  the  pipe  with  an  unobstructed  How 
through  the  nozzle.  A  separate  line  tied  to  the  top  of  the 
pipe  passes  over  a  block  to  the  top  of  the  leads  and  down  to 
the  winchhead,  furnishing  means  for  readily  raising  and 
lowering    the   pipe. 

On  the  Southern  Pacific,  dlfflcult  ground  is  penetrated  using 
a  pipe  drawn  out  to  a  rectangular  shape  about  IVi  in.  by  2  or 
2^  in.  Two  jet  pipes  occasionally  are  used.  The  water 
pressure  varies  from  100  to  225  lb.  per  sq.in.,  and  pumps  with 
3-  or  4-in.  discharge  pipes  are  generally  used,  A  large  vol- 
ume of  water  at  moderate  pressure  gives  the  best  results. 
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CONCRETE  CANTILEVER  STAIRWAY  IN  RESIDENCE 

the  accompanying  cut.  In  this  design  each  riser  and  tread  i: 
figured  as  a  separate  cantilever  beam  12  in.  wide  and  5  in 
deep.  Two  openings  in  the  brick  wall  precluded  the  propei 
bearing  of  the  concrete  on  the  brick,  one  because  of  a  close 
and  the  other  for  a  fireplace.  In  these  two  cases  the  rein 
forced-concrete  stair  was  turned  at  right  angles  and  continue 
vertically  down  as  a  13-in.  concrete  wall  to  the  nearest  floor 
which  was  also  of  concrete  joist  construction:  and  the  rein 
forcement  from  the  stair  was  turned  and  tied  down  as  a  hool 
around  the  steel  of  the  floor  joist.  The  work  was  designee 
under  the  direction  of  Louis  Muhlhausen,  1029  Brown  St 
Philadelphia,  Penn.,  who  was  at  that  time  engineer  for  th' 
contracting  company. 

Repairing  Narrow-Gage  Steel  Crossties — Steel  crossties  fo 
mine  use  are  expensive,  and  it  has  been  found  justifiable  t' 
spend  considerable  time  and  money  in  repairing  old  brokei 
ones,  according  to  C.  W.  Stafford,  of  Stone,  Ky.,  in  "Coal  Age.' 
He  says  the  tie  in  most  extensive  use  and  the  one  that  get 
out  of  commission  easiest  has  lugs  punched  from  the  bod: 
of  the  tie  to  form  the  rail  fastenings.  When  a  car  is  wrecke< 
and  dragged  along  the  track,  the  flange  of  the  wheel  niashe 
these  lugs  flat.  When  the  trackman  attempts  to  straightei 
them,  they  usually  break  off,  rendering  an  otherwise  goo' 
tie  useless.  These  broken  ties  are  taken  to  the  blacksmiti 
shop,  where  they  are  repaired  by  one  of  two  methods.  By  th 
first,  a  piece  of  H-in.  iron  is  riveted  on  the  end  of  the  ti< 
to  take  the  place  of  the  lugs.  Two  holes  are  punched  in  th 
end  of  the  tie,  outside  of  the  old  lug  holes.  A  piece  of  iron  i 
cut  about  3x3x«4  in.  and  bent  so  that  it  will  admit  the  rai 
when  in  place.  Two  holes  are  then  punched  in  this  plec< 
to  correspond  to  the  holes  in  the  tie.  and  the  piece  is  riveter 
on.  An  improvement  over  the  method  just  mentioned  Is  t 
take  a  piece  of  iron  about  ^x^xB  in.,  neck  it  slightly,  Stic' 
the  head  of  this  piece  up  through  the  old  lug  hole  in  th 
tie,  turn  it  flat  so  that  the  head  cannot  slip  out.  and  bend  th 
end  around  and  over  the  end  of  the  tie.  Using  this  metho 
instead  of  the  other  saves  about  one-third  the  amount  c 
metal  required  and  saves  also  in  time. 
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Do  water-works  engineers  ever  stop  to  consider  that 
he  present  type  of  bell-and-spigot  water-main  joint  has 
indergone  practically  no  change  in  a  hundred  years  ?  Do 
hey  ever  question  whether  the  method  of  making  a  joint 
an  be  improved  ?    If  not,  why  not? 

The  committee  of  the  Xew  England  Water-^^'orks  Asso- 
iation  on  leakage  from  pipe  joints  has  clearly  demon- 
I rated  that  there  is  an  enormous  economic  loss  resulting 
rom  leaky  water  mains.  This  is  an  era  of  conservation, 
ud  tlie  cause  and  prevention  of  this  loss  should  be  looked 
ito. 

;  The  cause  may  be  slippage  of  meters.  If  it  is,  there 
hould  be  more  accurate  meters.  But  some  part  of  the 
0%  unaccounted  for  water  in  city  systems,  and  probably 

large  part,  comes  from  leaky  joints.  Let  water- 
orks  men  turn  to  and  give  this  matter  a  little  study. 

So  far  the  committee  has  not  been  able  to  draw  any 
inclusions  as  to  whether  it  is  economically  possible  to 
nluce  the  20  to  30'y'c  w-ater  loss  by  a  better  type  of  joint, 
jtter  workmanship,  testing  at  pressures  above  normal,  or 
1  some  other  way.  The  information  most  needed  to  reach 
inclusions  is  that  giving  the  results  of  leakage  surveys, 
■  actual  tests  made  after  the  pipe  has  been  in  service 
line  years,  of  experimental  work  showing  the  relation  be- 
veen  pressure  on  the  joints  and  leakage,  and  particu- 
rly  data  from  those  water  departments  where  accurate 
•sts  have  shown  leakage  in  mains  to  exist.  F.  A.  B'ar- 
>ur,  Con.sulting  I'ngineer,  1120  Tremont  Building,  Bos- 
in,  M?'5s.,  is  chairman  of  the  committee. 


.Vnother  blow  to  patenting  the  unpatentaltle  has  been 
ruck.     This  time   patent  claims  on  mechanical   water 
Iters  have  received  the  sort  of  death  blow  that  has  been 
ivered  of  late  in  a  number  of  reinforeed-concrete  pat- 
suits. 
The  case  just  decided  involved  the  use  of  central  oper- 
ing  control  of  valves,  and  also  the  use  of  screens  be- 
veen  the   sand   and   gravel,   in   the   mechanical   watcr- 
Itration  plant  of  the   City  of   Minneapolis,  as   stated 
1  one  of  the  last  pages  of  this  issue. 
Two  years  ago  a  lower  court  threw  out  the  same  pat- 
itee^s  claims  to  control  the  comijination  of  a  filter  bed 
)Ove  and  a  clear-water  chamber  below  with  means  of 
•rcing  water  up  from  the  chamber  throiigii  tlie  bed,  and 
iiied  some  other  claims  as  well ;  but  although  expressing 
ulits  as  to  the  validity  of  the  central-control  and  the 
'■n  claims,  the  court  lacked  conviction  or  courage  to 
'are  tliem  invalid  also.     By  the  recent  reversal  of  the 
-ion  of  the  lower  court,  three  filter  patents,  either 
illy  or  in  their  leading  claims,  go  by  the  board. 
The  marvel  is  not  that  these  patent  claims  were  declared 
ivalid  but  that  thev  were  ever  allowed.    The  same  is  true 


of  some  of  the  ])ateiits  on  reinforced  concrete  held   in- 
valid during"  the  last  year  or  so. 

In  effect,  the  courts  have  decided  in  what  is  now  a 
respectable  number  of  cases  that  the  Patent  Office  has 
been  putting  its  great  seal  on  solemn  declarations  that 
John  Smith,  Richard  Koe  and  James  Doe  have  made  new 
and  useful  inventions  when  all  these  gentlemen  really 
did  was  to  search  current  engineering  design  for  some 
detail  or  combination  that  would  give  them  a  basis  for 
patent  and  royalty  claims.  This  is  not  invention.  It 
may  yield  royalties.  It  is  sure  to  cause  litigation.  Hap- 
pily the  many  recent  adverse  court  decisions  will  tend  to 
discourage  inventors,  and  perhaps  the  Patent  Office,  from 
attempting  to  patent  the  unpatentable. 


An  overfall  dam  1()9  ft.  high  from  top  of  toe  to  crest, 
and  turbines  of  31,000-hp.  maximum  capacity  are  out- 
.standing  features  of  the  Yadkin  River  development,  de- 
scribed elsewhere  in  this  issue,  that  command  immediate 
attention.  But  beyond  these,  this  whole  development  is 
of  unique  interest,  historically  and  in  its  details  of  design 
and  construction. 

Probably  no  important  plant  in  the  country  has  passed 
through  more  surprising  vicissitudes  and  has  had  more 
radical  revisions  of  its  engineering  plans  than  has  this 
one,  now  safely  ajjproaching  completion.  To  start  w'ith, 
there  was  a  half  million  dollars  or  so  spent  in  a  beautiful 
long,  low,  cut-stone  dam  that  was  soon  abandoned.  Later 
owners  laid  out  a  higher  dam  lower  down  on  the  stream 
and  a  power  house  to  contain  the  largest  direct-current 
generators  that  had  been  designed.  Then  came  a  French 
aluminum  company  with  a  high  non-overflow  curved 
gravity-section  dam  and  outlets  for  flood  overflow  through 
a  couple  of  ()0-ft.  wells  and  tunnels.  Finally  appeared 
the  ])rescnt  American  owners  with  the  great  full-length 
overfall  dam  and  record-breaking  turbine  units  now  under 
construction. 

Designers  will  be  interested  particularly  in  the  dam  with 
its  many  contraction  joints  about  50  ft.  apart,  simply 
sealed  by  a  multitude  of  tar-painted  key  grooves,  and  in 
the  great  pains  taken  to  secure  the  completely  grouted 
heel  and  fully  vented  base.  The  enormous  yardage  of 
concrete  (525,000  cu.yd.)  almost  equals  the  record  estab- 
lished at  the  Elephant  Butte  dam  in  New  Mexico  (600,- 
000  cu.yd),  although  it  is  still  much  under  the  850,000 
cu.yd.  in  the  Olive  liridge  (AshokaiO  <liini  and  the  million 
odd  yards  at  Kcnsico.  The  Yadkin  dam  appears,  how- 
ever, to  be  by  a  good  margin  the  higliest  long  overfall  dam 
yet  built  anywliere. 

Each  case  of  the  use  of  such  enormous  hydraulic  tur- 
bines as  employed  here  (27,000  hp.  or  .HjOOO  hp.,  accord- 
ing to  the  method  used  in  rating)  is  always  interesting 
and  significant,  but  is  not  to  be  taken  as  an  indication  of 
a  universal  increase  in  the  sine  of  hydraulic  turbines  that 
are  being  commonly  used.     The  field  for  smaller  units  is 
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as  great  as  over.  It  is  not  the  height  of  desirability  in 
the  great  majority  of  cases  to  eoneentrate  the  station 
capacity  in  a  few  iinits  of  such  sizp.  Only  is  it  warrantecl, 
vvliere,  as  here,  tlie  load  is  extremely  well  sustained  and 
the  total  amount  of  power  very  large,  so  that  such  ma- 
chines l)ecome  feasilile  without  sacrificing  flexibility  of 
o])eratioii  and  high  light-load  operating  efficiency  of  the 
])lant. 

The  turbine  manufacturers  have  made  a  notable  contri- 
bution to  their  art — with  their  huge  plate  casing,  the  big 
cast-bronze  runner,  the  new  scheme  of  dismantling  and 
the  simplificaticni  of  bearings.  The  Holyoke  test  effi- 
ciency is  very  high,  approximately  Q\%  ;  and  if  it  ])roves 
possihle.  to  get  a  good  measurement  of  the  water  flowing- 
through  the  .station,  it  may  be  expected  that  a  few  more 
points  will  be  added  to  this  figure. 

The  contractor's  work  illustrates  among  other  things 
the  application  of  old  industrial  methods  that  may  be 
widely  utilized  with  profit  by  such  concerns — such  efforts 
as  the  standardization  of  working  equipment  to  simplify 
maintenance  and  to  increase  familiarity  of  the  working 
forces  with  all  machines  engaged  on  similar  operations; 
or  the  concentration  of  concrete-mixing  capacity  in  two 
maximum-size  units  for  the  reduction  of  number  of  mixer- 
plant  tracks  and  for  the  reduction  of  time  of  loading  and 
placing,  where  great  speed  is  to  be  developed.  Had  the 
contractor  on  the  Yadkin  work  not  suffered  the  loss  of 
his  downstream  tracks  by  the  iinprecedented  floods  that 
visited  North  Carolina  in  July,  it  is  certain  that  he  would 
have  set  a  new  high  record  for  amount  of  concrete  placed 
in  one  day,  pro!)al)ly  reaching  as  high  even  as  4.000  cu.yd 
or  over. 

In  all  respects,  then,  in  history,  in  size  and  design  of 
dam,  in  station  layout,  in  design  of  turbines  and  in 
the  contractor's  equipment  and  methods,  the  Yadkin 
River  work  is  remarkably  significant  and  worthy  of  the 
careful  scrutiny  of  engineers  in  all  branches  of  the  pro- 
fession who  desire  to  study  the  advancement  of  their  art. 
In  few  plants  indeed  have  so  many  important  advances 
■culminated  on  one  job. 


•  The  shocking  disaster  at  Boston  on  Nov.  7,  when  a 
crowded  street  car  plunged  to  the  bottom  of  the  Fort 
Point  channel  at  an  open  drawbridge  and  4G  persons  im- 
prisoned inside  the  car  were  drowned,  ought  to  call 
attention  everywhere  to  the  need  of  more  adequate  pro- 
tection at  such  danger  points.  This  is  the  most  serious 
drawbridge  accident  since  the  wreck  at  Atlantic  City 
on  Oct.  28,  190(5,  when  a  train  was  derailed  at  the  draw- 
bridge across  the  Thoroughfare  just  outside  the  city. 

The  investigation  in  the  Atlantic  City  case  ])ronipily 
revealed  the  fact  that  the  protection  to  the  drawbridge 
opening  was  inadequate  and  did  not  conform  to  good 
practice  in  the  art.  l\Iany  years  earlier,  railway  signal 
engineers  had  definitely  estal)lished  an  eqnijiment  of  home 
and  distant  signals  interlocked  with  derailing  switches 
and  with  the  bridge  oi)erating  mechanism  as  the  stand- 
ard protection  for  drawhridge  openings  on  steam  rail- 
ways. The  lack  of  this  protection  at  Atlantic  City  cost 
the  lives  of  (54  persons  for  whoso  deaths  the  railway 
was   held    financially   responsible   in    a   very   large   sum. 


It  may  as  well  be  frankly  confessed  that  the  protc. 
tion  of  drawbridge  openings  on  electric  street  railwa' 
is  sadly  deficient  almost  everjTvhere  compared  with  steai 
railway  practice.  In  many  cities  it  has  been  taken  f( 
granted  that  because  a  street  railway  car  normally  rui 
at  slow  speed,  a  more  or  less  flimsy  gate  at  the  d^a^ 
bridge  opening  with  a  red  lantern  hung  on  it  at  nit;' 
is  all  that  is  required  to  safeguard  street  cars  and  otii 
vehicles  from  running  into  the  opening  left  when  tl 
bridge  is  swning  to  permit  river  traffic  to  pass. 

The  Boston  disaster  proves  the  falsity  of  this  assuni 
tion.  The  motorman  did  stop,  according  to  the  rule, 
a  street  corner  only  7-5  ft.  from  the  edge  of  the  dra 
In-idge  opening.  The  gate  si^amg  across  the  street  wli 
the  bridge  was  open  was  23  ft.  back  of  the  edge.  Thi 
would  seem  to  be  on  the  face  of  it  no  reason  why  t 
motorman  should  not  see  this  gate,  little  more  than 
car  length  ahead,  with  the  red  lantern  hanging  on 
The  fact  is,  however,  that  he  did  not  see  it  in  time 
apply  the  brake  and  stop  the  car  before  it  plunged  c 
the  edge 

IMayor  Cnrley  promptly  announced  that  he  "woi 
call  on  experts  from  the  Massachusetts  Institute 
Technology  to  aid  the  Public  Works  Department  eii 
neers  in  devising  a  signal  or  mechanism  which  will  mi 
it  virtually  impossible  for  even  violators  of  the  spi 
laws  to  go  through  open  drawbridges." 

There  is  no  need,  however,  to  invent  new  devices 
accomplish  this  end.  ]\Iethods  and  apparatus  that  h 
been  long  in  use  are  ample  to  furnish  the  most  Cf 
plete  protection  that  can  be  desired  at  such  openii 
C)oubtless  the  best  protection  of  a  drawbridge  openini 
the  use  of  the  double  bascule  type  of  bridge,  in  wli 
each  half  of  the  bridge  when  open  stands  erect  and  foi 
a  substantial  barrier  across  the  opening. 

For  the  protection  of  steam  railway  traffic  across  dr 
bridges,  the  derailing  switch  interlocked  with  the  sigi  ' 
indicating  the  position  of  the  drawbridge  has  been  1  r 
established  in  steam  railway  practice  as  the  stand  i 
jirotcction  by  which  every  drawbridge  opening  shouU  ; 
guarded.  For  those  who  object  that  to  derail  a  t  i 
at  the  back  of  a  drawbridge  opening  is  substitutir  i 
small  risk  for  a  large  one,  there  is  open  the  use  of  e 
sand  track,  in  which  the  derail,  instead  of  throwing  e 
train  onto  the  ties,  turns  it  onto  a  stretch  of  track  w'  e 
rails  are  covered  with  two  or  three  inches  of  sand.  '  is 
oives  the  same  jirotection  and  practically  eliminates  « 
risk. 

For  the  protection  of  street  cars  which  are  run  at  «' 
speed  and  as  single  cars  instead  of  trains,  such  pr(  c- 
tion  of  drawhridge  openings  by  derailing  switcho  is 
comparatively  easy.  Some  provision  must  be  mad(  :>i 
course,  that  the  car  when  thrown  otf  the  rails  shall  »'« 
its  speed  eU'ectually  checked  by  a  sand  track  or  its  ec  v- 
alcnt  in  some  form  of  paving  that  will  absorb  tlie  en  I)' 
of  the  car  rolling  over  it. 

Such  safeguarding  of  drawbridge  openings  gives  "o- 
tection  not  merely  against  the  careless  motorman  hi' 
fails  to  see  the  signal  ])laced  against  him,  Init  also  a.u  is' 
the  risk  that  the  motorman  through  sudden  jjaraly.-^  or 
similar  cause  may  fail  to  ajijily  tlic  lirakes  at  the  piKf 
time,  and  also  against  the  risk  that  through  some  •"■ 
nrc  of  the  brake  apiiaratus  it  may  iirovc  inoperatr  a- 
the  car  approaches  the  opening. 
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In  this  issue  of  Engineering  News,  Gen.  Honrv  ^F. 
Chittenden,  of  Seattle,  describes  the  project  which  he 
has  worked  out  with  much  painstaking  detail  for  build- 
ing a  railway  tunnel  30  miles  in  length  under  the  main 
range  of  the  Cascade  ilountains.  The  building  of  this 
tunnel  would  enable  the  railway  trallic  between  Puget 
Sound  ports  and  the  interior,  which  now  has  to  be  lifted 
vertically  to  an  elevation  of  2,500  to  over  3,300  ft.  in 
rossiug  tl;e  Cascade  range  by  the  present  railway  lines, 
o  pass  under  the  main  range  at  an  elevation  of  only 
1,300  ft. 

It  is  not  merely  the  waste  of  the  energy  required  to 
elevate  this  traffic,  amounting  to  over  60,000  tons  daily, 
to  a  height  of  1,300  to  1,800  ft,  which  the  tunnel  would 
save.  A  much  more  important  advantage,  as  (Jeneral 
Chittenden  points  out  in  a  graphic  manner,  is  the  elimina- 
tion of  the  expense  and  risk  involved  in  the  maintenance 
of  the  large  mileage  of  steep  grades  on  the  present  rail- 
wav  lilies  across  the  mountains.  The  extent  to  which  this 
huge  moimtain  barrier  hinders  commerce  and  intercourse 
betA\-ceii  the  great  fertile  agricultural  section  on  the 
eafitern  side  of  the  mountains  and  the  commercial  centers 
on  the  coast,  is  hardly  realized  in  the  East. 

Perhaps  the  most  striking  ilhistration  of  the  advantages 
of  the  proposed  tunnel  roiite  over  the  present  mountain 
lines  is  the  statement  that  the  time  of  passenger  trains 
would  be  reduced,  between  the  east  side  and  the  west  side 
of  the  mountains,  from  the  present  schedule  time  of 
3  hours  to  40  minutes,  and  the  time  of  freight  trains  from 
10  hours  to  11  o  hours. 

The  estimated  cost  of  the  proposed  tunnel  and  ap- 
proaches is  $50,000,000,  and  this  in  itself  a  few  years  ago 
would  have  been  sufficient  to  compel  the  dismissal  of  the 
project  as  chimerical.  At  the  present  day,  however, 
milways  are  investing  sums  in  the  iin])rovement  of  their 
tniilitics  which  would  have  staggered  the  imagination  of 
linanciers  a  quarter  centurv-  ago.  Announcement  has  just 
licen  made  that  the  Great  Northern  Railway  Co.  proposes 
to  expend  in  this  very  region  probably  a  third  of  tiiis 
amount  to  convert  its  lines  from  steam  to  electric 
traction,  encouraged  thereto  doulttless  by  the  success  of 
the  very  large  investment  for  the  same  purpose  made 
by  the  Chicago,  Milwaukee  &  St.  Paul  on  its  lines  in 
Montana  and  Idaho. 

Among  other  notable  instances  in  recent  years  of  heavy 
outlay  for  reconstruction  of  existing  railways,  are  the 
building  of  the  Central  Pacific  Ry.  across  Great  Salt 
Lake  to  avoid  the  heavy  grades  over  Promontory  point, 
the  work  done  by  the  Union  Pacific  in  the  improvement 
I'  its  main  line  in  Wyoming,  and  on  the  easlern  side  of 
'.'■  continent  the  two  great  pieces  of  reconstruction  work 
..iidertaken  l)y  the  Lackawanna  K.R.  to  improve  its  main 
line   in  western   New  Jersey  and   eastern   Pennsylvania. 

When  any  of  these  large  works  of  railway  rocoiistnic- 
tinn  are  comjmred  with  the  Cascade  tunnel  ])roject,  it  i3 
it  once  evident  that  what  each  of  them  accomplished  in 
'ii'  improvement  of  grades  and  alignment  is  insignificant 

inpared  with  the  advantages  which  would   result   from 

this   great   tunnel    enterprise.      By   way    of    illustration, 

1  take  the   Rogers   Pass  tunnel   now  nearly   comjiletcd  on 

'lie  Canadian   Pacific  Ry.     This  work  has  involved   the 

iildiiig  of  18  miles  of  new  railway  line  and  a  5-mile 


tunnel.  The  summit  elevation  is  reduced  540  ft.  and 
the  length  of  snow  sheds  from  about  5  miles  to  less  than 
1  mile,  but  the  maximum  grade  on  the  line  is  still  3.3%, 
and  of  course  the  maximum  train  load  that  can  be  hauled 
is  unchanged.  To  effect  this  improvement  the  Canadian 
Pacific  has  deemed  it  worth  while  to  carrj'  out  work 
involving  a  total  expense  of  probably  not  less  than 
$8,000,000,  while  the  traffic  affected  is  only  that  of  a 
single  railway  line. 

In  comparison  with  this  the  30-milo  Cascade  tunnel 
projected  by  tJeneral  Chittenden  would  lower  the  summit 
elevation  on  the  Great  Northern  Ry.  2,166  ft. ;  would  .save 
18  miles  of  distance  on  its  line  to  Tacoma ;  would  reduce 
the  maximum  grade  from  2.2%  to  0.6%;  and  would 
eliminate  curvature  amounting  to  6,855°.  Most  important 
of  all,  the  tunnel  would  be  available  not  for  the  traffic 
of  a  single  railway,  but  for  the  traffic  of  all  the  railways 
terminating  on  Paget  Sound. 

In  his  paper  in  this  issue  General  Chittenden  briefly 
outlines  the  computations  which  indicate  that  the  pro- 
])osed  tunnel  would  pay  a  large  return  on  its  cost.  Of 
course,  for  a  complete  determination,  the  matter  would 
have  to  be  gone  into  in  far  more  detail  than  is  possible 
within  the  limitations  of  space  in  a  technical  journal. 
Such  rough  comparisons  as  that  suggested  above,  how- 
ever, and  similar  ones  which  any  engineer  can  make  for 
himself,  as  well  as  the  figures  given  by  General  Chit- 
tenden, indicate  that  the  traffic  benefits  resulting  from 
the  tunnel  would  yield  an  ample  return  on  its  cost. 

To  understand  this,  it  must  be  borne  in  mind  that  the 
tunnel  would  be  used  almost  wholly  for  through  traffic, 
and  this  means  of  course  that  the  traffic  through  it 
would  be  concentrated  in  very  long  trains.  The  Chi- 
cago, Milwaukep  &  St.  Paul  on  its  electrified  lines  across 
JMontana  and  Idaho  is  handling  freight  trains  weighing 
3,000  to  3,500  tons  behind  the  tender  on  grades  up  to 
2%.  On  the  Cascade  tunnel  line,  with  its  maximum 
grade  of  only  0.6%  and  its  freedom  from  sharp  curva- 
ture, there  should  be  no  difficulty  whatever  in  handling 
trains  of  this  length  or  greater.  Passenger  trains  through 
the  tunnel  would  be  chiefly  the  through  transcontinental 
express  trains.  Eventually  some  local  traffic  between  the 
east  side  and  west  side  of  the  mountain  may  develop, 
but  is  never  likely  to  become  considerable.  Operating 
through  this  tunnel  on  the  absolute  block  system, 
with  its  light  grades  and  with  its  long  tangents,  trains 
could  safely  be  spaced  much  closer  together  than  they 
are  on  the  ))resent  outside  lines  over  the  mountains. 

Another  factor  oF  great  importance  in  considering  the 
capacity  of  such  a  tunnel  is  that  it  should  be  possible  to 
operate  it  with  an  ai)i)roximately  uniform  flow  of  traf- 
fic through  the  24  hours  of  the  day.  On  an  ordinary 
railway,  the  traffic  has  often  as  sharp  peak  loads  during 
the  2  1-hour  ])eriod  as  the  load  curve  of  an  electric-light- 
ing station.  Such  load  peaks  are  necessary  in  handling 
loial  ])assenger  and  suburban  trallic.  and  te.  a  consider- 
able extent  in  local  Ireight  traffic.  They  are  not  neces- 
sary, however,  in  liaii<lling  through  traffic.  The  Chicago, 
Milwaukee  &  St.  Paul,  in  installing  electric  operation 
on  its  Idaho  and  Montana  division,  put  in  operation, 
])robabIy  for  the  first  time  in  the  history  of  American 
railroading,  the  jilan  of  so  distributing  its  train  move- 
ments as  to  give  an  approximately  uniform  train  move- 
ment throughout  the  day.  It  was  necessary  to  do  this 
in  order  to  purchase  electric  power  at  a  favorable  figure. 
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and  in  the  movement  of  the  through  tT-afBc,  which  con- 
stitutes tlie  chief  business  of  the  line,  no  great  difRcultv 
appears  to  have  been  found  in  putting  the  system  into 
operation. 

It  is  self-evident  that  where  traffic  can  be  thus  equally 
distributed,  the  capacity  of  a  double-track  railway  is 
enormous.  With  trains  spaced  no  closer  together  than 
10  minutes  and  uniform  train  movement  through  the 
34:  hours,  144  trains  per  day  each  way  can  be  moved. 
Taking  in  connection  with  this  figure  the  enormous  ton- 
nage of  freight  now  handled  in  a  single  train,  it  is  evi- 
dc-'^t  that  the  traffic  capacity  of  the  Cascade  tunnel  would 
be  ample  to  take  care  of  all  the  business  tributary  to  it 
for  as  long  as  can  be  foreseen.  Furthermore,  that  traffic 
promises  to  be  enough  to  make  the  tunnel  profitable. 

Some  questions  may  be  rai.sed  as  to  the  practicability  of 
successfully  operating  a  tunnel  of  such  unprecedented 
length,  although  such  questions  will  be  raised  by  lay- 
men rather  than  engineers.  If  it  is  practical)le  to  oper- 
ate the  Simplon  tunnel,  12  miles  long  under  the  Alps, 
which  has  now  been  in  use  for  a  dozen  years,  it  would 
be  practicable  to  operate  a  30-mile  tunnel  under  the 
Cascades. 

Ventilation  need  present  no  more  difficulty  with  the 
longer  tunnel  than  with  the  shorter.  On  the  Cascade 
tunnel  there  will  doubtless  be  at  least  two  intermediate 
shafts  which  can  be  used  for  ventilation  as  well  as  for 
construction  purjjoses,  and  there  is  abundance  of  water 
power  going  to  waste  to  provide  forced  ventilation  if 
tliat  were  necessary.  It  is  likely  that  when  the  traffic 
became  sufficiently  dense  to  make  the  question  of  ven- 
tilation imi)ortant,  then  natural  ventilation  would  re- 
sult through  the  heat  developed  by  the  electric  motors 
in  the  tunnel,  which  would  cause  the  ventilating  shafts 
to  act  like  huge  chimnevs.     In  the  cool  climate  of  Wash- 


ington, the  air  drawn  in  would  always  be  at  low  tem- 
perature. 

Train  movements  need  ofEer  no  more  difficulties  in  a 
30-mile  tunnel  than  in  a  12-mile  tunnel.  General  Chit- 
tenden's estimate  in  fact  provides  for  sidings  at  inter- 
vals along  the  tunnel  line  to  enable  a  disabled  car  oi 
locomotive  to  be  got  out  of  the  way  temporarily  without 
blocking  the  main  line  for  any  great  length  of  time. 

General  Chittenden's  paper  is  not  only  interesting  from 
its  review  of  the  possibilities  of  the  Cascade  tunnel,  buf 
because  it  calls  attention  anew  to  the  possibility  of  ven 
long  tunnels  to  improve  railway  operating  condition 
elsewhere".  Up  to  the  present  time  electric  traction 
steam  railways  has  had  its  chief  application  in  the  opera- 
tion of  city  terminal  lines  and  in  the  operation  of  ex 
isting  tunnels  where  the  smoke  from  steam  locomotive: 
became  seriously  objectionable.  It  has  hardly  as  ye 
been  realized  outside  the  engineering  profession  that  thi 
electric  locomotive  in  combination  with  the  present  da' 
possibilities  in  fast  and  economical  tunnel  driving  ha 
shown  a  way  wliereby  radical  reconstruction  could  bi 
undertaken  on  the  summit  divisions  of  some  main  lin-, 
railways   with   the   prospects,   at   least,   of   large   profits 

The  advances  in  tunneling  practice,  too,  have  givei 
a  different  basis  for  computing  problems  of  railway  re 
location  involving  the  use  of  long  tunnels.  The  nex 
decade  or  two,  therefore,  may  witness  not  alone  the  real 
ization  of  General  Chittenden's  great  scheme,  but  of  th 
driving  of  a  long  tunnel  by  the  Pennsylvania  to  lowe 
the  summit  of  its  main  line  across  the  Alleghenies,  froii 
its  present  elevation  of  about  2,200  ft.;  or  the  Lacka 
wanna  or  the  Lehigh  Valley  may  undertake  a  long  tunne 
to  save  part  of  the  long  climb  now  necessary  to  lif 
the  anthracite  coal  from  the  Wyoming  Valley  over  th 
mountains  on  its  way  to  markets  at  tidewater. 
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Sir — Referring  to  the  comparative  costs  of  factory 
buildings  of  standard  mill  construction  and  of  reinforced 
concrete,  published  in  your  issue  of  Nov.  9,  p.  884,  the 
writer  from  long  experience  in  constructing  both  types  oC 
buildings  would  say  that  in  general,  a  slow-burning  mill 
construction  building  can  compete  with  a  reinforced-con- 
crete  building  when  the  floor  loads  are  light  and  the  spans 
are  short.  With  heavy  loading  and  long  .>;pans  on  tlu' 
other  hand,  the  reinforced-concrete  building  has  a  tlecidcd 
advantage. 

The  question  of  comparative  costs  is  also  dependent  (Hi 
the  number  of  skilled  contractors  available  for  reinforced- 
concrete  construction  in  the  locality  as  well  as  tlie  re- 
strictions of  union  labor. 

A  great  many  insurance  com])anius  do  not  make  the 
difference  in  rating  between  slow-burning  construction 
and  absolutely  fireproof  construction  that  should  be  made. 
Many  owners  have  spoken  to  the  writer  about  this  matter 
saving  that  thev  can  not  sec  whv  insurance  men  rail  at 


the  American  public  for  building  burnable  building 
wlien  they  make  no  inducement  in  insurance  rates  whic 
will  compensate  an  owner  for  the  increased  expense  of 
non-burnable  building.  A  properly  designed  and  properl 
constructed  reinforced-concrete  building,  however,  is  nc 
only  fireproof,  but  is  subject  to  little  or  no  depreciatioi 
On  the  other  hand,  a  slow-burning  mill  construction  builc, 
ing  does  depreciate  with  time,  and  tlio  depreciation  t^ 
more  than  wipe  out  the  difference  in  first  cost  in 
years.  Eknest  McCullougii, 

Fireproof  Construction  Bureau, 
Portland  Cement  Association. 
Chicago,  111.,  October  H),  IDIG. 


I^ffveyaua^  5ia  Tessas 

Sir — J.  ^1.  Howe's  article  on  "Land  Surveying  i 
Texas,"  in  Enfjinccriag  Newti,  of  Oct.  19,  arouses  men 
ories  of  rough  surveys  in  my  native  state,  where  my  falfee 
was  for  some  years  in  the  General  Land  Office  at  Austfc 
There  he  had  charge  of  and  issued  state  patents  on  80J 
veys,  filed  with  so-called  land  script.    Subsequently,  as  ■ 
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member  of  the  firm  of  Booth,  Duval  &  Creuzbaur,  he  sur- 
veyed millions  of  acres  of  wild  lands  in  more  or  less  ex- 
tended expeditions. 

The  Federal  Government  had  no  lands  in  Texas;  and  as 
Mr.  Hovre  states,  there  were  many  misfits  and  vacancies 
between  the  old  Spanish  and  other  liberal  grants  located 
to  cover  the  most  valuable  ground  irrespective  of  sectional 
layout.  Large  areas  were  found  between  lines  run  from 
bases  at  opposite  points  of  the  compass;  and  as  he  says, 
the  rough  assumption  of  magnetic  variation  seldom  al- 
lowed surveys  to  close  on  parallel  lines.  In  one  instance 
my  father  fded  on  2, TOO  acres  of  exceedingly  rich  bottom 
land  on  the  Colorado  River  (good  for  two  bales  of  cotton 
to  the  acre,  without  fertilizer,  for  50  years)  in  a  ea.se  of 
this  kind,  where  surveys  had  been  run,  I  believe,  from 
the  Houston  base,  and  surveys  from  the  northerly  base 
had  been  supposed  to  close  and  leave  no  vacancy. 

In  my  early  boyhood,  as  a  volunteer,  I  have  dragged 
liiain  on  an  8-mi.  compass  course,  run  to  locate  the  cor- 
ner of  an  old  Spanish  league,  where  we  carried  our  line 
iver  a  precipice  by  the  simple  expedient  of  rolling  a  log 
■  iver  the  top  and  resuming  chaining  at  this  dropped  log 
ifter  a  wide  detour  to  reach  the  bottom.  On  the  other  hand, 
[  have  a  lithograph  of  a  survey  by  E.  Creuzbaur,  April, 
185.5.  in  which  I  take  a  great  pride.  The  high  class  of 
vork  done,  with  local  magnetic  variation  and  complete 
lotes,  is  fully  illustrated  in  this  plat  of  the  ilaxmillian 
urvey.  On  one  side  there  was  a  typical  wedge-shaped  va- 
■ancy.  10,000  yd.  in  length  filed  upon  and  still  owned  by 
he  surveyor's  estate.  R.  W.  Creuzbaur, 

Consulting  Engineer. 

New  York  City,  Oct.  27,  1916. 
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Sir — The  report  of  the  Commiltee  on  Sewerage  and 
'cwagc  Disposal  of  the  Sanitary  Section  of  the  Ameri- 
an  Public  Health  Association,  dealing  with  definitions, 
uotations  from  which  appear  in  your  issue  of  Nov.  2,  rep- 
esents  a  work  of  great  value  and  one  deserving  of  liigh 
ppreciation  among  sanitary  engineers.  The  subject  is 
ne  also  that  will  benefit  to  an  unusual  degree  by  com- 
lete  discussion,  and  to  this  end  the  following  suggestions 
re  offered : 

Cage  Screen — There  would  seem  to  be  no  advantage  in 

estricting  this  name  to  a  screen  composed  of  bars  or 

■d".    The  term  might  better  be  used  to  define  the  form 

M-reen  regardless  of  the  screening  element. 

Ilydrolytic  Tank — As  defined  by  the  committee,  this 

'lines  a  generic  term  including  septic,  Travis,  Imlioif 

I  other  tanks  of  like  nature.     While  this  is  not  the 

-ual  use  of  the  tenn,  it  is  certainly  desirable  to  have 

I'  li  a  generic  term.     In  the  interests  of  precision,  how- 

r,  "biolytic"  is  to  be  preferred  to  hydrolytic.    The  lat- 

ineans   "a   decomposition    brought  about   by   water" 

iicydopedia  Britannica).  Such  a  reaction  is  illustrated 

I  lie  inversion  of  cane  sugar.     While  the  term  biolytic, 

the  corresponding  sen.se,  has  not  yet  reached  the  dic- 

iiary.    its    similar    meaning,    "decomposition    brought 

lit  by  living  matter,"  is  obvious  and  definitive. 

•'olloidal    >Iatter — The    definition    given    is    approxi- 

I'l'ly  accurately  for  what  the  chemist  knows  as  "col- 

ImI  solution."     Although  no  single  property  is  in  gcn- 

I  .-ullicient  to  distinguish  colloidal  solution  from  sus- 


pensions, on  the  one  hand,  and  true  solution,  on  the  other, 
the  connnittee  has  adopted  as  criteria  the  two  simplest 
and  most  comprehensive  points  of  distinction — namely, 
non-settleability  and  non-diffusibility  respectively.  Col- 
loidal matter,  according  to  W.  Ostwald,  includes  in  addi- 
tion to  matter  in  colloidal  solution  the  so-called  hydro- 
gels,  or  settleable  colloids,  as  seen  in  a  concentrated  aque- 
ous boiled-starch  suspension.  This  separates  into  two 
layers,  the  true  colloidal  solution  above  and  the  gel  below. 
Unfortunately  for  the  work  of  definition  this  class  of  sub- 
stance is  common  in  sewage. 

The  writer  has  always  questioned  the  advisability  of 
using  the  term  colloids  in  sewage  chemistry.  It  is  a  diffi- 
cult term  to  use  even  under  the  conditions  of  experi- 
mental laboratory  work  and  impossible  of  being  used 
with  even  approximate  accuracy  in  connection  with  sew- 
age. The  partial  definition  of  the  committee  (and  this  is 
certainly  the  best  that  can  be  done)  illustrates  the  im- 
practicability of  the  term,  since  the  diffusion  test  is 
hardly  capable  of  routine  laboratory  application.  Were 
the  test  practicable,  it  would  serve  to  define  a  class  of 
matter  the  definition  of  which  has  little  or  no  practical 
bearing.  Matter  in  neither  colloidal  nor  in  true  solution 
will  separate  spontaneously  by  gravity,  and  both  kinds 
of  matter  are  capable  of  precipitation  through  chemical 
reaction.  Colloidal  solution  may  well  be  classed  therefore 
as  true  solution  so  far  as  sewage  is  concerned. 

Similarly,  hydro-gels,  being  capable  of  sedimentation, 
may  be  classed  with  settleable  solids  without  sacrificing 
any  information  of  value.  The  writer  is  determining 
settleable  solids  for  various  periods  of  sedimentation 
from  15  min.  to  24  hr.  by  reading  the  approximate  vol- 
umes of  sediment  in  a  conical  settling  jar.  The  relation 
between  volume  and  dry  weight  is  determined  once  for  all 
l)y  comparison  of  settleable  and  non-settleable  solids  de- 
termined in  the  usual  numner.  For  reasons  similar  to 
those  urged  above  he  believes  that  filtration,  which  sepa- 
rates the  sewage  matter  into  two  artificial  groups  having 
no  relation  to  purification  processes,  the  line  of  demarca- 
tion in  addition  being  indefinite  according  to  the  char- 
acter of  filtering  medium  used,  furnishes  no  useful  in- 
formation; and  results  showing  matter  in  solution  and  in 
suspension,  respectively,  by  this  classification  should  not 
be  reported. 

Disinfection — It  would  seem  more  satisfactory  to  allow 
this  word  its  full  meaning  so  as  to  include  ordinary  water 
purification,  for  example,  among  the  disinfecting  agents, 
for  sand  filtration  of  either  water  or  sewage  is  as  truly 
a  disiiirecting  process  as  is  the  use  of  bleaching  powder. 
The  writer  ha.s  used  this  conception  in  his  lectures  for 
some  years  and  has  always  qualified  that  which  the  com- 
mittee defines,  as  chemical  disinfection.  There  is  also 
to  be  considered  (although  not  in  sewage  work)  disin- 
fection by  .such  agents  as  ultra-violet  light,  which  is  .truly 
disinfection,  but  would  not  be  included  within  the  com- 
mittee's definition.  The  same  remarks  apply  to  the  term 
sterilization. 

In  anticipation  of  criticism  from  others  of  the  term 
trickling  filter,  the  writer  wishes  to  register  his  approval 
of  this  term  as  being  most  'descriptive  of  the  essential 
feature  of  this  type  of  treatment.  He  also  wishes  to 
commend  the  committee  for  the  satisfactory  compU'tioii 
of  a  somewhat  anluons  task.  Eaule  B.  Piieij's. 

United  States  Public  Health  Service, 
Washintiton,  D.  C,  Nov.  7,  1916. 
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Wir<B  OS"  EspI©SB®Ea  Wipecl 


A  fire  in  ami  around  tlie  seven-story  roinl'orceil-i-on- 
c-rete  storage  warelioiise  of  Mullen  &  Buckley,  in  Far 
Rockaway,  N.  Y.,  in  the  early  morning  of  Nov.  10,  dani- 
aged  the  contents  of  that  l)uilding  and,  either  by  direct 
contact  or  through  the  medium  of  an  explosion,  destroyed 
at  least  two  floor  panels  and  wrecked  one  large  column 
with  adjoining  Ijeanis  and  girders.  The  building  was  or- 
dered vacated  during  the  progress  of  the  fire  for  fear  it 
would  collapse  and  is  still  barred  to  general  visitors.  The 
wrecked  portions  and  tlie  fire  debris  prevent  a  full  ex- 
ploration of  the  structure  but  enough  coiild  be  seen  on 
Nov.  13,  when  the  accompanying  views  were  taken,  to 
show  a  most  interesting  condition. 

The  warehouse  is  a  seven-story  and  Ijasement  building, 
32x90  ft.  in  plan,  of  the  usual  column,  girder  and  slab 
construction.  It  is  divided  by  the  columns  into  bvo 
cross  panels,  15  ft.  (J  in.  by  26  ft.  and  into  five  main 
lengthwise  panels  and  these  in  turn  are  subdivided  l)y 
transverse  beams  into  7  ft.  9  in.  by  26  ft.  panels.  The 
columns  are  square  and  reinforced  with  straight  rods  tied 
together  only  with  wire  spacers;  the  beams  and  girders 
witli  straight  rods  and  attached  stirrups;  the  slabs  with 
wire  mesh.  The  walls  are  of  concrete,  and  the  fire  stops, 
around  the  one  stairway  and  the  elevator  shaft,  are  of 
hollow  tile.  These  openings  are  well  guarded  with  auto- 
matic closing  fire-proof  doors  and  the  window  openings 


are  provided  with  casement  steel  sash  and  wire  glas 
There  were  no  sprinklers.  The  contents  were  of  the  u  t 
ual  storage-warehouse  type,  some  stored  in  fireproc 
j-oonis,  but  mostly  in  the  open  unpartitioned  floor.      ' 
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FIG.   1.     FOURTH-FLOOR   PLAN  OF  REAR  OF  WAREHOfS 

considerable  amount  of  furniture  and  furniture  materi 
increased  the  combustibility  of  the  contents.  The  gra\ 
concrete  appears  to  be  of  acceptable  quality. 


FIG.  2.    lUCAi;  WALL  KND  OF  Till  i:  I  >- 1  LOOP.   HAY  WTTKRK  COLLAPSE  TOOK  PLACE 
Outer  waU  on  Kit.     Oil-sloiage   room   in  rear 
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FIG.  3.     I.im.KIM;  Ti.WAllU  UII.-STi  H;A(  ;K  HAV  WITH  C'l  iLLA  I'SKD  FLOOR 
The  cross-beam  is  the  beam  common  to  views  in  Figs.  Z  and  4.     Outer  wall  at  lift.     Collapsed  column  at  right 

On  the  west  side  of  the  buikling  it  was  connected  to  a  with  automatic  closing  fireproof  doors.   On  tliis  same  side 

three-story  frame   structure   used   as  a   cabinet  shop  by  were  also  some  windows  (steel  sash  and  wire  glass)  above 

the  firm  owning  the  warehouse  and  tlie  two  buildings  were  the  frame  building.      Otiier  windows  inside   the  frame 

in  eoniinniiiciilinii   (.11   tliivr   II.mmn  l)y  (i|ieiiin,L;s  .i:ii:inl(Ml  Iniildinu:  w^ic  M.nkr,!  cir  witli  intivinr  l^rirk  walls. 


SiL^I&ii: 


\<  Tiuni)  .■■■I.IMN  OX  TIIIKK   Fl.oor:  AND  F.VLLKN  .SLAB  FROM  FOURTH  FLOOlt 
1-i.ll-liaml   beam   Is  continuation   of  beam   In   FIk.   - 
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PIG.    5,     EXPOSED   WALL   OF    WAREHOUSE 
Dark    area    marks    location    of    destroyed    frame    buiUlinp. 
Note    doors    connecting    two    buildings    and    that    upper    (third 
floor)  door  is  missing 

The  progress  of  tlie  fire  i.s  at  pre.sent  uncertain.  It 
started  in  tlie  frame  f;hop  about  midnight  and  in  the  higli 
wind  prevailing  soon  brought  a  great  number  of  fire  com- 
panies who  were  mainly  occupied  in  preventing  the 
spread  of  the  flames  to  an  adjoining  thickly  settled  frame 
building  area.  Apparently  the  possibility  of  fire  in  the 
adjoining  concrete  building  was  not  serioiisly  considered 
until  flames  appeared  on  some  of  the  floors  of  that  build- 
ing. Just  where  these  flames  entered  is  not  known.  It 
may  be  noted  from  Fig.  5  that  the  two  lower  firedoors 
on  the  exposed  side  are  open  but  in  place ;  inside  evi- 
dence shows  that  there  was  no  entry  of  flame  at  eitlier 
of  these  openings.  The  third-floor  door,  however,  is  gone 
and  fallen  floors  inside  do  not  permit  of  inve.stigation 
of  conditions  there.  It  is  possible  that  this  door  was 
open  and  that  the  fire  entered  here.  Other  possible  points 
■of  entry  are  windows,  either  on  the  street  fronts  or  on  the 
exposed  side,  which  may  have  been  open  or  subjected  to 
such  heat  as  to  break  the  wire  glass. 

The  fire  was  not  put  out  until  the  frame  shop  and  an 
adjoining  residence  had  been  destroyed  and  the  concrete 
warehouse  apparently  gutted.  An  inspection  of  the  ware- 
house later  showed  that  the  contents'  destruction  was  very 
scattered.  In  several  of  tlie  upper  floors  hardly  any  dam- 
age had  been  done  and  in  no  place  was  there  complete 
combustion  or  evidence  of  very  high  temperature.  Hori- 
zontal separation  was  very  good. 

In  one  section  of  one  floor  abnormal  conditions  pre- 
vailed. This  section  is  on  the  third  floor  at  the  north, 
that  is  the  back,  end  of  the  building.  Here  the  nortii- 
east  bay  was  separated  by  tile  partitions  and  was  used 
as  a  storage  room  for  inflammable  oils  and,  it  is  reported, 
for  celluloid  sheets.  Above  this  the  floor  was  loaded  with 
gas  ranges  in  crates  and  adjoining  that  with  screen  doors. 
The  bay  west  of  tlie  oil  room  was  open  and  only  sparsely 
filled  with  combustible  material. 

The  views.  Figs.  2  to  -1,  show  the  present  condition  of 
that  part  of  the  building.  The  northeast  panel  of  the 
fourth  floor    (over  Ihe  oil   room)    has  collapsed  and  let 


down  the  load  of  gas  ranges  onto  the  third  floor  which 
is  still  intact.  This  is  shown  in  the  background  of  Fig.  3. 
The  main  column,  26x26-in.  square  with  eight  %-in.  ver- 
tical bars,  shown  in  the  background  of  Fig.  4,  has  cracked 
clear  through  diagonally  and  has  had  the  li^  to  2  in. 
concrete  surfacing  nearly  completely  broken  off  the  steel, 
which  has  bulged  outward  to  accommodate  the  2  or  3  in. 
drop  in  the  column.  The  cross  girder,  at  the  right  in 
Fig.  4,  is  also  damaged  to  the  extent  of  exposing  the 
steel  but  has  not  apparently  sagged.  The  fourth-floor  bay 
just  south  of  this  girder — only  lightly  loaded — has  also 
collapsed  onto  the  third  floor  which  still  holds.  The 
longitudinal  girder,  common  to  the  backgrounds  of  Figs. 
2,  3  and  4,  has  sagged  appreciably  and  cracked  as  shown 
and  its  wall  column  support  has  lost  most  of  the  face 
concrete  though  no  reinforcement  is  disclosed.  No  fur- 
ther pronounced  structural  damage  is  visible  in  the  build- 
ing, but  complete  exploration  may  reveal  minor  faults. 

Until  further  examination  is  possible  it  is  hardly  profit- 
able to  conjecture  on  what  happened  at  this  end  of  the 
building.  It  appears  at  present  as  though  the  fire  en- 
tered from  the  front  of  the  building  toward  the  rear  of 
the  +hird  floor  and  rai.sed  the  oil  and  celluloid  there  to 
an  explosive  temperature,  the  ensuing  explosion  blow- 
ing down  the  partitions  and  subjecting  the  ceiling  and 
column  to  such  intense  heat  as  to  cause  local  failure 
and  subsequent  collapse.  This  fire  was  probably  soon  ex- 
tinguished because  the  wooden  crates  now  in  what  was 
the  oil  room  are  hardly  scorched,  which  also  may  indi- 
cate that  the  collapse  occurred  subsequent  to  the  intense 
heat  in  that  compartment.  The  failure  of  the  diagonally 
opposite  bay  (see  diagram)  must  have  been  due  to  the 
sudden  drop  of  the  column  and  consequent  shock  to  the 
floor-beam  as  neither  above  nor  below  are  evidences  of 
much  heat. 

The  building  de])artmcnt  became  fearful  of  the  safety 
of  the  building  and  are  now  considering  its  future  dis- 
position. An  examination  of  the  other  parts  and  the 
apparent  stability  of  the  third  floor  under  the  falling 
fourth  floor  would  seem  to  indicate  that  the  fear  is  un- 
founded and  that,  like  the  Edison  buildings  at  West 
Orange,  the  warehouse  can  cheaply  and  readily  be  re- 
stored to  a  safe  condition. 

1>Y     V.     A.    IxUiBOFRt 

In  entirely  metered  systems,  or  in  systems  where  tlie 
metered  services  exceed  85%  of  all  the  services,  at  least 
20%  of  the  water  furnished  is,  on  the  average,  unac- 
counted for.  The  question  arises  as  to  whether  we  should 
be  content  with  such  a  condition. 

This  20%  loss  is  not  based  on  a  comparison  of  pump 
records  with  the  water  sold,  but  on  the  figures  furnished 
by  water-works  superintendents  as  to  the  water  unac- 
counted for  in  their  systems.  These  figures  presumably 
include  corrections  for  such  items  as  pump  slippage.  It 
would  seem  that  a  loss  of  20%,  due  to  leakage  from  mains 
and  services  or  to  under-registration  of  meters,  which  un- 
doubtedly represents  the  best  conditions,  is  sullicicntly 
sizable  to  justify  careful  consideration  of  possilijc  reme- 
dies. 


♦Abstract  of  a  discussion  at  the  meeting  of  the  New  Eng- 
land Water-Works  Association,  Boston,  Mass.,  Nov.  8. 
tConsulting    Engineer,    Boston,    Mass. 
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We  all  know  that  the  total  u-naccounted-for  water  in 
unmetered  systems  is  enormous;  presumably  we  all  agree 
that  metering  is  the  great  remedy,  and  yet,  as  reported 
by  the  United  States  Department  of  Commerce,  only  -10% 
of  the  services  are  metered  in  201  cities,  containing  26,- 
000,000  people  and  having  an  average  per  capita  consump- 
tion of  139  gal.  per  day.  This  total  loss  is  not  the  sub- 
ject of  our  immediate  discussion,  but  as  a  means  of 
calling  attention  to  present  standards  of  management  a 
few  figures  may  not  be  amiss. 

The  total  population  in  the  United  States  supplied 
with  water  from  public  works  may  i)e  taken,  for  present 
purposes,  at  50  million  people,  and  the  average  amount  of 
water  furnished  per  day  at  100  gal.  per  capita.  The  total 
water  supplied  daily  by  public  works  is,  therefore,  in 
round  figures,  5,000  million  gallons.  It  is  probably  a 
safe  statement  that  50%  of  this  quantity  is  wasted,  and 
assuming  the  actual  cost  of  furnishing  the  useless  2,500 
million  gallons  to  be  $25  per  million  gallons — and  this 
is  an  extremely  low  figure — the  cost  per  day  of  the  water 
wasted  is  equal  to  $62,500  or  $22,800,000  per  year,  which 
is  equal  to  the  interest  on  an  investment  of  $500,000,000. 
Figured  in  this  rough  way,  the  results  do  not  speak  very 
well  for  our  present-day  standard  of  management  of  water 
systems.  If  it  should  be  answered  that  it  is  not  practicable 
to  prevent  this  loss,  a  reasonable  reply  would  be  that  at 
least  we  should  know  more  about  its  causes  than  appar- 
ently is  known  at  the  present  time. 

As  already  stated,  metering  is  the  great  moans  of  reduc- 
ing the  total  waste  on  which  the  previous  figures  are 
based,  but  there  remains  the  fact  that  in  the  fully  metered 
systems,  on  the  average,  at  least  20%  of  the  water  fur- 
nished is  unaccounted  for,  and  probably  if  more  accurate 
data  were  available,  this  percentage  would  be  shown  to 
be  materially  greater.  The  late  Emil  Kuichling  estimated 
2,500  to  3,000  gal.  per  mile  per  day  as  the  leakage  from 
well-laid  mains  ;  the  late  Dexter  Brackett  estimated  a  leak- 
age of  from  10,000  to  15,000  gal.  per  day  in  the  Metro- 
politan District;  and  John  K.  Freeman  stated  that  his 
best  guess  of  the  underground  leakage  in  Xew  York  was 
from  25  to  35  gal.  per  day  per  capita,  equal  to  from  20,000 
to  30,000  gal.  per  day  per  mile  of  pipe. 

In  six  cities,  with  95%  of  the  services  metered,  reported 
by  Brackett  in  1904,  36%  of  the  water  was  unaccounted 
for,  equal  to  an  average  loss  of  11,300  gal.  per  mile  of  pipe. 
James  H.  Fuertes,  in  the  1906  Eeport  to  the  Merchants 
Association  of  Xew  York,  presented  statistics  from  13 
cities,  where  on  the  average  82%  of  the  services  were 
metered,  which  showed  that  31%  of  the  supply  was  unac- 
lounted  for,  equivalent  to  approximately  18,000  gal.  per 
lile  of  pipe. 

What  part  of  these  losses  are  chargeable  to  the  mains  is 
unknown,  but  from  the  results  of  such  leakage  surveys  as 
bavc  been  made,  and  from  the  reported  actual  losses  dis- 
covered in  some  cities,  it  is  probal)le  that  7,500  gal.  per 
mile  of  pipe  per  day  is  a  conservative  estimate  of  the 
water  lost  by  leakage  from  the  60,000  mi.  of  mains  now 
iin  use  in  the  public  supplies  of  this  country,  or  450  mil- 
lion gallons  daily.  At  $25  per  million  gallons,  this  is  equal 
•  a  daily  loss  of  $11,250  or  $411,000  per  year,  or  the  in- 

ivst  on  $100,000,000. 

Ill  the  light  of  this  economic  waste  it  would  appear  that 
ii''  subject  of  leakage  from  mains  i.?  worthy  of  careful 
lonsideration.  The  Committee  on  Water  Consumption 
of  the  Xew  England  Water- Works  Association  reported  in 


1913  that  "in  general  it  may  be  said  that  if  in  a  well- 
metered  system  the  water  unaccounted  for  does  not  exceed 
25%  of  the  total  pumpage,  the  practice  is  good."  Doubt- 
less this  should  be  interpreted  to  mean  that  a  25%  loss  is 
good  compared  with  the  average  present  practice,  but  is  it 
good  compared  with  the  standard  which  should  be  set  up 
in  this  age  when  we  hear  so  much  about  conservation? 
Should  we  complacently  accept  a  loss  of  25%  as  inevitable, 
and  if  this  loss  cannot  reasonably  be  much  reduced  in 
the  syitems  already  constructed,  what  about  the  possibility 
of  better  methods  of  construction  in  the  pipe  to  be  laid 
in  the  future  ? 

It  is,  of  course,  out  of  the  question  to  consider  the  re- 
laying of  present  systems  or  to  do  more  than  make  leak- 
age surveys  and  check  the  larger  losses,  but  in  the  light 
of  present  knowledge,  is  it  not  time  to  seriously  undertake 
an  analysis  of  the  causes  responsible  for  the  present  large 
percentage  of  water  unaccounted  for?  If  these  losses 
are  chargeable  to  under-registration  of  meters,  then  this 
should  be  definitely  made  known,  and  consideration  given 
to  the  possibility  of  developing  more  sensitive  or  more 
accurate  measuring  apparatus. 

Are  we  taking  sufficient  care  in  testing  pipe  for  water 
tightness  when  laid?  About  60%  of  those  replying  to 
the  circular  of  the  Committee  stated  that  the  pipe  is 
tested  when  laid,  and  all  but  six  make  the  test  before 
backfilling.  In  the  writer's  experience,  testing  before 
backfilling  in  the  ordinary  work  of  laying  distribution 
systems  is  rare,  and  it  is  undouljtedly  from  the  practice  of 
simply  turning  on  the  water  without  any  test  that  a  con- 
siderable part  of  the  present  leakage  develops.  The  stand- 
ard of  those  who  test,  as  indicated  by  the  replies  received, 
is  "absolute  tightness,"  but  in  the  writer's  experience  this 
result  is  not  easy  to  obtain,  and  only  possible  where  the 
joints  are  gone  over  several  times  after  the  pressure  is 
applied. 

Where  pipes  are  backfilled  before  testing,  the  allowable 
leakage,  as  determined  by  such  test,  has  varied  greatly  in 
different  specifications.  John  H.  Gregory  at  Columbus 
made  the  limit  500  gal.  per  inch-mile  per  day.  At  Akron 
200  gal.  per  inch-mile  per  day  was  specified,  while  actual 
results  at  Akron  showed  about  70  gal.  per  inch-mile  per 
day.  E.  G.  Bradbury,  in  his  paper  before  the  Xew  Eng- 
land Water-Works  Association  in  1914,  proposed  100  gal. 
per  inch-mile  per  day  as  a  reasonable  standard  for  the  al- 
lowable leakage  in  testing  after  backfilling.  He  figured 
that  the  difference  between  500  and  100  gal.  per  inch-mile 
per  day,  estimating  the  cost  of  the  water  at  $85  per  million 
gallons,  would  equal  a  yearly  cost  for  water  lost  in  a  city 
of  100,000  ])eopIe,  of"  $5,256 ;  or  in  other  words,  the 
city  could  afford  to  spend  $470  per  mile  in  order  to  save 
400  gal.  of  leakage  per  inch-mile  per  day. 

Again,  are  the  present  jointing  methods  the  best  quali- 
fied to  maintain  tightness  after  periods  of  use?  Who 
knows  anything  about  the  comparative  leakage  when  laid 
and  after  several  years? 

In  this  latter  connection  the  history  of  the  work  at 
Grandview,  Ohio,  is  of  interest.  As  reported  by  Mr.  Brad- 
bury, the  supply  is  mc^asured  by  a  tested  meter  and  all  ser- 
vice pipes  are  metered.  The  5.5  mi.  of  pipe  originally  laid 
were  tested  before  backfilling  and  the  leakage  before  any 
connections  were  made  amounted  to  31  gal.  per  inch-mile 
per  day,  or  in  other  words,  the  system  was  practically 
watertight.  Subsequently  0.9  mi.  of  additional  mains 
were  laid,  and  gradually  in  the  four  years  since  the  date 
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of  original  construction  the  services  have  increased  to  the 
present  number  of  205.  Either  by  less  careful  work  in 
the  extension  or  by  depreciation  of  the  original  work,  or 
by  under-registratiou  of  the  gradually  increasing  nuuiljer 
of  meters,  the  unaccounted-for  water  has  increased  until 
at  the  present  time  it  averages  about  150  gal.  per  inch- 
mile  per  day. 

An  interesting  feature  in  connection  with  these  records 
is  that  the  unaccounted-for  water,  based  on  three  years' 
observations,  averages  60  gal.  per  inch-mile  per  day  during 
the  six  months  from  October  to  April  and  213  gal.  during 
the  six  months  from  April  to  October.  In  other  words,  tlie 
records  indicate  in  this  system  that  the  unaccounted-for 
water  is  three  times  as  great  during  the  summer  as  during 


the  winter  months.  ^\niether  some  local  explanation  can 
be  found  for  this  result,  or  whether  it  is  a  reasonable  re- 
sult of  temperature  changes  is  not  known,  but  data  from 
other  systems  showing  the  unaccounted-for  water  during 
jieriods  of  varying  temperature  woiild  be  of  considerable 
interest. 

Any  information  of  definite  tests  of  leakage  from  obser- 
vation of  mains  after  periods  of  use  or  of  the  effect  of 
temperature  on  leakage  or  the  results  of  tests  of  leakage 
from  lead  joints  with  difEerent  shapes  of  bell  and  spigot 
or  of  other  types  of  joints  will  be  of  value  to  the  New  Eng- 
land AVater- Works  Association  Committee  on  Leakage, 
and  it  is  hoped  that  if  any  one  has  such  information  he 
will  forward  it  to  the  Committee. 
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Itisppls^  Losses  Dflsc^ssedls 


The  regular  moiitlily  meeting  of  the  Xew  England 
Water-Works  Association,  held  in  Boston,  Mass.,  Nov.  8, 
was  devoted  chiefly  to  the  report  of  the  committee  on 
meter  rates,  water  loss  by  leakage,  non-registration  of 
meters  and  otherwise.  The  aggregate  amount  of  and 
the  economic  features  of  water  waste  caused  by  leakage 
and  non-registration  of  water  meters  were  clearly  set 
forth  by  F."a.  Barbour. 

The  report  of  the  committee  on  meter  rates  and  water 
loss,  presented  by  Allen  Hazen,  consulting  engineer.  New 
York  City,  chairman,  contained  a  great  deal  of  new  and 
interesting  matter.  In  a  way  it  was  a  discussion  of  Mr. 
Barbour's  paper  on  leakage,  presented  at  the  recent  Port- 
land convention  of  the  association.  The  committee  has 
collected  statistics  as  to  tlie  use  and  loss  of  water,  and 
allied  matter,  from  a  number  of  completely  metered 
systems. 

Returns  were  received  from  :!5  water-works  systems. 
These  systems  had  521,364  services  and  520,719  meters. 
The  total  daily  output  was  about  300  million  gallons  or 
575  gal.  per  service.  Of  this  quantity  about  110  gal.  per 
service  was  not  accounted  for.  Tlie  majority  of  these 
systems  measured  their  total  output  by  venturi  meters. 

The  amount  of  water  unaccounted  for  averaged  27% 
of  the  total  output.  For  the  several  systems  the  water  not 
accounted  for  ranged  from  12  to  49%.  The  loss  of  water 
was  attributed:  (1)  Leakage  from  mains;  (2)  leak- 
age from  service-pipes  between  mains  and  meters;  (3) 
under-registration  of  meters;  (4)  water  used  for  various 
purposes,  not  metered  or  estimated,  as  flushing  sewers,  etc. 

About  half  of  the  total  number  of  services  passed  less 
than  100  gal.  per  day:  and  there  are  few  meters  which 
register  a  steady  flow  of  as  little  as  100  gal.  per  day. 
Therefore  it  is  possible  for  much  water  to  be  wasted  by 
plumbing  leaks  which  will  not  be  metered.  The  larger 
sized  meters  pass  much  larger  amounts  without  registra- 
tion. About  86.6%  of  all  the  meters  in  the  systems 
studied  were  %-in.  size. 

The  report  of  the  committee  gives  much  data  on  the 
classification  of  different  consumers  by  quantity  of  water 


used,  and  on  the  quantity  of  water  delivered  by  meter.« 
of  various  sizes. 

The  committee  decided  that  with  complete  metering 
and  with  meters  carefully  tested  it  is  possible  to  reduce 
the  unaccounted-for  water  to  20%  of  the  total  output, 
or  to  from  60  to  80  gal.  per  service. 

As  to  service  charges  where  meters  are  installed  the 
committee  decided  that  they  should  be  based  in  a  general 
Avay  on  their  carrying  capacities.  A  table  of  relative 
capacities  of  the  different  sizes  of  meters  is  included  in 
the  report.  The  report  of  the  committee  embodying  this 
charge  for  a  %-in.  meter  was  adopted:  (1)  A  charge  of 
10%  of  the  average  investment  of  the  works  in  the  serv- 
ice pipe  and  meter;  (2)  a  charge  of  $1  per  annum  for 
reading  meters,  billing  and  collecting;  (3)  a  charge  of 
•$2  per  annum  for  the  probable  value  of  unregistered 
water. 

The  form  of  meter  rate  schedule  presented  to  the  Asso- 
ciation by  the  committee  and  printed  in  the  "Journal"  of 
the  Association,  Vol.  30,  p.  361,  was  adopted.  The  com- 
mittee believes  this  form  of  schedule  flexible  enougli  for 
all  water-works.  The  committee  made  no  reconnnenda- 
tions  for  or  against  a  uniform  or  sliding  scale  of  rates. 
^Ir.  Hazen,  however,  personally  favored  a  sliding  scale  in 
which  the  following  elements  would  be  considered:  (1) 
Cost  of  supplying  1,000  gal.  (should  be  uniform);  (2) 
service  charge  (more  for  larger  sizes);  (3)  distribution 
cost  (less  for  larger  sizes  of  services). 

MiiaiffieapxDSas  Wisas  Filtteir  Stiait 

After  vears  of  litigation  and  defeat  in  the  lower  court, 
the  City  of  .Minneapolis  has  established  its  right,  and 
the  right  of  other  cities  as  well,  to  the  use  of  the  cen- 
tral control  of  operating  valves  and  also  to  the  use  of 
a  screen  between  the  sand  and  the  gravel  in  mechanical 
water  filters.  The  United  States  Circuit  Court  of  Ap- 
peals declares  that  central  control  is  not  only  "com- 
mon, familiar  practice  in  other  branches  of  industry" 
but  was  covered  in  patent  No.  564,474,  dated  July  21, 
1896,  on  central  closing  of  bulkheads,  doors,  hatches,  etc., 
on  ship  board.  The  patent  claim  for  a  screen  between 
filter  sand  and  gravel  was  anticipated,  the  court  holds, 
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by  a  half  dozen  pateuti*  granted  to  Hyatt,  Peterson,  Weid- 
erraau,  and  Hefel  years  ago.  Of  the  claim  that  the 
screen  prevented  the  gravel  from  rising  u])  into  the  sand, 
the  court  declares  that  it  does  not  think  that  "rises  to 
the  dignity  of  invention.  It  would  naturally  occur  to  a 
person  ordinarily  familiar  with  such  work."  The  decree 
of  the  lower  court  is  ordered  reversed  and  the  bill  dis- 
missed. 

The  decision  of  the  lower  court  was  handed  down  in 
August,  1915.  The  two  contested  claims  were  printed  in 
Eiu/ineering  News-  of  Sept.  9,  1915.  These  claims  were 
claim  1  of  patent  649,410  on  central  control  of  filter 
operations,  and  claim  14  of  jiatent  649,411  on  the  use  of 
a  screen  between  the  sand  and  gravel,  granted  to  Ira  H. 
Jewell  on  May  8.  1900.  In  the  earlier  decision  there 
was  also  considered  patent  649,409  for  a  combination  of 
a  filtered-water  ciiamljer  beneath  a  filter  l)ed  with  col- 
umns supporting  the  bed  from  the  Ijottoni  of  the  chamber 
and  means  for  forcing  the  water  up  from  the  cliamber 
tlirough  the  bed.  This  patent  was  thrown  out  by  the 
lower  court.  Comment  on  these  and  some  other  recent 
patent  decisions  may  be  found  in  the  editorial  columns 
of  this  issue. 


ce 


In  accordance  with  the  terais  of  the  Federal  Aid  to 
Road  Construction  Act,  the  Secretary  of  Agriculture  has 
delegated  the  responsibility  of  sujiervising  tlie  Federal  aid 
roads  to  the  Oflfice  of  Public  Roads  and  Rural  Engineer- 
ing. To  enable  the  oflfice  to  carry  out  this  responsibility, 
a  new  organizntion  was  put  into  effect  on  Nov.  1, 
which  is  shown  in  graphical  form  herewith. 

As  the  chart  makes  clear,  the  two  main  branches  of  the 
office  are:  (1)  Engineering  and  (2)  Management  and 
Economics.  The  Chief  Engineer,  P.  E.  St.  J.  Wilson, 
has  charge  of  the  Engineering  l)ranch,  reportimi;  dirortly 


to  the  Director  of  the  Office,  Logan  W.  Page,  and  be- 
coming Acting  Director  in  Mr.  Page's  absence.  The  heads 
of  the  divisions  of  Rural  Engineering,  Drainage,  Irriga- 
tion, and  Road  Materials  report  directly  to  Mr.  Wilson, 
and  he  himself  has  charge  of  the  work  of  object-lesson 
road  construction  and  maintenance  investigations  author- 
ized in  the  .Agricultural  Appropriation  Act,  and  also  of 
the  Federal  aid  roadwork,  including  the  building  of  roads 
in  forest  reservations. 

The  ten  field  districts  e.stablished,  as  shown  on  the 
chart,  will  each  be  in  charge  of  a  district  engineer  to  look 
after  the  Federal  aid  roadwork  in  his  territory,  and  also 
such  object-lesson  roads  and  experimental  work  as  may 
be  built  in  his  district.  The  organization  ahso  provides, 
as  shown  by  the  chart,  for  two  general  inspectors  whose 
duty  it  will  be  to  inspect  field  operations  upon  instruc- 
tions fioni  tlic  director,  reporting  directly  to  him. 

ana  C 

United  States  Patent  Xo.  1,089,10.").  granted  to  W.  S. 
Ferguson  and  assigned  to  J.  D.  C'arey,  for  a  "reinforccd- 
concrete  dock  or  pier,"  was  upheld  on  Oct.  lo,  191(>,  in 
a  decision  handed  down  by  Judges  Warrington,  Knappen 
and  Sessions,  of  the  United  States  Court  of  Appeals,  sixth 
circuit.  The  case  l)efore  them  was  the  Detroit  Iron  and 
Steel  Co.  against  James  D.  Carey  and  was  a  review  oF 
the  decision  of  July  17,  1915,  by  Judge  Tuttie,  of  the 
United  States  Di.strict  Court,  in  which  he  decided  that 
the  company  infringed  the  Ferguson  patent  in  the  con- 
struction of  a  rein  Forced-concrete  dock  at  Detroit,  Mich. 

The  Ferguson  patent,  now  owned  and  exploited  by  the 
Cleveland  Dock  and  Kngineering  Co.,  Cleveland,  Ohio, 
of  which  Mr.  Carey  is  president,  is  essentially  on  an  L- 
.shaped  reinforced-concrete  wall  extending  out  over  a 
waterway,  with  the  outer  end  supported  on  spaced  piles 
anil    the   inner  end   on   or   alongside   of  a   tiulit   wall    of 
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sheetpiling.  The  patent  was  granted  Mar.  10,  1914,  but 
the  patentee  .swore  the  invention  back  to  July  10,  1906. 
The  lower  court  decided,  first,  that  the  dock  wall  in 
suit  was  an  infringement  of  the  Ferguson  design,  and, 
second,  that  that  design  was  not  anticipated  either  by 
previous  patents  or  structures.  The  Court  of  Appeals 
affirmed  this  decision  and  furthermore  stated  that  even 
tliough  every  element  in  the  design  was  old — a  conten- 
tion of  the  plaintiff  in  appeal — "invention  would  still  exist 
if  by  the  combination  of  these  old  elements  there  is  pro- 
duced a  new  and  useful  result,  or  if  the  result  is  effected 
m  a  new  and  materiallv  better  wav,  as  in  the  case  here." 


ISilTEini© 


On  Nov.  14  the  engineers  for  the  proposed  new  marine 
and  industrial  terminal  at  Bayoune,  N.  J.,  presented  the 
recommendations  for  the  first  unit  of  the  terminal  to 
the  Board  of  Commissioners  of  Bayonne.  As  described 
in  Engineering  News,  July  13,  19 j 6,  p.  90,  the  terminal 
is  to  be  the  joint  project  of  the  city  and  of  a  company 
headed  by  Irving  T.  Bush,  and  is  to  resemble  the  famous 
Bush  terminal  in  Brooklyn  in  that  it  will  contain  ware- 
liouses  and  factories,  with  ample  railway  entrance  and 
pier  accommodation.  The  first  unit  is  described  by  the 
engineers  as  follows : 

The  installation  will  provide  on  upper  New  York  Bay  dock- 
age for  30  modern  freight  ships  in  addition  to  lighters,  barges, 
etc.,  a  railroad  yard  with  facilities  for  classifying  and  as- 
sembling freight  with  a  capacity  of  1.000  cars,  a  ferry  term- 
inal for  a  Bayonne-Manhattan  vehicular  and  passenger  ferry, 
four  miles  of  bulkhead  platform,  1,350,000  sq.ft.  of  one-story 
bulkhead  sheds  and  7,770,000  cu.ft.  of  second-  and  third-story 
bulkhead  sheds,  and  over  200  acres  of  land  for  industrial 
buildings  together  with  trolley  rnd  highway  connections,  rail- 
road sidings,  float  bridges  for  va;^road  cars,  etc. 

The  total  estimated  cost  of  this  installation  is  $7,234,545, 
of  which  $2,121,S73  is  for  dredging,  bulkheading  and  reclama- 
tion, and  $5,112,872  for  the  other  facilities.  These  estimates 
provide  for  interest  on  the  cost  during  construction  and  pro- 
vide for  35  ft.  depth  of  water. 

These  plans  are  embodied  in  a  detailed  report  wliich 
has  been  prepared  under  the  immediate  direction  of  B.  F. 
Cresson,  Ji'.,  Chief  Engineer  of  the  New  Jersey  State 
Board  of  Commerce  and  Navigation,  and  F.  Van  Z.  Lane, 
Engineer  of  the  Bayonne  Chamber  of  Commerce. 


is^Eagiimeeff'S    JaJasctuiss 
A.pps'Si.assiE  Siiffidl  0®p2°©£asitiB®ia 

The  regular  November  meeting  of  the  American  Inst'- 
tute  of  Electrical  Engineers,  in  New  York  City,  Nov,  lo, 
was  given  up  to  a  discussion  of  the  subject  of  appraisals 
and  depreciation.  The  opening  paper  was  by  Philander 
Betts,  Chief  Engineer,  New  Jersey  Public  Utility  Com- 
mission. It  was  entitled  "Effect  of  Recent  Decisions  on 
Work  of  Inventory  and  Appraisal."  This  was  an  argu- 
ment that  appraisals  must  be  sufficiently  detailed  so  as  to 
give  their  results  with  a  very  small  percentage  of  error, 
and  cited  a  few  cases  leading  up  to  a  disclosure  of  the 
necessity  of  classifying  property  as  to  use  and  degree  of 
use  in  various  classes  of  service. 

The  second  paper,  entitled  "Continuous  Inventories, 
Their  Preparation  and  Value,"  was  by  H.  E.  Carver,  As- 
sistant Engineer,  New  Jersey  Public  Utilities  Commis- 
sion. It  disclosed  first  the  many  uses  for  a  continuous 
inventory  in  addition  to  the  benefits  secured  by  operating 
companies  in  promoting  efficient  operation  and  keeping 


down  unit  costs  of  doing  work — the  gains  being  in  hav- 
ing data  always  available  for  answering  complaints  as  to 
charges,  being  prepared  for  cases  involving  increases  on 
account  of  increased  cost  of  labor  and  material,  possibility 
of  immediate  presentation  of  property  value  for  basis  of 
.security  issues,  possibility  of  checking  accruing  renewal 
funds,  having  immediately  available  data  for  satisfying 
labor  investigations,  ability  to  make  more  accurate  dis- 
tribution of  charges,  etc.  It  was  found  that  all  the  re- 
quirements for  accomplishing  the  running  inventory  re- 
sided in  the  work-order  system  generally  used  by  com- 
panies under  various  terms  like  "authorizations  for  ex- 
penditure." A  single  additional  step  was  required:  An 
allocation  of  the  cost  of  each  piece  of  coiLstruction  or 
projierty  acquired  had  to  be  made  in  detail  when  the  work 
was  completed.  Specific  forms  were  exhibited  to  illustrate 
how  such  a  .system  was  built  up. 

The  third  paper,  entitled  "Growth  and  Depreciation," 
was  by  Julian  Loebenstein,  Junior  Engineer,  Public  Serv- 
ice Commission  for  the  First  District,  State  of  New  York. 
This  was  a  study  of  the  effect  of  growth  of  a  utility  plant 
in  capacity  as  to  its  effect  on  depreciation  and  rene-.vals 
(assuming  that  the  various  pieces  of  equipment  followed 
perfectly  definite  and  fixed  lengths  of  life).  It  appeared 
from  graphical  analysis  that  the  condition  of  the  prop- 
erty at  any  time  was  dependent  upon  the  rate  of  growth 
as  well  as  the  amount  of  maintenance.  The  author  argued 
that  in  rate  cases  a  return  should  be  allowed  on  reserves 
for  renewals,  provided  that  depreciated  value  of  the  prop- 
erty was  also  employed.  The  sum  of  renewal  reserve  and 
depreciated  value  gives  the  original  \ah\Q.  which  many 
desire  to  employ. 

The  oral  discussion  on  these  papers  was  meager. 

B^iSftlSsiS  IrrSgaitioBa  Project 

Life  has  been  put  into  the  irrigation  ju'oject  of  the 
Kittitas  Reclamation  District  embracing  about  T  0,000 
acres  of  irrigable  land  near  Ellensburg,  Wash.  It  is  re- 
ported that  Twohy  Bros.  Co.,  of  Portland,  Ore.,  has  an 
option  extending  to  Dec.  1  for  the  purchase  of  bonds  and 
construction  of  the  proposed  works.  The  district  was 
formed  in  1912.  Surveys  and  plans  were  made  at  an 
expense  of  about  $G0.000"  and  a  bond  issue  of  $5,000,000 
was  authorized.  For  various  reasons  it  appears  to  have 
been  impossible  to  dispose  of  the  lionds  and  so  the  project 
has  remained  dormant.  R.  H.  Thompson,  of  Seattle,  and 
J.  R.  Holman,  of  Portland,  have  made  a  report  on  the 
project,  and  have  recommended  changes  in  the  plans  wliich 
n  is  expected  will  make  a  material  saving. 

The  flater  supply  for  the  project  would  be  from  storage 
in  the  Government  reservoirs  on  the  headwaters  of  the 
Yakima  River.  Water  would  be  diverted  from  tlie  river 
near  Easton  to  and  through  about  92  mi.  of  canal.  Special 
features  of  the  project  are  several  siphons  across  creeks 
and  canons  tributary  to  the  Yakima  River,  and  a  largi' 
siphon  by  which  the  north  branch  canal  would  cross  the 
Yakima  River  under  a  head  of  295  ft.  The  estimated 
cubic  yardage  of  various  sorts  is  as  follows:  Earth,  1,- 
G83,.5d0;  gravel,  896,000;  hardpan,  407,300;  loose  rock. 
128,800;  cemented  gravel,  292,000;  solid  rock,  198,900; 
concrete,  all  classes,  95,000.  Steel  requirements  (i" 
pounds)  are:  Structural,  1,745,300;  pipe,  1,113,400; 
reinforcing  bars,  2,557,000;  pipe  bands,  2.690,800. 
About  3,400,000  ft.  b.in.  of  lumber  would  also  be  required. 
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Results  of  Fire-Prevention  Worls  in  some  of  the  larger 
cities  in  the  country  are  summarized  by  the  National  Board 
of  Fire  Underwriters  in  a  recent  bulletin.  New  York  City 
had  1,010  fewer  fires  in  1915  than  in  1914,  and  its  aggregate 
fire  losses  were  $2,460,000  less.  Chicago  in  1915  had  1.238 
fewer  fires  than  in  1914,  and  its  fire-loss  total  was  reduced 
$1,006,000.  Cincinnati  had  430  fewer  fires  in  1915  than  in  1914, 
and  its  losses  were  reduced  nearly  SOTc.  Milwaukee  had*  6S2 
fewer  fires  in  1915  than  in  1914  and  reduced  its  fire  loss  $291,- 
000.  All  the  cities  above  named  have  been  doing  effective 
work    for    fire    prevention. 

Union  Paelfio  Improvements  to  cost  several  million  dollars 
were  announced  in  a  press  dispatch  from  Omaha,  Nov.  9. 
quoting  Judge  Lovett,  Chairman  of  the  Board,  as  stating  tliat 
a  new  tunnel  would  be  driven  under  Sherman  Summit,  Wyom- 
ing, where  the  road  crosses  the  Continental  divide.  Official 
information  has  since  been  furnished  that  the  proposed  work 
involves  the  completion  of  the  double  tracking  over  Sherman 
hill  between  Hermosa  and  Buford,  about  12  mi.,  which  will 
Involve  a  new  l,S00-ft.  tunnel  parallel  and  adjacent  to  the 
present  Sherman  tunnel.  While  the  proposed  work  is  under 
consideration,   it   has  not   yet   been   definitely   decided   on. 

Pro(tress  on  tlie  Four  East  River  Tunnels  under  construc- 
tion for  the  New  York  Rapid  Transit  System  was  reported 
by  the  Public  Service  Commission  under  date  of  Nov.  13.  The 
tunnel  which  is  being  driven  between  Old  Slip.  Manhattan, 
and  Clark  St.,  Brooklyn,  is  the  farthest  advanced.  The 
headings  of  the  north  tube  for  this  tunnel  are  now  in 
solid  rock  and  only  190  ft.  apart.  It  is  expected  these  head- 
ings will  meet  about  Dec.  1.  The  headings  of  the  south  tube 
for  the  same  tunnel  are  about  300  ft.  apart.  The  tunnel  far- 
thest south,  that  between  Whitehall  St.,  Manhattan,  and 
Montague  St.,  Brooklyn,  has  its  headings  about  1.000  ft.  apart, 
and  it  is  expected  they  will  be  joined  about  May  1,  1917. 
For  the  two  northern  tunnels,  which  are  to  extend  under  the 
river  from  14th  St.  and  60th  St.,  Manhattan,  the  shafts  are 
now  being  sunk. 


Frank  M.  Williams,  M.  Am.  Soc.  C.  E.,  has  been  re-elected 
State  Engineer  of  New  York  on   the  Republican  ticket. 

F.  L.  Beal,  Jun.  Am.  Soc.  C.  E.,  Valuation  Engineer  of  the 
Louisiana  &  Arkansas  Ry.,  Stamps,  Ark.,  has  been  promoted  to 
be  General  Manager  of  the  company. 

Maieolm  H.  Crump  has  resigned  as  County  Road  Engineer 
of  Warren  County,  Kentucky,  effective  Jan.  1,  1917,  and  will 
devote  his  whole  time  to  private  practice. 

A.  P.  IrVyman,  formerly  Assistant  Engineer  of  the  Maine 
Central  R.R.,  Portland,  Maine,  has  been  appointed  Civil  Engi- 
neer of  the  Texas  Steamship  Co.,  Bath,  Maine. 

Edivin  G.  Foster,  Assistant  Engineer  of  the  Buffalo,  Roch- 
ester &  Pittsburgh  Ry.,  has  been  promoted  to  be  Valuation 
Engineer,   with   headquarters  at   Rochester,   N.   Y. 

C.  a.  Lunday,  Superintendent  of  the  Louisiana  &  Arkansas 
Ry.,  Stamps.  Ark.,  has  been  promoted  to  be  General  Super- 
intendent  in   charge   of   operation   and   maintenance. 

J.  L..  Lee,  Assoc.  M.  Am.  Soc.  C.  E.,  of  San  Francisco,  Calif., 
has  been  appointed  Valuation  Engineer  of  the  Sierra  Rail- 
way Co.  of  California,  with  headquarters  at  Jamestown,  Calif. 

WInfleld  A.  Holler,  M.  Am.  Inst.  E.  E.,  formerly  with  Sand- 
erson &  Porter.  New  York  City,  has  organized  the  firm  of 
Haller  &  Krumbhaar,  engineers  and  contractors.  New  York 
City. 

E.  K.  Morse,  M.  Am.  Soc.  C.  E.,  whose  appointment  as 
Rapid  Transit  Commissioner  of  Pittsburgh,  Penn.,  was  noted 
In  last  week's  issue,  has  had  his  appointment  confirmed  by  the 
city    council. 

Arthur  T.  Clark,  Assistant  Engineer  with  Robert  E.  Horton, 
Consulting  Hydraulic  Engineer,  Albany,  N.  Y.,  has  been  ap- 
pointed Resident  Engineer  In  charge  of  the  new  water-supply 
of  Herkimer,  N.   Y. 

Mason  D.  Pratt.  M.  Am.  Soc.  C.  E.,  has  resigned  as  Chief 
Knglneer  of  the  United  Railways  &  Electric  Co..  Baltimore, 
.Md.,  to  resume  private  practice  as  a  consulting  engineer,  with 
'tflces  In  Roland   Park,  Md. 

John  HulMt,  Chief  Mechanical  Engineer  of  the  Carnegie 
~'i-el  Co.,  Pittsburgh,  Penn.,  has  been  appointed  Consulting 
ICnglneer  of  Ihe  Ignited  States  Steel  Corporation,  with  hcad- 
'juarters  at  New   York  City. 

B.  S.  Thayer,  Assoc.  M.  Am.  Soc.  C.  E..  recently  with  the 
Inspiration  Consolidated  Copper  Co.,  Miami,  Ariz..  Is  now  with 


engineering  staff  of  the  Tallassee  Power  0>.,  Alcoa,  Tenn.,  on 
the   construction   of   the   Cheoah   aam. 

Clarence  W'.  Marsh  has  established  an  oflice  at  101  Park 
Ave..  New  York  City,  for  private  practice  in  plant  design  and 
construction  of  industrial,  chemical  and  electro-chemical  en- 
terprises and  for  engineering  investigations. 

R.  (;.  Clyne,  M.  Am.  Soc.  M.  E.,  has  resigned  as  Mechanical 
Engineer  of  the  Western  Cartridge  Co.,  East  Alton.  111.,  to 
engage  in  business  on  his  own  account,  designing  and  build- 
ing special  machinery.  His  headquarters  will  be  in  St.  Louis, 
Mo. 

Sidney  Dillon,  Mechanical  Engineer  of  the  Edgar  Thomson 
Works  of  the  United  States  Steel  Corporation,  has  been  made 
Chief  Mechanical  Engineer  of  the  Carnegie  Steel  Co.,  Pitts- 
burgh, Penn.,  succeeding  John  Hulst.  promoted,  as  noted  else- 
where. 

C.  P.  Collins,  Assoc.  M.  4m.  Soc.  C  B.,  whose  resignation  as 
Sanitary  Engineer  of  Johnstown,  Penn..  "was  noted  in  these 
columns  of  Nov.  2,  p.  S66,  has  adjusted  the  disagreement  be- 
tween the  city  council  and  his  department  and  has  withdrawn 
his  resignation. 

J.  R.  Sherman,  Assoc.  M.  Am.  Soc.  C.  E..  has  resigned  as 
Assistant  Engineer.  United  States  Reclamation  Service, 
Meadow  Creek.  Wash.,  to  become  Engineer  in  charge  of  con- 
struction of  a  large  dam  near  Rancagua,  Chile,  for  the 
Braden  Copper   Co. 

B.  A.  Brennan,  formerly  Contract  Manager  of  the  West- 
inghouse  Machine  Co.  of  Pittsburgh,  recently  Vice-President 
of  the  Mercantile  Trust  Co..  St.  Louis.  Mo.,  has  been  elected 
President  of  the  Citizens  Co..  Baltimore.  Md.  The  Citizens  Co., 
Inc..   is  an   investment  banking   institution. 

Edivin  Higgins,  M.  Am.  Inst.  M.  E..  Chief  Mine  Inspector  of 
California,  has  resigned  to  become  Assistant  Safety  and 
Efl^iciency  Engineer  of  a  group  of  important  mines  in  Cali- 
fornia. He  is  temporarily  succeeded  by  H.  M.  Wolfin,  M. 
Am.  Inst,  M.  E..  Mining  Engineer.  United  States  Bureau  of 
Mines  and   the  California  Industrial  Accident  Commission. 

>orman  1,.  Warford.  recently  in  charge  of  the  Powdered 
Coal  Department  of  the  Anaconda  Copper  Mining  Co.,  Ana- 
conda, Mont.,  is  now  Engineer  In  charge  of  construction  of  the 
Powdered  Coal  Engineering  &  Equipment  Co.,  Chicago,  111. 
Mr.  Warford  installed  at  Anaconda  what  is  claimed  to  be  the 
largest  powdered  coal  plant  in  the  United  States.  It  utilizes 
approximately   1,000   tons   of  pulverized   coal  daily. 

AValter  C.  Allen,  Assoc.  Am.  Inst.  E.  E.,  Electrical  Engineer 
of  the  District  of  Columbia,  Washington,  D.  C,  has  resigned 
to  become  Executive  Secretary  of  the  District  Public  Utilities 
Commission,  succeeding  MaJ.  Julian  L.  Schley,  who  has  been 
assigned  to  the  United  States  Engineer  Oflice  at  New  Orleans, 
La.  Mr.  Allen  is  a  graduate  of  the  University  of  California 
and  has  been  in  the  service  of  the  District  for  the  last  22 
years. 

Carl  J.  Rhodin,  M.  Am.  Soc.  C.  E.,  recently  Civil-Hydraulic 
Engineer,  San  Francisco  office  of  the  J.  G.  White  Engineering 
Corporation,  has  opened  offices  in  the  Alaska  Commercial 
Bldg.,  San  Francisco.  Calif.,  for  privata  practice.  He  was 
graduated  from  the  Royal  Technical  University  of  Stock- 
holm. Sweden,  in  1900.  and  came  to  this  country  two  years 
later.  He  was  engaged  in  bridge  and  structural  work  with 
Eastern  engineering  firms  until  1906.  when  he  went  to  San 
Francisco.  For  a  short  time  he  was  with  the  California  State 
Highway  Department.  He  has  been  with  the  J.  G.  White 
Co.  since  1911. 

Melville  Fiske  Clements,  M.  Am.  Soc.  C.  E.,  whose  appoint- 
ment as  Bridge  Engineer  of  the  Northern  Pacific  Ry.  was 
noted  in  these  columns  of  last  week,  was  born  in  Iowa  in 
1875.  He  was  graduated  from  the  State  University  of  Iowa 
in  1899.  and  the  same  year  began  his  railway  experience  with 
the  Burlington.  Cedar  Rapids  &  Northern  Ry.  Subsequently 
he  spent  four  years  with  the  Chicago,  Rock  Island  •& /Pacific 
Ry.  and  a  year  as  Engineer  with  the  Clinton  Bridge  and  -Iron 
Works.  He  Joined  the  Northern  Pacific  engineering  staff  in 
1907  as  an  Assistant  Engineer  and -recently  has  been  in  charge 
of  grade-crossing  elimination  work  at  Spokane.  Wash. 

Edenr  F.  Robinson,  M.  Am.  Soc.  C.  E..  formerly  Chief  Engi- 
neer of  the  Buffalo.  Rochester  &  Pittsburgh  Ry..  has  been 
made  General  Manager.  He  was  born  at  Earllngton.  Ky..  In 
1674  and  was  graduated  from  Rose  Polytechnic  Institute  in 
1894.  His  railway  experience  began  In  1895  as  a  masonry  in- 
spector with  the  Cleveland.  Cincinnati.  Chicago  &  St.  Louis 
Ry.  He  was  with  the  maintenance-of-way  departments  of 
several  Middle  West  railways  until  1901  when  he  was  made 
Superintendent  of  Maintenance  of  the  Butte.  Anaconda  &  Pa- 
cific Ry.,  at  Anaconda.  Mont.  He  returned  East  In  1902  to  be- 
come Engineer  of  Track  of  the  Buffalo.  Rochester  &  Pitts- 
burgh Ry..  and  In  1907  he  was  made  Chief  Engineer  of  the 
company. 
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the  load  is  about  325  lb.  per  sq.in.  (Ixl-in.  contact  for  each 
wheel).  The  scheme  of  this  type  of  roller  is  to  have  the 
wheels  penetrate  the  loose  stone  as  spread,  packing  it  at  the 


C.  H. 


John  T.  Williams,  a  well  known  civil  engineer  of  California, 
died  Nov.  1.  at  Quincy,  Plumas  County,  from  pneumonia.  He 
was  Chief  Engineer  in  charge  of  construction  of  the  Indian 
Valley  R.R.,  a  branch  of  the  Western  Pacific  R.R. 

George  R.  Bronn,  formerly  General  Superintendent  of  the 
Fall  Brook  Coal  Company's  R.R.,  and  the  originator  of  "Brown's 
discipline."  died  at  his  home  in  Rochester,  N.  T.,  Nov.  5.  His 
system  of  discipline  of  trainmen  and  other  railway  employees, 
without  resorting  to  suspensions,  was  widely  adopted  in  the 
nineties. 


EHGIHEERINO  SOCIETIES 


SOCIETY        OF        NAVAL        ARCHITECTS        AND        MARINE 

ENGINEER.S.  ^,  ^      ,, 

Nov.  16-17.     Annual  nn'C-ting  ir,  Nrw  York  City.     Secy..  D.   II. 

Cox.  29  W.   SSith  St. 

ELECTRIC   POWER   CLUB. 

Nov.  15-17.     Annual  meeting  in  Hot  Sprmgs,  \  a.     S^ec^ 
Roth,  1410  \V.  Adams  St.,  Chicago. 
KANSAS  GOOD    ROADS  ASSOCIATION. 

Nov.     16-17.       Annual    meeting    in    Lawrence    Society     head- 
quarters in  Kansas  City. 
SOUTHERN    AND    SOUTHWESTERN    RAILWAY    CLUB 

Nov.  16.     Annual  meeting  in  Atlanta,  Ga.     Secy.,  A.  J.  MerriU. 

P.  O.  Box  1205.  Atlanta. 

CITY  MANAGERS'    ASSOCIATION.       „   ,^     ,,  r^     r:.     ^    ,.,. 

Nov.    21-23.      Convention    in    Springfield,    Mass.      O.    E.    Can. 

Niagara  Falls,  N.  Y. 

NATIONAL  MUNICIPAL  LEAGUE  „    ,,    ,,  <,„„,.      r 

Nov.   23-25.      Annual   meeting  in   Springfield.  Mass.      Sec\ ..    t . 

R.    Woodruff.    705    North    American    Building,    Philadelphia. 

American  Society  of  Meehanieiil  EnRineers — The  excursion 
to  New  London,  Conn.,  to  inspect  the  plant  of  the  Electric 
Boat  Co.  and  to  witness  an  exhibition  of  United  States  Navy 
submarines,  carried  out  under  the  auspices  of  the  American 
Society  of  Mechanical  Engineers.  Nov.  11,  was  highly  success- 
ful from  the  point  of  view  of  attendance.  There  were  fully 
1,600  engineers  from  New  York  and  various  New  England 
cities — a  crowd  which  proved  beyond  the  capacity  of  the  hotels 
and  larger  than  could  be  accommodated  on  the  vessels  avail- 
able to  take  the  visitors  to  the  site  of  the  submarine  exhi- 
bition. Some  of  the  excursionists  were  unable  to  get  aboard 
the  naval  vessels,  and  a  largo  number  of  those  who  did  get 
aboard  the  vessels  were  unable  to  visit  the  Electric  Boat  Co. 
plant.  Besides  members  of  the  American  Society  of  Mechan- 
ical Engineers,  members  of  the  American  Society  of  Civil 
Engineers,  the  American  Institute  of  Electrical  Engineers,  the 
American  Institute  of  Mining  Engineers,  the  Boston  Society 
of  Civil  Engineers,  the  Brooklyn  Engineers  Club,  the  New 
York  Engineers  Club,  the  Providence  Engineering  Society, 
the  I'hiladelphia  Engineers  Club,  the  Engineering  Alumni  and 
students  of  Brooklyn  Polytechnic  Institute,  Brown  University, 
Columbia  University,  Massachusetts  Institute  of  Technology. 
New  York  University.  Stevens  Institute  of  Technology. 
Worcester  Polytechnic  Institute.  Yale  University  and  other 
organizations  of  engineers  were  present. 


as^invces  ^imc 


C'nrlioii   Grouiidliij:;  Cone 

An  improved  low-resistance  nonmetallic  electrode  for  use 
as  an  electric  grounding-line  terminal,  and  given  the  trade 
name  "Burn-Boston  Carbon  Cone,"  is  being  put  out  by  Hickey 
&  Schneider,  61  Broadway,  New  York  City.  The  device  is  a 
long  cone  formed  by  a  hard  carbon  pencil,  1.5x23  in.,  sur- 
rounded by  a  thick  porous  moisture-absorbing  carbonaceous 
jacket.     A  copper   lug  and   lead   wire  are   sealed   into   the   top. 

Multi|>le-niMk   Ronil    Huller 

An  improved  design  of  road  roller  has  just  been  marketed 
by  S.  E.  Finley,  of  Atlanta,  after  luiviiig  been  experimentally 
developed  In  connection  witli  the  "Finley  Method"  of  laying 
bituminous-bound  stone  roads.  One  is  shown  in  the  accom- 
panying view.  Two  sizes  are  made;  the  larger  has  eighteen 
54-in.  cast-iron  wheels  1  in.  wide  with  2Vi;  in.  clear  separation. 
The  holes  in  the  wheel  hubs  are  1  in.  larger  than  the  axle,  so 
that  the  roller  adjusts  itself  to  the  crown.  The  weight  of  the 
roller  can  be  adjusted  by  loading  sand  or  gravel  Into  a  long 
box  across  the  rear.     When  rolling  on  a  hard  smooth  surface 


FINLEY'S   MULTIPLE-DISK   ROAD   ROLLER 

bottom  first  and  gradually  consolidating  the  whole  course. 
The  larger  machine  sells  for  $600.  The  smaller  weighs  5,000 
lb.,  has  42-in.  wheels  and  sells  for  $500. 

Self-AIifjfiiingr  Lighting;;  Fixtures 

A  special  suspension  fixture  for  factory  lamps — one  thai 
alwaj's  hangs  vertical — is  being  made  by  the  Central  Elec- 
tric Co.,  of  Chicago.  The  important  part  is  a  cast-iron 
canopy  fitting  a  standard  4-in.  outlet  box  and  inclosing  a  ball- 
and-socket  joint  that  permits  a  fixture  to  swing  through  a 
25°  angle.  This  canopy  and  joint  replace  the  usual  stud, 
crowfoot  and  box  cuver  and  cost  about  the  same  as  the  re- 
placed  eciuipmont. 

Small  (Gasoline  Industrial  Truck 

A  new  type  of  gasoline  truck  and  tractor — for  freight 
liaiidling  at  railway  terminals,  docks,  warehouses,  etc.,  and 
for  transferring  material  in  manufacturing  establishments^ 
has  been  brought  out  by  the  Milwaukee  Locomotive  Manu- 
facturing Co.,  of  Milwaukee,  Wis.  A  steel  frame  supports  a 
4Sx7S-in.  loading  platform;  this  can  be  tilted  about  one  end 
to  expose  the  engine  and  transmission.  The  truck  steers  by 
the  front  wheels  which  are  attached  to  the  front  axle  by  steer- 
ing knuckles  as  in  automobile  construction.  There  is  a  vert- 
ical steering  wheel  at  the  rear,  where  the  operator  rides  on  a 
platform.     The  wheels  are  of  disk  construction  and  are  rubber 
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GASOLINE  INDUSTRIAL  TKLCK  AND  TRACTOR 

cycle  vertical  engine  running  at  1,000  r.p.m.,  and  is  trans- 
mitted by  a  bevel-gear  differential  and  e-xternal  drive  axles. 
There  is  an  electric  starter.  The  transmission  (selective  type 
with  multiple-disk  clutch)  permits  speeds  of  2.4.  4  and  7.6 
miles  per  hour  forward  and  2  miles  reverse.  Internal  ex- 
panding brakes  act  on  drums  on  the  drive  wheels  and  are  set 
by  a  hand  lever  and  by  the  clulch-pedal  release.  The  engine 
is  cooled  by  pump  circulation  through  the  jackets  and  to  a 
honeycomb  radiator. 
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PriEmMav©  Timber  Bridg'©  iia  tlhi© 
Vale  of  Caslhmerc 


Such    stnichires    as    the    one    shown    in    the    aceom- 
pan3'ing   view  as  a   rule   have   only   a   pictorial   or  his- 
torical   interest,    but    this    particular    one    would    seem 
to  hold  a  suggestion,  at  least,  for  a  temporary  bridge 
even  in  civilized  countries,  or  at  least  as  an  expedient 
in  some  location  where  carpenters  are  scarce  or  cut  tim- 
ber diificult  to  ob- 
tain.   The  bridge 
'  is  across  the  Ve- 
lasla    K  i  v  e  r    at 
Srinagar,  in  Cash- 
mere.     As     may 
1)6  noted,  its  nov- 
;ltj'     consists     in 
the  corbeled  piers 
which  reduce  the 
Inar  span  to  such 
amount  as  to 
rmit  the  use  of 
iirle  timber  gir- 
rs  for  the  main 
ans,     in     effect 
inducing  a  can- 
lilever    bridge    of 
the  simplest  type. 
The    piers    are 
made  up  of  crib- 
work  filled   up  to 
the   beginning   of 
the  corbeling  with 
riprap    or    stone. 
.\bove   that   point 
:ipparcntly  "o  fill- 
ing   is    used,    but 
ill'    floor    is    car- 
■d  on   the   crib- 
tng    iiself.     The 
it-waters,  also  of 
filled  cribbing, 
which    form    pier 
footings,    extend 
lip  to  high  water 
ri  the  river.  What 
-  presumably  the 
line  bridge  is  il- 
i-t  rated      by      a 
Kctch  in  Tyrrell's 
History  of   Bridge   Engineering, 
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but  the  view  there 
Lows  the  roadway  covered  with  small  frame  buildings 
inilar  to  those  in  the  background  of  the  view  here- 
ith.  Tt  is  stated  that  these  are  used  as  stores  and  the 
■ni.ture    is   locallv    known    as    "the    bridge    of   shops." 


Possibly   these   buildings   have   since   been   removed   for 
they  do  not  appear  in  this  later  view. 

In  considering  the  design  of  this  unique  structure  it 
is  well  to  bear  in  mind  that  the  Vale  of  Cashmere  is 
located  high  in  the  remote  fastnesses  of  the  Himalaya 
Mountains.     The    lake    into    which    the    Yelasla    Eiver 

cmptios     is     over 
5.0(10  ft.  aliove  sea 
level.    In  this  dis- 
tant region,  man- 
ufactured  articles 
of  iron  and  steel 
arc  of  course  ex- 
ceedingly    expen- 
sive   and    difficult 
to     obtain.      Tlie 
designer    of    this 
bridge,    therefore, 
appears    to    have 
utilized      to      the 
best  of  his  ability 
the  local  mate- 
rials,  timber  and 
stone,  which  were 
most  readily  avail- 
aide.  One  does  not 
bav(>   to   go    more 
than     a     century 
and    a    half    back 
in    p]uropean   civ- 
ilization  even,   to 
r  0  a  c  h    a   period 
w  hen    engineers 
were     almost      as 
elosely  limited  in 
the       materials 
available  for  con- 
struction   and    in 
the  tools  for  hand- 
ling them  as  was 
the     designer     of 
this    bridge.     Ex- 
cei)t   for  the  ma- 
sonry arch  struc- 
tures,     therefore, 
s  o  m  c     of     the 
bridges    built    in 
(1   and  fifty  years  or  more 
in  design,  according  to  our 
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civilized   countries   a   hiind 

ago,  were  almost  as  crude 

present-day  notions,  as  this  bridge  in  the  Vale  of  Cash 

mere.     Tn    masonry   arches,   of   course,   the   present   ha 

little  advantage  over  tlie  past. 
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SYNOPSL'^ — Artificial  lupuyraphij  on  a  flat  purli 
site,  the  woi-k  induding  steam-shovel  and  elevating- 
grader  work  with  both  dump-wagons  and  dwmp- 
cars.  All  done  by  the  forces  of  the  West  Chicago 
Park  Conimi.'ision. 

A  ^radius-  jub  of  271,000  tai.yd.  is  involved  in  the  lay- 
out of  Columbus  Park,  Chicago.  This  is  a  new  park 
established  in  vacant  land  on  the  outskirts  of  the  west 
side,  with  a  rectangular  area  of  about  154  acres. 

Tlie  site  is  flat,  and  the  grading  is  for  the  landscape- 
engineering  work,  including  excavation  for  a  large  lagoon 
and  open-air  swimming  pools.  The  excavated  material 
is  being  banked  up  around  the  sides  of  the  park  so  that, 
with  the  trees  and  shrubbei7  upon  this  fill,  the  surround- 
ing buildings  will  be  largely  concealed  and  the  interior 
of  the'  park  given  a  rural  appearance.  The  West  Chi- 
cago Park  Commissioners  decided  to  do  all  the  excavation 
and  grading  with  their  own  forces  and  equipment.  The 
design  of  the  park,  with  its  buildings,  etc.,  and  the  carry- 
ing out  of  the  construction  work  are  under  the  direct 
charge  of  A.  C.  Schrader,  Chief  Engineer  and  Superin- 
tendent of  the  West  Chicago  Park  Commission. 

The  surface  is  a  thin  cover  of  black  soil  over  a  bed  of 
stiff  blue  clay.  Test  pits  3  ft.  square  were  dug  in  order 
to  determine  the  material  to  be  handled.  The  black  soil 
is  stripped  and  saved  for  spreading  over  the  golf  grounds 
and  the  slopes  of  the  new  fills.  In  this  way  the  cost  is 
only  about  40c.  per  yd.,  while  new  black  soil  would  cost 
$1  per  yd.  The  stripping  is  done  by  a  New  Era  elevating 
grader,  which  is  hauled  by  a  Reeves  12-ton  20-hp.  steam 
traction  engine,  the  soil  being  delivered  into  dump- 
wagons.  Where  the  machine  could  work  continuously  on 
long  stretches,  as  in  stripping  the  site  of  the  fill,  it  could 
load  800  to  900  wagons  per  day  (900  to  1,000  yd.).  This 
outfit  is  shown  in  Fig.  1. 

The  main  excavation,  for  the  lagoon,  etc.,  is  in  the  stiif 
blue  clay.  Very  little  water  is  encountered,  and  this  is 
carried  off  by  a  ditch  in  the  floor  of  the  cut,  while  a  gaso- 
line diaphragm  pump  is  provided  at  the  sump.  This 
excavation  is  done  by  two  15-ton  Erie  steam  shovels,  of 
the  revolving  type,  with  %-yd.  buckets.  The  maximum 
depth  of  cut  is  14  ft.,  which  is  made  in  two  lifts.  The 
steam  shovels  are  served  mainly  by  small  dump-cars,  but 


dump-wagons  were  used  on  some  parts  of  the  work. 
These  shovels  excavate  700  to  800  yd.  per  day.  Pig.  2 
shows  one  of  the  shovels  making  the  first  lift  of  the  deep 
cut  and  loading  the  material  directly  into  the  dump-ears 
on  the  surface  of  the  ground. 

There  are  about  li/^  mi.  of  track  of  20-in.  gage,  con- 
sisting of  20-lb.  rails  spiked  to  4x6  ties  36  in.  long  and 
spaced  about  3G  in.  c.  to  c.  The  cars  are  of  the  side- 
dump  type,  of  11/^  yd.  capacity,  and  are  made  up  in  five- 
lar  trains,  each  hauled  by  a  two-horse  team.  Locomotives 
were  not  considered  advisable,  as  much  of  the  track  is  on 
the  fresh  fill  and  would  not  carry  heavy  loads,  besides 
which  tlie  grades  are  very  irregular.     With  teams,  the 


FIG.    2.    STEAM  SHOVEL,  EXCAVATING   FOR   THE  LAGOON 
IN    COLUMBUS    PARK,    CHICAGO 

trains  are  handled  easily,  and  the  light  construction  makes 
a  very  flexible  track  layout  that  can  be  shifted  readily  as 
the  work  progresses. 

The  grader  outfit  has  five  men  at  the  machine — fore- 
man, engineman,  fireman,  one  man  on  the  grader  and  one 
to  take  care  of  stumps  or  boulders.  At  the  dump  for  the 
wagons  with  black  earth  a  boss  and  six  laborers  spread 
and  level  the  material.  This  outfit  is  served  by  20  to  2G 
teams.  Each  steam-shovel  outfit  has  an  engineman,  a 
fireman,  two  pitmen  to  shift  the  supporting  platforms 
under  the  wheels  and  two  topmen  to  see  to  the  loading  of 
the  cars.  At  the  dump  (for  the  cars)  there  are  12  to  16 
laborers  to  shovel  the  fill.  Each  shovel  is  served  by  8  to 
14  teams  (each  with  a  five-car  train),  depending  upon 
length  of  haul. 

The  grader  wagons  average  1.12  yd.  per  load,  and  the 
dump-cars  average  1.4  yd.  Count  is  made  of  the  num- 
ber of  dipper   loads,  and   this  is  checvked   by   the  cross- 


FIG.  1.    STRIPPING   I  l..\(-K 
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■ction  measurements.  The  monthly  record  is  from  12,- 
00  to  16,000  cu.yd.  for  each  shovel  and  16,000  yd.  for 
le  grader. 

The  depth  of  water  in  tlie  Uitroon  is  about  61A  ft.  The 
ormal  bottom  width  is  12.5  ft.,  and  the  side  slopes  are 

on  3.  On  each  slope  there  is  a  4-ft.  berm  about  12  in. 
elow  the  water.  This  retains  a  2-ft.  facing  of  black 
irth  on  the  upper  slope,  thus  enabling  shrubbery  to  be 
rown  along  the  water's  edge,  instead  of  leaving  a  bare 
largin.  There  will  be  a  boathouse  and  landing,  gym- 
asium.  shelter  and  other  ornamental  structures.  The 
inrnming  pools  will  be  .50,x70  and  50x140  ft.,  and  the 
hildren's  wading  pool  40  ft.  in  diameter  with  a  sand 
lurt  surrounding  it. 

The  fill  at  each  end  of  the  park  is  about  85,000  yd. 
"Ills  serves  to  conceal  the  surrounding  buildings,  and  for 
le  same  purpose  the  entrance  driveways  are  cut  diag- 
iially  through  the  fills.  At  the  east  end,  where  a  play- 
round  is  located  outside  the  fill,  space  is  gained  by  the 


IG.     3.      DISTORTED     SECTIO.N     THROl'GH     LAGOOX     .\ND 
FILL    AT    COLUMBfS    P.\RK,    CHICAGO 

se  of  a  concrete  retaining  wall  to  hold  the  fill.  Fig.  3 
;  a  section  through  the  lagoon,  fdl  and  retaining  wall, 
'he  drives  are  30,  50  and  60  ft.  wide,  the  ma.ximum  width 
eing  at  points  where  it  is  desired  to  allow  for  the  park- 
ig  of  vehicles. 

For  subsoil  drainage  of  the  golf  grounds,  drains  of  4-in. 
lie  are  to  be  laid  at  a  depth  of  about  3  ft.  These  will 
,'ad  to  a  vitrified-pipe  sewer  along  the  north  side  of  the 
ark.  The  city  needs  additional  sewers  in  this  district, 
nd  to  save  duplication  and  expense  the  sewer  was  built 
f  such  size  as  to  form  part  of  the  sewerage  system,  and 
lie  city  paid  a  portion  of  the  cost.  This  sewer  was  built 
y  contract,  as  the  ccst  of  trenching  machinery  would 
ave  been  out  of  proportion  to  the  amount  of  work. 
The  site  is  crossed  by  Harrison  St.,  but  the  city  vacated 
he  street  for  park  purposes,  the  Park  Commission  under- 
aking  to  build  a  new  connecting  street  around  the  .south 
nd.  A  20-in.  gas  main  e.\i.«ts  on  the  original  street  line, 
lut  the  gas  company  would  not  agree  to  shift  it  to  the 
lew  street  location.  To  avoid  injury  to  trees  and  shrub- 
lery,  the  main  was  uncovered  and  all  joints  were  thor- 
'Ughly  calked  and  then  damped  with  a  special  gas-tight 
lamp.  For  crossing  tiie  lagoon  this  main  had  to  be 
owered  about  16  ft.  for  a  distance  of  250  ft.  The  new 
rench  for  this  was  dug  by  a  trenching  machine. 

Al)out  110  men  (including  teamsters)  and  50  teams 
re  employed.  They  work  a  !)-hr.  day  (7  a.m.  to  5  p.m.). 
The  temporary  buildings  on  the  work  include  an  office 
lor  the  superintendent,  timekeeper,  etc.;  an  office  for  the 
I'oreman,  a  storehouse,  a  shelter  for  the  men  iu  case  of 
l^tornis,  a'ld  stables  for  the  teams. 


By  K.  Fleming* 

It  is  the  contention  of  the  writer  that  the  engineer  is 
peculiarly  well  qualified  to  act  in  the  capacity  of  a  juror. 
Trial  by  jury  is  one  of  the  foundation  stones  of  the 
English  and  American  constitutions.  It  is  said  that  the 
system  has  been  abused.  Few  changes  are  likely  to  be 
made,  however,  in  the  present  generation.  The  remedy 
for  any  abu.ses  that  may  have  crept  into  the  system  is  to 
raise  the  standard  of  jurors.  It  is  hard  to  do  this  when 
men  of  the  type  needed  avoid  .service.  "And  they  all 
with  one  consent  began  to  make  excuse"  may  often  be 
said  of  a  body  of  intelligent  men  drawn  to  do  jury  duty. 
The  result  is  that  decisions  of  importance  are  left  to 
men  of  narrow  vision  and  poor  judgment. 

"I  am  a  roofer.  I  get  $2.25  a  day  at  my  trade  and 
work  is  dull,  so  I  do  not  lose  anything  by  serving  as 
a  juror,"  was  the  remark  made  in  a  courtroom  to  the 
writer  l)y  the  occupant  of  the  adjoining  chair.  The  first 
case  called  for  trial  in  that  court  was  a  suit  for  $50,000. 
Did  the  roofer's  training  qualify  him  to  sit  on  a  $50,- 
000  case? 

"I  will  not  vote  to  convict  that  man  if  I  stay  here  a 
million  years,"  remarked  one  of  the  jurors  in  a  crim- 
inal case  before  seats  had  been  taken  in  tlie  jury  room. 
Xo  headway  could  be  nuide  against  his  stand,  and  a  dis- 
agreement was  reported.  Such  a  man  lacks  the  open 
mind  and  is  temperamentally  unfit  to  serve  on  any 
J"''.y- 

Because  of  his  training  in  accuracy  and  precision,  the 
engineer  is  fitted  to  weigh  evidence  and  discriminate  be- 
tween fact  and  fancy.  There  is  hardly  a  case  in  either 
the  civil  or  the  criminal  court  in  which  the  question  of 
distance  does  not  come  up  in  some  form.  It  is  surpris- 
ing what  crude  ideas  the  average  witness  has  of  distance. 
A  suit  for  damages  was  brought  liy  a  man  thrown  from  a 
wagon  by  reason  of  a  depression  in  the  street,  which  a 
contractor  was  alleged  to  have  left  after  putting  in  a 
connection  to  a  water  main.  It  was  important  to  know 
the  depth  of  the  depression.  A  number  of  witnes.ses  testi- 
fied to  distances  varying  from  5  to  8  in.  The  last  wit- 
ness had  measured  the  di.stance  and  found  it  barely  3  in. 
To  the  engineer  on  the  jury  the  testimony  of  this  wit- 
ness outweighed  that  of  the  others.  Tlie  plaintilT  lost 
his  suit. 

A  criminal  case  is  fresh  in  mind  where  the  first  vote 
of  8  to  4  for  acquittal  was  changed  to  a  unanimous  vote 
for  conviction  when  an  electrical  engineer,  who  was  a 
juryman,  stated  clearly  and  concisely  his  reasons  for  be- 
lieving the  defendant  guilty.  Sub.sequent  events  proved 
the  verdict  to  be  perfectly  just. 

A  compliment  was  paid  to  the  engineering  profession 
by  an  able  lawyer  with  a  weak  case.  When  he  asked  the 
men  in  the  jury  bo.x  their  business,  one  replied,  "Elec- 
trical engineer";  another,  "Telephone  engineer,"  and  a 
third,  "Civil  engineer."  The.se  three,  with  a  fourth  man — 
the  mo.st  intelligent-looking  mi'ii  in  the  bo.x — were 
promptly  excused  from  .serving. 

The  engineer  receives  as  well  as  gives  in  performing 
jury  service.  A  jury  of  12  men,  all  fellow  citizens,  us 
ually  represents  a  wide  range  of  occupations  and  opin- 
ions. One  thus  gets  new  viewpoints  and  is  broadened 
in  his  thinking. 

•American  Bridge  Co..  30  Church  St.,  New  York  City. 
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SYNOPSIS — A  street-railway  tunnel  on  a  steep 
grade  has  been  lowered  to  clear  new  structures 
built  over  it.  A  flat  roof  was  built  under  the  old 
arch  and  side  walls  were  put  down  to  the  new 
grade;  then  the  inclosed  core  was  excavated  and 
the  new  floor  put  in.  The  river  section  of  the 
tunnel  was  repaired  at  the  same  time.  Concrete 
ivas  placed,  by  the  pneumatic  system  and  also  by 
dump  cars.  All  work  was  done  inside  the  tunnel 
by  company  forces. 

Alterations  to  the  Van  Bnren  St.  tunnel  under,  the 
Chicago  Eiver  at  Chicago,  111.,  have  involved  difficult 
construction  work  of  special  interest.  The  tunnel  is 
owned  by  the  Chicago  Eailways  Co.,  and  carries  a  double- 
track  street  railway. 

As  originally  built  in  1889-90  (for  cable  traction) 
tlie  tunnel  had  a  concrete  invert  and  a  brick  arch  roof 
springing  from  the  floor  level,  the  tunnel  being  30  ft. 
wide  and  16  ft.  high.  In  1906  the  tunnel  was  lowered 
8  ft.  to  enable  the  river  channel  to  be  deepened.     This 
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east  of  this  the  tunnel  had  to  pass  above  one  of  thf 
Chicago  Tunnel  Co.'s  narrow-gage  electric  freight-rail- 
way tunnels. 

The  plan  adopted  was  to  drop  the  line  from  the  street' 
level  at  Clinton  St.  (the  \\est  end  of  the  tunnel)  on  a 
descending  grade  of  11.345%  to  the  east  till  clear  ot 
the  station  subway.  This  was  followed  with  a  grade 
of  0.5%  until  the  freight  tunnel  was  passed,  and  tht 
line  met  the  existing  7%  grade  of  the  old  approach. 
The  changes  in  grade  are  made  by  vertical  curves  ot 
1,-tOO  ft.  radiiis,  with  a  length  of  150  ft.  for  the  uppei 
and  80  ft.  for  the  lower  curve.  The  length  of  the  open 
part  of  the  west  approach  is  reduced  from  300  ft.  to 
IGT  ft.     The  old  and  new  profiles  are  shown  in  Fig.  1, 

Eeconstruction  of  West  Approach 

The  general  plan  of  construction  on  the  inclined  por- 
tion west  of  the  river  tunnel  was  to  build  new  side  wall> 
within  the  interior  line  of  the  tunnel,  and  to  place  upon 
this  the  new  flat  roof.  This  is  shown  in  Fig.  2.  The 
upper  part  of  each  wall  was  built  and  the  new  roof  com- 
pleted before  any  of  the  old  tunnel  was  destroyed.    Tiii> 


WEST  END 
FIG.  1.    PROFILE  SHOWING  ALTERATIONS  TO  THE  VAN  BUREN  ST.  TUNNEL  OF  THE  CHICAGO  RAILWAYS  CO. 


was  done  by  cutting  niches  in  the  walls  to  receive  steel 
columns  standing  on  the  old  arch  footing  and  support- 
ing transverse  girders.  Concrete  jack  arches  were  built 
between  the  girders,  and  when  this  new  roof  was  com- 
pleted the  old  arch  above  was  destroyed  and  removed  by 
dredging.  New  concrete  side  walls  underpinning  the 
footings  were  then  built,  and  the  bottom  excavated  to 
the  grade  of  the  new  invert. 

The  tunnel  as  thus  altered  was  271/2  ft.  \\idc  and 
15  ft.  high.  On  the  ajjproach  inclines  (with  grades  of 
7%  at  the  west  and  11.5%  at  the  east  end)  the  brick 
arch  roof  remained  in  place,  the  sides  being  underpinned 
by  concrete  walls  extending  down  to  the  new  grade  line. 
This  reconstruction  of  the  tunnel  was  described  in  Engi- 
neering News  of  Sept.  13,  1906,  and  March  7,  1907. 

The  construction  of  the  new  Union  Station  recently 
made  necessary  the  lowering  of  the  west  api)roach  to 
the  tunnel,  in  order  to  clear  the  foundations  of  the  new 
station.  The  change  was  complicated  by  tlie  fact  that 
the  tunnel  location  was  governed  by  two  fixed  jjoints, 
one  above  the  roof  and  the  (iIIum-  liriicalh  the  lloor.  iVt 
the  west  line  of  the  station  pi-opci-ty  the  tunnel  had  to 
be  lowered  sufficiently  to  pass  beneath  a  baggage  sui)way 
below  the  station  tracks  and  platforms.     About  250   ft. 


eliminated  the  necessity  of  bracing  the  old  tunnel  dur- 
ing the  underpinning,  as  the  new  roof  acted  as  transverse 
bracing  for  the  old  tunnel.  In  the  old  invert  holes  13  jn. 
deep  were  drilled,  in  which  reinforcing  rods  for  the  new 
side  walls  were  placed.  On  the  old  invert,  inside  tiie 
forms  for  the  side  walls,  was  laid  a  lapped  floor  of  1-in. 
boards,  to  prevent  any  bonding  between  the  new  wall 
and  the  old  invert.  Fig.  3  shows  the  reinforcement  and 
form  for  the  top  section  of  the  new  side  wall.  The  pipe 
is  for  the  pneumatic  concreting  plant. 

Where  the  new  work  was  built  against  the  old  tunnel 
walls,  the  face  of  the  wall  was  blasted  away  to  give  a 
roughened  surface  and  to  allow  a  thickness  of  at 
12  in.  of  concrete.  In  this  new  surface  holes  were 
drilled  about  9  in.  deep  and  2  ft.  c.  to  c.  Hook  bolU  were 
wedged  and  grouted  in  the  holes,  and  longitudinal  rein- 
forcing bars  were  laid  upon  these.  The  holes  for  blast- 
ing and  for  the  hook  rods  were  drilled  with  Sullivan  air; 
tube  rotary  drills  and  piston  hammer  drills.  The  charg 
for  each  blast  hole  was  about  half  a  stick  of  60^ 
dynamite. 

Across  the  top  pcn-tions  of  the  new  walls  were  placed 
2(;-in.  steel  jilate  girders  28  ft.  long,  spaced  3  ft.  apart. 
A    roof    form   was   then   built   under   the   girders    (sup- 
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lorted  on  falsework)  and  concrete  was  filled  in  by  the 
meumatic  system  to  form  a  flat  roof  42  in.  thick,  in 
■  hich  the  girders  are  embedded. 

After  the  completion  of  this  new  roof  a  working  drift 
bout  6x6  ft.  in  the  clear  was  driven  along  each  side 
all,  just  below  the  new  roof  wherever  the  clearance 
etween  the  new  roof  and  old  invert  was  not  suflicient 
or  good  working  conditions.     These  drifts  were  timbered 

ith  old  oak  ties  spaced  18  in.  c.  to  c.  and  lagged  with 
-in.  plank,  and  were  about  300  ft.  long,  being  carried 
bout  100  ft.  farther  west  than  demanded  for  clearance 
)  facilitate  tlie  removal  of  the  core. 

From  these  drifts  the  lower  side  walls  were  constructed 
y  underpinning  the  upper  section  of  the  side  walls  al- 
cady  built.  Sections  or  chambers  10  ft.  wide  were 
xcavated  to  the  grade  of  the  bottom  of  the  walls.  These 
ere  lagged  and  braced,  after  which  the  form  was  built 
J  line,  with  6x6-in.  posts  blocked  against  the  adjacent 
ore.  Then  the  reinforcing  steel  was  set,  the  1-in.  ver- 
ical  rods  being  made  fast  to  the  ends  of  the  rods  in 
le  upper  walls  by  means  of  two  cable  clamps  in  a 
nlice  of  12-in.  length.  The  concrete  was  placed  from 
16  pneumatic  mixer,  the  bracing  being  removed  as  the 
hambers  were  filled. 

The  joint  between  the  upper  and  lower  sections  of 
le  wall  was  filled   tight  by  grouting  under  a  head  of 

0  ft.     This  was  done  by  placing  2-in.  pipes  in  position 

1  the  wall,  and  turning  them  up  along  the  inside  of 
le  tunnel  by  means  of  a  90°  elbow.  A  box  was  built 
round  the  top  of  the  pipe  and  grout  poured  into  this. 

Fig.  4  is  a  view  above  the  new  roof.  The  men  at  the 
ft  are  dumping  a  car  of  concrete  into  the  form  for 
le  lower  portion  of  the  new  side  wall. 

All  underpinning  sections  were  put  in   liy    following 

prepared  schedule  which  was  kept  in  the  engineer's 
nice  on  the  job.  This  schedule  was  arranged  so  that 
section  was  put  in  adjacent  to  one  already  in  place 
at  least  seven  days.  New  sections  were  kept  as  far 
way  as  possible  from  those  in  place,  and  at  no  time 
ere  .sections  directly  opposite  put  in  at  the  same  time, 
'hese  precautions  were  adopted  to  prevent  settlement 
s  much  as  possible.  Some  settlement  was  naturally 
xpectcd,  and  as  much  as  8  in.  occurred  under  Canal 
t.  where  the  clay  was  soft.  This  settlement  (which 
m  out  in  about  150  ft.  each  way  from  Canal  St.)  was 
le  cause  of  leakage  that  occurred  later  in  the  new  tunnel, 
'his  leakage  was  mostly  stopped  by  grouting,  and  as  the 
urrounding  ground  again  compacts  against  the  new 
alls  it  will  in  time  undoubtedly  cease. 

In  each  of  the  vertical  joints  between  the  10  ft.  sec- 
ions  a  1-in.  board  was  placed  in  the  center  of  the  wall, 
dgewise  and  parallel  with  the  face  of  the  new  wall, 
0  that  half  of  the  plank  was  in  each  of  two  adjacent 
ections.  Tliis  was  for  the  purpose  of  stopj)ing  leaks, 
t  being  expected  that  the  wood  would  swell  and  tighten 
p  in  the  joint.     This  method  proved  very  satisfactory. 

When  the  underpinning  was  entirely  completed,  the 
ore  between  the  walls  was  removed.  Four  sections  were 
pened,  working  two  alternately  every  other  day,  and 
ictions  10  ft.  in  length  were  taken  out.     The  1-in.  rein- 

■'  ing  bar.s  for  the  invert  were  set  by  fastening  them 

the   side-wall    rods   with    two   cable   damps    at   each 

nd.     Concrete   for   the    invert   was   placed    as   soon    as 

•ossible.     The  typical  finished  section  of  the  western  por- 

ion  of  the  tunnel  is  shown  in  Fig.  5. 


Along  the  7%  grade  to  the  river,  the  old  arch  still 
forms  the  roof.  At  some  later  time  a  new  flat  roof 
similar  to  that  alreadj'  described  will  be  built  beneath 
this  as  .shown  in  Fig.  1. 

EeCOXSTRUCTIOX   IX    RiTEK   TUXXEL 

In  the  river  section  of  the  tunnel  the  bottom  flanges 
of  the  steel  girders  and  the  supporting  columns  have 
been  constantly  exposed  to  moisture  since  they  were 
placed  in  1906,  and  were  scaling  badly.  In  order  to 
protect  the  steel  and  to  reduce  the  leakage,  which  was 
considerable,  it  was  decided  to  build  a  concrete  lining 
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FIG.   2.    SECTIONS  SHOWING  ALTERATIONS  TO  THE 
VAN  BUREN  ST.  TUNNEL.  CHICAGO 

within  the  existing  side  walls  and  roof.  The  -section 
adopted  was  the  same  as  in  the  reconstructed  west  end  of 
the  tunnel.  The  now  lining  walls  were  extended  213  ft. 
east  of  the  river  section,  to  the  old  arch  portal. 

The  method  of  reconstniction  in  the  river  .section  of 
the  tunnel  is  shown  by  the  lower  drawing  in  Fig.  3.  The 
work  was  carried  out  as  follows:  The  faces  of  the  old 
concrete  side  walls  were  blasted  away  to  give  at  least 
12  in.  space  from  the  line  of  the  new  facing.     The  l)rick- 


970 


E  X  G  I  X  E  E  rj  I  N  G     N  E  W  S 


Vol.  I'O,  No.  21 


work  of  tlie  upper  ])art  (wliicli  was  orio;inally  part  of 
tlio  old  tunnel  areli)  and  the  faces  of  the  coiierete  jack 
arches  were  roughened  and  clipped  with  a  chisel  at- 
tached to  a  pneumatic  hammer.  Hook  bolts  with  longi- 
tudinal rods  were  then  placed,  as  previously  described. 
Then  a  rectangular  reinforcement  of  %-in.  vertical  bars 
and  %-in.  horizontal  bars  was  placed,  this  being  3  in. 
back  from  the  new  face  line.  The  form  was  erected  out- 
side of  this. 

The  side  walls  were  then  concreted  to  the  height  of  the 
under  side  of  the  new  roof  protection,  each  side  wall 
being  completed  for  the  entire  length  of  the  river  sec- 
tion of  the  tunnel  by  continuous  concreting.  The  con- 
creting was  done  by  hauling  the  mixed  material  in 
1-yd.  steel  dump  cars  running  on  a  track  on  an  elevaled 
runway  alongside  of  the  forms,  and  as  close  to  the  old 
roof  as  the  dumping  of  the  cars  would  permit.  Tlu' 
runways  extended  from  two  i/^-yd.  electrically  driven 
Ransome  mixers  placed  inside  of  the  tunnel. 

The  roof  protection  was  constructed  next.  This  is 
shown  in  Fig.  7.  The  old  concrete  of  the  ja<-k  arches 
^vas  cut  away  along  the  lower  flanges  of  the  girders,  ami 
the  exposed  metal  was  scraped  clean.  Holes  were  drilled 
in  the  jack  arches  for  hook  bolts  and  for  longitudinal 
1-in.  bars  placed  across  the  lower  flanges  of  the  girders. 
These  were  spaced  3  ft.  c.  to  c,  and  staggered  with  the 
bars  between  the  adjacent  pairs  of  girders.  The  flanges 
were  also  wrapped  with  sheets  of  expanded  metal.  From 
the  bars  a  reinforcement  of  %-in.  longitudinal  and  ^A- 
in.  transverse  bars  was  hung  by  means  of  hooks. 

The  falsework  for  the  roof  forms  was  then  built, 
about  4  in.  clear  beneath  the  flanges  of  the  girders. 
The  concrete  was  mixed  by  the  two  Ransome  mixers  in 
the  tunnel  and  hauled  under  the  forms.  There  it  was 
dumped  on  platforms,  from  which  it  was  cast  into  the 
forms  by  hand  and  rammed  solid  for  every  3  ft.,  working 
between  two  of  the  roof  girders  from  the  walls  to  the 
center.  The  form  lagging  and  longitudinal  reinforce- 
ment were  placed  as  the  concreting  progressed.  The  final 
keying  up  in  the  center  was  done  by  buildin.g  the  form 
tight  and  forcing  grout  under  low  pressure  into  the  void. 
Numerous  2-in.  grout  pipes  were  placed  in  the  roof,  and 


h'.tcr  ihc  entire  roof  of  the  river  section  was  again  grouted 
iin(hT  pressure.  Fig.  8  is  a  view  in  the  comjjleled  tun- 
nel, showing  the  bulkhead  above  the  east  end  of  tlio 
river  portion  of  the  tunnel. 

The  open  portion  of  the  west  approach  was  entirely 
rebuilt.     On  the  east  side  many  of  the  sandstone  block,; 


F.pe 


FIG.   r,.    TYPICAL  SECTION  OP  WESTERN  PORTION  OF 
TUNNEL,  AS  RECONSTRUCTED 

r,f  the  masonry  retaining  walls  had  become  badly  dis- 
integrated, and  these  were  refaced  with  concrete.  The 
disintegrated  material  was  cut  away,  and  a  form  built 
in  front  of  the  block,  with  a  pipe  extending  to  the  top 
of  the  wall.  Cement  grout  1 : 2  was  poured  into  the 
pipe,  giving  a  head  of  10  to  15  ft.  on  the  form.  The 
new  surfaces  are  flat  and  the  old  joints  are  retained. 
After  this  work  had  been  done,  the  entire  surface  of 
old  stone  and  new  concrete  in  this  east  open  approach 
was  gi\cn  t«'o  coats  of  Trus-Con  Stone-Tex  waterproof 
paint. 

Concreting  and  Grouting 
Of  the  concrete  west  of  station  6  +  20  (roof  and  side 
^^alls)  about  5,000  cu.yd.  was  placed  by  the  ilacMichaol 
])neumatic  process.  The  mixer  was  of  %-yd.  capacity, 
and  the  pressure  was  from  TO  to  90  lb.  The  maximum 
distance  for  delivering  the  concrete  was  about  350  ft. 
For  some  parts  of  the  work  the  delivery  pipe  had  a  hori- 


FIG.    3.    BUILDING   UPPER   PART  OF   NEW    CONCRETE 
SIDE  WALL 


FIG.    4.    NEW   ROOF   COJIPLETKD    UNDER   OLD 
ARCH 
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zontal  curve  of  180°  followed  by  two  of  45°,  and  a  90° 
discharge  elbow  into  the  forms.  There  was  also  a  ver- 
tical rise  of  35  ft.  from  the  mixer  to  the  form.  For  about 
300  ft.  of  the  invert,  however,  the  concrete  was  mixed  in 
the  Eansome  machines.  These  were  used  mainly  in  cou- 
i-reting  the  river  section. 

The  concrete  was  a  1:2:4  mix,  using  stone  with  a 
maximum  size  of  1  in.  for  the  pneumatically  placed  con- 
crete, and  14  in.  for  that  mixed  in  the  usual  way  in  the 
Kansome  machines  and  distributed  by  the  cars.     In  the 


Sand  was  not  used  when  the  grout  was  forced  through 
the  wall,  as  it  was  found  that  the  cement  and  powdered 
stone  would  find  a  passage  while  the  sand  would  be  segre- 
gated and  clog  in  the  2-in.  grout  hose.  Three  Ransonie- 
Canniff  grout  mixers  and  one  Cockburn  mixer  of  the  pad- 
dle type  were  used  in  the  grouting. 

The  finished  concrete  surface  of  the  roof  and  side 
■>\-alls  was  dressed  with  the  Berg  portable  rotarj'  surfacing 
machine.  This  consists  of  a  disk  driven  at  2,000  r.p.m. 
and  having  in  the  face  a  number  of  hard-steel  cutter 
wheels  with  toothed  surfaces.  These  wheels  roll  on 
the  surface  and  chip  off  any  fins  or  board  marks.  The 
operator  carries  a  small  motor  slung  on  his  shoulder, 


Top  of  Presenf  Fla+ Roof  fBuif^  in  1906) 
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FIG.  6.    END  OF  NEW  FLAT  ROOF  UNDER  OLD  ARCH  ROOF 
The  space  above  the  new  roof  is  closed  by  a  concrete  bulkhead 

concrete  east  of  station  6  +  20,  and  in  all  the  cement 
^routing,  Ceresit  waterproofing  compound  was  added. 
N'l)  bituminous  coating  was  used  on  top  of  the  new  roof. 
Pipes  for  grouting  were  placed  in  advance  of  the  con- 
creting and  after  60  days,  when  the  concrete  had  had 
time  to  set,  the  cement  grout  was  forced  in  under  80  to 
90  lb.  pressure.  Where  this  grouting  was  near  the  old 
brick  arch,  a  temporary  centering  was  placed  under  the 
latter  to  prevent  any  danger  of  collapse.  The  grout  was 
composed  of  equal  parts  of  cement  and  powdered  stone. 


FIG.    7.    REINFORCING   OF   THE   OLD   ROOF   IN    RIVER 
SECTION  OF  TUNNEL 

and  this  is  connected  to  the  surfacing  device  liy  a  flexible 
shaft. 

The  8-in.  delivery  jiipe  used  for  conveying  concrete 
from  the  pneumatic  mixer  to  the  forms  was  taken  from 
recently  abandoned  power  houses,  where  it  had  been  in 
service  for  something  over  20  years.  It  was  mostly  extra 
heavy  pipe  and  was  not  the  best  suited  for  the  work,  but 
was  used  in  order  to  save  the  expense  of  purchasing  the 
necessary  new  pipe. 

1Iaxi)li\g  Mateuiai.s  and  Powki:  Cahles 

The  roof  girders  were  28  ft.  long,  and  weighed  4,300 

lb.  each.     There  were   142   of  these  to  be  placed,   and 

their  location  and  elevation  were  determined  by  small 

concrete  pedestals  formed  on  top  of  the  new  side  walls. 


FIG    S     COMlT.lCTi:!'  TT'NNKI>  AT  EA.ST   END  OF   RIVF.R 
SECTION.    WITH    lUTLKHRAD    OVER    .VEW    ROOF 
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FIG.   10.    HA.\DLI.\<!   2X-KT.   I'LATE  OIKDEKS  IN  THE  TUNNEL  WITH  AN   ELECTRIC  DERRICK  CAR 


For  liandling  these  girders  an  old  motor  car  was  con- 
verted into  an  electric  derrick  car,  and  a  temporary 
standard-gage  track  was  laid  in  the  new  part  of  the  tun- 
nel for  the  derrick  car  in  handling  and  placing  the 
girders.    Fig.  10  shows  this  car  placing  one  of  the  girders. 

The  railway  tunnel  carries  about  30  large  cables  for 
power  supply  to  the  business  district,  and  these  had  to 
be  kept  in  operation  during  the  work.  They  were  placed 
originally  in  conduits  at  either  side  of  the  tunnel,  but 
were  shifted  temporarily  to  a  wood  box  in  the  center 
of  the  floor.  This  box  was  of  heavy  construction,  to 
protect  the  cables  and  th(!  work,  and  the  narrow-gage 
track  was  laid  upon  it. 

The  cables  remained  in  this  position  during  the  work 
on  the  roof  and  side  walls.  When  the  reconstruction  of 
the  floor  was  undertaken  the  cables  were  attached  to  tim- 
bers bolted  temporarily  to  the  new  roof  in  the  tunnel, 
and  to  slotted  vertical  posts  bolted  to  the  side  walls  of 
the  open  approach. 

In  the  completed  tuiuiel  the  cables  arc  ])lncod  in  con- 
duits at  either  side  of  the  track.  These  are  covered  witli 
concrete  and  form  sidewalks,  manholes  being  provided 
at  intervals.  The  cables  were  cut  and  spliced  twice,  and 
shifted  five  times,  during  tlie  progress  of  the  work. 

Thacks,  DiiAiXAriK  .\\i)  OriiKi;  Woiik 
The  tunnel  tracks  were  laid  with  100-lb.  T-rails  welded 
together.  These  were  cut  into  lengths  of  350  ft.  and 
hauled  out  on  the  east  approach  until  the  work  was 
finished.  Then  they  were  hauled  back,  rclaid  and  welded. 
The  river  section  of  the  tunnel  as  altered  in  1906 
had  an  18-in.  tile  sewer  below  the  invert  and  leading 
from  a  sump  in  the  invert  to  a  pump  shaft  at  the  east 
end.  This  sewer  was  found  to  be  nearly  stopped  up.  A 
43-in.  concrete  sewer  was  Ijuilt,  therefore,  beneath  lh(> 
invert,  with  a  sumj)  in  the  ciMiier  and  ;it  each  end,  and 


a  drain  from  the  east  sump  to  the  pump  shaft.  Tiii 
material  beneath  the  tunnel  was  found  to  be  so  hard 
that  blasting  was  required  in  excavating  for  the  sewer. 
Drainage  of  the  tunnel  is  provided  for  by  a  12-in.  vitri- 
fied pipe  laid  on  the  invert  and  covered  with  a  segmental 
concrete  arch  over  which  the  track  ballast  is  filled. 

FOKL'E  AND  ilAXAGEMEXT 

During  the  main  part  of  the  work,  the  force  worked 
three  8-hr.  shifts  daily.  The  work  was  all  done  by  com- 
pany forces,  as  it  was  not  well  adapted  for  letting  by 
contract,  and  the  presence  of  the  live  cables  would  have 
been  a  hazard  for  men  not  accustomed  to  electric  railway 
work.  The  tunnel  was  closed  to  traffic  in  Juno,  1915, 
and  reopened  in  May,  1916.  The  W'ork  was  designed  and 
executed  under  the  direction  of  John  Z.  Murphy,  Elefr 
trical  Engineer  of  the  Chicago  Surface  Lines;  J.  W. 
Harris  was  Tiuinel  Engineer;  Roy  W.  Emmert  was  As- 
sistant Engineer  and  .John  ,1.  Casey,  Superintendent. 

l!v  HnwAiji)  liAirrow,  F.  \V.  Moiilmak  and 

J.    F.    SciIXELLBACH* 

The  first  series  of  activated-sludge  experiments  at  the  | 
University  of  Illinois,  begun  Nov.  1,  191-i  {Enr/ineermg 
News,  Vol.  73,  p.  6-18, 1915)  was  constructed  in  3-gal.  hot-  ] 
ties.     The  second  series  was  conducted  in  a  tank  9  in. 
square  and  41/^  ft.  deep.    The  third  series  was  conducted 
in  four  tanks  each  having  an  area  of  10  sq.ft.  and  a| 
depth  of  9  ft.  {Engineering  News,  Vol.  74,  pp.  166,  1096, 
1915).    Experiments  in  the  first  three  series  were  carried 
on  by  the  lill-and-draw  plan.     At  present,  for  the  fourth 
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series,  a  eontinuous-flow  plant  is  being  s^iccessfiilly  oper- 
ated. This  series  is  conclucterl  in  the  septic  tank  tle- 
sicrnecl  by  Prof.  A.  N.  Talbot  (Engineering  News,  Vol.  43, 
p.  Ill,  i899)  in  1897  for  the  City  of  Champaign.  Early 
in  1916  this  tank  was  placed  at  the  disposal  of  the  State 
Water  Survey,  and  was  reconstructed  with  the  expecta- 
rion  that  200,000  gal.  of  domestic  sewage  be  treated  daily. 

Desioy  of  Plaxt 
The  plant  (see  accompanying  illustration)  contains  a 
loen  chamber  and  pump  pit.  a  grit  chamber,  an  aera- 
tion chamber,  a  settling  chamber,  a  blower  room  and  a 
laboratory.  A  shidge-drying  bed  and  a  pond  into  which 
the  effluent  from  the  process  may  be  discharged  are  also 
provided.  Plans  have  been  made  for  the  installation  of 
sludsje-drying  apparatus. 

The  sewage  is  drawn  from  the  main  outlet  sewer  of  the 
City  of  Champaign.  The  daily  flow  is  from  1,000,000 
to  1,500,000  gal.  The  manhole  nearest  the  septic  tank 
was  modified  to  serve  as  a  screen  chamber  and  suction 
pit  for  the  pumps.  A  weir  was  placed  in  the  outlet  to 
raise  the  .sewage  level  and  provide  suction  for  the  pumps. 
Vertical  bars  spaced  with  %-in.  openings  prevent  coarse 
material  from  reaching  the  suction  of  the  pumps.  The 
-ewage  is  pumped  to  a  grit  chamber  by  two  centrifugal 


PLAN 

.ACTIVATED-SLUDGE  PDA.NT  DETAILS.  CHAMPAIGN".  ILL. 

pumps,  one  with  a  capacity  of  75  and  the  other  of  110 
gal.  per  min.  Each  pump  is  belt-connected  to  a  3-hp. 
L'lectric  motor.  The  grit  chamber  is  34  ft.  long,  having 
two  compartments  each  1  ft.  wide.  At  the  outlet  is  an 
adjustable  weir  through  which  the  sewage  must  flow  and 
where  its  rate  can  be  measured. 

The  sewage  flows  from  the  grit  chamber  into  the  aera- 
tion chamber,  a   rectangular  concrete  tank   17.\36i/^  ft. 
in  plan  and  91/^  ft.  decj),  having  a  capacity,  after  allow- 
'tnces  are  made  for  the  balTlo  walls  and  (he  sloping  bot- 
iiis,  of  about  36,000  gal.     The  chamber  is  divided  longi- 
idinally  by  three  baffles  into  four  compartments  through 
which  the  .sewage  travels  a  distance  of  about  140  ft.    The 
lower  part  of  each  compartment  has  sides  sloping  toward 
K'  center,  to  a  channel   IOI4  in.  wide  and  4  in.  deep, 
lending  lengthwise  through  the  tank.     Above  this  chan- 
■  1  filtros  plates  are  supported  on  T-bars  that  have  been 
iiliedded  in  the  concrete.     The  channel  below  the  filtros 
atos  was  divided  into  sections  for  six  filtros  plates  with 
••  expectation  that  each  set  of  plates  would  be  separ- 
Mied  from  all  the  others  and  that  the  supply  of  the  air 
to  the  plates  could  be  regulated  by  an  air  pipe  and  valve 
for  each  set.     Owing  to  the  porosity  of  the  sloping  con- 
crete sides  it  has  been  found  impossible  to  regulate  inde- 
pendently each  .«et  of  plates.     The  aeration  tank  should 


be  capable  of  treating  144,000  gal.  of  sewage  and  sludge 
per  day  if  ac'rated  during  a  period  of  6  hr. ;  170,000  gal. 
if  aerated  .'>  hr.,  216,000  gal.  if  aerated  4  hr. 

The  treated  sewage  and  sludge  flows  from  the  aeration 
chamber  to  the  settling  chamber.  The  settling  chamber 
is  6x101/2  ft.  in  plan  and  IOI/2  ft.  deep  at  the  lowest  . 
jioint.  It  has  a  capacity  of  3.700  gal.  This  would  give 
a  retention  ]ieriod  of  24,  31  and  37  min.  with  a  flow  of 
4,  5  and  6  hr.  rcs))cctively,  through  the  aeration  chamber. 

In  order  to  assist  the  settling  of  the  sludge,  the  li- 
quid is  passed  down  through  the  center  and  up  around 
the  edges  of  a  hollow  wooden  pyramid  placed  in  the  cen- 
ter of  the  settling  basin.  The  pyramid  is  15  in.  square 
at  the  top,  3  ft.  square  at  the  bottom  and  extends  to 
within  31/^  ft.  of  the  bottom  of  the  chamber. 

From  the  settling  tank  the  effluent  flows  over  a  weir 
to  the  creek  or  into  the  pond.  The  pond  is  formed  by 
two  dams  placed  across  the  abandoned  bed  of  a  small 
stream.  It  covers  about  0.1  acre  and  is  3  ft.  deep  in 
the  deepest  part. 

The  sludge  is  withdrawn  from  the  settling  chamber  by 
an  air  lift  and  can  be  discharged  into  the  raw  sewage 
where  it  enters  the  aeration  chamber,  or  can  be  diverted 
for  experimental  purposes,  or  to  the  sewer.  Some  .sludge 
has  been  dried  on  a  sand  bed  having  an  area  of  256  sq.ft. 
and  a  depth  of  8  in.  The  drying  of  sludge  on  the  sand 
bed  is  not  considered  a  success. 

Air  is  su])])lied  for  aeration  and  for  the  air-lift  by  a 
rotary  positive-pressure  blower  having  a  rated  capacity  of 
."iOO  cu.ft.  per  min.,  driven  by  a  15-hp.  electric  motor. 
The  air  is  filtered  through  cheese  cloth  spread  over  a 
wire  box  before  it  enters  the  blower  suction  pipe.  The 
air  is  measured  through  a  venturi  meter. 

Performance  of  Plant 

The  plant  has  been  in  continuous  operation  for  twelve 
weeks  (on  Oct.  4,  1916)  prior  to  which  time  it  was  oper- 
ated intermittently  for  periods  of  from  one  to  three  weeks. 
No  special  effort  was  necessary  to  build  up  activated 
sludge.  The  jilant  has  simply  been  put  into  operation, 
allowing  the  effluent  from  the  settling  chamber  to  escape 
while  pumping  back  the  sediment.  From  the  start  90% 
of  the  suspended  matter  was  removed  and  after  13  days 
of  operation  stable  effluents  were  obtained. 

The  residts  achieved  have  been  very  gratifying.  Puri- 
fication is  indicated  by  the  presence  of  from  5  to  8  parts 
per  1,000,000  of  dissolved  oxygen  and  the  stability  to 
methylene  blue  of  from  5  to  15  days.  The  effluent  is 
odorless  and  generally  clear  though  at  times,  because  of 
the  insufliicent  capacity  of  the  settling  chamber,  it  eon- 
tains  small  particles  of  sludge. 

The  plant  has  been  run  to  obtain  a  clear  effluent.  Ow- 
ing to  the  insufficient  size  of  the  settling  chamber  the 
actual  rate  of  operation  has  been  less  than  one-half  of 
its  ratt'd  capacity.  Additional  .settling  chambers  are  to 
be  installed. 

After  satisfying  ourselves  that  the  plant  could  be  run 
satisfactorily  at  a  rate  suitable  to  the  capacity  of  the 
settling  chamber,  the  rate  has  been  iiKTeased  to  150.000 
gal.  per  day  even  though  some  sludge  escapes  with  the 
effluent.  At  this  increased  rate,  using  2  cu.ft.  of  air 
per  gallon  of  sewage,  stable  effluents  have  usually  b(>en 
obtjiined.  Owing  to  the  presence  of  sludge  in  the  efflu- 
ent, the  effluent  was  allowed  to  settle  in  glass  cylinders 
30  min.  longer  before  taking  samples  for  analysis. 
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By  E.  J.  IIoFF* 

After  xnisuccessfully  8earehiiig  the  markets  for  instru- 
ments of  a  type  'sensitive  enough  to  record  minute 
variations  of  the  water  level  in  evaporation  experiments, 
the  Irrigation  Investigations  branch  of  the  United  States 
Office  of  Public  Eoads  and  Rural  Engineering  undertook 
to  provide  its  own  instruments  to  meet  the  requirements. 
This  "evaporimeter"  was  ]ilanned  to  record  continuously 
and  accurately  the  lowering  of  a  water  surface  by 
c\aporation  to  0.01  in. 

The  method  adopted  is  to  use  a  reasonably  large 
evaporation  tank  of  sheet  iron  about  6  to  8  ft.  in  diameter, 
and  some  few  feet  from  it  a  small  float  tank  of  a  diameter 
not  less  than  3  in.  larger  than  the  float.  The  tanks  are 
connected  near  the  botton^s  by  a  small  pipe.  They  are 
placed  with  the  rims  at  ground  level,  as  shown  in  Fig.  1. 

The  float  tank  is  especially  protected  against  evapora- 
tion bv  a  cover  that  has  but  a  small  hole  for  the  float 
wire  to  pass  through.  Hence,  we  can  assume,  in  case  the 
float  tank  is  very  small  and  the  evaporation  tank  large, 

sE' 
E  =  E'  -\ V-,  when  E  is  the  true  evaporation,  E'  the 

recorded   evaporation,   .s  the   float-tank   area,   and   /   the 
evaporation-tank  area. 

If  this  relation  of  tanks  does  not  exist,  it  will  be  wise 
to  determine  (by  means  of  hook-gages)  the  evaporation 
losses  in  both  tanks  separately,  when  the  communication 
pipe  is  closed.    This  also  will  demonstrate  the  influence 
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of  heat-conducting  metal  floats  upon  the  water  that  is 
not  exposed  to  the  air.  To  eliminate  this  latter  factor  a 
glass  bottle  might  be  used  for  the  float. 

The  evaporimeter  resembles  the  usual  type  of  record- 
ing instrument.  A  large  clock-driven  cylinder  is  provided 
to  carry  an  8x24-in.  record  sheet,  and  a  lever  connected 
with  a  float  by  a  fine  brass  wire  transmits  the  float 
motion  to  a  pen  placed  at  the  end  of  a  long  pen-arm. 
The  pen-point  toovcment  is  ten  times  that  of  the  float. 

A  pressure  on  the  pen  required  to  accomplish  con- 
tinuous recording  would  put  a  heavy  load  u])on  the  float, 
which  in  couscHjuence  could  not  move  gradually  as  the 
water  does — the  record  of  which  we  want.  To  eliminate 
this  serious  objection  an  additional  arrangement  is  pro- 
vided, which  we  call  the  rocker-arni. 

•Mechanician,  Irrigation  Investigations.  United  States  Of- 
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Th(>  duty  of  this  rocker-arm  is  tn  move  the  pen-arm 
from  its  normal  position,  in  which  the  pen  does  not 
touch  the  record  sheet,  toward  the  cylinder  at  regular 
intervals.  For  this  purpose  the  rocker-arm  is  connected 
to  the  clock  by  cams  and  levers.  Every  five  minutes  the 
rocker-arm  moves  the  pen  against  the  paper,  where  it 
makes  a  dash  as  the  cylinder  moves.  When  the  rocker- 
arm's  motion  is  reversed,  the  pen-arm  returns  to  its 
normal  position,  but  the  rocker-arm  retreats  still  farther, 
leaving  the  pen-arm  free. 

By  means  of  the  rocker-arm  we  have  introduced  two 
leriods :     One  when  the  rocker-arm  engages  the  pen-arm 


Cylinder  LHtsr 


Chck-cJriven  Cylinder 
iv  ccrrry  d">:24-' 

Pecorc/ Sheet 


npif  arrerryg'emeiTi' 
iv  keepperj  arm 
away  irom  cy/inder 
yvM/e removingrihe    ,F^n4rm 
Icrferfrom  its  base/     /pvf>r 


5hcrH-dnvenby  cf(?cffworff 
and  ratat/ngr  cy/inder 

FIG.  2.    DETAILS  OF  "EVAPORIMETER,"  WHICH  RECORDS 
VARIATIONS   OF   -WATER   LEVEL   TO   0.01    IN. 

itnd  causes  the  pen  to  record;  and  the  other  when  the 
pen-arm  is  left  in  its  nomial  position  entirely  free, 
-ubject  only  to  the  float's  action.  The  records  indicate 
llie  gradual  lowering  of  the  water  surface  and  show 
precisely  when  extraordinary  changes  in  water  level  occur. 

The  only  remaining  frictionj  consists  of  the  pressure 
(exerted  upon  highly  polished  pivots  of  small  diameter) 
by  the  combined  weight  of  the  lever,  pen-arm  and  double 
counterweight,  all  of  which  have  been  reduced  to  a 
minimum;  therefore,  the  friction  may  be  considered 
negligible.  The  employment  of  knife-edge  bearings  might 
have  reduced  this  factor,  but  for  practical  reasons  the 
pivot  bearings  are  preferable. 

For  convenience  and  ease  in  operation  several  provi- 
sions are  made.  The  record-sheet  holder  is  a  slit  metal 
cylinder,  which  by  its  own  ela.sticity  or  spring  holds  the 
record  sheet.  The  cylinder  is  centered  upon  a  platform 
that  is  especially  mounted  u]X)n  a  point  bearing  about 
•5  in.  above  its  base,  thus  securing  the  most  stable  support 
and  the  ono  easiest  moved  by  the  clock  to  which  it  is 
connected  through  a  train  of  gears.  The  cylinder  makes 
one  revolution  every  12  hr.,  or  moves  2  in.  per  hr. 

^\l^en  the  mounted  record  sheet  is  placed  upon  the 
]ilatform,  it  can  be  disengaged  from  the  gears  and  clock 
in  order  to  allow  free  rotation,  which  is  necessary  for 
time  setting.  \Mu'n  the  proper  time  as  marked  on  the 
record  sheet  is  near  the  pen  point,  a  lever  or  cylinder 
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lifter  at  the  base  of  the  cvliiidcr  is  moved  toward  the 
left,  which  lowers  the  platform,  and  engajjos  the  gears. 
I  A  finer  and  final  setting  is  made  by  adjusting  the  base 
I  of  the  lever  by  means  of  a  clamp  and  slow-motion  device. 
While  the  preparatory  work  is  going  on,  the  pen  is 
not  in  the  operator's  way,  for  it  is  not  wise  to  disturb 
the  lever  and  float.     A  spring  is  attar-hed  to  the  rocker- 
arm  support,  which  by  means  of  a  small  weight  draws 
the  pen-arm  away  from  the  cylinder,  thus  clearing  the 
field  for  the  operator.     After  setting,  the  weight  is  lifted 
and  placed  upon   the  instrument  base,  and  the  pen-arm 
resumes  its  normal  position. 

According  to  reports,  this  instrument  has  given  satis- 
faction in  every  detail,  and  we  seem  justified  in  looking 
forward  to  a  succes.sful  solution  of  a  very  difficult 
problem. 

By  Pekcy  a.  Cupper* 

A  board  of  appraisers  assessing  benefits  and  damages 
in  drainage  or  other  improvement  districts  has  a  thank- 
less job,  and  imless  guided  by  past  e.xperience  and  good 
judgment  the  appraisal  is  apt  to  result  in  a  hopeless 
muddle.  Even  under  favorable  conditions  an  appraisal 
of  this  nature  is  on  a  par  with  judging  a  baby  show. 
Discretion  is  the  better  part  of  valor,  and  escape  before 
the  result  is  annoimced  is  the  only  safe  course. 

Most  of  our  drainage  statutes  provide  for  an  assessment 
of  both  benefits  and  damages  and  also  provide  that  if 
the  damages,  which  include  the  cost  of  the  works,  are 
in  excess  of  the  benefits  to  be  derived  the  improvement 
shall  not  be  made.  This  makes  it  necessary  in  addition 
to  securing  an  estimate  of  cost  and  assessment  of  damages 
to  fi.\  also  the  amount  that  the  improvement  will  be  worth. 
It  is  practically  impossible  to  view  one  tract  after  another 
and  fix  in  dollars  and  cents  the  proportional  part  of  the 
total  cost  that  each  tract  should  bear,  and  almost  endless 
adjustments  are  sure  to  result.  The  u.se  of  abstract 
figures  eliminates  much  of  the  difficulty. 

Factoks  To  Be  Takex  Txto  Coxsidekatiox 

There  are  many  factors  to  be  taken  into  consideration 
in  fixing  the  benefits  to  be  derived  by  any  particular 
tract  of  land  from  the  improvement:  Its  condition  prior 
to  improvement,  or  the  extent  to  which  it  requires  im- 
|)rovement;  its  location;  the  productivity  of  its  soil;  its 
topography,  elevation,  accessibility — all  of  which  may  be 
ixpres.sed  by  the  value  of  the  land  after  improvement. 
For  example,  one  tract  of  land  in  a  proposed  draiiiage 
-trict   may    be   already   50%    drained    and   producing, 
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while  another  tract  may  be  marshy  and  valueless.  While 
both  may  be  of  equal  value  when  drained,  the  drainage 
would  be  worth  twice  as  much  to  the  second  tract  as  to 
the  first.  Again,  consider  the  result  if  the  first  tract 
when  drained  should,  on  account  of  its  soil  condition, 
location,  etc.,  be  worth  twice  as  much  as  the  second  when 
drained.  It  is  obvious  that  the  relative  advantage 
accruing  to  the  owners  of  the  two  tracts  would  be  as 
4  to    1. 

So  it  may  he  said  that  the  benefits — the  increased 
productive  value  of  the  land — may  properly  be  considered 
under  two  heads:  First,  the  relative  condition  of  the 
land  before  and  after  drainage  and,  second,  the  value 
of  the  land  after  drainage.  By  using  abstract  numbers 
to  represent  these  two  elements  that  go  to  make  up  the 
benefits  and  by  taking  the  acre  as  the  unit  the  relative 
amount  that  should  be  as.sessed  against  each  tract  is 
easily  determined.  If  we  fix  100%  as  the  maximum 
improvement  and  maximum  increase  in  value  due  to 
drainage,  then  the  product  of  these  factors  gives  the 
percentage  of  maximum  acre  benefit  to  be  assessed  against 
the  tract.  The  damages  may  be  estimated  directly,  as  the 
amount  of  damage  is  not  fixed,  as  is  the  total  amount  to 
be  raised.  .Vs  a  basis  for  further  discussion  the  accom- 
panying tabulation  is  submitted. 

ExPLAXATld.V   OF  TABULATION 

The  area  in  column  3  should  include  only  the  acreage 
in  the  tract  that  will  be  benefited.  In  column  4  is 
given  the  percentage  of  maximum  benefit  per  acre. 
Valueless  marsliy  land  would  receive  the  maximum 
benefit  and  would  be  marked  100%  under  this  column, 
while  land  under  cultivation,  though  requiring  some 
drainage,  would  receive  less  benefit  and  would  be  marked 
correspondingly  less.  The  same  is  true  of  the  percentages 
of  maximum  value  in  column  5. 

If  two  tracts  of  land  are  in  the  same  condition  relative 
to  drainage  requirement,  yet  after  drainage  one  tract  is 
worth  twice  as  much  per  acre  as  the  other,  it  is  obvious 
that  one  receives  twice  as  much  benefit  per  acre  as  the 
other.  By  taking  the  product  of  the  percentage  of  maxi- 
mum improvement  and  of  maximum  value  (columns  4 
and  5)  we  get  what  may  be  termed  the  percentage  of 
maximum  benefit  per  acre  (column  6)  ;  and  if  this  is 
multiplied  by  the  number  of  acres  in  the  tract,  we  get 
a  corresponding  figure  for  the  tract,  column  7. 

In  the  tabulation  the  amount  of  money  to  be  raised  by 
assessment  is  $0,494,  and  the  damages  amount  to  $220, 
making  a  total  of  $6,71t,  which  amount  must  be  taken 
into  account  in  fixing  the  sum  each  tract  shall  be  assessed. 
The  figures  in  column  7  represent  the  proportion  each 
tract  shall  bear,  and  by  dividing  the  sum  of  these 
figures — namely,  236.2 — into  $6,714,  the  gross  amount 
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Name 

V.  Brown 
i;.  WllHoi 
I.  Evans 
.1  Evans 
V  Lent.  . 
H.    Mun. 


Land 
Description 


.NWi  .VW/,    Sec.    5 

SVV;  VW",    Sec.  5 

.N';4NW'4    Sec.    6 


7.5 
155 
20 


C  01 

in 

pi 

c 

cu* 

C< 

y.< 

y.si 

<;-) 

90 

90 

34.2 

$•.172.14 

J952.14 

»1,690 

2 

75 

60 

4r,.o 

1.279.13 

1,199.13 

2,170 

h 

80 

72 

111.6 

3,172.23 

3,122.23 

5,530 

5 

100 

100 

20.0 

568. .lO 

548.50 

98  0 

2 

60 

30 

12.0 

341.10 

341  10 

600 

80 

24 

13.4 

380.90 

330.90 

622 

1 

OQ 
»5 


$20 


Totals    384        236.2        $6,714.00       $6,494.00        $11,592        15        $170        $50        $220 

•Amount    of    monry    to    be    raised    liy  assessment,    $6,494:    estimated    maximum  lieneflt   per   acre,    $50;    (actor    (28,425)    ob- 
{  talned  by  dividing  sum  of  figures  In  column  7  into  amount  of  assessment  plus  damages. 
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involved,  the  quotient  is  2S.425.  Now  if  each  niunher 
in  column  7  i?  multiplied  hv  this  quotient,  the  result 
is  the  gros.s  assessment  against  each  tract,  as  .shown  in 
column  8.  After  deducting  the  damages  the  net  assess- 
ment is  given  in  column  9. 

In  order  to  determine  the  henefits  the  appraisers  .should 
fix  the  maximum  benefit  per  acre  that  will  accrue  to  any 
tract  in  the  district.  In  the  tabulation  this  has  been 
fixed  at  $50  per  acre.  On  this  assump- 
tion, by  multiplying  the  figures  in  col- 
umn 7  by  50  the  result  is  the  gross 
benefit,  and  by  deducting  the  damages 
we  get  the  net  benefits,  as  shown  in 
column  10.  It  is  then  seen  at  a  glance 
that  the  net  benefit  is  $11,592  and  ex- 
ceeds the  cost  plus  damages  by  ■$G,714 — 
a  fact  that  is  necessary  to  establish 
in  the  financing  of  most  drainage  dis- 
tricts. A  certain  area  of  land  is  ren- 
dered valueless  for  agricultural  pur- 
poses by  the  construction  of  ditches, 
etc.,  and  it  is  iipon  this  area  that  dam- 
ages are  assessed,  as  shown  in  column 
11.  The  total  damage  from  this  source 
is  given  in  column  12,  while  any  other 
damages,  as  for  example,  inconvenience 
due  to  the  construction  of  a  large 
ditch,  may  be  listed  in  column  13 
and  the  total   damage   in   column    14. 

It  must  be  borne  in  mind  that  most  of  the  columns  in 
this  tabulation  are  to  facilitate  computations,  only  a  very 
limited  number  being  for  recording  field  observations. 
The  advantage  in  this  general  plan  of  assessment  lies  in 
the  fact  that  the  proper  proportion  is  asses.sed  against 
each  tract  without  considering  it  in  money,  and  the  total 
assessment  is  bound  to  equal  the  amount  to  be  raised. 

CsilbH©  HiaclEEaes  oim  ftlh©  Sao 

By  F.  a.  Molitor* 
The  Sao  Taulo  Ey.,  in  Brazil,  although  only  86  mi.  in 
length,  is  one  of  the  most  notable  railways  of  South 
America.  Its  engineering  features  are  of  particular  inter- 
est because  it  makes  the  ascent  of  the  abrupt  slope  of  the 
mountain  range  known  as  the  Serra  do  Mar  by  a  cable 
incline.    Sao  Paulo  is  on  a  high  plateau  at  an  elevation  of 
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2,00(1  to  o.OOO  ft.  above  sea  level.  The  maintenancc-nf- 
way  conditions,  due  to  the  steep  sidehill  location  of  the 
main  part  of  the  line,  deserve  special  attention  by  Amer- 
ican engineers.  Part  of  the  infonuation  given  below  was 
obtained  by  the  writer  during  a  study  of  the  railway  sys- 
tems of  Brazil. 

'i'lip  railway  is  a  doul)le-track  line  with  a  gage  of  1.6 
muter  (5  ft.  3  in.).     It  runs  from  the  port  of  Santos  to 
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FIG.   1.    MAP  OF  THE   SAO   PAUT.O   RY.    (BRAZIL)    AND 
CONNECTING    RAILWAYS 


Tension  Carnage 

Diagram  of  Rope  DrWe   for  One  Incline 

PROFILE   OF    THE    CABLE    INCLINES  OF  THE  SAO  PAULO  RY.  AND 
DIAGRAIVIS  OP  THE  CABLE  MACHINERY' 

Sao  Paulo,  79  km.  (49  mi.),  and  Jundiahy,  139  km.  (86 
mi.).  In  spite  of  this  small  mileage  it  enjoys  the  dis- 
tinction of  being  one  of  the  most  profitable  railways  in  the 
world.  In  1913  its  gross  earnings  were  equal  to  $136,000 
per  mi.,  and  as  the  operating  ratio  was  65.8%  the  net  earn- 
ings were  $46,400  per  mi.  This  includes  a  liberal  allow- 
ance for  maintenance:  $21,220  per  mi.  upon  the  track 
and  $18,600  per  mi.  upon  equipment.  A  map  of  the  rail- 
way and  its  connections  is  shown  in  Fig.  1. 

The  railway  was  opened  in  1867,  the  ascent  of  the  Serra, 
or  range,  being  by  four  inclines  of  10%  grade  worked  by 
rope  haulage  on  the  "tail-end"  system.  The  duplication  of 
the  entire  line  was  commenced  in  1895  and  completed  in 
1901.  For  the  steep  ascent  a  new  route  was  chosen,  with 
five  inclines  of  8%  grade,  also  worked  by  rope  haulage 
on  the  "tail-end"  system.  The  old  line  is  kept  in  condition 
for  use  in  case  of  trouble  and  for  aid  during  the  heavy 
coffee  traffic  movement. 

The  railway  is  divided  into  three  distinct  sections.  The 
first  section,  from  Santos  to  the  foot  of  the  range,  19  km. 
(11%  mi.)  is  practically  flat,  on  marshy  ground,  and  IB 
operated  by  locomotives  in  the  usual  way.  The  second  sec- 
tion overcomes  the  great  difference  of  level  which  has  | 
to  be  surmounted  to  reach  the  high  table-land.  A  rise  of 
2,600  ft.  is  accomplished  in  a  distance  of  10  km.  (6.2  mi.), 
which  necessitates  a  ruling  grade  of  8%  from  the  base  of 
the  slope  to  its  summit.  The  third  section  extends  from 
the  top  of  the  inclines,  at  30  km.,  to  Sao  Paulo  and 
Jundiahy.     It  is  operated  in  tlie  usual  manner. 

.\t  Piassaguera  (at  the  foot  of  the  incline)  the  locomft- 1 
live  is  cut  off  and  the  cars  are  moved  to  the  foot  of  the  | 
first  incline.  Each  incline  is  operated  independently,  and 
has  a  cable  composed  of  six  strands  of  steel  wire  on  |j 
hemp  core.  This  has  a  breaking  strength  of  108  ton' 
when  new  and  72  tons  when  worn,  and  as  the  maximu 
workina;  load  on  the  cable  fi-niii  all  sourc(>s  is  IS  tons,  thej 
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factor  of  safety  varies  from  4  to  6.  The  cable  is  sup- 
ported and  guided  on  the  inclines  by  small  wheels  placed 
between  the  rails,  and  at  the  bottom  it  enters  an  under- 
ground chamber  where  the  tension  carriage  is  located,  as 
shown  in  the  profile,  Fig.  2. 

The  track  on  the  inclines  has  103-lb.  T-rails  (46.3 
kg.  per  meter).  In  order  to  suit  the  relative  paths  of  the 
up  and  down  sides  of  the  rope  the  track  is  formed  of 
three  rails,  except  that  at  the  passing  places  and  heads 
of  the  inclines  two  separate  tracks  are  laid  to  permit 
trains  to  pass.  A  grip  car  attached  to  the  train  has 
mechanism  for  picking  up  and  gripping  the  cable,  which 
is  driven  by  a  stationary  engine  placed  at  the  top  of  the 
incline.  This  car  has  also  powerful  brakes,  including  a 
track  brake. 

The  five  inclines,  each  with  its  separate  hauling  plant, 
work  simultaneously;  that  is,  there  are  always  five  trains 
ascending  and  five  descending  when  the  inclines  are  work- 
ing, the  vehicles  on  one  side  of  the  cable  being  balanced 
by  those  on  the  other  side.  The  paying  load  may  or  may 
not  be  equal  in  both  trains.  The  average  unbalanced 
,  load  is  small  and  the  larger  load  moves  down  the  incline. 

The  winding  engines,  each  of  approximately  1,000  hp., 
are  of  the  two-cylinder  condensing  type.  The  cylinders 
are  32xGO  in.,  fitted  with  Corliss  valves  operated  by  the 


FIG.  3.    GRIP  CAR  FOR  THK  CABLE  INCLINI.S  i  'l'    IIIK 
SAO  PAULO  RY.    (BRAZIL) 

ooeh  link  valve-gear  and  a  special  trip  gear.    Each  power 

elation  has  four  Lancashire  boilers  71/2  ft.  diameter  and 

27  ft.   long.     They  have  the   Mcars  stoker  and   Green 

"••onomizer,  and  supply  steam  at  100  lb.  pressure. 

There  are  two  parallel  shafts  carrying  cable  drums  and 

-ft.  flywheels,  the  latter  connected  by  a  rope-drive  of  10 

;fon  ropes,  so  that  both  the  crankshaft  and  second  shaft 

■  driven  by  the  engine.    The  cable  entering  the  engine 

use  from  the  up  line  makes  four  turns  around  the  drums, 

i-ses  to  a  14-ft.  horizontal  reversing  sheave,  and  thence 

It  to  the  down  line. 

The  maximum  weight  of  train  which  can  be  hauled  on 

'■  inclines  is  llo  tons;  this  train  is  composed  of  six 

"led  cars  weighing  114  tons  and  the  grip  car  which 

'iglis  31  tons.     Of  this  weight  78  tons  is  paying  load. 

the  time  necessary  to  run  a  trip  is  eight  minutes,  so  that 

I  J  trips  can  be  run  in  an  hour.     This  mean.s  that  58.5 

■UA  per  liour  can  be  delivered  at  the  top  and  at  the  bot- 

III  of  the  inclines,  and  in  ten  hours  over  5,000  tons  of 

'ichandise  can  be  handled  in  each  direction. 

With  the  endless-rope  incline  system  the  dead  load  is 

lays  balanced,  the  ascending  train  on  one  side  being 

I  lanced  bv  a  similar  train  on  the  descending  side.    The 


duty  of  the  stationary  engine  is  to  overcome  the  excess  or 
unbalanced  load,  whether  arising  merely  from  friction 
or  from  difference  in  the  weight  of  the  two  trains.  The 
speed  of  the  trains  is  controlled  by  the  brakes  on  the  haul- 
ing engine.  A  train  may  be  run  on  only  one  side  of  the 
rope,  as  there  is  a  constant  tension  caused  by  the  tension 
weight.  In  this  case  the  unbalanced  load  is  the  total 
weight  of  the  train. 

Special  devices  are  applied  to  prevent  trains  becoming 
detached  from  the  rope.  The  entire  rolling  stock  is  fitted 
with  the  quick-acting  vacuum  brake,  which  (with  the  rail 
grip  on  the  grip  car)  provides  ample  power  to  hold  a  train 
should  it  become  detached. 

The  maintenance  expenses  have  been  criticized  as  be- 
ing very  high.  Every  care  must  be  taken,  however,  to 
prevent  slides  on  the  mountain,  and  as  the  formation  is 
treacherous  it  is  good  practice  to  carefully  pave  wherever 
the  original  surface  of  the  ground  has  been  disturbed,  or 
where  there  is  any  chance  of  water  eroding  it.  The  long 
experience  of  the  English  engineers  upon  this  mountain 
line,  and  their  national  training  in  well-maintained  rail- 
ways at  home,  has  prompted  them  to  special  care  in  the 
details  on  this  difKcult  line,  and  with  satisfactory  results. 
Certainly  the  results  of  operation  with  a  heavy  business 
speak  well  for  it.  Both  the  technical  and  physical  condi- 
tions of  the  property  are  good. 

The  length  of  double-track  main  line  is  86  mi.,  and 
sidings  aggregate  113  mi.  Tangents  represent  58%  and 
curves  42%  of  the  length;  while  76%  is  on  grades  and 
24%)  is  level.  The  maximum  grade  (exclusive  of  the 
inclines)  is  2%,  and  the  sharpest  curves  are  of  about  7°. 
There  are  16  bridges,  some  of  masonry  and  others  of  steel, 
aggregating  about  4,600  ft.  and  having  spans  of  33  to  250 
ft.  The  13  tunnels  are  200  to  850  ft.  long,  and  aggregate 
4,430  ft. 

The  original  cost  of  the  line  was  about  $43,000,000,  or 
$497,000  per  mi.  (IT.  S.  currency).  The  original  con- 
cession provided  a  guarantee  of  7%,  which  was  paid  by 
Hie  government,  between  1867  and  1873,  in  the  amount  of 
ai)out  $2,600,000.  In  1874  the  guarantee  ceased  and  the 
company  commenced  to  divide  with  the  government  (in 
accordance  with  the  concession)  the  net  earnings  in  excess 
of  8%,  and  up  to  1890  it  had  paid  the  government  about 
$4,672,000.  The  company  is  now  independent  of  the  gov- 
ernment except  in  respect  to  operating  and  traffic  reg- 
ulations. 

In  1912  (no  later  records  are  available)  the  railway 
carried  2,968,810  passengers,  with  an  average  haul  of  23,4 
mi.    The  freight  handled  was  2,737,820  tons. 


.V  Change  l:i  the  Clinnncl  of  the  Mississippi  River  at  St. 
Paul  was  urged  by  the  St.  Paul  Commercial  Club  in  a  recent 
hearing  before  a  board  of  Army  Engineers.  The  club  pro- 
poses to  follow  out  the  general  plan  prepared  by  Lieutenant- 
Colonel  Shunk,  of  the  Corps  of  Engineers,  diverting  the  river 
as  far  as  pcssible  toward  the  west-side  bluffs  and  utilizing  as 
a  harbor  for  water  trafflc  the  cast  end  of  the  old  channel  not 
filled,  so  far  as  it  Is  not  required  for  railway  terminals.  The 
project  Is  based  also  on  .i  report  as  to  the  commercial  needs 
presented  by  M.  G.  Barnes,  Consulting  Engineer.  The  total 
cost  of  the  Improvement  is  estimated  at  {1,935,000,  which 
may  be  lalsed  to  $5,600,000  by  a  possible  Increase  In  certain 
items;  Some  of  the  possible  sources  for  providing  the  funds 
to  carry  out  the  improvement  are,  flr.st,  a  Federal  appro- 
priation; second,  an  assessment  upon  property  specially  bene- 
fited, and  third,  the  proceeds  of  the  sale  or  rental  of  the 
lands  reclaimed  by  flUing  in  the  old  channel.  It  Is  claimed 
that  about  180  acres  of  this  new  land,  lying  near  the  present 
railway  terminals,  could  be  sold  at  a  price  sufRclent  to  pay  the 
entire  cost  of  the  Improvement. 
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MoEnolMIhiic  Briicli  Paviimrf  for 


By  WiLLiAJi  KoBEHT  Paige* 


SyyOI'SIS—A  special  fuiliin'  of  llw  work  de- 
scribed is  the  use  of  a  novel  iijpe  of  cvpa-iision 
joint  and  llie  laying  of  bricks  in  header  courses 
on  each  side  of  these  joints.  Tlie  bricks  are  laid 
on  a  Ji-in.  base  of  green  concrete,  no  sand  cushion 
tiring  eniptiijicd. 

A  monolithic  brick  pavement  '.'>'.)  I't.  wide  is  h./iii,:,' 
eonstructed  by  the  writer  on  Main  St.  at  Marshall,  III., 
a  city  of  about  5,000  inhabitants.  ]\lain  St.  is  a  ))art 
of  the  old  National  Eoad  from  Cumberland,  ild.,  to 
St.  Louis,  :\Io.,  and  is  100  ft.  wide,  20  ft.  having  been 
added  to  the  original  width  when  the  town  of  ilarshall 
was  platted.  Six  years  ago,  four  blocks  of  this  street 
through  the  business  section  were  paved  hj  the  writer 
with  brick  on  a  sand  cushion  and  concrete  base.  The 
roadway  is  (iO  ft.  between  curb  lines  (with  9-in.  crown) 
and  57  ft.  between  gutter  lines,  a  combined  curlj  and 
gutter  being  used.    This  paving  is  in  excellent  condition. 

It  was  decided  last  spring  to  extend  this  pavement 
east  and  west  to  the  city  limits.  The  iirst  plans  submitted 

•Civil    and    Consulting    Engineer.    Teiio    Haute,    Ind. 


1  ailed  lor  a  boulevard  having  a  20-ft.  parkway  through 
the  center,  with  a  20-ft.  drive  on  each  side  and  a  20-ft. 
space  for  parkway  and  sidewalk  on  each  side  of  the  road. 
This  made  the  curb  lines  of  the  new  proposed  paving 
continuous  with  the  curb  lines  of  the  60-ft.  roadway 
and  would  have  divided  the  street  into  five  equal  parts. 
The  expense,  however,  was  found  to  be  greater  than  the 
jiroperty  owners  felt  they  could  afford,  and  the  boulevard 
idea  was  abandoned.  A  central  roadway  36  ft.  in  width 
was  substituted,  the  combined  curb  and  gutter  making 
tlie  actual  width  of  the  brick  roadway  33  ft. 

The  monolithic  type  of  brick  pavement  (in  which  the 
bricks  are  laid  directly  upon  the  green  concrete)  had 
been  used  successfully  on  highways  having  narrow  widths, 
and  the  writer  believed  that  the  same  type  could  be 
successfully  used  in  wide  streets  by  following  somewhat 
diiferent  methods.  The  combined  curb  and  gutter  was 
first  constructed  along  each  side  of  the  roadway.  Then 
the  excavations  were  made,  first  the  rough  and  then  the 
linishing  grading,  using  a  templet  to  shape  the  subgrade 
accurately,  whicii  was  then  rolled  with  a  steam  roller. 

The  concrete  is  mixed  in  a  portable  batch-mixing 
mai'hinc,  with  a  boom  and  traveling  bucket  for  placing 


FK:.    1.    MONOLITHIC   HUICK   PAVING    t)N    WIDE   STREETS  AT  MARSHALL,  ILT,. 

A — Finishing  tlie  concrete  base  with  templet.     B — Briok  laid,  showing:  expansion  Joints.     C— Expansion  joints  with  header 

bricks.     D — Lug  bricks  laid  and  ready  for  cement  filler 
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the  concrete.  The  concrete  is  spread  out  uniformly  to 
a  slightly  greater  depth  than  that  required,  and  a 
Roughen  templet  is  drawn  over  it  several  times  to  obtain 
a  true  surface  of  uniform  depth. 

The  contractor  was  instructed  before  commencing  the 
work  to  obtain  a  templet  that  would  be  as  nearly  rigid 
as  possible.  In  order  to  prevent  the  templet  from  rolling 
over  the  concrete,  three  men  ride  it,  one  in  the  middle 
and  one  on  each  side.  The  templet  rolls  on  wheels  on 
the  concrete  gutter  and  has  a  contrivance  for  raising  it 
when  running  back  over  the  concrete  for  the  next  drag. 
The  templet  is  pulled  by  hand  by  the  mixing  crew,  while 
the  engineman  moves  the  mi.xer  forward.  The  pulling  is 
done  with  five  ropes — at  the  center,  the  quarter-points 
and  the  ends. 

After  the  concrete  has  been  properly  shaped  (which 
sometimes  requires  five  or  six  drags),  the  templet  is 
again  drawn  back  and  a  mortar  cushion  spread  in  front 
of  it  by  shovels.  The  templet  is  drawn  over  this  without 
changing  its  height,  forcing  the  mortar  into  the  voids  of 
the  concrete.  This  operation  is  repeated  until  the  surface 
presents  a  true  surface  for  laying  the  brick,  as  shown 
at  A  in  Fig.  1.  A  man  witli  a  hand  tool  corrects  any 
irregularities. 

The  surface  is  then  ready  for  the  bricklayers.  The 
.  arriers  deliver  the  brick  by  walking  on  boards  placed 
over  the  brick  already  laid,  the  boards  being  moved 
forward  as  the  laying  progresses.  The  brick  are  sorted 
outside  of  the  pavement,  an  attempt  neing  made  to  have 
the  correct  face  of  the  brick  up,  but  owing  to  the  haste 
of  the  men  this  is  only  partially  accomplished.  A  man 
placing  bats  keeps  the  rows  completed,  and  a  sweeper 
cleans  the  pavement  so  that  the  inspector  can  readily  go 
over  the  surface.  The  brick  are  quickly  turned  and  culled 
and  are  inmiediately  rolled  with  a  hand  roller  weighing 
approximately  900  lb. 

Occasionally  a  brick  fails  to  go  down  to  its  proper 
place  and  is  driven  by  hand  with  a  wooden  tamp.  Water 
is  also  sometimes  used  to  assist  in  the  proper  rolling. 
The  brick  are  then  grouted  with  a  cement  filler,  the 
usual  methods  being  pursued.  The  paving  is  of  Dunn 
wire-cut-lug  brick  manufactured  at  Albion,  III.  This 
construction  requires  a  brick  to  be  very  uniform  in  size. 
At  B  in  Fig.  1  is  shown  the  joints  between  the  brick, 
ready  for  filler,  the  joints  being  open  to  the  full  depth 
if  the  brick. 

Street  intersections,  where  the  templet  cannot  be  used, 
are  put  in  by  hand,  stakes  being  set  at  intervals  sufficient 
to  give  the  proper  cross-section.  The  mortar  cushion  is 
shaped  by  hand  tools,  and  while  it  is  not  possible  to 
■cure  as  accurate  shaping  of  the  concrete  and  mortar 
ushion  as  where  the  templet  is  used,  the  results  are 
I  titirely  satisfactory.  The  total  amount  of  work  to  be 
'lone  under  the  present  contract  is  1.5, OCO  sq.yd.  of  :j;5-ft. 
width,  5,1. SO  sq.yd.  of  2.5-ft.  and  3,-320  sq.yd.  of  20-ft. 
>vidth.    The  20-ft.  width  is  for  alleys. 

The  ba.se  is  4  in.  thick,  with  .3%  in.  of  conprete  and 
''(  in.  of  mortar  cushion.  The  concrete  is  a  1  :  G  mix, 
i-ing  bank  gravel.  The  mortar  cushion  i.s  1:2,  using 
ii'an  shaq)  sand.  The  grout  filler  is  mixed  1:1.  The 
iiiortar  top  is  mixed  in  boxes  by  hand,  but  a  small  l)ati'h 
mixer  would  be  very  advantageous  for  this  part  of 
•  lie  work. 

Prepared  asjihalt  expansion  joints  1  in.  thick  are  used 
Mtwccii    the   iirlik    iuid    the   gutter,   and    two   transverse 


expansion  joints  1  in.  thick  are  used  in  each  block, 
approximately  165  ft.  apart.  Joints  are  provided  between 
the  concrete  base  and  the  gutter  by  means  of  a  lx4-in. 
board,  which  is  removed  after  the  concrete  is  placed  and 
shaped,  and  the  space  then  filled  with  sand.  Transverse 
joints  are  made  through  the  concrete  by  cutting  with 
a  spade  after  the  brick  are  laid  up  to  the  place  where  the 
joint  is  required.  This  cut  is  filled  with  sand  and  the 
concrete  tamped  into  position. 

The  transverse  joint  has  a  special  feature  that  is 
original  with  the  w'riter.  When  the  location  of  the  joint 
is  made,  a  trench  2  ft.  wide  (12  in.  on  each  side  of 
the  location)  is  cut  to  a  depth  of  3  in.  This  trench  is 
filled  level  full  with  concrete  and  covered  with  building 
paper.  The  concrete  base  is  then  placed  and  shaped  over 
this  support.  The  joint  fs  afterward  cut  through  to  the 
paper  and  filled  with  sand,  as  above  described,  care  being 
taken  not  to  break  the  paper.  This  gives  a  solid  base 
for  the  joint  to  rest  upon,  and  on  whi(  h  it  may  freely 
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FIG.   2.    SPECIAL  JOINT   FOR  BRICK   PAVINT,   AT 
MARSHALL,   ILL. 

move.  This  prevents  settling  of  the  base,  which  might 
be  caused  from  water  seeping  through  and  softening  the 
subgrade  at  these  joints.  Fig.  2  shows  the  construction 
of  this  joint. 

Another  special  feature  of  the  joint  is  the  laying  of 
the  brick  as  headers,  with  the  prepared  joint  between 
the  heads,  as  shown  in  Figs.  1  and  2.  Laying  the  brick 
as  headers  at  the  end  of  all  street  intersections,  which 
takes  the  place  of  marginal  curbing,  is  another  special 
feature.  This  is  shown  at  B  in  Fig.  1.  The  theory 
for  this  arrangement  is  that  the  weakest  point  in  the 
pavement,  and  the  point  most  exposed  to  traffic,  is  at 
the  joints  and  at  the  end  of  the  intersections.  By  laying 
the  brick  as  headers  a  longer  bearing  is  given  for 
resisting  the  impact  from  vehicles  and  from  horses'  hoofs. 

Difficult  construction  was  encountered  in  building  the 
extension  of  the  60-ft.  roadway  from  the  property  line 
to  the  curb  line  of  the  intersecting  street,  whirl)  was 
put  in  on  the  monolithic  system.  This  had  to  be  done 
by  hand,  using  the  method  above  described  for  building 
street   intersections,  and   excellent    results   were   oblMJned. 
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The  most  difficult  construction  encountered  was  in 
extending  the  GO-ft.  pavement  to  connect  with  a  diagonal 
street  and  also  a  street  at  right  angles,  the  center  line 
of  the  diagonal  street  and  the  right-angled  street  heing 
11  ft.  apart. 

From  the  contractor's  point  of  view  there  is  one  feature 
that  is  of  particular  interest  in  this  type  of  monolithic 
construction;  namely,  the  work  can  be  done  under  the 
supervision  of  one  general  foreman.  This  is  for  the 
reason  that  the  work  is  all  kept  together,  and  when  the 
day's  work  is  done  the  contractor  has  a  completed 
pavement. 

The  advantage  to  the  municipality  is  that  the  street 
can  be  opened  to  traffic  within  two  weeks  after  the  street 
is  completed,  instead  of  waiting  seven  d&ys  for  the  con- 
crete base  to  set  and  then  waiting  ten  days  after  the  brick 
are  laid  and  slushed  before  opening  the  street.  The 
pavement  is  also  noiseless  in  comparison  with  the  saml- 
cushion  type,  the  difference  being  very  noticeable  on 
West  ]Main  St.  where  the  old  paving  joins  the  new. 

The  contract  is  being  executed  by  the  H.  Pfizenmayer 
Construction  Co.,  of  Terre  Haute,  Ind.,  under  the  direc- 
tion of  Paul  ]\lcredilh,  superintendent  and  member  of  the 
firm.    L.  E.  Gramnier  is  principal  assistant  for  the  writer. 

Method  of  Obtaixixg  Cost  D.\t.\ 

An  accurate  aw-ount  of  the  construction  cost  is  being 
kept.  The  cost  of  the  labor  is  divided  among  the  mixing 
and  placing  of  the  concrete  base  and  mortar  cushion, 
bricklaying,  and  slushing  or  grouting.  The  overhead 
charges,  being  constant,  are  divided  equally  among  these 
three  branches  of  work ;  these  charges  cover  the  foreman, 
timekeeper  and  water  boy. 

The  crew  for  mixing,  placing  and  sliaping  the  concrete 
and  mortar  was  as  follows:  One  engineman,  one  sub- 
foreman,  four  wheelers,  four  shovelers,  nine  men  on  the 
mixer  and  spreading,  and  three  men  mixing  mortar.  For 
ijricklaying:  Two  brick  setters,  twelve  carriers,  twn 
rollers,  one  sweeper  and  one  batter.  The  crew  used  I'oi' 
slushing  or  grouting  was  made  up  from  the  bricklaying 
and  mixing  crews.  This  is  a  general  statement  of  the 
number  of  men  used  in  tiie  crews,  whidi  ol'  course  varied 
from  day  to  day. 

Accurate  account  was  kept  of  tlie  cement  used  I'nr 
slushing  and  for  the  concrete  base.  The  cost  of  each 
day's  work  was  kept  se]iai'a1c  and  the  rcsidt  laludatcd. 
By  this  method  the  cost  per  niiuarc  yard  lor  em  li  di\isi(in 
of  labor  was  (ilitaincd  and  tiic  material  required  per 
square  yard  was  detei-miued. 


IR®s^©2=aEig  Flood^Ws'ecIkedl  Well 

By  a.  C.  Fraxci.s* 

Among  the  extensive  repairs  to  the  San  Diego  water- 
woi-ks  necessitated  by  the  flood  damage  of  January,  1!)16, 
is  the  reconstruction  of  the  Mission  Valley  pumping  sta- 
tiiin.  a  5,000,000-gal.  plant  put  in  use  in  December,  1914, 
as  an  auxiliary  to  the  mountain  storage-reservoir  system. 
This  reconstruction  is  just  being  completed  under  the 
direction  of  F.  M.  Lockwood,  Manager  of  Operation  of 
the  City  of  San  Diego. 

From  Jan.  25  to  29,  191G,  it  was  a  night-and-day 
liatlle  with  the  flood  waters  of  the  San  Diego  River  to  save 
the  main  pumping  plant  from  destruction.  As  it  was,  a 
portion  of  the  concrete  sump  was  wrecked,  the  pipe  lines 
lidui  the  wells  to  the  main  pumping  station  were  washed 
out.  the  field  pumps  and  motors  were  carried  dowTistream, 
;ind  tlie  chief  pump  engineer's  cottage,  together  witii  his 
garage  and  automobile,  were  swept  away  by  the  flood. 

Although  nature  wrecked  the  field  plant,  still  nature, 
assisted  by  the  ingenuity  of  the  men  in  charge  of  tlie  Hood 
work,  undoubtedly  saved  the  main  plant.  The  main  pump- 
house  and  sumps  are  located  jtist  below*  an  immense  gulch 
in  wiiicli  had  been  placed  a  30-in.  concrete  drain  pipe 
to  carry  the  stonn  water  from  the  residence  disti'ict  on 
the  mesa  high  above  the  plant.  This  drain  discharged 
near  the  pumphouse,  and  the  water  from  it  was  cutting 
in  \ery  close  to  the  concrete  sumps.  At  the  same  time 
the  river  was  washing  up  nearer  and  nearer  to  the  main 
plant,  and  for  a  time  it  looked  as  though  nothing  would 
save  it.  As  something  of  an  experiment,  a  force  of  men 
was  sent  up  the  gulch  to  the  mouth  of  the  drain  with 
orders  to  shovel  rock  and  dirt  into  the  pipe.  The  drain 
carried  the  material  down  to  the  plant  and  deposited 
it  just  I)ehnv  the  discharge  end  of  the  drain,  where  the 
water  was  cutting  in  near  the  sump.  As  the  deposit  filled 
up  the  cut  to  the  end  of  the  drain,  the  pipe  was  broken 
(ilV  h/ngth  by  length  to  allow  the  fill  to  be  made  farther 
l>:ick.  In  this  w-ay  a  solid  earth  and  rock  fill  was  made  in 
t!ic  cut,  and  the  flood  waters  were  turned  away  from 
the   jdant. 

'I'he  work  necessitated  by  the  flood  was  the  recovery 
111'  as  nuuh  of  the  old  held  jflant  as  was  possible,  the 
chilling  of  nine  new  wells,  alterations  to  the  main  plant, 
the  installation  of  a  complete  new  system  of  water  deliver)' 
bv  air  lift  from  the  wells  to  the  main  plant,  and  protec- 

•City  HaU,  San  Diego,  Calif. 


FIG.  1.    GENERAL  VIEW  OP  TWO  WELLS.  SHOWING  INTERIOR 
OF   WEDfJE   PROTECTION 
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tion  of  the  field  plant  from  future  destruction  by  flood 
waters. 

The  cost  of  the  entire  job  was  close  to  $2(),00i).  The 
work  of  recovery  of  the  old  field  plant  and  general  re- 
construction will  run  approximately  $5,700 ;  the  air-lift 
system  of  transmission  from  wells  to  plant  cost  $11,270; 
the  new  wells  completed  cost  $8,0G9  ;  a  survey  of  the  prop- 
erty, $356;  and  the  protection  of  the  field  plant,  about 
$700. 

The  pumping  plant  as  originally  constructed  consisted 
of  12  drilled  wells,  in  depth  from  40  to  90  ft.,  from 
each  of  which  the  water  was  lifted  by  means  of  a  small 
two-stage  centrifugal  type  of  pump  driven  by  a  10-hp. 
belted  electric  motor.  The  water  was  driven  from  the 
pumps  to  a  concrete  staudpipe  and  thence  to  concrete 
reservoirs  through  steel  force  mains.  From  the  reservoir 
the  water  was  lifted  to  the  University  Heights  reservoir 
by  two  direct-connected  four-stage  centrifugal  pumps 
driven  by  two  250-hp.  motors. 

The  field  plant  suffered  flood  loss  severely,  only  three 
of  the  wells,  five  of  the  pumps  and  six  motors  being  re- 
covered after  the  waters  had  receded. 

Owing  to  the  failure  of  the  Lower  Otay  dam  and  of 
both  the  Otay-San  Diego  and  the  Bonita  pipe  lines  in  the 
Sweetwater  Valley,  it  was  of  vital  importance  to  place  the 
Mission  Valley  plant  in  operation. 

Accordingly  a  temporary  sump,  30x80  ft.  in  plan  and 
about  12  ft.  deep,  was  dug  and  boarded  up  about  35 
ft.  east  of  the  concrete  settling  basins  and  sumps.  Two 
electrically  driven  pumps,  one  a  7-in.  and  the  other  a  10- 
in.,  were  placed  on  the  bank  and  pumped  from  the  river 
sand  into  the  concrete  basins  from  which  the  main  plant 
lifted  the  water  to  the  University  Heights  reservoir. 

This  temporary  supply  was  first  delivered  on  Feb.  18, 
Just  22  days  after  the  big  flood  had  wiped  out  such  a 
large  portion  of  San  Diego's  water  system.  The  plant 
furnished  an  average  of  a  little  over  4,000,000  gal.  daily 
until  July  9,  when  the  Otay-San  Diego  pipe-line  repairs 
were  completed  and  the  water  turned  in  from  the  X'pper 
Otay  reservoir. 

During  this  period  an  effort  was  made  to  recover  the  12 
wells  in  the  field  of  the  old  plant,  but  only  three  of 
the  wells  could  be  located.  These  three  wells  w-ere  cleaned 
out  and  contracts  let  for  the  drilling  of  nine  new  wells. 
The  wells  just  drilled  are  each  100  ft.  deep.  The  three 
old  wells  that  were  recovered  run  from  58  to  80  ft.  in 
depth.  The  water  stratum  is  about  15  ft.  thick  and  is 
found  between  the  40-  and  (iO-ft.  levels.  The  wells  are 
12  in.  in  diameter  to  a  depth  of  60  ft.,  or  through  the 
water-bearing  stratum,  and  8  in.  below  that  level,  the 
continued  depth  giving  submergence  for  the  air-lift 
system. 

For  some  time  prior  to  the  flood  that  made  reconstruc- 
tion necessary  Mr.  Whitmore,  the  master  mechanic  of  the 
City  Operating  Department,  had  i)een  considering  the  air- 
lift system  as  a  means  of  delivering  the  water  from  the 
wells  to  the  main  pumping  plant.  His  investigations 
gave  him  reason  to  believe  that  this  method  would  be 
less  expensive  both  in  operation  and  maintenance  than  the 
field  pumps  and  motors. 

As  the  field  plant  had  been  completely  destroyed,  it  was 

decided  to  put  in  the  air-lift  system.     The  lift  installed 

is  the  plant  of  the  F.  J.  Kimball  Co.,  Los  ;\ngcles,  and 

I  consists  of  two  17xl0xl4-in.  Ingersoll-Kand  air  eompres- 

'ors,  of  a  guaranteed  capacity  of  900  cu.ft.  of  free  air  per 


minute  for  each  compressor  against  a  30-lb.  pressure,  and 
with  a  speed  of  185  r.p.m.;  two  75-hp.  440-kv.-a.  (iO- 
cycle  900-r.p.m.  motors;  and  12  patent  air-lift  apparatus 
with  a  guaranteed  capacity  for  each  apparatus  of  500  gal. 
per  min.  with  a  submergence  of  60%  and  a  guaranteed 
efficiency  of  30%  for  power  delivered  to  the  belt  wheel  of 
the  compressor. 

The  air-lift  system,  when  tested  out.  proved  to  be  satis- 
factory from  the  start.  There  is  no  field  trouble  to  care 
for,  and  the  saving  effected  in  salaries  of  pump  operators 
alone  is  $370  per  month,  to  say  nothing  of  the  saving  in 
the  maintenance  of  the  field  pumps,  which  was  running 
close  to  $130  a  month. 

Furthermore,  under  the  old  system  of  field  pumps  and 
motors  it  was  impossible  during  stormy  weather  to  operate 
the  field  plant,  as  most  of  it  was  under  water.  With  the 
air-lift  system  the  plant  may  be  operated  just  as  long  as 
the  wells  and  transmission  lines  remain  intact,  as  the 
whole  plant  is  operated  from  the  main  pumphouse  Ijy 
one  man. 

Alterations  wore  also  made  in  the  arrangement  of  the 
main  plant.  Before  the  flood  the  main  pumps  had  to 
operate  through  a  suction  line,  in  which  there  were  nine 
bends.  Mr.  Whitmore  abandoned  this  suction  line  and 
drove  a  tunnel  from  the  smup  to  a  ])oint  under  the  pump- 
house  directly  below  and  between  the  two  pumps.  Here 
he  made  a  concrete-lined  pit  6x8  ft.  in  plan  and  16  ft. 
deep,  into  which  the  tunnel  fi'om  the  sump  discharges 
by  gravity  anil  from  which  suction  pipes  with  only  one 
bend  lead  to  each  of  the  main  pumps.  This  change  in- 
creased the  pump  capacity  just  100,000  gal.  per  day. 
The  plant  has  a  total  capacity  of  4,000,000  gal.  daily  when 
delivering  the  water  over  the  aerating  table  at  the  Uni- 
versity Heights  reservoir,  and  5,000,000  gal.  when  dis- 
charging direct  into  the  main. 

The  12  wells  arc  connected  to  the  sumps  by  lO-iu. 
branches,  and  412  ft.  of  20-in.  and  1,600  ft.  of  24-in. 
mains,  all  of  steel. 

In  order  to  protect  the  wells  from  being  torn  out  dur- 
ing stormy  weather  by  floating  debris  the  department  has 
placed  a  wedge  constructed  of  heavy  timber  and  railroad 
iron  in  front  of  the  wells,  with  the  nose  pointed  up- 
stream. 'I'hree  30-lb.  rails  were  driven  to  a  depth  of  about 
24  ft.  in  the  sands,  and  the  wedge  was  constructed  around 
these  rails  out  of  3xl2-in.  planks  12  ft.  long.  The  w-edge 
extends  (>  ft.  below  the  surface  of  the  sand  and  6  ft.  above, 
the  ujiward  extension  being  for  the  purpose  of  protecting 
the  wells  not  only  from  floating  debris,  but  also  from 
shifting  sands  under  the  surface  of  the  water. 


l*ru|ioNr<l  lltK'li»'ay  ConiiiiiNNlon  of  'I'exiiH — The  passap:c  of 
the  Federal-aid  road  bill  has  been  inlluential  in  brin^in^  Ihe 
largest  state  in  the  Union  to  consider  state  road  construc- 
tion. The  committee  recently  appointed  by  Governor  Fergu- 
son of  Texas  to  draft  a  bill  creating  a  .state  higliway  com- 
mission has  completed  Its  work,  and  the  bill  will  be  presented 
at  the  next  meeting  of  the  legislature  in  January.  If  carried, 
the  law  will  provide  for  three  highway  commissioners,  only 
one  of  whom  will  reside  at  the  capital  and  devote  his  whole 
time  to  the  work.  His  .salary  will  be  $4,000  per  annum.  The 
other  two  members  will  be  paid  on  a  per  diem  basis  not  to 
exceed  $1,000  per  annum.  It  is  proposed  to  raise  a  state  high- 
way fund  of  about  $2,000,000  a  year  by  a  state  tax  on  autu- 
mobl1e.s,  from  a  minimum  of  $7.50  to  a  maximum  of  $15  per 
vehicle,  according  to  horsepower.  One-third  of  this  fund 
would  be  returned  to  the  counties  for  the  maintenance  of 
state  highways  under  the  BUpiTvision  of  the  State  Highway 
Di'partniHnt.  The  other  two-thirds  would  be  used  for  con- 
struction  of  stale   highways. 
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imoerpEiniirMinig  ^wuuim  inioiiiio 
Driveim  ^wiftlhi  Poiimt 

By  (i.  L.  KxiGiiT* 


iS'l'iV'Oi'kS/>S — Two-dorij  huildiiti/  underpinned  for 
unit  load  of  GOO  lb.  per  sq.ft.  and  increased  to 
four  stories.  Special  piledriver  drove  liollow  steel 
piles  25  ft.  with  lower  ends  closed  hij  a  special 
projectile-sli aped  po int. 

In  tlie  fall  of  11)15  the  lU'cessity  for  furtlier  extension 
to  the  (lold  St.  ])ower  house  of  the  Edison  Electrie  Il- 
luminating Co.,  of  Brooklyn,  N.  Y.,  involved  the  con- 
struction of  additional  electrical  galleries  for  switch  and 
bus  compartments  and  additional  quarters  for  plant- 
efficiency  and  laboratory  work  and  for  operating  and  con- 
struction offices. 

On  the  site  required  for  the  addition  the  company  had 
erected  in   1910  and   ISUl   a   two-story   building   -10x97 


as  fi'w  cohnnns  as  possible  and  made  the  loads  unusually 
heavy  on  each.  Fig.  .'3  shows  the  plan  of  the  floor,  the 
location  of  columns  and  the  loads  on  each. 

A  study  of  conditions  and  test  borings  showed  that 
piles  would  be  required.  The  choice  lay  between  wood, 
driven  or  jetted,  hollow  steel  piles  driven  open-ended  and 
dredged  out,  or  the  same  driven  closed. 

Pits  Dug  and  Holloav  Piles  Driven  with  Point 

Previous  experience  in  the  immediate  vicinity  showed 
that  serious  difficulties  were  to  be  expected  in  driviiiir, 
as  the  fill  was  full  of  stones  and  boulders  where  was 
formerly  the  old  beach.  The  borings  led  to  the  con- 
clusion that  a  stratum  of  boulders  was  likely  to  be  en- 
countered, large  ones  at  the  undisturbed  beach  line  and 
smaller  stones  in  the  eribwork  and  fill.     Such  conditions 


FIi;.S.   1  AXL)  2.    BEFOIiE  AM)  AKTin^.   IIECOXSTI ;IX'TI.\(!  TllIC  .SHOP  AND  WA.SII  HOUSE.  BROOKLYN  EDISOX  CO. 


ft.,  to  act  as  quarters  for  storeroom,  machine  sliop  and 
locker  and  toilet  rooms  for  the  emplnyecs  of  the  ])laiil. 
This  building  was  erected  between  llic  nid  of  the  tipcr- 
atiiig  room  and  tlie  south  boiler  house,  as  shown  in  Pig. 
1.  .'\lthougii  the  soil  on  which  the  roiindations  for  this 
building  were  ])laced  is  of  very  poor  qiuility — consisting 
of  dec])  fdl  throughout  the  entire  area,  where  a  dock 
once  stood — the  loads  carried  were  light  and  iiecessilated 
only  spread  concrete  footings. 

The  new  demands,  however,  re(|uired  ihe  construction 
of  a  four-story  building  over  half  the  ari'a  occupied  by 
the  fir.st  building  and  with  very  heavy  loads — 600  lb.  per 
sq.ft. — due  to  the  nuisonry  switch  and  bus  com])arlnients 
on  the  u])per  two  floors.  These  loads,  together  with  the 
heavy  structural  work  and  concrete  and  th(>  necessity  of 
maintaining  a  driveway  from  the  street  through  ]iarl  of 
the  grade    lloor,    required    a    very    carefut    location    and 


•DeslKnlns  Engineer,  Edison  Elcctr 
Pearl   St.,  Brool<lyn.  N.   Y. 
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eliminated  from  considei'afiim  wooden  piles.  The  sec- 
tional tuliular-steel  closed  pile  driven  with  a  point,  being 
much  tlie  cliea])ci',  was  chosen.  In  order  to  prevent 
these  piles  from  being  stopped  by  boulders  it  was  deter-. 
mined  to  excavate  each  pit  in  open  sheathing  to  as  d*fi 
a  point  as  water  conditions  would  pernut,  removing  th| 
boulders  and  stones  as  the  excavation  progressed, 
method  proved  (entirely  feasible  and  was  so  satisfactoT 
in  the  case  of  the  first  pier  that  it  was  carried  orfi 
fhnuighout. 

The  new  foundation  work  was  made  esjiecially  diffi- 
cult by  the  fact  that  tiie  existing  Iniilding  had  to  be 
shored  and  maintained  throughout  the  pi'ogress  of  th4 
work,  the  front  wall  and  roof  being  the  only  parts- 
i'emo\i>d. 

The  contractor  was  requiivd  to  build  a  temporary 
wooden  roof  and  make  it  water-tight  before  the  roof  cou« 
crete  and  structural  st(>el  could  be  removed  to  provide! 
for   the    ronstniction    of    the    additional    stories,    and  to 
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liiiild  temporary  partitions  back  of  the  front  wall  to  af- 
ford like  protection. 

As  the  headroom  for  piledriving  was  extremely  lim- 
ited, the  contractor  constriicted  a  special  set  of  ways  for 
his  driver,  in  the  design  of  which  provision  was  made 
for  changing  the  position  of  the  ways  both  as  to  angle 
and  height,  as  described  in  Engineering  News,  Sept.  7. 

Two-inch  tongue-and-grooved  sheathing  braced  with 
4x6-in.  timbers  4  ft.  apart  vertically  were  used  for  each 
pit,  and  the  excavation  was  carried  down  an  average  of 
13   ft.   below   basement-floor   level.     The    steel-pile    sec- 


tions were  12  in.  in  diameter,  with  a  %-in.  shell.  The 
first  section  was  20  ft.  long  and  was  fitted  with  a  cast-steel 
point  especially  designed  for  and  used  the  first  time  on 
this  job.  The  piles  were  driven  to  an  average  depth  of 
35  to  50  ft.,  which  means  a  penetration  of  22  to  27 
ft.  below  the  bottom  of  the  excavated  pit,  in  some  eases 
going  as  far  as  30  ft. 

In  driving,  sections  were  used  according  to  the  ex- 
pected lengths  at  which  the  pile  would  bring  up,  the 
intention  being  to  cut  the  piles  off  at  the  proper  height 
for  concreting  under   the  foundation   pier.     WTiere   the 
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length  of  the  top  section  was  too  great  at  refusal,  the 
piles  were  cut  off  with  a  hacksaw.  Where  a  joint  came 
in  the  excavating  pit,  concrete  was  placed  around  the 
joint  to  act  as  additional  reinforcement. 

Each  Pile  Inspected  Inside  with  Electric  Lamp 

As  the  driving  finished  on  each  pile,  an  incandescent 
light  was  lowered  to  the  bottom  of  the  pile  to  ascertain 
that  the  pile  was  in  perfect  condition,  before  concreting. 
In  a  few  cases  the  joint  between  the  point  and  the 
first  section  had  opened  slightly  and  water  came  in,  but 
in  most  of  the  piles  the  light  lowered  to  the  bottom  of 
the  point  showed  a  perfectly  dry,  clean  shell.  The  sleeves 
between  sections  were  of  the  cast-steel  inside  type. 

When  all  the  piles  had  been  driven  in  one  pit  and 
cut  off  at  the  proper  height,  they  were  filled  with  con- 
crete, and  the  entire  pit  was  backfilled  to  mean  tide 
level,  below  which  they  would  be  permanently  wet  and 
therefore  little  subject  to  corrosion.  The  fill  was  left 
6  in.  below  the  top  of  the  pile,  and  the  concrete  pier 
foundation  for  the  columns  was  installed  from  this  grade 
to  grillages,  as  shown  in  Fig.  3. 

In  the  large  double  piers  at  the  front  of  the  founda- 
tion, marked  13  and  13,  a  mattress  of  boulders  was  en- 
countered that  occupied  practically  the  entire  area,  one 
boulder  being  about  10  cu.yd.  in  volume  and  anotlier 
nearly  as  large.  It  might  be  asserted  that  with  such  a 
condition  it  would  have  been  better  engineering  to  ]nit 
concrete  in  the  hole  from  that  point  up,  but  after  the 
boulders  were  removed  the  piles  went  down  easily  to  a 
depth  of  25  ft.  below  the  boulders,  and  the  condition  of 
the  soil  below  the  boulders  was  of  such  consistency  that 
no  confidence  could  be  placed  in  its  bearing  capacity. 
Following  are  the  details  of  the  work  in  each  pier: 

No.  4  Pier — The  concrete  pier  under  tlie  previous  column 
was  found  to  extend  about  5V2  ft.  below  the  floor  line.  Stone 
fill  (one-man  stone)  and  mud  was  found  to  extend  from  bottom 


FIG.  6.    SHOWING   PILEDRIVER  LEADS  IN  AN  EXCAVA- 
TION, AND  A  HOLLOW  PILE  WITH  POINT  ATTACHED 

of  concrete  to  a  point  S  ft.  below  the  floor  line,  where  the 
bottom  of  an  old  crib  was  uncovered.  The  bay  uncovered  was 
one  that  had  been  decked  over  to  anchor  in  place  of  the  crib 
of  round  logs.  This  timbering  was  cut  out,  and  from  the 
bottom  of  it  (9  ft.  below  the  floor  line)  to  a  point  12  ft.  below 
the  floor  line  mud  and  an  occasional  stone  were  found. 

When  the  excavation  was  completed  to  this  depth,  the 
o round  was  sounded  with  a  bar  and,  as  no  stones  were  found, 
driving  was  started.  The  first  four  piles  went  down  compar- 
atively  easily.     The   next   one   hit   an   obstruction   about  6  ft. 


FIGS.    I   .\N1)  r..    TWO  Vli:WS  OF  A    I'lER   EXCAV.VTION 
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below  the  surface  of  the  excavation,  which  caused  it  to  ride 
off  out  of  position.  The  pile  finally  passed  the  obstruction  and 
was  driven  practically  to  the  same  depth  and  refusal  as  the 
others.  The  remaining  piles  drove  very  hard,  evidently  due 
to  the  fact  that  the  earth  had  been  compressed  by  the  driving 
of  the  previous  piles.  No.  6  pile  also  rode  off  a  boulder  and 
drove  down  out  of  line  and  very  hard.  Just  before  driving 
was  stopped  on  this  pile,  the  top  of  the  pile  under  the  ring 
crumpled  up.  corrugating  the  pile  down  from  the  top  about 
IS  in.  The  same  thing  happened  to  No.  S  pile.  There  was  no 
sign  of  a  fracture  of  the  steel  in  either  case.  Photographs 
were  taken  of  these  corrugated  tops. 

In  cutting  the  tops  of  the  first  pile  sections  it  was  decided 
to  use  an  acetylene  burner  so  as  to  get  a  true  bearing  for  the 
top  section,  but  this  was  found  to  be  not  as  satisfactory  as 
the  hacksaw  cut  with  guides.  When  the  top  sections  were 
;)Ut  on  it  was  agreed  with  the  contractor  that  he  should 
jlace  a  layer  of  concrete  that  would  extend  about  9  in.  above 
ind  9  in.  below  the  joint  of  the  first  and  top  sections,  to  rein- 
orce  the  joint  where  the  metal  was  not  continuous. 

No.  5  Pier — Practically  the  same  condition  as  regards  ex- 
cavation was  found  here  as  in  the  case  of  pier  4,  except  that 
lo  cribbing  was  uncovered  and  it  was  found  necessary  to  go 
iown  14  ft.  instead  of  12  ft.  below  the  floor,  owing  to  the 
small  boulders  that  were  found  as  soon  as  the  SVi  ft.  of  con- 
■rete  had  been  cut  through. 

Piers  7.  7-A,  12  and  13 — In  these  piers  the  whole  area  was 
•xcavated  to  a  depth   of  about  19  ft.   below  the  driveway,  or 
,  ipproximately  the  same  depth  below  datum  as  pier  5,  the  gen- 
eral character  of  the  excavated  material  being  the  same  as  in 
ireceding   piers. 

Driving  was  started  in  the  excavations  for  Nos.  7  and 
-A,  and  everything  went  well  except  that  sometimes  a  pile 
vould  strike  some  obstruction  and  ride  out  of  line.  When 
Iriving  was  started  on  Nos.   12   and   13.   however,   it  was  soon 

found  that  there  ■was  a 
large  boulder  about  in 
the  center.  This  proved 
to  be  about  7x11x4  ft., 
and  after  it  was  re- 
moved another  about 
the  same  size  was 
found  directly  under  it. 
During  the  removal  of 
these  boulders  most  of 
the  other  piles  of  piers 
12  and  13  were  driven, 
and  consequently  the 
five  piles  located  in 
this  area  drove  very 
hard,  and  in  one  or 
two  cases  the  tops  of 
the  piles  were  crushed. 
Pier  6 — Contrary  to  the 
conditions  found  in  the 
other  holes,  these  piles, 
instead  of  driving  to  a 
proper  refusal  at  20  ft., 
continued  on  down  and 
did  not  fetch  up  until 
they  had  reached  a 
penetration  of  about 
40  ft.  All  the  piles 
went  down  very  nicely 
except  No.  1.  The  first 
section  driven  for  this 
pile  was  about  20  ft. 
long.  When  this  was 
driven  down  to  the 
bottom  of  the  ways,  it 
was  still  going  easily 
'out  12  In.  In  50  blows).  Another  20-ft.  section  was  put 
with  a  sleeve,  and  the  driving  was  resumed.  The 
iietratlon  continued  to  be  verj'  even,  with  a  difference  of 
I-  over  3  or  4  In.  for  every  50  blows.  When  the  top  of  this 
ond  section  reached  the  bottom  of  the  ways,  the  driving 
VI  stopped  and  the  cap  taken  ofi  the  pile. 

Th<'  pile  was  found  to  be  full  of  very  warm  water.  As  It 
■<  believed  that  something  had  happened  at  the  Joint  of  the 
■  sections,  because  In  other  cases  the  Joints  had  been 
'lost  water-tight,  a  pump  was  placed  In  the  pile  and  the 
'ter  pumped  out  to  a  depth  of  14  ft.  below  the  top  of  the 
•  .  At  this  point  the  sleeve  was  found  embedded  In  mud 
I  sand,  showing  that  the  sleeve  had  collapscid  and  the  two 
•  tlons  had  separated.  The  sleeve  had  been  driven  up  In  the 
;■  section   for  a  distance   of  6   ft. 

It  was  also  found,  when  the  collar  wan  removed  from  the 
I'  of  the  pile,  that  the  pllehead  had  collapsed  for  the  dls- 
'ice  Just  covered   by  the   collar. 


FIG.  7.    CAST-STEEL  POINT  USED 
FOR    PUTTI.NG   DOW.N   HOL- 
LOW  PILES   EMPTY 


The  contract  for  the  entire  fonnrlation  work  was  exe- 
cuted by  John  H.  Duncan,  Brooklyn,  on  the  unit-price 
basis,  under  the  supervision  of  G.  L.  Knight,  Designing 
Engineer,  and  H.  B.  ilorrison.  Chief  Inspector  of  Build- 
ing Construction  of  the  Edison  Electric  Illuminating  Co.. 
of  Brooklyn.  Bernt  Berger  was  consulting  engineer  botli 
on  design  and  on  fieldwork. 


IRa'iifes^  2snapffOw®inrii©iniit  ? 

That  river  improvement  for  navigation  will  surely  de- 
velop and  encourage  river  traffic  is  a  common  argument 
in  favor  of  such  improvements.  It  remains  to  be  seen, 
however,  whether  commercial  interests  will  avail  them- 
selves of  the  opportunities  afforded,  and  will  develop  traf- 
fic to  an  e.xtent  commensurate  with  the  vast  sums  expended 
on  the  improvements.  This  situation  was  brought  out 
pointedly  at  the  recent  meeting  of  the  Upper  Mississippi 
River  Improvement  Association  in  an  address  delivered 
by  Thomas  Wilkinson  (Burlington,  Iowa),  the  President 
of  the  association.  The  following  is  an  excerpt  from  his 
address : 

Including  the  appropriation  made  this  year,  there  has  been 
appropriated  nearly  half  of  the  $20,000,000  originally  esti- 
mated as  the  cost  of  the  permanent  improvement  of  the  river 
to  obtain  a  permanent  channel  at  lowest  stage  of  water.  The 
work  has  progressed  so  far  that  the  river  is  now  safely  navi- 
gable for  almost  any  amount  of  traffic,  except  at  a  few  cross- 
ings that  could  easily  be  dredged  at  extreme  low-water. 
Where  are  the  facilities,  the  towboats  and  barges  and  the 
cargoes  they  should  be  carrying  on  its  waters,  to  mark  a 
revival  of  river  freight  transportation,  and  make  it  a  living 
part  of  the  great  transportation  system  of  the  country? 

When  the  work  is  completed  and  the  river  permanently 
improved  at  the  expense  of  the  vast  sum  it  will  have  cost, 
what  use  will  be  made  of  it?  Any  popular  demand  for  water- 
way improvement  is  absolutely  wrong  unless  it  is  intended 
to  become  and  does  become  construction  and  makes  the  stream 
an  actual  carrier  of  commerce.  While  Congress  has  been 
liberal  in  responding  to  demands  for  these  improvements, 
there  is  grave  danger  that  appropriations  will  be  curtailed, 
or  even  discontinued  unless  there  is  speedily  manifested  a 
disposition  to  use  the  improved  waterway  in  some  measure 
proportionate  to  the  cost  of  the  improvement. 

Attention  has  been  repeatedly  called  to  the  indispensable 
factors  requisite,  and  the  things  needed  to  be  provided  by  the 
communities  themselves,  for  a  successful  revival  of  river  traf- 
fic. As  one  of  the  prime  essentials,  they  have  been  urged 
to  construct  permanent  wharves  and  install  adequate  termi- 
nal facilities  (equipped  with  mechanical  devices)  adapted  to 
the  coordination  and  easy  service  of  transportation  by  road, 
railway  and  waterway.  Some  progress  is  being  made  in  this 
direction,  but  not  enough.  Although  a  number  of  cities  have 
terminals  under  construction,  none  are  yet  completed. 

The  establishment  of  through  lines  of  freight  carriers  for 
continuous  service  between  upper  Mississippi  River  points  and 
New  Orleans,  is  a  paramount  necessity  that  must  appeal  to 
every  shipper. 

To  handle  economically  at  the  least  cost  of  service,  the 
amount  of  freight  that  ought  to  be  attracted  to  the  river, 
there  will  be  needed  great  fleets  of  modern  towboats  and 
barges,  designed  to  carry  large  tonnage  of  any  class  of  freight 
offered,  throughout  the  entire  season  of  navigation.  To 
transport  one  million  tons  of  freight  would  require  1,000  barge 
loads  of  1,000  tons  each.  Many  millions  of  tons  of  the  products 
of  the  valley  ought  to  be  carried  on  the  river  every  year. 

1*; 
The    Stnte    Cnnnot    CodiiipI     Kallwny    ConMtructlon     to    be 

undertaken,  according  to  a  decision  of  the  Supreme  Court  of 
California.  In  1S91  a  12-ml.  line,  owned  by  the  Santa  Fe  R.R., 
between  Temccula  and  Oceansldc,  Calif.,  was  destroyed  by  a 
flood  and  has  never  been  rebuilt.  Last  year  the  State  Rail- 
way Commission,  In  response  to  a  petition  of  citizens,  Issued 
an  order  to  the  railway  to  rebuild  the  line.  The  Santa  Fe 
opposed  the  order,  holding  that  the  bu.ilncss  resulting  would 
not  warrant  the  outlay  of  $(ir>O,0no  required  to  rebuild  the 
line.  The  Supreme  Court  In  Its  decision  holds  that  to  require 
a  public  utility  to  devote  Its  profits  to  service  that  It  has 
never  undertaken  to  render  Is  to  take  Its  property  In  viola- 
tion of  the  Federal  constitution. 
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SYXOPSI.'> — In  /n'.y  annual  report  to  the  Secre- 
tary of  War  General  Ooethals,  Governor  of  the 
Canal  Zone,  mal-es  his  final  statement  on  the 
slides  in  the  Gaillard  Cut.  The  essential  features 
of  his  discussion  are  given  here. 

Ill  Si'jitember.  IDl-").  \vh;.'n  the  International  Congress 
met  at  San  Francisco  to  celebrate  the  completion  of  the 
Panama  Canal,  with  General  Goethals  as  the  guest  of 
honor,  news  came  that  the  slides,  which  had  been  in  a 
threatening  condition  for  months,  had  moved  down  so  as 
to  block  the  channel  entirely  and  suspend  navigation 
through  it  two  days  before  the  Congress  opened.  General 
Goethals  immediately  returned  to  Panama  to  take  personal 
charge  of  the  work  of  removing  the  slides  and  restoring 
the  canal  to  operating  condition. 

It  will  be  recalled  that  the  news  of  the  serious  nature 
of  these  slides  started  a  wave  of  widespread  public  skepti- 
cism regarding  the  canal.  Doubts  were  expressed  regard- 
ing its  permanence  and  success.  The  public  opinion  on 
the  matter  was  pictured  perhaps  by  the  joke  that  became 
current  about  that  time — that  while  the  canal  had  been 
in  Panama,  now  Panama  was  in  the  canal. 

Even  among  well-informed  engineers  there  was  an  ex- 
aggerated idea  as  to  the  effect  of  the  slides,  and  sugges- 
tions were  heard  in  various  quarters  that  perhaps  the  engi- 
neers on  the  Isthmus  might  have  adopted  some  better  plan 
of  dealing  with  the  slides. 

Just  a  year  ago,  in  Engineering  News  of  Nov.  25,  1915, 
was  printed  the  special  report  of  General  Goethals  to  the 
Secretary  of  War,  detailing  the  condition  of  the  slides 
at  that  time  and  the  methods  being  adopted  for  their 
removal.  That  report  gave  facts  enough  to  satisfy  in- 
telligent critics ;  but  it  did  not  stop  criticism. 

The  long  period  of  seven  months  while  the  canal  was 
blocked  with  slides  offered  a  magnificent  opportunity  to 
those  who  desired  to  spread  pessimistic  views  of  the  canal 
enterprise  and  to  the  amateur  engineers  who  were  ready 
to  volunteer  scientific  theories  as  to  the  cause  of  the  slides 
and  propose  new  inventions  for  their  cure. 

Is  THE  Cut  IX  a  Bog? 
In  tlu'  annual  report  of  General  Goethals  as  Governor 
of  the  Canal  Zone,  made  public  on  Nov.  20,  he  replies  to 
these  critics,   amateur  and  otherwise,   in  most   vigorous 
fashion.    He  introduces  the  subject  as  follows: 

Although  the  question  of  the  slides  has  been  dealt  with  in 
previous  annual  reports  and  official  documents,  there  continues 
to  exist  much  ignorance  on  the  subject.  Also  a  great  deal  has 
been  written  by  those  whose  little  knowledge  makes  them 
dangerous,  and  to  who.se  statements  credence  is  given  be- 
cause of  the  position  or  prominence  of  the  writers.  I  have 
concluded,  therefore,  to  report  again  on  the  situation,  even  at 
the  expense  of  repetition,  notwithstanding  the  general  belief 
that  anything  published  in  annual  reports  is  buried  in  ob- 
livion. 

A  report  emanating  recently  from  English  .sources  states 
that  the  bottom  of  the  canal  through  Gaillard  Cut  is  found 
to  be  a  bog.  which  is  being  constantly  pushed  up  and 
through  which  the  dredges  have  difficulty  in  maintaining  a 
channel.  Further,  that  it  is  acknowledged  on  the  part  of 
those  in  charge  that  the  canal  is  a  failure  and  that  American 
engineers  arc  seeking  information  in  England  relative  to  the 
Nicaragua  route. 


General  Goethals  answers  this  story  with  the  ter.se  re- 
mark that  such  reports  are  false  and  that  the  bog  theory 
is  a  myth.  The  latter  part  of  the  story  may  possibly 
have  originated  becau.se  of  the  pending  treaty  between 
the  United  States  and  Nicaragua,  by  which  the  former 
secures  from  the  latter  all  rights  for  building  a  canal  on 
Nicaragua  territory.  It  would  be  absurd  for  the  United 
States  to  seek  infoi-mation  concerning  the  Nicaragua  canal 
route  in  England,  however,  in  view  of  the  complete  infor- 
mation as  to  that  route  obtained  by  the  United  States 
Government  20  years  ago,  before  the  Panama  route  was 
adopted. 

If  anyone  believes  that  the  bottom  of  the  Gaillard  Cut 
is  in  a  bog,  he  would  do  well  to  reflect  that  every  foot 
of  the  existing  channel  through  it  was  excavated  through 
rock  so  hard  that  it  all  had  to  be  drilled  and  blasted. 

For  some  unaccountable  reason  there  seems  to  be  a  gen- 
eral belief  that  the  whole  Gaillard  Cut,  8%  mi.  long,  is 
affected  by  slides.  The  fact  is  that  the  only  slides  of  im- 
portance are  those  at  Culebra  and  at  Cucaracha,  and  these 
have  a  combined  length  of  only  4,800  ft. 

Another  frequent  misconception  is  that  these  slides  rep- 
resent the  slipping  down  of  portions  of  a  bank  to  reach 
a  slope  at  which  the  material  will  stand.  The  fact  is  that 
the  slides  which  have  given  serious  trouble  are  caused 
by  a  deep  suljterranean  movement.  The  underlying  strata 
have  been  deformed  or  crushed  under  the  weight  of  the 
overlying  material,  which  has  settled  down  vertically. 

SciEXTLSTS  Volunteer  Expert  Advice 

For  a  number  of  years  the  staff  on  the  Istlimus  in- 
cluded a  resident  geologist,  Donald  F.  MacDonald.  Not- 
withstanding this,  there  appears  to  have  been  considerable 
sentiment  among  geologists  and  mining  engineers  in  the 
United  States  that  if  their  wisdom  was  directed  toward 
the  slide  problem  at  Panama  they  might  be  able  to  do 
better  than  yvas  being  done  by  the  engineers  in  charge. 
We  quote  further  from  General  Goethal's  report : 

In  October,  1915,  the  President  of  the  United  States  was  ad- 
vised by  a  member  of  the  National  Academy  of  Sciences 
(which  was  organized  by  an  act  of  Congress  to  give  expert  ad- 
vice to  the  President  and  Congress  on  scientific  matters) 
who  stated  that  one  of  its  members  had  made  an  extensive 
study  of  earth  slides  in  tropical  countries,  and  was  convinced 
that  there  were  relatively  simple  ways  by  which  they  could 
be  stopped,  and  suggested  that  a  committee  of  mining  engi- 
neers and  geologists  of  the  Academy  be  appointed  to  consider 
his  propositions. 

In  consequence  of  this,  the  President  of  the  United  States 
requested  that  a  committee  be  appointed  by  the  National 
Academy  of  Sciences  to  "consider  and  report  upon  the  possi- 
bility of  controlling  the  slides,  which  are  seriously  interfer- 
ing with  the  use  of  the  Panama  Canal."  From  the  corres- 
pondence it  appears  that  at  a  meeting  held  in  New  York. 
" .  .     the  hope   was  repeatedly  expressed   that  an  effective 

solution  may  speedily  be   found." 

The  coming  of  the  committee  was  welcomed  on  the  Isth- 
mus, for  so  much  misinformation  had  been  sent  broadcast, 
doing  more  injury  to  the  canal  than  the  closing  of  it  by  the 
slides,  confidence  had  been  upset:  and  it  was  hoped  not  only 
that  a  remedy  would  be  forthcoming,  but  that  the  report  of 
the  committee  would  be  able  to  restore  confidence  in  the  proj- 
ect, especially  as  those  connected  with  the  work  knew  that 
the  methods  adopted  would  overcome  the  ditficulties  for  good 
and  all,  given  'tlie  time  and  money,  and  that  the  waterway 
would   be  all   that  had   been  expected. 

Probably  the  greatest  injury  done  the  canal  was  through 
Prof.  Benjamin  Le  Roy  Miller,  Ph.  D.,  who  occupies  the  chair 
of  geology  at  Lehigh  University.     On  returning  to  New  York 
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from  Costa  Rica  he  stayed  here  a  couple  of  days  awaiting  a 
steamer.  He  was  given  every  facility  to  examine  the  slides 
at  Culebra,  which  were  then  at  their  worst,  and  he  is  re- 
ported to  have  said  for  publication  on  his  arrival  in  the  United 
States  that  he  had  made  a  "thorough  examination  of  the 
slides,"  and  the  conditions  found  were  as  follows — the  state- 
ment appearing  in  quotation  marks  in  the  press  item: 

At  the  Culebra  Cut  .  .  .  cracks  have  formed  over  1,300 
ft.  back  from  the  canal,  and  all  of  the  ground  intervening  is 
moving  toward  the  Cut.  There  is  no  doubt  that  much  rock, 
now  apparently  stable,  also  will  move,  as  its  support  is 
withdrawn  by  the  removal  of  loose  earth  and  rock.  Before 
the  canal  can  be  said  to  be  completed  and  permanently  opened 
to  traffic,  the  amount  of  material  that  must  be  taken  out  will 
not  fall  far  short  of  the  amount  already  taken  from  the 
Culebra  Cut. 

Transportation  companies  planning  to  use  the  canal  should 
realize  that  they  must  not  expect  uninterrupted  service  for 
several  years.  During  the  dry  season  the  canal  may  be 
opened,  but  it  is  certain  to  be  closed  during  the  rainy  season 
when  the  earth  is  soaked  with  water  and  its  movement  toward 
the  canal   facilitated. 

In  view  of  the  extent  of  the  material  that  has  now 
started  toward  the  Cut,  it  seems  that  steam  shovels  should 
again  be  employed.  Practically  all  of  Gold  Hill  and  much 
of  Zion  Hill  must  be  removed,  and  to  wait  until  the  earth 
breaks  loose  and  enters  the  Cut  where  the  dredges  can  at- 
tack it  seems  unwise,  and  unquestionably  longer  delays  the 
completion  of  the  project.  If  dredges  alone  are  employed,  as  at 
present,  the  canal  may  be  kept  clear  during  the  months 
when  rainfall  is  lightened,  but  for  many  years  to  come  the 
rainy  season  is  almost  certain  to  cause  such  slides  as  to  close 
the  canal  for  weeks  or  even  months. 

The  "thorough  examination"  occupied  fully  three  or  four 
hours  of  his  time.  The  position  that  he  occupied  in  one  of  the 
leading  universities  of  the  United  States  gave  credence  to 
his  statements,  which  were  copied  broadcast  and  commented 
upon  editorially  to  the  detriment  of  the  canal.  His  dire  pre- 
dictions were  naturally  unsettling  to  shipping  interests,  which 
were  guided  by  them  to  some  extent  in  routing  their  com- 
merce elsewhere. 

It  w-as  anticipated  that  the  committee  from  the  National 
.\cademy  of  Sciences  would  make  a  more  thorough  exami- 
nation than  Professor  Miller  had  done,  and  it  was  hoped  that, 
as  a  result,  the  statements  of  Prof.  Benjamin  Le  Roy  Miller, 
Ph.  D.,  would  be  found  to  be  what  we  considered  them — 
erroneous,  unwarranted  and  unfair,  and  help  restore  the  con- 
fidence that  he  had  helped  to  destroy. 

The  preliminary  report  by  the  committee  of  the  National 
Academy  of  Sciences  was  submitted  to  the  President  in  Janu- 
ary, 191(;.  ["Engineering  News,"  March  16  and  30,  1916.]  At 
that  time  they  expected  that  their  final  report  would  be  com- 
pleted in  April,  but  up  to  date  it  has  not  been  received. 

The  statement  made  by  Professor  Miller,  that  practically 
all  Gold  Hill  and  much  of  Zion  Hill  must  be  removed,  was 
not  concurred  in;  and  in  this  connection  it  should  be  re- 
membered that  a  committee  of  this  character  expresses  Its 
opinions  guardedly,  for  whatever  happens  they  must  be  found 
on  the  right  side.  They  advocated,  as  a  matter  of  scientific 
interest,  the  making  of  an  accurate  triangulation  of  the  hills 
in  question — Gold,  Contractors,  Culebra  and  Zion — which  has 
been  done.  By  checks  made  at  frequent  intervals  the  slightest 
movement  on  the  part  of  any  of  the  four  hills  would  be  dis- 
closed at  once.     No  movement  of  any  kind  has  taken  place. 

The  committee  expressed  the  belief  that  every  available 
and  practicable  device  for  controlling  the  water,  both  on  the 
surface  and  underground,  should  be  employed,  and  to  this  end 
advocated  covering  the  slopes  with  vegetation  to  prevent 
surface  wash,  closing  peripheral  cracks,  draining  undisturbed 
and  threatened  areas  and  draining  by  tunnels. 

Remedies  Proposed  for  Stopping  the  Slides 

1.  Covering  the  Slopes  with  Vegetation — Probably  the 

lost  frequent  remedy  suggested  for  the  Panama  slides 

'■specially  by  those  who  have  never  been  to  the  Isthmu.s 

mi  have  no  conception  of  what  the  slides  are  like)   is 

laiiting  vegetation  to  cover  the  banks.    E.  Moody  Boyn- 

'M,  famous  2o  years  ago  as  the  inventor  of  the  bicycle 

railway,  ha.^*  exploited  in  the  public  press  (and  patented  !) 

a  scheme  for  planting  willows  on  earth  slopes  to  prevent 

'^lides.   which    lie   advocated   as   just   the   thing   for   the 

mal.    General  Gocthals'  comment  on  the  general  scheme 

I   |)lanting  vegetation  to  stop  the  slides  is  as  follows: 

For  several  years  the  expedient  of  covering  the  slopes  with 
"Ketatlon  has  been  carried  on,  starting  under  the  direction 
of  Dr.  Plttlcr,  of  the  Smithsonian  Institution.  Where  the 
surface  of  the  ground  Is  In  motion,  a.**  In  the  case  of  active 
■Ildeii,  the  roots  are  disturbed,  and  the  steady  growth  of 
vegetation  Is  Impracticable.  Trees  and  vegetation  of  nil 
kinds  growing  on  the  surface  of  the  ground  which  broke  In 
October,   1914,  were  carried  down  the  slide  and  exercised  no 


deterring  effect  whatsoever.  On  sliding  ground  there  is  not 
sufficient  time  to  plant  anything,  and  no  good  would  be  ac- 
complished. Where  the  banks  consist  of  the  red  clay  of  the 
country,  it  is  only  after  considerable  difficulty  that  grass  of 
any  kind  can  be  grown  on  them.  Vegetation  stops  surface 
erosion;  on  this  account  the  work  above  noted  was  under- 
taken  and    is   being   carried   on. 

2.  Filling  Up  Earth  Cracks — General  Goethals  remarks 
that  this  remedy  may  be  adopted  with  success  where  suffi- 
cient earth  covering  is  available  for  the  use  of  a  hydraulic 
grader,  and  this  has  been  done  at  places  along  the  canal. 
The  smoothing  off  of  the  slope  with  a  hydraulic  grader  also 
permits  ready  runoff  of  the  water.  As  long  as  the  ground 
is  in  motion,  however,  new  cracks  and  irregularities  are 
constantly  developing,  so  that  until  the  material  comes 
to  rest  relief  is  temporary  only.  On  Culebra  Hill,  where 
there  is  little  earth  covering  and  the  cracks  are  wide  and 
extend  a  great  depth  in  rock,  it  is  not  practicable  to  close 
them  permanently  without  expense  unwai'vanted  by  the 
results. 

3.  Subsurface  Tile  Drains — In  accordance  with  the  rec- 
ommendations of  the  committee  while  on  the  Isthmus, 
subsurface  tile  drains  have  been  placed  within  an  area  on 
Culebra  Hill  as  an  experiment.  As  for  the  general  effect 
of  such  drainage  on  the  earth  movements,  General  Goe- 
thals says : 

It  is  admitted  that  if  the  water  could  be  entirely  excluded 
the  earth  movements  would  cease,  but  unfortunately  this  is 
impossible.  With  the  heavy  tropical  downpours  the  best  that 
can  be  done  by  drainage  is  to  carry  away  what  falls  as  rapidly 
as  possible,  but  groundwater  cannot  be  eliminated.  So  far 
as  concerns  groundwater  .  .  .  the  slides  in  question  affect 
the  banks  for  a  considerable  distance  down,  probably  below 
the  bottom  of  the  canal,  and  if  groundwater  be  primarily 
the  cause,  then  it  cannot  be  removed  from  the  strata  at  which 
the  trouble  starts. 

So  long  as  the  slides  are  active  and  the  configurations  of 
their  surfaces  change  as  rapidly  as  they  now  do.  It  is  imprac- 
ticable to  open  and  maintain  the  permanent  drains  recom- 
mended in  the  moving  areas.  When  equilibrium  is  restored, 
and  as  a  means  of  promoting  permanent  stability,  the  drains 
of  a  permanent  character  should  be  constructed  and  main- 
tained. 

4.  Drainage  by  Tunnels — As  noted  above,  this  was  one 
of  the  expedients  for  stopping  the  slides  suggested  by  the 
Academy  of  Sciences  Committee.  The  chairman.  Dr.  Van 
Hise,  President  of  the  University  of  Wisconsin,  proposed 
experiments  to  try  out  this  plan,  and  the  services  of  Prof. 
Warren  J.  Mead,  of  the  University  of  Wisconsin,  were 
secured.  Professor  Mead,  in  cooperation  with  Mr.  Mac- 
Donald,  the  Canal  geologist,  made  tests  to  determine  the 
percentage  of  water  contained  in  the  rock  which  might  be 
drained  off  by  a  tunnel. 

Tests  were  made  on  21  samples  of  rock  taken  from 
below  the  canal  water  level  and  showed  that  most  of  the 
water  contaiiieil  in  the  rock  was  held  there  by  capillary  at- 
traction and  the  maximum  amount  that  could  be  removed 
by  natural  drainage  would  not  exceed  3.(i%  of  the  total 
volume  of  the  rock.    Mr.  MacDonald's  official  report  says: 

These  facts  show  that  while  the  sliding  rocks  have  a  high 
percentage  of  pore  space,  the  pores  are  mostly  of  capillary  size 
and  are  filled  with  water  which  obe.vs  the  laws  of  capillarity 
and  which  cannot,  therefore,  be  drained  off.  These  experi- 
ments definitely  established  that  all  cures  by  drainage  which 
had  been  ofTered  to  and  urged  on  the  canal  authorities  were 
absolutely  futile,  and  the  money  which  might  have  been 
wasted  In  worthless  tunnels,  wells  and  acres  of  asphalt  cover- 
ing was  saved  for  the  onl.v  remed.v  that  could  bring  prcma- 
nent  cure  under  the  circumstances — dredging. 

Otiiei!  Plans  Tried  hy  the  Caxal  Engineers 
'I'lic  engineers  on  the  Isthmus  have  not  been  backward 
in  undertaking  practical  trials  of  anything  that  promised 
even  a  remote  possibility  of  checking  the  slides.    General 
Goethals  describes   these  experiments  as  follows: 
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During-  the  excavation  of  the  Cut  there  occurred  22  slides 
and  breaks  of  various  extent.  It  was  believed  that  piles 
driven  through  the  loose  material  into  firm  ground  below  and 
tied  at  the  tops  might  check  the  movement,  and  this  was 
tried  at  four  of  the  slides,  but  without  success.  In  some  in- 
stances the  piles  were  carried  bodily  down  the  slope;  in  others 
the  underlying  material,  moving  faster  than  the  upper  por- 
tion, inclined  the  piles  away  from  the  Cut,  and  in  cases  where 
the  top  surface  moved  faster  than  at  the  bottom,  they  inclined 
in  the  opposite  direction.  The  remains  of  these  piles  can  be 
seen  at  the  present  time  in  some  of  the  areas  so  treated. 

It  was  thought  that  in  case  of  clay  slides,  heavy  riprap 
dumped  on  the  surface  would  find  its  way  through  the 
loosened  material  to  firm  ground  and  check  the  movement: 
but  this  method  was  found  as  useless  as  the  piling.  Most  of 
the  riprap  rock  was  taken  out  at  the  foot  of  the  slope  as 
the   excavation   proceeded. 

Experiments  were  made  by  concreting  the  face  of  the 
prism  to  prevent  the  disintegrating  effect  of  the  air  on  some 
of  the  softer  rocks;  this  was  done  by  use  of  a  cement  gun.  by 
plastering  the  surface  with  cement  mortar  and  by  rein- 
forced concrete,  anchored  to  the  side  of  the  prism  with  pieces 
of  rail.     None  of  these  methods  was  satisfactory   or  durable. 

The  remnants  of  the  French  drains,  which  proved  inade- 
quate, were  dug  out  at  the  bottom  of  the  prism. 

The  conclusion  was  reached  that  the  only  cure  was  the 
removal  of  all  loosened  material  as  it  came  into  the  Cut; 
and  in  case  of  break.s.  to  relieve  the  weight,  where  possible, 
from  the  upper  parts  of  the  banks  by  steam  shovels  or  sluic- 
ing operations. 

Otpier  Schemics  for  Holdixc,  Sliding  Grouxd 
Many  ingenious  people  have  oii'ered  to  show  the  canal 
engineers  how  to  stop  the  slides.     Some  of  their  sug- 
gestions are  reviewed  as  follows: 

The  suggestions  most  frequently  made  have  been  along  the 
line  of  sowing  vegetation  and  of  properly  draining  the  area. 
These  have  already  been  considered.  To  sink  a  number  of 
pipes  and  apply  steam  for  drying  out  the  subsoil  would  be 
prohibitive  on  the  score  of  expense,  even  if  it  were  prac- 
ticable. It  would  be  impossible  to  drive  and  hold  such 
pipes  through  the  material  in  case  of  motion. 

Pipes  sunk  for  the  purpose  of  pumping  out  the  water 
are  equally  impracticable  and  impossible.  From  the  experi- 
ments conducted  by  Prof.  Warren  J.  Mead  and  Mr.  MacDonald 
all  the  water  could  not  be  extracted  by  this  method.  Piling 
the  entire  area  at  regular  intervals  and  tying  the  piles  to 
anchors  driven  in  the  firm  ground  cannot  be  done,  nor  would 
it  secure  the  result  anticipated  by  the  proposers  of  this 
scheme. 

The  construction  of  retaining  walls  would  require  the  ex- 
cavation of  material  to  secure  the  foundations,  necessitating 
the  removal  of  all  the  material  in  motion,  when  the  need 
for  the  retaining  wall  would  no  longer  exist.  There  is  no 
form  of  construction  that  could  be  designed  that  would  hold 
back  the  superimposed  mass  while  the  excavation  for  the 
foundations  was  in  progress.  The  construction  of  inverts  to 
hold  down  the  bottom  of  the  prism  is  impracticable  and  im- 
possible. 

Wire  netting  rolled  over  the  bank  and  hold  in  place  by 
stakes  would  not  prevent  the  movement,  but  would  seriously 
interfere  with  the  dredges  in  removing  the  material  littered 
up  with  sections  of  wire  mesh,  which  would  break  loose  with 
every  movement  of  the  slide.  Consolidating  the  mass  by  in- 
jecting grout  would  also  be  impossible;  the  pipes  could  not 
be  driven  to  firm  ground  below,  and  the  earth  and  rock,  as 
it  now  comes  into  the  Cut,  can  be  much  more  easily  handled 
than  would  be  the  case  were  this  material  solidified  by  ce- 
ment. 

It  was  suggested  that  the  slopes  and  the  surface  of  the 
ground  adjacent  to  the  Cut  be  covered  with  asphalt,  tar  or 
some  preparation  which  would  exclude  water  from  the  ground. 
This  was  also  proposed  by  a  member  of  the  committee  from 
the  National  Academy  of  Sciences.  That  the  committee  did 
not  include  it  among  its  recommendations  seems  conclusive 
that  in  its  opinion  it  was  not  practicable,  and  no  further 
comment   seems   necessary. 

Unique  Theories  as  to  tuk  C.\usio  of  the  Slide 

The  ingenious  theory  has  heeii  put  I'oi'wurd  that  there 
exists  a  huge  subterranean  reservoir  of  water  and  it  is 
the  pressure  from  this  that  causes  the  slides.  General  (lOe- 
thals  remarks  that  since  the  pressure  is  sufficient  to  hivak 
the  ground,  the  water  would  escape  through  the  breaks. 
No  such  water  has  appeared. 


Anothei'  remarkalile  theory  is  that  tlie  attraction  (of 
gravitation?)  between  the  earth  masses  on  opposite  sides 
of  the  cut  draws  them  together,  and  still  another  holds 
that  the  excavation  of  the  cut  has  sliced  in  two  a  huge 
magnet  that  previously  existed  ! 

An  Ex-Senator  Lays  It  to  G.4,s 

Hon.  Thomas  Kearns,  ex-senator  from  Utah,  declared 
in  the  New  York  Sun  of  June  18,  1916,  that: 

The  trouble  is  all  caused  by  subterranean  gases  formed  i-i 
the  earth  which,  when  permitted  to  escape  through  certain 
channels  or  breaks  in  the  earth,  carry  with  them  eruptive 
material,  sometimes  for  a  long  distance,  to  the  place  of  the 
least    resistance. 

General  Goetlials  comments  on  this  delightful  theorv 
as  follows : 

Coming  from  a  man  with  such  large  practical  experience 
Senator  Kearns's  paper  undoubtedly  carried  conviction  to  the 
minds  of  m.any  who  read  it.  Since  his  examination  was  more 
thorough  than  that  made  by  Prof.  Benjamin  Le  Roy  Miller, 
Ph.  D..  it  is  comforting  to  note  from  his  judgment  also  that 
Gold  and  Contractors  Hills  are  not  likely  to  fall  into  the  Cut. 

According  to  Senator  Kearns's  theory,  gases  forming  some- 
where in  the  interior  of  the  earth  in  escaping  carry  with  them 
eruptive  material  to  the  place  of  least  resistance,  or  in  this 
instance  through  the  bottom  of  the  canal.  The  breaks,  which 
produced  fissures  several  hundred  feet  deep,  liberated  no  gas. 
With  a  pressure  sufiicient  to  accomplish  such  destruction  of 
the  structural  formation  of  the  rocks,  apparently  the  gases 
returned  to  their  storage  to  attempt  later  a  forced  passage 
through  the  bottom. 

We  unconsciously  endeavored  -to  assist  their  efforts  by 
digging  away  110  ft.  of  their  container,  but  even  this  did 
not  induce  the  gases  to  come  forth;  thus  far  there  has  been 
no  evidence  of  escape  anywhere  along  the  line  of  the  canal, 
nor  has  there  been  any  upheaving  movement  anywhere  ex- 
cept in  the  Culebra  district,  where  the  slides  occur.  So 
long  as  there  is  no  movement  in  the  banks  we  are  able  to 
reach  bottom  grade  and  keep  it.  Under  the  circumstances, 
those  on  the  work  still  adhere  to  their  belief  that  subter- 
ranean gases  have  nothing  whatever  to  do  with  the  move- 
ments   that    have    occurred. 

What  Happened  at  Gold  Hill 

The  reports  that  the  whole  of  Gold  Hill  is  movinfr 
slowly  into  the  canal  should  be  definitely  set  at  rest  by  the 
statements  above  as  to  the  triangulation  measurements 
The  breakage  of  enormous  masses  of  hard  rock  from  Gold 
Hill,  however,  has  been  the  source  of  much  trouble.  Gen- 
eral Goethals  says: 

Gold  Hill  is  of  basalt,  thrown  up  in  a  molten  state  through 
the  sedimentary  deposits  that  already  existed  and  poured 
over  the  deposits  on  either  side  of  the  stem,  giving  to  the 
vertical  section  the  general  shape  of  a  mushroom.  The  por- 
tions projecting  beyond  the  stem,  being  left  unsupported, 
broke  when  the  material  moved  from  under,  and  the  rock 
thus  detached  came  down  with  the  rest  of  the  material  nt 
Cucaracha.  This  same  action  occurred  on  the  opposite  side 
of  Gold  Hill  within  a  few  months  after  the  east  Culebra  slide 
became  active 

The  finished  section  from  Gold  Hill  north  left  an  enor- 
mous mass  of  hard  rock  on  the  east  side  and  at  the  northwest 
corner  of  Gold  Hill.  When  the  break  occurred  in  1914.  this 
mass  of  rock  was  moved  slowly  into  the  prism,  but  finally 
came  to  rest  and  seemed  to  hold  the  material  back  of  I', 
limiting  the  area  of  interference  in  the  channel.  It  stood  up 
boldly  for  nearly  100  ft.  and  was  designated  by  the  working 
force  as  "Gibraltar." 

Except  at  the  point  opposite  "Gibraltar,"  the  wiillli 
of  the  canal  prism  through  the  slides  has  now  been  en- 
larged by  the  dredges  to  a  width  of  500  ft.  instead  of 
300  ft.,  which  is  the  standard  elsewhere  through  the  cut. 
'Hiis  widening  was  made  so  that  even  if  furtlier  move- 
ments of  the  banks  on  cither  side  did  occur,  there  would 
be  a  good  chance  that  the  material  could  be  dredged  out 
as  it  came  in,  without  stopping  navigation. 

A  year  ago.  General  Goethals  estimated  that  the  total 
amount  reiiuired  to  be  removed  from  the  slides  then  m 
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motion  would  he  between  T.DOO.OOi)  and  l;),l)0(),000  cu.yd. 
Ilis  present  report  gives  the  total  work  done  by  the  dredg- 
ing division  in  removing  slides  during  the  year  as  12,()95,- 
1 000  cu.yd.  This  material  was  handled  at  an  average  cost 
of  28.2c.  per  cu.yd. 

A  great  deal  has  been  said  concerning  the  esprit  de  corps 
that  animated  the  force  during  canal  construction.  Little 
has  been  heard,  however,  of  the  spirit  that  has  animated 
the  men  who  battled  with  the  slides  during  the  seven 
months  while  ships  waited  to  have  the  canal  reopened. 
(ieneral  Goethals  says : 

The  spirit  obtaining  in  the  organization  during  the  con- 
struction pe-iod  was  the  subject  of  much  commendation;  but 
looking  back  over  the  period  of  my  connection  with  canal 
work,  the  spirit  that  animated  the  dredging  force  seems  to  me 
to  surpass  that  which  existed  at  any  prior  period.  The 
dredges  were  operated  24  hr.  every  day,  including  Sundays 
and  holidays,  for  a  period  of  four  months,  without  the  least 
murmur  or  complaint  on  the  part  of  anyone  in  the  force, 
which  reflects  much  credit  on  the  officials  of  the  division 
as  well  as  on  the  men  comprising  it. 

The  canal  w^as  reopened  to  traffic  on  Apr.  1.5,  191(),  and 
ships  have  been  passing  ever  since.  "So  far  as  the  Culebra 
slides  are  concerned,"  says  General  Goethals,  "the  worst 
Hs  over;  the  intervals  between  movements  are  becoming 
greater  and  the  quantities  of  material  less,  the  only  dan- 
ger being  at  'Gibraltar,'  but  it  is  hoped  that  the  excava- 
tion continued  along  the  lines  contemplated  will  enable  the 
widening  of  this  section  to  the  adopted  prism  line  with- 
)ut  interfering  in  any  way  with  the  transit  of  shipping. 
As  predicted  at  the  time  the  great  Culebra  movements  oc- 
:-urred,  the  slides  will  oe  overcome  finally  and  for  all 
time,  notwithstanding  the  calamity  howlers  and  in  spite 
if  the  disastrous  predictions  of  the  'know-it-alls.' " 

Railway  engineering  comprises  two  branches — construc- 
ion  and  maintenance,  the  former  including  surveys  and 
ocation.  The  relations  between  these  branches  and  the  re- 
ation  of  the  engineering  department  to  the  operation  and 
uanagement  of  a  railway  were  di.scussed  in  a  paper  read 
lefore  the  Engineers'  Club  of  St.  Louis  by  V.  K.  Hen- 
Iricks,  Assistant  Ciiief  Engineer  of  the  St.  I.,ouis  &  San 
Francisco  R.K.  From  this  paper  we  abstract  the  follow- 
mg  review  of  the  work  of  the  railway  engineer: 

On  some  railways  the  two  branches — construction  and 
Maintenance — are  combined ;  on  others  they  are  separate, 
lilt  come  under  one  chief  engineer;  and  on  others  they  are 
•ntireiy  distinct,  each  having  its  own  engineer. 

Hallway  organization  is  ordinarily  either  "divisional" 

■r  "departmental."    With  the  foiTner  the  division  superin- 

:endent  has  charge  of  all  matters  of  all  kinds  which  arise 

m  his  division,  while  with  a  departmental  organization 

■ach  division  has  two  or  more  heads  (one  for  each  depart- 

nent)   who  are  wholly  independent  of  each  other,  and 

•ach  reports  to  his  own  superior  general  officer.     It  seems 

ogical  that  tlie  divisional   organization   would  give  the 

lest  results,  as  there  should   naturally  be  one  supreme 

lead  on  each  division.    Probably  most  railroads  now  have 

;i  divisional  organization,  except  that  (especially  in  the 

iVVest  and  Middle  West)  the  local  engineering  department 

'frequently  is  not  an  integral  part  of  the  division  superin- 

'ident's  force. 

'  >n  many  railways,  especially  in  the  East,  the  iiiainte- 

liince  of  roadway,  track  and  structures  is  directly  super- 

li'ised  by  a  division  engineer,  who  reports  on  all  mainte- 


nance matters  directly  to  the  division  superintendent. 
The  Penn.sylvania  Lines  is  a  noteworthy  example.  Oi. 
that  system  the  benefits  of  a  technical  education  and  train- 
ing are  so  appreciated  that  the  line  of  promotion  to  divi- 
sion superintendent  is  generally  through  the  division  en- 
gineer, rather  than  through  the  trainmaster  or  chief  dis- 
patcher, it  being  es.sential,  of  course,  for  the  engineer  to 
develop  himself  along  broad  lines  and  show  proper  execu- 
tive ability.  All  opportunity  possible  is  afforded  him  to 
do  so.  On  the  Pennsylvania  Lines,  the  general  manager 
has  two  chief  engineers  of  maintenance-of-way  (one  for 
each  .system)  who  report  to  him  in  a  consulting  capacity 
on  maintenance  matters.  The  chief  engineer  has  practic- 
ally no  connection  with  maintenance  matters,  his  duties 
being  in  connection  with  new  construction  work,  right-of- 
way  records,  leases,  etc. 

The  Baltimore  &  Ohio  R.R.  is  another  instance  of  this 
type  of  organization.  It  has  four  district  engineers  of 
maintenance-of-way,  who  report  to  the  engineer  of  main- 
tenance-of-way and  relieve  him  of  much  detail  by  passing 
on  to  him  only  the  more  important  matters  that  have 
previously  been  fully  investigated  and  summarized.  On 
both  the  Baltimore  &  Ohio  and  the  Pennsylvania  Lines 
the  engineer  of  bridges  reports  to  the  chief  engineer,  and 
the  signal  engineer  reports  direct  to  the  general  manager. 

On  the  Waba.sh  R.R.  each  division  has  an  engineer  of 
maintenance-of-way  (corresponding  to  a  division  engi- 
neer), who  reports  direct  to  the  division  .superintendent. 
Between  the  division  superintendent  and  general  manager 
the  organization  changes  to  departmental,  as  the  division 
superintendent  reports  direct  to  the  superintendent  of 
telegraph,  the  general  superintendent  of  motive  power,  the 
general  superintendent  of  transportation  and  the  chief  en- 
gineer of  maintenance-of-way  on  all  matters  pertaining  to 
their  respective  departments.  These  officers  in  turn  report 
to  the  general  manager.  The  chief  engineer  has  duties 
similar  to  those  of  the  chief  engineer  of  the  Pennsylvania. 

Still  another  form  of  organization  is  that  of  the  St. 
Louis  &  San  Francisco  R.R.  The  engineering  department 
does  not  have  charge  of  maintenance,  but  is  consulted  to  a 
greater  or  less  extent  on  maintenance  matters.  There  are 
four  district  engineers  who  report  direct  to  the  chief  en- 
gineer. They  work  in  clo.se  touch  with  the  general  super- 
intendents and  division  superintendents,  being  consulted 
by  them  on  maintenance  matters. 

The  engineering  department,  in  addition  to  having 
charge  of  valuation,  track  extensions,  right-of-way  rec- 
ords, etc.,  has 'charge  of  all  drainage  matters,  standards, 
erection  of  facilities  under  contract,  spiraling  curves  and 
general  engineering  matters.  As  on  the  Baltimore  & 
Ohio  R.R.  and  the  Pennsylvania  Lines,  the  signal  engineer 
reports  direct  to  the  general  manager  instead  of  to  the 
chief  engineer. 

For  the  best  results  the  engineer  should  he  thoroughly 
familiar  with  operating  matters,  which  familiarity  can  be 
gained  best  by  actual  experience  in  tb(>  operating  depart- 
ment. The  best  ultimate  results  for  the  railways  will  be 
gained  by  adopting  such  an  organization  as  that  on  the 
Pennsylvania  Lines,  where  the  line  of  promotion  to  divi- 
sion superintendent  is  through  the  division  engineer  and 
thence  upward.  With  such  an  organization  the  engineer- 
ing department  would  best  serve  the  railway,  the  engineer 
would  receive  his  best  training,  and  the  railway  would 
be  further  fortified  by  generally  having  its  operating 
officials  engineers. 
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Michigan  pony-truss  highway  bridges  have  inside  knee-bracing  at  every  panel  point— Hunting  leaks  in  water  mains- 
Construction    features    used    by  concrete  building  firm     Asphaltic-concrete  paving    at    Fort    Wayne — 
Tangent  of  compound  curve— Contractor's  daily  reports— Station  work  on  the  Alaskan  Ry. 

By   C.  V.   Dewakt* 

The  stanrlard  pony-truss  designs  of  the  Michigan  State 
Highway  Department  have  inside  knee-bracing  at  every 
panel  point.  These  knee-braces  are  connected  to  the 
vertical  posts  directly  underneath  the  top  chord  and  have 

a  batter  toward  the 

roadway  of  about   1 

on  6.    They  are  con- 
nected   to    the    web 

(and  not  to  the  top 

flange)   of  the  floor- 

lieani.  The  hand  rail- 
ing  is   connected   to 

the    battered    braces 

as     shown    by     Fi". 

1.     Many  arguments 

have    been   ad\'ance(l 

against  this   method 

of   construction,   but 

we    believe   we    lia\e 

effectively    answered 

all.    There  is  greater 

weight  in  the  Hoor- 

beanis,    but   only    in 

the    floorbeams.     To 

offset    this    we    haxe 

less  weight  in  inside 

knee-bracing    t  h  a  n 

there    would    be    in 

outside    bracing    be- 
cause  no    horizontal 

member  is  required 
in  the  brace.  Tlie  added  length  of  floorbeam  provides  a 
greater  width  of  roadway,  for  although  the  nominal  width 
may  be  only  18  ft.,  measured  from  outside  to  outside  of 
curb,  there  is  actually  about  19  ft.  clear  width  at  :5  ft. 
above  the  crown  of  the  roadway  and  about  20  ft.  clear 
width  at  6   ft.   above  the  roadway. 

Tt  i.s  obvious  that  any  lateral  loading  and  any  tendency 
to  sway  in  the  top  chord  must  be  conducted  to  the  ll<ior- 
beams,  and  the  more  directly  these  stresses  are  transmit- 
ted to  the  floor  beams  the  better.  An  outside  kneo-brac(! 
is  therefore  of  little  or  no  value  unless  it  is  braced  through 
or  around  the  lower  chord  and  connected  to  both  the  top 
and  bottom  flanges  of  the  floorbeam.?.  Otherwise  the  floor- 
beam  connections  get  all  the  stress  and  vibration  trans- 
mitted from  the  top  chord. 

The  usual  specification  calls  for  a  suHi<'iciitly  increased 
radius  of  gyration  in  the  top  chord,  and  vertical  posts 


FIG.    2.    PINE    RIVER    BRIDGE,    MICHIGAN 

strong  enough,  to  carry  the  assumed  lateral  loading. 
Bridges  designed  in  this  way,  however,  have  failed  to 
attain  the  desired  result.  The  weak  spot  is  in  the  floor- 
beam  connection.  It  is  impracticable  to  construct  a 
floorbeam  connection  that  will  transfer  overturnin;.' 
moment,  such  as  is  delivered  from  the  top  chord  to  the 
floorbeam  without  knee-bracing.  Does  it  not  seem  more 
reasonable  to  spread  the  base  of  the  post,  or  in  other 
words,  the  points  of  support  of  the  top  chord,  to  some 
]irnp(irtion  of  the  distance  from  top  chord  to  floorbeam? 
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FIG.    1.    MICHIGAN    STANDARD 
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Michigan    State    Highway    Department. 


FIG.    3.     DETAIL    OF    KNEE-BRACE 

The  advantages  of  this  construction  are  many.  Side- 
walks may  be  added  without  interfering  with  ilie  de-sign. 
The  bridge  is  improved  in  general  ajipeai-ance,  and  the 
cramped  uncomfortable  feeling  of  driving  too  close  to 
the  truss  members  is  relieved.  The  lower  chord  and 
pedestals  of  the  bridge  are  far  enough  away  from  the 
roadway  so  that  they  do  not  catch  the  drip  and  dirt.  On 
account  of  the  trusses  being  farther  a]iart,  they  may  be 
erected  outside  old-style  trusses  witliout  interfering  with 
traffic  (see  EiKjiiieenng  News,  Oct.  2(),  101(5). 
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For  the  last  few  years  the  Water  Department  of  the 
City  of  Baltimore  has  been  conducting  extensive  investi- 
gations of  the  condition  of  underground  structures  along 
the  city  streets.  The  object  is  twofold:  (1)  To  repair 
leaks  and  save  water  and  (2)  to  replace  old  and  weak 
pipes  with  new  ones  before  improved  pavements  are  laid. 

Formerly  the  method  was  to  tap  a  pipe  at  various  ]ioints 
and  with  pitot  tubes  measure  the  pressure  and  the  velocit}' 
of  water  flowing  and  thereby  the  volume.  With  all  house 
connections  closed  between  the  points  tapped  the  differ- 
ence between  the  volumes  determined  by  the  pitot  tubes 
save  a  measure  of  the  leakage. 

It  is  now  the  custom  to  close  all  valves  on  a  .section 
of  pipe  to  be  tested  and,  with  a  triplex  pump  attached 
to  the  line,  to  subject  it  to  a  water  pressure  of  300  lb.  per 
^q.in.  If  the  pipe  breaks,  it  is  immediately  replaced, 
(hus  saving  the  expense  of  ripping  up  improved  paving 
1  few  years  hence  when  the  pipe  would  have  eventually 
,  broken.  A  measure  of  leakage  is  also  gained  by  this 
method  by  noting  the  drop  of  pressure  per  unit  of  time 
in  the  length  of  pipe  tested. 

An  "aquaphone"  is  used  to  detect  the  location  of  leaks; 
ind  with  this  instrument,  which  consists  of  a  telephone 
receiver  attached  to  an  iron  rod,  a  leak  can  be  "spotted" 
ivithin  10  ft.  The  skin  friction  of  water  escaping  at  a 
eaky  joint  causes  a  slight  hannner  on  the  pipe,  which  can 
je  heard  in  the  receiver  of  the  aquaphone  when  the  end 
)f  the  rod  is  placed  on  a  fire  plug  or  water  box  connected 
:o  the  pipe.  The  location  of  the  leak  is  detected  by  noting 
;he  increase  of  sound  as  the  instrument  is  applied  to  the 
lipe  along  its  length.  Water  P]ngineer  Lee  is  at  present 
.vorking  on  a  method  whereby  the  location  of  leaks 
nay  be  exactly  determined,  thus  effecting  a  saving 
:n  excavation   required   to   repair  the  point  of   leakage. 


Coiacs'eft©  JB^ildHimg  Firfflm 

The  Ferro  Concrete  Construction  Co.,  of  Cincinnati, 
Ohio,  one  of  the  oldest  reinforced-concrete  building  firms 
in  the  country,  has  standardized  methods  of  construction 
in  its  concrete  building  work.  For  the  American  Tool 
Works'  plant  new  building  in  Cincinnati  it  is  able  to 
apply  most  of  the  special  features  that  have  been  devel- 
oped. Some  of  these,  particularly  the  adjustable  shores, 
the  flexible-mat  supports  for  slab  forms,  and  the  colunm 
forms,  were  devised  by  J.  E.  Hodges,  one  of  the  super- 
intendents for  the  company,  and  were  described  briefly 
in  Engineering  News,  Apr.  15,  191.5,  p.  730. 

The  American  Tool  Works'  new  plant  is  being  erected 
in  the  low-level  district  of  Cincinnati,  directly  across  the 
street  from  the  Pennsylvania  R.R.  station,  a  siding  from 
which  runs  along  one  side  of  the  lot  and  afl'ords  very 
easy  communication  for  material.  The  building  itself  is 
a  flat-slab  structiire  of  considerable  height  and  ground 
area. 

The  aggregate  is  stored  in  large  bins  at  one  of  the  nar- 
row ends  of  the  building  (Fig.  1).  It  is  loaded  into  the 
Ijin  from  gondolas  by  a  derrick  equipped  with  a  clam-shell 
bucket  and  running  on  a  slightly  raised  trestle,  the  tracks 
on  which  extend  along  the  whole  length  of  the  bin  so  that 
tlie  derrick  can  control  any  one  of  three  cars  while  trav- 
eling along  the  wide-gage  tracks  on  the  trestle.  The 
cement  is  stored  in  a  house  in  the  middle  of  the  plot 
immediately  alongside  of  the  concrete  mixer  and  tower. 
The  cement  sacks  are  unloaded  from  cars  on  the  siding 
and  slid  down  into  the  house  on  inclined  jilanes  .sur- 
faced with  rollers. 

An  important  part  of  the  construction  equipment  is  the 
shop  and  sawmill  located  on  the  street  side  of  the  material 
bins  (Fig.  1).  In  this  shop  the  special  forms  are  made,  the 
machines  being  driven  by  a  low-grade-oil  engine,  which 
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has  proved  very  economical  and  satisfactory.  Inasmuch 
as  a  great  deal  of  the  formwork  is  standardized,  as  will  be 
described  hereinafter,  the  carpenter-shop  work  can  be  car- 
ried on  continuously  all  during  the  construction  of  the 
building  without  too  much  regard  for  the  particular  stage 
of  the  concrete  construction. 

The  formwork  is  extremely  simple.    The  elements  con- 
sist of  adjustable  shores  carrying  longitudinal  stringers 


FIG.  2.  FLEXIBLE  MAT  FOR  CONCRETE  FORM 

on  which  rest  flexible  mats  covered  with  iron  sheets  to 
form  the  floor  slabs.  The  strut  consists  of  a  lower  single 
stick,  about  4  in.  square,  sliding  between  two  upper  2x4- 
in.  sticks  and  adjustable  on  those  upper  sticks  with  a 
ratchet-jack  arrangement.  The  shores  are  useful  in 
concrete  work,  not  only  because  of  the  ease  of  erection, 
but  because  of  the  readiness  with  which  thev  can  bo  taken 


from  under  the  floor  forms  and  placed  one  by  one,  to  carrj' 
the  stri.pjied  floors.  The  stringers  are  spiked  to  the  top 
of  the  shores  with  double-headed  nails  so  as  to  be  easily 
removed,  and  on  the  stringers  are  rested  the  flexible  mats, 
one  of  wliich  is  shown  in  Fig.  2.  They  are  covered  with 
galvanized  tinplate,  30  in.  wide  and  No.  34  gage. 

The  mats  are  made  up  of  2x2i'2-in.  sticks  so  spaced  as 
to  permit  interlocking  of  two  adjacent  mats,  the  sticks 
being  tied  together  with  wires  or  chains.  They  are  made 
on  the  job  or  in  the  shop,  as  is  sho^vn  in  the  view,  and 
can  be  used  over  and  over  again  many  times.  They  not 
only  can  be  made  to  fit  for  flat-slab  work,  but  in  some 
special  cases  they  can  very  readily  be  curved  to  fit  differ- 
ent types  of  floor  construction.  For  instance,  there  is  in 
Cincinnati  a  garage  in  which  a  reinforced-concrete  roof 
is  supported  on  steel  roof  trusses.  The  roof  surface  was 
built  by  laying  the  flexible  mats  on  curved  templets,  which 
resteil  on  the  upper  chords  of  the  roof  truss.  The 
narrow  inverts  in  the  curves  were  reinforced  with  longi- 
tudinal rods,  forming  purlins  integral  with  the  roof  slab. 

In  the  American  Tool  Works'  building  the  steel  cylin- 
drical column  forms  previously  described  in  Engineering 
News  are  used.  These  are  galvanized-iron  plates  held  in 
])osition  by  two  bands  of  round  iron,  one  upper  and  one 
lower,  drawn  together  with  nuts. 

The  method  of  conveying  concrete  is  ven'  well  shown  in 
the  general  view  in  Fig.  1.  The  concrete  mixer,  driven 
by  the  steam  engine,  is  located  beside  a  high  timber  tower 
in  the  middle  of  the  lot.  Running  alongside  of  the  ba.se 
of  the  bin  and  forming  a  loop  around  the  far  side  of  the 
concrete  tower  is  a  narrow-gage  track.  This  track  is  so 
graded  that  with  the  aid  of  a  short  booster  rope  section 
just  approaching  the  tower  a  car  can  make  the  entire 
round  trip  under  gravity. 

The  material  cars,  therefore,  are  loaded  from  hoppers 
in  the  cellar  of  the  building  leading  out  to  the  material 
bin  and  proceed  by  gravitj-  to  the  base  of  the  short  incnine, 
where  they  are  pulled  up  to  dump  into  the  concrete  mixer. 
They  then  go  around  the  tower  by  their  own  weight  and 
proceed  back  to  the  bin,  the  cement  being  loaded  directlv 
out  of  the  house  adjacent  to  the  tower.  This  system  re- 
mains during  the  entire  construction  of  the  building, 
being  in  the  open  lot  at  the  beginning  of  the  work,  as 
shown  in  the  figure,  and  in  the  cellar  of  the  building  dur- 
inii-  the  remainder  of  the  construction. 
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Several  features  of  interest  may  be  noticed  in  the  tower 
iind  chute  delivery  system.  One  of  these  is  the  special  boom, 
which  is  split  so  as  to  permit  the  passage  of  the  chute 
throutxh  it.  In  .some  of  the  original  concrete  work  of  this 
company  the  boom  was  made  up  of  separate  timbers  widely 
spaced  to  permit  the  chute  to  go  through:  but  in  later 
v.'ork.  such  as  the  one  shown  here,  the  boom  is  of  steel 
lattice  construction  wide  enough  to  pass  the  chute.  This 
chute  is  movable  up  and  down  on  the  tower  by  special 
clamps  that  fasten  onto  vertical  timber  tracks  nailed  on 
the  uprights  of  the  tower.  A  lower  chute  and  the  lattice 
boom  are  shown  in  Fig.  3.  For  some  kinds  of  work  it  is 
possible,  of  course,  to  have  two  chutes  working  on  the 
same  tower. 

For  distribution  of  the  concrete  to  far  parts  of  the 
building,  intermediate  supports  of  chutes  must  be  pro- 
vided. For  this  purpose  two  special  carriages  have  been 
devised,  as  shown  in  Fig.  -1.  One  of  these,  the  higher, 
which  is  used  to  hold  the  chute  when  just  outside  the 
range  of  the  boom,  is  a  tricycle  with  a  frame  from  which 
a  block  and  tackle  is  hung.  The  other,  used  at  the  ex- 
treme end  of  the  chute,  is  a  bicycle.  It  is  a  two-wheel 
truck  with  a  truss  frame  immediately  above  the  upper 
range  of  the  tire  on  which  the  chute  rests.  These  two 
i  rucks  are  readily  movable  over  the  forms  even  when  the 
concrete  reinforcement  is  in  place,  .so  that  the  chute  can 
be  quickly  carried  thereby  to  any  i)art  of  the  floor  where 
concrete  is  being  laid. 

W.  P.  Anderson  is  president  of  the  Ferro  Concrete 
Construction  Co.,  and  the  work  here  described  is  under 
his  general  direction,  with  J.  E.  Hodges  as  superintendent. 


Specifications  for  recent  pavement  work  at  Fort  Wayne, 
Ind.,  provide  that  asphaltic-concrete  pavement  shall  be 
made  with  crusher-run  stone  screenings  (hard  lime-stone), 
of  which  all  must  pass  a  i/4-in.  screen  and  90%  must  pass 
a  ^-in.  screen.  The  aggregate  must  contain  5  to  11% 
of  200-me.sh  particles;  and  if  the  screenings  do  not  con- 
tain a  .sufficient  proportion  of  this  fine  material,  it  must 
be  supplied  by  the  addition  of  ground  limestone  or  other 
■iuitable  mineral  matter  of  such  density  as  to  produce  a 
powder  having  a  weight  of  at  least  90  lb.  per  cu.ft.  At 
least  fi6%  of  this  must  pass  a  200-mesh  screen,  and  all 
)f  it  must  pass  a  50-niesh  screen.  \VTien  thoroughly  agi- 
tated with  distilled  water  at  68°  F.,  by  means  of  an  air 
blast  (avoiding  cyclonic  effect),  not  more  than  40%  must 
subside  on  standing  for  15  sec. 

The  material  is  heated  to  300  to  350°  F.,  and  after 
mixing  with  hot  asphalt  in  a  suitable  plant  the  mixture 
must  have  from  7  to  11%  of  bitumen,  and  mineral  ag- 
gregate passing  the  several  screens  as  follows:  200-mesh, 
5  to  11%;  40-mesh,  18  to  30%;  10-niesh,  25  to  55%; 
l-mesh,  8  to  22%  ;  2-mesh,  less  than  10%.  This  mixture 
at  a  temperature  of  not  less  than  250°  F.  is  hauled  to  the 
■street  in  dump  wagons  (covered  with  tarpaulin)  and 
dumped  at  some  distance  from  the  area  on  which  it  is  to 
Ije  spread.  It  is  then  thrown  into  place  with  hot  shovels 
and  forks  and  leveled  with  the  jjuck  of  a  rake  ready  for 
the  rolling.  The  rollers  weigh  8  to  10  tons  and  give  a 
finished  wearing  surface  2  in.  tiiick. 

Over  the  warm  surface  is  spread  asphalt  cement  in  suf- 
li'  lent  quantity   to   fill  the   voids  without  leaving  any 


excess,  and  upon  this  is  at  once  spread  a  ^/i-in.  top  dress- 
ing of  fine  crushed  Wisconsin  granite.  This  is  then  thor- 
oughly rolled  into  the  asphalt  surface. 

This  city  is  using  asphaltic-concrete  paving  extensively, 
and  in  the  past  three  years  has  laid  about  12  mi.  The 
common  practice  is  a  2-in.  top  layer  on  a  concrete  base, 
the  latter  being  made  6  in.  thick  on  account  of  the  clay 
foundation.  The  surface  of  this  concrete  base  is  left  in 
a  rough  condition,  so  as  to  form  a  mechanical  bond  with 
the  asphaltic-concrete  wearing  surface.  This  type  of  pav- 
ing was  designed  by  Frank  M.  Randall,  City  Engineer 
of  Fort  Wavne,  Ind. 


DetermmnEaaira^  tlh^ 

8i  Cosmip  Otis  Kadi  C'oas'"^© 

By  F.  L.  Beal* 

In  locating  Y-tracks,  interchange  tracks  and  other 
work  of  a  similar  nature,  it  is  frequently  desirable  to 
connect  two  intersecting  tangents  with  a  curve  which  is 
of  a  different  degree  than  that  of  the  lead  of  the  switch 
at  either  end.  This  requires  a  compound  curve  consist- 
ing of  three  simple  curves,  one  at  each  end  from  the  point 
of  switch  to  the  point  of  frog  and  the  main  curve  between 
frog  points.     The  only  difficulty  in  locating  such  a  curve 


DETERMINING  THE  TANGENT  OF  A  COMPOUND  CURVE 
OF  THREE  PARTS 

is  the  calculation  of  the  tangent  length,  which  it  is  neces- 
sary to  know  before  the  frog  points  can  be  located. 
In  the  accompanying  plan 

I  =  Intersection  angle  between  tangents: 

/i  =  Intersection  angle  of  the  curve  between  frog 

points; 
/o  =  Intersection  angle  of  the  lead  or  the  frog  angle; 
1\  =  Tangent  distance  of  the  curve   between   frog 
points  and  is  taken  from  a  table  of  the  func- 
tions of  a  1-deg.  curve; 
T2  =  Tangent  distance  of  the  curve  which  forms  the 
lead  and  is  also  taken  from  tables. 
Now  in  the  oblique  triangle  ABC  we  know  the  follow 
ing  from  inspection : 

Aiiijle  CAB  =  the  intersection  aiujlc  I^ 

Angle  ACB  =  ^^^ — i  =  90  —  §/ 


•Valuallon    Engineer,   Louisiana   &   Arkanuas   Ry.,    Stamps 
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Anfjle  ABC  =  ISO  —  [00  —  1/2/  +  /.,]  =  ISO  —  90  + 
1/2/  —  /,  =  90  +  1/0/  _  /,  =  90  +  1/2/1 

Side  AB  is  equal  to  {T,  +  T„). 

We  know  that  in  an  oblique  triangle  such  as  ABC  that 
the  sides  are  proportional  to  the  sines  of  the  opposite 
angles,  hence  we  may  write : 


AO _sin  (90 +  U,) 
AB"  sin  (90  —  V) 


,  or  A  C 


szh(90— i/j) 


XAB,Qr 


AC  =  ''-^^kxAB 


sin  (90  —  iy) 
(cos  U,  sec  kl){l\  +  7^5) 


cos  5/ 

Xow  since  T  is  equal  to  AC  +  T^,  we  niay  write  the 
solution  thus: 

T  =  [  {cos  1/0/,  >Vf  1/2/)  (Ti  +  rj  1  +  r. 


pOB={tS    OEti 


PiY    G.    H.    ILVILEY* 

The  daily  field  reports  used  on  our  construction  work 
are  shown  in  the  accompanying  forms.  These  reports  are 
made  out  by  thr  timekeepers  on  the  work.  Each  form  is 
Si/2.xl3i.'2  in. 

As  will  be  seen,  the  reports  are  made  daily,  on  two 
sheets,  the  first  being  the  time   report  and   the   second 

•Chief  Engineer,  Cleary-Wliite  Construction  Co..  general 
railway  contractors,  105  West  Monroe  St.,  Chicago. 
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the  equipment  and  material  report.  On  the  time  report 
the  names  of  the  men  in  the  gang,  together  with  their 
hours  and  rates,  are  shown  in  the  lower  left  part  of  the 
sheet.  On  the  first  day  of  each  month  both  the  names 
and  the  numbers  of  the  foreigners  are  shown,  but  during 
the  remainder  of  the  month  only  the  numbers  are  re- 
quired. It  will  be  noticed  that  each  man  must  be 
accounted  for.  If  one  does  not  work  a  full  day,  he  must 
be  shown  as  "discharged,"  "laying  off,"  etc. 

The  upper  portion  of  the  report  contains  the  classifi- 
cations of  work  done  during  the  day,  entered  by  hours 
under  each  occupation  and  extended  in  dollars  and  cents 
to  show  cost  of  each  classification  for  the  day.  Tlie 
total  hours  in  this  part  of  the  report  must  check  with 
those  in  the  lower  left  portion.  The  total  cost  of  each 
classification  from  the  start  of  the  work  is  shown  in  the 
"Ajnount  to  Date"  column.  In  the  lower  right  part  of 
the  report  is  shown  the  quantity  of  work  performed 
during  the  day,  covering  the  items  for  whicli  there  are 
unit  prices  in  the  contract. 

The  second  sheet  of  the  daily  report,  known  as  "Equip- 
ment and  ilaterial  Report,"  contains  the  daily  record  of 
the  nse  of  equipment  and  materials  as  well  as  a  report  of 
the  materials  received  and  shipped  during  the  day.  The 
"Equipment  Eecord"  not  only  serves  to  give  to  the  general 
office  information  as  to  the  location  of  all  larger  equip- 
ment, but  also  shows  the  actual  hours  of  work  performed 

CLEARY  WHITE  CONSTRUCTION  CO. 

EQUIPMENT  AND  MATERIAL  REPORT 
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)y  each  machine :  and  therefore  the  expense  and  efficiency 
if  any  particular  piece  of  equipment  may  bo  readily 
Ictermined.  The  "Material  Record"  shows  the  supply 
if  material  on  hand  and  also  the  amount  used  for  the 
lay  as  a  check  against  both  the  cost  and  the  quantity 
.f  unit-price  work  performed  as  shown  on  the  time 
eport.  The  lower  part  of  this  sheet  gives  the  daily 
nformation  regarding  material,  supplies  and  equipment 
eceived  and  shipped. 

These  reports  give  complete  information  regarding  the 
ondition  of  a  Job  and  also  furnish  the  figures  necessary 
or  the  preparation  of  cost  data,  not  only  for  the  labor 
xpense,  but  also  for  the  use  of  equipment  and  the 
laterials  used.  No  extra  expense  is  incurred  in  the 
reparation  of  these  reports,  because  they  are  easily  made 
y  the  timekeepers ;  and  on  a  contract  of  any  considerable 
ize  a  timekeeper  is  required.  We  have  made  it  a  practice 
1  use  young  engineers  for  such  work,  and  they  have  no 
ifficulty  in  taking  the  necessary  measurements  and 
btaining  the  other  data  required  for  the  preparation  of 
le  reports.  In  case  of  any  "extra  work"  performed, 
■  If  which  bills  must  be  made,  it  is  a  very  easy  matter  to 
et  the  expense  from  the  reports.  This  includes  not 
illy  the  labor,  but  also  the  equipment  and  materials 
sed. 

One  of  the  large  western  railways,  for  which  we  are 
jing  some  bridge  work,  after  seeing  our  reports  the 
1st  season  has  decided  to  adopt  the  form  for  its  own 
ork.  Other  contractors  may  have  daily  report  forms 
•tter  and  more  useful  than  these;  if  so,  I  should  be 
ad  to  see  some  samples  published.  The  samples  may 
'  more  interesting  to  engineering  accountants  than  to 
igineers,  hut  from  the  standpoint  of  cost  data  alone 
le  forms  will  probably  appeal  to  some  engineers. 

:^ 

As  soon  as  it  was  noised  about  that  Anchorage,  Alaska, 
as  to  be  the  starting  point  of  construction  work  on  the 
laskan  Ry.,  the  population  of  the  town  jumped  to  2,000. 
any  of  tlie  newcomers  were  employed  at  once  in  hand- 
ng  supplies  and  construction  equipment  that  arrived  on 
ch  incoming  steamer.  These  men  were  hired  as  day 
borers  and  received  a  wage  of  37i/2C.  per  hour,  eight 
mrs  constituting  a  day's  work.  Many  of  the  men  work- 
g  about  the  material  yards  were  fed  at  the  messhouse 
r  $1  a  day.  The  total  force  at  work  at  the  end  of  May, 
tl4,  was  about  100  men,  this  number  increasing  to  about 
)0  in  the  following  .summer. 

Work  Doxe  by  Station  JIen 

It  had  been  decided  that  the  most  satisfactory  meth- 
1  to  pursue  in  the  actual  construction  of  the  rail- 
ay,  where  the  work  could  be  classified  and  contracted 
r  at  unit  prices,  was  by  the  use  of  station  men.  Under 
method  a  number  of  men  associate  themselves  to- 
ner as  partners,  taking  short  pieces  of  work  at  a 
rtain  price  per  cubic  yard  for  grading,  or  per  acre  for 
earing  or  grubbing. 

i  Scacely  any  capital  is  necessary  to  take  a  station  con- 
lact,  as  the  Commission  furnishes  the  necessary  cquip- 
ent  at  a  moderate  rental.  The  men  also  have  the 
jivilege  of  purchasing  supplies  at  reasonable  prices  at 
f  cnnimissary  established  by  the  Commission.     This  is 


not  obligator}',  however,  as  they  are  free  to  buy  where 
tliey  desire. 

The  recently  ])ublished  reports  of  the  Alaskan  Engi- 
neering Commission  (covering  the  period  Mar.  12,  1914. 
to  Dec.  31,  191.5)  state  that  "the  large  contractor  wa- 
eliminated  and  the  station  men  consequently  received 
more  for  their  work."  Their  profits  have  varied  according 
to  skill  and  experience.  The  average  gross  wages  re- 
ceived by  4G  station  gangs  on  grading  was  41e.  per  hour 
per  man ;  the  gross  wages  received  by  31  gangs  on  clear- 
ing work  was  60c.  per  hour  per  man.  Gross  wages  are 
wages  earned  after  making  all  deductions  for  cost  of  tools, 
explosives,  team  hire,  outfit  rentals  and  hired  labor,  but 
not  subsistence.  The  number  of  men  on  station  work 
fluctuated  from  400  early  in  June,  1915,  to  ?24  in  the 
latter  part  of  July  of  that  year. 

CoNTR.vcT  Prices  and  Cost  of 

COXSTEUCTION  ilATERIALS 

All  material  removed  in  grading  was  classified  under 
one  of  the  three  following  heads:  Solid  rock,  loose  rock 
and  common  excavation.  The  prices  paid  were :  For  solid 
rock,  75c.;  for  loose  rock,  32  to  35c.,  and  for  common, 
25c.  per  eu.yd.  Where  material  had  to  be  hauled  in  excess 
of  400  ft.  an  additional  pri(^  of  Ic.  per  cu.yd.  per  100 
ft.  was  paid. 

For  clearing  the  right-of-way  the  price  ranged  from 
$30  to  $75  per  acre,  depending  upon  the  character  and 
density  of  the  timber.  For  piling  and  culvert  timbers 
10  to  15c.  per  lin.ft.  was  paid.  The  native  timber  was 
cut  into  ties,  these  costing  the  Commission  35  to  37c. 
each,  delivered  at  Anchorage  or  along  the  line.  Lumber 
for  bridges  and  buildings  was  imported  from  Puget 
Sound,  the  price  varying  from  $15  to  $28  per  M  ft.  b.m. 
The  bridge  timbers  were  framed  in  the  material  yard  at 
Anchorage  and  hauled  by  construction  train  to  the  site. 


FiiadlflEag  MoimaeEiifi  ©£  EimeB'tlasi  ©if 

A  special  computation  problem  solved  by  William 
Vetter,  State  Highway  Department,  Springfield,  111.,  gives 
a  simple  formula  for  the  strength  of  a  lenticular  body 


I.KXTICUT.An    nOCKER   SECTION 

(in  this  ca.sc  a  bearing  rocker).  The  method  involves 
some  ajiproximation,  but  should  be  dependable  in  all  prac- 
tical cases,  especially  for  flat  arcs. 

The  arcs  of  the  rocker  section  are  circular.     Drawing 
jiarabolic  arcs  as  shown   in   tlic  sketch,   the  moment  of 


996 


EN(iINEERING     NEWS 


Vol.  76,  No.  21 


inertia  of  the  parabolic  .segments  is  "'Vg.  of  the  moment 
of  inertia  of  the  rectangle  that  contains  them : 

Considei-ino-  iioth  circular  and  parabolic  segments  as 
t^hown,  it  is  evident  that  the  difference  between  the  radii 
of  g3'ration  is  very  minute,  and  the  two  can  therefore  be 
considered  equal.  (The  radius  of  gyration  of  the  circular 
segment  is  probably  greater  than  that  of  the  parabolic.) 
Therefore,  the  moments  of  inertia  are  approximately  pro- 
portional to  the  areas  involved. 

i)°         ab 

Area  of  circular  seqment  =  -r-  X  w;rFx> s" 

•'  ^  .360         2 

Area  of  parahoiic  segment  =  %  he. 

Substituting  the  values  r  =   11  in.,   b   =   5.9529-1:  in., 

c  =  1%  in.,  a  =  91/4  in.,  and  ^7360°  =  0.091,  there 

results : 

Area  of  circular  segment  =  7.05981  sq.m.. 
Area  of  parahoiic  segment  =  6.91178  sq.in. 

also : 

7  (151181 
Ba/io     ,  ,,.  .  =  1.02113 
(1.91178 

The  moment  of  inertia  of  the  parabolic  segment  =  ^"/n.-, 

X   %  bc\ 

Substituting  in  this  formula  the  values  given  above,  we 

have: 

'V35  X  %  X  5.95291  X  (1%)'  =  4.86155  in.* 
whence  the  moment  of  inertia  of  the  four  parabolic  seg- 
ments is 

4  X  4.86155  =  19.1462  in." 
and  the  approximate  moment  of  inertia  of  the  circular 
rocker  section  is 

19.1462   X   1.02142  =   19.86  in.* 
In  case  the  ends  of  the  rocker  should  be  cut  off,  it  is 
necessary  to  subtract  from  the  moment  of  inertia  of  the 
remaining  figure  the  moment  of  inertia  of  the  two  end 
areas  which  mav  be  considered  to  be  triangles. 


Motor  Trncks  and  Trailers  with  self-dumping  side-hopper 
bodies  have  been  found  best  for  roadwork  in  Leyte  Province, 
Philippine  Islands.  These  dump  bodies  were  designed  by  the 
district  engineer's  office  (L.  T.  Clark,  Tacloban,  Leyte),  and 
have  proved  more  successful  than  the  self-dumping  bodies 
originally  furnished  with  the  trucks  and  trailers,  because  the 
stone  can  be  dumped  more  quickly  and  also  because  the 
material  falls  in  two  rows  on  either  side  of  the  road,  thus 
permitting  the  traffic  to  pass  between  the  piles.    The  ordinary 


An  linuHual  Ensineerins  Term — The  Watertown-Newton 
boundary  line  and  the  Brookline-Newton  boundary  line  were 
perambulated  on  Aug.  4  by  committees  representing  the  town 
of  Watertown  and  the  town  of  Brookline  and  a  committee 
representing  the  city  of  Newton  of  which  the  city  engineer 
was  a  member. — Report  of  the  City  Engineer  of  Newton. 

Field  Determination  of  Bridge  Skew  —  VPillis  Whitcd, 
Bridge  Engineer,  State  Highway  Department,  Harrisburg, 
Penn.,  writes  that  in  reconnoissance  work  for  ordinary  high- 
way bridges  no  great  accuracy  is  required  in  determining  the 
skew;  even  a  variation  of  Tj°  being  seldom  important.  The 
method  of  determining  this  skew,  in  the  field,  which  Mr. 
Whited  has  employed  for  a  number  of  years,  is  to  take  an 
ordinary  6-ft.  rule,  hinged  about  its  3-ft.  joint,  place  one  arm 
in  the  line  of  the  road  and  the  other  arm  in  the  line  of 
the  stream;  the  distance  between  the  two  ends  is  the  chord 
of  the  angle  of  skew  of  the  bridge.  The  following  is  a 
table  by  which  the  angle  can  be  determined: 
Radius  equals  36  in. 

Chord  Angle  Chord  Angle 

18   in.  29°    00'  36    in.  60°    00' 

20  in.  32°    20'  38    in.  63°    40' 

22  in.  35°    40'  40    in.  67°    20' 

24   in.  39°  00'  42    in.  71°    20' 

26  in.  42°    20'  44    in.  75°  20' 

28   in.  45°   40'  46    in.  79°    20' 

30  in.  49°    20'  48    in.  S3°    40' 

32  in.  52°    40'  50    in.  SS°    00' 

34   In.  56°    20' 

Intermediate  angles  can  easily  be  interpolated. 


-MijTiji;  TiiuoK  .\XT>  ti;.\ii.i:r  equiited  with  side- 

H<JI'PEI<    .SEl.F-DUMPI.NG    BODIES 

self-dumping  body  piles  the  stone  in  the  middle  of  the  road 
unless  much  time  is  taken  to  back  the  car  so  as  to  dump  it 
on  one  side.  This  is  often  Impracticable  on  account  of  the 
narrowness  of  the  road.  The  new  bodies  are  designed  with 
the  floor  of  sufficient  pitch  to  permit  the  stone  to  fall  as  soon 
as  the  sides  are  unhooked.  The  whole  7.5-cu.m.  load  is 
dumped  in  about  5  min.  Because  of  adverse  climatic  and 
road  conditions,  few  facilities  for  repairs  or  of  obtaining 
spare  parts,  the  district  engineer  considers  that  these  6- 
cylinder  60-hp.  trucks  are  too  costly,  not  only  from  the  stand- 
point of  purchase  price,  but  also  from  that  of  operation  and 
repair.  Also,  they  and  the  steel-tired  trailers  do  too  much 
damage  to  the  road.  The  4-cylinder  40-hp.  truck  with  rubber 
tires,  however,  has  proved  a  success.  It  hauls  more,  partly 
because  it  does  not  have  to  be  laid  up  when  it  rains,  and  hauls 
at  a  cheaper  rate  both  per  kilometer-cubic  meter  and  per 
kilometer  run.  A  charge  of  15c.  per  km.  run  in  1915  resulteii 
in  saving  $S97,  while  with  a  6-cylinder  truck  it  has  been  nec- 
essary to  make  a  charge  of  30c.  per  km.  run  to  meet  ali 
expenses. — July  "Bulletin"  of  the  Bureau  of  Public  Works 
Philippine   Islands. 

ArtiAcial  Breeze  ^Vaves  Flag — The  spectacle  of  a  flag  wav- 
ing from  its  staff  in  a  seemingly  quiet  atmosphere  was  pre- 
sented at  the  recent  Atlantic  City  convention  of  the  Amerlcar 
Electric  Railway  Associa- 
tion. It  was  a  part  of  thi 
exhibit  of  the  Genera 
Electric  Co..  and  how  i' 
worked  is  seen  from  thi 
accompanying  sketch.  Thi 
pole  was  a  tapered  tube  2'. 
ft.  high.  9  in.  in  dlametei 
at  the  liottom  and  5  in.  a 
the  top.  The  bottom  tcr 
minatod  in  an  elbow  set  or 
the  outlet  of  a  2-hp.  motor- 
driven  blower.  For  9  f 
down  from  the  top  of  thi 
tube  were  two  rows  of  Vi 
in.  holes  IH  in-  apar'  ''"■ 
on  either  side  of  the  flap 
With  the  blower  going.  II" 
jets  from  these  holes  kep 
the  flag  waving.  The  blow 
er  and  pole  base  were  In 
closed  in  a  box  covering 
The  effect  of  the  flag  wa 
heightened  by  lighting  i 
from  projecting  lamps  oi 
either  side  of  the  hall 
This  would  be  an  effectlv- 
decoration  for  any  larg' 
convention  hall  or  exhibl 
tion.  and  it  is  not  unllkel: 
that  it  will  become  a  fa 
miliar  scene  at  such  affair- 


^    ^^^'^^^\ 
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FLAG  WAVED  BY  ARTIFICIAL 
BREEZE 
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for  Sfeo^tt  Airtacles 

The  attention  of  readers  is  again  called  to  the  offer  if 
)rizes  made  in  Engineering  News  of  Oct.  26  for  the  best 
hort  articles  on  four  selected  engineering  subjects  in  four 
lifferent  fields  of  engineering  work.  As  was  there  stated, 
he  sum  of  $300  is  offered  in  prizes,  there  being  four  first 
irizes  of  $50  and  four  second  prizes  of  $3-5,  while  articles 
lot  receiving  a  prize  but  accepted  for  publication  will  be 
laid  for  at  the  rate  of  $10.  The  four  subjects  selected  are 
n  the  fields  of  road  con.struction,  rock  drilling,  concrete 
rork,  and  motor  truck  transportation,  all  of  them  fields  in 
fhich  a  very  large  number  of  engineers  are  actively  at 
TOrk  at  the  present  time  and  in  all  of  which  new  devel- 
ipments  are  constantly  appearing. 

Letters  have  been  received  by  Engineering  Xews  since 
he  announcement  of  the  prize  offer  inquiring  whether 
rticles  written  for  the  competition  should  describe  actual 
perations  at  one  specific  place,  or  whether  articles  discuss- 
iig  the  subject  generally  are  desired.  Since  others  may 
ave  had  similar  questions  in  mind,  it  may  be  well  to  say 
liat  either  class  of  article  is  acceptable  for  the  competition. 
The  decision  as  to  merit  will  be  made  regardless  of  this 
•articular  distinction  although  it  would  appear  that 
:eneralizations  can  hardly  be  kept  down  to  the  minimum 
■f  1,000  words. 

One  of  the  motives  which  has  influenced  the  editors 
u  making  this  prize  oft'er  is  to  encourage  the  writing  of 
hort  technical  articles,  describing  results  of  actual  e-xperi- 
nce,  by  the  men  who  are  actually  engaged  in  construction 
.ork  and  who  often,  through  contact  with  practical 
iroblems,  obtain  information  that  deserves  to  go  on  record 
or  the  general  benefit  of  the  profession. 

There  are  always  available  for  publication  in  Engineer- 
ng  Neirs-  long,  elaborate  articles  which  take  up  a  large 
mount  of  sjiace  and,  if  accepted,  necessitate  the  crowding 
•ut  of  other  matter  more  condensed  in  form.  There  is  on 
he  other  hand  almost  always  space  for  prompt  ptiblication 
if  the  article  by  a  contributor  who  has  something  import- 
int  to  say  and  who  can  say  it  in  brief,  concise  form. 

We  do  not  mean  by  this  to  decry  the  value  of  the  long 
lud  elaborate  monograph  in  technical  literature.  Such 
lapers  have  their  place;  and  the  funds  of  the  engineering 
ocietios  are  well  utilized  in  printing  such  papers  and 
naking  them  available  to  the  profession.  The  technical 
ournal.  however,  in  order  to  ade(|uately  cover  its  field, 
nust  keep  its  readers  posted  on  the  new  developments  all 
he  time  going  on  in  the  various  departments  of  engineer- 
ng  work  and  must  give  preference  to  the  shorter  articles 
vhich  tell  the  story  in  a  condensed  form  which  the  busy 
ngineer  will  find  time  to  read. 

\s  announced  in  the  offer,  the  competition  will  close 
•  ;i  Dec.  10.  The  brevity  specified  for  the  articles,  none 
)f  which  are  to  exceed  1,000  words,  makes  it  easy  for  engi- 
loeers  who  may  not  have  seen  the  previous  announcement 
)f  this  prize  offer  to  undertake  their  preparation  of  arti- 
■■•les  now  and  send  them  in  before  the  competition  closes. 
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The  voters  of  New  Jersey  gave  a  large  majority,  at  the 
election  of  Nov.  7,  in  favor  of  approving  the  Eagan  bill, 
which  was  enacted  by  the  last  legislature  and  provides  a 
bond  issue  of  $7,000,000  to  raise  money  for  state  highway 
improvement.  The  large  majority  in  favor  of  the  bill  is 
not  surprising,  for  the  measure  was  placed  before  the 
voters  as  practically  a  panacea  for  the  road  troubles  from 
which  New  Jersey  is  now  suffering,  and  very  few  of  the 
voters  were  aware  of  the  serious  defects  in  the  bill.  These 
defects  are  not  at  present  important,  however,  for  the 
attorney-general  of  the  state  has  rendered  an  opinion  that 
the  provisions  of  the  Eagan  bill  cannot  be  carried  into 
effect  because  it  specifies  certain  work  to  be  performed  and 
provides  an  appropriation  far  below  the  estimated  cost  of 
the  work.  On  this  account  the  bill  is  rendered  null  and 
void  by  another  statute  of  New  Jersey. 

The  Eagan  bill  provides  for  a  $7,000,000  bond  issue  to 
build  555  mi.  of  roads  located  in  various  parts  of  New 
Jersey.  The  bill  specifies  that  these  roads  are  to  be  paved 
with  granite,  asphalt  or  wood  block,  brick,  concrete,  bitu- 
minous concrete,  asphalt  "or  other  pavement  having  a 
hard  surface  and  of  a  durable  charactei-";  the  width  of 
the  pavement  is  to  be  at  least  18  ft.,  and  the  total  width 
of  the  roadway  at  least  30  ft. 

Dividing  $7,000,000  by  555  shows  that  the  ])erniissible 
expenditure  on  these  roads  would  be  less  than  $13,000 
per  mile.  With  a  minimum  width  of  18  ft.,  there  would 
be  at  least  10,560  sq.yd.  of  paving  to  be  laid  per  mile; 
and  of  the  materials  specified  as  permissible  for  the 
l)aving,  concrete  is  the  only  one  that  could  possibly  be 
brought  within  this  limit  of  expense,  even  if  the  entire 
sum  available  were  to  be  expended  on  the  paving  alone. 

As  any  engineer  with  even  an  elementary  knowledge  of 
load  building  and  road  reconstruction  is  aware,  there  is  a 
great  deal  of  work  and  expense  involved  in  road  reconstruc- 
tion aside  from  the  paving.  Col.  Edwin  A.  Stevens,  State 
Road  Commissioner,  in  a  report  to  Governor  Fielder  last 
-Vugust,  estimated  that  to  build  these  roads  in  accordance 
with  the  specifications  laid  down  in  the  law  would  cost  in 
the  neighborhood  of  $16,000,000. 

The  voters  of  New  Jersey,  in  approving  the  Eagan  bill, 
were  doubtless  under  the  impression  that  they  were  pro- 
viding a  very  large  sum  of  money,  sufficient  to  solve  New 
Jersey's  road  problem.  The  investigations  of  the  State 
Chamber  of  Commerce,  however,  show  that  in  1914  the 
state  with  its  counties  and  towns  spent  over  $7,300,000 
on  road  construction  and  maintenance,  and  the  annual 
expenditures  have  materially  increased  since  then.  Fur- 
ther, whereas  the  Eagan  bill  only  provides  for  the  improve- 
ment of  thirteen  specified  through  routes  with  an  aggre- 
gate of  555  miles,  there  are  in  the  state  over  9,000  miles 
of  improved  roads,  a  very  large  proportion  of  which  are 
in  such  bad  condition  that  they  need  thorough  repair. 

The  one  ray  of  light  in  the  situation  is  that  a  state  com- 
mission was  appointed  some  months  ago,  as  announced  in 
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Engineering  Xetrs,  to  study  the  entire  Xew  Jersey  road 
situation  and  outline  the  proper  policy  for  the  state  to 
adopt.  That  commission  is  still  to  make  its  report,  and 
it  is  to  be  hoped  that  it  may  deal  with  the  road  cjuestion 
with  better  understanding  than  did  the  framers  of  the 
Eagan  bill. 

of  tlhe  Sts'oira^er  Btroirages 

Just  two  years  ago,  in  Engineering  Xcits  (if  Nov.  26, 
1914,  there  was  published  a  review  of  the  disquieting 
experiences  that  the  engineers  of  the  Catskill  Aqueduct 
had  had  with  some  bolts,  rods  and  other  rolled  materials 
oi  high-strength  bronze,  such  as  manganese  bronze  and 
tobin  bronze.  These  high-strength  bronzes  had  their 
origin  in  a  series  of  researches  carried  out  by  the  late 
Dr.  R.  H.  Thurston  while  he  was  connected  with  the 
Stevens  Institute  some  thirty  years  ago.  They  ha\e 
approximately  the  strength  of  soft  steel,  and  because  of 
this  high  strength  and  their  freedom  from  corrosion  they 
have  been  very  widely  used  for  a  number  of  years  in 
many  fields  of  engineering  construction. 

In  the  large  control  works  in  connection  with  the 
Catskill  Aqueduct  construction,  extensive  use  was  made  of 
these  high-strength  bronzes.  It  was  not  until  some  sus- 
picious cracks  were  found  in  some  of  the  rolled  material 
that  any  doubt  was  entertained  as  to  their  reliability. 
Extensive  investigations  and  tests  carried  out  iinder  direc- 
tion of  A.  D.  Flinn,  Deputy  Chief  Engineer,  following 
this  discovery  showed  that  all  classes  of  rolled  material 
of  these  bronzes  were  more  or  less  unreliable,  while  forg- 
ings  and  castings  appeared  to  be  unaffected.  The  failures 
of  the  rolled  material  were  so  numerous  and  extensive  as 
to  cause  the  gravest  apprehension.  Hundreds  of  bolts 
broke  at  one  time  or  another  when  under  tension,  and 
bolt  heads  snapped  ofE.  New  bolts  that  had  never  been 
used  or  placed  under  stress  and  were  still  in  the  packing 
cases  in  which  they  were  shipped  were  found  cracked  and 
broken.  Some  i/4-in.  flange  plates  inspected  after  manu- 
facture and  found  then  in  good  condition  were  examined 
a  few  months  later  and  showed  serious  cracking. 

Comparatively  little  has  been  heard  of  similar  trouble 
elsewhere  with  these  bronzes,  although  Mr.  Flinn's  inves- 
tigations disclosed  that  something  of  the  sort  had  been 
experienced  in  Germany  and  investigations  had  lieen  made 
in  the  Government  testing  laboratories  in  Berlin. 

The  annual  report  (just  issued)  of  Gen.  George  W. 
Goethals,  Governor  of  the  Panama  Canal,  discloses  that 
serious  trouble  has  also  been  experienced  at  Panama  with 
the  largo  manganese-bronze  bolts  used  to  support  the 
counterweights  on  the  spillway  gates.  General  Goethals 
says : 

On  Oct.  10,  1915.  the  counterweight  of  .spiUway  gate  No. 
13  at  Gatun  gave  way  and  dropped  into  its  pit.  demolishing 
all  weights.  This  machine  had  not  been  operated  for  several 
days  and  was  not  being  operated  at  the  time  of  the  accident. 
On  investigation  it  was  found  that  all  four  manganese- 
bronze    counterweight    bolts    had    given    way. 

Each  spillway  counterweight  consists  of  aS  cast-iron 
blocks  weighing  7S0  lb.  each,  resting  on  a  cast-iron  base  plate 
and  supported  by  four  l?:l-in.  manganese-bronze  bolts  run- 
ning into  a  cast-steel  yoke  at  the  top.  The  total  weight  of 
the  counterweight  is  45,700  lb.  .and  assuming  that  the  load  is 
equally  distributed,  each  bolt  supports  11,425  lb.,  or  a  stress 
of  4,750  lb.  per  sq.in.  of  metal.  Sections  of  the  bolts  were 
sent  to  the  mechanical  division  for  test,  which  gave  an  ul- 
timate tensile  strength  of  61,400  lb.  and  f.,1,900  lb.  per  sq.in., 
respectively,  for  the  two  bolts  tested.  This  would  indicate 
•a   factor   of  safety   of  about    13. 


.\11  guard-gate  counterweight  bolts  were  examined  an 
instructions  given  to  replace  the  defective  ones  with  ste^ 
bolts.  An  examination  of  the  Miraflores  spillway  countei 
weight  bolts  resulted  in  finding  two  bolts  broken  off  at  tl 
head  and  others  with  surface  cracks,  indicating  probable  fai 
ure.  All  counterweight  bolts  of  the  spillway-gate  machin. 
have  been  replaced  with  steel,  and  bronze  bolts  are  bein 
replaced  with  steel  wherever  failures  occur. 

Surely  if  these  high-strength  bronzes  are  liable  to  su( 
failures,  engineers  need,  to  be  on  their  guard,  not  on 
as  to  the  use  of  these  materials  in  new  construction  i 
places  where  their  failure  might  cause  disaster,  but  ' 
inspect  carefully  any  structures  under  their  charge  whii 
may  contain  these  materials  that  may  possibly  be  in 
condition  of  incipient  failure. 

The  investigations  that  were  made  by  the  Board 
AVater-Supply  Engineers  failed  to  reveal  any  method  ■ 
inspection  or  test  which  would  distinguish  between  bron: 
that  was  sound  and  reliable,  and  material  that  was  on  tl 
point  of  failure.  These  failures  were  not  confined  eith' 
to  any  one  brand  or  make  of  the  bronzes  examined,  indica 
ing  that  reliance  could  not  be  placed  on  the  methods  ust 
by  any  particular  manufacturer. 

That  the  mystery  in  connection  with  the  inexplicab 
failure  of  these  materials  will  eventually  be  solved  ca 
liardly  he  doubted.  The  value  to  engineers  of  a  materi 
of  such  high  strength,  which  is  at  the  same  time  resistai 
to  corrosion,  is  so  great  that  the  facilities  of  the  be 
research  laboratories  ought  to  be  devoted  to  the  task  < 
solving  this  problem. 

The  copper  industry  has  been  experiencing  such 
period  of  phenomenal  prosperity  and  unlimited  deman 
for  its  product  during  the  past  two  years  that  nobody  h; 
cared  particularly  whether  the  market  for  copper  in  tl 
form  of  these  strong  bronzes  was  seriously  impaired  or  no 
Present  conditions  in  the  copper  industry,  however,  cann. 
possibly  be  permanent.  Some  of  the  firms  that  have  ram 
such  large  profits  in  the  copper  business  during  the  pa 
two  years  can  well  afford  to  appropriate  an  insignificai 
percentage  of  these  profits  to  find  out  how  the  stron 
bronzes  can  be  so  manufactured  as  to  be  reliable. 

<  Cos^-of^Servnc®  Wsitter" Meter 
»  IRates  to  tlhie  Firosat 

After  several  years  of  committee  investigation  and  coi 
vention  discussion,  the  New  England  Water-Works  Asec 
oiation  has  recommended  a  particular  form  of  meteiK  1 
service   rate   for   general   use   by   water   companies  an  | 
departments.     Bills  made  up  in  the  approved  way  wi 
show  a  fixed  service  charge  depending  on  the  magnitnd 
of  the  consumer.s'  requirements  plus  a  variable  quantit 
charge  depending  on  the  reading  of  the  meter.    The  adoi 
tioii    of   this   standard,   studied   iu   connection   with  th 
related  discussions  and  reports  of  the  as.sociation,  is  c 
particular  interest  and  import,  indicating  as  it  does  th 
a])parent  acceptance  by  a  large  organized  group  of  wate 
utilities  of  the  idea  of  a  cost-of-service  basis  for  maldn 
rates.     A  big  and   important  step  has  been   taken — a;] 
advance  has  been  made  from  which  retreat  is  unbelievablf 
For  this  progress  great  credit  is  due  to  the  New  England 
Association's  Committee  on  Meter  Rates,  under  the  leader] 
ship  of  Allen  Hazen. 

The  committee  has  been  honorably  discharged,  but  le| 
no  progressive  water-works  man  think  that  cost-of-serTO 
rates  have  been  actually  inaugurated.    The  present  acti| 
is  more  like  a  nomination,  with  the  election  yet  to  con 
'  The  em]ity  shell  of  cost-of-service  rates  has  been  accept 
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I  make  the  idea  a  living  reality,  the  figures  which  are  to 
T    the   blank    spaces    provided    must   be    arrived   at   by 
lequate  accounting,  if  the  manager  is  going  to  do  any- 
uig  more  than  make  the  most  unscientific  division  of 
tal    expense    by    number    of    customers    or    pumpage. 
-lequate  accounting  means  standardized  accounts,  fash- 
oned  after  the  general  form  adopted  for  other  utilities  by 
1  multitude  of  state  regulation  commissions  which  desire 
o  know  what  each  service  costs  eacii  class  of  customer. 
The  imposition  of  such  standard  accounts  would  have  been 
forced  on  the  water  industry  long  ago,  had  there  been  the 
fame  degree  of  regulation  over  these  municipal   depart- 
ments and  companies  as  is  imposed  on  gas  and  electric 
-ervices. 
The  Xew  England  Water-Works  Association  has  done 
tie   with   standardized   accounts   beyond   appointing   a 
-Mimittee,  but  the  door  to  this  field  has  now  swung  open 
i(jHgh  the  disposition  of  the  rate-schedule  puzzle.     We 
ly  expect  to  see  .standardized  accounting  loom  up  larger 
(ii  the  association's  horizon  as   its   next  great  task.     A 
peculiar  situation  arises:  The  Xew  England  As.sociation 
'  has  accepted  the  two-part  rate  basis  and  has  neglected  the 
standardized   accounting    required    to  back    it   up.     The 
.\.merican  Water- Works  Association  has  probed  the  depths 
if  the  accounting  problem,  but  has  paid  little  attention  to 
the  most  important  end  of  good  bookkeeping — true  scien- 
tific rates.  Which  will  consummate  the  development  first? 
'^. 


When  the  Xew  England  Water-Works  Association  at  its 
N'ovember  meeting  adopted  the  combination  of  service  and 
meter  charges  as  the  recommended  basis  of  metered-service 
water  rates,  it  also  apparently  adopted,  but  only  as  a 
pertinent  suggestion,  a  scheme  for  eomjjuting  the  service 
charge  by  adding  to  a  price  per  1,000  gal.,  first  10%  of 
the  cost  of  the  meter  and  service  pipes  (where  the  company 
and  not  the  consumer  paid  for  these),  then  $1  per  year 
for  meter  reading,  billing  and  collecting,  and  finally  $2 
to  $120  for  unregistered  water. 

That  was  an  excellent  suggestion — so  far  as  it  went. 
It  remained  a  mere  suggestion  and  did  not  attain  the 
■iignity  of  a  strong  recommendation,  as  it  apparently  did 
not  meet  universal  approval.  It  probably  would  have  been 
widely  applauded  and  thoroughly  promulgated  as  a  part 
of  the  adopted  two-part  rate  scheme  if  it  had  been  only 
a  little  broader.  It  evidently  failed  to  meet  all  conditions 
of  water-works  operation,  and  it  obviou.sly  was  a  particular 
i-ase  of  a  broader  and  more  general  statement  that  can  be 
made.  We  venture  to  make  that  generalization  here  and 
urge  that  something  like  it  be  mentally  attached  to  the 
two-part  scheme: 

Compute  the  service  charge  by  adding  to  a  price  per 
l.iioo  gal.  or  100  eu.ft.,  first  X%  on  the  cost  of  the  meter 
and  service  pipes  where  o^\Tied  by  the  company,  then  Y% 
on  the  cost  of  equipment  required  to  meet  the  peak-load 
demand  of  the  customer,  then  $Z  for  meter  reading,  bill- 
ing and  collecting,  and  finally  $.4  to  $B  for  unregistered 
"•:itcr. 

The  reasons  for  such  a  suggested  procedure  need  little 
qjosition.  There  are  two  kinds  of  water-works:  (1) 
The  product-dispensing  type,  which  pumps  at  a  small 
steady  rate,  or  collects  as  nature  furnishes,  and  delivers 
out  of  adequate  storage  at  varying  rates;  (2)  the  service 
tvpe,  which  maintains  pump  pressure  all  the  time  and 


has  power  apparatus  enough  to  meet  its  peak-load 
demands.  For  the  first  type  of  water  company  the  Y% 
mentioned  above  becomes  insignificant — even  disappears, 
for  the  peak-load  equipment  consists  only  of  a  possible 
addition  to  diameter  of  mains,  and  even  this  may  be 
absorbed  in  the  provisions  for  fire  protection. 

Paying  attt-ntion  to  the  Y  percentage  in  the  case  of  the 
service  type  of  water-works  automatically  clears  away 
much  of  the  worry  about  manufacturers'  rates.  If  an 
industrial  customer  does  not  draw  during  peak-load  hours, 
Y  may  disappear  so  that  an  attractive  rate  can  bo  made 
to  him  that  will  still  render  a  respectable  profit  to  the 
water-works — or,  where  profits  are  not  sought,  at  least 
make  a  more  continuous  use  of  plant  and  increase  the 
spread  of  investment  charges.  This  would  be  a  develop- 
ment parallel  to  the  success  of  electric  central  stations  in 
building  ii])  off-peak  commercial  loads. 

It  would  be  superfluous  to  attempt  here  any  more 
detailed  a])i)lication  of  the  suggested  scheme.  Suffice  it  to 
say  that  it  is  not  an  original  or  a  novel  or  an  untried 
exjieriment — it  is  a  scheme  broadly  applied  in  public- 
utility  fields  today  and  universally  satisfactory  to  customer 
and  utilitv  alike. 


^Ea^airaees's  asad  Fedleirsill 
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If  Congress  i)el'ore  the  close  of  tlie  coming  short  session 
passes  legislation,  in  a  form  sufficiently  favorable,  there 
will  probably  be  constructed  in  the  next  three  to  five 
years  water-power  development  amounting  to  between  one 
and  two  million  horsepower  on  navigable  rivers  and  on 
power  sites  in  the  far  West.  This  work  is  of  great  import- 
ance to  American  engineers  engaged  in  water-power  engi- 
neering, to  other  engineers  engaged  in  the  manufacture 
of  water  power  and  electric  machinery,  and  to  still  other 
engineers  engaged  in  work  in  which  this  vast  amount  of 
power  will  be  utilized.  The  extent  to  which  the  interests 
of  engineers  are  dependent  on  this  legislation  ought  to  be 
imderstood  by  all  members  of  the  profession,  as  well  as  by 
those  whose  bread  and  butter  is  at  stake. 

There  is  no  dissent  whatever  from  the  proposition  that 
it  is  very  greatly  in  the  public  interest  that  this  water- 
power  development  shall  take  place.  So  far  as  this  source 
of  power  is  to  be  utilized  to  replace  power  developed  by  the 
burning  of  coal,  it  operates  to  lessen  the  draft  on  our  coal 
resources  and  to  conserve  a  gift  of  nature  which  once  used 
up  can  never  be  replaced.  So  far  as  this  power  is  applied 
to  new  uses,  it  will  aid  in  developing  new  industries,  and 
particularly  the  chemical  industry,  whose  importance  to 
the  national  welfare  has  come  to  be  understood  during  the 
past  two  years  as  never  before. 

Everyone  knows  that  Congress  was  unable  at  its  last 
ses.sion  to  reach  an  agreement  upon  the  terms  of  the  bills 
proposed  for  enactment  to  permit  this  water-power  devel- 
opment to  go  forward.  It  has  been  announced  that  these 
bills  are  among  the  measures  which  will  be  taken  up  and 
pushed  for  passage  at  the  coming  short  session;  but  the 
scanty  time  available,  aside  from  that  necessary  for  the 
regular  ap])ropriation  bills,  makes  their  passage  extremely 
doubtful  unless  strong  pressure  is  brought  to  bear  upon 
Congressmen  so  that  they  may  understjind  the  extent  to 
which  this  legislation  is  supported  by  public  opinion. 

Fnless  Congress  does  enact  Federal  water-power  laws 
at  this  .session,  it  will  probably  be  years  before  any  such 
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legislation  will  be  possible.  The  new  Congress  will  not 
assemble  till  a  year  lieuce.  Wh^n  it  does  meet  its  com- 
plexion will  be  so  evenly  divided  politically  that  there  will 
be  little  probability  of  any  bill  being  passed  to  which  there 
is  any  considerable  opposition.  It  is  always  vastly  easier 
to  defeat  a  bill  than  to  secure  its  passage,  even  when  ma- 
jorities are  not  so  thin. 

There  has  been  a  widespread  expression  of  opinion  on 
the  part  of  engineers  during  the  past  few  years  that  the 
profession  should  take  a  greater  part  in  public  affairs  and 
especially  in  those  where  technical  matters  are  involved 
and  in  which  the  interests  of  the  profession  and  the  public 
are  at  stake.  Many  have  urged  in  the  strongest  terms 
that  the  engineering  societies  should  take  action  to  further 
legislation  of  importance  to  the  profession. 

Xo  better  opportunity  could  be  found  for  the  engineer- 
ing profession  to  transform  words  into  deeds  than  the 
present.  While  the  individual  engineer  is  as  a  rule  power- 
less to  do  anything,  except  where  he  may  happen  to  have 
a  personal  acquaintance  with  some  member  of  Congress, 
there  is  no  doubt  whatever  that  proper  representation  by 
the  engineering  societies  at  Washington,  if  the  work  is 
done  in  the  right  way,  may  have  an  important  influence  in 
securing  properly  framed  legislation. 

The  national  engineering  societies  are  alread}'  moving 
in  the  matter.  The  American  Institute  of  Electrical 
Engineers  has  for  years  had  a  standing  committee  on 
water-power  legislation,  which  has  repeatedly  visited 
Washington  and  appeared  before  Congressional  com- 
mittees. The  American  Society  of  Civil  Engineers  has 
recently  appointed  a  similar  committee  with  authority, 
we  are  informed,  to  go  to  Washington  and  spend  whatever 
time  is  necessary  there  to  secure  results.  It  may  reason- 
ably be  expected  that  the  other  national  engineering 
societies,  many  of  whose  members  have  interests  at  stake 
quite  as  great  as  the  members  of  the  Civil  and  Elec- 
trical Engineers,  will  likewise  appoint  similar  committees. 


There  is  no  doubt  that  such  committees  will  welcome 
the  aid  by  formal  resolutions  or  otherwise,  of  state  and 
local  engineering  societies  which  may  not  be  able  to  send 
delegates  to  appear  before  Congressional  committees.  The 
more  nearly  those  who  go  to  Washington  on  this  errand 
impress  upon  Congress  that  they  represent  the  united 
voice  of  the  engineering  profession,  the  more  likely  will  be 
their  success. 

We  need  not  take  space  at  this  time  to  discuss  in  detail 
the  provisions  of  the  pending  bills  and  the  arguments  that 
have  been  made  in  opposition  to  them.  The  thing  that 
should  be  clearly  understood  is  that  the  ground  of  the 
opposition  is  not  that  legislation  which  will  permit  water 
power  development  is  undesirable,  but  tliat  the  legislation 
now  framed  gives  greater  privileges  to  those  who  under- 
take water-power  development  than  are  necessary  in  order 
to  secure  the  investment  of  capital.  On  this  matter  the 
unbiased  judgment  of  independent  experts  should  bt 
helpful  to  a  wise  solution. 

It  ought  to  be  more  generally  understood  that  in  the 
Federal  water-power  bills  now  pending  the  Government 
parts  with  no  perpetual  franchise,  but  only  grants  a  50- 
year  lease.  The  detailed  conditions  of  this  lease  are  a  fair 
subject  for  argument,  and  opinions  may  reasonably  differ. 
It  is  certain,  however,  that  the  legislation  as  finally 
enacted  must  lay  down  conditions  sufficiently  attractive 
to  induce  the  investment  of  capital,  or  it  will  wholly  fail 
of  its  purpose. 

It  must  not  be  overlooked  in  this  connection  that  with 
all  the  nations  of  the  world  bidding  for  the  money  of 
American  investors,  opportunities  are  open  to  them  to 
earn  a  high  rate  of  interest  by  the  purchase  of  foreign 
bond  issues.  The  promoter  of  a  water-power  enterprise 
who  competes  for  capital  in  the  investment  market  must 
have  something  substantial  that  will  combine  reasonable 
safety  and  opportunities  for  good  profits  or  the  so-called 
public  water-power  sites  will  continue  unimproved. 
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Quaeeiras  Iiaciiaes'a.tos'  Tests 

Sir — In  your  issue  of  Sept.  28,  1916,  there  appeared 
an  article  on  the  refuse  incinerator  for  Queens  Borough, 
New  York  City,  by  J.  C.  Woodman,  of  the  Decarie  In- 
cinerator Co.  In  so  far  as  this  article  is  an  expression 
of  the  personal  views  or  opinions  of  Mr.  Woodman,  no 
criticism  is  offered;  but  when  he  presents  certain  tabu- 
lated results  of  the  incinerator  tests  as  the  official  state- 
ment of  the  committee  that  supervised  the  tests,  he  is 
misstating  the  facts.  The  committee  in  question,  of 
which  the  writer  was  a  member,  did  not  as  a  whole  tabu- 
late the  results  of  the  tests  in  its  report.  Each  member 
of  the  committee  secured  his  own  data,  and  since  these 
complied  with  the  requirements  of  the  guarantee,  signed 
a  report  to  the  architect  which  reads  in  part  as  follows : 

That  thereafter,  on  May  8.  1916,  one  unit  of  the  said 
Incinerator  diKested  50  tons  of  refuse  and  garbage  of  the 
proper  proportions  within  the  contract  period  and  at  costs 
within  the  guarantees.  On  May  10,  1916,  the  second  unit  of 
the  incinerator  disposed  of  50  tons  of  garbage  and  refuse 
within  the  contract  time  and  at  costs  less  than  those  speciHed 
In   the  agreement.     On  May  15.   1916.  both  units  of  said  incin- 


erator were  operated  and  consumed  100  tons  of  garbage  and 
refuse  within  the  contract  period  and  within  costs  of  thosf 
provided  in  the  agreement. 

We  therefore  certify  to  you  that  the  said  incinerator  and 
appurtenances  meet  the  requirements  of  the  guarantees 
provided  in  the  said  contract  and  the  said  supplemental 
agreement. 

Inasmuch  as  the  tabulated  results  set  forth  in  Mr. 
Woodman's  article  differ  considerably  from  tho.-;e  ob- 
tained by  a  majority  of  the  committee,  objection  is  made 
to  the  statement  that  the  results  sliown  in  said  article  are 
the  oflicial  expression  of  the  committee  as  a  whole. 
Chandler  Withington, 

Chief  Engineer, 
Department  of  Finance,  New  York  City. 
New  York  City,  Oct.  9,  1916. 


[Proof  of  Mr.  Withington's  letter  was  sul)niitted  to 
Mr.  Woodman.  The  comments  of  the  latter  follow.— 
Editor.] 

Sir — When  I  prepared  my  article  on  the  Queens  Bor- 
ough incinerator,  I  knew  that  no  tabulated  results  were 
included  in  the  official  report  of  the  committee  named  by 
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\Ir.  Withington.  I  did  not  intend  to  convey  the  idea 
hat  the  results  as  tabulated  by  myself  from  observations 
aken  by  myself  were  those  obtained  by  the  different  mem- 
lers  of  the  committee. 

In  saying  that  these  were  "results  of  the  ofiScial  test 
nade  under  supervision  of  a  committee  of  the  Board  of 
Estimate  of  New  York  City"  I  meant  that  these  were 
•esults  obtained  while  they  were  present  and  not  neces- 
sarily the  results  that  the  committee  embodied  in  its 
eport. 

I  wish  to  add  that,  so  far  as  the  results  go,  I  am  pre- 
)ared  to  operate  this  plant  under  the  conditions  stated 
u  the  guarantees,  at  any  time,  and  can  produce  results 
IS  good  if  not  better  than  those  tabulated  in  my  article. 

J.  C.  Woodman, 
Supt.  of  Construction,  Deearie  Incinerator  Co. 

New  Orleans,  La.,  Nov.  3,  1916. 
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Sir — About  ten  days  before  the  presidential  election, 
the  writer  received  by  the  same  mail  two  communica- 
iions  that  caused  a  considerable  shock  to  his  professional 
jensibilities.  One  of  these  communications  was  an  ap- 
oeal  signed  by  13  prominent  members  of  the  American 
Society  of  Civil  Engineers  in  New  York,  urging  the 
.vriter  to  join  a  politico-engineering  club  and  contribute 
jsiO  thereto,  to  promote  the  election  of  Judge  Hughes 
is  President  of  the  United  States.  The  other  was  a  sim- 
lar  appeal  from  a  prominent  member  of  the  society  in 
Chicago,  in  the  interest  of  President  Wilson's  candidacy. 

Up  to  this  time  the  engineering  profession,  as  such, 
las  held  itself  aloof  from  the  mad  and  brutal  scramble 
'or  political  "loaves  and  fishes"  that  has  been  going  on 
dl  over  the  country,  occupying  a  more  e.xalted  plane  and 
looking  with  dignified  "neutrality"  upon  the  activities 
)f  partisan  politics.  The  great  "American  Society"  in 
^special,  was  regarded  by  the  writer  as  a  serene  haven  of 
peace  and  purity  from  the  polluting  influence  of  politics 
and  politicians.  I  have  often  used  this  expression  in 
talking  to  )'ounger  engineers,  that  there  can  be  no  such 
thing  as  a  political  engineer,  because  when  an  engineer 
becomes  a  politician  he  ceases  ipae  facto  to  l)e  an  engineer. 

Clarksdale,  Miss..  Nov.  11,  1916.         T.  G.  D.\bney. 

[To  avoid  possible  misunderstanding,  it  may  be  well 
to  emphasize  that  the  engineering  society  named  did  not 
as  a  society  take  any  part  in  political  activity.  Any 
action  by  members  of  the  society  of  the  sort  mentioned, 
must  have  been  taken  as  individuals. — Editor.] 

Is  Passsmig  £3iEainms  mat  ions   To    Be 
tlhie  Clhief  Kv^d  of  Mamv? 

Sir — I  understand  tliat  tlic  Civil  Service  Commission 
if  an  important  city  has  announced  an  examination  of 
candidates  for  appointment  as  Civil  Ser\'ice  Examiner  in 
.Mechanical  Engineering.  A  few  years  hence  we  shall 
doulttloss  hear  of  examinations  to  test  the  qualifications 
;of  the  candidates  who  are  to  examine  the  examiners !  No 
doubt  the  civil  service  laws  have  been  of  enormous  benefit 
in  replacing  appointment  for  political  pull  with  appoint- 
ment for  capacity  and  ability;  but  the  best  friends  of  the 
civil  service  system  arc  those  who  clearly  recognize  the 
limitations  to  its  useful  application.  C.  S.  Mkrit. 


Sir — 111  coiiiieetiou  with  the  early  use  of  as])halt  in  the 
constniction  of  pavements,  referred  to  in  Engineering 
News,  Sept.  7,  p.  434,  I  think  that  you  are  mistaken  in 
inferring  that  any  asphalt  pavements  of  the  modern  type 
were  constructed  before  DeSmedt's  experiments  in  the 
seventies  of  the  last  century. 

All  the  earlier  pavements  were  of  an  asphaltie  mastic 
composition ;  that  is  to  say,  a  material  in  which  the 
amount  of  bitumen  present  was  greater  than  that  which 
was  sufficient  to  coat  the  particles  and  more  than  enough 
to  fill  the  voids  of  the  aggregate. 

This  is  evident  from  the  descriptions  of  the  use  of 
asphalt  in  pavements  given  in  Halleck's  publication  on 
"Bitumen,"  1841,  in  which  it  is  stated: 

They  mixed  together  the  mineral  tar  and  sand;  second, 
mineral  tar  and  lime,  slacked  by  immersion;  third,  mineral 
tar.  sand  and  lime. 

From  the  context  it  is  evident  that  the  reference  here 
is  to  a  t}'pe  of  mastic  and  not  to  a  sand  mixture  such  as 
was  devised  by  DeSmedt  in  attempting  to  lay  a  pavement 
that  should  be  a  substitute  for  the  I'ock-asphalt  pavements 
of  continental  Europe.  Clifford  Richaedson. 

New  York  Cit)-,  Oct.  25,  1916. 

SoscTie  Heav5^  RaiirafsvIlS 

Sir — The  very  leiiiarkable  precipitation  at  Altapass, 
N,  C,  July  ir)-l(i,  reported  (Engineering  News,  Nov,  9, 
1916)  by  Prof.  Alfred  J.  Henry  as  22  in.  in  24  hr.,  if  cor- 
rectly stated,  is  believed  to  surpass  previous  records  for 
the  United  States  by  a  wide  margin  and  perhaps  lends 
color  to  a  severe  downpour  that  was  reported  by  the 
Maryland  Climate  and  Crop  Service  as  occurring  July 
26-27,  1897.  Although,  as  I  recollect,  no  rain  gage  was 
available,  the  evidence  indicated  a  precipitation  in  this 
storm  of  14,75  in,  in  18  hr.  To  confirm  the  report  a  spe- 
cial inquiry  was  made  by  the  Climate  and  Crop  Service, 
and  the  result  was  published  by  the  United  States  Weather 
Bureau  in  December  of  that  year.  Heavier  downpours 
are,  however,  on  record : 

Place  Date  Inches         Period 

Ncdunkcm.  Ceylon Dec.  15-16.  1897 31.76  24  hr. 

Genoa,  Italy Encyclopedia  Britannica.  30  0  26  hr. 

Gibraltar Encyclopedia  Britannica.  33.  0  26  lir. 

Hills  above  Bombay,  India  Encyclopedia  Britannica.  24  0  One  night 

Khasia  Hills,  India Encyclopedia  Britannica.  30  0  Each  of  5  days 

Lampchoehoe,  Hawaii Dec.  24,  1901 41    3  28  hr 

Mayport.  Fla Sept.  29,  1882 13   7  24  hr. 

Newtown,  Penn Aug.  5,1843 13  0  3  hr. 

Concord,  Penn Aug.  5,  1843 16  0  3  hr. 

Bear  Valley  Dam Feb.  26-27,  1891 170  24  hr. 

Sherbrook,  New  South  Wales  Jan.  13.  191 1 13  57  1  day 

Galveston,  Tex Oct.  22.  1913 12   19  12  hr. 

Galveston,  Tex July  13-14,  1900 14  35  24  hr. 

Galveston,  Tex July  7-8,  1901 14   1  24  hr. 

Kenneth  Allen, 
Engineer  of  Sewage  Disposal, 
Municipal  Building,  New  York  City,  Nov.  13,  1916. 


''What    Solution    la    I'ltei]    To    Makr    White    Mnrkii    on    Van 

Dyke  Negatives?"  is  asked  by  a  correspondent.        "Is  a  lacquer 
or  varnish  applied  after  the  solution?" 

Railway  Vnlnatlon  Rrporta — In  publishing;  the  abstract 
of  the  Government  valuation  report  on  the  Atlanta,  BlrmlnR- 
ham  &  Atlantic  Railroad  Co.,  It  was  stated  that  the  company 
was  In  a  receiver's  hands,  which  was  true  at  the  time  the 
valuation  was  made  up  as  of  June  30,  1914.  Since  that  time 
the  company  has  been  reorganized  as  the  Atlanta.  Birming- 
ham &  Atlantic  Railway  Co.  ThrouRh  an  error  In  the  report 
as  furnished.  It  was  stated  that  the  railway  Is  narrow-gage. 
The   road   has  always  been  standard  gage. 
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Over  Mlglh^way 


^•<YXOrSIS—This  hridge  ha.s  a  deck  of  self- 
supporting  slab  spans,  ilie  longer  spans  of  ivhich 
have  I-hedm  reinforcement.  Special  construction 
is  involved  to  carry  a  station  platform  extending 
across  the  hridge. 

The  type  of  bridge  roiisistiiig  of  einuTete  l)ents  earn- 
ing precast  concrete  deck  slabs,  which  has  been  used  so 
extensively  on  track-elevation  work,  is  being  employed  by 
the  Rock  Island  Lines  for  crossings  over  country  high- 
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CONCRETE      SLAB-DECK      BRIDGE      CARRYING 


(i-in.  slab  that  is  supported  <in  the  adjacent  track  slab 
and  an  outer  fascia  girder,  as  shown  in  the  cross-sectiou. 
Fig.  1. 

The  new  abutment  is  of  gravity  section,  with  a  stepped 
iiack.  The  face  has  a  batter  of  1  in  12  and  has  a  project- 
ing toe  beneath  the  sidewalk.  This  abutment  is  about 
100  ft.  long  and  is  divided  by  three  vertical  expausion 
joints.  The  .sections  are  keyed  together  in  the  joints  In 
a  groove  4  in.  deep,  8  in.  wide  on  the  outer  face  and  4  in. 
wide  at  the  bottom. 

The  concrete  is  1:3:5  for  the  body  of  the  abutment 
and  1:2:4  for  the  l)ridge  seat,  cop- 
ing and  back  wall.  The  specificationt 
provide  that  horizontal  joints  are  tc 
be  avoided.  If  it  becomes  necessary  to 
stop  work  before  completing  the  sec- 
tion to  fiill  height,  vertical  dowels  must 
he  set  at  the  seam  in  sufHcieut  uuiii- 
ber  to  prevent  horizontal  movement. 
When  work  is  resumed,  the  surfait 
of  the  concrete  must  be  roughened,  thoroughly  cleaned 
of  laitance  and  foreign  matter  and  slushed  with  \:i 
cement  mortar.  The  concrete  nmst  be  allowed  to  set  at 
least  30  days  before  the  deck  slabs  are  placed. 

The  bents  have  footing  walls  tYz  ft.  wide,  with  col- 
umns 28  in.  square  and  cap  girders  28  in.  wide  with  n 
minimum  depth  of  3  ft.  They  are  of  1:2:4  concrett' 
and  are  heavily  reinforced.  The  columns  have  16  vertical 
1-in.  rods  and  1-in.  dowels  to  the  footings,  with  ties  oi 
y2-in.  rods  about  16  in.  apart. 

The  deck  slabs  are  arranged  parallel  to  the  tracks  and 
skew   to   the   .supports,   with   longitudinal    joints  on  the 


TRACKS  AND  STATION  PLATFORM;  ROCK  ISLAND  LINES 

ways.  The  purpose  is  to  avoid  the  maintenance  work 
required  for  steel  bridges  and  open  timber  decks.  These 
concrete  bridges  are  being  built  particularly  where  old 
plate-girder  bridges  have  to  be  renewed.  The  accompany- 
ing plans  represent  a  typical  structure  of  this  class.  It 
provides  for  a  roadway  and  two  sidewalks,  as  the  road  in 
this  case  is  near  a  town  and  forms  an  approach  to  the 
railway  station.     Fig.  1  shows  the  general  design. 

The  old  bridge  was  a  deck  plate-girder  structure  of 
about  3,5-ft.  span.  One  abutment  is  retained  (with  nec- 
essary alterations  to  the  top).  The  other  is  to  be  removed 
to  make  way  for  an  additional  sidewalk.  Inside  of  each 
curb  line  is  a  concrete  bent  consisting  of  four  rectangu- 
lar columns  on  a  continuous  footing  wall  and  supporting 
a  cap  girder  whose  lower  surface  is  arched  between  the 
columns  and  at  its  cantilever  ends.  The  construction 
and  reinforcement  of  the  bents  are  shown  in  Fig.  2. 

Four  lines  of  slabs  form  the  deck,  the  slabs  of  the 
outer  rows  having  curb  walls  to  retain  the  ballast.  A 
special  feature  in  this  case  is  that  on  one  side  of  the  bridge 
an   extension   of  the   station   platform   is   provided  by  a 


Part    Etevation 
FIG.    2.     DETAILS   OF  CONCRETIC    BT^.NT 

center  lines  of  (lie  tracks,  as  shown  in  the  ])lan.  Tin'; 
are  in  four  rows,  the  two  outer  rows  having  curb  wall 
to  retain  the  ballast.  The  outer  slabs  on  one  side  have  : 
])aneled  face,  but  the  paneling  is  omitted  on  the  othc 
side,  as  this  slab  is  concealed  by  the  fascia  girder  carryiii,; 
the  station  platform. 
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The  slabs  for  tlie  roadway  span  are  T  ft.  wide,  331/2  in. 
.leep  at  the  middle  and  311/2  in.  at  the  ends,  with  the 
facing  sides  slightly  inclined  inward.  The  depth  over  the 
icurb  wall  is  5514  iu-  These  roadway  slabs  (Fig.  3)  are 
really  concrete-filled  I-beam  spans,  since  the  main  struc- 
tural feature  is  not  the  concrete,  but  a  set  of  37-in.  I-beams, 
33  ft.  long,  spaced  18  in.  c.  to  c.  They  are  thoroughly 
cleaned  of  paint,  oil  and  rust  before  being  set  in  the 
form.  There  are  transverse  bars  at  top  and  bottom,  and 
longitudinal  rods  are  laid  between  the  bottom  flanges  of 
the  I-beams.  For  handling,  each  slab  has  a  2-in.  lifting 
rod;  this  straddles  one  I-beam  and  has  the  legs  bent  to 
fit  under  the  adjacent  l)eams.  After  the  slabs  have  been 
set,  the  tops  of  the  lifting  rods  will  be  cut  off  with  hack- 
saws, so  as  not  to  obstruct  the  waterproofing. 

The  slabs  for  the  sidewalk  spans  (Fig.  3)  are  similar, 
hut  without  the  I-beams.  They  are  2014  in.  thick  at  the 
abutment  end,  with  a  rib  across  the  other  end  to  bring 
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tlie  top  level  with  the  deeper  roadway  slabs.  The  rein- 
forcement consists  of  longitudinal  and  transverse 
rods  at  top  and  bottom  and  transverse  stirrup.s 
bent  in  V-shape  to  fit  over  anil  under  the  top  and  iwttom 
bars  respectively.  The  lifting  rods  have  long  bottom 
flanges  p.xtending  under  the  lower  reinforcing  rods. 

The  concrete  for  ail  slaiis  is  1:2:4  and  must  be  al- 
lowed to  set  for  at  least  liO  days  before  the  slabs  are  moved 
into  place.  Immediately  before  placing  them  in  final 
{josition  the  i)ridge  .seats  and  to])s  of  bents  must  be 
cleaned,  wetted  and  covcied  with  1  in.  of  cement  mortar. 
The  fascia  girder  that  carries  the  outer  side  of  the  sta- 
tion platform  is  built  as  a  continuous  girder  over  the 
three  spans,  its  total  length  being  uDy^  ft-  It  is  57i/|  in. 
deep  and   II   in.  thick,  with  a  coping  and  panels  on  tlu,' 


outer  face,  wiiile  the  top  is  recessed  to  form  a  seat  for  the 
platform  slab,  as  shown  in  Fig.  3.  The  concrete  is  1 :  2  :  4. 
The  steel  reinforcement  consists  of  horizontal  bars  at 
top  and  bottom,  with  incline  shear  bars  near  the  support- 
ing bents  and  with  closed  rectangular  stirrups.  All  bars 
are  wired  at  the  intersections.  The  shear  bars  are  spliced 
to  the  hoi-izontal  bottom  bars,  the  splices  being  3  ft.  long 
and  wrapped  for  the  entire  lengtli  with  No.  16  wire. 
Upon  the  girder  is  a  gas-pipe  hand  railing. 

The  platform  slab   (like  the  fascia  girder)   is  in  one 
piece  over  the  entire  length  of  the  .structure;  its  length 
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is  about  60  ft.,  supported  by  the  abutments  and  bents,  and 
its  sides  are  supported  on  the  deck  .slab  and  fascia  girder. 
It  is  8  ft.  2  in.  wide  and  6  in.  thick,  reinforced  with 
longitudinal  and  transverse  rods  in  the  bottom.  It  con- 
tains about  10.3  cu.yd.  of  concrete  and  860  lb.  of  steel. 
This  slab  will  be  cast  in  place  and  will  be  secured  by 
dowel  rods  in  the  tops  of  the  abutments  and  the  fascia 
girder. 

Special  attention  has  been  given  to  the  \xaterproofing 
of  the  deck,  and  the  arrangement  is  shown  in  Fig.  4. 
The  tapered  longitudinal  openings  between  the  slabs  and 
the  openings  between  the  cmls  of  the  deck  and  the  back 
wall  are  filled  for  half  their  depth  with  oakum,  well 
hammered  down,  and  then  with  mastic  to  the  level  of  the 
top.  Over  these  joint-;  are  laid  24-in.  strips  of  felt  or 
saturated  burlap.  The  concrete  surface  (clean  and  dry) 
is  then  mopped  with  an  asphaltic  priming  coat,  upon 
which  is  laid  a  membrane  of  three-ply  saturated  Imrlap  or 
felt  fabric,  each  layer  being  mopped  with  a  waterproofing 
compound.  A  second  layer  of  felt  or  burlap  is  placed 
upon  this  and  covered  with  a  2-in.  surface  coat  of  mastic. 
This  forms  the  finished  surface  upon  v.-hich  the  ballast  is 
laid.  At  the  sides  the  waterproofing  cour.se  is  carried  up 
the  curb  wall  and  is  secured  in  a  groove  provided  for  the 
purpose,  being  sealed  in  place  with  hot  asphalt. 

This  structure,  which  is  a  rather  new  development  in 
railway  bridges  over  country  roads,  was  designed  by  I.  L. 
Simmons,  Bridge  Engineer,  under  the  direction  of  C.  A. 
Morse,  Chief  Engineer  of  the  liock  Island  Lines. 


Canadian  Wnler-l'omer  ReHonrceN — AccordlnK  to  Informa- 
tion fuinlshcil  b>  ->mcluls  of  tlu-  water-power  branch  of  the 
Canadian  Department  of  the  Interior  to  the  Dciminlon's  Rc- 
Bources  Commission.  Canada  has  electric  power  developed  to 
a  total  extent  of  1.712,193  hp.  The  developed  power  of  the 
varlouM  provinces  Is  as  follows:  N'ova  Scotia,  21,412  hp.;  New- 
Brunswick.  13.390;  Prince  Edward  Island.  r>00:  Quebec,  520,000; 
Ontario.  7S9,466;  Manitoba,  56,730;  Saskatchewan,  45;  Alberta, 
33,305;  British  Columbia,  265,345;  Yukon,  12,000.  It  Is  esti- 
mated that,  exclusive  of  the  northern  territories,  a  laruc  part 
of  the  Yukon  and  the  northern  and  eastern  portions  of  Quebec, 
there  Is  17,746,000  hp.  available  for  development — S, 000,000  hp. 
of  which  1^  In  rani^e  of  present  markets  and  likely  to  be  In 
use   In   the  course  of  15  years. 
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The  animal  report  just  issued  by  the  Goveruor  of  the 
Pauama  Canal,  Gen.  George  W.  Goethals,  .shows  that  the 
total  cost  of  the  canal's  construction  to  June  30,  1916,  has 
been  $364,118,000.  The  total  appropriations  by  Congress 
for  the  canal,  its  fortifications,  etc.,  aggregate  $415,985,- 
000,  but  out  of  this  amount  over  $19,000,000  was  for 
fortifications  and  over  $17,000,000  for  the  operation  and 
)uaintenance  of  the  canal  since  it  was  opened  in  1914. 
Other  appropriations  for  colliers  to  bring  coal  to  the  canal, 
etc.,  make  the  total  of  deductions  from  the  total  Congres- 
sional appropriation  sufficient  to  bring  the  final  construc- 
tion cost  to  the  amount  above  stated. 

From  this  total  cost  of  $364,000,000  for  construction, 
liowever,  there  should  further  be  deducted  material  and 
e<|uipment  transferred  by  the  canal  to  the  Alaskan  Engi- 
neering Commission  and  the  State  Department,  valued  at 
$7,155,000,  and  the  payments  made  and  to  be  made  by 
Panama  for  municipal  work  done  for  the  cities  of  Panama 
and  Colon.  There  is  also  a  considerable  amount  of  other 
construction  material  that  will  eventually  be  sold.  Taking 
all  these  into  account,  it  would  not  be  far  out  of  the  way 
probably  to  say  that  the  total  cost  to  the  United  States  of 
building  the  Panama  Canal  has  been  $350,000,000. 

It  is  of  interest  to  note  here  that  the  engineer-s'  estimate 
of  total  cost  made  in  1908  was  $375,-201,000.  The  work 
has  been  carried  out  at  unit  prices  so  much  below  those 
used  in  the  estimate  of  1908  that  the  sum  above  noted  as 
the  total  cost  of  the  canal  has  included  the  cost  of  a 
number  of  other  important  works  not  included  in  the 
estimate  of  1908,  namely,  a  1,000-ft.  dry  dock,  two  coaling 
stations,  terminal  piers  and  wharves,  hospital  buildings 
at  Colon  and  Aucon,  while  claims  for  injuries  and  deaths 
of  employees  amounting  to  $1,340,000  have  been  paid, 
which  were  not  provided  for  in  the  1908  estimate. 

It  is  further  of  interest  to  recall  in  this  connection  that, 
according  to  the  figures  given  in  General  Goethals'  paper 
at  the  International  Engineering  Congress,  the  cost  of 
construction  alone  for  the  Panama  Canal  was  only  about 
$310,000,000,  including  all  expenses  up  to  June  30,  1914. 
The  principal  items  that  swelled  the  total  cost  to  the 
$350,000,000  above  stated  were  $1 7,000,000  for  sanitation, 
$7,000,000  for  the  government  of  the  Canal  Zone,  $50,- 
000,000  to  the  French  canal  company  and  the  Republic 
of  Panama,  $10,000,000  for  buildings  in  the  zone,  and 
about  $16,000,000  for  the  Panama  railroad  and  its  steam- 
ship line. 

1,000-Ft.  Dry  Dock 

The  new  dry  dock  completed  during  the  year  contains 
13,897  cu.yd.  of  mass  concrete  and  17,757  cu.yd.  of  rein- 
forced con(;rete.  The  average  cost  of  tlie  mass  concrete 
was  $5.59  per  cu.yd.,  and  of  the  reinforced  concrete  $7.73 
per  cu.yd.  The  miter  sill  and  quoin  posts  of  the  dock  are 
of  granite  blocks.  Great  care  was  used  in  placing  and 
dressing  these  blocks  to  true  surfaces,  special  steel  templets 
being  prepared  for  the  purpose.  When  completed,  the 
maximum  variation  of  the  granite  sills  from  a  true  plane 
was  -^  in.  The  granite  Ijlocks  amounted  to  485  cu.yd., 
and  the  total  cost  of  the  completed  granite  work  was 
$847.87  per  cu.yd.  The  miter  gates  of  the  dry  dock  are  of 
the  same  design  as  those  used  in  the  canal  locks  and  were 
built  I)y  the  .same  contractors,  the  MeClintic-Marshall 
Construction  Co.,  of  Pittsburgh.  The  miter  pasts  and  the 
quoin  posts  of  the  gates  are  of  grecnheart  timber  from 


oritish  Guiana.     The  cost  of  the  gate  leaves,  cxi'iusive  of 
ihe  greenheart,  was  $98.93  per  ton. 

Four  pontoons,  to  be  used  as  small  boat  landings,  were 
built  of  reinforced  concrete  on  the  floor  of  the  dry  dock. 
These  pontoons  are  each  ISO  ft.  6  in.  long,  28  ft.  2  in.  wide 
and  7  ft.  10  in.  deep.  They  are  designed  to  float  with  a  li- 
ft, freeboard.  The  entire  bottom,  sides,  interior  bulkhead^ 
and  frame  up  to  a  height  of  6  ft.  were  cast  in  one  contimi- 
ous  pour.  After  the  forms  were  stripped,  the  sides  of  tht 
pontoons  were  waterproofed  by  the  Sylvester  process. 
The  four  pontoons  complete  with  all  accessories  cost 
$44,111. 

CoxciiETE  Blocks  for  East  Bkeaivwater 
A  Ijreakwater  has  been  built  in  the  bay  opposite  Colon 
to  protect  shipping  from  the  heavy  waves  created  by  tlic 
trade  winds.  It  is  6,741  ft.  in  length  and  is  built  ot 
rock  dumped  from  a  double  trestle,  the  rock  in  the  core 
being  protected  from  wave  action  by  large  blocks  of  armor 
rock  placed  on  the  slope.  This  armor  rock  was  quarried 
at  Sosa  Hill,  on  the  Pacific  side.  After  excavating  from 
this  quarry  for  some  time  it  was  found  that  the  amount 
of  rock  it  would  he  necessary  to  excavate  to  secure  a  suffi- 
cient amount  of  large  blocks  was  so  large  that  it  wa> 
determined  to  protect  the  slopes  of  the  breakwater  l)y  ea.-^i 
concrete  blocks.  A  contract  was  let  for  the  manufacttiri 
of  cubical  blocks,  7  ft.  on  a  side,  weighing  about  50,OOU 
lb.,  at  381^0.  per  cu.yd.  About  6,700  blocks  were  deliverec! 
under  this  contract,  and  in  addition  the  njanufacture  ol 
nlocks  was  ttndertaken  by  hired  labor,  7,700  blocks  beini: 
bttilt  in  this  way  of  a  mixture  of  ruu-of-bank  gravel  and 
cement  41/0 :  1,  at  a  cost  of  $3.68  to  $4  per  cu.yd. 

Buildings  on  the  Isthmus 
The  first  concrete  buildings  erected  on  the  Isthmus  weri 
of  hollow  cast  concrete  blocks.  These  were  cheaper  thai 
hollow  tile,  and  it  was  believed  that  solid  concrete  walb 
would  be  too  damp  for  the  Panama  climate.  It  was  found 
however,  that  after  the  hollow-block  wall  had  received  ii 
f-oat  of  stucco  on  the  outside  and  plaster  on  the  inside,  ii 
was  more  expensive  than  poured  reinforced  concrete 
Buildings  are  now  erected  of  reinforced  concrete  for  mail 
walls  and  floors,  with  blocks  for  interior  partitions  only 
To  save  the  expense  of  white  plaster,  tlie  interior  of  all 
concrete  buildings  is  now  finished  in  cement,  tlie  surfact 
being  treated  mechanically  and  painted  in  suitable  color^ 
The  use  of  corrugated  iron  for  roofs  of  buildings  ha- 
l)een  standard  on  the  Isthmus  from  the  l)egiiuiiiig  of  cana 
operations.  While  satisfactory  for  tem])orary  l)uildiugs 
the  rapid  deterioration  and  necessary  expense  for  frequeni 
])ainting,  with  its  unsightly  character,  make  it  undesirabK 
for  permanent  buildings.  After  experiments  with  variou^ 
kinds  of  roofing  material,  red  asjihalt  sliingles  wen 
adopted  as  the  most  satisfactory  roof  cdvering  for  frami 
buildings. 

Electric-Power  Station  and  Water-Supply 
The  hydro-electric  power  station  at  Gatun  produced 
current  during  the  year  at  an  average  cost  of  0.6  mill  pei 
kw.-hr.,  including  all  operation,  maintenance  and  repaii 
costs  and  division  overhead  charges,  but  not  iucludinf: 
depreciation.  'When  a  3%  charge  on  the  ca])ital  cost  ot 
the  entire  power  system  for  depreciation  is  added,  the  cosi 
of  the  power  generated  at  the  hydro-clecti-ic  station  wa^ 
2.7  mills  per  kw.-hr.  When  distributed  from  substations, 
including  all  charges,  the  cost  of  the  current  used  foi 
power  was  7.7  mills  per  kw.-hr.     Tlie  cost  for  lightini; 
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lervice,  inoludiiig  the  maintenance  of  liousi'-lighting  sys- 
!pms  and  lamp  renewals,  was  l.-toe.  per  kw.-lir. 

The  estimated  normal  yield  of  the  Gatun  Lake  water- 
hfd  during  the  dry  season  from  .January  to  April 
Delusive  is  2,160  see.-ft.  Tiie  actual  yield  in  the 
laonths  of  January  to  April,  1!)1G,  was  3,200  sec. -ft. 
There  was  discharged  during  -lanuary  over  the  Gatun 
pillway  over  two  billion  cubic  i'ect  of  water,  which  would 
lave  been  sufficient  to  provide  for  about  3;?0  lockages  in 
ddition  to  those  actually  made  during  the  dry  season. 
■Aperience  in  the  operation  of  the  locks  shows  tliat  the 

xirnum  number  of  lockages  that  could  be  made  in  21  hr. 

iS,  assuming  that  both  chambers  are  used  and  that  one 
tssel  leaves  the  upper  flight  at  Gatun  just  as  another 
nters  the  lower  chamher. 

W. 


.Vltliougb   tlif   Panama   Canal   was  coni|ilrtc<l   less  than 

hree  years  ago,  the  annual  report  of  General  Goethals, 

1  Jovernor  of  the  Canal,  reveals  that  parts  of  the  lock  ma- 

hinery  have  suffered  seriously  from  corrosion,  and  ex- 

ensive  renewals  have  already  been  necessary. 

A  year  ago,   in   Kiigiiien-iiif/  News  of  Sept.   !>.   191."), 

Iiere  was  descrihed  the  destruction  of  the  half-million 

loUar  yacht  "Sea  Call,"  within  a  few  months  of  its  com- 

iletion,  as  the  result  of  galvanic  action  between  the  Monel 

iietal  plates  of  its  hull  and  its  steel  frames  and  fittings. 

rrosion  caused  by  electrolytic  action  between  dissimilar 

tals  in  the  valves  controlling  the  lock  water  supply 

ppears  to  have  iteen  an  important  factor  in  the  difficul- 

ies  at  Panama. 

The  paints   originally   a])plied   to   the  e.xterior  of  the 

'(■s  also  prove  to  have  been  short-lived  and  its  replace- 

..  ut  with  Bitumastic  Enamel   has  been  necessary.     We 

|Uote  from  General  Goethals'  report  as  follows: 

At  the  time  the  water  wa.s  let  into  the  locks  all  the 
rates  had  been  painted  and  put  in  first-class  condition.  The 
nteriors  of  the  gates  were  coated  with  Bituma.'ftic  Enamel 
cnder  a  five-year  guarantee,  and  the  exteriors  covered  with 
arious   kinds   of  submarine   paints. 

When  the  floating  caisson  arrived  in  December,  1914,  it  was 
natalled  at  the  lower  east  lock  at  Miraflores  and  the  cham- 
)er  pumped  out,  permitting  an  examination  of  the  gates, 
alves,  and  fixed  irons.  At  that  lime  they  were  found  to  be  in 
rood  condition,  although  there  was  some  rusting  of  the 
>Iate8  and  rivets.  In  January,  1915,  the  west  chamber  at 
tliraflores  was  pumped  out  .ifter  being  submerged  about  13 
nontbs.  The  paint  on  the  gates  was  blistering  badly,  and 
rom  experience  gained  from  various  paints  applied  at  other 
ock  gates  it  was  decided  that  something  must  be  adopted 
hat  would  give  better  protection  than  anything  in  the 
)alnt  line  that  had   yet   been   used. 

Difficulty  had  been  experienced  with  paints  applied  to  the 
'pillway  gates  at  Gatun.  and  because  of  the  condition  of  the 
nterlor  of  the  gates  on  which  Bitumastic  Enamel  had  been 
ised  It  was  decided  to  test  out  the  use  of  this  material  on 
>ne  of  the  spillway  gates.  It  appeared  to  give  adeciuate  pro- 
ectlon;  and  as  the  contractor  guaranteed  the  effectiveness  of 
il«  material  for  five  years,  a  contract  was  entered  Into  for 
I  :oatIng  all  of  the  lock  gates  with  HItumastIc  Enamel.  The 
^atea  at  Gatun   were  coated   and   the   work   finished. 

Due  to  the  condition  of  the  pumps   in  the  caisson,   the   Im- 
■"■Her  blades  of  cast  Iron  being  entirely  eaten  away,  work  on 
I'Bcific  side   was   not   completed. 

CORROSIO.V   OF   CYLI.N'DKICAL   VALVIO   PART.S 

obBervations  during   the   past   year  disclosed   that   the  cor- 

I ogive  action   on    the   cyllmlrlcal   valves   has   been   severe.      In 

'July,  1915.   the   west   flight   of  Gatun   I..ock8   was  drained,   and 

ill  the  accessible  cylindrical   valves   were  examined.     Marked 

■  riigion  was  taking  place  on  certain  parts  of  the  valves,  al- 

igh   the   entire   valve   was   made  of  cast    Iron   or   steel,    no 

nze    parts    being   adopted    In    the   original    design.      In    the 

lower  level  an  average  of  75'/,   of  the  seal  segment  nuts  were 

corroded;   In   some   cases   fully   half   the   nut    had   disappeared. 


It  was  also  found  that  the  bolts  holding  the  stop.s  in  place 
were  in  such  condition  that  they  had  to  be  replaced  in  every 
valve  in  the  lower  level.  All  valves  were  put  in  good  condi- 
tion and  painted  with  red  lead. 

On  the  Pacific  locks  no  examination  was  made  of  the 
valves  at  Pedro  Miguel  or  those  on  the  west  side  of  the 
Miraflores  center  wall,  but  the  east  valves  at  this  site  were 
found  to  be  in  good  condition;  however,  as  all  painted  surfaces 
of  the  valves  had  failed,  it  was  decided  to  coat  all  exposed 
iron  and  steel  surf.aces  with  Enamel,  and  a  contract  was 
entered  into  for  doing  this  work. 

CORRO.STON  IN  THE  RISING-STE.M  V.VLVES 

Considerable  corrosion  has  taken  place  in  the  rising-stem 
valves.  The  half-inch  plates  have  been  attacked  in  a  manner 
similar  to  those  on  the  lock  gates,  and  portions  in  the  vicinity 
of  the  rivets  in  the  lower  valves  at  Gatun  and  the  upper  and 
lower  valves  at  Miraflores  have  been  violently  attacked.  The 
bottom  seal  casting  of  the  valve  which  comes  in  contact  with 
the  babbitt-metal  seal  on  the  bottom  of  the  valve  is  being 
rapidly  eaten  away.  A  number  of  the  valves  at  the  Pacific 
locks  were  in  such  condition  that  the  bottom  seal  had  to  be 
machined  off  to  make  the  valve  tight. 

In  order  to  protect  the  valve  from  any  further  electrolytic 
action  between  the  cast-steel  seal  and  the  lower  babbitt- 
metal  seal,  all  babbitt-metal  was  removed  and  replaced  with 
a  seal  of  greenheart  lumber.  Some  of  the  bronze  side-seals 
.and  springs  were  found  to  be  broken  both  at  Miraflores  and 
Gatun.  Otherwise  the  seals  were  in  good  condition  and  re- 
quired only  a  small  amount  of  di-aw-filing  to  make  the  con- 
tact surfaces  perfect.  The  top  gate-valve  seal  is  of  cast  steel 
and  is  held  in  pliice  by  bronze  bolts.  In  practically  every  in- 
stance the  corrosion  has  been  excessive  around  the  heads  of 
the  bronze  bolts,  cutting  away  the  metal  and  in  some  cases 
allowing  the  bolts  to  loosen  and  fall  out.  Several  castings 
had  to  be  replaced.  The  worst  case  of  corrosion  of  the  seal 
occurred  on  the  upper  valves  at  Miraflores. 

.4t  Gatun  practically  all  valves  were  installed  with  fixed 
side-seal  castings,  which  all  gave  evidence  of  considerable  cor- 
rosion, but  not  sufficient  to  cause  any  leaks.  At  Miraflores 
removable  side-seal  strips  were  of  machinery  steel,  and  in 
every  case  corrosion  had  reached  such  a  point  that  all  side- 
seals  had  to  be  replaced.  Inasmuch  as  the  corrosion  had 
apparently  been  aided  by  the  proximity  of  the  bronze  side- 
seals  which  bear  upon  them,  it  was  decided  to  replace  all  ma- 
chinery steel  with  lignum-vitje  wood,  in  this  way  tending  to 
place  an  insulating  substance  in  contact  with  the  bronze.  All 
porous  concrete  around  the  fixed  irons  was  removed  and  re- 
placed with  cement,  and  wherever  bal)bltt-metal  had  been 
used  to  fill  the  recessed  holes  for  bolt-heads  at  the  Pacific 
locks  the  metal  was  removed  and  replaced  with  cement. 
CORROSION  OF  ROLLER  TRAINS 

At  both  the  Atlantic  and  Pacific  locks  considerable  cor- 
rosion of  roller  trains  has  occurred,  the  rollers  of  which  are 
made  of  tool  steel.  At  the  Atlantic  locks  a  number  of  rollers, 
bolts,  and  filler  castings  were  missing.  .-Ml  were  rej)l,aced, 
and  the  heads  of  all  bolts  were  riveted  over  to  prevent  further 
losses.  Similar  conditions  were  found  at  the  Pacific  locks,  and 
as  it  Is  impossible  to  protect  the  rollers  by  any  paint,  ar- 
rangements were  made  to  install  one-half  inch  pipes  from  the 
tunnel  fioors  down  to  the  base  of  the  roller-train  tracks. 
Crude  oil  is  forced  through  the  pipes,  and  it  is  believed  from 
the  results  of  experiments  made  with  a  model  that  the  crude 
oil  will  rise  along  the  surface  of  the  roller-train  track  and 
in  this  way  protect  the  rollers  by  coating  them  with  oil. 

As  a  result  of  the  examination  of  the  valves  at  Gatun  It 
was  decided  to  have  them  coated  with  Bitumastic  Enamel. 
At  the  Pacific  locks  more  complete  protective  measures  were 
taken,  as  follows:  (1)  All  bronze  side-seals  were  lined 
up  .ind  strips  of  zinc  bolted  to  the  valve  each  side  of  the 
seals  at  the  bottom  of  the  valve;  (2)  where  necessary,  the 
bottimi-valve  seal  was  machined  off  to  give  solid  metal  con- 
tact with  the  bottom  seal:  (3)  all  removable  side-seal  strips 
were  taken  out  and  replaced  with  lignum-vltie  wood  strips. 
Where  remi>vable  strips  wre  not  Installed,  the  fixed  Irons 
were  milled  down  to  take  the  wooden  side-seals;  (4)  all  bab- 
bitt metal  used  In  the  assembly  of  the  valve  for  embedding  and 
protecting  bolt  heads  from  corrosion  and  for  calking  pur- 
poses was  removed  and  replaced  with  cement;  (5)  all  babbitt - 
metal  used  In  the  bottom  seal  was  removed  and  replaced  with 
greenheart  lumber;  (fi)  all  steel  work  of  the  valve  was  coated 
with  Hllumastic  Enamid.  This  left  only  the  bronze  side-seals 
exposed;  (7)  all  flxed  Irons  were  coated  with  Bitumastic 
Enamel;  (R)  the  channel-iron  supports  for  the  rollers  were 
coated  with  Bitumastic  Enamel  and  arrangements  made  to 
lubricate  the  roller  trains  an<l  tracks  with  crude  oil  during 
operation  and  while  the  valves  are  submerged;  (9)  all  sub- 
merged portions  of  the  valve  stems  were  coated  with  Rllumas- 
tlc  Enamel;  (10)  all  bronze  bolts  arc  being  replaced  wllli 
steel  ns  fast  as  breakage  occurs. 
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(City  G^Trh>^^<s 

By  B.  F.  ]*Iilleii.  .Tr.* 

In  tliis  an;e  of  tlie  motor,  whon  nlniost  nvpry  ilay  (level- 
Dps  some  new  use  for  its  power,  one  might  quite  naturally 
imagine  that  in  the  collection  of  municipal  garhage  and 
refuse  the  sooner  the  horse-drawn  vehicles  were  disi-arded 
the  better.  An  investigation  of  this  subject  in  125  Amer- 
ican cities  discloses  the  fact  that  there  is  still  much  to  be 
said  in  favor  of  the  horse,  especially  for  garbage  collection. 

The  writer  here  .submits  the  arguments  pro  and  con, 
received  in  response  to  a  circular  letter  sent  to  225  Amer- 
ican cities,  from  which  about  125  replies  were  received. 
It  will  be  noticed  that  comparatively  few  cost  data  are 
given,  due  primarily  to  the  fact  that  so  few  cities  have 
used  motor  apparatus  (105  are  .still  \ising  horse-drawn 
ai)])aratus),  or  that  some  of  them  have  not  used  it  long 
enough  to  have  compiled  any  data  of  value.  The  replies 
showed  : 

1.  A  growing  tendency  toward  ])lacing  garbage  col- 
lection under  the  active  supervision  of  departments  of 
public  works,  as  opposed  to  supervision  by  health  boards. 

2.  A  decided  sentiment  in  favor  of  municipal  collec- 
tion instead  of  the  prevailing  contract  system. 

■  >.  An  awakened  interest  in  the  serious  study  of  garbage 
collection  and  disposal,  as  for  example,  the  excellent  re- 
port of  I.  S.  Osborn  on  the  collection  and  disposal  of  gar- 
bage for  the  District  of  Columbia. 

Briefly  summarized  from  the  replies,  the  principal  ar- 
guments for  the  use  of  motor-driven  vehicles  for  garbage 
collection  are  as  follows : 

1.  Where  the  garbage  can  be  deliveied  to  a  central  un- 
loading station  and  then  taken  from  this  point  to  the  dis- 
]x)sal  plant  with  motor  vehicles,  there  is  no  doubt  much 
economy  in  the  use  of  the  motor.  However,  the  practica- 
bility of  a  central  station  is  somewhat  doubtful.  It  would, 
to  be  of  advantage,  have  to  be  located  in  a  somewhat  pop- 
ulous district,  and  several  cities,  notably  Seattle,  that 
have  tried  this  plan  have  discarded  it  because  of  the  seri- 
ous objections  of  people  living  in  the  neighborhood  of  the 
central  station.  If  some  means  of  eliminating  the  objec- 
tionable odors  at  the  central  station  were  devi.sed,  possibly 
it  might  become  practicable.  Of  course,  with  such  a 
station  the  hauls  of  the  horse-drawn  wagons  would  be 
shortened,  and  much  time  would  be  saved  in  not  liiixiiig 
the  collectors  make  the  trip  to  the  disposal  plant. 

2.  Los  Angeles  repoits  that  motors  in  residence  dis- 
tricts are  advantageous  over  teams  because  collections  can 
be  made  more  regularly  and  that  motor  collection  is  at 
least  as  cheap  as  horse  collection  under  similar  conditions. 

Los  Angeles  is  using  two  2l/^-ton  trucks  for  garbage 
collection  in  its  residence  district.  The  first  collection 
is  8  mi.  from  the  reduction  ])lant.  The  oost  of  col- 
lection and  delivery  to  the  plant  by  motor  is  $2.75  to  $3 
])er  ton ;  by  team  it  is  $2.:57.  The  trucks  are  operated  by 
one  driver  and  two  collectors  and  make  two  loads  per  day. 
i;ach  truck  travels  from  20  to  40  mi.  per  load  collected 
and  works  8  hr.  per  day.  In  the  same  district  a 
team  of  three  horses  and  driver  made  one  load  per  day, 
wagons  hauling  21/^  to  3  tons  per  load  and  trucks  21/^  to 
3I/2  tons.  The  co.st  given  above  includes  maintenance, 
depreciation  and  interest.     The  cost  data  for  horses  in- 
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eluded  depreciation  for  stock.  Init  no  account  was  taken  of 
extraordinary  wear  on  stock  due  to  long  hauls. 

3.  Pasadena  reports  using  a  7-yd.  truck,  costing  $2,450, 
for  refuse  collection.  The  life  of  the  truck  is  5  yr.,  and 
the  cost  of  operation  is  $7.11  per  day,  exclusive  of  flfr 
])reciation,  but  including  oil  and  distillate.  This  trodt 
averages  42  mi.  per  day,  hauling  16  cu.yd.  average, 
replaces  two  two-horse  and  two  one-horse  wagons.  The 
two  two-horse  wagons  covered  20  mi.  per  day  and  the  two 
one-horse  wagons  covered  the  same  distance.  The  trad: 
requires  two  men  to  operate,  while  the  wagons  require 
four  men  and  six  horses. 

4.  Spokane  reports  that,  for  residence  districts,  lonf 
hauls  and  heavy  loads,  one  truck  takes  the  place  of  foui 
teams. 

5.  Tampa  reports  a  50%  saving  in  the  use  of  the  motoi 
truck,  in  replacing  horse-drawn  apparatus,  for  partia' 
collection  only.  In  street-cleaning  apparatus  a  50%  sav 
ing  was  effected.  No  figures  were  given  to  prove  thi; 
statement. 

6.  Detroit    uses    motor    collection     from     hotels 
restaurants  and  also  from  central  collection  station. 

7.  Joliet.  111.,  u.ses  motor  trucks  from  central  .-jtatioii 

8.  Brockton  (Mass.),  Montgomery  (Ala.),  Patersoi 
(N.  J.),  and  Augusta  (Ga. ),  have  discarded  horse-drawi 
apparatus  and  installed  motors  for  house-to-house  col 
lection,  but  are  not  yet  ready  to  report  cost  data. 

9.  The  Norfolk  Xavy  Yard  expects  one  motor  true 
to  replace  one  two-horse  and  three  one-horse  teams. 

10.  Bufl'alo  is  considering  central  collection  depots  aiii 
anotor  delivery  from  this  point  to  the  disposal  plant. 

11.  Nashua,  N.  H.,  collects  rubbish  with  a  truck  an' 
finds  that  one  truck  does  the  work  of  from  two  to  thre 
teams  and  shows  much  economy. 

The  objections  to  motor  a])paratus,  as  given,  wcr 
Ijriefly  as  follows : 

1.  The  speed  gained  on  the  long  hauls  is  more  tha 
offset  by  the  time  consunK^l  in  getting  on  and  off  ti' 
truck  while  loading. 

2.  With  a  truck,  a  driver  would  be  necessary  all  fti 
time  in  addition  to  the  other  operators,  thus  adding  extii 
cost,  while  with  horses,  a  team  or  single  horse  can  1 
trained  to  move  from  house  to  house  at  a  call  from  tlj 
driver,  who  also  collects  the  cans. 

3.  Either  the  life  of  the  motor  will  be  shortened,  owir 
to  many  .stops  and  starts,  or  if  the  engine  is  allowed 
run,  excessive  use  of  gasoline  results. 

4.  Many  cities  place  refuse  in  sanitary  lills.  and  moto 
are  not  practical  in  low  marshy  ground. 

5.  The  cost  of  motor  equi])nient  is  considd'ecl  hy  111a: 
to  1)0  prohibitive. 

6.  The  Denver  Hog  Eanch  Co..  whicli  collects  garbiii 
for  the  City  of  Denver,  says : 

We    are    using    teams    to   collect    garbage    I'loni    the    City 
Denver,   in   preference   to   trucks,   our   haul   being   about  5  n  J 
The    rainfall    in    this    country   is   only   about    13    to    Ifi   in. 
annum;  consequently,  the  roads  are  usually  in  good  conditio  | 
except  perhaps  for  a  short  time  in  the  spring.     Wo  have  go 
over  the  truck  proposition  several  times  with  different  salt] 
men  who  had  an   idea  that  they  could  save   us  money  on  I 
collection  and  removal  of  the  garbage,  but  it  is  our  conclusi' 
after  careful  investigation   that  the  only  way  a  saving  mig  | 
be   made  would  be  to   have   all   the  garbage   collected  and 
moved   to  a  central   point   and   then   hauled    from   this  centr  \ 
point  to  a  place  of  disposal. 

7.  ]\Iotor  vehicles  are  not  adapted  to  pick-u])  work. 

8.  In  nortliern  climates,  where  heavy  snows  are  prev 

lent,  motor  trucks  are  not  siiital)I(>  (-ven    for  Ions:  h.iii  ' 
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9.  Syracuse,  N.  Y.,  is  discarding  trucks  for  house-to- 
house  collection  and  using  them  for  hauling  from  a  cen- 
tral station. 

10.  Toledo  has  discarded  tnu-ks,  on  account  of  heavy 
grades  and  rough  roads. 

11.  Dayton  experimented  with  one  truck  in  house-to- 
house  collection  and  found  that  it  did  not  pay.  The  cost 
to  collect  with  truck  was  $1.;5T  ]ier  ton,  as  against  $1.09 
for  horse  collection. 

From  the  foregoing  replies  the  following  conclusions 
may  be  drawn : 

1.  ^lotor  vehicles  are  not  practicable  for  hou.se-to-house 
collection  of  garbage,  except  perhaps  in  a  few  instances 
where  residences  are  far  apart,  as  in  Los  Angeles  and 
Pasadena. 

3.  Wiere  it  is  possible  to  establish  central  stations 
(and  there  does  not  .seem  to  l)e  an  immediate  possil)ility 
that  they  will  become  very  popular),  the  motor  will  prove 
an  economy  for  the  long  haul. 

3.  In  refu.se  collection  the  motor  seems  to  sliow  con- 
siderable economy. 

4.  In  downtown  districts  it  would  a]i]ipar  that  better 
-iTvice,  even  though  not  as  cheap,  miglit  l)e  obtained  from 
trucks  in  collections  from  hotels  and  restaurants. 

5.  Horse-drawn  apparatus  seems  most  suitable  for 
house-to-house  collection  and  for  delivery  to  central  load- 
ing stations,  for  the  reasons  given  above. 

Motor- Tr^clfe^  Klaglh^yysig^Frolblleinm 

The  legislature  of  the  State  of  Xew  York  recently 
passed  an  act  to  amend  the  highway  law  in  relation  to 
registration  fees  for  motor  trucks  and  omnibuses.  The 
act  requires  that  ?  commission  comprising  the  state  com- 
missioner of  highways,  the  superintendent  of  public  works 
and  the  state  engineer  shall  adopt  and  file  in  the  office 
of  the  secretary  of  state  en  or  before  Jan.  1,  1917,  a  new 
schedule  of  registration  fees  to  be  paid  by  the  owners  of 
motor  omnil)uses  and  motor  trucks.  These  fees  are  to 
be  based  "u])on  the  t'uie  and  extent  of  the  vehicles'  use 
of  the  public  highwr.ys,  and  the  relative  wear  and  tear 
of  the  highways  resulting  from  their  use." 

On  Nov.  21,  the  first  public  hearing  of  this  speijal 
commission  was  held  in  Lhe  cai)itol  at  Albany,  Edwin  .\. 
Dutfey,  state  highway  connnissioner,  acting  as  chairman. 
Between  40  and  50  persons  attended  the  hearin;;,  the 
great  majority  of  them  being  rejiresentatives  of  motor- 
vehicle  manufacturers  and  owners.  In  fact  but  a  single 
rcpresentatlNc  was  ])resent  to  state  the  ca.se  of  the  highway 
iillicial  and  the  general  |)ul)lic,  and  tliat  man  was  Eugene 
W.  Stem,  chief  engineer  of  the  Bureau  of  Highways, 
Borough  of  Manhattan,  Xew  York  City,  whose  experience 
in  maintaining  pavements  under  extraordinarily  heavy 
motor-truck  traflic  has  been  de.scribed  in  Enriineering 
\'nrs,  Oct.  12  and  Xov.  16,  1910. 

The  substance  of  the  contentions  made  by  the  motor- 
truck interests  were:  (1)  Ti)at  tiie  commission's  juris- 
diction could  not  be  interpreted  to  inchide  any  but  state 
highways;  (2)  that  a  large  I'.uniher  of  motor  vehicles  in 
ities  never  use  tl:i;  .«tate  highways;  (:!)  that  tlierc  were 
too  many  variables  entering  into  the  problem  to  ever  reach 
a  fair  determination  of  the  wear  of  highways  caused  by 
motor  trucks;  (I)  that  the  task  before  the  commission 
was  an  impossible  one,  becau.se  anything  in  the  nature 
of  special  fees  was  discriminatory  and  unconstitutional; 


(•"))  that  it  was  the  business  of  the  government  to  build 
the  roads  adequate  to  traffic:  ((>)  to  maintain  the  roads 
by  general  taxation  and  (7)  that  they  had  an  inalienable 
right  to  use  the  public  highways  for  any  purpose  they 
saw  fit. 

Mr.  Stern  contpiuled.  that  stripped  of  the  clouds 
which  were  thrown  around  it,  the  problem  was  only  one 
of  common  ,«ense — the  ]iolice  power  to  protect  public 
pro])erty.  He  would  al)soIutely  prohibit  the  u.se  of  vehicles 
which  were  proved  destructive  to  the  public  highways. 
His  illustrations  were  drawn  from  the  destruction  of  the 
pavements  on  West  fSnil  St.,  and  on  other  streets  in 
Xew  York  City  by  the  18-ton  subway  contractor's  motor 
trucks. 

The  motor  truck  representatives  readily  admitted  the 
<lamage  in  this  case  but  claimed  tluit  this  was  an  excep- 
tional and  unique  instance:  also  it  was  hinted  that  the 
])avements  were  not  the  best.  Mr.  Stern  stated  that  dam- 
age done  by  these  few  trucks  in  less  than  a  year  amounted 
to  $9,000  ]>('r  mi.  of  jiavement — and  the  best  types  of 
city  ]iavcnicnt  at  that,  lie  said  Xew  York  City  officials 
wei-e  at  work  on  an  ordinance  to  prevent  recurrence  of 
this  destruction. 

Some  constructive  suggestions  were  made  by  repre- 
sentatives of  the  motor  truck  manufacturers,  one  being 
that  the  foes  should  bo  based  on  Gross  AVeight  X  Speed  X 
A  Factor.  The  difficulty  of  controlling  the  speed  of 
motor  vehicles  was,  however,  emphasized,  one  automobile 
engineer  stating  that  there  was  no  ga.soline-engine  gov- 
ernor which  was  not  easily  tampered  with. 

The  various  elements  which  it  was  suggested  must  enter 
into  any  formula  that  would  meet  the  specification  for 
the  fees  required  by  the  law  were:  Kind  of  tires,  springs, 
type  of  pavement,  season  of  year,  gross  load,  load  per 
inch  of  tire  and  diameter  of  wheel. 

The  ilotor  Truck  Clul)  of  America  was  represented  at 
the  hearing  by  its  president  Roderick  Stephens,  George 
H.  Pride,  W."  ().  Shadbolt,  G.  A.  Green,  A.  F.  Masury 
and  Arthur  ,1.  Slade,  as  well  as  its  cvunsel.  Charles  G. 
Bond. 

It  was  tentatively  agreed  to  hold  another  hearing  in 
Xew  York  Citv. 


Hnllway  ("leiirnnceH  In  $\vitzrrlnn<l  were  modified  l)y  a  new 
federal  order  of  JIar.  Is,  1916.  to  conform  to  new  maximum 
car  and  lading  outlines  adopted  by  .in  International  confer- 
ince  early  in  1914.  The  new  clearance  diagram  is  coupled 
with  a  maximum  car  and  lading  outline,  and  a  limiting  line 
for  existing  structures  and  for  repair  or  maintenance  ojjera- 
tions.  This  last  Is  Intermediate  between  the  car  and  clear- 
ance lines.  The  main  widths  are:  Car.  3.13  m.;  existing:  struc- 
tures, 3.Tt'i  m,  on  main  track  and  sidings.  3.35  m.  on  loading 
tracks;  clearance.  4  m.  1 13.12  ft.).  The  helg:htB  Hbove  top  of 
rail  and  the  top  widths  are:  Car,  4.50  m.;  height,  1  m.  top 
width;  existing  structures,  4.55  m.  height,  1  hi,  top  width; 
clearance,  4. SO  m.  height,  1.52  m.  top  width.  The  upper 
corners  are  formed  not  by  a  single  slant,  but  by  two  lines 
forming  a  very  flat  obtuse  angle.  The  principal  offset  of  tho 
slde  clearance  line  Is  0.76  m.  above  top'  of  rail,  to  a  width 
of  3.30  m.;  for  existing  structures'  th*  height  of  offset 
is  0.90  m.,  to  a  width  of  3.25  m.,  Ihe  bottom  widths 
are:  Car,  2.40  m.  at  0.13  m.  above  .fop  of  rail;  clearance, 
2.43  m.  at  0.05  m.  above  top  of  rail.  VaMatlons  of 
%  to  3  In.  In  lateral  position  of  ra'lway  vehicles  In  most 
unfavorable  jiosltlon  on  curve  are  allowable  at  certain  speci- 
fied heights;  this  presumably  relates  fp  spring  action,  as  a 
table  of  Increase  of  clearance  width  on  curve  Is  alBo  speci- 
fied. The  full  text  of  the  new  iJi<-gulation  .la,  .given  in 
"Schweizerlsche  Bauzeltung"  o,f,  June  3,  1911^,,  ,  It  Is  noted 
that  the  clearance  diagram  differs  from  that  oir  'l!i94  chiefly 
In  greater  width  at  the  lower  corner,  whcr>\>ltfe  new  diagram 
slants  from  bottom  width  ,2.43  m.  at  Q.A5>irt.  above  rail  to 
width    3.09    m.   at    0.3S    m,    above    rail. 
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The  Board  of  Water  Supi)ly  of  the  City  of  New  York 
lias  given  notice  that  a  contract  will  lie  let  next  spring  for 
an  18-mi.  tunnel  through  one  of  the  main  ranges  of  the 
C'atskill  mountains,  to  divert  the  waters  of  Schoharie 
■creek  into  the  Ashokan  reservoir.  This  tunnel  is  one  of 
the  principal  features  in  the  development  of  the  other 
half  of  the  500,000.000-gal.  daily  supply  from  the  C'atskill 
watersheds,  for  which  appropriation  was  made  iu  April 
I  see  Engineering  News,  Mar.  2,  191C,  p.  4;)5). 

The  water  from  the  Schoharie  drainage  area  (31-i 
sq.mi.)  will  be  impounded  by  a  large  dam  (probably 
between  200  and  300  ft.  higli)  with  an  outlet  through  this 
]8-mi.  concrete-lined  tunnel,  which  is  to  be  about  11  ft. 
in  diameter,  into  the  Ashokan  reservoir.  The  now  practi- 
cally completed  a(iueduct  from  the  Ashokan  reservoir  to 
New  York  City  has  a  capacity  of  500,000,000  gal.  daily. 
The  estimated  cost  of  utilizing  the  Schoharie  watershed  is 
$22,000,000  and  the  construction  of  the  dam  and  funnel 
will  probably  require  8  yr. 

The  projected  tunnel,  as  shown  by  the  accompanying- 
plan,  extends  from  a  point  on  Schoharie  creek  between  the 
towns  of  Prattsville,   Greene   County,  and  Gilliua.   Scho- 


hiiiise  and  shaft  Xo.  1,  which  will  l)e  depressed  to  pass 
licneath  the  gorge  of  Bear  Kill  and  other  possible  depres- 
sions in  the  rock.  The  slope  of  the  tunnel  proper  will  be 
about  4  ft.  per  mi.  The  minimum  thickness  of  the  con- 
crete lining  will  be  13  in. 

■  J.  Waldo  Smith  is  Chief  Engineer,  and  Alfred  D.  Flinn 
i*  Deputy  Chief  Engineer  of  the  Board  of  Water-Supply. 


WaEffiffiBKiigftoia  W®iSe2'<=W©2'Sis 


The  four-states  section  of  the  American  Water-Works 
Association  met  in  Wilmington,  Del.,  A"ov.  15,  for  a  most 
interesting  and  instructive  session.  The  forenoon  was 
devoted  to  an  inspection  of  the  pumping  plant,  the  site 
of  the  new  mechanical  filtration  plant,  a  large  covered 
concrete  reservoir  now  under  construction,  and  a  slow 
sand  filtration  plant  that  has  been  in  continuous  operation 
since  1909. 

Within  the  last  two  years  the  sudden  increase  in  water 
consumption,  due  chiefly  to  new  manufacturing  demands, 
has  set  at  naught  all  previous  calculations,  and  has 
required  radical  developments  and  improvements  to  be 
undertaken.     These  (ii'\elopments,  and  the  part  the  Wil- 


MAT'    OF    C.VT.SKILL    DISTRICT    SHiiWIXc;    I.IXl',    (>F    XKW     Is-MI.    WATKK   TI-XXi;!. 


harie  County,  to  a  point  on  Esopiis  creek  in  the  (own  of 
Shandaken,  Ulster  County.  The  tunnel  will  be  driven 
from  8  shafts,  ranging  in  dejith  from  '-.'lO  to  (510  ft., 
except  the  shaft  at  the  northerly  end,  which  will  be  only 
100  ft.  deep.  The  distances  between  shafts  vary  from 
10,400  to  14,200  ft.  The  rock  is  liluo  and  red  sandstone 
(commonly  called  I)luestone)  and  emb(>dded  shales  charac- 
teristic of  large  ])(U-tions  of  Ihe  Catskill  mountain  regions. 
Diamond-drill  borings  are  now  in  progress  to  furnish  datu 
for  final  location. 

The  tunnel  will  be  at  hydraulic  gradient  and   not  a 
pressure  tunnel,  except  the  scctiou  Vietweon  the  inlet  gatc- 


niingidii  water-works  has  played  in  waler-])urification 
history,  furnished  the  theme  lor  the  afternoon  discussion, 
which  was  led  by  Cieorge  W.  Fidler,  Xcw  York  City, 
consulting  engineer  for  the  city. 

The  development  of  an  additional  water-supply  involves 
the  construction  of  a  12.000.000-gal.  rapid  sand  filter 
plant  ailjoining  tlie  jirescnt  pumping  station.  The  ])resent 
]n-oliniinary  filters  are  lieiug  changed  into  a  coagulating 
liasin  and  storehouse.  Beneath  the  new  filters  will  be  a 
filtercd-water  reservoir  of  300,000,000  gal.  capacity.  The 
)ium])ing  plant,  with  the  present  two  TTolly  high-duty 
pumping  engines   (each   12,000,000  gal.   daily  cajiacitv) 
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,vill  be  iuereased  by  three  new  steam-lurbiue-driven  een- 
rifugal  pumps  of  a  total  capacity  of  30,000,000  gal.  daily. 

The  water  from  the  new  rapid  sand  filter  plant  will  be 
inimped  to  two  distributing  reservoirs,  one  a  new  7,500- 
(lOO-gal.  covered  concrete  reservoir  of  a  beam  and  girder 
(ype  roof.  This  roof  will  be  used  as  a  park,  playground 
and  skating  rink. 

The  present  slow  sand  filtration  plant  at  Weldin  Farm, 
about  2  mi.  from  the  pumping  station,  will  continue  in 
use,  the  intention  being  to  operate  the  meduniical  filt<>rs 
when  the  water  is  partiiularly  turl)id,  and  the  slow  sand 
filters  at  other  times,  althougii  ijoth  may  be  used 
simultaneously. 

At  present  the  water  is  taken  from  Brandywiue  Creek, 
londucted  in  an  open  channel  to  the  pumping  station, 
where  it  is  passed  through  preliminary  filters  and  pumped 
to  the  Porter  reservoir  at  Weldin  Farm.  From  here  the 
water  passes  through  the  slow  sand  filters  to  a  reservoir 
beneath,  and  thence  into  the  city  mains. 

The  chief  engineer  of  the  Wilmington  water-works 
is  Edgar  M.  Hoopes,  Jr.,  and  S.  X.  Van  Trump  is 
fuperintendent. 


for  MoB'e  IR®Si.di  'W<Di£''^ 

The  vote  on  issuing  IkhkIs  U,  ihv  animmt  of  $15,000,000 
to  complete  the  t'alifornia  State  Highway  Department 
program  was  overwhelmingly  in  favor  of  the  issue,  accord- 
ing to  press  dispatches.  This  money  will  not  be  available 
until  July  1,  1917,  and  in  the  meantime  the  State  High- 
way Department  is  threatened  with  a  serious  shortage  of 
funds. 

The  proposed  state  highway  system  comprises  3,300  mi., 
of  which  1,400  has  already  been  completed,  or  is  near  com- 
j.letion.  under  the  original  $18,000,000  bond  issue.  The 
new  bonds  will  bear  interest  at  41A%. 

It  has  also  been  announced  that  California  is  the  first 
slate  to  receive  Federal  aid  untler  the  new  road  law. 

.\  bond  issue  of  !j>o,ilOO,iiii(i  fm-  repairing  and  repaving 

the  streets  of  Cleveland,  Ohio,  was  carried  at  the  recent 

election.     The  agitation  for  this  work  was  begun  .several 

<:irs  ago,  and  the  condition  of  the  pavement*  became  the 

liject  of  investigation  by  civic  as.sociations.  Recently 
nuich  promotion  and  pu!)licity  work  was  done  by  a  Com- 
mittee of  One  Hundred  Organizations.  A  tentative  ])ro- 
^'ram  has  already  been  adopted  for  the  1017  work,  which 
will  take  care  of  at  least  10  mi.  of  the  most  urgent  repairs 
and  rei)aving.  according  to  press  reports. 

m 

TBti©  MSimnEii^  CoEa^ress  aiadl  tllhe 

Moflfflmes  Memraoirna]! 

The  lUth  annual  session  of  the  American  .Mining  Con- 
■iss,  held  at  the  La  Salle  Hotel,  Chicago,  Nov.  13  to  Ki, 
•alt  mainly  with  legislation  and  with  the  general  admin- 
ration  and  commercial  aspects  of  mining,  ratiu-r  than 
'h    technical    matters.      Some    of    the    subjects    were 
lated  more  or  less  directly  to  engineering  and  practical 
iiiriing,    the    latter    including    safety    work    and    rescue 
I  methods.    Among  the  papers  listed  were  "Uniform  Min- 
ing Legislation  as  Affecting  Mining  Engineering,"  by  J. 
A.  Garcia,  of  Chicago,  and  "The  Engineci-'s  Relation  to 


Western  Water-Power  Development,"  by  Dr.  Henry  S. 
Drinker  (Lehigh  University),  of  South  Bethlehem,  Penn. 
In  addition  to  five  general  sessions  there  were  11 
sectional  meetings  of  the  five  divisions  on  legislation,  coal, 
metalliferous,  public  lands,  and  oil  and  gas.  At  one  of  the 
general  sessions  a  strong  appeal  was  made  for  subscrip- 
tions to  the  Joseph  A.  Holmes  Safety  Association,  which 
has  been  organized  as  a  permanent  memorial  to  the  late 
Dr.  Holmes  (head  of  the  U.  S.  Bureau  of  Mines),  and 
with  the  pur]K)se  of  developing  safety  in  mining  opera- 
tions. This  is  a  unique  method  of  commemorating  in  a 
permanent  and  useful  way  Dr.  Holmes'  valuable  and  ener- 
getic work  in  the  interests  of  the  mining  industry. 

The  consolidation  of  the  library  owned  by  the  American 
Society  of  Civil  Engineers  with  the  L^nited  Engineering 
Library,  owned  by  the  three  other  great  national  societies 
— the  Mining,  Mechanical,  and  Electrical  Engineers — 
makes  this  the  greatest  collection  of  engineering  books  in 
the  world.  The  trustees  of  the  L^nited  Engineering 
Society,  which  controls  the  administration  of  this  library, 
are  seeking  to  raise  a  million-dollar  endowment,  the 
income  of  which  will  be  available  for  the  perpetual  admin- 
istration and  enlargement  of  the  library.  On  Nov.  15, 
the  president  of  the  United  Engineering  Society,  Charles 
F.  Rand,  announced  the  gift  by  Dr.  James  Douglas,  of 
Xew  York  City,  of  $100,000  toward  this  endowment  fund. 
Dr.  Douglas  is  a  past-president  of  the  American  Institute 
of  Mining  Engineers  and  is  president  of  the  Phelps-Dodge 
Co.,  of  New  York  City. 


Among  20  recommendations  made  by  a  taxation  com- 
mittee in  a  report  submitted  Nov.  13  to  J.  G.  Armstrong, 
mayor  of  Pittsburgh,  Penn.,  six  are  here  reprinted  as  of 
interest  to  many  engineers: 

Immediate  adoption  of  a  comprehensive  city  plan,  including 
the  "zoning"  principle,  in  order  that  existing  realty  values 
may  be  conserved. 

Adoption  of  principle  of  excess  condemnation  In  making 
public  improvements,  especially  in  la.vlng  out  of  new  streets 
and  in  widening  or  extending  old  ones. 

The  water  department,  as  a  social  or  community  enter- 
prise, should  make  no  profit,  but  should  be  self-sustaining. 

Larger  revenues  should  be  obtained  from  the  rental  and 
use  of  city  property- — wharves,  markets,  etc. 

Increase  of  the  automobile  license  tax  by  50  per  cent.,  and 
distribution  of  the  total  proceeds,  30  per  cent,  to  the  city,  30 
per  cent,  to  the  county,   40  per  cent,  to  the  state. 

Abolition  of  the  exemption  of  machinery  In  the  city. 

The  committee  was  composed  of  14  members,  including 
William  Price,  chairman,  and  Julian  Kennedy. 


JacMeft  Clleaipwafter  BasDira 
^yyntlhi  KenEaforcedl  Conacirete 

Bids  are  being  asked  on  a  $200,0110  reinforced-concrete 
job  of  unusual  character.  The  clearwater  basin  of  Cleve- 
hind's  new  filtration  plant,  a  covered  groined-arch  struc- 
ture l!)5.\!)3rt  ft.  in  plan  by  30  ft.  high,  is  to  be  repaired 
or  reconstructed,  in  conse(|uence  of  the  partial  failure  that 
occurred  July  10,  1916,  as  described  in  Engineering  News 
of  July  27,"  1916,  p.  186.  After  that  failure,  which 
consisted    of   the    fall    of    four   jianels   of   roof   and    their 
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Mipporting  columns,  further  evidences  of  damage  ap- 
peared. Engineers  engaged  to  report  on  the  case 
recommended  finally  a  complete  jacketing  of  the  old 
structure,  the  process  ijeing  virtually  a  replacement  of  the 
) 'resent  basin  structure,  leaving  the  old  work  in  place  and 
using  it  as  form  for  the  new  work. 

There  will  be  a  new  iloor  slab,  laid  on  top  of  the  present 
floor ;  a  new  roof  slab,  laid  on  top  of  the  present  roof ;  new 
side  walls,  carried  up  inside  the  existing  walls  and  com- 
municating with  the  new  roof  by  way  of  openings  at  the 
top  of  the  existing  walls;  and  hooped  jacketing  for  the 
columns.    All  of  the  new  concrete  is  to  be  fully  reinforced. 

G.  B.  Dusinberre,  Commissioner  of  Water,  City  Hall, 
Cleveland,  is  in  charge  of  the  reconstruction. 


Po%'5?'es'  Ps'Oject  C©Eadless&Ba®<fl 

A  commission  of  prominent  engineers  made  a  report  on 
Nov.  20  to  the  city  authorities  of  ^lontreal  on  the  water- 
power  project  which  has  been  under  construction  for  sev- 
eral years  in  connection  with  the  city's  water-supply. 
The  commission  finds  that  the  final  cost  of  the  project  will 
be  at  least  $10,600,000.  and  that  not  over  T.OOO  hp.  will 
be  developed.  The  minimum  fixed  charges  and  operating 
expenses  of  the  power  plant  will  be  $108  per  hp.  per 
annum  while  the  city  could  ]iurchase  power  in  the  open 
market  from  some  of  the  hydroelectric  plants  in  the 
vicinity  of  ifontreal  for  not  more  than  $20  to  $25  per 
hp.  per  annum. 

The  commission  urges  that  the  city  should  abandon 
the  pre.sent  project,  on  which  it  has  already  expended 
over  five  million  dollars,  and  estimates  that  by  so  doing 
it  can  save  $202,000  per  annum  by  purchasing,  power 
compared  with  the  cost  of  completing  the  present  project. 


The  Bureau  of  Yards  and  Docks.  Xa\y  l)c]iartment.  at 
Washington,  is  in  immediate  need  of  tour  high-grade  de- 
signing engineers  at  salaries  of  from  $10  to  $15  per  day, 
and  the  Civil  Service  Commission  is  announcing  an  early 
non-assembled  competitive  examination  from  which  to 
provide  eligibles.  Tlie  announcement  of  the  examination 
(issued  Nov.  20,  19 U!)  is  in  part  as  follows: 

The  United  States  Civil  Service  Commission  announces  an 
open  competitive  examination  for  designing  engineers,  for 
men  only,  to  fill  four  vacancies  at  salaries  ranging  from  $10 
to  $15  per  diem  in  the  Bureau  of  Yards  and  Docks.  Navy  De- 
partment. Washington.  D.  C.  The  duties  of  tile  position  em- 
brace the  design  and  supervision  of  design  of  large  and  va- 
rious engineering  works  in  steel,  concrete,  reinforced  con- 
crete, etc..   for  the  navy   yards  and   naval  stations. 

Competitors  will  not  be  required  to  report  for  examination 
at  any  place,  but  will  be  rated  on  the  following  subjects, 
which   will   have   the    relative   weights   indicated: 

Subjects  Weights 

1,     Technical   education    30 

J.     Experience   and   fitness    70 

Total     100 

Graduation  with  a  degree  in  engineering  from  a  college  or 
university  of  recognized  standing,  with  subsequent  experi- 
ence of  not  less  than  15  years  on  general  design  work,  of 
which  not  less  than  five  years  must  have  hegn  in  responsible 
charge  in  the  successful  designing  of  works  of  Importance 
and  magnitude,  such  as  structural  steel  shops  and  store- 
houses,   reinforced-concrete    structures,    retaining    walls    and 


deep  foundations,  tunnels  or  subways,  waterfront  work,  such 
as  quay  walls,  piers,  wharves  or  dry  docks,  etc.,  are  pre- 
requisites  for  consideration    for   this   position. 

In  view  of  the  early  date  of  examination  demanded  by  the 
urgency  of  making  appointments  as  soon  as  possible,  it  is 
necessary  that  persons  desiring  to  be  considered  should  se- 
cure the  necessary  form  at  once  and  mail  it,  properly  exe- 
cuted,   to    the    Commission    without    delay. 

Applicants  must  not  have  reached  their  fifty-flfth  birth- 
day on  the  date  of  the  examination. 

Persons  who  meet  the  requirements  and  desire  this  ex- 
amination should  at  once  apply  for  Form  1312,  stating  the 
title  of  the  examination  desired,  to  the  United  States  Civil 
Sei'vice  Commission,  Washington,  D.  C. ;  the  Secretary  of  the 
United  States  Civil  Service  Board,  Post  Office.  Boston.  Mass., 
Philadelphia,  Penn..  Atlanta,  Ga.,  Cincinnati,  ilhio,  Chicago, 
111.,  St.  Paul,  Minn.,  Seattle,  "R'ash.,  San  Francisco.  Calif.; 
Customhouse,  New  York,  N.  Y.,  New  Orleans,  La.:  Old  Custom- 
house, St.  Louis.  Mo.  Applications  should  be  properly  executed, 
excluding  the  medical  certificate,  and  must  be  filed  with  the 
Commission  at  Washington  prior  to  the  hour  of  closing  busi- 
ness on  Dec.   11,   1916. 


EHQHMEE^EBJG    SCHOOLS 


University  of  Pennsylvania 
The  Board  of  Deans  of  the  University  recently  adopted 
a  resolution  requesting  all  members  of  the  faculty  to 
give  information  before  undertaking  any  work  outside 
of  the  University  which  w^ould  b?  in  conflict  with  a  Uni- 
versity statute,  which  says : 

No  officer  of  instruction  sliall  engage  in  any  other  occu- 
pation wliich.  in  the  opinion  of  the  trustees,  will  interfere 
with  or  impair  the  satisfactory  discharge  of  his  duties  in 
tile   L'niversity. 

Western  Eeserve  University 
The  Division  of  Municipal  Administration  and  Public 
Service  of  the  new  School  of  Applied  Social  Sciences  is 
offering  a  general  course  in  municipal  organization  for 
municipal  and  county  employees.  Tlie  course  will  l)e  un- 
der the  direction  of  A.  R.  Hatton,  and  much  of  the  work 
will  be  given  l)y  H.  G.  Hodges,  formerly  in  the  Philadel- 
phia Department  of  Public  AVorks.  It  is  aimed  to  break 
away  from  the  more  familiar  coui'ses  in  municipal  gov- 
ernment. 


HOTES 


.V  Preliminary  Outline  of  a  City  Plan  for  Cincinnati,  Ohio, 
is  to  be  submitted  by  George  E.  Kessler,  St.  Louis,  Mo.,  to  the 
City  Planning  Commission  of  Cincinnati  in  December.  The 
outline  will  be  based  largely  on  a  survey  of  past,  present  and 
prospective  improvements  made  by  the  engineering  and  park 
dei)artnients. 

nirect  Rupiil  Transit  from  the  South  Station,  Boston,  to 
Harvard  Square,  Cambridge,  Mass.,  will  be  afforded  in  a  few 
weeks  by  the  equipment  and  operation  of  the  portion  of  tlw 
Dorchester  Tunnel  in  Summer  St.,  between  the  South  Station 
and  Washington  St.  This  will  be  done  by  the  Bo.'Jton  Ele- 
vated Railway  Co 

The  ronKuniption  of  Cotton  Fiber  in  the  manufacture  of 
explosives  has  reached  enormous  proportions.  During  the 
year  191.')  there  were  used  in  making  explosives  in  the  United 
States  211.000  bales  of  bleached  cotton  fiber  (of  .')00  lb.  each). 
and  during  the  first  nine  months  of  1916  there  were  421.6*5 
bales  so  used.  Besides  this  consumption  in  the  United  State* 
the  heavy  consumption  of  export  cotton  for  the  same  pur- 
pose is  well  known.  It  is  apparent  that  a  large  percentage  of 
the  cotton  ci-op  is  now  being  converted  to  explosives,  which 
furnishes  one  explanation  why  cotton  is  selling  at  20  to  Mc. 
per  lb.,  the  highest  price  reached  since  the  Civil  War. 

Steel    Rail    Prlcei.    KnlNPil    to    »:t>i    Pep  Ton — The    steel   rtlll  | 
manufacturing  companies  announced  last  weel;  a  further  (!»• 
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;r€ase  in  the  price  of  standard  steel  rails  to  $38  per  ton  at  the 
mill.  The  regular  capacity  of  most  of  the  steel  rail  mills,  how- 
3ver,  is  reported  to  be  covered  by  contracts  for  material  al- 
ready sold,  of  course  at  previous  market  prices,  so  that  the 
aew  selling  price  of  steel  rails  will  chiefly  affect  rails  to  be 
Jelivered  nearly  a  year  hence.  Even  at  this  advance  in 
price,  however,  it  is  noteworthy  that  steel  rails,  which,  up  to 
1  short  time  ago  were  the  aristocrat  of  the  steel  market,  sell- 
ing at  a  higher  price  per  pound  than  other  rolled  material 
such  as  structural  shapes,  are  now  selling  at  a  lower  rate 
than  any  other  rolled  material.  Under  these  conditions  there 
will  be  little  dispute  that  the  manufacturers  were  justified  in 
making  the  advance   in  price. 

The  Xew  CoaUne  Plant  of  the  Panama  Canal  at  Cristobal 
is  announced  by  the  "Canal  Record"  to  be  now  in  regular 
operation  for  con^mercial  use.  although  not  yet  entirely  com- 
pleted. Two  of  the  four  reloader  towers  have  been  taken 
over  for  operation  and  are  found  to  be  able  to  deliver  coal 
to  vessels  usually  faster  than  it  can  be  handled.  A  ship  re- 
cently coaled  had  a  large  open  hatch  amidship  over  self- 
trimming  bunkers,  and  1.250  tons  were  delivered  to  this  vessel 
in  3  hr.  These  reloaders  were  designed  for  rapid  delivery  ot 
coal  to  barges  and  colliers,  with  large  and  conveniently 
placed  hatches.  As  merchant  vessels,  however,  have  a  great 
variety  of  hatches  and  coaling  ports,  it  is  probable  that  port- 
able pipe  chutes  will  be  added  to  the  reloaders.  These  chutes 
will  be  so  arranged  that  they  can  be  swung  to  various  posi- 
tions, so  as  to  deliver  the  coal  to  ports  inaccessible  to  the  or- 
dinary reloader  chute. 

Preparednetia  in  3Iilitary  I'roop  Transportation  is  dealt 
with  in  the  report  of  a  special  committee  of  the  American 
Railway  Association,  appointed  to  cooperate  with  the  United 
States  military  authorities  in  moving  troops  to  the  border. 
From  June  29  to  Nov.  11  there  were  sent  to  the  Mexican 
border  approximately  136.000  soldiers;  33,000  have  been  re- 
turned. 9.000  are  in  mobilization  camps  and  still  to  be  sent 
to  the  border,  and  103.000  who  are  down  there  must  be  re- 
turned. The  committee  says:  "The  routing  of  troops  from 
mobilization  camps  to  border  points  was  specified  by  the 
Quartermaster  General's  department.  The  routes  were  ap- 
parently arranged  to  give  as  many  railways  as  possible  an 
opportunity  to  participate  in  the  traffic.  While  in  most  cases 
the  routing  was  excellent,  there  were  still  cases  where  troops 
were  handled  over  circuitous  routes  with  resulting  dissat- 
isfaction." The  committee  recommends  that  a  statement  be 
obtained  from  the  War  Department  of  possible  concentration 
points  to  which  troops  might  be  sent  on  the  several  coasts  and 
on  the  Mexican  border,  and  that  a  series  of  possible  and 
preferred  routings  be  prepared  from  the  several  mob.lization 
camps  to  such  concentration  points.  It  also  proposes  that 
arrangements  for  pooling  the  expenses  and  earnings  in  the 
movement  of  troops  be  made  so  that  direct  routes  may  be  in 
all  cases  selected.  One  feature  that  enabled  the  movement  of 
troops  to  be  made  promptly  was  the  exchange  of  passenger 
equipment  on  a  large  scale,  something  entirely  new  in  the 
history   of   American    railroading   in    any   such    proportions. 

Protection  of  Drawbrldi^e  OpeningM  on  street-railway  lines 
is  being  investigated  by  a  special  committee  appointed  by 
Mayor  Curley.  of  Boston,  as  a  result  of  the  recent  fatal  ac- 
cident at  the  Fort  Point  bridge.  Prof.  Charles  M.  SpofCord.  of 
the  Massachusetts  Institute  of  Technology,  is  chairman  of  the 
committee,  and  among  other  members  are  John  D.  Carty,  of 
the  Department  of  Public  Works;  George  W.  Bishop,  of  the 
Public  Service  Commission;  James  C.  Andrew,  of  the  Boston 
Edison  Co.:  and  Col.  W.  E.  Craighill,  Corps  of  Engineers,  U. 
S.  A.  At  a  public  meeting  on  Nov.  16,  President  Matthew  C. 
Brush,  of  the  Boston  Elevated  Railway  Co.,  stated  that  his 
company  is  installing  a  third  track  on  the  Cambridge  viaduct, 
so  arranged  that  in  case  a  car  runs  past  the  danger  signal  set 
against  it,  it  will  be  diverted  to  a  sand  track  and  brought  to 
a  gradual  stop.  President  Brush  is  quoted  by  the  Boston 
"Herald"  as  saying  further:  "The  company  believes  that 
there  should  eventually  be  constructed  at  all  drawbridges  an 
absolutely  positive  barrier  that  will  prevent  street  cars  and 
all  vehicles  from  reaching  the  edge  of  the  draw.  We  believe 
that  recent  developments  permit  the  practical  construction  of 
»uch  a  barrier,  our  engineers  having  designed  within  the  last 
week  a  device  of  this  charactei.  Pemllng  the  Installation  of 
such  positive  barrier,  gates  at  all  bridges  now  In  use  will  be 
painted  white  with  black  stripes.  One  or  possibly  two  red 
lights  with  a  large  lens  should  be  installed  on  all  gates  di- 
rectly between  the  rall.i.  There  should  also  be  Installed  signs 
100  and  200  ft.  respectively  from  the  gate,  indicating  'Slow' 
and  'Stop,'  when  the  draw  Is  open.  There  should  also  be  Im- 
mediately Installed  at  all  drawbridges  n  large  gong,  elec- 
trically operated.  Interlocked  with  the  bridge  mechanism  so 
that  It  will  be  Impossible  for  the  draw  tender  to  open  the 
bridge  until  he  has  closed  the  switch  that  rings  the  gong" 


PEIRSOMALS 


A.  L.  CrisMlnKer  has  been  appointed  State  Highway  Su- 
perintendent of  Beaver  County.   Pennsylvania. 

Roy  E.  Spear,  for  five  years  Assistant  City  Engineer  of 
Bartlesville,  Okla.,  is  now  Assistant  City  Engineer  of  Flint, 
Mich. 

A.  J.  Kelofli,  has  been  appointed  Deputy  Commissioner  ot 
Parks  and  Public  Buildings  of  Buffalo,  N.  Y.,  at  a  salary  of 
$2,500   per   annum. 

A.  r.  Sehnlz,  formerly  Assistant  Chief  Engineer  of  the  Lo- 
comobile Co.,  of  America,  is  now  Chief  Engineer  of  the  Mercer 
.Automobile    Co.,    Trenton,    N.    J. 

>Viliiani  F.  t'olenian.  County  .Surveyor,  of  Warren  County. 
Kentuck>-.  ii.as  been  appointed  County  Road  Engineer,  with 
headquai  ters  at  Bowling  Green,  Ky. 

(George  W.  rorrigan,  Assoc.  M.  Am.  Soc.  C.  E.,  Roadmaster 
ot  the  .Southern  Pacific  Ry.  at  Hornbrook,  Calif.,  has  been  pro- 
moted to  be  Division  Engineer  of  the  Stockton  division,  with 
headquarters  at  Stockton.  Calif.  He  was  graduated  from  the 
University  ot  Missouri  in  1900  and  began  his  railway  experi- 
ence as  a  rodman  with  the  Union  Pacific  R.R.  From  1901  to 
1907  he  was  with  the  Missouri  Pacific  Ry.,  as  Assistant  Engi- 
neer and  Division  Engineer.  He  went  to  the  Southern  Pa- 
cific in  1908  as  an  Assistant  Engineer,  maintenance-of-way 
department. 

Gen.  Geo.  AV.  Goethiiis  was  retired  fi-om  the  Army  on  Nov. 
15  under  the  law  which  gives  an  officer  the  privilege  of  re- 
tirement after  40  years  ot  continuous  service.  Early  in  1915 
General  Goethals  requested  relief  from  his  duties  as  Gov- 
ernor of  the  Panama  Canal,  and  his  resignation  was  accepted 
to  take  effect  on  Nov.  1.  When  the  great  slides  of  September, 
1915,  blocked  the  Canal,  General  (Joethals  withdrew  his 
resignation  and  returned  to  active  duty  on  the  Isthmus.  He 
still  retains  his  Commission  as  Governor,  but  is  now  acting 
as  Chairman  of  the  Commission  appointed  by  the  President 
to  investigate  the  effect  of  the  eiKht-hour  law  and  will  prob- 
abl.v  soon  be  retired  from  the  former  position  and  be  suc- 
ceeded by  Col.  Chester  Harding.  Corps  ot  Engineers.  U.  S.  A., 
who  has  been  Acting  Governor  of  the  canal  for  the  past  two 
years   when   General  Goethals  has  been  absent. 


Ileniamin  Kush  \\'hitney,  a  pioneer  railroad  contractor,  of 
Kansas  City,  Mo.,  died  .N'ov.  9.  He  was  City  Engineer  of  Kan- 
sas City  in  1885  and   1886. 

Mrs.  CbarleH  F.  Knnd,  wife  of  Charles  P.  Rand,  a  Past- 
President  ot  the  American  Institute  of  Mining  Engineers  and 
President  of  the  United  Engineering  Society,  died  at  South 
Orange.  N.  J.,  on  Nov.  17.  after  a  brief  illness  from  pneumonia. 

John  Koliert  Moore,  for  the  past  25  years  an  Assistant  En- 
gineer in  the  Bureau  of  Highways.  Borough  of  Manhattan. 
New  York  City,  died  recentl.v  at  his  home  in  Merrick,  Long 
Island.  Before  his  connection  with  the  Bureau  of  Highways 
he  was  with  the  engineering  start  ot  the  Central  R.R.  of  New 
Jersey. 

John  Arnold  Barrett,  Assoc.  Am.  Inst.  E.  E.,  Electrical  En- 
gineer ot  the  American  Telephone  and  Telegrai)h  Co..  New 
York  City,  died  Nov.  12  at  his  home  in  Brooklyn.  Ho  was 
58  years  old.  He  was  a  graduate  of  Dartmouth  College  and 
had  been  for  25  years  in  the  employ  of  the  American  Tele- 
phone and   Telegraph   Co. 

Daniel  C  Klngnian.  Brigadier-General  U.  S.  A.,  retired, 
former  Chief  of  Engineers,  died  at  Atlantic  City,  N.  J..  Nov.  14. 
In  his  65th  year.  He  was  born  in  New  Hampshire  and  was 
graduated  from  the  Military  Academy  at  West  Point  In  1875. 
A  portrait  and  biographical  sketch  uf  General  Kingman  were 
published  In  "Engineering  News,"  Oct.  23,  1913.  p.  S34,  at  the 
time  ot  his  promotion  to  the  head  of  the  Corps  of  Engineers. 
Ho  was  retiri'd   Mar.   6  of  this  year. 

Frank  O.  SInrlnir,  M.  Am.  Soc.  C.  E.,  City  Engineer  ot 
Burlington.  Vt..  died  Nov.  15.  He  was  born  Sept.  7.  1860,  at 
Burlington.  He  was  graduated  from  the  University  of  Ver- 
mont In  1882.  For  ten  years  he  was  engaged  In  railroad  lo- 
cation and  construction  work  In  the  West  and  South.  In  1892 
he  opened  an  office  In  Burlington  tor  private  practice  and 
had  charge  of  the  building  of  the  lines  of  the  Burlington 
Traction  Co.,  and  of  many  other  local  projects.  He  took  an 
active  Interest  In  municipal  alTairs,  as  a  member  of  the  Board 
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of  Aldermen  from  1S99  to  1903,  as  Superintendent  of  the 
Water  Department  from  1905  to  1907,  and  as  member  of  the 
Board  of  Street  Commissioners  from  1913  to  1916.  He  was 
appointed  City  Engineer  in  1914.  Mr.  Sinclair  was  also  C(m- 
sulting  Engineer  of  the  Public  Service  Commission  of  Ver- 
mont. He  was  chairman  of  the  Vermont  section  of  asso- 
ciate members  of  the  United  States  Navy  consulting  board; 
he  was  a  past-president  of  the  Vermont  Society  of  Civil  En- 
gineers.    He  is  survived  by  a  widow  and  three  children. 


will  be  arranged,  it  is  expected,  with  the  American  Society  of 
Agricultural  Engineers  and  the  National  Gas  Engine  Asso- 
ciation. It  is  planned  to  have  one  vice-president  to  represent 
each  special   field  of  engineering  covered. 


EMQEMEEIREM^  SOCKETIE^ 


PAVING  BRICK  INSTITUTE. 
Dec.    5-6.      Meeting    in    Clevelai 
H.    M.    Macdonald,    830    Brothe 
Cleveland,  Ohio. 

RAILWAY    GARDENING    ASSOCl.'^TION. 

Dec.    5-7.      Annual   meeting    in    New   Orleans. 
E.   Lowe,   Sewicl<ley,    Penn. 


Asst.    Secy., 
Engrs.    Bldg., 


Secy.,   Charles 


Secy.,   H.   G.   Ilinck- 


H.   D.   Hynds.    30 


i.   Long,   Moline,   111. 

PORTLAND    CEMENT    ASSOCIATION. 

Dec.    11-13.      Annual    meeting    in    Now    Yorit    City, 
ant   to  General   Manager.    A.   H.   Ogle,   Chicago,   III. 

OKLAHOMA  SOCIETY  OF  ENGINEERS. 
Dec.    27-2S.     Annual   meeting   in   Tulsa, 
ley,  Oklahoma  City. 

AMERICAN   SOCIETY   OP   AGRICULTURAL    ENGINEERS. 
Dec.  27-29.     Annual  meeting  at  Chicago.     Secy.,  D.  K.  Shedd. 
Ames,  Iowa. 

TENTH  CHICAGO   CEMENT   SHOW. 

Feb.     7-15.       In     Chicago.       Under     management     of    Cement 
Products  Exhibition  Co.,  210  South  La  Salle  St.,  Chicago. 

AMERICAN  CONCRETE  INSTITUTE. 
Feb.    8-10.      In  Chicago  at   La   Salle. 
Broad   St.,  N.   Y. 

NATIONAL   BUILDERS'   SUPPLY   ASSOCIATION. 

Feb.     12-13.       In    Chicago    at    Sherman.       Secy..    L.    F.    Des- 
mond, 1211  Chamber  of  Commerce,  Chicago. 

The  EnKineer.s'  Society  of  VVe.stern  Penn.sylvaiiia,  through 
the  board  of  elections,  has  nominated  the  following  for  ollict^ 
during  1917:  President,  A.  L.  Hoerr:  vice-president,  George  H. 
Neilson;  treasurer,  A.  E.  Frost;  directors.  E.  W.  Pittman. 
George   H.    Barbour. 

The  American  Society  of  Safety  EnKineers  has  elected  the 
following  ofhcers  foi-  1917:  President,  Harry  H.  Dehn ;  vice- 
president,  Cornelius  Van  Horn;  treasurer,  Leonard  W.  Davies; 
secretary,  W.  John  Pedroncelli.  The  next  regular  meeting 
will  be  on  Nov.  22  in  the  Engineering  Societies  Building,  New 
York  City. 

The  Olclahoma  Society  of  Engineers  will  hold  its  annual 
meeting  in  Tulsa,  Dec.  27  and  28,  at  the  Chamber  of  Com- 
merce, the  first  session  opening  9  a.m.,  Wednesday.  At  the 
last  meeting  the  membership  was  boosted  from  41  to  75,  and 
an  equally  encouraging  increase  is  hoped  for  this  year.  The 
secretary  is  H.  G.  Hinckley,  Oklahoma  City. 

Tile  PavinR  Brick  IiLStitutc  will  be  conducted  on  Dec.  5  and 
G  in  Cleveland,  at  the  Hotel  Statler.  The  meeting  will  close 
with  a  dinner,  for  which  a  large  program  is  promised.  The 
subjects  for  discussion  include  the  use  of  powdered  coal,  pro- 
ducer gas  in  burning  brick,  equipment  efficiency,  labor  and 
the  development  and  application  of  a  bonus  system. 

The  Galveston  (Tex.)  EnK'neers'  Club,  recently  formed  by 
members  of  the  engineering  department  of  the  Gulf,  Colorado 
&  Santa  Fe  Ry.,  met  to  elect  officers  on  Nov.  1.  Membership 
is  not  limited  to  employees  of  the  Santa  Fe,  but  is  purposed  to 
be  as  broad  as  that  of  the  u.^ual  hical  engineering  society. 
Three  meetings  have  been  held  thus  far.  and  the  membership 
list  numbers  25. 

The  New  York  Itnilroail  Club  at  its  annual  meeting  on 
Nov.  17,  in  New  York  City,  elected  the  following  officers: 
President,  James  Milliken,  Superintendent  of  Motive  Power. 
Philadelphia.  Baltimore  &  Washington  R.R.;  vice-presidents, 
Sidney  Chambers,  C.  L.  Bardo  and  Miles  Bronson;  treasurer. 
R.  M.  Dixon,  and  secretary.  Harry  D.  Vought,  95  Liberty  St., 
New   York   City. 

Society  of  Automobile  Ent^rineerN — In  order  to  have  one 
authoritative  body  dealing  with  the  matter  of  standards  for 
internal-combustion  engines  used  on  vehicles  of  all  cla-sscs, 
the  Societies  of  Aeronautic  Engineers  and  of  Motor  Boat 
Engineers  have  decided  to  consolidate  with  the  Society  of 
-Automobile  Engineers,  and  the  name  of  the  society  is  likely 
to  be  changed  to  the  Society  of  Automotive  Engineers.  It  is 
probable  that  the  association  of  engineers  engaged  In  building 
farm   tractors   will   also   join   this   consolidation.      Cooperation 


a^s^ces  &wh(i 


Colloidal   Bitumens 

Patents  have  been  granted  to  Clifford  Richardson,  con- 
.sulting  engineer.  New  York  City,  on  "the  introduction  of  clay 
in  the  form  of  a  colloidal  aqueous  paste  and  the  combining 
of  this  paste  with  bitumen  in  such  a  way  that  when  the  water 
is  subsequently  driven  off  the  bitumen  forms  the  continuous 
phase  of  the  colloidal  material."  The  effect  of  the  added  col- 
loidal matter  is  to  give  stability  to  the  bituminous  substances 
It  is  possible  to  obtain  with  the  proper  amounts  of  asphalt 
and  clay  a  material  much  resembling  vulcanized  rubber. 

Expansion    Socket.s  for  Bolts  and   Scre^vs 

The  "Tenax"  expansion  socket  for  anchoring  screws  and 
bolts  into  walls,  railway  ties,  etc.,  is  a  French  invention 
that  is  being  tried  with  screw-spike  track  fastenings  tor 
rails  on  the  Delaware,  Lackawanna  &  Western  R.R.  it 
is  on  the  same  principle  as  the  Lakhovsky  (French)  fastening 


E.XP-\NS10N    SOCKET    OR    ANCHOR    FOR    BOLTS    AND 
SPIKES 

used  with  screw  spikes  on  the  Pennsylvania  Lines.  The 
"Tena.x"  device  is  a  malleable  iron  sleeve,  threaded  on  the 
inside  to  fit  the  bolt  or  screw,  and  having  on  the  outer  side  a 
sharp  spiral  thread  to  form  an  anchor.  The  lower  part  of 
the  sleeve  is  split,  and  the  sides  here  are  pressed  together 
so  as  to  slightly  reduce  tlie  normal  diameter.  The  hole  bored 
in  the  tie  is  threaded  with  a  tap  corresponding  to  the  ex- 
terior thread  on  the  sleeve,  and  the  sleeve  is  then  screwed  into 
place.  As  the  screw  spike  is  screwed  home  it  spreads  or  ex- 
l>ands  the  split  end  of  the  sleeve,  forcing  the  exterior  thread 
into  the  surrounding  wood.  For  use  in  concrete,  the  sleeve 
is  set  in  its  expanded  position  with  the  screw  or  spike  in 
place,  the  interior  threads  being  greased.  After  the  con- 
crete has  set,  the  bolt  is  removed,  until  the  piece  which  It  is 
to  hold  is  put  in  place.  At  A  and  B  in  the  accompanying 
sketches  are  sections  of  the  socket  in  open,  closed  and  ex- 
panded position;  C  and  D  show  the  socket  applied  to  a  screw 
spike  and  bolt  respectively;  E  is  a  view  of  the  socket  in 
normal  position.  Tile  device  is  manufactured  (under  the 
Wagner  patents)  by  l^e  Tenax  Co.,  6  Rue  de  Mont-Thabor. 
I'aris  (France),  and  the  Tenax  Metal  Expansion  Soclcet  Co- 
ns Lombard   St.,  London   (England). 

Boller-AVnter  Puriller 

A  boiler  feed-water  purifier,  to  be  submerged  inside  the 
lioiler  itself,  has  been  designed  by  the  Boiler  Water  Purifier 
Co.,  Bellevue  Court  Building,  Philadelphia,  and  given  the 
trade  name  "Economo."  The  water  is  led  through  preheating 
pipes  run  alongside-  a  long  horizontal  treating  tube,  and  Is 
.•idmitted  to  an  end  comp.artment  of  the  latter.  There  Is  a 
horizontal  central  diaphragm  extending  nearly  the  length  of 
the  tube  to  give  a  long  flow  path.  Tlie  scale  is  precipitated 
in  the  lower  chamber,  by  heat  action,  and  settles  as  sludge. 
The  bottom  of  this  lower  chamber  is  bled  by  a  blowort. 
I'artly  submerged  skimmer  cones  are  piped,  through  chock 
valves,  to  the  purified-water  discharge  line  and  the  feed- 
water  Inlet,  so  that  when  the  purifier  blowofC  Is  opened, 
boiler  pressure  forces  steam  and  boiler  water  through  the 
whole  apparatus  to  wash  it  out. 
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Tujunnmel  for   MeiFseElles  Cs\inis\l 


In  several  recent  issues  of  Engineering  News,  articles 
have  appeared  descriptive  of  the  very  large  section  tunnel 
now  being  driven  just  north  of  Marseilles,  France,  for 
the  Marseilles-Rhone  canal.  Two  of  these  articles  (Aug. 
2G,  1915,  p.  386,  and  Oct.  21,  1915,  p.  803),  gave  the  de- 
tails of  the  section  and  the  methods  of  driving  the  canal. 
At  that  time,  however,  photographs  showing  the  work 
were  not  available.     We  have  now,  through  the  courtesy 


ridge,  it  passes  around  Marseilles  Bay  within  a  breakwater 
to  the  harbor  of  the  city. 

The  total  length  of  the  canal  is  51  mi.  Its  t^-jiical  sec- 
tion is  88  ft.  wide  and  10  ft.  deep.  It  is  being  built  not 
only  to  take  care  of  the  traffic  in  the  lower  lihone,  which 
is  somewhat  difficult  of  navigation,  but  also  to  insure  the 
passage  of  the  Rhone  barges  directly  into  the  harbor  of 
Marseilles  without  having  to  pass  around  the  turbulent 
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't  the  Deimrtnient  of  Commerce,  been  able  to  obtain 
-'•me  views  of  the  tunnel  and  its  environs,  wiijcli  will  be 
I'ceivod  with  interest  l)y  American  engineers. 

The  Marseilles-Rhone  canal  extends  from  the  Ulione 
Uivcr  at  Aries  to  the  Bay  of  Marseilles.  For  a  distance 
"f  20  mi.  it  practically  parallels  the  river,  but  as  the  river 
ipproaches  the  Mediterranean  the  canal  turns  to  the  east 
nd  goes  along  the  shores  of  a  bay  there  and  then  cuts  di- 
'  itly  through  the  higli  ridge  of  mountains  extending 
lUst  iiack  of  the  Citv  of  .Marseilles.     Emerging  from  this 


waters  of  the  cape  just  we.st  of  the  city.  For  many  years 
the  project  had  been  held  up  because  of  (he  dillicully  of 
getting  through  the  mountain  ridge  north  of  1he  city. 
I)ut  the  present  project,  initiated  in  1903,  pnnctrati'd  this 
ridge  with  tlic  so-called  Rove  tunnel,  which  is  now  being 
constructed.  The  tunnel  heading  was  carried  through  last 
winter,  and  it  is  understood  that  work  on  the  ccjnst ruction 
is  continuing  in  spite  of  war  conditions. 

The  view  on   the  next  page  is  taken   from  one  of  the 
iireakwaters  in  .Marseilles  harbor,  looking  toward  the  ridge 
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FIG.   2.    MARSEILLES  HARBOR.  LOOKING  TOWARD  PORTAL  OF  ROVE  TUNNEL 


of  liills  that  the  tunnel  penetrates.  The  tunnel  portal 
may  he  made  out  just  below  the  side-hill  viaduct  about 
halfwa_y  up  the  hill  in  the  center  of  the  picture. 

The  Rove  tunnel  is  4%  mi.  long,  and  the  typical  sec- 
tion has  a  square  invert  59  ft.  wide  and  15  ft.  deep  with 
approximately  a  semicircular  arch  ^f  41-ft.  radius,  giving 
an  excavated  section  79  ft.  wide  and  50  ft.  high,  with  a 
clear  area  of  3,250  sq.ft.  This  section,  it  will  be  noticed,  is 
about  six  times  as  great  as  an  ordinary  double-track  rail- 
way tunnel.  The  comparison  of  the  amount  of  yardage  in 
the  tunnel  with  the  yardage  of  several  other  large  pAiro- 
pean  tunnels  is  given  in  the  accompanying  table.    It  will 

RELATIVE  LENGTH  AND  CUBAGE  OF  FOUR  EUROPEAN  TUNNELS 


Name 

Rove 

Simplon 

St.  GotharJ. 

I;OCtSchlxTK  . 


Length  Excavation 

in  Mi.  in  Cu.Yd. 

4.5  2.800.000 

12.3  2,100.000 

9.3  1.300.000 

9.1  1,000,000 


;viAi.si.jij,i.i:.s-uiU)Nio  canal  in  deep  cut 

NORTH  OK  HOVE  TU.NNKL 


not  only  have  the  greatest  section,  but  will  have  the  greatest 
length  of  any  tunnel  built  completely  in  French  territory. 

As  described  in  previous  articles,  tunnel  construction 
is  carried  on  from  three  arch  headings,  which  are  opened 
one  into  the  other,  leaving  a  central  rock  section  to  bp 
removed.  The  view  on  the  first  page,  taken  inside  the 
tunnel  in  the  present  year,  shows  work  going  on  in  the  re- 
moval of  this  central  section  and  illustrates  very  well 
the  enonnous  size  of  the  arch.  As  shown  there,  the  lining 
is  of  masonry,  which  is  backed  on  concrete  made  of  a  spe- 
cial lime  and  not  of  portland  cement.  The  driving  was 
started  at  both  portals,  and  the  work  is  being  carried  on 
from  each  end.  It  is  being  driven  in  rather  hard  rock  that 
requires  little  timbering,  with  hand-handled  air  drills  that 
work  very  well,  an  advance  of  15  to  18  ft.  a  day  being 
made  in  the  headings,  which  are  about  100  sq.ft.  in  sec- 
tion. The  spoil  is  taken  away  on  small  trains  running 
in  the  side  heading  and  drawn  by  compressed-air  locomo- 
tives in  the  headings  and  by  steam  locomotives  in  the 
main  section.  Little  water  lias  been  met,  and  what  has 
filtered  into  the  tunnel  is  taken  away  by  side  drains.  Ar- 
tificial ventilation  has  been  resorted  to. 

The  south  portal  of  the  tunnel,  shown  in  the  view  in 
Fig.  2,  is  in  the  face  of  the  diif.  Tlie  north  portal,  liow- 
ever,  emerges  toward  a  bay  in  earth,  so  that  the  ai)pniacli 
for  a  distance  of  a  mile  is  in  a  deep  cut  tliat  is  being 
excavated  with  steam  shovels.  Fig.  3  shows  the  general 
type  of  section  here  and  one  of  the  handsome  masonry 
bridges  crossing  the  canal. 

The  construction  of  the  tunnel  is  being  done  by  Leon 
Chagnaud,  a  well-known  French  contractor  who  is  noteil 
in  Europe  for  his  work  on  the  Paris  subways  and  on  the 
Loetschberg  tunnel. 

A  very  complete  article  dcscribiiij;  the  canal  apjicars  in 
Le  Ghiie  Civil  for  Mav  20,  I  Did. 
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OuatHeS  Cosatls'oll  of  Eleplhs^iat 

By  F.  TEiniirAN* 

The  Elephant  Butte  Dam,  recently  completed  by  the 
United  States  Reclamation  Service,  is  located  on  the 
Rio  Grande  in  New  :Mexico,  about  120  mi.  north  of 
El  Paso,  Tex.  It  has  a  heijjht  of  200  ft.  above  the  river 
bed  and  will  store,  for  level  of  permanent  .spillway  crest 
(7  ft.  below  the  top  of  the  dam),  2,0.38,000  acre-feet  for 
the  irrigation  of  about  180,000  acres  in  New  Mexico, 
Texas  and  Mexico. 

The  different  outlets  of  the  dam  are  arranged  near  its 
east  abutment.  There  is  a  total  of  twelve  passages  pierc- 
ing the  dam.  all  of  the  same  area:  Six  passages  3  ft.  11 
in.  by  5  ft.  for  power  purpo-ses  (pen.stocks),  three  of  which 
have  their  center  20  ft.  above  the  river  bed,  the  other 
three  being  30  ft.  8  in.  vertically  above  the  first;  two  sluice 
passages  of  the  same  dimensions  and  on  the  same  level  as 
the  lower  penstocks ;  four  service  passages  5  ft.  in  diameter 
( ontrolled  by  balanced  needle  valves,  two  of  these  having 
the  center  of  their  seat  at  tlie  level  of  the  center  of  the 
sluice  passages  and  the  lower  penstocks  (20  ft.  above  the 
river  bed)  and  the  other  two  having  their  seat  56  ft. 
higher.  Each  of  the  twelve  passages  is  a  complete  unit 
by  itself  except  the  service  passages.  One  lower  and  one 
upper  service  passage  take  the  water  from  the  same  well, 
entrance  to  which  is  had  through  two  gates  3  ft.  11  in. 
by  7  ft.  6  in.  There  are  then  two  service  units  each  with 
two  balanced  valves  and  circular  outlet  passages  of  5  ft. 
diameter. 

Each  of  the  .several  outlet  units  of  the  dam  has  a  double 
means  of  closure.  In  the  case  of  the  two  service  units 
this  has  been  indicated  above ;  the  outer  slide  gates,  3  ft. 
by  11  in.  by  7  ft.  6  in.,  are  always  wide  open  or  fully 
closed  and  are  called  the  emergency  gates ;  the  inner  bal- 
anced valves  control  by  their  degree  of  opening  the  amount 
of  discharge  of  service  water.  The  two  sluice  passages 
have  each  two  slide  gates  3  ft.  11  in.  by  5  ft.  placed  in 
tandem,  2-5  ft.  between  the  faces  of  the  gates.  The  con- 
duit is  formed  in  cast  iron  to  a  point  of  12  ft.  2  in.  below 
the  face  of  the  downstream  gate  and  then  presents  con- 
irete  surfaces.  In  the  case  of  the  sluice  passage  the  down- 
-tream  gates  are  the  emergency  gates  (always  wide  open 
■  r  fully  closed),  and  control  is  had  by  means  of  the  iip- 
-treani  gates.  Thus  the  jet  from  under  the  controlling 
_'ate  has  to  pass  37  ft.  2  in.  of  cast-iron  lining  before 
'  ntering  the  concrete  pas.sage,  and  less  harm  is  expected 
'•>  the  pas.sage  by  having  the  upper  gate  control  the  jet. 
I'ach  penstock  ha.s  one  slide  gate  3  ft.  11  in.  by  5  ft.; 
ind  at  the  downstream  end  of  the  cast-iron  conduit, 
vvhicli  here  has  assumed  a  circular  section  and  is  24  ft. 
from  the  face  of  the  gate,  it  is  closed  at  ])rescnt  by  a 
bumped  head.  When,  in  the  future,  the.se  penstocks  are 
onnectcd  with  a  power  plant,  this  head  will  be  replaced 
tiy  a  spigot  end  of  5-ft.  pipe  with  lead  joint  designed  for 
internal  calking.  The  lead-jointed  pipe  will  be  continued 
to  the  power  plant  (inside  calking  inside  the  dam  body), 
iiid  the  penstock  will  there  receive  its  second  gate. 

Besides  the  two  means  of  closing  any  of  the  twelve  pa.s- 
.'ges  through  the  dam,  there  is  a  third  means  provided 
II  the  form  of  a  steel  shutter,  built  up  of  a  %-iii.  plate, 
l-lieanis,  etc.,  which  may  be  let  down  from  tin-  lop  of  the 
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dam  over  any  one  of  the  twelve  entrance  castings  of  the 
3  ft.  ]  1  in.  by  5  ft.  or  3  ft.  1 1  in.  by  7  ft.  6  in.  slide  gates. 
The  entrance  opening  of  all  these  twelve  castings  is  the 
same,  5  ft.  5  in.  by  8  ft.  8  in.,  so  that  the  same  shutter  of 
6  ft.  5  in.  by  10.  ft.  6  in.  can  be  used  to  cover  any  open- 
ing. There  are  seven  shutter  chutes  provided,  reaching 
from  the  top  of  the  dam  to  the  face  of  the  entrance  cast- 
ing, one  chute  for  each  of  the  sluice  passages  and  one 
chute  for  each  pair  of  penstocks  or  .service  passages  that 
lie  in  one  vertical  plane.  The  shutter  is  let  down  through 
these  chutes  by  means  of  a  shutter  winch,  motor- 
operated  and  on  wheels,  so  as  to  be  easily  movable  from 


Por+       Eleva+ior-i 
Fir,     1.    PLAN  AND   ELEVATION   OP   PART   OP   ELEPHANT 
BUTTE    DAM,    SHOWING    OUTLET   CONDUITS 

one  chute  to  another.  The  chutes  are  inclosed  passages 
near  the  dam  face  and  therefore  cannot  be  obstructed  by 
drift.  Of  course,  the  use  of  the  shutter  for  the  closure 
of  a  passage  is  possible  only  if  one  of  the  gates  of  such 
passage  can  be  closed  (likewise  one  gate  of  that  passage 
over  which  the  shutter  may  iiave  to  ])ass  in  order  to  reach 
a  lower  pas.sage  to  be  clo.scd).  The  shutter  is  a  means  to 
make  inspection  and  repair  of  any  of  the  upstream  gates 
possil)le  at  any  time.  The  hydrograpliic  conditions  that 
control  the  o|ieration  of  the  reservoir  are  such  that  it  can- 
not be  expeitcd  that  any  of  the  upstream  gales  will  be- 
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come  accessible  by  virtue  of  lower  -svater  level  in  the 
reservoir. 

Be.'iicles  the  twelve  passages  through  the  dam  above 
spoken  of,  there  is  a  thirteenth,  a  15-in.  diameter  jjen- 
stock  starting  inside  the  entrance  casting  of  penstock 
No.  6  and  supplying  the  energy  for  a  small  power  plant, 
placed  on  the  toe  of  the  dam,  which  plant  serves  the  local 
requirements  of  the  dam  and  of  its  attendants  as  to  light 
and  power. 

The  reservoir  carries  a  considerable  amount  of  drift 
that  would  be  a  menace  in  the  penstocks  and  also  in  the 
balance  valves.  For  this  reason  a  straining  structure  of 
reinforced  concrete  is  arranged,  the  lower  part  of  which 
expands  horizontally  to  cover  all  entrances  and  extends 
to  58  ft.  above  the  river  bed.  It  holds  back  the  debris  by 
permitting  entrance  to  the  tower  only  throiigh  a  large 
number  of  slots  of  3-in.  width.  Above  this  lower  part 
the  structure  continues  as  a  tower  of  12  ft.  G  in.  by  26  ft. 


the  reservoir  level  (to  about  45  ft.  below  the  spillway). 
As  a  matter  of  fact,  the  maximum  functional  head  of  the 
upper  valve  is  made  somewhat  smaller  than  that  of  the 
lower  valves,  because  the  upper  gates  will  have  to  pass 
more  water  under  their  maximum  head  than  the  lower 
valves.  After  the  reservoir  level  has  dropped  to  about  100 
ft.  below  the  spillway,  the  two  lower  balanced  valves,  wide 
open,  will  not  be  able  to  discharge  2,400  sec. -ft.,  and  then 
one  sluice  gate  may  be  opened  wide  (72  ft.  static  head) 
and  the  deficiency  supplied  by  control  of  the  balanced 
valve.  Finally,  both  sluice  gates  are  opened  wide,  and  a 
balanced  valve  controls  the  deficiency.  Such  disposition 
is  of  course  much  preferable  to  the  one  where  the  needle 
valve  is  wide  open  and  the  partial  opening  is  made  with 
the  sluice  gate,  the  advantage  of  the  former  being  due 
to  the  solid  jet  from  the  needle  valve  for  any  opening  and 
the  absence  of  metallic  vibrations  such  as  may  occur  at 
the  lower  end  of  the  partly  open  sluice-gate  leaf. 


Seo+ion     A-A 


No.l    No.E        _ 
S/uice  '^ 

Sec+ior-i      B-B  Seo+ion       C-C 

FIG.  2.  DETAILS  OF  OUTLETS  OF  ELEPHANT  BUTTE  DAM 


4  in.  to  a  point  153  ft.  above  the  river  bed,  being  built 
parallel  with  and  against  the  water  face  of  the  dam, 
which  at  this  place  has  an  incline  of  1  to  12.  The  slots 
of  this  tower  are  AY^  in-  wide.  Tlie  great  height  of  the 
straining  tower  was  conditioned  by  the  absence  of  any 
relation  lietween  the  irrigation  ])eriod  and  the  location  of 
water  levels  in  tiie  reservoir  and  the  duration  of  such 
locations. 

The  service  of  irrigation  water  through  the  dam  was 
assumed  as  2,400  sec.-ft.  to  be  furni.shed  in  part  through 
the  penstocks  after  the  installation  of  the  power  plant. 
Until  then  the  service  and  sluice  gates  must  furnish  this 
amount.  The  two  levels  of  the  four  service  gates  are  so 
arranged  that  the  maximum  functional  head  of  the  upper 
balanced  valves  (the  static  head  of  the  spillway  level 
plus  the  suction  head  at  the  point  of  issue  of  the  jet)  is 
about  equal  to  the  maximum  functional  head  of  the  lower 
balanced  valves  obtaining  when  these  latter  must  be  jnit 
to  u.sc  because  the  u])per  valves,  wide  open,  cannot  furnish 
the  required  2,100  scc.-ft.  on  arcount  of  the  lowering  of 


A  5-in.  diameter  bypass  connection  is  provided  for  the 
upstream  and  for  the  downstream  sluice  gates  and  a  6-in. 
bypass  for  the  slide  gates  of  the  service  wells.  A  bypasj^ 
for  the  penstock  gates  will  be  arranged  later,  at  the  toe 
of  the  dam,  making  a  connection  from  the  15-in.  penstock 
to  all  of  the  5-ft.  diameter  penstocks.  Thus  all  the  slide 
gates  can  be  relieved  from  pre.s.surc,  which  is  of  importance 
when  it  comes  to  open  a  gate  under  a  heavy  head  after 
it  has  been  closed  for  a  long  time  and  become  "frozen" 
to  its  seat.  Of  course,  any  of  the  slide  gates  may  in  an 
emergency  have  to  be  closed  under  full  head,  but  to  clow 
a  slide  gate  under  high  head  requires  less  force  than  to 
open  it  under  the  same  head,  especially  if  it  had  been 
closed  for  a  long  period. 

As  stated  above,  the  passages  of  the  needle  valves  as 
well  as  the  sluice  passages  will  serve  for  irrigation  water. 
These  six  passages  converge  toward  a  pool  at  tiie  toe  of  tlie 
dam  which  is  provided  with  heavy  curved  concrete  floor 
and  sides  so  as  to  prevent  attack  on  the  river  l)ed  on  the 
jiart  of  the  issuing  Jets.     The  convergence  of  these  six 
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passages  required  curvatures  of  the  passages  in  their  verti- 
cal planes,  and  these  curvatures  were  made  so  that  the 
jet  under  maxinmm  possible  head  will  hug  the  bottom  of 
the  passage. 

A  generous  supply  of  air  under  atmospheric  pressure 
to  the  point  of  issue  of  the  jet  from  a  slide  gate  or  needle 
vahc  under  high  head  is  of  importance,  especially  for 
partial  openings  of  these  gates  or  valves.  Such  air  supply 
will  reduce  or  destroy  the  partial  vacuum  created  by  the 
jet  and  thereby  will  reduce  vibrations,  will  make  the  jet 
more  steady  and  prevent  the  detonations  that  may  be  oc- 
casioned by  the  entrapping  of  air  by  the  jet  and  its  subse- 
quent release  from  under  pressure  into  a  partial  vacuum. 
For  this  purpose  the  gates  that  will  work  with  partial 
opening — the  upstream  sluice  gates  and  the  needle 
valves — were  provided  with  air  inlets  just  below  the  seat 
of  these  gates  or  valves.  Each  upstream  sluice  gate  has 
four  314-in.  diameter  pipes  terminating  in  the  roof  of  the 
passage  just  beyond  the  face  of  the  gate,  and  these  pipes 
run  into  a  manifold  with  I'-in.  diameter  pipe  connection. 
The  needle  valves  have  each  a  12-iu.  diameter  air  con- 
nection. 

The  air  is  brought  to  annular  conduit  surrounding 
the  liner  of  the  o-ft.  diameter  passage  near  the  plane 
of  maximum  contraction  of  the  jet,  and  from  this  an- 
nular conduit  the  air  runs  to  the  jet  through  a  large 
number  of  holes  in  the  liner.  A  larger  air  inlet,  serving 
likewise  as  a  manhole,  is  provided  on  top  of  the  5-ft. 
diameter  passage  about  16  ft.  downstream  from  the  seat  of 
the  needle  valve. 

All  gates  and  valves  are  operated  from  chambers  inside 
the  dam  body.  The  chambers  of  the  same  battery  of  gates 
are  interconnected,  but  the  chambers  of  different  batter- 
ies, as  a  rule,  are  not.  This  is  done  to  prevent  flooding  of 
the  chambers  of  one  gate  system  by  a  possible  accident 
in  a  chamber  of  another  gate  .system.  Thus  the  chambers 
of  the  penstocks  are  interconnected,  and  they  have  their 
individual  gallery  of  access   (A),  .shown  in  Fig.  2. 

The  chambers  of  tlie  two  upstream  sluice  gates  are 
interconnected  (al.so  shown  in  Fig.  2),  as  are  those  of 
the  downstream  sluice  gates,  but  each  system  has  its  own 
gallerj' — gallery  B  for  the  former,  the  drainage  gallery 
of  the  dam  for  the  latter — and  one  gallery  cannot  be 
flooded  from  the  other.  The  lower  needle-valve  chambers 
are  nearly  on  a  level  with  the  floor  of  gallery  C.  This 
gallery  has  a  riser  to  the  chambers  of  the  upper  needle 
valves.  The  four  chambers  of  the  needle  valves — being 
the  valves  that  need  most  frequent  attention — and  gallery 
C  can  also  he  reached  from  the  top  of  the  dam  through  a 
vertical  elevator  .shaft.  This  elevator  will  be  used  by  the 
attendants  of  the  power  house  on  their  way  to  and  from 
their  dwellings  on  the  hill  above  the  dam.  The  slide  gates 
of  the  service  well  are  accessible  from  the  same  gallery 
B  that  connects  with  the  chambers  of  the  upstream  sluice 
gates. 

The  numerous  passages,  chambers  and  galleries  in  the 
body  of  the  dam  required  an  addition  to  the  upstream  and 
'lownstream  faces  of  the  dam  throughout  the  i)lock  in 

lii<h  they  occur.  These  additions  are  made  large  enough 
M  that  the  critical  stresses  in  the  dam  body  are  not  larger 
here  than  elsewhere. 

The  Elephant  Butte  Dam  has  been  referred  to  in  sev- 
eral articles  in  Enf/ineerinf/  News  as  the  storage  dam  of 
the  Rio  Grande  Project,  United  States  Reclamation  Serv- 
i'o,  A.   I'.  Davis,  Chief  Engineer,  L.  C.  Hill  was  super- 


vising engineer  and  later  consulting  engineer,  E.  II. 
Baldwin,  succeeded  by  L.  J.  Charles,  was  the  construction 
engineer.  The  writer  designed  the  outlet  control  system 
and  Kates. 


The  municipal  water-works  system  at  Siou.x  City,  Iowa, 
includes  a  booster  pumping  plant  for  .serving  the  suburban 
district  of  Morningside,  and  this  plant  is  to  be  enlarged 
after  five  years'  successful  operation.  The  district  has  a 
10-in.  main  with  G-in.  branches.  The  elevation  of  the 
district  is  164  to  170  ft.  above  datum,  while  that  of  the 
city  reservoirs  is  26-1  ft.,  and  recording  gages  on  the  hy- 
drants showed  pressures  of  only  22  to  31  lb.  To  give  an 
adequate  fire  pressure  it  was  proposed  to  build  a  pumping 
station  between  the  city  f)roper  and  the  suburb,  delivering 
water  to  a  standpipe  120  ft.  above  the  highest  point  of  the 
latter,  or  about  270  ft.  above  datum.  However,  the  cost 
of  this  was  prohibitive. 

The  plan  adopted  was  to  build  a  substation  at  a  point 
115  ft.  above  datum,  where  the  static  pressure  is  50  lb., 
and  to  install  three  two-stage  centrifugal  pumps.  Each 
of  these  has  a  capacity  of  370  gal.  per  min.  when  pumping 
against  a  head  of  215  ft.,  and  when  they  are  drawing  at 
the  rate  of  1,000,000  gal.  per  day  the  pressure  in  the  suc- 
tion main  will  not  fall  below  15  lb.  Each  is  driven  by  a 
40-hp.  500-volt  electric  motor,  running  at  1,200  r.p.ni. 
One  pump  is  used  as  a  relay  and  is  operated  only  in  case 
of  a  large  lire. 

The  pumps  deliver  the  water  into  a  header  connected 
to  a  steel  compression  tank  6x23  ft.  This  is  provided  with 
a  small  motor-driven  air  compressor,  which  keeps  the  tank 
more  than  half  full  of  compressed  air,  forming  an  expan- 
sive cushion  which  maintains  the  water  pressure  between 
the  time  of  stopping  and  starting  the  pumps.  An  electric 
regulator  starts  them  automatically  when  the  pressure 
falls  below  50  lb.,  and  stops  them  when  the  pressure 
reaches  100  11).  A  new  12-in.  supply  main  has  been  laid 
recently  to  this  booster  station. 

Water  is  pumped  through  the  10-in.  discharge  main  for 
a  distance  of  3i/^  mi.  Pressure  tests  at  hydrants  about  1 
mi.  distant  (using  four  streams  from  2V2-i"-  hvdranl  con- 
nection and  1-in.  nozzles)  showed  65  to  75  lb.  pressure  at 
the  nozzle,  with  vertical  streams  thrown  to  a  height  of 
84  to  90  ft. 

The  mechanical  efficiency  of  the  pumps  was  75%  at  the 
time  of  installation.  Current  is  taken  from  the  lines  of 
the  Sioux  City  Gas  and  Electric  Co.  and  the  Sioux  City 
Service  Co.,  connections  being  so  arranged  as  to  prevent 
loss  of  power  in  ca.se  of  accident  to  either  line.  It  is  fur- 
nished at  the  flat  rate  of  2c.  per  kw.-hr.  The  average 
monthly  consumption  is  3,000  to  3,150  kw.-hr.,  with  bills 
ranging  from  $42  to  $64  per  month.  The  booster  station 
now  furnishes  water  to  1,980  service  taps  in  the  sul)urban 
district. 

This  plant  was  designed  by  F.  W.  Cappclen,  consulting 
engineer,  of  Minneaj)olis,  Minn.  Plans  for  its  enlarge- 
ment, along  the  lines  of  the  original  installation,  have  been 
ordered  by  J.  M.  Lewis,  Commissioner  of  Parks  and  Pub- 
lic Property,  who  described  the  system  in  a  jiaper  presented 
at  the  recent  meeting  of  the  Iowa  and  Illinois  Sections 
of  the  American  Water-Works  Association,  at  Davenport, 
Iowa. 
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^miaimce  of  Macadle^sm  R©s\( 


By  Tiieron  ^r.  Ripley' 


SYNOPSIS — A  gumiiiary  of  ixpcncncc  on  Divi- 
sion No.  S,  New  York  State  highways,  with 
recommendations  for  practice  based  on,  this  ex- 
perience; a  detailed  de-scripti-on  of  procedure. 

Aside  from  the  interest  that  highway  engineers  have 
in  the  use  of  bituminous  oils'  on  roads,  every  automobilist 
has  a  more  or  less  personal  interest  too.  Probably  no 
other  portion  of  highway  construction  or  maintenance 
has  so  many  disrespectful  things  said  about  it.  It  dirties 
the  car,  and  father  and  son  lose  their  temper.  It  spots 
mother's  new  veil  and  sister's  white  hat,  and  they,  also, 
become  peevish. 

Cold  oiling  to  a  macadam  road  is  what  the  bath  is 
to  the  small  boy.  He  may  not  like  i1.  but  it  is  good  for 
him;  and  no  substitute  has  been  found.  The  period  of 
bad  traveling,  over  any  particular  piece  of  oiled  road, 
shoidd  not  exceed  one  week  during  the  months  of  July 
and  August,  and  frequently  it  is  less. 

Two  General  Classes  of  JIacadam  To  Be  Maintaixed 
The  macadam  roads  of  New  York  Sttite  are  of  two 
general  classes — waterbomid  and  bitmninous-bound  (pene- 
tration method).  Both  need  constant  maintenance,  and 
a  light  application  of  bituminous  oil,  so  far  as  shown, 
is  the  best  "life-saver." 

Waterbound  roads,  subject  to  horse-drawn  traffic  of 
medium  weight,  have  remained  in  fair  condition  for  a 
number  of  years  with  little  or  no  maintenance — so  it 
is  said.  Under  a  traffic  consisting  of  horse-drawn  and 
motor-driven  vehicles  it  is  known  that  many  waterbound 
roads  rapidly  go  to  pieces. 


This  can  be  readily  accounted  for  as  the  horse-drawn 
traffic  loosens  the  top  stone,  the  motor  traffic  raises  tht 
loosened  binder,  and  the  wind  floats  it  into  the  adjaceni 
fields.  Further,  a  heavy,  fast-moving  motor  vehicle  not 
only  displaces  the  loosened  stones,  but  frequently  thrown 
them  from  the  roadway. 

Dust  spells  deterioration.  The  principal  function  ol 
the  fir.st  application  of  cold  tar  to  a  waterbound  road  i> 
as  a  dust  layer.     The  dust  or  binder  remaining  in  plact 


FIG.     1.      MOTOR    TRUCK     DISTRIBUTOR     FOR     COLD    Oil 
USED  BY  JEFFERSON  COUNTY 

assures  the  stability  of  the  top  stone,  and  the  road  the: 
wears  out  only  by  the  actual  grinding  away  of  the  roa 


Gtal. 


Some  Specific  Examples 


'The  word  oil  is  used  throughout  the  text  to  denote 
bituminous  materials  in  liquid  form,  although  tliey  are  not 
oils  in  any  true   S'^nse. 


For  example,  take  three  roads,  one  built  in  li)l  1,  tw 
in    1914-15 — call  them  roads   Nos.   1,  2  and  3.     N'o. 
was  built  by  a  firm  from  eastern  New  York;  No.  2  wn 
built  bv  a  firm  f  I'om  New  England :  No.  3  was  built  b 


.1 


FIG.  2.  SPREADING  1-IN.  STONE  AFTER  THE  FIRST 
POUR 
Note  the  rut  made  by  the  wheels  of  the  distributor  in 
the  center  of  the  road.  This  rut  requires  careful  manip- 
ulation of  the  roller  to  obtain  a  smooth  road.  Owing  to 
this  condition,  contractors  are  advised  against  using  this 
type  of  distributor  for  the  application  of  binder  for 
penetration 


Fin.  3.  "MON.VRCH"  DTSTKIP.T'TOR  HAULED  BY  ROLLER. 
MAKING  FIRST  POUR 
It  is  necessary  to  go  over  the  road  twice  in  order  to 
secure  the  necessary  amount  of  material  for  the  first 
application.  The  machine  is  delivering  about  0.1  pal.  per 
sq  yd  per  pour.  After  the  flr-t  pour  .iust  enough  1-in. 
stone  arc  spread  to  prevent  tli''  wheels  sticking  during 
the  next  pour 
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FIG.    4.    BATTERY    OF    100-GAL.    HEATING  FIG.   5.    TRANSFERRING  HEATED  ASPHALT  FROM 

TANKS  THE   HEATER   TO   DISTRIBUTOR 

In    these    pictures    of    heater   and    distributor    it    must    be  borne  in   mind  that  we  have  used  the  equipment  at  hand  and 
not  that  it  is  necessarily  the  most  economical.     An  economical  equipment    for    this    class    of    work    would    ^      '  '       * 

tanks  and  a  different  type  of  distributor  which  would  require  but   one   pouring    for   an   application    of   an; 


a  firm  from  the  western  part  of  New  York.     All  were 
firms  that  had  built  earlier  roads. 

The  results  were:  Road  No.  1  was  in  fine  condition 
in  the  fall  of  19U  and  early  sprins:  of  1915;  it  be<jan 
to  ravel  in  May,  1915.  Of  road  No.  2,  the  part  built 
in  1914  was  in  fine  shape  until  early  June,  1915,  when 
it  began  to  ravel  in  small  spots.  Of  road  No.  3,  the 
part  built  in  1914  was  in  fine  shape  until  the  early 
summer  of  1915,  when  it  began  to  ravel. 

Road  No.  1  was  granite  with  limestone  screenings  for 
l)inder.  Roads  Nos.  2  and  3  were  all  limestone.  From 
the  foregoing  it  will  be  recognized  that  the  roads  all 
liegan  to  ravel  about  as  soon  as  they  dried  out  after 
the  spring  rains.  They  all  became  dusty,  particularly 
Xos.  2  and  3. 

The  traveling  public  did  not  hesitate  to  write  the  state 
highway  commissioner  or  personally  tell  the  division 
eiigineor  how  miserable  these  roads  were,  how  incompetent 
the  State  ITighway  Department  employees  were,  or  what 
a  crime  it  was  to  waste  the  state's  money  in  building 
such  roads.  So  discriminating  has  become  the  road  user 
that  dusty  roads,  however  smooth,  are  no  longer  fit  to 
ride  over  (provided  they  have  been  built  by  the  state). 

Since  the  first  application  of  cold  tar  to  these  roads — 
and  Nos.  2  and  3  received  an  oiling  as  soon  as  they 
were  turned  over  to  the  maintenance  department — no 
word  of  complaint  has  been  registered.  What  is  now 
being  offered  is  advice  as  how  best  to  aj)ply  the  oil  and 
cover. 

How,  When  and  Why  To  Apply  Oil 

A  cold-tar  application  on  waterbound  roads  should  be 
made  annually  until  a  thin  bituminous  mat  has  been 
formed  upon  that  portion  of  the  road  taking  the  most 
of  the  wheel  impact.  Upon  roads  having  an  exceptionally 
dense  and  large  proportion  of  pneumatic-tired  trallic  this 
mat  may  extend  over  practically  the  entire  width  cif  the 
road  r.fter  the  first  or  sc<ond  application,  but  on  the 
large  majority  of  roads  it  will  i)e  impossible  to  obbiin 
this  mat  over  the  crown  and  along  the  edges  until  after 
at  li'ast  two  and  probably  three  applications.  This  usual 
condition  is  due  to  the  cutting  of  the  mat  by  horseshoes 
and  the  lack  of  sufficient  "ironing"  by  the  softer  tires 
to  keep  it  bound  togethi.'r. 


The  bituminous  roads  do  not,  usually,  need  a  cold-oil 
treatment  until  after  at  least  one  year's  use.  But  the 
mistake,  frequently  made  in  the  past,  was  to  wait  too 
long  before  making  the  first  application.  This  applica- 
tion should  be  made  as  soon  as  the  stones  are  so  much 
exposed  that  the  road  can  be  called  toothy  or  chattery; 
and  it  must  not  be  too  chattery,  for  you  will  either  wonder 
later  where  your  cold-oil  application  went  to,  or  be 
forced  into  using  a  heavier  asphalt  or  tar  binder  with 
correspondingly  heavier  cover,  the  limit  of  which  is  hot 
oiling. 

Some  years  ago  it  was  a  statement  of  derision  and 
contumely  to  say,  "You  are  building  these  roads  for  the 
automobile  owner,"  and  arguments  were  strenuously 
advanced  to  combat  that  statement.  Today  it  is  ad- 
mitted that  the  roads  are  being  built  for  the  motor-car 
owner;   for   the   automobile,   truck   and   motor   cycle. 

During  the  period  of  time  when  the  road  is  undesirable 
because  of  the  cold-oil  application,  the  interests  of  the 
Highway  Department,  as  the  road  maintenance  force,  and 
the  interests  of  the  automobilist  clash.  This  clash  is 
unavoidable  unless  more  money  is  spent  to  achieve  the 
same  results;  namely,  more  cover  must  be  used  in  order 
to  practically  smother  or  entirely  blot  the  bituminous 
application  and  thus  prevent  it  from  sticking  to  the  car 
or  being  spattered  on  the  occupants. 

The  Pkocess  ok  Oiling  DE.scniBED  in  Det.ml 

The  process  of  cold  oiling  is  very  simple  and  consists 
of  four  main  operations:  (1)  The  ])atching  of  the  road  ; 
(2)  the  sweeping  of  the  i-oad  ;  (3)  the  furnishing  and 
applying  of  tlie  oil;  (1)  the  furnishing  and  applying  of 
the  cover. 

"Patching  should  always  be  done  by  the  departmental 
forces  unless  some  unusual  conditions  permit  a  cost-])lus- 
percentage  contra<-t.  No  lump-sum  or  unit-price  i)iil  can 
ix'  intelligently  made  or  will  be  failhfiilly  cxcculcd  on 
this  class  of  work. 

The  last  three  operalions  can  be  done  under  contract, 
although  departmental  forces,  with  the  ncH'cs.sary  equip- 
ment and  one  .season's  jiractice,  can  save  the  bulk  of  the 
contrai't  profit,  cover  only  what  is  needed  and  so  conduct 
the  work  as  best   to  fit  the   road  and  traffic  conditions. 
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Swccpin,','-  l>itimiiiK)Us  roads  is  frequently  a  joke  and 
sonietiiiies  a  eaianiity.  This  type  of  road  is  often  as  clean 
as  wind  and  rain  can  make  it,  with  the  exception  of 
a  few  inches  on  the  edges.  When  sweeping  is  necessary, 
it  is  done  usually  with  a  horse-drawn  machine,  and  it 
never  should  delay  the  work;  moreover,  the  road  must 
not  be  swept  too  far  ahead  of  the  oiling,  as  dirt  from 
connecting  roads,  fields,  etc.,  is  constantly  being  brought 
upon  the  macadam.  A  few  hand  brooms  should  always 
be  kept  with  the  oiling  gang  in  order  that  horse  drop- 
pings, material  missed  by  the  sweeper,  etc.,  can  be 
removed. 

The  cold  oil  is  usually  shipped  to  the  nearest  railroad 
siding  in  tank-cars,  thence  pumped  into  the  oiler  or 
supply  tanks  and  hauled  to  the  site  of  the  work.  In 
some  cases  of  long  haul,  small  amount  of  oil  and  in- 
adequate equipment,  it  is  cheaper  to  purchase  and  deliver 
the  material  at  the  work,  in  barrels. 

The  value  of  the  Tise  of  supply  tanks  for  transporting 
the  oil  from  the  railroad  to  the  work  can  only  be 
determined  for  each  individual  case,  as  it  depends  upon 
the  haul  and  the  class  of  equipment.  The  use  of  supply 
tanks  adds  the  cost  of  another  pumping  and  the  tying-up 
of  more  equipment,  if  anything  goes  wrong  with  the 
organization;  nevertheless,  with  horse-drawn  oilers  or 
distributors  the  supply  tanks  are  necessary  for  economy 
on  hauls  of  more  than  3  mi. 

With  this  class  of  equipment  the  pumping  of  the  oil 
is  done  bv  hand,  using  a  heavy  barreled  boat  pump  and 
trough.  With  motor-distributor  equipment  upon  which 
is  mounted  a  power  pump  for  transferring  the  material, 
much  longer  hauls  can  be  made,  and  in  the  majority 
of  cases  the  supply-tank  equipment  can  be  dispensed  with. 

Practically  all  the  applications  made  on  this  division 
are  within  the  range  of  %  to  %  Sal-  per  sq.yd.  of 
macadam ;  and  the  majority  are  between  the  limits  of 
0.2  and  0.25  gal.  per  sq.yd.  The  oil  is  delivered  from 
the  distributor  to  the  road  under  pressure  through  nozzles 
set  into  a  horizontal  pipe  at  the  rear  of  the  distributor. 
The  pressure  is  provided  by  a  pump  built  into  or  set  upon 
the  frame  of  the  distributor  for  that  purpose.  The 
amount  of  material  spread  is  varied  by  regulating  the 
pump,  changing  the  nozzles,  changing  the  speed  of  the 
nuichine  (horses  or  motor)  or  by  any  combination  of  the 
three. 

The  lighter  applications  are  used  upon  bituminous 
roads  in  good  condition  and  the  heavier  ajiplications  upon 
new  waterbound  macadam  or  macadam  in  poor  condi- 
tion— poor  condition  comparatively. 

CoVEIiING     A     Vo\A)-()ll,     AlM-LlCATION 

Immediately  after  the  application  of  the  bituminous 
material  it  should  have  a  covering,  as  thin  as  it  is  possible 
to  spread  and  cover  the  oil.  Depending  upon  the  weather, 
the  character  of  the  road,  the  oil  and  the  length  of  the 
work,  one  or  more  men  must  be  continually  "touching 
up"  with  more  cover  the  places  that  "bleed  through." 
Each  new  application  of  covering  material  should  bo 
made  as  thin  as  possible  in  order  that  the  amount  used 
be  a  minimum,  and  that  the  road  proper  may  ab.sorh 
a  maximum  amount  of  the  oil. 

If  clean,  small  stone  are  used  I'or  the  first  cover,  sand, 
iron-ore  tailings  or  even  sandy  loam  in  small  quantities 
should  be  used  as  a  second  light-cover  material.  Small 
stone  used  without  finer  material  is  a  perfect  nuisance 
to  automobile  travel,   being  readily   picked   up   by   the 


tii-es,  particularly  if  tiiey  are  of  the  non-skid  type.  To 
bury  the  oil  with  clean  stone  so  deep  that  traffic  will 
not  be  unduly  inconvenienced  requires  an  excess  of  cover, 
and  a  large  amount  is  eventually  of  no  account  as  a 
wearing  coat.  The  binder  is  too  light  (thin)  to  hold  it 
in  place. 

The  instructions  should  be :  Put  the  cover  on  uniform- 
ly, as  thin  as  possible,  and  often  enough  so  that  the  road 
does  not  look  greasy.  Because  an  automobile  traveling 
85  or  more  miles  per  hour  picks  up  some  of  the  mat 
is  no  reason  why  more  cover  should  be  used,  but  it  is  a 
reason  why  the  motor  speeds  should  be  reduced. 

How  AND  WiiEy  To  Do  Hot  Oilixg 

As  carried  on  in  this  division,  hot  oiling  is  a  proces.< 
between  cold  oiling  and  resurfacing.  The  surfacing 
materials  are  greater  in  volume  or  size,  or  both,  and  the 
laljor  and  machinery  equipment  more  extensive  than  for 
cold  oiling.  Hot  oiling  is  resorted  to  when  the  top  course 
of  the  road  is  pitted  or  rutted,  beyond  repair  by  cold 
oiling,  but  when  it  is  of  sufficient  thickness  so  that  re- 
surfacing is  not  required. 

In  general,  the  sequence  of  operations  is  as  follows; 
Patching  and  shaping;  cleaning  (sweeping?)  ;  furnishing 
and  making  the  first  application  of  oil ;  furnishing,  apply- 
ing and  rolling  the  Xo.  2  stone  (1-in.  stone)  ;  furni.shing, 
heating  and  applying  the  second  application  of  oil: 
furnishing,  applying  and  rolling  the  Xo.  1  stone  (^I'-in. 
stone). 

After  the  material  is  delivered  along  the  road  the 
equipment  ordinarily  required  is :  One  horse-drawn 
sweeper;  one-half  dozen  rattan  or  wire  push  brooms; 
two  or  more  heating  kettles  (250-gal.)  ;  one  distributor 
with  pump  (same  machine  as  used  for  cold  oiling)  ;  one 
roller  (8-  to  10-ton)  ;  two  or  three  hand  pouring  pots; 
shovels,  picks  and  other  small  tools. 

From  0.4  to  0.6  gal.  per  sq.yd.  is  applied  at  a  tempera- 
ture of  about  250°  F.  to  the  old  road,  after  it  has  been 
cleaned  and  patched.  Patching  also  must  include  any 
small  amount  of  reshaping  necessary,  for  it  is  a  doubt- 
ful proceeding  to  attempt  to  shape  the  road  or  remove 
any  irregularities,  except  of  minor  degree,  with  the  hot 
oil  and  its  cover.  The  more  regular  or  better  shaped 
the  road  surface  prior  to  the  application,  the  better  the 
finished  job. 

Immediatclv  after  the  first  ap])lication  of  oil  the  1-iii- 
stone  is  spread  so  as  to  have,  as  nearly  as  possible,  but 
one  thickness  of  stone  on  the  oil.  The  oil  should  be 
covered,  but  the  stone  should  not  be  piled  upon  eacl' 
other.  The  roller  is  passed  over  the  newly  spread  stone 
until  the  latter  is  crowded  together,  pushed  down  into 
the  oil  and  the  surface  has  a  generally  smooth  appearance. 
If  the  stone  is  brittle,  or  softer  than  desirable,  care 
must  be  taken  not  to  over-roll  and  thus  preclude  the 
penetration  of  the  second  pour. 

The  second,  or  squeegee,  pour  is  then  made  (0.3  to  0.1 
gal.  per  sq.yd.)  and  the  l/o-in.  stone  sprc^ad  upon  it- 
The  spreading  of  this  cover  or  wearing  course  should 
be  made  as  was  the  former — namely,  thoroughly  to  cove' 
the  oil,  but  not  pile  up  the  material. 

The  rolling  of  the  wearing  course  can  pi-oceed  imme 
diately  if  the  weather  is  cool.  On  exceedingly  warm 
summer  davs  it  may  be  necessary  to  keep  the  rollor  oil 
this  course  for  several  hours.  After  the  oil  has  hardened 
sufficiently,   and   the   rolling  can   be  done,   it  should  be 
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continued  as  long  as  other  demands  upon  the  roller  will 
permit. 

Hot  Oiling  vs.  Cold  Oiling 

The  value  of  hot  oiling  and  the  advisability  of  doing 
it  are  debatable  questions  on  this  division.  Some  roads 
treated  in  this  manner  two  and  three  years  ago  are  in 
fine  shape;  some  are  in  miserable  condition  and  the 
despair  of  the  man  in  charge. 

The  kind  and  condition  of  the  original  surface,  the 
amount  of  oil  per  application,  the  character  of  the  stone 
used  and  the  ability  of  the  men  on  the  Job  all  are  factors 
of  what  may  be-  called  the  first  term.  The  factors  of 
the  second  term  are  the  kind  of  oil,  the  kind  and  amount 
of  traffic,  and  the  air  temperature.  Asphalts  are  more 
susceptible  to  temperature  changes  than  tars  and  have 
been  practically  abandoned  for  this  class  of  work  in  this 
'i  vision. 

If  the  application  forms  merely  a  blanket  upon  the  ohl 
road  with  practically  no  bond,  it  will  move  under  the 
traffic  when  such  traffic  is  heavy  enough  or  when  the 
•emperature  is  sufficient  to  soften  the  oil,  or  both. 

In  considering  the  two  types  of  maintenance  work  as 
jutlined  in  the  foregoing  it  must  be  borne  in  mind  that 
in  general  they  are  distinctive  not  only  as  to  method  of 
application,  but  also  as  to  function.  Ija  considering  tlie 
costs  of  this  work  it  must  be  further  realized  that  one 
method  can  and  is  frequently  shaded  into  the  other. 
<uch  shading  can  be  intelligently  done  only  on  a  basis 
f  experience. 

In  the  costs,  following,  only  the  types  as  di.stinctive 
will  be  considered — namely,  cold  oiling  with  light  cover 
I  lid  hot  oiling  with  heavier  cover.  The  shadings  or 
_iadations  will  be  neglected. 

Cost  D.\ta  on  Hot-  and  Cold-Oil  Applications 

Labor  is  in  general  the  .same  over  the  entire  State  of 
Xew  York.  The  prices  of  asphalts  and  tars  vary  only 
as  to  freight  rate ;  the  price  of  stone  and  fine  cover  as 
o  availability  of  supply — namely,  from  digging  it  out 
f  a  bank  along  the  road  to  purchasing  from  commercial 
organizations  and  payment  of  freight. and  haulage. 

Light  covering  material  can  be  obtained  iipon  only 
ibout  5%  of  the  total  mileage.  Therefore,  local  material 
in  be  disregarded  in  a  general  cost  statement.  There 
re  two  commercial  stone  quarries  in  the  divisional  area 
f  '(■,700  sq.mi.  Only  one  of  these  furnishes  material 
hat  can  be  used  liy  this  de])artment,  and  tiiat  one  is 
>n  a  branch  railroad. 
During  the  season  of  1915,  in  Division  3  there  was  cold 
iled,  240.15  mi.  of  macadam  road,  equal  to  1,!)C«!,102 
<|.vd.  of  metaled  surface.  This  amount  was  divided  as 
..  flows : 

TREATED  WITH   TAR 

, By  Contract v  By  Departmental  Forces 

, —  Amount — ,     Cost  per  ^Amount — ,  Cost  per 

Type                Miles     Sq.Y.i.        Sq.Yd.  MMes     Sfi.Yd.  Sti.Ycl. 

Waterbound    29.75      2:1K.-l!i.S      JO. 04907  6S.57      52S.'ilO  $0.01268 

I'-itumlnous.     18.18      107.643          .04824  32.16     270,995  .03754 

TREATED  WITH  ASPHALT 

•v.iterbound      8.62        60.660          .03756  5.82        29.938  .03716 

Kitumlnous.    75.55     647.390          .03857  0.80          7.470  .05055 

The  cost  of  tar  (cold  application)  f.o.b.  destination 
as  7c.  per  gal.  in  tank-cars.  The  cost  of  asphalt  f.o.b. 
Ifstination  was  3.8c.  per  gal.  in  tank-cars.  No  local 
material  was  u.sed  for  cover.  The  cost.s  for  contract  work 
lie  the  actual  final  estimates  and  do  not  include  the 
Irpartmental  in.spection.    The  costs  for  work  by  depart- 


mental forces  are  the  actual  payroll  vouchers  (includinj 
inspection)   and  do  not  include  machinery  depreciation. 

The  following  costs  by  departmental  forces  are  taken 
from  Jefferson  County  work  under  Arthur  G.  Brace, 
count}-  assistant,  for  the  reason  that  85.53  mi.,  equal 
to  704,504  sq.yd.,  was  done  in  that  county.  The  remain- 
ing work  was  in  widely  scattered  parts  of  the  division, 
where  most  of  the  work  was  done  under  contract  and 
where  the  equipment  was  more  nearly  incomplete.  In 
Jefferson  County  two  Packard  motor  trucks,  one  three- 
and  one  five-ton,  were  used  for  hauling  materials  and 
transporting  men  and  equipment,  thereby  facilitating 
the  work.  The  lighter  truck  was  the  more  efficient. 
Neither  cost,  as  shown,  includes  the  division-engineer  or 
Albany  otfice  charges. 

A  typical  cost  analysis  of  a  contract  job  (cold  applica- 
tion of  high-carbon  tar)  is  as  follows: 

Length   of   road — -miles  treated 14.77 

Width  of  road — feet  treated 16.0 

Area  of  surface- — sq.yd.  treated 136.360.0 

Average  haul  of  material — miles 6. J 

Bituminous  material — Kal.  per  sq.yd 0.J5 

Cover — lb.   per  sq.yd l*-0 

Cost  of  sweeping  and  furnishing  and  applying  oil 

and   cover   per  sq.yd $0.04816 

A  typical  cost  analysis  of  a  departmental-labor  job 
(cold  application  of  high-carbon  tar)   i.s  as  follows: 

Length  of  road — miles  treated 3.5 

Width  of  road— feet  treated 14-0 

Area  of  surface — sq  yd.  treated 26,940.0 

Average  haul  of  material — miles 6.0_ 

Bituminous   material — gal.   per  sq.yd 0.25 

Cover — lb.    per    sq.yd 140 

Cost  of  sweeping  and   furnishing  and  applying  oil 

and  cover  per  sq.yd $0.04005 

The  cost  of  hot  oiling  in  1915,  based  on  the  only  job 
done   (by  departmental  forces),  was  as  follows: 

Type  Miles  Sq.Yd.       Cost  per  Sq.Yd. 

Bituminous  macadam   1.6  11.260  $0.2387 

In  1914,  14.57  mi.  was  hot  oiled  by  two  different 
gangs   (departmental  labor)    as  follows: 

Type  Miles  Sq.Yd.       Cost  per  Sq.Yd. 

Waterbound    14.57  102.572.8  $0.2002 

A  detailed  statement  of  the  1915  hot-oil  job  is: 

Cost  of  1-ln.  stone  delivered  on  shoulders  of  road  ®  ") 

$2.50   per   cu.yd -,■••,•,• j ;    J-  $863.00 

Cost  of   ',4 -in.  stone  delivered  on  shoulders  of  road    ( 

igi    $2.50    per  cu.yd J 

Cost  of  high-carbon  tar  binder  f.o.b.  destination    @ 

$0.1075    per   gal 971.88 

Cost    of    unloading    and     hauling     high-carbon     tar 

binder — 4^    mi.— ff  $0.0087   per  gal 78.50 

Cost  of  patching  road,  heating  and  applying  tar  and 

applying  cover  ©■  $355.89  per  ml 569.56 

Cost  of  rolling   (rollerman  and   fuel) 112.00 

Depreciation  on  machinery  (20%   of  purchase  price)  93.00 

Total    cost    $2,687.94 

Number  of  sq.yd.  covered 1 1,260 

Cost    per    sq.yd $0.2387 


Hlglm-ny  ICnKlnerrM  i:npo|iiilnr  In  MiNHourl — Apropos  of 
Missouri  methods  of  handling  roadwork,  commented  on  In 
"Engineering  News,"  Oct.  19,  one  nnds  the  following  In  the 
"Ewing  (Mo.)  News"  of  Nov.  2:  It  Is  a  letter  to  the  editor 
from  one  of  his  Interested  readers:  "I  notice  In  the  last  Issue 
of  your  valuable  paper,  'To  abolish  the  ofllce  of  Highway 
Engineer  means  poor  roads.'  Now.  kind  friend,  a  great  many 
people  think  the  salary  of  Highway  Engineer  taken  from 
the  road  funds  materially  diminishes  tho  progress  of  thv 
roadwork.  The  salary  alone  would  work  many  miles  of  road 
Just  think!  Four  big  special  road  districts  In  tho  county 
and  they  ilo  their  own  work,  and' fully  half  of  the  remainder 
are  worked  by  donation.  Nfarly  nil  the  neighborhood  roads 
are  worked  by  donation,  and  lots  of  the  county-scat  roads 
get  largo  donations  by  the  farmers  and  also  by  the  towns- 
people. Now  why  pay  a  big  salary  to  anyone  to  ride  over 
the  roads  In  automobiles  and  dictate  to  people  how  to  do 
this  and  that,  when  the  average  road  overseer  knows  as 
much  or  more  than  tho  highway  man?  The  taxpaying  peo- 
ple are  beginning  to  realize  that  odlcorB'  salaries  are  the 
burden  of  taxation.  We  think  It  Is  time  to  cut  some  of  them 
out." 
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SYNOPSIS — In  this  hrush  and  stone  mattress 
construction  tlie  stone  is  held  in  place  between  two 
layers  of  wire  mesh  connected  by  tie  wires.  It 
has  been  used  successfully  in  emergency  work. 

To  protect  its  right-of-way  against  erosion  by  the 
Missoiiri  Kiver,  the  Wabash  R.E.  during  the  past  year 
has  developed  a  type  of  mattress  and  bank  paving  that 
is  slightly  more  expensive  than  methods  formerly  used, 
but  is  expected  to  be  }>ermanent  and  iK)sitivo  in  prcvent- 


The  bank  paving  is  from  12  in.  thick  at  the  water's  edge 
to  8  in.  at  the  top  of  the  slope  and  is  covered  with  2  in. 
of   quarry   spalls. 

This  type  of  construction  is  employed  only  during 
low-water  periods,  when  the  mat  can  be  got  well  out  into 
the  river  and  the  bank  i>aved  to  the  low-water  line.  The 
railways,  however,  have  to  work  under  very  different 
conditions  and  often  have  no  sufficient  warning  of  trouble 
to  enable  them  to  take  advantage  of  the  most  favorable 
and  economical  conditions.  The  river  may  begin  to  cut 
the  bank  100  ft.  from  the  tracks,  and  in  a  few  weeks  the 


5.  1.    MAKING  THE  CUNNINGHAM  MATTRESS  FOR   BANK    PROTECTION    ON    THE    WABASH    R.R.    AL 

THE  MISSOURI  RIVER 

A — SewinK  the  wire  fabric.     B — Mattress  ready  for  launching,     C — Launching  the   mattress   from   barge. 
D — Shore  end  of  mattress  in  place 


ing  bank   erosion.     This  method   can   be  and  has  been 
used  in  extreme  emergency. 

The  bank  protection  used  successfully  on  the  Missouri 
River  by  the  United  States  Government  engineers  consists 
of  a  willow  mat  sunk  in  the  river  with  riprap,  and  a  bank 
paving  of  riprap  or  one-man  stone  above  the  water  level. 
The  bank  is  first  graded  to  a  slope  of  1  on  3  by  a  float- 
ing hydraulic  grader.  The  mat  is  86  ft.  wide  and  about 
12  in.  thick;  it  is  woven  on  a  barge  and  then  floated  and 
sunk  by  throwing  the  stone  u]X)n  it.  It  is  anchored  to 
deadmen  16  ft.  8  in.  apart  (placed  8  ft.  from  the  top 
of  the  graded  bank)  by  pairs  of  ')4-in.  cables  e.xtending 
(one  under  and  one  over  the  mat)   to  the  outer  edge. 

•Terminal  Engineer,  Union  Pacific  System,  Kansas  City, 
Mo.  Mr.  Evcrham  was  Enprineer  of  Construction  for  the 
Kansas  City  Bridge  Co.,  which  had  the  contract  for  the  worli 
described. 


railway  is  forced  to  move  its  tracks  and  jxjrhaps  niovo 
them  se\eral  times  before  material  and  equipment  can 
be  assembled  to  fight  the  river. 

These  attacks  come  generally  during  periods  of  high 
water,  when  the  velocity  of  the  river  is  very  hard  to 
combat.  The  railway  companies  therefore  are  forced  to 
spend  large  sums  of  money  for  work  that  is  of  no  viiluo 
after  the  river  falls.  It  is  almost  impossible  to  use  the 
methods  of  the  Government  engineers  under  these  condi- 
tions, it  being  impracticable  to  hold  the  outer  edge  of 
the  mat. 

The  new  method  of  protection  that  has  been  developed 
consists  in  the  construction  of  a  special  type  of  mattres.'' 
designed  and  patented  by  A.  0.  Cunningham,  Chief  Engi- 
neer of  the  Wnbasli  R.K.  This  mattress  has  Ikxmi  used 
suceessfullv  on  the  left  bank  uf  the  Missouri  Ri\er  near 


Xovcinl)er  .'JO.  llVUi 
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Orric-k,  Missouri  City  and  White  Rock,  all  of  which  are 
between  Kansas  City  and  Bonneville,  Mo.  The  Cunning- 
ham mat,  as  constructed,  consists  of  two  layers  of 
o-alzanized-wire  fabric  filled  with  brush  and  rock  and  tied 
throutrh  at  2-ft.  intervals  with  galvanized  wire.  That 
part  of  the  mat  placed  below  the  water  level  is  filled  with 
ijrush  and  riprap,  while  that  part  above  the  water's  edge 
is  filled  with  riprap  only.  Fig.  1  .shows  the  work  in 
progress,  and  Fig.  2  .shows  the  details  of  construction. 

To  build  the  mat  in  the  river,  a  barge  was  necessary. 
upon  which  a  sufficient  number  of  reel  stands  were  pro- 
vided to  hold  the  galvanized  fabric,  which  came  in  rolls 
58  in.  wide  and  300  ft.  long.  As  the  fabric  was  iinwound, 
the  different  widtlis  were  wired  or  sewed  together  with 
Xo.  12  galvanized  wire,  so  that  it  made  a  continuous 
web  the  full  width  of  the  mat.  At  the  be,2rinning  of  the 
operation  the  wire  w-as  unwound  so  that  the  entire  width 
of  the  mat  (73  ft.)  was  laid  on  the  deck  of  the  barge. 
The  edges  were  then  sewed  together.  Willow  brush  was 
laid  on  the  wire  in  tw'o  layers,  the  first  one  parallel  to 
the  flow  of  the  water  and  the  second  at  right  angles 
tliereto.  Sufficient  riprap  to  sink  the  mat  was  then  placed, 
this  being  estimated  at  !/>  eu.yd.  per  100  sq.ft.  of  mat. 

The  next  step  was  to  cut  and  place  the  wire  fabric 
the  right  length  to  extend  from  the  outer  edge  of  the 
mat  to  the  top  of  the  bank.  This  was  then  sewed  through 
the  rock  and  brush  to  the  lower  layer  of  fabric  with 
two  No.  12  wires  spaced  2  ft.  in  each  direction  and 
tightened  by  twisting  with  a  hook.  The  sewing  of  the 
strips  of  fabric  and  the  jjlacing  of  the  tie  wires  are  shown 
in  Fig.  3. 

On  the  bank,  upstream  front  the  mat  boat,  were  placed 
several  deadmen,  to  which  the  upper  end  of  the  mat  was 
tied  with  a  number  of  galvanized-wire  strands.  The 
mat  boat  was  then  pulled  from  under  the  mat  by  a  line 
fastened  to  a  deadman  on  the  shore  and  a  capstan  on  the 


FIG.   2.    NEW  TYPE   OF   BANK   PROTECTION   MATTRESS 
Invented  by  A.  O.  Cunningham,  Chief  Engineer,  Wabash  R.R. 

mat  boat.  The  mat  made  on  the  barge  projects  up  on  the 
bank,  so  that  the  mat  above  the  water  level  can  be  sewed 
to  it,  making  in  tiiis  way  a  continuous  mat  from  the  top 
of  the  bank  out  into  the  water  about  70  ft.  The  mat 
on  the  bank  was  made  by  laying  the  wire  on  the  bank, 
sewing»  the  edges  together,  laying  thereon  about  9  in. 
of  rock  and  then  laying  the  wire  on  top  and  sewing  this 
through  the  rock  to  the  fabric  below. 

One  of  the  advantages  of  this  type  of  mat  is  the  fact 
that  the  rock  is  in  the.  mat  and  not  on  it.  On  this 
account  it  will  hang  over  a  very  steep  bank  without 
damage  to  the  mat.  In  the  case  of  the  willow  or  pole 
mattress'  used  extensively  on  the  river  the  rock  .some- 
times rolls  ofF  and  the  mat  floats  enough  to  turn  up  the 
edge  and   [wrniit  the  water  to   get   beiiind   or   iinilcr   it. 


Fir;.   3.    SECURING  THE  WIRE  NETTING  FOR  THE 

M.\TTRESS 

The  man  at  the  left  is  sewing  together  the  edges  of  ad- 
jacent strips  of  netting.  The  man  at  the  right  has  a  device 
for  twisting  the  vertical  tie  wires 

In  this  way  the  pi'otection  to  the  bank  is  destroyed,  and 
in  many  instances  considerable  damage  is  done  by  the 
water  cutting  the  liank.  The  mat  constructed  as  in  Fig. 
2,  with  the  rock  inside  if  it,  acts  like  a  curtain.  Eeeent 
inspection  of  the  work  done  in  the  spring  of  1916  shows 
that  the  mat  is  in  good  condition.  With  some  modifica- 
tion it  is  a  very  desirable  type  of  constniction,  particularly 
■in  swiftly  moving  water  and  where  there  is  a  steep  bank 
lielow  the   surface  of  the  water. 

Wins  ^I.\T  FOR  Ejiergencies 

East  of  IMissouri  City,  Mo.,  in  March,  IDK!,  the  Wabash 
Ii.R.  found  it  necessary  to  stop  the  cutting  of  the  river 
liank  during  a  high  stage  of  water  in  which  the  velocity 
of  the  water  was  too  great  to  permit  the  building  of  a 
mat.  The  river  w-as  cutting  rapidly  toward  the  track, 
and  the  ordinary  method  of  .stopping  the  erosion  failed. 
A  wire  mat  was  made  on  the  threatened  bank,  and  as 
this  fell  into  the  river  the  mat  settled  down  with  it. 
When  the  bank  was  badly  eroded  and  the  mat  was  hanging 
in  the  water  some  10  ft.  or  more,  the  cutting  stopped. 

This  plan  worked  so  quickly  and  effectively  that  when 
the  Missouri  Pacific  System  had  a  very  serious  cutting 
of  the  bank  near  Wellington,  Mo.,  its  officials  used  the 
same  type  of  construction  when  the  usual  methods  failed. 
Here  it  was  found  necessary  in  about  three  weeks  to 
protect  some  3,400  lin.ft.  of  bank  at  a  cost  of  over 
$35,000.  The  wire  mat  hung  over  the  bank  into  the  river 
before  it  stopped  the  erosion.  This  protection  work, 
while  only  of  a  temporary  nature,  was  successful.  Since 
it  was  completed,  the  river  has  changed  its  channel,  and 
permanent  work  may  not  be  necessary  at  that  point  for 
some  years. 

The  construction  work  for  the  Wabash  II. R.  was 
handled  by  the  Kansas  City  Bridge  Co.,  which  takes 
contracts  for  bank-protection  work  on  the  Missouri  River. 


>liu-ii(liini  In  II  City  I'avrmpnt,  according  to  a  decision  of 
the  Supirior  Court  at  I'ottsvllle,  Penn.,  Nov.  7,  In  a  case 
where  the  city  attempted  to  collect  $.'>0,000  in  assessments 
against  abutting  property  for  a  new  wood-block  pavement. 
According  to  the  state  law,  only  the  cost  of  the  original 
pavement  can  be  charged  against  abutter.^  In  third-class 
cities.  The  cost  of  repairs  and  repavlng  must  come  out  of 
the  city  as  a  whole.  The  Judge  held  that  the  macadam  sur- 
facing was  the  original  paving.  The  case  Is  of  much  In- 
terest In  Pennsylvania,  for  many  cities  had  planned  paving 
macadamized  8trcct»  at  the  expense  of  the  abutting  property. 
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By  Ben  Moreell* 


oYNOPSIS—Bids  asl-ed  for  either  brick-  or  tile. 
the  latter  being  accepted  because  of  lower  cost. 
E.rcellent  comparison  of  brick  and  tile  construction. 

Bids  were  taken  on  Oct.  1-5,  1915,  for  the  construction 
of  9,500  ft.  of  vitrifiecl-clay  pipe  sewers  from  12  to  33 
in.  in  diameter  and  2,800  ft.  of  sewers  from  39  to  57 
in.  in  diameter.  Tliese  latter  were  to  be  constructed 
"either  of  brick  laid  in  portland-cement  mortar  or  of 
two-ring  segment  block  made  of  vitrified  tile."  The  357 
ft.  of  57-in.  was  to  be  13  in.,  or  three  rings,  in 
thickness  if  built  of  brick;  the  other  sizes  (39  to  54  in.) 
were  to  be  9  in.,  or  two  rings,  thick.  The  specifications 
allowed  a  minimum  thickness  of  tile  sewer  varying  from 
71/4  in.  for  the  57-in.  to  0Y2  i^-  foi"  the  39-in.  diameter. 


the  volume  of  hrirkwork  was  estimated  and  a  price  per 
cubic  foot  of  brick  masonry  called  for.  A  smaller  quan- 
tity of  excavation  was  estimated  for  the  tile  construction 
because  of  the  thinner  shell. 

The  contract  was  awarded  to  the  lowest  bidder,  the 
George  G.  Prendergast  Construction  Co.,  of  St.  Louis, 
which  bid  on  the  tile  construction.  In  Table  1  are  tabu- 
lated the  bids  of  the  low  bidder  on  brick  and  of  the  suc- 
cessful bidder,  only  those  items  which  dift'ered  in  the 
advertised  list  of  quantities  being  shown. 

It  is  evident  from  the  table  that  the  cheaper  tile  con- 
struction was  the  deciding  factor  in  securing  the  con- 
tract. The  tile  prices  listed,  however,  cannot  be  taken 
as  representative,  as  they  were  undoubtedly  infiuenced  by 
the  desire  to  introduce  this  new  material  to  St.  Louis, 
this  being  the  first  sewer  jolj  un  whicli  tile  bids  were  al- 


■3>^10xlS'T&eShee^  Piling 

•Haunches  itrrrrped  wHh 

Yellow  CJay 

•6rav^/  Bcickin^  ioSprlnqr 

'S  Layer  Chncre^ 

in  Sachs 


lirPER — LOCATION    PLAN    OP   TILE   SEWER.     LOWER— SHOWING  TRENCH  BRACING  IN  CLAY 

AND  QUICKSAND 


The  projiosals  called  for  unit-price  bids,  allowing  the 
contractor  his  dioice  of  bidding  cither  on  the  tile  sewer 
and  pipe  or  on  brick  sewer  and  pipe.  Estimated  quan- 
tities under  both  plans  were  the  same  except  that  for 
the  tile  sewer  a  price  per  lineal  foot  (for  furnishing  and 
laying  the   tile)    was   demanded.     For   the   brick   sewer 

TABLE  1.      COMPARATIVE  BRICK  AND  TILE  BIDS 


Item 
Class  C  excavation 


Estimated  Quantity       Low  Bid 
Briclc  Tile       Brick      Tile 

Cu.Yd. 


Total  Amounts 

Brick  Tile 
Pei  Cu.Vd. 

23.700        22,450     $0  65     SO. 71    $15,405.00  $15,939  50 
Lin. It.                Per  Lin. Ft. 

415             415       3   11       2  31        1.290  65  958  65 

3  50       2  64        1,417  .50  1,009  20 

3  69       2  97        1,715  85  1,381  05 

4  08      3.30       4,732,80  3,828.00 
6  50       4  27        2,341.92  1,524. .39 


465 

1,160 

357 


Total     820,903.72   824,700.79 


•Assistant   Engineer.   Bo.ird   of  Public  Service,   St.  Louis 


lowed.  Bids  taken  on  sub.^equent  work  were  from  10  to 
20%  higher. 

The  route  is  indicated  in  Fig.  1.  The  outlet  is  a 
13xl8-ft.  reinforced-concrete  sewer.  For  the  first  900  ft. 
the  sewer  is  located  in  the  water-works  conduit  right-of- 
way  and  is  skirted  on  one  side  by  the  9x7-ft.  9-in. 
water-works  conduit  carrying  the  major  portion  of  the 
water-supply  to  the  city,  and  on  the  other  by  a  large  iron 
foundry,  railroad  tracks  and  brick  dwellings.  The  next 
1,250  ft.  on  Thatcher  Ave.  i.s  made  hazardous  by  the 
proximity  of  a  12-in.  high-pressure  water  main  3  ft.  from 
the  edge  of  the  ditch. 

The  contractor  made  arrangements  to  use  tlic  Fergu- 
son segment  block,  which  consists  of  an  outer  heavy  ring 
interlocked  by  an  inner  ring  of  light  blocks.  The  blocks 
come  in  6-,  12-  and  18-in.  lengths. 
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All  excavation  was  removed  by  means  of  a  clamshell 
bucket  hung  from  the  end  of  a  45-ft.  boom  mounted  on 
a  bullwheel  derrick.  The  ground  encountered  on  Con- 
duit Ave.  was  a  yellow  jointed  clay  that  slacked  and 
peeled  after  exposure  to  the  air.  The  trench  was  braced 
tightly  with  3-in.  horizontal  sheeting  in  20-ft.  lengths, 
using  6x6-in.  crossbraces,  spaced  10  ft.  on  centers,  as 
indicated  in  Fig.  1  (lower  left-hand  sketch.)  All  brac- 
ing was  left  in  for  the  permanent  protection  of  the  ex- 
isting structures.  On  Thatcher  Ave.  the  ground  changed 
gradually  from  yellow  clay  to  a  fine  shore  sand  and 
quicksand  with  large  quantities  of  water. 

The  right-hand  drawing  in  Fig.  1  shows  the  meth- 
od of  construction  in  quicksand.  The  overlying  stratum 
of  yellow  clay  was  braced  by  horizontal  sheeting  as 
before,  while  3-in.  tongued-and-grooved  wood  sheetjnl- 
ing  was  driven  through  the  fine  sand  and  quick- 
sand to  a  depth  3  ft.  below  the  flow  line  of  the 
sewer.  The  piling  was  of  3xl0-in.  yellow-pine  boards 
with  a  %-in.  tongue-and-groove.  A  3,000-lb.  Arnott 
steam  hammer  operated  in  a  set  of  double,  fixed  leads 
that  moved  on  rollers  located  on  each  side  of  the  ditch. 

The  bottom  was  excavated  in  20-ft.  sections,  bulkheads 
being  driven  across  the  ditch  at  the  end  of  each  section. 
The  inch  flooring  was  placed  as  follows :  Tlie  section 
ahead  of  the  finished  sewer  was  excavated  to  a  depth  (! 
in.  above  the  flow  line.  Two  men  then  began  at  the 
low  end  and  excavated  a  3-ft.  length  of  narrow  ditch 
along  the  sheeting  for  the  2x4  stringers,  which  were 
spiked  in  place.  A  space  was  then  excavated  for  a  1x12 
transverse  board,  which  was  nailed  to  the  2x4s.  After 
the  first  1x12  was  placed,  the  men  had  a  firm  footing 
as  they  worked  forward,  flooring  the  entire  bottom. 

This  construction  furnishes  a  substantial  foundation 
that  effectiially  resists  the  upward  ])ressure  of  the  quick- 
sand or  any  tendency  to  settle  when  the  succeeding  Imt- 
tom  is  excavated.  An  attempt  to  obtain  a  foundation 
i)y  packing  sacked  concrete  into  the  bottom  failed,  as  it 
was  found  that  when  the  succeeding  section  was  exca- 
\ated,  the  sand  would  run  from  beneath  the  concrete, 
allowing  the  entire  bottom  to  settle.  Other  methods  were 
tried,  but  none  proved  so  successful  as  the  transverse 
boards  spiked  to  the  sheeting. 

A  layer  of  concrete  in  burlap  sacks  was  placed  on  top 
of  the  flooring,  thus  furnishing  a  permanent  foundation. 
The  sacks  prevented  any  loss  of  cement  due  to  bailing 
water  from  the  bottom  and  prevented  sand  from  being 
washed  into  the  sewer. 

Xo  attempt  was  made  to  pull  any  of  the  sheetpiling, 
and  all  horizontal  sheeting  below  the  level  of  the  12-in. 
water  main  was  left  in  place. 

L.\YixG  THE  Tile 

The  invert  was  laid  in  20-ft.  sections  except  in  un- 
usually difficult  places,  where  10-ft.  lengths  were  used. 
For  the  arch,  an  8-ft.  wooden  center  with  loose  lagging 
for  the  central  18  in.  was  used.  Tliis  allowed  the  brick- 
layer to  stand  in  the  center  and  lay  tile  on  both  sides 
up  to  the  quarter-points,  and  was  found  to  be  the  most 
convenient  method  of  operation. 

In  good  ground  the  invert  can  be  taken  out  almost  ex- 
actly to  the  proj)er  .shape.  It  was  found,  however,  that 
even  under  the  best  conditions  it  was  advisable  to  use 
a  small  amount  of  gravel  to  furnish  a  (inn  bearing  for 
tlif  iiiifside  block.s,  which  must  be  laid  true  to  the  correct 


line  and  grade.  Ordinarily  the  cost  of  this  extra  gravel 
is  negligible,  as  it  averaged  not  more  than  %  cu.ft.  per 
lin.ft.  of  54-in.  sewer. 

Every  50  ft.,  6-in.  junctions  were  burnt  on  the  cuter 
block.  The  inner  blocks  were  cut  to  fit  around  the  junc- 
tions. All  reducers  were  10  ft.  in  length  and  built  of 
two  rings  of  brick.  Jlanholes  were  built  of  brick  from 
springline  to  the  surface. 

Pipe  connections  were  made  by  means  of  45°  slants. 
No  attempt  was  made  to  chip  the  blocks  to  fit  the  slant, 
the  spaces  between  pipe  and  blocks  being  filled  with 
brickwork. 

Each  course  in  the  in\ert  of  curves  was  laid  with  a 
wooden  templet  cut  to  the  radius.  The  arch  was  laid 
with  a  5-ft.  center,  built  to  the  curve. 

Brick  veksus  Tile 

A  comparison  of  brick  and  tile  construction  might  be 
summarized  as  follows : 

Cost — Judging  from  St.  Louis  experience,  the  tile  is 
undoubtedly  the  cheaper.  On  all  work  where  alternate 
bids  were  taken  the  tile  has  been  low.  The  brick  manu- 
facturers claim  that  this  has  been  due  to  the  specifica- 


FIG.  Z.    INTEIUOR  UK  r.l-IX    TTI.E  .SEWlil:   IN  A  22-FT. 
TKK.XCH 

tion  for  three  rings,  or  13-in.  of  brickwork  for  all  sowers 
of  fiO-in.  diameter  or  greater,  while  the  minimum  allow- 
able thickness  for  a  60-in.  tile  sewer  is  71/4  in.  The  tile 
manufacturers,  however,  claim  that  they  can  underbid 
two-ring  work  with  a  comfortable  margin  for  profit. 

Strength — A  com]5arative  test  was  recently  conducted 
by  the  St.  Louis  Sewer  Department.  Sections  of  60-in. 
sewer  Ti^  ft.  long— one  of  tile  714  in.  thick,  the  other 
of  two-ring  brick  9  in.  thick — ^were  buried  in  the  ground 
and  the  haunches  well  rammed  up  to  the  quarter-points. 
Load  was  then  ap])lied  through  a  sand  cushion,  the  loaded 
area  being  4  ft.  along  the  axis  of  the  sewer  by  3i/{  ft.  wide. 

Both  sections  showed  an  initial  crack  at  almost  exactly 
the  same  load,  57,000  lb.  total.  The  load  was  then  in- 
creased to  116,000  lb.  Under  this  loading,  both  sections 
were  badly  cracked,  although  the  tile  was  in  the  worse 
condition  and  showed  indications  of  collapse.  Three 
days  after  the  last  load  had  been  placed,  the  tile  collapsed. 
The  brick  was  allowed  to  stand  for  a  week  longer;  then 
as  it  showed  no  sign  of  failing,  the  load  was  removed. 

Readings  of  the  deflection  at  the  center  and  both  ends 
were  taken  throughout  the  test.  Judging  from  these 
readings  and  Ihe  nature  of  the  cracks  which  apjjcaied,  it 
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seems  probable  that  the  entire  length  of  the  section  acted 
as  a  unit  in  resisting  the  loading,  although  only  the  cen- 
tral 4  lin.ft.  was  actually  loaded.  Under  this  assumption, 
the  first  crack  appeared  at  a  load  of  7,600  lb.  per  lin.ft., 
which  corresponds  a]i]>roximately  to  a  fill  of  17.3  ft.  over 
the  top  of  the  sewer  in  damp  yellow  clay.  ("Theory  of 
Loads  on  Pipes  in  Ditches,"  iMarston  &  Anderson.)  The 
load  on  the  test  sections,  however,  was  applied  over  a 
width  of  SVs  ft-  Marston,  however,  concluded  from  his 
experiments  that  the  load  due  to  ditch  filling  should  be 
considered  as  evenly  distributed  over  the  top  quarter  of 
the  arch,  in  this  case  a  width  of  4.4  ft.,  so  that  the  test 
no  doubt  gave  more  severe  conditions  than  would  be 
given  by  a  17.3-ft.  fill.  The  57-in.  sewer  was  built  under 
a  fill  of  18  ft.  and  has  shown  no  signs  of  cracking. 

The  crushing  load  of  116,000  lb.  is  greater  than  would 
be  provided  by  a  fill  of  infinite  height,  according  to 
Warston,  indicating  that  there  is  small  chance  of  coUajJsc 
due  to  the  weight  of  the  backfill  alone. 

Durability — The  durability  of  any  material  can  best 
be  judged  by  observation  under  an  extended  period  of 
service,  which  precludes  a  definite  opinion  of  the  tile. 
Judging  from  the  smoothness  of  the  interior,  the  small 
number  of  joints  and  the  imperviousness  to  chemical  ac- 
tion, one  would  conclude  that  the  tile  is  at  least  equal 
to  the  brick  in  this  respect. 

Leakage — Tile  construction  depends  for  its  water- 
tightness  on  the  mortar  joints  between  the  outer  and  in- 
ner blocks.  Unless  particular  care  is  taken  with  this 
joint,  small  openings  will  be  left,  allowing  groundwater 
to  enter.  The  writer  has  had  some  difficulty  from  this 
source  and  recommends  that  this  matter  be  given  spe- 
cial attention.  Brick  construction  is  open  to  the  same 
criticism,  but  the  bricks  are  more  easily  handled  and  can 
be  thoroughly  bedded  in  the  mortar.  Bricks,  being  rough 
and  porous,  form  a  better  bond  with  the  mortal'. 

The  decrease  in  the  joint  area  and  the  smoothness  of 
the  glazed  blocks  themselves  undoubtedly  increase  the 
hydraulic  efficiency  of  the  sewer.  Whether  the  increase 
in  capacity  is  sufficient  to  be  taken  advantage  of  in  the 
design  could  be  decided  definitely  only  l)y  hydraulic  tests. 
The  smooth   interior  will  undoubtedly   make   the   sewer 
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more    "self-cleaning,"    affording    small    opportunitv   for 
filth  to  adhere  to  the  walls. 

These  observations  are  drawn  from  the  experience  of 
the  writer  as  resident  engineer  on  the  work.  Some  of 
the  conclusions  may  be  modified  after  observing  the  sewer 
under  service  conditions. 


iiaceo  F.  Bo 


ilSiBBo 


By  C.  R.  BiiXNETTf 

The  Tres  Cruces  dam  is  located  7  km.  up  the  Timalaii 
Kiver  from  Manila  Bay.  The  present  structure  was  com- 
pleted in  1886,  replacing  another  of  the  same  type  which 
was  washed  out  in  the  seventies.  It  is  constructed  of 
large  cut  adobe  blocks  quarried  on  the  site,  laid  in  porous 
lime  mortar.  This  mortar,  where  protected  from  atmos- 
pheric action,  has  a  high  cementing  value,  but  it  will  ab- 
sorb water  to  the  extent  of  about  20%  of  its  weight. 

The  foundations  of  the  dam  I'est  on  solid  adobe.  Thi,< 
was  excavated  about  1  m.  deep,  and  a  number  of  trenches 
parallel  with  the  main  axis  of  the  dam  were  excavated 
still  farther  into  it.  The  footing  courses  were  started  in 
these  trenches,  which  not  only  gave  the  dam  more  resist- 
ance to  seepage  of  water  under  it,  but  also  gave  it  greater 
resistance  to  sliding. 

The  structure  was  built  with  a  gravity  section,  but 
this  is  so  thin  in  places  that  additional  buttresses  on 
the  downstream  side  and  a  clay  bank  on  the  upstream  side 
had  to  be  added  later  to  make  it  more  stable.  One  section 
13  m.  in  length  is  15  m.  high  and  only  6  m.  wide  at  the 
l>ottom.  This  is  immediately  against  the  west  spillway 
and  nearly  at  the  center  of  the  dam.  A  small  buttress 
has  now  been  added. 

During  the  last  few  years  the  spillways  have  been  badly 
damaged,  the  west  one  having  been  completely  washed 
away  and  the  east  one  about  40%  destroyed.  .Ap])roxi- 
mately  6  gal.  of  water  per  second,  or  864,000  gal.  ])cr  day. 
determined  by  weir    measurements,  have    been    passing 

•From  the  "Quarterly  Bulletin,"  Bureau  of  Public  Works. 
Philippine   Islands. 

tDistrict  Engineer,  Bureau  of  Public  Works,  Cavite,  P.  I. 
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FIG,   1.     PLA.X   AND  CROSS-SECTIONS  OF  TUBS   CRUCES  DAM,  CAVITE   PROVINCE,  P.  I. 
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FIi;.  2.  TRES  CRUCES  DAM,  SHOWING  NEW  OUTLET 
TUNNEL  COMPLETED 

through  and  under  the  (hiiii,  taking  so  much  away  from 
the  irrigation  ditch  that  something  had  to  be  done  quickly, 
not  only  to  preserve  the  irrigation  system,  but  also  to  put 
the  dam  in  a  safe  condition. 

An  appropriation  of  $15,000  was  made  by  the  friar 
lands  division  of  the  Bureau  of  Lands,  and  the  Bureau 
of  Public  Works  was  requested  to  make  the  necessary  re- 
pairs.   Work  was  commenced  in  December,  1915. 

A  Tunnel  To  Let  the  Water  Out 

To  stop  the  leaks  showing  in  the  face  of  the  dam,  it 
was  necessary  to  let  the  water  out ;  and  as  no  gate  had 
been  provided,  a  tunnel  had  to  be  excavated  through  the 
structure.  This  was  located  at  the  original  sti'eam-bed 
tenter. 

Clay  had  been  placed  by  the  builders,  on  a  1 :  1  slope, 
5  m.  high,  on  the  upstream  side  of  the  dam  to  prevent 
e.xcessive  seepage  through  and  under  it,  and  the  elevation 
of  the  tunnel  was  made  such  that  the  top  of  it  when  holed 
through  came  just  3  m.  from  the  nearest  surface  of  this 
clay  bank.  It  was  believed  that  the  clay  would  withstand 
the  pres.sure  of  a  4(;-ft.  head  of  water  (20  lb.  per  sq.in.) 
long  enough  to  allow  the  workmen  to  escape  after  they  had 
excavated  through  the  dam  masonry  into  the  clay. 

The  tunnel  excavation  was  made  1.6  m.  in  diameter 
and  was  lined  with  concrete  to  leave  an  opening  1  m.  in 
diameter.  Three  8-hr.  shifts  were  employed,  consisting 
of  four  men  each.  The  adobe  and  lime  mortar  were  so 
tough  that  never  more  than  1  lin.m.  was  completed  in  34 
hr.  The  heading  was  kept  2  m.  in  advance  of  the  cement 
lining,  which  was  placed  in  3-m.  sections;  and  the  tunnel 
was  completed  at  the  rate  of  GO  cm.  per  day.  It  is  just 
18  m.  long  and  required  one  month  to  complete. 

When  the  excavation  reached  the  end  of  the  adobe  on 
the  upstream  side  and  tiie  laborers  iiad  put  their  picks 
into  the  soft  clay,   they   re(|uired   no  instructions  as  to 


their  course  of  action  if  water  started  seeping  through  the 
heading — they  simply  flew,  leaving  picks  and  bars.  This 
was  at  9 :  40  p.m.  on  Sunday  night,  and  at  2 :  30  p.m.  on 
the  Monday  afternoon  following,  the  water  broke  through 
and  shot  out  40  ft.  below  the  dam  before  striking  the 
ground. 

It  took  just  48  hr.  to  drain  the  basin  down  to  the  natural 
inlet  flow,  which  amounted,  during  the  whole  dry  season, 
to  a  stream  1  ft.  deep  on  the  bottom  of  the  1-m.  diameter 
tunnel.  This,  however,  is  only  one-third  of  the  amount 
of  water  flowing  into  the  reservoir,  for  another  stream  2 
km.  farther  up  is  dammed  and  its  water  delivered  through 
a  300-m.  tunnel  to  the  Tres  Cruces  reservoir.  During  the 
repairs  to  the  Tres  Cruces  dam,  this  supply  was  bypassed 
over  the  other  dam  by  closing  the  tunnel. 

Hundreds  of  natives  gathered  around  with  nets  and  bas- 
kets to  catch  the  fish  as  the  water  drained  out.  It  is  esti- 
mated that  at  least  4,000  lb.  of  fish  and  several  hundred 
eels,  some  G  ft.  long,  were  caught. 

Repairing  Face  of  Dam 

After  the  dam  was  unY^'atered,  a  trench  l."5  m.  deep 
"as  excavated  in  the  clay  bank  on  the  upstream  side  and 
ilie  whole  of  that  face  repointed.  Every  seam  and  joint 
.\  as  cleaned  out  to  a  depth  of  5  cm.,  and  a  1 :  2  cement- 
iiid-sand  mortar  was  used  for  repointing  them.  Nmner- 
ous  holes  were  encountered  below  the  water  line,  some 
requiring  several  bucketfuls  of  grout — 28  in  one  case — 
to  fill  them. 

A  large  worm-gear  hoist  of  G  tons"  capacity  was  in- 
stalled. A  gate  was  built  at  the  upper  end  of  the  tunnel, 
made  of  4-in.  ipil  timbers  and  brass  bound.  A  heavy  brass- 
bound  frame  nuitching  the  gate  was  fitted  into  the  face  of 
the  dam  by  excavating  in  the  adobe,  after  which  a  rich 
concrete  mixture,  1 :  ]i/<j:  3,  was  poured  in  to  fill  the  space 
around  the  frame  and  to  connect  it  with  the  concrete  lin- 
ing in  the  tunnel.     The  gate  opening  is  75  cm.  square. 

Considerable  trouble  was  encountered  in  making  a  tight 
closure,  but  this  was  remedied  by  wedging  the  gate  up 
tightly  against  the  frame  and  then  calking  around  the 
edges  from  the  tunnel  side.  After  the  water  had  risen 
to  an  elevation  of  30  ft.  alwve  the  gate,  it  was  hoisted  to 
release  the  wedges  and  burlap  calking  and  then  imme- 
diately lowered  into  place.  It  sealed  the  opening  abso- 
lutely— not  one  drop  flowing  through.  With  this  head 
the  total  pressure  on  the  gate  (which  is  1  m.  square  over 
all)  was  aljout  10  tons. 

One  large  additional  buttress  was  built  between  tlie  two 
spillways  and  one  at  the  west  side  of  the  west  spillway, 
using  30x30x80-cm.  adobe  blocks  and  a  1 : 4  mixture  of 
cement  and  sand  for  mortar.  About  6,000  blocks  were 
used  in  tliese  buttresses.  About  3,000  more  blocks  were 
used  in  building  up  the  ogee  surfaces  of  the  two  concrete 
spillways.  IJound  reinforcing  i)ars  of  %-in.  diameter 
were  used  in  the  concrete  surfacing  on  each  spillway, 
spaced  60  cm.  c.  to  c.  both  ways,  and  i/2-'"-  square  twisted 
dowel  pins  were  driven  20  cm.  into  the  adobe  at  each  bar 
intersection,  the  reinforcing  being  wired  to  these  dowels. 

Waterproofing  Old  Dam 
Ample  provision  lias  been  made  to  carry  away  any 
seepage  through  the  dam,  liable  to  be  caught  behind  the 
concrete,  by  the  use  of  tile  and  steel  pipe.  At  the  loca- 
tion of  the  large  leak,  a  trench  1  ft.  square  was  dug  the 
full  width  of  the  spillway,  filled  with  2-in.  gravel,  and 
from  this  a  "j-in.  vitrified-tile  drain  was  led  under  the  con- 
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Crete  to  the  downstream  side  of  the  curtain  wall  at  the 
end  of  the  spillway.  In  addition,  every  3  m.  along  the 
vertical  length  of  each  spillway  a  6-in.  square  trench 
was  excavated  and  filled  with  large-size  gravel,  and 
everv  2  in.  a  2-in.  galvanized-iron  pipe  was  led  out  flush 
with  the  concrete  surface  of  the  spillway  floor. 

A  strong  curtain  wall  was  huilt  across  from  the  two  but- 
tresses at  the  outside  edge  of  each  spillway,  and  the  con- 
crete was  butted  up  against  it.  It  is  li^  ni.  deep  into 
solid  adobe  in  the  stream  bed  and  is  50  cm.  thick.  All 
downstream  joints  in  the  masonry  were  repointed. 

An  additional  spillway  was  provided  at  the  extreme  west 
end  of  the  dam  by  constructing  a  concrete  curtain  wall 
from  the  end  of  the  dam  across  a  natural  depression  and 


anchoring  it  into  a  high  bank  on  the  opposite  side.  This 
spillway  section  is  18  m.  wide  and  is  built  so  that  when  the 
water  exceeds  1  ft.  in  depth  on  the  crest  of  the  main  dam 
spillways  it  will  flow  over  the  new  one,  which  will  take 
care  of  a  great  deal  of  flood  water.  This  depression  leads 
away  from  the  dam,  and  being  in  solid  adobe,  can  never 
cause  any  dangerous  scouring  around  the  end. 

The  total  cost  for  repairs  has  been  approximately  a? 
follows : 


Materials,  Bureau  of  Supply  and  local 

Payrolls  and  salaries,  including  3.75  km.  of  road  construction. . 
Misceilaneousjexpenses,  transportation,  traveling  expenses,  etc. 

Provincial  surcharge,  5% 

Bureau  of  Public  Works  surcharge,  10% 


Total. 


J6.945 
3,947 
2,205 
530 
1,363 

$  1 4.990 


IiMlhioiQr  Taimlils  g^imd  SprnmiMlinig 


Cy  U.  E.  McDonnell* 


SYNOPSIS — The  design  of  the  Imhoff  tanks  is 
shown  with  unusual  fulhiess,  both  as  to  arrange- 
ment of  pnrtx.  arid  tlie  rnnrretc  reiiiforcenii'iit. 

From  a  luipliazard  sewerage  sy.stem  and  an  okl-tyj)e 
septic  tank  privately  owned,  Cleburne,  Tex.,  witli  a 
present  estimated  population  of  1-4,000,  has  recently 
changed  to  much  more  extensive  and  well-designed 
municipally  owned  sewers  and  disposal  works,  the  latter 
consisting  of  Imhoff  tanks,  a  dosing  tank,  sprinkling 
filters,  secondary  tanks  and  sludge-drying  beds.  This 
change  was  preceded  by  the  acquisition,  improvement  and 
extension  by  the  city  of  the  privately  owned  water-works. 
A  private  water  company  accepted  the  valuation  placed 
on  the  plant  by  the  engineering  firm  employed  by  the 
city,  but  the  sewerage  company  refused  to  do  this. 

•Of  Burns  &  McDonnell,  Consulting  Engineers,  Scarritt 
Buildins,   Kansas   City,   Mo. 


The  effluent  from  the  old  septic  tank  caused  a  nuisance 
in  Buft'alo  Creek,  a  stream  with  a  dry-weather  flow  so 
small  as  not  to  provide  dilution  of  the  tank  effluent 
collected  by  about  lOi^  mi.  of  sewers. 

In  designing  the  new  disposal  works,  which  at  the 
outset  will  treat  sewage  from  33  mi.  of  sanitary  sewers, 
the  writer's  firm  was  confronted  with  the  drastic  Texas 
law  of  1913  and  1915,  published  substantially  in  full  in 
Engineering  News  of  May  25,  1916,  page  980.  It  was 
assumed,  however,  that  the  State  Board  of  Health  would 
interpret  the  law  to  meet  local  conditions.  Since  the 
waters  of  Buffalo  Creek  are  used  only  for  livestock 
purposes  for  a  long  distance  below  Cleburne,  it  was 
decided  to  install  Imhoff  tanks,  sprinkling  filters  and 
final  settling  basins.  From  gagings  and  observations 
made  on  the  flow  in  the  present  sewer  system  and  from 
the  records  of  the  daily  water  consumption  the  plartt  was 
designed  on  a  basis  of  800,000  gal.  per  day,  with  provision 
for  a  5()9<    increase  when  necessary. 


FI<;.  1,    OKXERAL,  VIEW  OF  SIOW.VCE  WnKKS  mP'   < '1 .1 : 1 ;!    I :  M  ;      ri'.X. 
Imhoff  tanks  and  sludge  beds  at  rinht;  spriiiUling  imn-  at  left 
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The  liiihoir  tank.s  (Figs.  1  and  2)  are  in  two  units,  so 
that  oiiu-iialt'  may  be  cut  out  of  use  at  any  time.  Each 
tank  is  19  ft.  1  in.  wide  by  48  ft.  9  in.  long  and  22  ft. 
deep  from  sewage  surface  to  bottom  of  sludge  chamber. 
The  flow  chambers  are  designed  for  a  2-hr.  retention 
period,  based  on  an  hourly  rate  of  one-eighteenth  of  the 
average  daily  flow.  The  sludge  chambers  have  a  combined 
holding  capacity  of  about  8,000  cu.ft.,  suflScient  for  3i/^ 
months  at  maximum  capacity. 

The  gas  vent  is  24  in.  wide  and  extends  the  full  length 
of  each  tank.  It  is  formed  by  continuing  the  hopper  walls 
30  in.  above  the  normal  sewage  level.  Equalizing  ports 
are  provided  to  prevent  any  flow  of  fresh  sewage  through 
the  digestion  chamber  due  to  any  difference  in  outlet  weir 
elevation  or  unequal  flow  into  the  chambers. 

The  sewage  enters  the  controlling  channels  at  one 
corner,  flows  into  the  tanks  through  ports  30  in.  wide,  two 
for  each  tank,  and  out  through  similar  ports  provided 
with  sharp-crested  weirs  formed  by  removable  iron  plates. 
The  ports  used  as  inlets  will  have  a  depth  of  about  6  in. 
below  the  sewage  level,  allowing  free  passage  of  floating 
particles.  In  reversing  the  flow  a  5-in.  iron  plate  forming 
the  outlet  weir  will  be  transferred  to  the  opposite  end, 
thus  transforming  the  outlet  to  inlet  ports.  A  concrete 
channel  is  carried  around  the  outside  of  the  tanks  and 
provided  with  stop  planks  so  arranged  as  to  reverse  the 
flow  by  adjustment  of  the  planks  and  port  openings.  The 
tanks  are  provided  with  concrete  scum  walls,  located  5  ft. 
from  each  end  and  extending  18  in.  below  the  sewage 
level. 

Each  sludge  chamber  is  provided  with  a  10-in.  cast-iron 
eludgo  pipe,  terminating  in  a  10-  to  16-in.  increa.ser.  The 
outlet  pipe  is  located  iy^  ft.  below  sewage  level. 

The  two  25x50-ft.  sludge  beds  consist  of  6  in.  of  sand 
on  6  in.  of  graded  gravel  over  6-in.  tile  underdrains,  8  ft. 


r,  to  V.  Tlie  beds  were  designed  to  receive  approximately 
v.. 500  cu.ft.  of  sludge  at  one  draw.  As  the  climate  is 
moderate,  the  sludge  digestion  will  be  fairly  active  the 
whole  year,  as  the  sludge  storage  and  sludge-bed  capacity 
is  not  as  large  as  would  be  required  in  a  colder  climate. 

The  tank  effluent  flows  into  a  tapered  dosing  tank  and 
is  discharged  by  an  18-in.  siphon  to  the  filters.  When 
operating  under  the  rated  capacity  of  the  plant,  the 
siphon  will  discharge  about  every  6  min. 

The  sprinkling  filter  (Fig.  3)  covers  an  area  of  0.326 
acres  and  is  designed  to  treat  sewage  at  the  rate  of  2,225,- 
•  '00  gal.  per  acre  per  day.  The  depth  of  the  stone  forming 
(he  filter  medium  averages  5V^  ft.  The  floor  of  the  beds 
consists  of  a  4-in.  concrete  slab  on  top  of  which  are  set 
')-in.  half-tile  drains,  91/^  in.  c.  to  c.  The  floor  has  a 
slope  of  1  to  40  to  the  main  outlet  drains.  The  upper 
'uds  of  the  6-in.  half  tile  are  connected  into  a  concrete 
iiox  channel.  The  main  outlet  channel  is  provided  with 
t^-in.  vitrified-pipe  vents  spaced  at  regular  intervals, 
lopped  with  vitrified  elbows  that  turn  with  the  wind. 

The  main  distributor  line  consists  of  a  24-in.  vitrilied 
]iipe  incased  in  concrete  extending  through  the  center  of 
the  filter  bed.  The  lateral  distributors  are  8-in.  vitrified 
I'ipe,  111/^  ft.  c.  to  c,  cased  in  concrete.  The  risers,  also 
IIV^  ft.  c.  to  c,  consist  of  3-in.  galvanized-iron  pipe, 
connected  into  vitrified  tees.  The  nozzles  are  of  the 
s(|uare-spray  type. 

The  outside  walls  of  the  filter  beds  are  of  concrete,  6  in. 
thick,  and  are  not  designed  to  be  self-sustaining,  but  to 
act  as  a  division  between  the  earth  and  the  stone  filter 
medium.  The  specifications  provide  that  the  earth-fill 
and  filter  rock  shall  be  deposited  at  the  same  time, 
keeping  the  overturning  forces  counterbalanced. 

Tlie  effluent  from  the  filters  passes  into  a  secondary 
settling  tank,  having  a  1  hr.  retention  period,  before 
finally  discharging  into  Buffalo  Creek.  This  tank  is 
about  21  ft.  wide  and  40  ft.  long,  with  a  sewage  depth  of 
514  ft.  at  either  end  and  7  ft.  in  the  middle,  and  a  drain 
channel  extending  from  either  side  to  a  central  gate  at 
the  end  of  a  sludge  pipe. 

The  relative  elevations  of  the  various  components  of 
the  plant  are  as  follows:  Sewage  level  in  Imhoff  tanks, 
06.25  ft.;  high  water  in  dosing  tank,  56;  low  water,  51; 
top  of  filter  stone,  48;  outlet  drain  from  filters,  41.1; 
sewage  level  in  final  settling  tank,  40.75;  ordinary  water 
level  in  Buffalo  Creek,  30.5 ;  top  of  sludge  bed  A,  50 ; 
top  of  sludge  bed  B,  48.5  ft. 

The  waste  excavation  will  be  graded  around  the  plant 
to  El.  49  to  protect  all  parts  from  high  water,  which  lasts 
but  a  very  short  time.  Tligh-water  mark  is  at  El.  47, 
but  the  water  rarely  reaches  this  elevation.  Provisions 
are  made  for  bypassing  the  tank  ellhu'iit  and  the  filter- 
bed  effluent  directly  to  the  creek. 

The  improvements  were  started  and  made  possible 
through  the  untiring  efforts  of  Mayor  C.  W.  Breech,  who 
was  well  supported  by  a  live,  progressive  council.  Bids 
were  received  June  4,  1915,  on  331/0  mi.  of  sewers  and  the 
lisposal  plant.  Hamilton  Brothers  Construction  Co..  of 
Houston,  Tex.,  was  awarded  the  contract  for  all  the  work 
at  $114,527,  of  which  the  disposal  plant  amounted  to 
$28,194.  Plans  were  prepared  and  the  construction  work 
was  supervi.sed  by  Burns  &  McDcmiicll.  (Vuisulting  Engi- 
neers, Kansas  City,  .Mo.,  who  alsn  maile  the  appraisal  of 
the  water  and  old  sewer  systems  and  plans  on  tlie  water- 
works improvements.    The  plant  is  ikiw  in  (iperatioii. 
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li^YXOrsLS — In  September,  1913,  the  liniug  uf 
a  third  of  a  mile  of  canal  extension  in  the  hijdro- 
electric  development  of  the  Turners  Falls  Power 
and  Electric  Co.,  on  the  Connecticut  River,  slid 
into  the  bottom  of  the  canal.  These  notes  on  the 
original  construction i  the  slide,  the  probable  causes 
and  the  methods  of  reconstruction  have  been  con- 
tributed on  request  by  the  various  engineers  con- 
nected with  the  work. 

It  is  commonly  known  that  a  slide  of  power-canal  banks 
occurred  at  Turners  Falls,  Mass.,  on  Sept.  10,  1015. 
Behind  that  accident,  and  in  the  repairs  to  the  canal 
lining  (for  the  protecting  lining  was  all  that  failed),  lie 
matters  of  interest  and  importance  to  the  engineering 
profession  which  it  is  now  useful  to  disclose.  The  fol- 
lowing paragraphs  describe  the  original  construction  and 
the  slide,  and  discuss  the  probable  causes  of  the  failure 
and  the  methods  used  in  reconstructing  the  canal  linings. 

Original  Construction 

The  main  features  of  the  hydro-electric  development  of 
the  Turners  Falls  Power  and  Electric  Co.,  on  the  Con- 
necticut River  at  Turners  Falls,  ]\Iass.,  consisted  of  the 
enlargement  of  an  existing  power  canal  and  its  exten- 
sion for  a  little  over  II/2  mi-  downstream  to  a  new  power 
house  utilizing  the  full  local  fall  of  58  ft.  and  having  a 
rated  capacity  of  36.000  kw.  A  general  description  of 
this  whole  development  appeared  in  Engineering  News, 
July  29,  191.5. 

For  a  length  of  approximately  1.800  ft.  at  the  upper 
ik1  of  the  canal  extension,  where  the  width  on  top  was 
limited  by  houses  and  streets  on  one  side  and  the  rail- 
road right-of-wav  on  the  other,  the  excavation  was  for  a 
slope  of  1  on  114  with  an  average  total  depth  of  cut  of 
about  40  ft.,  and  a  depth  below  water  line  of  26  ft.  This 
slope  was  lined  with  riprap  extending  from  an  elevation 
3  ft.  above  water  line  to  18  ft.  below  water  line,  the  up- 
per 14  ft.  being  of  a  uniform  thickness  of  18  in.  for  the 
'  on  11/4  slope;  below  this  the  surface  of  the  riprap  was 
loped  at  1  on  2  for  a  vertical  height  of  7  ft.,  thus  mak- 
ng  it  3.3  ft.  thick  at  its  base.  At  this  point  it  rested 
■ri  a  toe  of  gravel  fill  sloped  1  on  3  for  a  height  of  41/^ 
ft.,  1  on  6  for  a  height  of  21/2  ft.  and  then  1  on  1 1/2 
for  the  remaining  foot  to  the  bottom  of  the  canal.  At  all 
"laces  where  there  was  very  fine  sand  or  clayey  mate- 
•lal  there  was  an  underlining  of  18  in.  of  gravel  under- 
neath the  riprap  to  prevent  the  water  carrying  the  fine 
-and  out  through  the  riprap  while  emptying  the  canal. 
Kig.  7  shows  a  section  of  the  original  construction. 

Downstream  from  this  restricted  section  the  canal  was 
'ontinucd  with  a  wider  cut  for  a  distance  of  1,100  ft., 
'le  sides  slojied  at  1  on  2  with  no  1  on  II/2  slope.  With 
'liis  exception,  the  lining  was  made  the  same  way.  At 
the  end  of  this  cut  the  canal  broadens  out  to  a  forebay 
pnnd  with  embankments  on  each  side  sloped  1  on  3  and 
lined  with  18  in.  of  riprap. 


The  riprap  consisted  of  stone  taken  from  rock  cvits 
in  other  parts  of  the  canal  and  varied  in  size  from  fairly 
small  chips  to  stones  14  y^-  or  more  in  vohmie.  It 
consisted  chiefly  of  sandstone  and  some  shale  and  was 
in  general  rather  more  in  flat  slabs  about  3  to  9  in. 
thick  than  of  cubical  or  spherical  shape.  It  was  dumped 
in  loose,  except  that  a  line  of  header  courses  of  stones 
laid  on  edge  was  put  in  at  tiie  bottom  and  every  8  ft. 
from  there  up  measured  along  the  slope.  The  method  of 
putting  it  in,  dumping  from  the  top  of  the  bank  5  to 
lo  ft.  above  the  top  of  the  lining,  eliminated  the  smaller 
fragments  and  the  dirt  which  was  left  on  the  slope  above 
the  top  of  the  lining.  Some  rehandling  of  the  stone 
was  necessary  to  make  it  conform  to  the  lines  of  the 
slope,  and  this  probaiily  resulted  in  many  of  the  thinner 
stones  in  places  being  laid  flat  on  each  other,  somewhat 
like  shingles  on  a  roof. 

The  gravel  used  for  the  toe  and  the  lining  behind  the 
riprap  was  also  taken  direct  from  the  excavation.  Al- 
though it  was  somewhat  finer  than  the  best  quality  of 
gravel  and  carried  some  dirt,  it  was  for  the  most  part  of 
the  same  quality  as  that  which  was  used  with  good  re- 
sults, without  screening  or  washing,  for  concrete  in  the 
heavy  mass  work  of  the  retaining  walls. 

Failure  of  Riprap  Lining 

On  Sept.  10.  191.").  nine  days  after  the  water  had 
been  started  into  the  canal  and  about  24  hr.  after  it 
was  up  to  water  line,  the  lining  of  riprap  and  gravel, 
over  a  length  of  about  a  third  of  a  mile  and  for  prac- 
tically the  whole  of  that  portion  of  the  canal  whore  there 
was  any  1  on  11/^  slope,  slid  down  into  the  bottom  of 
the  canal.  A  short  length  of  aboiit-150  ft.  on  the  west 
side,  where  there  was  natural  gravel  behind  the  riprap, 
stayed  in  place.  The  slide  started  on  the  west  side  at 
the  upstream  end  and  within  a  very  few  minutes  it  ex- 
tended the  whole  length  on  that  side.  The  other  side 
followed^  almost  immediately  after  the  west  side  had 
started,  as  if  the  wave  of  the  first  slide  initiated  it. 

For  the  most  part,  the  riprap  with  its  gravel  under- 
lining piled  up  across  the  middle  of  the  bottom  of  the 
canal,  though  in  some  cases  it  stopped  at  the  foot  of 
the  slope  without  going  beyond  acro.ss  the  bottom.  In 
a  few  local  places  the  riprap  slid  to  the  bottom  of  the 
slope,  retaining  in  general  its  character  of  a  sheet  18  in. 
thick.  There  was  verv'  little  slipping  of  the  natural  earth 
of  the  cut  behind  the  lining,  the  only  places  where  this 
occurred  being  where  the  top  of  the  cut  was  in  fine 
sand  and  the  natural  earth  had  been  excavated  to  per- 
mit placing  the  18  in.  of  gravel  behind  the  riprap.  Thus 
the  accident  was  not  in  the  nature  of  a  "slide,"  but  more 
a  failure  of  the  lining. 

Cause  ok  Failure 

The  sliding  appears  to  have  been  due  to  three  main 
causes,  each  of  whidi  probably  contributed  its  share: 
(1 )  The  inability  of  the  riprap,  with  its  somewhat  shing- 
ly character,  to  stand  at  1  on  IV2  slope  when  hibricated 
by  the  water  (roULdi  tests  of  slabs  of  standstone  laid  flat 
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FIGS.   1   TO  6.    VIEWS  OF  TURNERS  PALLS  CANAL,   SLIDE  AND  RECONSTRUCTION 

Fig.  1 — The  canal  on  Sept.  1,  1915.  looking  upstream;  showing  original  construction.  The  slide  extended  a  l''t|* 
bcvond  the  bend.  Fig.  2 — Canal  on  Aug.  2,  1915,  looking  downstream;  showing  original  riprap  on  riglit,  and  on  the 
left  gravel  underlining  and  toe  being  placed.  Fig.  3 — Canal  on  Sept.  11,  191!;,  after  failure  of  lining;  riprap  on  bottom. 
Fig.  4 — Completed  riprap  on  west  canal  bank,  viewed  from  middle  of  bottom;  also  shows  piling  in  for  concrete  toe. 
Fig.  5 — Showing  west-side  concrete  toe  and  paving,  and  berm  on  east  side;  tracks  are  on  unexcavatcd  material  of 
slide.     Fig.  6 — Reconstructed  canal,  looking  upstream;  east  side  completed,  and  west  side  completed  except  for  berm  on  toe 
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on  each  other  at  random  showed  a  tendency  to  slide  even  On  the  west  side  the  same  general  form  of  construc- 

at  a  flatter  slope  than  1  on  U/^)  ;  (2)  the  softening  and  tion  was  adopted  except  that  in  the  toe  trench  after  the 

lubrication  of  the  gravel  fill  behind  the  riprap,  due  to  large  stone  had  been  placed,  a  mat  of  concrete  was  put 

the  water  making  its  angle  of  repose  less  than  1  on  11/2  in  to  a  height  of  18  in.  above  the  bottom  grade,  thus 

and  putting  pressure  on  the  riprap  which  it  could  not  making  a  footing  of  concrete  and  large  stone  12  ft.  wide 

stand — being  very  near  or  beyond  its  own  safe  slope —  at  the  top  and  4I/2  ft.  thick.     On  this  footing  the  paving 

or  if  not  putting  actual  pressure  on  the  riprap  at  least  was  laid  of  stones  on  edge,  in  no  case  less  than   18  in. 

providing  something  similar  to  lubricated  ball  bearings  thick.     Places  where  the  original  materials  had  slid  bo- 

for  the  riprap  to  slide  on;  and   (3)    the  failure  of  the  yond  the  original  excavation  lines  were  also  filled  with 

travel   toe   to   hold   the   bottom   of   the   riprap   once   it  stone   (except  those  near-  the  top  of  the  slope),  so  that 

started  to  move.     Different  conditions  at  various  points  in  general  the  lining  on  this  side  was  thicker  than   18 

showed  that  none  of  these  causes  was  the  sole  one.    There  in.    The  berm  on  the  toe  at  the  bottom  was  built  of  the 

were  places  where  the  riprap  slid,  first  where  it  had  a  same  width  as  on  the  east  side,  but  3  ft.  higher.     Over 

footing  on  rock,  and  there  was  consequently  no  gravel  the  paving  was  spread  9  in.  of  gravel,  which  was  left  to 

toe,  and  secondly  where  there  was  no  gravel  behind  it.  be  carried  into  the  spaces  between  the  stones  by  the  water 

There  were  places  where  it  did  not  slide,  or  slid  only  when  the  canal  was  filled. 

partially,  where  there  was  gravel  fill  behind  it.  The  For  a  length  of  about  500  ft.  where  the  bank  con- 
gravel  toe  was  evidently  stable  in  itself,  as.it  did  not  sisted  of  very  fine  and  clayey  sand,  two  lines  of  20-ft. 
slide  in  the  lower  part  of  the  canal,  though  of  the  same  and  2o-ft.  piles  were  driven  in  the  toe  trench,  the  tops 
form.  extending  about  3  ft.  through  the  concrete  toe,  the  large 

.„                                    ^  stones  being  placed  in  among  the  piles  before  concreting. 

Recoxstruction  of  Lining  ^1,3  gg^^,^!  ,^,,^i^„d  of  doing  the  work  was  as  follows: 

The  coffer-dam  at  the  upper  end  of  the  canal  exten-  A  steam  shovel  cut  was  run  through  the  bottom  of  the 

sion  had  not  been  removed,  and  the  water  was  quickly  canal  at  the  bottom  of  each  slope,  taking  out  to  grade  the 

drawn  off  from  the  new  canal  and  work  was  immediately  material  which  had  slipped  in,   leaving  a  berm  in  the 

started  on  rebuilding  this  portion  of  the  lining.     The  middle.    This  material  was  used  either  for  paving  where 

following  plan. was  decided  on  for  the  new  construction:  possible,  or  for  filling  in  behind  the  paving  or  in  the 

On  the  east  side  a  strip  of  land  15  ft.  wide  was  obtained  berm  and  toe.     The  trenches  were  dug  with  orange-peel 
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FIN^L        SECTIONS 
FIG.  7.    OLD  AND  NEW  SECTIONS  OF  TURNERS  FALLS  CANAL  BANKS 

from  the  railroad,  which  made  it  possible  to  slope  this  buckets  by  locomotive  cranes  following  the  shovel.     Other 

side  at  1  on  2  all  the  way  to  the  top.     This  was  not  pos-  cranes  put  in  the  large  stones  which  were  excavated  by 

sible  on  the  west  side,  where  it  was  necessary  to  main-  derricks  and  a  steam  shovel  from  the  main  rock  dump. 

tain  the  former  top  of  the  slope.  The  paving  on  the  east  side  was  secured  also  from  the 

On  the  east  side  a  trench  was  dug  3  ft.  below  the  hot-  rock  dump,  but  as  the  season  advanced  and  frost  inter- 

tom  of  the  canal  and  6  ft.  wide  at  the  bottom.     Into  this  rupted,  quarry  waste  was  purchased  for  the  paving  from 

were  put  very  large  selected  stone  with  the  spaces  filled  nearby  granite  quarries  at  a  cost  less  than  that  of  ex- 

with  smaller  stone  and  gravel  well  compacted  to  about  cavating  it  from  the  dump.     The  west  side  thus  came 

1  ft.  above  grade,  making  a  kind  of  toe  4  ft.  thick.  With  to  be  lined  with  granite  blocks,  making  an  excellent  pav- 

this  toe  as  a  footing,  the  lining  was  started,  consisting  ing.    After  the  sides  were  well  up,  the  material  from  the 

of  paving  about  15  in.  in  thickness  with  the  stones  laid  middle  of  the  canal  was  excavated  by  .steam  shovel  and 

by  hand  on  edge  up  to  the  top.     Gravel  was  spread  over  deposited  directly  in  either  berm,  together  with  other  ma- 

i  this  and  washed  into  the  spaces  with  a  hose.     On  top  of  torial  taken  from  the  dump. 

!  the  toe  and  extending  on  the  riprap  slope  a  berm  of  rock  It  was  decided  that  it  would  be  advisable  to  make  cer- 

and  gravel  fill  5  ft.  high  above  the  bottom  of  the  canal  tain  that  there  would  he  no  future  possibility  of  troul)le 

and  22  ft.  wide  was  made  to  give  added  weight  to  the  from  the  gravel  toe  at  the  foot  of  the  1   on  2  slope  of 

toe.     In  places  where  the  original  material  had  slid  the  the  downstream  portion  of  the  cut,  where  there  was  no 

1  holes  were  filled  to  the  back  of  the  riprap  with  gravel  sliding.     Accordingly,    these    gravel    toes   were    removed 

and  stf)ne  and  well  compacted  with  water.  and  roplaicod  with  paving  resting  on  a  small  concrete  toe 
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iu  a  shallow  trench  alonsj-  the  bottom  of  the  slope.  A 
small  I)enii  31/2  ft.  high  and  13^  ft.  wide  was  made  over 
this  conorote. 

This  work  was  completed  and  the  water  started  in 
again  on  Jan.  1,  1916,  the  canal  being  filled  to  the  water 
line  on  Jan.  28.  Since  then  soundings  and  observations 
show  no  perceptible  movement  of  the  lining,  with  the  ex- 
ception of  a  very  slight  settlement  of  the  berms  on  each 
side. 

Probably  the  lesson  to  be  learned  from  this  failure  is 
that  the  earth  slopes  of  large  and  deep  canals,  which 
must  be  designed  to  withstand  varying  currents  and 
changes  in  the  elevation  of  the  water  from  a  full  to  a 
completely  empty  canal,  as  well  as  the  ordinary  wear  and 
tear  due  to  frost,  ice,  etc.,  present  problems  in  which  not 
only  the  changing  qualities  of  the  natural  earth  at  the 
sides  of  the  canal  but  of  the  materials  used  for  lining 
have  a  very  important  bearing  upon  design  and  con- 
struction. 

^\lien  there  is  ample  space,  economy  generally  dictates 
the  use  for  large  canals  of  slopes  so  flat  as  to  afford  se- 
curity against  slipping,  and  in  this  case  proper  designing 
of  linings  to  resist  wear  and  tear  is  not  difficult.  When 
the  space  is  limited  so  that  steeper  slopes  must  be  adopted, 
economy  may  still  dictate  the  use  of  slopes  instead  of 
walls,  but  the  engineering  problem  becomes  more  diffi- 
cxilt.  The  lining  must  be  designed  not  only  to  be  stable 
in  itself,  but  so  that  it  will  add  to  the  stability  of  the  earth 
slope  on  which  it  rests. 

The  available  information  upon  which  to  base  designs 
of   linings    for   securing    stability    of    steep    slopes    at   a 


low  cost  is  rather  limited.  It  is  hoped  that  the  dis- 
cussion of  this  failure  may  add  knowledge  on  this  sub- 
ject. In  this  ease  the  final  construction  was  entirely 
different  in  character  and  in  consequent  expense  from 
what  was  originally  attempted ;  the  failure  might  have' 
been  avoided  if  similar  experiences  had  been  on  records 
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A  heavy  street  bridge  with  complex  grade  conditions' 
has  been  built  by  the  City  of  Pittsburgh  on  Herron  Ave. 
over  the  Baltimore  &  Ohio  R.R.  tracks,  on  account  of  the 
elevation  of  the  tracks  at  this  point  to  eliminate  a  grade 
crossing  at  33rd  and  Liberty  St.  Formerly,  there  was  a 
pin-connected  deck  truss  bridge  at  this  point.  The  new 
bridge  is  an  118-ft.  riveted  pony  truss  span  with  con- 
crete-incased floor. 

The  span  is  skewed  at  both  ends.  This  fact,  in  con- 
nection with  the  flattening  of  grade  on  the  span  from  the 
steep  approach  grade  on  either  side,  results  in  the  break 
of  the  grade  on  the  bridge.  One  of  these  shows  in  the 
truss  outline.  Further,  the  approach  roadway  being  flat 
transversely  and  the  roadway  on  the  span  crowned,  there 
is  a  transition  section  just  beyond  either  end  floor-beam 
of  the  bridge.  The  crown  transition  and  the  changes  in 
grade  do  not  coincide. 

Part  of  this  situation  was  caused  by  the  fact  that 
after  the  ordinance   arade   line   had   been   fixed,   it  was 
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ilecided  to  lengthen  the  span.  Leaving  the  grade  of  the 
span  the  same  and  shifting  the  foot  of  the  approach  to 
the  new  end  of  the  span  would  have  made  the  approaches 
steeper.  One  approach  was  already  on  a  6.1  %  grade, 
nnd  therefore  the  grades  were  left  undisturbed  and  the 
lireak  made  within  the  length  of  the  span. 

Both  the  grade  and  the  crown  transition  are  shown 
in  the  drawings  herewith.  The  detail  elevation  of  one 
end  of  the  bridge  brings  out  clearly  how  the  situation 
is  affected  by  the  skew  of  the  bridge  and  the  fact  that 
the  break  in  grade  necessarily  is  at  right  angles  to  the 
center  line  of  the  street. 

Very  complete  protection  against  corrosive  locomotive 
.ases  has  been  provided.  The  floor  is  shallow;  steel 
lioor-beams  spaced  about  6  ft.  apart  support  a  reinforced- 
concrete  deck  which  carries  brick  paving.  The  incase- 
inent  of  the  floor-beams  was  detailed  so  as-  to  permit 
thorough  working  of  the  concrete  and  effective  attach- 
ment of  the  concrete  layer  under  the  beam.  Floor  lat- 
erals are  omitted,  in  view  of  the  bracing  furnished  by 
the  floor  concrete,  which  is  unusually  heavy. 

The  span  contains  3,200  lb.  of  steel  per  lineal  foot 
and  the  entire  dead-load  weight  is  13,600  lb.  per  lin.ft. 
In  constructing  the  new  bridge  in  place  of  the  old 
the  girder  approaches  were  in  large  part  retained.     As 
lie  new  floor  level  of  the  span  is  about  4  ft.  above  the 
Id,  however,  it  was  necessar}'  to  raise  the  approach  col- 
umns by  varA'ing  amounts.     This  was  done  by  mcrea-sing 
the   pedestal   height,   except  where   the   cohmins   were 
built  into  a  building,  as  occurred  in  the  south  approach. 
In  this  case  jacking  beams  were  bolted  to  the  columns 
at  the  top,  the  girders  raised,  and  short  lengths  of  col- 
iinns  spliced  on.     It  had  been  e.xpected  that  it  would 
le  necessary  to  provide  beveled  plates  at  the  tops  of  the 
columns  because  of  the  increase  in  floor  grade,  but  it 
was  found  that  in  most  cases  the  old  columns  were  so 
l)adly  out  of  plumb   that  the   change  of  angle   merely 
made  them  more  nearly  vertical. 

On  account  of  the  skew  of  the  bridge  it  was  not  pos- 
sible to  provide  expansion  by  supporting  one  end  on  a 
rocker  bent.  Instead,  a  fixed  steel  bent  had  to  be  pro- 
vided and  expansion  bearings  placed  upon  it.  This  bear- 
ing is  equipped  with  specially  designed  self-locking 
rockers  to  prevent  tipping  in  case  of  over-expansion,  as 
illustrated  in  Engineering  News,  September,  1916. 

Robert  Swan  is  Director  of  Public  Work.s,  N.  S. 
^Prague,  Chief  of  the  Bureau  of  Engineering,  and  T.  J. 


Wilker.son,  Division  Engineer  of  the  Division  of  Bridges 
in  charge  of  design  and  construction. 


HlSaKaoas  Eica^aEtioes'  Cos'ps  ©la 


Interesting  information  as  to  the  work  of  Company  A, 
Illinois  Engineers,  with  the  troops  on  the  Mexican  border 
is  given  in  the  September  number  of  the  "Journal"  of 
the  Western  Society  of  Engineers  (Chicago).  This  com- 
pany was  called  out  June  18  and  left  for  the  mobilization 
camp  at  Springtield,  111.,  on  June  20.  On  July  4  the 
men  were  mustered  into  the  service  of  the  United  States, 
and  (with  the  Illinois  Signal  Corps)  entrained  for  San 
Antonio,  Tex.,  where  they  arrived  July  7. 

The  first  work  given  them  was  to  design  and  build  a 
drainage  system  for  the  entire  camp.  The  designing  and 
superintendence  of  this  were  done  by  the  men  of  Com- 
pany A,  and  the  labor  was  jierforniod  by  civilian  laborers. 
Culverts  were  built  at  all  road  crossings. 

The  company  was  divided  into  four  sections — the  Rec- 
onnoissance  Section,  the  Bridge  Section,  the  Demolition 
Section  and  the  Fortification  Section.  The  Reconnois- 
sance  Section  made  a  complete  suryey  of  the  entire  camp 
and  a  detailed  contour  map  showing  the  location  of  all 
buildings,  etc.  At  New  Braunfels  a  lieutenant  and  10 
men  of  the  Demolition  Section  laid  out  a  complete  brigade 
camp. 

The  next  important  work  was  the  making  of  a  map  from 
San  Antonio  to  Austin,  8-5  mi.,  the  map  covering  one  mile 
on  each  side  of  the  road.  This  was  done  by  the  Reconnois- 
sance  Section,  it  being  divided  into  four  parties,  each 
equipped  with  motor  trucks,  automobiles,  motorcycles  and 
horses. 

The  company  roster  shows  that  over  one-third  of  the 
men  arc  technical  graduates,  and  nearly  every  man  has 
had  considerable  engineering  experience.  Ever  since  the 
company  has  been  in  camp,  they  have  been  going  on  a 
"hike''  each  morning  l)efore  the  regular  work  of  the  day 
begins.  Eacli  afternoon,  when  not  on  special  work,  two 
hours'  instruction  is  given  to  each  section.  Four  men 
from  the  company  have  been  authorized  to  take  the  exam- 
ination for  second  lieutenant  in  the  regular  army.  Com- 
pany -V  is  not  attached  to  the  Illinois  troops,  but  is  under 
direct  orders  of  the  division  head<|uarters  and  may  be 
as.signcd  to  duty  wherever  the  commander  may  desire. 
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Mixer  charged  by  two  bucket  conveyors — Three  methods  of  surfacing  loose  sandy  soil — Five  ways  to 
waterproof  drawings — Errors  in  new  type  of  precise  level — Steel  transfer  plate  for  muck- 
cars,   instead   of  switch — What  a  Mississippi  flood  can  do  to  a  pipe-laying 
job — Cutting  up   steel   stacks   and   heavy  machinery 


A  conveyor-fed  mixing  plant,  in  nse  in  the  construc- 
tion of  a  four-story  addition  to  the  Hume-Fogg  High 
School  at  Nashville,  Tenn.,  permits  rapid  charging  of  the 
mixer  and  reduces  the  force  required  at  the  feeding  end. 


FIG.   1.    SHOWING  CONVEYORS  LEADING   TO  MIXER 

One  bucket  conveyor  is  used  on  each  side  of  the  mixer, 
each  descending  into  a  pit,  -n-hich  is  surrounded  by  a  bul- 
wark. There  is  a  gate  in  the  bulwark,  against  whicli  the 
material — the  sand  on  one  side  and  the  gravel  on  the 
other — is  dumped  from  motor  trucks.     On  raising  the 


FIG.  2.    FIVE-TON  TRUCK   DUMPING  STONE  AT  SITE 

gate,  the  material  slides  .steadily  into  the  conveyor.  It  is 
carried  to  a  storage  bin,  14  ft.  above  the  ground,  par- 
titioned to  liold  5  cu.yd.  of  gravel  and  3  cu.yd.  of  sand. 
This  is  fed  through  hoppers  to  measuring  hoppers  from 
which  the  mixer  is  charged.  The  feed  has  a  capacity  con- 
siderably bcvond  that  of  the  mixer. 


One  6-hp.  vertical  engine  is  used  to  drive  the  con- 
\eyors,  one  being  belt-driven  and  the  other-  being  driven 
by  a  connecting  sprocket  gear  above  the  bin.  The  mixer 
is  driven  by  a  similar  engine,  there  being  a  central  steam 
])iant. 

Two  men  are  used  for  light  shoveling  on  the  gravel 
l)ile  and  one  man  on  the  sand  pile.  One  man  controls  the 
material  hoppers  and  another  is  required  to  discharge 
1lic  batch.  An  engine  runner  and  fireman  work  on  both 
the  hoisting  engine  and  the  boiler  for  the  other  engines. 
Tlie  equipment  used  in  rigging  the  plant  was  old  ma- 
chinery, and  the  entire  cost  is  figured  at  $100.  Two 
•j-ton  motor  trucks,  each  delivering  a  load  from  the  mate- 
rial yards  about  IV^  mi.  away,  in  about  30  min.,  operate 
'  iintinuously. 

The  contractor  is  the  Foy-Proctor  Co.,  of  Nashville, 
and  the  plant  was  devised  bv  the  superintendent,  Gordon 
•loncs. 


nimgs 
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The  following  is  a  description  of  a  broken-stone  mac- 
adam road  16  ft.  wide  and  over  3  mi.  long,  built  on  loose 
sandy  soil.  The  stone  used  for  the  bottom  course  was 
'21/2  in.  in  size  and  averaged  about  5  in.  in  depth.  Care 
was  taken  not  to  trench  and  not  to  prepare  any  more  sub- 
grade  than  could  be  covered  with  a  day's  run  of  stone. 

The  shoulders  were  kept  high  and  were  not  trimmed 
until  the  stone  in  the  road  had  bonded  together.  The  top 
lourse  was  an  asphaltic  concrete  of  gravel  and  binder, 
mixed  hot,  and  averaged  about  214  in.  in  dejith.  The 
crown  of  the  road  was  3  in.,  and  the  shoulders  had  a  drop 
(if  10  in.  in  their  width  of  8  ft. 

Rolling  was  done  with  a  10-ton  steam  roller  of  the  three- 
wheel  type.  By  working  the  roller  forward,  the  front 
wheel  was  used  to  compact  the  loo.«c  stone  in  advance  of 
i!ie  heavier  back  wheels.  On  a  300-ft.  stretch  of  particu- 
larly loose  sand,  logs  were  buried  in  the  shoulders  to  hold 
IJie  macadam  from  spreading. 

Extraordinarily  heavy  hauling  was  done  over  the  bo^ 
lorn  course.  Because  the  work  was  started  at  the  point 
nearest  the  base  of  supplies  and  carried  forward,  hauling 
was  done  over  all  new  work.  The  top  course  was  stjirted 
at  the  end  of  the  prepared  bottom  course  and  worked  back 
toward  the  beginning.  Two  Buffalo-Pitts  traction  engines 
and  eight  stone  cars  of  about  5  cu.yd.  capacity  each  con- 
stituted the  outfit  for  hauling  all  materials,  which  were 
brought  by  boat  to  within  IV^  mi.  of  one  end  of  the  job. 

The  bottom  course  stood  the  strain  of  two  winters  and 
all  the  hauling  and  did  not  rcqnire  any   rt'jiairs  before 
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applying  the  top.  It  held  its  shape  so  vreW  that  it  looked 
like  a  completed  top  course  when  finished. 

It  would  seem  that  a  good  road  can  be  obtained  over 
eandy  soil  by  using  broken  stone  filled  with  limestone 
icreenings  and  puddled,  with  a  cold-oil  and  fine-gravel 
cover  wearing  course.  The  cost  of  such  a  road  will 
depend  upon  available  materials. 

Another  example  of  a  road  constructed  over  light  sandy 
soil  is  one  that  runs  for  a  considerable  distance  along  the 
lee  of  sand  dunes  and  is  built  of  loam.  This  is  an  ine.\pen- 
.-ive  and  at  the  same  time  durable  type  of  road  for  light 
traffic.  When  weathered  down,  it  is  shaped  and  oiled  at 
small  expense. 

At  the  present  time  there  is  under  construction  a  road 
I  mi.  in  length  over  sand  dunes,  cinders  alone  t)eing  used 
for  road  metaling.  They  are  placed  about  1  ft.  in  depth 
by  11  ft.  in  width.  This  road  is  across  Xepeanuo  Beach 
at  the  eastern  end  of  Long  Island  and  will  make  Montauk 
Point  accessible  to  motorists. 

fSow  To  'Wate2=pB'@©ir  DtPSi^yyamigs. 
By  F.  W.  Salmon* 

Eeferring  to  C.  F.  Bell's  letter  in  Engineering  News. 
Oct.  26,  1916,  let  me  state  that  at  different  times  I  have 
found  each  of  the  following  methods  very  useful  and 
satisfactory  for  waterproofing  drawings,  and  I  believe  that 
they  will  serve  Mr.  Bell's  purpose. 

A.  Give  the  drawing  several  light  coats  of  white  shellac 
dissolved  in  a  grain  alcohol,  letting  each  coat  dry  before 
the  next  is  applied.  Orange  shellac  and  even  wood  alcohol 
may  be  used ;  but  I  much  prefer  the  "white"  or  bleached 
shellac,  and  I  object  to  the  wood  alcohol  because  of  its 
injurious  effect  on  the  eyes. 

B.  Give  the  drawings  several  light  coats  of  "Zapan" 
t'arnish,  which,  I  understand,  is  made  of  scrap  trimmings 
of  dear  sheet  celluloid  dissolved  in  acetone  and  is  produced 
by  several  Ea.stern  chemical  factories  and  firms  manufac- 
turing celluloid  articles. 

C.  When  a  heavier  protective  covering  is  desired  than 
.V  or  B  will  provide,  the  drawing  may  be  made  wet  with 
the  thin  celluloid  varnish  and  pressed  down  evenly  on  a 
Fheet  of  thin  sheet  celluloid,  then  allowed  to  dry.  This 
process  gives  a  beautiful  clear  mounting  with  0.01  in.  of 
celluloid  on  the  face. 

D.  Drawings  may  be  made  waterproof  witli  paraffin 
wax,  which  is  applied  hot  (melted)  with  a  flat  l)ristle 
brush.  The  drawing  is  then  put  between  two  sheets  of 
blotting  paper,  and  a  hot  (electric)  sad-iron  is  passed  over 
the  upper  blotter,  thus  causing  the  paraffin  to  be  distri- 
buted more  evenly  and  the  surplus  to  be  absorbed  by  the 
blotting  paper.  The  blotters  must  be  removed  before  they 
cool.  If  the  wax  is  thick  and  white  over  any  part  of  the 
drawing  or  print,  sponge  it  ofl'  with  benzine. 

E.  Drawings  may  be  paraffined  by  dissolving  the  par- 
iiffin  wax  in  benzine  and  then  thoroughly  painting  the 
drawing  wilh  this  liquid  or  ])assing  the  drawing  through 
a  bath  and  hanging  it  uj)  to  dry. 

Some  of  the  solvents  mentioned  are  very  inflammable 
and  even  explosive,  so  all  open  lights  should  be  kept  away 
from  them.  Sometimes  they  affect  certain  people  injuri- 
ously; accordingly,  such  work  should  he  done  only  in  a 
well-ventilated  room,  with  a  fan  to  keep  fresh  air  moving 

•T  the  work. 

•526  North  20th  St..  P.lrmlnpham,  Ala. 


By  George  Beviek,  Jr.* 

The  merits  and  faults  of  surveying  instruments  form 
a  subject  of  perpetual  interest  to  engineers,  particularly 
when  a  discussion  of  them  attempts  to  point  out  means  of 
avoiding  errors  and  of  attaining  greater  precision.  For 
that  reason  I  submit  a  few  unofficial  observations  of 
leveling  instruments. 

Several  of  the  engineering  parties  engaged  in  the  pre- 
liminary location  of  the  new  railroad  now  being  con- 
structed by  the  Federal  Government  in  Alaska  were 
provided  with  levels  of  the  "precision"  type,  i.e.  equipped 
with  a  mirror  that  permits  observation  of  the  level  bub- 
lile  from  the  telescope  eyepiece,  and  with  a  vertical  ad- 
justing screw  for  precise  setting  just  before  reading  the 
rod. 

The  value  of  this  arrangement  was  conspicuously  evi- 
dent in  attempting  to  run  accurate  levels  over  the  many 
muskegs  and  quaking  bogs  encountered  in  that  work, 
where  the  only  available  spots  for  setting  up  an  instru 


^Apparent  Position 
of  Image 


f^tafivgdiiiance  between  buhhh  and 
graduations  exaggerated  to  show 
parallax  effect  more  clearly 
■;:!(e!aiionofbubhleand  graduations 

when  viewed  from  fbeopf/mum  point  a 
■Shelving  the  apparent  shifting  of  bubble 
due  to  parallajt  produced _h^  observing  mirror 
image  from  any  of  her  point  b,e5pecially  from 
level  of  telescope  eyepiece 

PIG.     1.      DIAGRAM    SHOWING     POSSIBILITY    OF     ERRORS 
DUE    TO    PARALLAX 

nient  afforded  such  insecure  support  that  the  movement 
of  the  observer's  body  from  the  bubble  to  the  eyepiece 
of  an  ordinary  wye-level  caused  the  instrument  to  be 
thrown  out  of  true  level. 

In  fact,  the  potential  merits  and  faults  of  any  instru- 
ment may  never  be  fully  revealed  untilit  is  subjected  to 
a  test  demanding  the  pre.servation  of  its  precision, 
strength  and  facility  of  manipulation  Sunder  unusually 
rigorous  conditions  of  climate,  topograpliy  .and  transpor- 
tation. It  was'  possi])le  to  obtain  opinions  from  quite  a 
number  of  "tlie  nien  who  were  "actually  using  these  instru-- 
ments  on  the  work  in  the  North.  A\^ithout  exception 
they  agreed  in  their  expressions  of  high  prai.se  for  the 
level  as  compared  with  the  ordinary  railroad  levels  they 
had  u.«cd  before.  ''.".' 

There  were  two  faults,  however,  that  evenitually  showed 
up — their  elimination  will  greatly  increase  the  value  of 
the  instruments.  In  two  cases  the  bottom  leveling  plate, 
which  screws  to  the  top  of  the  tripod  head,  broke  off  at 
the  ha.'ie  of  the  collar  that  holds  the  joint.  Rough  hand- 
ling— possibly,  but  not  necessarily,  careless  handling — 
revealed  the  weak  spot  under  severe  conditions. 

•Stanford  University,  California. 
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•The  more  important  fault  has  been  with  the  mirror. 
Some  took  it  off  altogether;  others  found  it  a  source 
of  error  unless  given  constant  attention. 

We  found  that  there  was  a  sufficient  distance  between 
the  bubble  and  the  etched  graduations  on  the  surface  of 
the  vial  to  permit  parallax  in  lining  them  up,  of  from 
one  to  three  scale  divisions,  depending  upon  the  posi- 
tion from  which  the  observation  was  made.  This,  of 
course,  is  true  for  any  level,  as  it  is  of  a  burette  or  mer- 
cury barometer.  The  mirror  renders  the  necessity  for  ob- 
serving the  bubble  from  a  constant  point  less  evident. 

If  the  eye  is  at  a  and  the  angle  between  the  mirror 
and  the  bubble  is  45°,  as  shown  in  Fig.  1,  the  reflected 
readings  of  the  bubble  will  be  true.  If  the  eye  is  at  any 
other  point,  as  h,  the  eft'ects  of  parallax  become  evident. 
This  is  clear  from  the  diagram.  If  a  prominent  line  were 
etched  on  the  mirror  at  the  point  x,  it  could  be  lined  up, 
when  observing,  with  another  line  across  the  middle  of 
the  bubble,  and  the  parallax  error  avoided. 

As  long  as  the  mirror  is  in  good  condition,  one  is  apt 
to  read  it  from  near  the  proper  position  (a).  But  there 
is    a    danger   of    its    being    sprung    out    of    adjustment. 


TiFSiiasf®!?  Plat®  f©2°  M^cS^^Csiffs 

A  steel  transfer  plate  for  niuek-cars  in  jjlaee  of  a 
switch  is  proving  very  satisfactory  in  the  West  Side  water 
intake  tunnel  under  construction  by  the  City  of  Cleve- 
land. Superintendent  G.  C.  Van  Duzen  introduced  the 
arrangement.  The  trackage  in  the  tunnel  is  generally 
single  track,  with  switch  turnouts  at  occasional  passing 
points.  Approaching  the  heading  there  is  a  double-track 
section  which  at  its  shortest — that  is,  when  jxist  shifted 
ahead — is  long  enough  to  take  a  string  of  empties  suffi- 
cient for  nmcking  the  excavation  for  one  lining-ring  ad- 
vance   (18  in.)    for  half  the  height  of  the  face. 

Back  of  the  shield,  under  the  lining-erector  gantry,  is  a 
single  track  accurately  aligned  with  one  of  the  two  tracks 
of  the  double  track.  Between  the  rear  end  of  this  single 
track  and  the  forward  end  of  the  double-track  siding  is  a 
space  about  10  ft.  long,  which  has  no  rails,  but  is  floored 
with  a  steel  plate.  The  plate  is  set  at  the  right  height 
to  take  the  wheel  flanges  as  a  car  is  rolled  on  from  the 
track,  and  to  deliver  the  car  to  the  track  opposite. 

A  car  is  loaded  on  the  single  track  under  the 
elector  gantry.  WIku  full,  it  is  pushed  back  and  rolls 
across  the  plate,  taking  the  aligning  track  without  assist- 
ance. The  adjoining  track  holds  the  empties,  and  the 
forward  one  is  quickly  pushed  ahead  onto  the  plate,  slewed 
diagonally  and  rolled  over  to  the  loading  track,  then 
pushed  to  loading  position.  The  whole  interchange  takes 
only  a  very  few  seconds,  the  interruption  in  the  mucking 
lieiug  hardly  noticeable. 

Misslssip-jpa  ~ 


FIG.   2.    DIAGRAM  SHOWING   POSSIBILITY   OF   ERRORS  IN 
INSTRUMENT    WITH    MIRROR    OUT    OF    PLACE 

In  order  that  the  mirror  may  be  folded  down  out  of  the 
way,  it  is  attached  by  a  ball-and-socket  joint — the  ad- 
vantages of  this  particular  type  of  joint  have  not  been 
entirely  obvious  to  us.  The  mirror  is  raised  from  its 
folded  position  until  stopped  by  a  shoulder  at  an  angle 
of  about  45°  with  the  bubble.  It  is  supposed  to  be  held 
in  this  position  by  friction,  but  the  joint  soon  wears  so 
that  the  mirror  is  apt  to  sag,  making  the  angle  smaller. 

In  order  to  counteract  that  tendency  the  operators  haye 
learned  that,  before  taking  a  reading,  they  must  push 
the  mirror  up  to  the  proper  position  against  the  shoulder. 
Now  this  frequent  though  gentle  pressure  is  sufficient  to 
bend  or  spring  the  mirror  eventually,  so  that  the  angle 
it  makes  with  the  bubble  is  greater  than  45°.  On  one 
instrument  it  was  measured  and  found  to  be  52°  30' 
(Fig.  2). 

This  gradual  change  is  not  readily  noticed,  and  on 
finding  persistent  errors  one  is  apt  to  overhaul  every 
otlier  adjustment  before  surmising  the  possibility  of  er- 
ror from  this  source.  It  could  be  easily  remedied  by 
strengthening  the  mirror  with  a  rib  or  heavier  support 
and  by  using  some  other  form  of  joint,  as,  for  instance, 
one  in  which  a  small  shoulder  engages  a  notch,  producing 
a  "click"  at  the  proper  point.  This  would  insure  the 
accurate  position  of  the  mirror  and  yet  obviate  the 
strain  produced  by  bringing  to  a  sudden  halt  the  motion 
of  raising  it. 


By  George  II.  Heurold* 

Some  of  the  pranks  the  Mississippi  Eiver  can  play 
with  a  pipe-laying  job  have  been  shown  with  emphasis 
since  a  start  was  made  to  lay  a  48-in.  riveted  steel  pipe 
in  a  trench  across  the  river  at  Minneapolis  last  spring. 

The  crossing  is  located  about  a  thousand  feet  below  the 
lower  tailrace  of  St.  Anthony  Falls.'  The  river  be^.^ 
at  this  point  is  filled  with  broken  limestone  to  a  knoWB^ 
depth  of  some  40  ft.,  this  stone  having  been  deposited  ifi' 
the  gorge  as  the  falls  broke  it  dowi\  and  receded.       •  '*] 

The  trench  was  started  as  planned,  using  a  clamsh^- 
dredge,  but  the  broken  rock  proved  too  large  for  it  to 
handle,  and  the  excavator  shown  in  Fig.  1  was  substituted. 
A  crib  bridge  was  built  across  the  river  to  operate  the 
machine  on.  These  cribs  were  8  ft.  long,  made  of  10x18- 
in.  timbers,  with  bottoms,  each  holding  about  two  tons  of 
stone.  They  were  built  and  filled  behind  the  excavator, 
then  lifted  by  the  boom  and  swung  around  and  landed  in 
position  in  the  river  bottom  ahead  of  the  excavator. 
I-beams  were  laid  to  form  a  track  on  which  the  excavator 
moved.  Another  crib  was  then  built  and  placed,  and  80 
on  until  the  river  c'rossing  was  completed,  Feb.  16,  1916 
(See  Fig.  1).  The  excavator  then  began  digging  the 
trench  approximately  6  ft.  deep,  the  center  line  of 
the  river  crossing  being  the  center  line  of  the  trench. 
The  track  and  cribs  were  removed  as  the  excavar 
tor  moved  back,  and  the  trench  was  coniiileted,  section 

•City  Engineer's  Office,.  St.   P.aul.   Minn. 

■See  "EncineerinK  News,"  Feb.  10.  lOlB.  p.  291.  for  a  de- 
scription of  the  project,  and  Apr.  20.  1916,  p.  759,  for  a  descrip- 
tion of  the  shafts  sunk  on  either  side  of  the  river  for  tnis 
crossing. 
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niGOIXG  TRENCH  AND  LAYINO   MAIN  ACROSS  MISSLSSIFl^  AT  MINNEAPOLIS 

Fig.  3 — Ready   to  haul   first  section   of 


Fig.  1 — Track  for  excavator  to  work  on.     Fig.  2 — Excavator  in  operation 

pipe    out    into    the    river   trench 


n)y  section,  the  rock  being  thrown  on  a  spoil  bank  on 

fhe  downstream  side.     Fig.  2,  a  photograph  taken  JIar. 

^ .  shows  the  excavator  in  operation  at  the  finished  end 

the  trench,  the  I-beams  in  the  foreground  forming  a 

"tpath  on  the  spoil  bank.    The  material  excavated  was 

I'very  conceivable  shape  and  size.    In  many  cases  large 

iregular-shaped  pieces  of  limestone  were  simply  dragged 

lind  nosed  out  by  the  inverted  shovel  from  their  position 

II  the  trench  onto  the  spoil  bank. 

Fig.  3,  a  view  taken  Mar.  24,  shows  the  beginning  of 

;  iperations  for  laying  the  48-in.  pipe  in  the  trench.    Just 

|it  this  time  the  ice  broke  in  the  upper  Mississippi  River, 

■nd  an  ice  gorge  tliat  had  fonncd  above  St.  Anthony  Falls 

"kc,  allowing  a  great  Hood  of  water  to  go  over  the  falls. 

-  iiis  rush  of  water  carried  the  pipe  and  all  the  laying  ap- 


purtenances lip  on  the  shore.  The  crest  of  the  flood  was 
at  such  height  that  it  simply  picked  the  pipe  np  and  laid 
it  horizontally  along  the  shore  line  without  damage.  This 
flood  condition  continued  several  days.  Then,  on  Apr. 
6,  ten  million  ft.  of  logs  broke  away  from  the  Anoka 
boom,  came  over  the  falls  and  carried  away  every  vestige 
of  the  stone  spoil  bank.  As  high  water  continued  until 
July,  no  further  attempt  was  made  to  clear  the  trench  or 
lay  the  main. 

At  the  present  time  a  low-water  stage  exists  and  tlie 
trench,  wlucji  was  filled  with  sand,  is  being  cleaned  out 
with  a  drag-line  excavator  operated  from  a  cable  strcfclu'd 
across  tlie  river.  The  main  will  be  laid  during  the  extreme! 
low-water  stage  of  the  winter.  J.  Arthur  Jensen  is  su]ier- 
visor  of  water-works,  and  F.  W.  Cappclin  is  city  engineer. 
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The  removal  of  the  old  Harrison  St.  power  plant  of 
the  Commonwealth  Edison  Co.,  at  Chicago,  was  necessary 
in  connection  with  the  consti'uction  of  the  new  Union  Sta- 
tion. The  plant  was  large  and  included  very  heavy  ma- 
chinery, but  as  this  equipment  was  of  obsolete  type  it 
was  not  considered  worth  the  cost  of  removal  to  another 
station.  The  entire  machinery  equipment  was  sold  there- 
fore at  its  scrap  value  to  a  dealer  in  scrap  iron. 

In  view  of  the  size  and  weight  of  the  parts  (many  of 
which  weighed  from  35  to  50  tons  each)  the  necessity  of 
prompt  removal  and  of  doing  tlie  work  at  low  cost  made  a 
])roblem  for  the  purchaser.  The  inethod  adopted  was  to 
use  oxyacetylene  torches  to  cut  up  the  machinery  in  place. 


FIG.   I.    WRECKING  STEEL,  SMOKESTACKS    12x125   FT.    AT 
THE   HARRISON   ST.    PLANT.    CHICAOO 

reducing  it  to  sizes  that  could  lie  handled  ((invcnicntly. 
The  purchaser  contracted  with  e.xpert  operators  to  do  tiiis 
cutting,  and  five  complete  outfits  of  gas  tanks,  torches  and 
other  apparatus  were  employed  in  the  work.  These  o.\y- 
acetylene  outfits  were  made  by  the  Imperial  Brass  Co.,  of 
Chicago. 

Si.x  steel  smoke-stacks  12  ft.  in  diameter  were  sup- 
ported by  the  steel  frame  of  the  buikling  and  were  125  ft. 
liigh  above  the  roof.  These  were  cut  at  the  base  (just 
above  the  roof)  and  thrown  over  bodily.  The  fall  was 
started  by  jacking  under  one  side,  tliis  being  done  in  such 
a  way  that  the  stacks  fell  in  a  predetermined  position. 
They  were  then  cut  into  lengths.  Fig.  1  shows  one  of  the 
stacks  falling.  It  will  be  seen  that  it  had  vertical  stiffen- 
ers,  with  gusset-plate  connections  to  the  supports.  The 
time  for  cutting  and  overthrowing  each  stack  was  less  than 
two  hours. 


FIG.   2.    CUTTING  UP  WATER-TUBE  BOILERS  FOR  SCRAP 

There  were  2-1  water-tube  boilers,  averaging  about  500 
lip.  each.  The  headers  wei-e  cut  apart,  as  shown  in  Fig.  2, 
and  these  were  then  forced  outward  by  jacks,  falling  into 
the  pit  and  leaving  the  nest  of  tubes  behind.  The  man  at 
the  right  is  standing  on  one  of  the  header  sections,  and 
above  him  is  the  group  of  tubes.  To  remove  the  huge 
steel  coal  bins  above  the  boiler  room,  men  went  inside  and 
cut  loose  the  hopper  bottoms,  letting  them  fall  to  tlio 


CUTTING  AW.'VY  THE   COAL  HOI 
BOILER    KO(1M 
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floor  below,  as  shown  in  Fig.  3.    There  they  were  cut  u]  > 
into  pieces  of  size  suitable  for  removal. 

The  big  engines  were  wrecked  in  the  same  way.  Th' 
i.5-ft.  built-up  flywheels  were  easily  handled.  The  dumh- 
jell-shaped  locks  or  clamps  in  the  rims  were  cut  away,  al- 
owing  the  segments  of  the  wheel  to  be  taken  apart.  The 
)6-in.  shafts  were  tough  proijositions.    Each  was  cut  into 


FIG.    4.     CUTTING    UP    36-IN.    ENGINE    SHAFTS     (TWO 
CUTS    PER    DAT) 

hree  lengths,  and  Fig.  4  shows  the  work  upon  one  of  these 
rreat  shafts.  At  the  right  is  a  cut  nearly  completed,  leav- 
ng  just  enough  metal  to  carry  the  weight,  while  the  op- 
■rator  is  making  the  second  cut  (at  the  left),  just  outside 
he  heavy  flanges  for  the  hub  of  the  flywheel.  The  work 
vas  done  during  the  summer  and  fall  and  occupied  less 
han  three  months. 


New  Precise  Leveling  Ileconl — John  H.  Peters,  in  charge 
if  a  precise  leveling  party  of  the  United  States  Coast  and 
Jeodetic  Survey  operating  in  Michigan  between  Macltinac  and 
fackson.  made  a  progress  of  159.6  mi.  during  September,  1916. 
The  number  of  miles  actually  run  was  340.  The  leveling  is 
livided  into  sections  of  approximately  1  mi.  each,  and  each 
iection  is  leveled  over  twice — once  in  the  forward  and  once 
n  the  bacVtward  direction.  If  the  results  of  the  two  run- 
lings  do  not  agree  very  closely,  then  extra  I'unnings  are  made 
intU  the  differences  in  elevation  Ijetween  the  ends  of  the  sec- 
ion  are  nearly  the  same  by  each  of  two  runnings.  The 
■riterion  used  is  that  the  two  lines  shall  agree  within  4  mm. 
nto  the  square  root  of  the  distance  in  kilometers.  If  the  sec- 
:lon  Is  a  kilometer  in  length,  then  the  acceptable  differ- 
ence will  be  4  mm.  If  the  section  is  4  km.,  then  the  allow- 
ible  difference  will  be  8  mm.,  etc.  As  a  matter  of  fact,  the 
iverage  discrepancy  between  the  two  runnings  of  a  section 
iB  only  about  half  the  allowable  limit.  Mr.  Peters  had  to 
rerun  only  about  6%  of  his  lines,  on  account  of  failure  to 
Keep  within  the  prescribed  limits.  That  this  record  was  not 
the  result  of  excessive  hours  in  the  field  is  shown  by  the 
fact  that  the  average  time  per  day  between  the  first  reading 
ind  the  last  one  was  eight  hours  and  one  minute.  It  Is 
not  known  exactly  how  much  time  was  taken  for  noon,  but 
Mr.  Peters  reported  that  It  was  probably  a  little  over  an  hour. 
It  Is  safe  to  say  that  the  average  observing  period  for  a  day 
was  not  more  than  seven  hours.  Like  the  other  observers, 
'luring  the  present  year,  Mr.  Peters  Is  using  the  tripod  and  In- 
strument mounted  on  one  of  the  motor  cars;  and  the  adding 
machine,  on  which  the  rod  readings  are  recorded.  Is  mounted 
on  the  second  motor  car  used  by  the  leveling  party.  These 
two  Innovations  (due  to  suggestions  made  by  Mr.  Peters) 
were  described  in  "Engineering  News."  July  13,  1916,  p.  74. 
—William  Bowie,  chief  of  the  Division  of  Geodesy,  United 
''a    Coast    and    Geodetic    Survey,    Washington,    D.    C. 

Mniiwny   CoMtlnic   (l10,H4.'i..%K<l.1H   per  Mile — New    York's   dual 
aystem  of  rapid-transit  lines  has  the  distinction  of  Including 


the  most  expensive  railroad  in  the  world.  This  is  the  so- 
called  Centre  St.  Loop,  the  cost  of  which  to  .the  city  to  June 
30,  1915,  as  figured  by  Chief  Engineer  Craven,  of  the  Public 
Service  ^Commission,  was  $16,080,964.09.  This  is  at  the  rate  of 
$10,843,536.13  per  mile  of  subway,  and  $3,050,837.43  per  mile 
of  track.  The. amount  does  not  include  the  lessee's  contribu- 
tion toward  the  cost,  or  its  expense  for  equipment,  or  addi- 
tional payments  for  interest  yet  to  be  charged  by  the  city. 
When  these  are  added,  the  aggregate  cost  is  likely  to  be 
nearly  $2,000,000  more.  Of  the  $16;0S0,964.09,  however  (the 
total  cost  to  June  30,  1915),  only  $11,846,145.67  was  for  labor 
and  materials.  The  remaining  $4,234,818.42  was  for  salaries 
and  expenses  of  the  Public  Service  Commission's  employees 
and  for  interest.  This  scant  mile  and  a  half  of  subway  con- 
tributes practically  no  new  additional  revenue  to  the  system. 
The  interest  on  its  cost  and  the  expense  of  its  operation  must 
be  met  almost  entirely  by  the  other  rapid-transit  lines  oper- 
ated by  the  New  York  Consolidated  Railroad  Co.  This  is  one 
of  the  misconceived  transit  luxuries  which  that  company  is 
obliged  to  carry  under  its  contracts  with  the  city,  and  is  one 
of  the  factors  which  make  the  company's  burden  severe. — 
"B.    R.   T.    Monthly." 

Tractor  and  Pioivs  Dig  Out  Gravel  Layer — When  excavat- 
ing for  the  construction  of  a  wood-block  teamway,  in  the 
Illinois  Central  Main  St.  yards.  Evansville,  Ind.,  IS  in.  of 
conglomerate  gravel  (known  as  Paducah  gravel  in  the  lower 
Ohio  region)  was  found  under  6  in.  of  broken  stone.  The  con- 
tractor made  several  unsuccessful  attempts  to  start  a  rooting 
plow  with  three  teams,  but  it  was  impossible  to  break  the 
gravel.  The  plow  was  finally  attached  to  a  steam  tractor  and 
the  gravel  loosened.  Several  plows  and  chains  were  broken 
during  the  work.  It  required  four  days  with  the  tractor  on 
1,500  sq.yd.  of  surface.  The  necessity  of  using  the  steam 
tractor  in  a  small  space  and  the  difficulty  of  loosening  the 
gravel  so  that  it  could  be  shoveled  on  flat-cars  cost  the  con- 
tractor almost  double  the  original  estimate,  which  had  been 
made  without  a  thorough  examination  of  the  locality. — E.  W. 
Bullard.  Building  Inspector,  Mechanicsburg,  111. 

Motor    Truolis    Dump    at    tlie    Second-Floor    Level    of    the 

$500,000  building  now  being  erected  in  Cleveland  for  Richman 
Brothers.  The  Cleveland  Builders'  Supply  Co.,  which  has  the 
contract,  has  erected  a  wood  platform  at  the  level  of  the 
second  story  and  has  connected  platform  with  ground  by  two 


TltrXKS    1)C.MI'    AT    SKCOND    FLOOR    LKVKL   OF    Xi:\V 
BUILDI.NG,   CLKVEL.VNU 

plank  inclines  having  a  grade  of  about  10%.  Concrete  ma- 
terials are  delivered  on  the  platform  by  a  fleet  of  nine  White 
power-dumping  trucks.  Having  two  Inclines  keeps  the  trucks 
running  continuously. 

BcanomlxinKT  CumpreMHed  Air — A  useful  little  expedient 
was  adopted  In  the  Milwaukee  water  Intake  shore  tunnel  by 
the  O'Brien  &  Jackson  Co.,  contractors.  The  tunnel  is  be- 
ing driven  under  compressed  air  and  In  addition  air  chisels  are 
used  In  some  of  the  headings  for  excavating  in  hardpan  and 
hard  clay.  The  Intermittent  operation  of  the  tools  is  apt  to 
produce  considerable  waste  of  power  in  blowoff  from  the  re- 
ceiver. To  avoid  this  waste,  a  blowulT  valve  set  at  90  lb.  was 
placed  on  the  high-pressure  air  line  within  the  tunnel,  on  the 
heading  side  of  the  air  lock.  Whenever  the  demand  of  the 
air  chisels  Is  low  the  excess  high-pressure  air  escapes  Into  the 
tunnel  via  this  valve,  and  thus  Increases  the  low-pressure  air 
supply  and  reduces  the  load  on  the  low-pressure  compressors. 
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Reinforceil-roiierete  Curb  Inlot — The  accompanying  figure 
gives  the  rtetails  ot  a  reintorced-concrete  curb  inlet  and 
L-atchbasin  used  as  a  standard  in  San  Antonio,  Tex.  It  is 
essentially  a  narrow  rectangular  box.  with  6-.  S-  or  10-ft. 
opening  in  the  curb.    At  the  manhole  opening  the  width  ot  the 


Lo  n3i  +  udi 


Section 


Croa-s-Section 


DETAILS  OF  CONCKETli  CUKB  INLET,  SAN  ANTONIO.  TE.\. 

box  is  3  ft.,  but  at  the  other  end  only  half  that  amount.  Only 
the  top  and  the  overhanging  part  of  the  side  of  the  box  are 
reinforced.  The  bottom  is  rounded  to  an  arc  of  a  circle  and  is 
sloped  as  shown  in  the  longitudinal  section.  The  sewer  en- 
gineer of  San  Antonio  is  M.  E.   Erwin. 

W^ll-Hole  Quarry  BlastluK — The  following  changes  were 
recommended  by  S.  R.  Russell  in  a  recent  issue  of  the  "Du 
Pont  Magazine":  In  hard  rocks  a  combination  of  60  and  40'; 
dynamite  is  advisable;  a  little  60%  should  be  loaded  in  the 
bottom  ot  each  hole  and  40%  used  on  top.  In  softer  flat 
limestones  a  40%  explosive  will  usually  be  found  strong 
enough  and  often  a  lower  grade  can  be  used  for  top  load.  If 
the  work  is  very  wet  and  the  toe  heavy  it  may  be  necessary 
to  use  a  gelatin  dynamite  from  40  to  60%  strength.  Sand, 
clay  or  fine  screenings  should  be  used  for  tamping  and  holes 
filled  up  to  the  collar.  In  holes  up  to  35  ft.  deep  a  tamping 
pole  or  stick  can  be  used  handily.  If  of  greater  depth  it  is 
necessary  to  use  a  rope  and  block  as  a  tamper. 

A  Monthly  Po.stcard  Picture,  showing  some  work  under 
construction  by  Bent  Bros.,  engineering  contractors  of  Los 
Angeles,  Calif.,  is  sent  out  by  that  firm  for  publicity  purposes. 
The  August  postcard  is  shown  herewith.  The  view  is  nf  a 
power  backfiller,  used  to  trim  the  inner  slope  of  a  large  cir- 
cular earth  reservoir  recently  completed  for  the  Standard  Oil 
Co.   at   El   Segundo,   Calif.      The    leservoir    is   403    ft.    in    diame- 


CONTHACTOU'S    I'OSTCAUU   .SUVEUTISEMENT 

ter  at  the  bottom  and  19  ft.  2  in.  deep,  having  a  1 '^  to  1  slope. 
After  the  slope  was  trimmed  and  thoroughly  rolled,  a  3-in. 
concrete  lining  was  placed.  In  the  space  for  writing,  on  the 
reverse  side,  under  a  heading  "Contracts  in  Progress,"  is  a 
/ist  of  contracts  now  under  way   by  Uent  Bros. 


Interest  Rr.te  In  Loan  Repayment — Virgil  A.  Eberly,  of  2728 
Pennsylvania  Ave.,  Wa.'shington.  D.  C,  ha.i  solved  the  prob- 
lem in  interest  rate  on  .a  loan  repaid  by  installments,  as  given 
in  "Enineering  News,"  of  Nov.  2,  1916,  p.  S52.  If  the  total 
debt  is  A  and  the  number  of  equal  annual  payments  ex- 
tinguishing it  is  n.  and  if  the  interest  percentage  is  100  -=-  b. 
then    the    general    formula   is 

(b  +  l)n 


One  payment 


m] 


lb(b  +  l)n 

With  b  as  the  unknown,  this  formula  must  be  solved  by  trial, 
but  with  seven-place  log  tables  a  solution  can  be  obtained 
to  within  $1,  in  not  over  five  or  six  trials.  In  the  particular 
problem  given,  the  fractional  period  at  the  beginning  makes  a 
little    further  complication.      The   $1,000,000   loaned   today  will 

draw  interest  at  the  rate  of  -r—   %  for  li  year.     The  debt  at  the 
b 

end  of  61/.  months  will  therefore  be  1,000,000  (l  -1-  ^^  dollars. 

At  this  time,   however,   $120,000  is  paid,   reducing  the  debt  to 

1,000,000  n  +  2ib) —  120,000  dollars,   which   represent  A  in  the 


above    formula, 
fore  be 

120,000  =  [1,000,000^ 

Tills  may  be  reduced  to 

12b  - 


The    statement    of    the    problem    will    there- 


')_  ,20,000l[,-/^+:'",    1 
b/  Jlb(b  +  D"  -  b-=J 


uoo 

^    24b 

1.5.05    ±0.01  —   (on  sixth 


(b  +  I)> 
which   by  approximation   gives 
trial).      By    further    trials    a    value    correct    to    seven    place.s 
should  be  sought;  b  =  15.05  gives  the  rate  at  6.6445±%. 

Ijaying:  W'ater  Main  with  Locomotive  Crane — In  the  work 
preliminary  to  the  West  Side  track  depression  of  the  Nickel 
Plate  railway  at  Cleveland,  Ohio,  it  was  necessary  to  lay  two 
new  water  mains  of  large  size  along  West  41st  St.,  passing 
under  the  present  surface  tracks  at  a  depth  sufiicieiit  for  the 


L.nC(JIMOTlVE    CKAXE    LAYS    3G-IN.    STEEL    WATER    MAIN 
IN    30-FT.    SECTIONS 

separation  of  grades  soon  to  be  started.  The  two  mains  are 
a  30-in.  low-pressure  and  a  36-in.  high-pressure.  The  railway 
crosses  the  street  at  nearly  a  right  angle,  and  the  grades  are 
to  be  separated  by  raising  the  street  and  depressing  the 
tracks,  approximately  equal  amounts.  Instead  of  taking  the 
water  mains  across  on  the  viaduct  they  are  to  pass  under  the 
depressed  railway  tracks.  This  required  their  being  lowered 
24  ft.  from  the  present  street  level.  The  trench  was  dug  one- 
half  the  necessary  depth  as  an  open  cut  with  1V4  to  1  slopes. 
The  remaining  12  ft.  was  excavated  between  rows  of  2-ln. 
wood  sheet-piling.  A  10-ton  locomotive  crane  with  a  1-cu.yd. 
Owen  clam-shell  bucket  was  used  for  excavating.  A  track 
was  laid  parallel  to  the  trench  to  operate  the  ci-ane.  A  second 
track,  connecting  with  the  crane  track,  was  used  for  the 
dump-cars  that  removed  the  spoil.  Below  12  ft.  the  trench 
had  to  be  kept  pumped  out  by  an  electric  motor-driven  centrif- 
ugal pump.  The  pipe  is  of  riveted  steel,  in  30-ft.  sections, 
with  flanged  couplings.  Each  section  weighs  nearly  10,000  lb. 
ICach  end  section  is  bent  upward  at  an  angle  of  about  33°,  thi' 
horizontal  part  being  about  24  ft.  long.  The  trench  was  made 
10  ft.  wide,  and  the  rangers  and  struts  were  placed  in  .'ueh 
a  way  that  it  was  possible  .to  snake  the  pipe  under  them 
without  moving  a  timber.  This  was  accomplished  by  placlnp 
the  three  end  struts  and  rangers  at  such  an  inclination  thai 
a  section  of  pipe  could  be  slipped  under  thom  into  the  bottom 
of  the  trench.  The  work  was  carried  out  by  F.  W.  Clatiln. 
flcld  engineer,  under  A.  .1.  Himcs,  engineer  of  grndc-erosslng 
elimination   of   the   New   York,   Chicago  &   St.   Louis   R.H. 
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DEa^lEaoeipninig  F5P©lbl®ina§ 

The  engineer  engaged  in  design  and  construction,  labor- 
ing at  his  perpetual  task — to  quote  the  famous  definition — 
of  making  a  dollar  earn  the  most  interest,  has  had  his 
work  greatly  complicated  during  the  past  two  years  by 
the  rapid  changes  in  prices  of  engineering  materials.  In 
the  past,  practicing  engineers  have  generally  come  to 
rely  on  standard  relations  that  engineering  practice  has 

irett\'  well  established  as  to  the  relative  cost  of  structures 

if  different  types. 

For  example,  in  Engineerinrj  Neivs  of  Nov.  9  were  pub- 
lished statements  by  two  prominent  men  in  the  structural 
field  on  the  relative  cost  of  factory  buildings  of  reinforced 
concrete  and  of  standard  timber  mill-building  construc- 
tion. One  of  these  men  reported  the  reinforced-concrete 
t}'pe  as  costing  30%  more  than  the  timber  construction; 
the  other  reported  the  e.xcess  as  only  17%. 

Which  of  these  figures  is  the  more  accurate  as  a  general 
guide  it  is  not  our  present  purpose  to  discuss,  but  it  does 
seem  worth  while  to  call  attention  to  the  fact  that  com- 
pararive  figures  that  were  accurate  six  months  ago  or 

ven  three  months  ago  may,  under  present-day  market 

nnditions,  be  very  far  from  accurate.  At  the  present 
time,  for  example,  the  phenomenally  high  cost  of  steel, 
coupled  with  the  difficulty  of  obtaining  prompt  delivery, 
is  greatly  stimulating  the  use  of  reinforced  concrete  in- 
stead of  steel,  where  the  two  materials  are  in  competition 
with  each  other. 

In  the  extensive  railway  reconstruction  work  now  in 
progress  on  the  main  line  of  the  Southern  Ey.  the  engi- 
neers had  planned  to  build  a  steel  viaduct  200  ft.  high 
at  the  crossing  of  Broad  Eiver.  On  account  of  the  high 
price  of  .structural  steel  the  plans  have  now  been  altered, 
and  the  structui-e  will  l)e  made  up  of  high  towers  of  con- 
crete, made  hollow,  with  circular  interior  and  rectangular 
exterior,  spaced  120  ft.  apart  on  centers,  with  100-ft. 
girder  spans  between  the  towers.  But  concrete  as  an 
alternative  for  steel  may  even  show  a  smaller  margin  of 
economy  in  the  future,  because  it  is  more  than  probable 
that  cement  will  go  to  record  prices.  It  has  held  remark- 
ably firm  during  the  past  year,  but  a  reduction  in  the  sur- 
plus stock  and  the  tremendous  increase  in  cost  of  coal  and 

f  labor  point  indi.sputably  toward  a. marked  rise  in  the 

■ist  of  cement. 

Another  alternative  in  some  lines  of  construction  is  earth- 
work. On  the  railway  work  mentioned  before,  at  the  cross- 
ing of  another  broad  valley  a  fill  is  being  made  1,.500  ft. 

II  length  and  100  ft.  in  height,  with  a  maxiniuni  width 

'(  533  ft.,  instead  of  crossing  this  valley  l)y  a  steel  via- 
duct, which  would  be  the  plan  adopted  if  steel  were  avail- 
able at  the  ordinary  prices. 

Two  very  potent  factors  that  the  engineer  has  to  con- 
-ider  today  in  making  comparative  estimates  of  cost.! 
lie  the  low  price  of  timber  compared  with  most  other 

nginoering  materials  and  the  high  price  of  capital.  It 
uppeured  likely  a  few  years  ago  that  the  standar<l  timljer- 


frame  factory  building,  developed  in  such  admirablo  fash- 
ion by  the  Mutual  Fire  Insurance  Companies  of  New 
England,  was  destined  to  disappear  and  be  replaced  by 
the  reinforced-concrete  structure.  Under  present  market 
conditions,  however,  the  case  for  the  timber  building  is 
more  favorable  than  it  has  been  for  a  long  time.  The 
first  cost  is  far  from  being  the  only  consideration.  The 
engineer  who  is  putting  up  timber  mill  buildings  at  the 
present  day  needs  to  take  advantage  of  the  latest  informa- 
tion in  order  to  protect  such  a  building  from  the  dangers 
of  dry  rot  and  of  attacks  by  fire. 

The  effect  of  high  prices  for  capital  is  to  stinndate 
the  use  of  lower-priced  materials,  even  though  the  re- 
sulting structure  is  of  shorter  life.  Unless  a  structure  on 
which  an  engineer  is  figuring  is  to  be  erected  for  a  state 
or  a  municipality,  the  engineer  is  seldom  able  at  the 
present  time  to  figure  on  an  interest  rate  less  than  51^% ! 
and  on  most  capital  raised  by  either  railway  or  industrial 
companies  today  the  final  cost,  with  brokerage  charges 
included,  is  apt  to  be  from  6  to  7%. 

lEinigSntieers  Wlho  "BtmMedl  Sim'"'  ©im 
a  PtLaJblac  Qufl®stla©Eii 

Those  who  are  following  the  debate  as  to  whether  engi- 
neers should  take  an  active  interest  in  public  questions 
will  find  a  valuable  record  of  experience  in  the  report 
elsewhere  in  this  issue  of  a  committee  of  engineers'  who 
investigated  the  municipal  water-power  enterprise  on 
which  the  City  of  Montreal  has  been  at  work  for  some 
years.  The  committee  shows  that  the  $12,000,000  enter- 
prise which  the  city  has  about  half  completed  will  fall 
so  far  short  of  returning  a  profit  on  its  cost  and  has  so 
many  serious  defects  that  it  will  be  far  better  for  the  city 
to  lose  all  it  has  thus  far  expended  than  to  incur  the 
additional  outlay  necessary  to  complete  the  work. 

It  appears  that  this  work  was  undertaken  by  the  city 
in  the  first  pitce  without  any  thorough  investigation  to 
determine  beforehand  whether  or  not  the  scheme  would 
be  profitable.  The  Canadian  Society  of  Civil  Engineers 
took  up  the  matter  a  year  ago  and  made  strong  representa- 
tions to  the  city  authorities,  urging  that  an  independent 
investigation  of  the  project  should  be  made.  The  socie- 
ty's efforts  were  fruitless,  however,  the  intelligent  city 
fathers  very  likely  construing  the  appeal  as  merely  a 
scheme  to  obtain  appointments  for  engineers. 

As  the  city  authorities  paid  no  attention  to  the  repre- 
sentations made  by  the  national  engineering  society,  31 
engineers  who  were  citizens  and  taxpayers  of  Montreal 
joined  in  urging  upon  the  city  authorities  an  investiga- 
tion. Very  likely  this  appeal  also  was  construed  as  a 
scheme  to  obtain  appointments,  for  it  is  stated  that  some 
of  the  aldermen  .suggested  that  if  the  taxpaying  engineers 
cho.so  to  make  an  investigation  and  rcjiort  free  of  cost  to 
the  city  it  might  be  considered.  This  challenge  was 
promptly  accepted.  A  committee  to  investigate  was 
named  by  the  association  of  engineer-taxpayers,  and  its 
report  has  just  itecii  |)resciite(l.     Its  logic  is  so  unanswer- 
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able  that  the  city  authorities  will  probably  be  obliged  to 
abandon  tlie  woric  in  accordance  with  the  committee's 
recommendations. 

It  is  of  course  easy  to  present  arguments  on  the  other 
side  and  to  say,  for  example,  that  the  failure  to  heed  the 
protest  of  the  Canadian  society  shows  how  little  weight 
is  given  to  the  opinion  of  professional  engineers  by  the 
average  municipal  ofBcial.  It  may  be  said  also  that  tlie 
protest  ought  to  have  been  made  years  earlier,  before  the 
city  embarked  on  the  enterprise  and  expended  the  $5,- 
000,000  or  so  which  now  promi.ses  to  be  a  dead  loss.  The 
eminent  engineers  who  have  made  this  report  free  of 
cost  to  the  city  may  be  criticized  for  having  rendered  a 
professional  service  for  which  the  city  ought  to  have  paid 
a  fair  price. 

One  has  toVdeal  always,  however,  not  with  ideal  condi- 
tions, but  with  practical  conditions.  It  very  often  hap- 
pens, unfortunately,  that  cities  and  states  and  even  the 
Federal  Government  undertake  enterprises  without  any 
proper  engineering  investigation  in  advance,  and  often 
even  against  the  advice  of  experts.  It  is  true  also  that 
many  times  the  technical  and  financial  questions  in  con- 
nection with  such  enterprises  are  so  complicated  and  in- 
volved with  so  many  questions  of  personalities,  vested  in- 
terests, etc.,  that  an  engineering  society  cannot  safely 
undertake  to  e.\press^a  formal  opinion  upon  the  matter. 

There  are,  however,  plenty  of  cases,  of  which  this 
Montreal  work  is  ah  example,  in  which  the  evidence  is 
so  clear  as  to  the  infringement  .of  sound  engineering 
principles  that  the  engineers  and  the  engineering  societies 
who  are  most  conversant  with  the  situation  may  well 
consider  it  a  duty  to  use  their  influence  for  the  public 
benefit. 

Canada  and  its  cities  cauuut  possibly  afford  just  now 
to  waste  any  money  in  unprofitable  municipal  enter- 
prises. The  Montreal  engineers  who  as  citizens  and  tax- 
payers have  come  forward  to  warn  the  city  as  to  its  dan- 
gerous extravagance  have  rendered  a  patriotic  service 
quite  as  valuable  to  their  city  and  to  their  country  as  if 
they  had  volunteered  for  military  service. 

siEadl  SSsiim^si2'dl  Taami© 

Those  v\dio  are  taking  part  in  tlie  agitation  to  move 
forward  the  hands  of  the  clock  one  hour  during  the  sum- 
mer months  ought  to  clearly amderstand  some  of  the  diffi- 
culties that  are  involved  in  any  such  tampering  with  the 
jiresent  standard  lime.  '  Few,  probably,  of  those  who  are 
taking  part  in  this  agitation  are  old  enough  to  recall 
clearly  the  chaos  in  the  matter  of  time,  which  prevailed 
in  the  United  States  prior  to  1883.  The  confusion  and 
danger  resulting  from  this  condition  was  so  great  that 
it  led  the  railway  companies  ot  the  United  States  to 
form  the  first  general  organization  to  undertake  coopera- 
tive action.  That  organization  was  known  as  the  General 
Time  Convention,  and  was  the  predecessor  of  the  Amer- 
ican Railway  Association.  Its  leading  spirits  were  two 
eminent  (engineers,  the  late  Sir  Sand  ford  Fleming,  then 
one  of  the  principal  officials  ol'  the  Canadian  Pacific  Rail- 
way, and  the  late  W.  F.  Allen,  who  later  became  the 
Secretary  of  the  .Xmcrican   I'ailway  Association. 

Prior  to  the  adoption  of  standard  time  it  was  common 
to  have  three  or  four  dilVerent  times  in  use  in  a  city.  Be- 
sides the  city  time  there  would  be  the  times  used  bv  dif- 


lerent  railways  entering  the  city.  Some  of  these  standar|g 
would  dift'er  as  much  as  fifteen  or  twenty  minutes  frc^ 
each  other.  x\t  the  celebration  of  the  25th  annivers'^ 
of  the  establishment  of  standard  time  on  Nov.  18,  19^ 
Mr.  Allen,  in  recounting  the  conditions  that  prevailed 
before  standard  time  was  established,  said : 

There  were  then  B3  times  of  various  cities  In  use  by  Amer- 
ican railways  and  by  the  people  generaUy.  It  is  doubtful  if 
there  were  more  than  a  dozen  railway  officials  in  this  country 
who  could  have  stated  from  memory  what  time  was  used  by 
any  road  other  than  their  own,  and  the  few  with  whom  they 
had  direct  business  connections.  So  crude  were  some  of  the 
time  standards  used,  that  one  railway  superintendent  reportdjt 
in  response  to  a  circular  of  inquiry,  that  the  standard  us^ 
Ijy  his  road  was  the  superintendent's  watch. 

The  committee  on  standard  time  of  the  American  Rail- 
way Association,  reporting  on  the  daylight  saving  move- 
ment this  week,  declares  that  the  present  zone  system  of 
dividing  time  is  absolutely  correct.  Any  change  in  it 
would  result  in  endless  confusion  and  would  be  disastroiifl 
to  the  railways.  The  committee  recognizes  that  if  by 
nation-wide  action  the  hands  of  the  clock  could  be  set 
forward  one  hotir  on  a  certain  day,  the  change  would  be 
practicable,  but  it  believes  that  the  change  is  not  war- 
ranted from  the  scientific  standpoint. 

If,  however,  the  result  of  the  daylight  saving  agitation 
should  be  to  cause  a  number  of  different  cities  in  variong 
parts  of  the  country,  following  the  bad  example  of  Cleve- 
land, to  establish  a  local  time  different  from  the  railway 
time,  a  long  step  would  be  made  toward  reestablishing  the 
confusion  in  time  standards  that  prevailed  in  the  United 
States  prior  to  1883. 

The  ends  sought  by  the  promoters  of  the  "daylight  sav- 
ing movement"  are  commendable  enough;  but  it  is  yet  to 
l)e  proved  that  in  order  to  bring  about  a  readjustment  of 
tlie  working  hours  of  factory  employees,  it  is  necessary 
to  tamper  with  accepted  standards  of  time. 

m. 
M®  Bndldles's   for   Cit?^   Coia^s'Sicts 

At  a  recent  m('(>ting  of  tlie  Board  of  Pulilic  Works  of 
Indianapolis  to  open  bids  for  various  municipal  work,  it 
\A-as  found  that  on  five  contracts  that  had  been  publidy 
advertised  for  letting,  no  bids  whatever  had  been  received. 
On  two  other  contracts  there  was  only  a  single  bid,  and 
on  three  other  contracts  there  were  only  two  bids  in  each 
case.  These  figures  undoubtedly  reflect  accurately  the 
labor  scarcity  prevailing  through  a  large  part  of  the 
]\Iiddle  West  and  to  a  greater  or  less  extent  in  other  parts 
of  the  country.  Contractors  doing  public  work  have, 
in  many  cases  found  it  difficult  to  secure  the  labor  neo 
sary  to  carry  out  their  contracts  already  in  hand.  Und 
the.se  conditions  they  are  not  at  all  disposed  to  subn 
bids  on  additional  contracts  on  the  chance  that  conditio 
may  change  so  that  they  will  be  able  to  secure  the  neees^j 
saiy  labor. 

There  is  no  doubt  whatever,  looking  at  the  question)'! 
from  a  broad  stand]ioint,  that  it  is  wise  public  policy  atl 
the  present  time  to  cut  down  expenditures  for  municipall[ 
improvements  to  the  lowest  ])oint  possible.  ]\Iost  mate- 
rials for  construction  are  at  the  highest  prices  known  since 
the  Civil  War.  Labor  is  not  only. high  jiriced,  but,  owing  I 
to  the  necessity  of  taking  anything  and  everything,  withf 
the  fact  that  the  men  realize  if  they  lose  their  job  another  I 
one  is  waiting  for  them  around  the  comer,  the  amount  of  | 
Wdik  done  is  comparatively  small. 

Nothing  can  be  more  certain  than  that  this  condition  ^ 
nuist  (banu'c,  sooner  or  later,  and  the  chanizc  when  it  does  , 
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jcome  will  probably  be  rapid  and  extreme.  Less  than  two 
vears  ago  city  councils  all  over  the  country  were  wrestling 
with  the  pressing  problem  of  finding  work  for  the  un- 
employed. This  problem  will  again  recur  and  very  likely 
it  no  distant  day.  All  the  public  work  that  can  be  port- 
ioned from  the  present  time  to  be  undertaken  then  will 
;erve  to  relieve  the  present  market  stringency,  will  give 
he  workingmen  something  far  better  than  charity  when 
he  pinch  comes  and  will  make  the  taxpayer's  dollar  yield 
I  far  greater  return  in  the  work  accomplished  than  will 
je  the  case  if  it  is  spent  now. 

On  the  other  hand,  there  is  a  very  large  amount  of 
lublic  work  that  does  not  admit  of  postponement.  The 
iresent  era  of  prosperity  has  brought  a  great  influx  of 
lopulation  to  dozens  and  hundreds  of  cities  and  towns. 
ft  has  l)ecome  necessary  not  only  to  build  houses  to  shelter 
hese  additional  city  dwellers,  but  the  streets  where  these 
LOUses  are  built  must  be  furnished  with  paving,  sewerage 
md  lighting. 

The  public  is  demanding  that  money  be  spent  on  road 
,  oDstniction  and  maintenance  now.  In  maintenance 
■specially,  much  work  must  be  done  to  prevent  the  loss 
if  large  investments  in  road  improvement  already  made. 
V  large  proportion  of  municipal  work  is  carried  on  by 
tssessments  on  the  property  holders.  It  is  much  easier  to 
•any  on  such  work  on  a  large  scale  in  prosperous  times 
ban  it  is  at  times  of  business  stringency  when  the  city 
uthorities  are  deluged  with  appeals  not  to  impose  assess- 
nents  on  those  who  are  unable  to  pay. 

All  these  conditions  point  to  continued  activity  in 
nunicipal  and  other  public  work,  notwithstanding  the 
ligh  prices  and  scarcity  of  both  materials  and  labor. 


attitude  of  engineers  and  others  toward  improvments  in 
practice,     ilr.  Insull  said : 

One  of  the  most  up  to  date  steam  railroad  systems  in  the 
tTnited  States  today  is  probably  the  New  York  Central  line. 
I    think    they    have   two   stations   equipped   with   precisely    the 


The  article  printed  on  page  1040  of  this  issue,  describing 

he  methods  used  in  cutting  up  for  scrap  the  huge  steam 

■ngines,  water  tube  boilers,  and  other  equipment  of  the 

larrison  St.  power  plant  of  the  Commonwealth  Edison 

>o.  at  Chicago,  may  cause  .some  readers  to  ask  the  ques- 

'■<n  why  this  machinery,  much  of  it  in  good  condition, 

i>  not  worth  saving?    As  stated  in  the  article,  one  rea- 

11  for  its  being  scrapped  was  the  heavy  cost  that  would 

involved  in  its  removal  and  rcerection  on  another  site, 

t  the  more  important  and  really  controlling  reason  was 

;it  the  machinery  had  become  obsolete. 

A  notable  address  by  Samuel  Insull,  President  of  the 

■mmonwealth  Edison  Co.,  before  the  American  Society 

Mechanical  Engineers,  which  is  printed  in  that  Soci- 

"s  "Jounial"  for  November,  reviews  the  rajiid  changes 

iich  have  taken  place  in  the  electric  central  station 

lustry.     The  accompanying  cut,  reproduced  from  Mr. 

Mill's  paper,  shows  the  relative  size  of  the  power  gen- 

itirig  units  used  by  the  Commonwealth  Edison  Co.  at 

ur  different  periods  in  its  hi.'story.     As  .«hown  in  that 

lit,  the  power  equipment  in  the  Harrison  St.  station  was 

ho  huge  reciprocating  engini-s  direct-connected  to  slow- 

■>fod  generators  which  only  fourteen  year.f  ago  were  con- 

Icrcd  a  marvelous  achievement  in  power  development. 

id  riglitly  so  considered  when  one  comjiared  them  with 

'•  little  steam  engines  belted  to  dynamos  with  which  the 

'trie  lighting  industry  began.    A  special  feature  of  Mr. 

-nil's  ].aper  is  his  emi)liasis  on  tiie  "lag"  in  the  mental 
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5,00n-kw.   Fisk   St. 
Station   1S03 


35,000-kw.   Northwest   Station   1915 


FOUR    TYPES    OF    GENERATING    MACHINERY    USED    BY 
THE  COMMONWEALTH  EDISON  CO.  OF  CHICAGO 

same   kind  of  apparatus  as   that   which   we  discarded   several 
years  ago. 

There  came  out  to  Chicago  some  years  ago  a  very  dis- 
tinguished engineering  commission  for  the  purpose  of  gather- 
ing information  to  be  used  in  designing  a  large  plant.  The 
commission  decided  to  duplicate  what  we  had  and  for  fear 
they  would  not  be  able  to  run  it  they  purloined  one  of  our 
men  to  run  it  and  are  still  running  it.  What  they  copied  has 
been  in  the  scrap  heap  for  years. 

By  way  of  illustration  of  the  great  advantage  the  large 
size  "turbine  generator  has  over  the  reciprocating  engine 
of  about  one-tenth  its  capacity,  IMr.  Insull  stated  that 
their  standard  30,000-kw.  turbo-generators  with  horizontal 
shafts  are  run  at  1,500  r-ii.m.  giving  the  revolving  field 
a  peripheral  speed  of  20,000  ft.  per  min.  It  is  the  practice 
to  run  a  machine  of  that  type  practically  all  the  time. 
The  best  results  and  the  lowest  repair  costs  are  obtained 
if  such  a  machine  runs  continuously,  provided  it  is  shut 
down  a  few  hours  a  week  for  ins])ection  to  see  that  every- 
thing is  in  order.  The  contrast  between  such  a  machine 
and  the  older  type  of  macliinery  which  required  frequent 
stops  and  overhauling  to  keep  it  in  adjustment,  provide 
for  lubrication,  etc.,  can  be  readily  appreciated. 
'^. 

SelSaiag  Good  <Clty  GoverKammeinift 

Since  Galveston  led  the  way  after  the  great  flood  of 
1001,  ])erhaps  500  cities  of  the  tjnited  States  have  adopted 
the  commission  plan  of  city  government.  By  and  large, 
the  change  has  brought  a  great  gain  over  results  under  the 
older  forms,  but  it  has  generally  left  much  to  be  desired 
in  the  way  of  further  improvement.  In  so  far  as  this 
deficiency  is  not  due  to  the  unreadiness  of  the  people  for 
good  city  government  it  may  be  ex])lained  largely  by  an 
inherent  weakness  in  the  commission  plan.  This  weak- 
ness, often  mentioned  in  these  columns,  is  the  attempt  to 
select  the  heads  of  executive  departments  by  popular  vote 
and  then  to  run  a  city  with  five  coiirdinate  executives  and 
no  one  (illicial   in  stipreiiic  commanil. 
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It  is  a  significant  fact  that  only  two  or  three  of  the 
500  commission-plan  cities  have  gone  back  to  their  ante- 
cedent tA'pes.  Instead,  many  of  the  commission-plan 
cities  and  a  considerable  number  of  cities  and  towns 
under  the  older  plan.s,  have  made  a  more  or  less  clear 
separation  of  legislative  and  executive  functions  by  the 
employment  of  a  single  executive  head,  called  the  city 
manager. 

Save  for  a  very  few  isolated  pioneer  cases  the  adoption 
of  the  cit\--manager  plan  has  taken  place  during  the  last 
three  or  four  years.  Today  nearly  a  hundred  cities  have 
city  managers  or  have  taken  steps  to  secure  them.  Such 
rapid  progress  is  gratifying,  but  the  fact  still  remains 
that  the  body  politic  of  most  cities  is  not  ready  for  as 
good  city  government  as  might  easily  be  got  with  its 
party  support  out  of  the  particular  form  in  vogue,  be  it 
mayor  and- council,  commission  or  commission-manager. 

The  city  managers  seem  to  have  a  clearer  vision  of  the 
current  indifference  if  not  opposition  to  good  city  govern- 
ment and  of  the  way  to  overcome  it  than  have  any  other 
class  of  city  officials.  The  case  was  put  in  new  form  and 
strength  by  H.  M.  Waite,  retiring  president  of  the  City 
Jlanagers  Association,  at  Springfield,  ilass.,  last  week. 

We  are  selling  good  government  to  the  public.  It  must 
be  wrapped  in  attractive  packages  and  offered  with  civility 
and  patience.  Some  of  the  things  have  to  be  sold  first  to  a 
few  chosen  easily  interested  citizens,  then  to  some  not  so 
much  interested  and  to  the  newspapers.  Public  confidence 
must  be  obtained  and  never  abused. 

The  city  managers  are  right.  They  must  sell  good  gov- 
ernment to  the  public.  But  this  is  not  enough.  The 
public  should  demand  good  government  from  the  mana- 
gers. Otherwise  the  fundamental  principle  of  the  city- 
manager  plan  falls  to  the  ground.  That  principle  is  that 
the  commission  or  council  is  elected  by  the  people  to 
frame  policies  and  that  the  function  of  the  manager  is  to 
execute  the  policies  determined  by  the  commission.  Un- 
til the  people  realize  and  act  upon  this  principle  the  city 
managers  must  not  onlv  work  against  great  odds  to  pro- 


duce good  city  government  but  must  also  devote  a  large 
part  of  their  time  and  energy  to  selling  it  to  a  more  or 
less  reluctant  public. 

M®ir©  S-aaccess  ana  Coin\"^®ir^nE!ig 
Hinadlsaglhit^  ti®  Foa^esaglhti 

The  full  description  and  frank  discussion  of  a  canal- 
lining  failure  in  Massachusetts,  printed  elsewhere  in  this 
issue,  as  willingly  contributed  by  the  engineers  most  closely 
concerned  in  the  work,  is  another  of  the  accimiulating 
evidences  of  a  truer  realization  of  the  real  benefits  of 
recording  failures  for  the  instruction  of  other  members 
of  the  profession.  Here  the  record  of  early  failure  and 
final  success  in  securing,  at  low  cost,  stability  of  steep 
slopes  makes  a  noteworthy  professional  contribution.  It 
actually  turns  these  men's  hindsight  into  others'  fore- 
sight— and  that  is  the  prime  object  in  giving  as  much 
space  as  we  do  to  various  accounts  of  failures. 

Hardly  an  issue  of  this  journal  appears  that  does  not 
give  the  details  of  some  such  accident — now  it  is  a  fallen 
bridge  span,  again  it  is  a  washed-out  dam  or  a  collapsed 
building.  All  such  matters  are  carefully  investigated, 
that  their  lessons  may  be  fufly  comprehended  and  not  that 
blame  may  be  fixed  or  that  any  morbid  delight  in  post 
mortems  may  be  satisfied.  We  believe  it  is  obvious  that 
as  much  advance  comes  out  of  engineering  failures  as  from 
apparent  successes. 

Naturally  we  are  gratified  by  the  acceptance  of  this  piin- 
ciple  by  the  men  who  fiave  to  face  these  trying  circum- 
stances. The  repetition  of  such  cases  in  recent  months 
seems  to  present  growing  evidence  of  a  better  spirit  among 
engineers — more  of  an  i^iprit  de  corps  which  uplifters 
have  nearly  despaired  of  securing.  Where  we  have  failed 
to  find  such  openmindednsss,  it  has  sprung  usually  from 
the  instructions  of  some  legal  counsel,  naturally  secretive 
and  suspicious. 
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Sir — It  may  interest  your  readers  to  hear  of  a  new 
grouping  of  the  rules  governing  the  composition  of  effec- 
tive business  letters.  As  far  as  I  know  at  the  present 
time,  the  following  grouping,  simplified  to  assist  the  mem- 
ory, is  a  new  one.  This  grouping  is  known  as  the  five 
C's  of  business  correspondence.  The  five  C's  are:  Clear- 
ness, Accuracy,  Concisene.ss,  Courtesy  and  Conviction. 

The  order  is  not  accidental.  Clearness  is  the  first 
requisite  of  good  composition ,  it  is  achieved  by  means  of 
accuracy  and  conciseness.  Conviction  is  the  ultimate  aim 
of  the  business  letter.  A  letter  cannot,  however,  be  cou- 
v'ncing  if  only  clearness,  accuracy  and  conciseness  have 
been  achieved.  Courtt?sy  is  the  leaven  without  which  the 
first  three  C's  would  never  rise  to  conviction. 

AdOLPH    C.   B.AEliENUOTII, 

Professor  of  Englisji,  Syracuse  University. 
Syracu.se,  N.  Y.,  Nov.    l(i,   lillC. 


Sir — Frederick  R.  Honey,  in  Engineering  Keirs  of  Aug. 
10,  has  indicated  a  method  of  plotting  and  rectifying  the 
catenary  that  involves  much  needless  labor. 

Taking  the  parameter  c  as  the  unit  of  measurement, 
with  the  origin  at  the  vertex,  the  equation  of  the  curve 
becomes 

(/  ^=  cosh  X  —  1 
and  the  length  of  arc  from  vertex  to  point  (.r.  y)  is  smh 
a:  The  essential  data  may  therefore  be  obtained  directlv 
from  a  table  of  hyperbolic  functions,  and  the  laborious 
ajjproximation  for  the  length  of  the  curve  by  means  of 
small  circular  arcs  is,  ot  course,  unnecessary. 

There  are  other  well-known  and  simple  methods  of 
plotting  and  rectification  that  necessitate  neither  the  use 
of  liy))ei-bolic  tables  nor  the  evaluation  of  the  expotential. 

R.  C.  Sti:.\i'Han. 

Municipal  Building, 

New  York  City,"  Aug.  11,  19 16. 
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Sir — Entlmsia:?ia  over  the  new  filter  plant  in  St.  Louis 
has  led  the  officials  in  charge  of  the  plant,  in  their  annual 
report  just  received,  to  ascribe  to  the  plant  credit  that  the 
tables  and  the  diagrams  contained  in  the  report  flatly 
contradict. 

The  writer  is  of  the  opinion  that  modifications  and 
improvements  could  have  been  made  in  the  clarification 
process  which  would  have  substantially  bettered  the  out- 
put of  the  plant  at  a  fraction  of  the  cost  of  the  new 
filters.  Filters,  however,  were  considered  e.ssential,  and 
it  goes  without  saying  that  the  statement  of  the  results 
obtained  therefrom  should  be  accurate.    The  report  says : 

The  decrease  in  death  rates  in  1905  as  compared  to  1903 
and  1904  was  no  doubt  largely  due  to  the  installation  of  the 
clarification  process,  while  the  decrease  occurring  in  1915  fol- 
lowed the  filtration  of  the  entire  water-supply,  which  began 
in  May,   1915. 

According  to  the  tables  in  the  report  the  sharp  break 
.  in  the  typhoid  death  rate  began  in  December,  1914,  or  six 
months  before  the  filter  plant  was  put  in  operation,  and 
the  percentage  reduction  in  the  death  rate  for  the  six 
months  preceding  the  operation  of  the  filters  is  greater 
than  that  for  the  si.x  months  following  the  introduction 
of  filtered  water;  but  even  if  the  opposite  condition  pre- 
vailed, no  such  sweeping  statements  should  be  made  based 
upon  a  six  months'  period  of  operation. 

Wiile  the  filters  will  undoubtedly  give  a  more  highly 
polished  water  than  was  obtainable  from  the  excellent 
clarification  method  employed  for  11  years,  the  writer 
questions  that  any  marked  decrease  in  death  rate  will 
result  from  the  introduction  of  filters.  Consequently,  the 
incorrect  statement  in  the  paragraph  above  quoted  and 
the  error  in  the  diagrams  themselves,  which  show  that 
the  date  of  the  introduction  of  the  filtered  water  was  coin- 
cident with  the  .«harp  reduction  in  death  rate  in  1915, 
jhould  be  pointed  out.  Alexander  Potter. 

50  Church  St.,  New  York  City,  Nov.  18,  1916. 

CIhietEiaa€SiSs  f&w  Weedl  MOSaira^ 

Sir — In  your  issue  of  .May  25,  1IM6,  p.  1000,  we  note 
your  article  headed  '"The  Cost  of  Track  Weeding,"  as 
compiled  by  Edward  Karow,  Assistant  to  the  Vice-Presi- 
dent of  the  Twin  City  Rapid  Transit  Co.  Wc  aided 
Mr.  Karow  in  getting  at  some  of  the  figures  given  under 
the  heading  "Chemical  Weeding,"  and  from  our  experi- 
ence we  believe  the  average  figures  under  all  headings  to 
lie  approximately  correct. 

We  disagree  with  the  comment,  that  manual  labor 
weeding  leaves  the  track  in  the  cleanest  condition.  It 
must  be  remembered  that  hand  weeding  in  no  way  per- 
manently kills  the  vegetation  and,  therefore,  regrowth 
will  start  within  a  very  few  days,  while,  on  the  other 
hand,  chemical  weeding  leaves  the  track  comparatively 
clean  for  the  entire  season.  It  is  also  the  object  of  chem- 
ical weeding  to  repeat  the  second  year  and  following 
years'  treatments  sufficiently  early  to  prevent  regrowth 
establi-shing  itself  in  that  season. 

Hand  weeding  gives  a  clean  track  for  po.ssilily  ten 
days  to  a  month  after  the  work  is  accomplished,  but 
never  averages  clean  track  during  an  entire  season. 

R.    M.    ClIII'.M.VN, 

General  Manager,  Atlas  Prcscrvativi'  Co. 
New  York,  Nov.  16,  1916. 


Ssillft  "W Sides'  (Csi^ses  _ 

The  cracking  of  reinforccd-concrete  structures  is  mark- 
edly prevalent  in  the  Philippine  Islands,  according  to  a 
report  by  J.  L.  Harrison,  District  Engineer,  Iloilo  (in  the 
"Bulletin"  of  the  Bureau  of  Public  Works,  October, 
1916).  The  accumulation  of  evidence  of  this  trouble  be- 
came so  serious  about  two  years  ago  that  it  was  decided  by 
the  authorities  to  make  some  studies  into  the  cause.  They 
proceeded  first  on  the  assumption  that  the  rusting  was 
wholly  chemical — stimulated  by  appreciable  quantities  of 
some  determinable  material ;  and  a  number  of  samples  of 
concrete  taken  from  structures  in  trouble  were  subjected 
to  chemical  analysis. 

The  samples  submitted  showed  one  foreign  substance — 
chlorine — and  that  indicated  the  presence  of  salt.  At  first 
not  much  attention  was  paid  to  this,  as  it  was  known  that 
it  was  largely  used  in  the  United  States  to  prevent  freez- 
ing of  concrete  during  setting;  but  it  was  soon  realized 
that  the  climatic  conditions  in  the  Philippine  Islands 
are  so  different  from  those  in  the  United  States  that  the 
effect  of  the  salt  could  not  be  neglected.  The  collection 
of  analyzed  samples  has  gone  on  for  something  over  two 
years  and  not  a  single  structure  .showing  rusted  steel  has 
been  found  free  from  salt.  The  percentage  of  this  salt 
has  varied  considerably — from  that  high  enough  to  show- 
that  beach  sand  and  sea  water  must  have  been  used  in 
making  the  concrete,  to  a  figure  low  enough  to  indicate 
that  either  brackish  water  was  used  or  that  salt  water 
was  used  to  wet  down  fresh-water  concrete  after  the 
forms  had  been  taken  off.  A  typical  sample  (from  the 
Constabulary  Head(iuartors  building,  Iloilo)  showed 
0.07%  chlorine.  This  was  computed  to  be  equivalent  to 
1.44%  salt  in  the  water,  assuming  12.5  lb.  of  water  used 
per  cubic  foot  of  concrete.  This  is  considered  fairly  salt 
water. 

The  present*  of  0.10%^  chlorine  in  the  iron  rust  indi- 
cated too  small  a  percentage  of  ferric  chloride  to  explain 
all  the  indications  of  rusting  to  be  observed;  but  it  was 
realized  that  ferric  chloride  is  not  stable  and  that  it  readily 
oxidizes  to  ferric  o.\ide,  releasing  the  chlorine  for  further 
attack.  High  temperature  and  moisture  are  the  only 
conditions  necessary  for  the  indefinite  continuation  of 
the  process,  and  both  of  these  conditions  prevail  through- 
out the  Philippine  Islands. 

Not  every  structure  in  whicli  salt  water  has  been  used,  or 
in  which  salt  is  found,  goes  to  pieces  in  this  way.  There 
are  several  such  buildings  in  good  condition.  However, 
the  concrete  in  them  is  unusually  dense,  and  it  is  thought 
that  their  success  in  withstanding  the  influence  of  the 
salt  is  due  to  the  density  of  the  concrete. 

Engineers  in  the  Philippines  have  been  accordingly  ad- 
vised that  all  use  of  salt  water  in  concrete  structures  is 
dangerous  and  tliat  the  use  of  beach  sand  and  beach  gravel 
should  be  permitted  only  after  thorough  washing  with 
fresh  water. 


I  li.-  \<iliini<-  t.t  <  iMil  Trnin.-  .it  four  piinclpal  Atlantic  sea- 
pens  has  liein  investlKated  by  th«'  United  States  Geological 
Survey.  The  figures  arc  approximate  only  and  give  the  totals 
In  net  tons  tor  the  year  1915.  New  York  leads  with  27,000.- 
000  ton.i:  Hampton  Roads  comes  next  with  about  16,000,000 
tons;  then  Philadelphia  with  something  over  13.000,000  tons, 
these  figurfs  not  Including  the  bituminous  coal  consumed  In 
Philadelphia  llaclf.  The  total  receipts  at  IJaltlmore  were 
about  7,600.000  tons. 
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SYNOPSIS — Voluntary  commission  of  local  engi- 
neers reports  that  Montreal's  proposed  municipal 
vater-poiver  project  is  ill  advised. 

One  of  the  most  frequent  sources  of  large  loss  in  the 
works  carried  on  by  the  Government — Federal,  state  or 
municipal — is  the  undertaking  of  enterprises  without  suf- 
ficient preliminary  information  to  determine  whether  they 
are  worth  while.  A  remarkable  example  of  this  has  just 
been  brought  to  light  at  Montreal  through  the  work  of  a 
voluntary  commission  of  engineers,  organized  under  un- 
usual circumstances. 

As  briefly  summarized  in  the  last  issue  of  Engineering 
News,  this  commission  of  engineers  finds  that  the  city 
has  about  half  completed  a  water-power  project  that  will 
cost  when  finished  at  least  $11,000,000,  but  which  is  so 
expensive  and  so  unreliable  that  the  city  liad  better  lose 


that  steam  power  was  gradually  substituted  for  wateri] 
power.     In  1905,  Georges  Janin,  who  was  then  superin-T 
tendent   of   the   water-works,   reconunended   to   the  cit 
authorities  that  in  order  to  save  the  cost  of  pumping! 
liy  steam  the  canal  should  be  enlarged  sufficiently  to  pro-Jjl 
duce  water  power  amounting  to  5,000  hp.  in  summer  andT 
2,000  hp.  in  winter,  in  addition,  of  course,  to  the  amouut  j 
of  water  required  for  municipal  purposes.     It  was  com- 
puted that  the  saving  over  steam  power  would  be  suffi- 
cient to  pay  a  large  return  on  the  cost  of  enlarging  the  | 
canal  and  other  expenses  made  necessary  in  connection:! 
with  it. 

In  order  to  enlarge  the  canai,  however,  it  was  necessary 
to  provide  a  water-supply  for  the  city  while  the  enlarge- 1 
ment  was  going  on,  and  a  closed  reinforced-concrete  con-  j 
duit  was  constructed  alongside  the  canal.  This  closed] 
conduit  was  completed  in  1909,  and  work  on  the  enlarge-J 
ment  of  the  open  canal  then  commenced.    ^Yllile  this  worki 
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all  the  money  it  has  already  spent  rather  than  carry  the 
project  farther. 

The  story  is  such  an  excellent  illustration  of  the  way 
in  which  taxpayers"  money  is  frequently  wasted  tlirougli 
the  failure  of  public  authorities  to  employ  competent  en- 
gineering advice  that  we  present  herewith  the  following 
particulars  from  the  commission's  report: 

About  the  middle  of  the  last  century  the  City  of  Mon- 
treal secured  a  new  water-supply  from  the  St.  Lawi-encc 
River,  taking  water  from  the  river  near  the  head  of  the 
Lachine  Rapids,  carrying  it  in  an  open  canal  about  five 
miles  toward  Montreal  and  discharging  back  into  the 
river  such  part  of  the  flow  as  was  not  required  for 
city  consumption.  The  power  developed  by  this  surplus 
water  discharged  back  into  the  river  at  the  lower  end  of  the 
canal  was  used  for  pumping  the  city  supply. 

As  every  engineer  famdiar  with  water-power  develop- 
ments in  northern  latitudes  is  aware,  ice  troubles  in  winter 
from  frazil  or  floating  ice  arc  very  frequent.  Much 
trouble  was  experienced  at  the  city  pumping  plant,  so 


of  enlargement  was  going  on,  Mr.  Janin  recommended 
that  the  size  of  the  canal  be  further  increased  so  that  the 
water  discharged  by  it  would  be  capable  of  developiup 
10,000  hp.  This  recommendation  was  also  accepted,  and 
part  of  the  work  was  put  under  contract  in  July,  1913. 

The  city  authorities  appear  to  have  decided  upon  carry- 
ing out  this  enterprise  solely  upon  the  recommendation 
of  Mr.  Janin.  No  engineer  or  body  of  engineers  was 
engaged  by  the  city  to  investigate  and  report  upon  tlu' 
merits  of  the  enterprise,  and  even  Mr.  Janin  himself  ap- 
pears never  to  have  thoroughly  investigated  the  whole  en- 
terprise. Although  the  work  is  now  half  finished,  no  com- 
plete plans  and  estimates  have  ever  been  made  of  such 
essential  parts  of  the  project  as  the  river  intake,  the  power 
house  or  the  necessary  outlet  works  in  the  river  belo« 
the  tailrace. 

Public  attention  was  called  forcibly  to  what  was  goin? 
on  on  Dec.  25,  1913,  by  the  breakage  of  the  reinforced- 
concrete  conduit  supplying  the  city  with  water.  Inves- 
tigations made  by  a  board  of  engineers,  called  in  by  the 
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city  authorities,  showed  that  the  excavations  carried  on 
in  enlarging  the  canal  were  seriously  endangering  the 
concrete  conduit  alongside.  The  City  of  Montreal  was 
put  in  perilous  condition  by  the  cutting  off  of  its  water- 
supply,  and  the  emergency  would  have  been  even  more 
serious,  except  that  a  large  part  of  the  city  is  supplied 
with  water  by  a  private  company. 

About  this  time  criticism  of  the  project  as  a  whole  ap- 
peared in  the  public  press,  and  it  was  pointed  out  that 
the  saving  promised  by  the  construction  of  the  power  plant 
was  not  at  all  likely  to  be  realized.  The  city  authorities, 
however,  made  no  move  in  the  matter,  and  the  engineers 
who  were  called  in  to  investigate  the  break  in  the  con- 
duit, while  they  recommended  to  the  city  that  the  whole 
project  should  be  carefully  studied,  had  no  authority  to 
make  such  an  investigation. 

As  no  action  had  been  taken  on  the  report  of  these 
engineers,  the  Canadian  Society  of  Civil  Engineers,  in 
Julv,  1915,  urged  the  city  authorities  to  order  a  full 
investigation  of  the  project.  This  recommendation  was 
ignored,  and  in  October  the  society  renewed  its  appeal. 
Its  criticism  was  further  emphasized  by  a  comprehensive 
article  in  the  Canadian  Engineer. 

As  the  city  authorities  ignored  these  criticisms  and 
recommendations,  31  engineers  who  were  citizens  and  tax- 
payers of  Montreal  signed  a  protest  to  the  city  authorities 
in  April,  1916,  urging  that  an  engineering  commission 
be  appointed  to  investigate  the  project.  Later,  a  dele- 
gation of  these  engineers  appeared  before  the  Board  of 
Commissioners  on  May  12,  1916,  and  before  the  aldermen 
on  June  22. 

When  some  of  the  aldermen  suggested  that  these  engi- 
neers should  have  an  investigation  and  report  made  free 
of  cost  to  the  city,  the  proposition  was  accepted.  The  31 
ta.xpayers  selected  a  committee,  made  up  of  W.  S.  Tye, 
chairman,  Sir  John  Kennedy,  Ernest  Marceau,  J.  .\. 
Jamieson,  E.  A.  Eoss,  Arthur  Surveyer  and  Walter  J. 
Francis. 

The  report  of  this  committee  was  presented  and  ap- 
proved at  a  meeting  of  the  taxpaying  engineers  on  Nov. 
13,  of  which  Phelps  Johnson  was  chairman,  and  H.  M. 
Mackay  was  secretary.  This  report  was  laid  before  the 
mayor,  Board  of  Commissioners  and  City  Council  of 
Montreal  on  Nov.  20.  The  situation  as  presented  in  the 
report  of  this  committee  may  be  briefly  summarized  as 
follows : 

So  far  as  the  city's  water-supply  is  concerned,  the  origi- 
nal aqueduct  was  ample.  The  whole  work  must  be  viewed 
solely  as  a  project  for  power  development.  The  project 
which  the  city  has  undertaken  is  substantially  the  building 
of  a  canal,  about  five  miles  in  length,  to  bring  water 
to  a  power  house  where  it  would  be  discharged  under  a 
iiead  probably  not  greater  than  25  ft.  This  canal  would 
furnish  water  enough  to  develop  about  14,000  hp.  in  sum- 
mer and  about  7,000  hp.  in  winter,  when  the  canal  is 
lovered  with  a  thick  .sheet  of  ice.     Troubles  from  frazil 

■ujd   proljaljly   reduce  the   winter  output  much   below 

.000  lip.  and  cause  complete  shutdown  of  tJic  plant  more 
,or  le.ss  of  the  time  every  winter.  This  was  the  previous 
experience  with  the  hydraulic  power  formerly  in  use  at 
|the  city's  pumping  plant. 

1 1     As  another  illustration:    The  10,000-lip.  hydro-electric 

I  plant  of  the  Lacliino  Ifapids  Hydraulic  Tower  Co.,  silu- 

jated  on  the  same  ra[)ids  and  less  than  two  miles  away  from 

'the  agueduct  intake,  is  practically  closed  down  for  three 


or  four  months  every  winter.  Conditions  at  the  intake  of 
this  plant  are  similar  to  those  at  the  proposed  city  power 
plant,  and  the  facilities  for  removing  frazil  and  other  icc 
at  the  Laelnne  plant  are  much  superior  to  those  at  the 
city  intake,  where  no  means  whatever  have  been  provided 
for  this  purpose. 

Further  than  this,  the  engineers  point  out  that  the  tail- 
race  of  the  city  power  plant  as  now  designed  cannot  safely 
di.icharge  water  for  the  development  of  more  than  about 
6,000  hp.,  and  no  estimates  whatever  have  been  made  for 
dredging  in  the  St.  Lawrence  Eiver  below  the  outlet  of 
the  tailrace,  which  di-edgmg  would  be  necessary  for  about 
half  a  mile. 

The  first  estimate  of  cost  prepared  by  Mr.  Janiu  was 
$4,975,000.  The  city  has  already  spent  nearly  $5,000,000, 
and  it  will  require  at  least  $5,600,000  more  to  complete 
the  project.  This  estimate  does  not  include  the  cost  of 
works  for  water  filtration,  of  pumping  plants  and  steam 
auxiliary  plants,  nor  claims  by  one  of  the  contractors 
amounting  to  over  $900,000.  Neither  does  it  include  any 
allowance  for  parking,  nor  the  usual  allowance  for  contin- 
gencies. 

As  an  instance  of  the  inadequacy  of  the  original  plans 
and  estimates,  the  concrete  retaining  walls  at  first  designed 
for  the  canal  were  found  too  light  and  had  to  be  redesigned 
at  an  estimated  increased  cost  of  $675,000. 

For  the  money  that  this  project  will  cost,  the  Cily  of 
Montreal  could  have  purchased  and  developed  any  one  of  a 
number  of  water  powers  within  easy  transmission  distance 
of  Jlontreal,  each  of  which  has  a  capacity  of  at  least  100,- 
000  hp. 

If  the  City  of  Montreal  carries  out  and  completes  the 
present  power  plant,  it  will  represent  an  investment  by 
the  city  of  at  least  $1,515  per  horsepower  capacity.  In 
contrast  with  this,  the  125,000-hp.  hydro-electric  plant 
built  by  the  Laurenlide  Paper  Co.  at  Grand'  Mere,  Quebec, 
cost  only  $52  per  horsepower.  The  great  plant  at  Cedar 
Eapids  cost  only  $90  per  horsepower,  and  when  devel- 
oped to  its  ultimate  capacity  this  will  be  reduced  to  $75 
per  horsepower.  The  plant  at  Shawinigan  Falls  cost  con- 
siderably less  than  $100,  and  the  additional  power  de- 
veloped there  cost  only  $50  per  horsepower. 

It  was  not  necessary  for  the  city,  however,  to  undertake 
its  own  power  development.  At  any  time  during  the 
last  15  years  the  city  could  have  purchased  power  in  the 
open  market  sufficient  for  all  municipal  purposes  at  a 
small  fraction  of  the  cost  of  its  present  power  develop- 
ment. Twenty-four-hour  power  suitable  for  pumping  can 
be  purchased  in  Montreal  for  not  more  than  $20  per  horse- 
power per  annum.  The  minimum  fixed  charges  and  oper- 
ating expenses  of  the  city's  power  plant  now  under  con- 
struction will  be  at  least  $10.8  per  horsepower  per  annum. 
The  commission  says:  "The  present  project  should  never 
have  been  started,  and  we  are  firmly  of  the  opinion  that 
all  thought  of  completing  it  along  the  present  lines  should 
be  abandoned." 

A  Nntloniil  liiiliiNirliil  Cnnft'rpncc  Doaril  hn.s  been  organized 
to  secure  coi'iperudve  aition  In  leglsliiUve  and  other  matters 
by  twelve  Important  industrial  ortianlzatlons,  including  the 
National  Association  of  Manufacturers  and  other  organiza- 
tions representing  the  foundry,  metal  and  structural  steel 
manufacturcr.s.  printers,  the  paper  and  rubber  trades,  and 
four  of  the  leading  textile  organizations.  Frederick  T.  Fish, 
of  Boston,  Is  Chairman  of  the  Board,  and  Magnus  W.  Alex- 
ander, of  West  Lynn,  Mass.,  Is  Manager.  The  organization 
of  the  board  was  announced  at  the  20th  annual  convention  of 
the  Niitlonal  Founders  Association  on  Nov.  15. 
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Disregard  of  the  elements  of  safe  reinforced-eoncrete 
construction  has  once  more  caused  a  concrete  building 
collapse  with  fatal  results  and  considerable  material  dam- 
age. Practically  the  wliole  roof  of  a  large  building  under 
construction  in  New  York  City  fell  while  the  forms  were 
being  stripped  from  under  concrete  hardly  a  week  old — 
a  week,  too,  in  which  on  four  days  the  thermometer 
dropped  below  the  freezing  mark.  The  bare  facts  of  the 
case  are  told  as  follows  by  E.  B.  McGuire,  an  engineer 
in  the  office  of  District  Attorney  Swann,  who  is  now  mak- 
ing an  investigation  of  the  collapse  and  has  placed  the 
facts  before  the  Grand  Jury.  The  district  attorney's 
office  furnished  the  photographs  herewith : 

"The  concrete  roof  of  a  building  being  constructed  by 
George  G.  Wilson  &  Co.,  Inc.,  of  25  West  -ignd  St.,  New 
York  City,  for  the  Havre  Holding  Companj-,  Inc.,  of  141 


were   12  in.  square.     Typical  roof  panels  were  21  ft.,J 
in.  by  23  ft.  10  in.  with  the  following  dimensions: 

Diameter  of  columns 1 2  in. 

Diameter  of  capital  head 6  ft. 

Width  of  cross-beam 10  ft. 

Height  of  capital 3  ft 

Total  thickness  drop  here' '0  |a. . 

Total  thickness  cross-bcc.m.  ^  "^tl 

Total  thickness  slab 4  iiM I 

"That  portion  of  tlie  roof  between  tlie  lire  wall 
the  east  end  of  building  is  supported  on  reinforced-eo3 
Crete  beams  about  10  in.  deep  and  10  in.  wide,  appr 
mately  6  ft.  6  in.  on  centers.     This  part  of  roof  she's 
no  injury.     The  roof  covering,  which  was  in  place,  con-' 
sists  of  a  G-in.  cinder  fill,  sloped  toward  the  east  and 
west  to  provide  drainage,  the  intention  having  been  to 
finish  it  off  with  mortar  topping. 

"The  collapsed  portion  of  the  roof  extends  from  the 
southerly  wall  for  a  distance  of  about  13  ft.  to  the  edge 
of  the  square  slal)s  over  the  first  row  of  columns  on  the 
north  side  and  from  the  front  of  the  building  to  the  rear 


I 


FIG.  1.    LOOKING  EAST  FROM  THIRD  AVE.  OX  COLLAPSED  SECTION'  OF  ROOP 


Broadway,  situated  on  the  southeast  corner  of  64th  St. 
and  Third  Ave.,  New  York  City,  collapsed  about  eleven 
o'clock  on  the  morning  of  Nov.  23,  1916.  One  laborer 
was  killed  and  several  others  severely  injured.  The  men 
were  on  the  floor  below  at  the  time,  engaged  in  stripping 
the  forms  and  supports  from  tlie  roof  slab.  Debris  falling 
to  the  street  below  injured  a  woman  and  child.  The 
entire  upper  floor  will  prol)ably  have  to  be  replaced. 

"The  structure  is  a  three  story  and  basement  corner 
building,  100  ft.  wide  on  Third  Ave.  and  extending  down 
G^tli  St.  130  ft.  The  first  or  ground  floor  is  fitted  up 
as  stores,  the  second  and  third  floors  being  intended  for 
garage  purposes.  The  exterior  walls,  two  elevator  in- 
closures  and  fire  wall  around  the  main  stairway  inclosure 
on  oast  end  of  building  extending  to  64th  St.  side,  arc  oF 
brick,  and  the  small  stairway  on  soutli  side  is  inclosed  in 
firebrick. 

"The  main  structure  is  of  reinforced  concrete,  a  spe- 
cial type  of  girderless  floor  construction  being  u.sed.  This 
com|>rises  circidar  straight  rodded  columns  carrying  the 
usual  conical  capital  and  dropped  head  l)ut  having  alfeo 
a  shallow  wide  beam  between   columns.     Wall   columns 


wall.     The  i)art  of  roof  still  standing  on  the  northwest 
ciinuT  (if  the  building  has  been  moved  from  its  original 
position  and  now  overhangs  a  foot  or  more  over  Thild 
Ave.    Only  three  main  columns  supporting  the  roof 
not  been  cnished  or  show  bad  fractures  and  distortion 
one  at  each  elevator  shaft  and  the  intermediate  cok 

"The  third  floor  and  columns  supporting  it  evidence 
no  signs  of  cracks  or  injury  from  the  impact  of  the  fall. 

"From  the  information  at  hand  it  appears  that  the 
men  began  pouring  the  roof  on  Nov.  9  and  finished  on 
Nov.  16,  starting  from  the  easterly  side  and  working 
toward  Third  Ave.  They  began  removing  forms  on  Nov. 
]  6  at  easterly  end,  and  this  was  in  progress  when  the  ac- 
cident happened  on  Nov.  23." 

A  later  investigation  of  the  building  and  its  design 
by  a  member  of  the  editorial  staff  confirms  Mr. 
McGu ire's  report  excejit  in  regard  to  the  time  of  be- 
ginning the  roof  form  stripping.  This  date  will  prob- 
ably be  brought  out  in  the  inquest,  but  evidence  now  at 
hand  seems  to  show  that  the  form  stripping  started  Nov. 
21,  the  concrete  at  the  east  end  then  being  not  quite  two 
weeks'  old  and  on  Nov.  23  reached  the  west  end  of  the 
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LOOKING  NORTH  ALONG  THIRD  AVE..  SHOWING  ROOF  PULLED  AWAY  FROM  BRICK  WALL  AT 

ELEVATOR  SHAFT 


•oof  where  the  concrete  was  barely  one  week  old.  The 
Veather  Bureau  report  of  temperature  during  this  period 
-  as  follows: 

■AILY   TEMPERATURES    .\T    NEW    YORK    CITY,    NOV.     10-23.    1915 
(Degrees  Fahrenheit) 


It  appears  that  the  collapse  is  to  be  made  the  subject 
f  rigid  inquiry  and  perhaps  of  criminal  prosecution,  so 
hat  more  than  a  preliminary  or  cursory  report  on  it  is 
lot  now  feasible.  The  design  will  be  e.vamined  elo.sely, 
lut  at  present  that  is  a  secondary  consideration  when 
t  is  recalled  that  the  third  floor,  of  similar  design  and 


about  four  weeks  old,  safely  carried  without  underpin- 
ning— the  struts  having  been  removed  from  under  it — 
the  impact  of  the  whole  falling  roof.  This  also  exoner- 
ates the  concrete  of  that  section  from  criticism.  The  roof 
concrete  on  Nov.  26  after  two  weeks'  setting  appeared 
to  be  satisfactory,  but  eye  witnesses  state  that  on  the  day 
of  the  collapse  the  firemen  cut  into  this  same  roof  con- 
crete with  their  axes  as  though  it  had  been  clay.  While 
the  trial  or  inquiry  may  bring  out  unexpected  facts,  the 
collapse  now  appears  to  have  been  due  to  criminal  con- 
lessness  or  ignorance  in  the  removal  of  shores  under  con- 
crete which  with  the  best  of  conditions  could  hardly  have 
reached  a  safe  set  but  which  with  the  prevailing  weather 
was  not  concrete  at  all  but  merely  a  potential  concrete 
awaiting  time  and  warmth  to  make  it  solid. 

The  collapse  was  progressive.  The  initial  failure  was 
about  the  middle  of  the  brick  wall  sliowu  at  the  right  of- 
Fig.  1,  and  the  first  four  rows  of  columns  are  all  down. 
From  that  line  north  the  columns  all  have  a  gradually 
decreasing    inclination,    but    all    l)o\v    out    to    the    west. 


FIG.  3,  LOr.KINi;  .SOKTU  7>O.N-r;  THIUli  A\-|-; 
SHOWING  LEANING  WALL  COLUMNS 


,  4.    o.m;  <  (!■■  'Ill  I.  ,,i..M.\i;."i.~ 

COLUMNS  UNDER  ROOF 


I'lG.  :,.    i;i;.',.'  i.mdriou  COLUMN 

UNDER  NORTH  END 
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By  Paul  A*.  Hodges* 

In  the  article  entitled  "Some  Better  Kutter's  Formula 
Cloefficients,"  Engineering  News,  Feb.  2-t,  1916,  the  fol- 
lowing paragraph  was  noted : 

Experience  shows  that  the  coefficient  of  roughness  for 
excavated  channels  of  the  same  slope  and  cross-section  is 
dependent  upon  the  method  of  excavation.  Additional  ex- 
periments are  needed  to  determine  the  specific  coefficients  for 
channels  In  earth  excavated  by  different  methods  of  dredging, 
etc  » 

The  purpose  of  this  article  is  to  present  the  coefficients 
obtained  on  the  Blitzen  canal  in  Oregon  and  to  show  the 
adaptability  of  different  formulas  to  the  flow  in  this 
particular  class.  The  results  of  this  experiment  show  that 
Bazin's  formula  applies  to  the  flow  in  this  canal  better 
than  the  other  well-known  formulas,  but  that  the  formula 


FIG.  L  BLITZEX  CANAL  SLOPE-STUDY  COURSE 

V  =  229.6  (ES)'*-^^  derived  for  this  canal  applies  some- 
what closer  than  Bazin's.  The  average  value  of  n  m 
Ivutter's  formula  was  found  to  be  0.0255. 

The  Blitzen  drainage  canal,  with  a  length  of  25  mi.,  is 
located  near  Xarrows,  Ore.,  and  was  built  to  carry  off 
more  directly  the  total  flow  of  the  Donner  und  Blitzen 
Iiiver,  thus  partly  reclaiming  20,000  to  25.000  acres  of 
tnle  swamp.  At  Grain  Camp,  about  5  mi.  from  the  lower 
end  of  this  canal,  headgates  are  installed  to  hold  the  waiei 
at  the  proper  height  for  diverting  to  irrigation  ditches.  The 
canal  was  excavated,  in  a  surface  peat  soil  underlain  with 
clay,  by  means  of  a  floating  dipper  dredge  with  a  bucket 
capacity  of  about  %  cu.yd.  The  section  as  originally 
excavated  was  as  nearly  rectangular  as  it  was  possible  to 
make  it.  At  the  present  time  the  sides  are  somewhat 
irregular,  being  vertical  or  overhanging,  as  a  rule.  Many 
lumps  or  blocks  of  peat  have  fallen  into  the  channel,  thus 


causing  more  resistance  to  the  flow,  but  the  canal  has  been 
pretty  well  evened  up  by  the  floods  that  have  passed 
through  it  since  its  completion. 

The  United  States  Geological  Survey  gage  is  located 
in  the  pool  directly  below  the  Grain  Camp  headgates,  and 
the  cable  installation  for  making  discharge  measurements 
with  the  current  meter  is  100  ft.  downstream,  as  shown  in 
Fig.  1.  Three  thousand  feet  below  the  gage  a  benchmark 
is  set,  which  is  used  for  the  determination  of  the  elevation 
of  water  surface  at  Station  B.  Fig.  1  shows  the  canal 
looking  downstream  from  the  Station  A  to  Station  B. 
Two  cross-sections  were  measttred,  as  shown  in  Fig.  2 — 
one  near  the  gage,  or  at  Station  A,  and  the  other  at  Sta- 
tion B.  The  average  of  these  two  cross-sections  was  used 
in  the  computations. 

The  readings  of  the  water  surface  were  somewhat  inac- 
curate on  account  of  small  wave  action ;  for  this  reason 
the  gage  readings  at  Station  A  were  assumed  correct,  and 
the  readings  at  Station  B  were  corrected  to  show  a 
uniform  increase  in  slope  with  increase  of  gage  height. 
This  is  shown  in  Fig.  3,  in  which  the  gage  heights  are 
jdottcd  as  ordinates  and  the  slopes  as  abscissas.  For 
example,  the  points  as  plotted  for  Station  A  are  moved 
horizontally,  as  shown  by  the  arrows,  so  that  they  will  fall 
on  the  curve.  This  changes  the  slope  values,  and  from 
these  new  values  the  elevation  of  water  surface  at  Station 
B  is  computed.  The  measured  area  of  cross-section  and 
the  wetted  perimeter  were  corrected  to  comply  with  the 
correction  for  the  elevation  of  water  surface  noted  before. 

In  Fig.  4  are  shown  the  rating  curves  for  both  stations. 
The  measurements  of  discharge  were  made  carefully  with 
a  small  Price  current  meter.  Readings  of  depth  and 
velocity  were  taken  at  2V2-ft.  intervals,  from  the  cable  at 
high  stages  and  by  wading  at  low  stages.  The  velocity 
was  obtained  by  taking  readings  at  0.2  and  0.8  of  the 
depth  at  each  section.  The  mean  velocity  at  each  vertical 
was  taken  as  the  average  of  these  two  readings. 

In  testing  the  application  of  different  formulas  to  the 
flow  in  this  channel  the  coefficients  in  the  following  for- 
mulas were  computed  from  the  data  obtained  in  this 
experiment,  as  shown  in  Table  1.  The  coefficient  n  of 
Kutter's  formula  varies  from  0.0253  to  0.0259,  and  the 
velocity  as  computed  with  these  values  has  a  variation  of 
214%  within  the  range  of  this  experiment.  The  coeffi- 
cient 7n  of  Bazin's  formula, 
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varies  from  1.127  to  1.161,  and  the  velocity  as  computed 
with  these  values  has  a  variation  of  2%.  The  coeflicicnt 
C  in  the  exponential  fornuda  V  =  C/?«  "  S«  "  varies  4%. 
To  obtain  a  formula  that  applies  more  closely  to  the 
law  of  flow  in  this  canal  the  formula  V  =  KiRS)"^^  was 
derived,  in  which  K  =  229.6.  The  value  of  the  coefficient 
K  varies  1.8%  within  the  range  of  this  experiment. 
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It  has  been  contencled  by  some  writers  that  the  value 
of  n  decreases  as  velocity  or  hydraulic  radius  increases, 
the  condition  of  the  channel  remaining  the  same.  The 
results  of  this  experiment  show  this  to  be  true  in  this 
canal. 

Additional  experiments  are  needed  to  show  the  law  of 
variation  of  n  in  Kutter's  formula  and  m  in  Baziu's 
formula  with  a  change  in  velocity  or  hydraulic  radius  for 
different  classes  of  canals.  In  Bulletin  194  of  the  United 
States  Department  of  Agriculture  is  a  diagram  showing 
the  variation  of  n  with  velocity  and  hydraulic  radius  from 
experiments  on  many  different  classes  of  canals. 

In  Fig.  5  curves  are  drawn  showing  the  relation  between 
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the  gago  height  and  area  of  cross-section,  and  also  gage 
height  and  values  of  (jK5)  "•*'*.  In  Fig.  6  the  relation 
l>etween  velocitj'  and  values  of  (/J^')"*^  is  shown.  Great 
care  was  taken  in  the  measurements  and  computations, 
and  the  results  are  considered  reasonably  accurate.  A 
larger  range  of  stage  in  the  measurements  would  have 
increased  the  value  of  the  experiment,  however. 

Si 

The  Municipal  Blectrlc-Lleht  Plant  of  Wallingford,  Conn., 
althoun^h  a  sman  plant  of  only  about  600-kw.  capacity,  has 
shown  remarkably  good  financial  results,  according  to  the 
annual  report  for  the  year  ended  July  31,  1016,  just  issued. 
The  Brnsa  earnings  last  year  were  $52,000.  and  the  net  earn- 
ings $22,700.  The  balance  sheet  shows  a  total  valuation  for 
the  plant  at  the  present  time  of  $280,000.  The  plant  was  built 
17  ycart  ago  by  an  Issue  of  bonds  and  It  has  earned  profits 
incc  Its  construction  sufficient  to  continually  enlarge  Its 
ipaclt>  and  to  pay  Interest  and  sinking-fund  charges  on  the 
ii>nd  issue,  so  that  at  the  present  time  only  $55,000  In  bonds 
are  outstanding,  and  there  is  $38,000  In  the  sinking  fund. 
The  accumulations  of  this  fund  In  another  year  will  be  suf- 
fldent  to  wipe  out  the  bonded  Indebtedness.  The  general 
manager  of  the  plant,  A.  L.  Tierce,  in  his  annual  report  states 
■hat  thclpiant  has  never,  In  the  17  years  of  its  operation,  re- 
ived any~money  from  the  taxpayers.  The  total  Interruptions 
10  service  have  amounted  to  V>  mln.  In  17  years. 


A  unique  convention  program  was  carried  out  with  emi- 
nent success  by  the  City  Managers'  Association  at  Spring- 
field, Mass.,  last  week.  Not  a  single  formal  paper,  was 
presented,  yet  a  dozen  subjects  were  quite  fully  dis- 
cussed. This  was  the  plan :  There  was  a  roll  call  on  each 
subject.  Eosponses  were  limited  to  five  minutes,  but  some 
of  the  fifteen  managers  present  took  less,  thus  giving 
extra  tune  to  the  few  who  needed  it.  The  retiring  offi- 
cers— Henry  M.  Waite,  of  Dayton,  and  Ossian  E.  Carr,  of 
Xiagara  Falls — kept  the  convention  well  in  hand,  even 
to  starting  most  of  the  meetings  on  scheduled  time  when 
only  two  or  three  members  were  on  the  floor. 

The  city  managers  met  first  in  Xew  York  City,  where 
they  put  in  a  busy  and  instructive  day  visiting  city  offices 
and  works,  attending  a  dinner  followed  by  addresses.  At 
Springfield,  round-table  lunches  and  dinners  merged  into 
discussions,  making  virtually  four  sessions  a  day,  and  on 
the  third  day  the  City  Managers'  Association  and  the 
National  Municipal  League  Joined  with  representatives 
of  still  other  municipal  organizations  at  lunch,  after  which 
about  a  dozen  managers  told  of  their  most  notable  achieve- 
ments during  the  year.  A  part  of  an  evening  session  was 
devoted  to  addresses  on  the  public  works  of  Springfield, 
Mass.,  followed  the  next  morning  by  an  automobile  ride 
over  the  city. 

Secretary  Carr  rejiorted  that  city  managership  work  is 
an  extra-hazardous  occupation,  as  6  of  36  members  of  the 
association  had  retired  from  their  positions  during  the 
year.  There  is  still  room  for  growth,  as  the  number  of 
cities  committed  to  the  city-manager  plan  has  increased 
from  about  70  to  90  during  the  year. 

.That  the  city  managers  stand  for  adequate  budget 
making,  constructive  publicity,  keeping  themselves  in  the 
background,  a  large  variety  and  amount  of  work  for  social 
as  well  as  material  improvement,  the  elimination  of 
partisan  politics,  favoritism  and  corruption  from  munici- 
2Jal  government,  and  that  they  work  with  untiring  energy 
for  these  and  all  other  ends  making  for  efficiency  was 
appai-ent  from  the  discussions  at  the  convention. 

Many  if  not  most  of  the  managers  are  engineers,  but  the 
topics  before  the  convention  were,  naturally  enough,  chiefly 
of  an  administrative  rather  than  an  engineering  character. 
There  was  a  round  of  expression  of  opinion  I'egarding 
methods  of  cost  keeping.  This  disclosed  practical  agree- 
ment on  the  desirability  of  cost  kec))ing,  with  an  apparent 
difference  of  opinion  as  to  whether  ett'ort  should  be  cen- 
tered on  the  amount  of  work  one  man  accomplishes  in 
a  day  or  the  cash  outlay  for  a  unit  of  work.  This  seeming 
disagreement  may  have  been  due  to  momentary  confusion 
over  efficiency  of  employees  and  total  co^t  of  work  done. 
One  or  two  managers  emphasized  the  difficulties  that  beset 
any  attempt  to  secure  unit-cost  figuies  that  are  of  real 
value  for  comparing  one  city  with  another,  owing  to  dif- 
ferences in  various  local  conditions. 

How  best  to  train  city  managers  gave  rise  to  some 
animated  discussion.  IT.  M.  A\'alte  was  pi-onouncedly  in 
favor  of  training  in  service  rather  than  in  any  school  or 
university,  since  the  essential  thing  in  a  manager  is 
executive  ability. 

The  election  of  officers  resulted  in  the  choice  of  O.ssian 
E.  Carr,  Xiagara  Falls,  N.  Y.,  as  president,  and  W.  L. 
Miller,  St.  Augustine,  Fla.,  as  secretary-treasurer.  The 
next  meeting  place  was  left  for  future  decision. 
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diana,  Kentucky,  ^larvland.  Mississippi,  Nebraska,  Ne- 
vada. New  Mexico,  North  Carolina.  Ohio,  South  Dakota, 
South  Carolina,  Tennessee,  Texas,  Utah,  Washington, 
West  Virginia  and  W_yoming.  Informal  correspondence 
shows  that  niany  of  these  states  will  be  in  a  position  to 
take  up  the  subject  formally  before  long.  The  Office  of 
Pul)Iic  Roads  and  Rural  Engineering  has  prepared  a  state 
liighway  bill  for  the  consideration  of  the  Te.xas  legisla- 
ture and  is  cooperating  with  the  Oregon  Association  of 
County  Judges  in  the  preparation  of  an  entirely  new  road 
law  for  that  state.  Drafts  of  road  bills  are  being  pre- 
pared for  South  Carolina,  South  Dakota  and  Nevada  at 
the  request  of  officials  of  those  states. 


MtisiraicipaE  Week  ^t  SpjrJiag^elldl 

With  the  growing  number  of  technical  and  municipal 
conventions,  hearty  welcome  will  be  given  to  every  suc- 
cessful eilort  to  bring  as  many  of  a  kind  together  at  one 
time  and  place  as  may  be  reasonably  possible.  A  notable 
example  of  such  effort  was  furnished  last  week,  when  the 
City  Managers'  Association,  the  National  Municipal 
League,  the  Municipal  Research  Conference,  the  Training 
School  for  Public  Service,  the  Civic  Secretaries*  Commit- 
tee and  the  Intercollegiate  Division  of  the  National  Muni- 
cipal League,  the  Massachusetts  Federation  of  Planning 
Boards  and  the  Massachusetts  Civic  League  met  at  Spring- 
field, Mass.  A  number  of  these  organizations  held  one 
or  more  sessions  in  common,  besides  which  there  were  nu- 
merous joint  lunches,  dinners,  and,  to  give  full  measure, 
a  joint  breakfast,  followed  by  discussions  of  common  in- 
terest. 

A  brief  report  of  the  meeting  of  the  City  Managers" 
Association  appears  elsewhere  in  this  issue.  The  other 
conventions,  while  discussing  numerous  vital  municipal 
questions,  brought  out  little  of  direct  interest  to  engi- 
neers. There  was,  it  is  true,  considerable  discussion  of 
city  planning,  but  this  related  mostly  to  topics  already 
presented  in  Engineering  News. 

Progress  of  Federal  Aid  for 


fe^yy  Jeipsey  Haglh^yFaiy  lEim^aiaeeps 


The  Secretary  of  Agriculture  has  interpreted  the  Fed- 
eral aid  highway  law  to  mean  that  in  accepting  the  terms 
of  the  act  a  state,  as  a  matter  of  course,  pledges  its  faith 
to  a  five-year  program,  because  the  Federal  Government 
will  furnish  aid  during  a  five-year  period.  This  he  re- 
gards as  important  because  it  makes  possible  the  arrange- 
ment of  a  comprehensive  scheme  of  road  building.  The 
expenditure  of  the  entire  amount  of  money  contemplated 
under  the  act  is  to  be  planned  at  the  outset,  so  far  as 
possible. 

California  is  the  only  state  as  yet  which  has  met  every 
requirement  of  the  law.  Georgia  and  Maine  have  com- 
plied with  all  requirements  except  the  submission  of  a 
general  program  of  road  improvements.  In  Connecticut, 
New  Hampshire,  Pennsylvania,  Idaho  and  Louisiana,  the 
pledge  of  the  faith  of  the  states  to  match  the  Federal 
appropriations  for  five  years  have  not  yet  been  given, 
but  is  expected  soon.  In  New  York,  Vermont  and  Wis- 
consin, further  legislation  is  considered  necessary  by  their 
officials  before  the  Federal  cooperation  can  be  utilized. 
In  Virginia,  where  the  State  Highway  Department  has 
no  authority  to  submit  a  state-wide  project  for  road  im- 
provements, the  pledge  of  the  faith  of  the  state  to  the 
terms  of  the  act  and  the  submission  of  a  five-year  road- 
building  program  are  particularly  difficult  matters  to 
adjust. 

The  states  with  which  formal  negotiations  looking  to 
early  participation  in  Federal  aid  have  not  yet  been  car- 
ried on  are   Arkansas,    Delaware,   Florida,    Illinois,    In- 


The  second  and  final  hearing  of  the  special  committee, 
appointed  by  the  Commissioner  of  Motor  Vehicles  of  the 
State  of  New  Jersey,  for  the  purpose  of  preparing  rules 
and  regulations  to  govern  the  use  of  motor  trucks  on 
the  highways  of  the  state  was  held  in  Newark,  Nov.  24. 
About  100  persons  were  present  and  the  session  was  lively 
and  full  of  interest. 

The  committee  has  been  studying  the  problem  since  May 
of  this  year,  and  for  the  particular  purpose  of  devising 
means  of  saving  the  roads  from  destruction.  New  Jersey 
being  the  first  state  to  enter  upon  systematic  highway  im- 
provement, it  follows  that  the  facilities  for  studying  the 
effect  of  motor-truck  traffic  on  the  older  types  of  highway 
pavement  are  about  the  best.  The  chairman  of  the  special 
committee  is  Thomas  J.  Wasser,  a  civil  engineer  of  Jersey 
City,  and  the  secretary  is  Frederic  A.  Eeimer,  count)' 
engineer  of  Essex  County. 

Some  of  the  rules  the  committee  proposes  are:  To 
allow  no  vehicle  over  96  in.  wide  to  use  the  roads  with- 
out a  special  permit;  to  limit  the  height  of  vehicles  to 
12  ft.  2  in.,  and  the  length  to  26  ft.  6  in. ;  to  prohibit  the 
use  of  any  motor  vehicle  or  trailer  with  metal  tires,  or 
tires  with  lugs  or  hobs,  etc. ;  to  require  every  vehicle  to 
be  equipped  with  a  sealed  governor  or  other  automatic 
speed  control ;  to  allow  the  use  of  a  single  trailer  only ; 
to  prevent  a  truck  with  tires  so  damaged  that  the  metal 
rims  come  in  contact  with  the  road  from  being  moved, 
under  a  penalty  of  $500  for  each  violation ;  to  require  a 
name  plate  giving  the  maximum  speed  and  gross  weight 
(loaded)  of  the  vehicle;  to  make  motor-truck  owners  di- 
rectly responsible  for  damage  done  to  bridges  where  the 
weight  of  the  loaded  truck  exceeds  the  posted  safe  load  for 
the  bridge,  and  to  appoint  state  inspectors  to  enforce 
these  rules  and  regulations  by  actually  testing  the  speeds 
and  weighing  the  trucks  if  necessary. 

It  is  proposed  to  base  all  licen.se  fees  on  the  maximum 
wheel  load,  according  to  tables  compiled  from  data  fur- 
nished by  rubber-tire  manufacturers  as  proper  loads  for 
each  size  of  tire.  By  the  proposed  rules  separate  license.' 
would  be  required  for  tractor  and  trailer;  one-third  the 
gross  weight  of  a  truck  and  its  carrying  capacity  would 
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be  such  as  not  to  exceed  a  schedule  which  also  specifies 
the  size  of  wheel,  tire  aud  the  speed  for  each  in  miles  per 
liour.  Thus  the  maximum  wheel  load  is  fixed  at  8,625 
lb.,  on  two  7-in.  tires  on  42-in.  wheels,  and  the  speed  of 
such  a  vehicle  would  not  be  allowed  to  exceed  10  mi.  per 
hr.  Pneumatic-tired  vehicles  it  is  proposed  to  license  as 
pleasure  vehicles  and  they  would  not  be  classed  as  trucks. 
There  was  much  objection  made  by  the  motor-truck 
representatives  to  the  provision  requiring  rubber  tires. 
A  tire  manufacturer  stated  that  rubber  tires  were  not  now 
made  in  larger  diameters  than  43  in.  A  severe  penalty 
for  speeding  was  suggested  in  place  of  the  requirement  of 
sealed  governors,  which  it  was  said  were  imperfect  and 
difficult  to  keep  in  order.  It  was  said  that  the  speed  limit 
of  10  mi.  per  hr.  was  too  low  for  economical  operation, 
that  15  mi.  per  hr.  should  be  fixed.  There  was  a  repetition 
of  the  general  arguments  against  discriminatory  fees,  such 
as  were  noted  in  last  week's  report  of  the  New  York  State 
hearing  on  motor-truck  fees. 

m 

Davton,  Hamilton,  ^liddletown  and  other  Ohio  com- 
munities in  the  Miami  River  valley  are  to  be  safeguarded 
against  devastating  floods  by  detention  reservoirs  and 
chaimel  improvements.  The  plan  approved  is  the  one 
described  in  Engineering  A^ews  of  April  6,  1916,  as  hav- 
ing been  adopted  by  the  directors  of  the  ^liami  Conserv- 
ancy District.  (Edward  A.  Deeds,  president;  Arthur  E. 
-Morgan,  chief  engineer;  office,  Dayton,  Ohio.) 

To  become  effective  this  plan  had  to  be  authorized  by 
the  county  judges  of  the  nine  counties  included  in  the 
district,  sitting  as  a  Conservancy  Court.  The  long  hear- 
ing before  this  court  was  reviewed  by  Col.  H.  JI.  Chitten- 
den, one  of  the  consulting  engineers  to  the  district,  in 
Engineering  News  of  Nov.  9,  1916,  and  on  p.  906  of 
that  issue  a  map  of  the  district,  showing  the  five  deten- 
tion reservoirs,  was  printed. 

The  vote  for  appro\ing  the  plans  stood  7  to  2,  the  two 
adverse  votes  being  limited  to  dissent  as  to  the  need  for 
line  of  the  five  reservoirs.  On  some  other  points  at  issue 
there  were  also  various  minority  dissenting  opinions,  but 
all  these  were  waived  in  the  final  ajiproval.  The  court 
was  unanimous  as  to  the  combination  of  dry  detention 
iiasins  and  channel  improvements  being  the  only  "prac- 
tical and  efficient  plan  of  protc('ting  the  Jliami  valley 
from  the  results  of  defective  floods."  The  full  decision 
follows : 

1.  The  court  is  of  the  opinion  that  the  question  raised 
as  to  the  constitutionality  of  the  law  by  reason  of  thf-  de- 
cisions in  the  cases  of  Baumann  vs.  Dayton  in  the  66  O.  S., 
•ind  commissioners  vs.  Gates  in  the  S3  O.  S.  is  not  now  prop- 

'ly  before  the  court  for  the  reason  that  it  does  not  appear 
Hat  any  assessment  has  been  made  against  any  specific  piece 
f  property  and  that  therefore  no  one  is  now  in  a  position  to 
'•mplaln;  and  for  the  same  reason  other  questions  as  to  the 
inconstltutlonality  of  the  act  on  account  of  the  method  pro- 
liled  for  the  raising  of  funds  is  not  now  before  the  court. 
To  this  finding  Judge  Mathers  dissents. 

2.  The  court  Is  of  the  opinion  that  the  Miami  River  Is  not 
I  navigable  stream  in  law  or  fact. 

3.  The  court  Is  of  the  opinion  that  any  obstruction  that 
lay  occur  f-om  the  adoption  of  the  plan  to  the  public  use  or 

■lavlgatlon  of  the  Miami  and  Erie  canal  is  authorized  by  the 
'  "Htract  between  the  conservancy  board  and  the  state  ofllcials 
■1  provided   for   In   the  conservancy  act. 

4.  As  to  the  objection  that  no  construction  shall  be  made 
mder  the  authority  of  the  act   which   will   cause   the  nooding 

f  any  village  or  city  unless  the  board  «h;ill  have  acfjulrod 
und  paid  for  the  right  to  use  the  land  affected  for  such  pur- 


pose and  shall  have  paid  all  damages  incident  thereto,  the 
court  is  of  the  opinion  that  such  provision  of  the  law  does 
not   prevent   the   adoption   of  the  official  plan. 

5.  The  court  is  of  the  opinion  that  channel  improvement 
alone  for  the  entire  conservancy  district  is  not  feasible  or 
practicable,  and  is  prohibitive  in  cost  and  would  not  ade- 
quately protect  the  district  from  flood  waters. 

Judge  Mathers  dissents  from  the  proposition  that  channel 
improvement  alone  would  not  adequately  protect  against 
floods. 

6.  The  court  is  of  the  opinion  that  the  combination  of 
dams  and  dry  detention  basins,  together  v.ith  channel  im- 
provement, is  the  only  practical  and  efficient  method  of  pro- 
tecting the  Miami  valley  from  the  results  of  destructive  floods. 

7.  The  court  is  of  the  opinion  that  earthen  dams,  with 
concrete  conduits  and  spillways  as  provided  for  in  the  oflicial 
plan,  are  safe  and  will  be  of  sufficient  strength  to  sustain  at 
all  times  any  burden  that  may  be  placed  upon  them  by  im- 
pounded   water. 

Judges  Jones,  Mathers  and  Kyle  do  not  fully  concur  in  the 
foregoing,  but  find  that  a  preponderance  of  the  evidence 
shows  that  the  dams  as  provided  will  be  reasonably  safe. 

8.  The  court  is  of  the  opinion  that  it  would  not  be 
feasible  to  reduce  the  height  of  the  Huffman  dam  or  its  spill- 
way. 

To  this  Judges  Kyle  and  Geiger  dissent. 

9.  The  court  is  of  the  opinion  that  the  Lockington  dam 
should   not   be   eliminated   from   the   ofBcial   plan. 

To   this  Judges  Jones,   Mathers  and  Geiger  dissent. 

10.  The  court  is  of  the  opinion  that  the  objections  filed 
to  the  official  plan  as  proposed  by  the  board  of  directors  of  the 
conservancy  district  should  be  overruled;  that  the  work  pro- 
posed in  said  plans  is  necessary  and  that  the  same  will  be 
conducive  to  and  conserve  the  public  health,  safety,  conveni- 
ence and  welfare  of  the  Miami  conservancy  district,  and  the 
court   therefore  adopts  the  said  official  plan. 

To  the  judgment  of  the  court  adopting  the  official  plan. 
Judges  Jones  and  Mathers  dissent  by  reason  of  the  finding 
made  by  the  court  in  the  ninth  syllable  hereof  refusing  to 
eliminate  the  Lockington  dam;  otherwise  concurring  with  the 
majority   of   the  court. 

The  estimated  cost  of  the  project  is  $23,540,000,  in- 
cluding $4,000,000  for  contingencies. 

While  means  are  provided  for  an  appeal,  it  is  thought 
that  the  work  of  the  district  will  go  forward  without  fur- 
ther delay.  However,  construction  can  not  be  started  j'et  as 
the  law  requires  the  apprai.sers  to  report,  and  their  report  to 
be  reviewed  and  approved  by  the  court,  before  construction 
work  can  begin.  The  whole  question  of  the  advisability 
of  the  conservancy  project  may,  in  fact,  be  reconsidered 
at  that  time,  and  the  plan  rejected  or  modified.  This  in 
effect  gives  the  objectors  a  second  liearing  without  resort- 
ing to  appeal  to  a  higher  court. 


Lfl^eiP 


eimamig 


Under  rather  unusual  instructions  from  the  city  coun- 
cil. Chief  Engineer  Henry  ^faetzcl,  of  the  engineering  de- 
partment of  Columbus,  Ohio,  is  making  estimates  of  cost 
for  two  river-widening  plans,  for  increasing  the  flood- 
carrying  capacity  of  tlie  Scioto  channel  through  the  city. 
This  scheme  is  independent  of  the  larger  flood-prevention 
project  which  was  worked  out  by  Alvord  &  Burdick,  as 
engineers  for  the  Franklin  County  Con.servancy  District. 

The  conservancy  project,  which  comprises  large  de- 
tention dams  and  a  considerable  amount  of  channel  im- 
provement, will  be  heard  before  the  Franklin  County 
judges  sitting  as  a  Conservancy  Court  on  Doc.  6.  It  is 
opposed  by  many  residents  of  the  region,  and  for  this 
reason  an  opposition  scheme  was  launched  in  Columbus 
a  few  months  ago,  contemplating  only  a  moderate  chan- 
nel widening  through  the  city 

The  advocates  of  Ibis  scheme  propo.sed  to  widen  the 
cliaimol  to  .'")S0  ft.  from  the  confluence  of  the  Scioto  and 
OlcntMii'/y  diiwii  to  Grecnlawn  Ave.,  about  21/2  nii.    They 
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claimed  it  would  cost  the  city  $3,500,000,  and  would 
carry  floods  greater  than  that  of  1913  (which  was  140,000 
sec.-ft. ).  A  referendum  vote  in  November  authorized 
the  council  to  expend  3%  million  dollars  in  channel 
widening. 

An  earlier  investigation  having  indicated  that  the  pro- 
posed channel  would  carry  only  80,000  sec.-ft.  and  would 
cost  more  that  its  advocates  claimed,  the  city  council  on 
Nov.  13  directed  the  chief  engineer  to  make  plans  and 
estimates  for  two  channel-widening  schemes,  one  for  a 
580-ft.  channel,  and  one  for  a  channel  to  cost  3i/o  million 
dollars.  Preliminary'  studies  for  this  are  now  being  made 
by  R.  H.  Simpson,  under  Mr.  Jlaetzel's  direction. 

The  length  of  river  channel  under  study  is  about  31/4 
mi.,  extending  downstream  from  the  confluence  of  the 
rivers.  Much  land  will  have  to  be  acquired.  New  levees 
must  be  constructed  for  over  half  the  length,  and  a  large 
amount  of  retaining-wall  work  is  needed. 

An  unu.«ual  phase  of  the  matter  is  that  a  project  for 
channel  improvement  (but  to  a  much  larger  capacity) 
was  rejected  by  the  voters  of  the  city  in  1913.  It  re- 
ceived a  bare  majority,  but  as  a  two-thirds  vote  was  re- 
quired to  ratify  a  bond  issue  the  proposal  failed.  This 
involved  a  much  higher  cost  than  the  present  SVo  million 
dollar  project.  The  failure  of  that  proposal  led  to  the 
organization  of  the  Conservancy  District,  and  to  the  sub- 
sequent development  of  a  detention-basin  project  as  being 
much  cheaper  and  of  broader  benefit  than  pure  channel 
improvement. 

Concerning  the  city  studies  now  under  way,  informa- 
tion from  several  well-informed  sources  indicates  that 
the  580-ft.  project  will  cost  over  50%  more  than  first 
estimated,  and  thus  will  approach  near  to  the  cost  of  the 
entire  conservancy  plan,  while  giving  protection  only 
against  normal  floods,  but  bound  to  fail  under  calamitous 
floods.  No  opinions  are  obtainable  as  to  what  flood- 
capacity  can  be  secured  for  the  31/0  millions  authorized. 

Oiatarao  Power  C©fflaBiniissa©im  'WnlS 
Develop  Clhippie'wsi  dreelli 

The  Ontario  Hydro-Electric  Commission,  it  is  reported, 
has  decided  to  undertake  forthwith  the  construction  of  the 
projected  canal  between  Chippewa  Creek  (which  flows  into 
Niagara  River  above  Niagara  Falls)  and  Queenston  for 
the  supply  of  200,000  hp.  of  electrical  energy  for  the 
provincial  hydro-electric  power-distribution  .system.  The 
work  will  be  carried  on  under  the  direct  control  of  the 
commission,  as  contractors  were  not  disposed  to  tender  e.x- 
cept  on  the  basis  of  the  probable  advance  in  the  cost  of 
fuel  and  on  an  estimate  of  25%  over  cost  as  profits.  The 
commission  propo.ses  to  procure  electric-driven  excavating 
machinery,  so  as  to  avoid  the  uncertain  element  of  fuel 
cost,  and  to  save  labor.  It  is  estimated  that  the  electrical 
equipment  will  cost  between  $800,000  and  $900,000,  as  it 
will  call  for  general  excavation  machinery  of  the  heaviest 
type.  The  cost  of  the  entire  construction  of  the  canal, 
which  will  be  12  mi.  in  length,  is  estimated  at  $9,000,000. 

At  a  joint  meeting  of  the  Ontario  Hydro-Electric  Rail- 
way Association  and  the  Municipal  F'ectrical  Association 
of  Ontario,  the  following  resolution  was  adopted: 

It  is  hereby  unanimously  resolved  that  the  Ontario  Gov- 
ernment be  aslted  to  pass  an  order-in-council  forthwith,  per- 
mitting the  Ontario  Hydro-Electric  Power  Commission  to 
exert  Its  functions  and  powers  in  expropriating  the  plant  or 
product  of  the  Canadian  Niagara  Powtr  Co.  and  others  devel- 
oping power  at  Niagara  Falls. 


Plans  iiave  been  perfected  for  a  national  conference  to 
discuss  highway  engineering  instriiction  in  the  civil  en- 
gineering curricula  of  imiversities  and  colleges.  The 
meeting  is  to  be  held  Dec.  29,  at  8 :  30  p.m.,  in  the 
assembly  hall  of  the  Automobile  Club  of  America  in 
New  York. 

The  conference  is  to  be  held  under  the  joint  auspices  of 
the  Society  for  the  Promotion  of  Engineering  Educa- 
tion, the  American  Association  for  the  Advancement  of 
Science,  the  National  Automobile  Chamber  of  Commerce, 
the  Automobile  Club  of  America  and  the  National  High- 
way Association.  The  papers  presented  and  the  discus- 
sions upon  them  will  be  published  in  the  Proceedings 
of  the  Society  for  the  Promotion  of  Engineering  Edu- 
cation. 

Arthur  II.  Blanchard,  Professor  of  Highway  Engi- 
neering at  Columbia  University  and  Secretary  of  Sec 
tion  D,  Engineering,  of  the  American  Association  for 
the  Advancement  of  Science,  has  undertaken  the  work  of 
organization. 

W. 

Clhac^go  Sewsig©  TiPeatEHneiat 
aimdl  DIltuittaoEa 

Important  improvements  in  the  sewage-disposal  system 
of  Chicago  are  to  be  carried  out  under  an  order  passed 
Nov.  23  by  the  Board  of  Trustees  of  the  Sanitary  District 
of  Chicago.  This  order  directs  the  chief  engineer  to  pre- 
pare plans  and  specifications  for  works  recommended  in 
a  report  presented  by  the  Committee  on  Engineering  and 
designed  to  improve  the  condition  of  those  streams  within 
the  district  that  now  receive  crude  sewage.  This  not 
only  pollutes  the  water  and  makes  proper  dilution  difficult, 
but  also  causes  deposits  that  are  offensive  and  tend  to 
check  proper  flow.  The  works  proposed  would  improve 
conditions  in  the  north  and  south  branches  of  the  Chicago 
liiver,  the  Drainage  Canal  (and  Sag  Channel),  the  Des- 
plaines  River  and  the  Illinois  River.  With  the  solids  ex- 
cluded, the  disposal  of  the  effluent  and  the  maintenance 
of  the  streams  in  proper  condition  would  be  very  much 
simplified.  The  necessity  for  this  removal  of  solids  be- 
fore sewage  is  discharged  into  the  Sanitary  District  chan- 
nels has  lieen  evident  for  some  time  and  has  been  made  tho 
subject  of  extensive  investigation.  This  applies  particu- 
larly to  the  stockyards  and  packing-house  section. 

A  large  amount  of  sewage  from  suburban  towns  is  now 
discharged  into  the  Desplaines  River,  causing  ofTensivt 
conditions  and  destroying  the  use  of  the  river  for  fishing, 
ice-cutting  and  pleasure  purpo.ses.  This  sewage,  in  an 
advanced  state  of  putrefaction,  then  flows  into  the  Illi- 
nois River.  Similar  conditions  exist  in  the  north  branch 
of  the  Chicago  River,  where  the  amount  of  diluting  water 
is  limited.  The  remedy  lies  in  collecting  the  sewage  and 
delivering  it  to  points  where  the  solids  can  be  removed 
and  any  other  necessary  treatment  given.  The  Sanitarv 
District  is  already  operating  works  at  Morton  Grove  for 
the  removal  of  solids  from  the  sewage  before  it  is  dis- 
charged into  the  north  branch  of  the  river. 

The  report  makes  plain  the  committee's  view  that  the 
treatment  recommended  for  the  removal  of  solids  and  fur- 
tlieir  purification  of  the  sewage  is  only  suppleiuentarv 
to  the  dilution  and  for  the  purpose  of  rendering  this  latter 
more  effective.     The  Sanitarv  District  Act    (1880)   re- 
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quires  a  continuous  flow  of  at  least  20,000  cu.ft.  of  water 
per  minute  for  each  100.000  inhabitants  of  the  district.  It 
iilso  requires  the  removal  of  solids  before  sewage  is  dis- 
charged into  the  channel,  and  the  maintenance  of  the 
channel  in  such  condition  that  the  water  will  be  neither 
injurious  to  health  nor  offensive.  The  committee  states 
that  it  does  not  consider  it  practicable  to  dispose  of  the 
sewage  properly  without  this  amount  of  diluting  water. 
The  report  recommends  the  purchase  of  land  and  prep- 
aration of  plans  and  specifications  for  the  several  proposed 
works.  The  recommendations  may  be  summarized  as  fol- 
lows : 

1.  The  construction  of  intercepting  sewers  along  the 
Desplaines  River  to  collect  the  sewage  of  Maywood,  River 
Forest,  Forest  Park,  etc.  (now  discharged  into  the  river), 
and  the  treatment  of  this  sewage  by  an  activ,ated-sludge 
plant. 

2.  The  treatment  of  domestic  sewage  centering  at  the 
39th  St.  pumping  station  (from  an  area  of  about  22 
gq.mi.)  by  settling  basins  or  an  activated-sludge  plant  in 
the  vicinity  of  this  station. 

3.  The  treatment  of  sewage  from  the  Calumet  region, 
which  will  be  diverted  through  the  new  Calumet  intercept- 
ing sewer  to  the  Calumet-Sag  Channel. 

4.  The  treatment  of  sewage  from  Evanston,  the  north- 
shore  towns  and  the  district  along  the  north  branch  of  the 
Chicago  River.  Specific  study  should  be  made  of  methods 
for  remedying  the  local  nuisance  now  existing  in  the  north 
branch  of  the  river,  where  the  flow  of  water  is  insufficient 
to  maintain  scouring  velocities. 

5.  The  extension  to  the  Drainage  Canal  of  the  sewers 
east  of  52nd  Ave.  which  now  discharge  into  the  Ogden 
Ditch.  Negotiations  should  be  taken  up  with  the  city 
authorities  for  apportioning  the  cost  between  the  Sani- 
tary District  and  the  City  of  Chicago. 


The  Estimated  Population  ot  the  Ignited  States  on  Jan.  1, 
1917,  will  be  102.826,000  per.sons  according  to  the  statistics  of 
the  Census  Bureau  based  on  the  Federal  census  of  1910,  with  a 
rate  of  increase  computed  on  the  increase  recorded  from  1900 
to  1910.  This  is  for  continental  United  .States.  The  outly- 
ing- possessions  of  Alaska,  Guam,  Hawaii,  Canal  Zone,  the 
Philippines,  Porto  Rico  and  Samoa  bring  this  figure  to  113,- 
309.000. 

A  Sewer  Manhole  Cover  in  State  St..  Boston,  was  recently 
lifted  by  the  teamster  of  a  coal  truck  who  mistook  it  for  the 
cover  to  a  coalhole  and  proceeded  to  dump  a  large  load  of 
coal  into  the  sewer.  Just  as  the  last  of  the  load  disap- 
peared into  the  manhole  the  mistake  was  discovered,  and  a 
hurry  call  was  sent  to  the  Public  Works  Department.  Prompt 
work  by  the  emergency  crew  cleared  the  sewer  before  the 
How   in    it   had    backed   up   enough   to   do   damage. 

Flood  Llehtlne  of  the  Statue  of  Liberty  in  New  York 
harbor  is  to  be  inaugurated  on  the  evening  of  Dec.  2.  at  the 
beginning  of  the  "Electrical  Celebration  Week."  when  elabo- 
rate ceremonies  in  connection  with  the  redcdication  of  the 
statue  are  to  occur.  The  ceremonies  in  connection  with  the 
completion  of  the  statue  took  place  thirty  years  ago,  on  Oct. 
28,  1886.  The  statue  was  under  construction  a  long  time  pre- 
vious to  that  date  however.  The  hand  holding  the  flaming 
torch  was  one  of  the  exhibits  at  the  Centennial  Exposition 
in   1876. 

The  John  Fritz  Medal,  awarded  in  January,  1916,  to  Dr. 
Gllhu  Thomson  for  achievements  in  electrical  Invention,  in 
electrical  engini'crlng  and  in  Industrial  development  and  sci- 
:entinc  research,  will  be  presented  to  Dr.  Thomson  at  a  mect- 
I  Ing  to  be  held  in  Boston  on  Friday  evening,  Dec.  8,  the  cere- 
mony taking  place  In  the  Central  Lecture  Hall  of  the  new 
buildings  of  the  Massachusetts  Institute  of  Technology.  The 
program  will  Include  addresses  by  John  J.  Cnrty.  E.  W.  Rice, 
Jr..  and  R.  C.  MacLaurln.  The  presentation  will  be  made  by 
[Charles  Warren  Hunt  and  the  ceremonies  will  conclude  with 
I  the  response  of  Dr.  Thomson. 

The   FlonllnK   llrldne    In    the   City    of   Lynn.    Mass.,    on    the 
ilem-Boaton     turnpike,    described     in     "Engineering    News," 


May  4.  1916,  is  likely  to  be  replaced  with  a  modern  structure, 
according  to  a  report  in  the  Salem  "Evening  News."  The 
bridge  crosses  a  pond  17  acres  in  area,  underlain  by  a  deep 
bed  of  peat.  The  bridge  %vas  originally  built  of  three  layers 
of  pine  logs  laid  at  right  angles  to  each  other  and  secured  to- 
gether by  3-in.  dowels.  Additional  timber  has  been  added  at 
various  times  during  the  century  and  over,  since  the  bridge 
was  first  built,  but  the  whole  mass  is  so  water-logged  that 
under  a  heavy  load  the  bridge  gradually  settles  until  the 
water  flows  over  the  floor.  When  the  Salem  batteries  went 
to  Framingham  last  June,  they  were  obliged  to  make  a  long 
detour   instead   of  crossing   this   bridge. 

A  3e-In.  AVater  Main  Broke  in  Minneapolis  at  10:45  p.m. 
on  Nov.  21,  making  it  necessary  to  shut  off  the  supply  from 
the  Camden  station  which  feeds  the  south  and  north  sections 
of  the  city.  The  east  side  was  unaffected,  that  section  being 
fed  by  a  4S-in.  main  from  the  filtration  plant.  The  remainder 
of  the  city  is  supplied  by  a  50-in.  main  which  runs  from  the 
filtration  plant  to  the  Camden  pumping  station  and  is  dis- 
tributed thence  over  north  and  south  Minneapolis  by  means 
of  three  smaller  mains  of  which  the  36-in.  pipe  that  broke 
was  the  largest.  The  hole  made  was  16  ft.  deep.  30  ft.  wide 
and  35  ft.  long.  The  repair  crew  got  on  the  Job  quickly,  but 
it  was  not  until  about  7  a.m..  Nov.  22,  that  pressure  was  re- 
stored. Two  months  ago  this  same  main  broke  under  similar 
circumstances  only  a  few  joints  distant  from  the  present 
break. 

A  Settlement  of  Differences  between  the  City  of  St.  Louis 
and  the  local  traction  system,  the  United  Railways  Co.,  has 
been  proposed  by  the  latter  in  an  open  letter  to  the  City  Board 
of  Estimate  and  the  Public  Utilities  Committee  of  the  Board 
of  Aldermen.  The  company  asks  that  the  city  repeal  the 
mill-tax  ordinance  and  drop  its  suits  attacking  the  validity 
of  the  system's  franchises.  The  company  agrees  to  pay  the 
mill  tax  to  Dec.  31,  1916,  and  any  more  reasonable  tax  after 
that  date.  The  company  claims  that  the  mill  tax  (equivalent 
to  2%  of  gross  earnings)  is  such  a  burden  that  proper  ser- 
vice cannot  be  given  under  it  with  present  operating  expenses. 
The  city  suits  have  clouded  the  franchise  so  that  new  cap- 
ital cannot  be  secured.  The  proposal  for  a  settlement  and 
the  accompanying  arguments  were  published  as  full-page 
advertisements  in  the  local  papers. 

The  New  York  Baree  Canal,  according  to  the  "Barge  Canal 

Bulletin,"  has  $68,700,000  worth  of  work  done  on  contracts 
completed  and  $13,500,000  worth  of  work  done  on  contracts 
now  in  force  with  about  $4,000,000  worth  of  work  remain- 
ing to  be  done  on  these  latter  contracts.  On  the  canal 
terminal  work,  the  preliminary  contracts  for  dredging,  dock 
walls,  grading,  etc.,  for  46  terminals  have  been  awarded  and 
construction  is  under  way  with  about  $1,500,000  already  ex- 
pended. In  connection  with  an  extended  discussion  in  the 
report  on  the  barge  canal  terminal  problem,  it  is  stated  that 
the  results  of  a  careful  investigation  two  years  ago  showed 
that  the  average  terminal  charge  on  freight  transported  by 
water  in  the  United  States  was  equal  to  the  cost  of  carry- 
ing the  cargo  2,500  mi.  On  the  Great  Lakes,  where  terminal 
costs  have  been  reduced  to  the  lowest  figure  by  the  extensive 
introduction  of  machinery  for  terminal  handling,  the  term- 
inal charge  on  the  cargoes  is  still  about  equal  to  the  carrying 
cost  for  the  1,000  mi.  which  the  goods  are  transported  by 
water. 

KebuildInK  Lower  Otay  Dam — The  question  of  the  validity 
of  the  bond  election  held  by  San  Diego.  Calif.,  on  Nov.  17, 
for  the  purpose  of  rebuilding  the  Lower  Otay  dam  will  prob- 
ably be  immediately  brought  before  the  supreme  court  for  a 
decision.  In  the  election  the  proposition  for  bonding  the  city 
in  the  amount  of  $682,200  for  rebuilding  the  dam  carried  two 
to  one.  Included  in  the  same  election,  however,  although 
on  a  separate  ballot,  was  a  proposition  to  grant  GOO  acres 
of  tidclands  to  the  United  States  Government  for  military  pur- 
poses. Many  people  who  voted  on  this  question  failed  to  vote 
on  the  bonding  proposition.  For  this  reason  the  Lower 
Otay  bonds  did  not  receive  a  two-thirds  majority  of  the  total 
vote  cast  at  the  election,  which  many  claim  Is  necessary  to 
carry  the  bonding  proposition.  The  city  attorney,  however, 
holds  that  the  bonds  will  stand,  since  the  granting  of  the 
tidelands  to  the  government  was  not  a  bonding  question,  and 
will  bring  friendly  suit  to  have  the  supreme  court  make  a 
decision  In  the  matter,  rather  than  call  for  a  new  election 
which  will  delay  the  work  for  several  months.  It  is  prob- 
able that  the  matter  can  be  settled  by  the  court  within 
sixty  days  and  at  a  co.it  not  to  exceed  $50,  while  a  new 
election  would  cost  the  city  $6,000.  In  the  meantime  no 
money  will  be  spent  at  the  Lower  Otay  dam  site. 

NhlphulldlnK  in  the  I'nited  Stnten  has  developed  during  the 
past  year  on  an  enormous  scale.  Reports  by  shipbuilders  to 
the  Bureau  of  Navigation  show  that  on  Nov.  1,  1916,  there 
were    In    American   shipyards   under   contract   or   construction 
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417  merchant  vessels  aggregating  1,480.000  gross  tons.  Ot 
this  total,  163,000  gross  tons  were  in  shipyards  on  the  Great 
Lakes,  about  56,000  tons  on  interior  rivers,  431,000  tons  on 
the  Pacific  Coast  and  the  remainder  on  the  Atlantic  Coast. 
The  yard  having  the  largest  amount  of  work  is  the  Union 
Iron  Works,  of  San  Francisco,  which  has  28  vessels  aggre- 
gating 175,000  tons  under  way.  The  New  York  Shipbuilding 
Co..  of  Camden,  N.  J.,  has  26  vessels  of  134.000  tons  in  its 
yards  and  under  contract.  These  statistics  do  not  include  of 
course  the  very  large  tonnage  of  vessels  for  the  navy,  which 
are  under  construction  in  private  yards  as  well  as  in  the 
Government  yards.  Not  only  is  the  shipbuilding  now  going 
on  far  more  extensive  than  anything  ever  before  recorded  in 
the  United  States,  but  the  United  States  now  leads  all  na- 
tions in  its  rate  of  construction  of  merchant  vessels.  The 
shipyards  of  Great  Britain,  which  under  normal  conditions  is 
the  great  shipbuilding  country  of  the  world,  are  now  employed 
largely  on  Government  work,  and  their  construction  of  mer- 
chant vessels  is  further  limited  by  the  diversion  of  labor  to 
the    military    forces   and    the    munition    plants. 

The  DayliRht  Sa\Tiis  Slovement  was  reported  on  at  the 
meeting  of  the  American  Railway  Association  in  New  York 
on  Nov.  15.  The  Association's  Committee  on  Standard  Time, 
of  which  E.  B.  Thomas,  President  Lehigh  Valley  R.R.,  is 
Chairman,  emphasized  in  its  report  that  any  such  readjust- 
ment would  have  to  be  nation  wide  in  order  to  avoid  a 
great  amount  of  confusion.  The  committee  advised  that  the 
railways  should  take  the  following  stand  with  reference  to 
the  question: 

"1.  That  the  present  subdivisions,  or  zone  system,  ot  di- 
viding  time   is   scientifically   correct. 

"2.  That  any  change  in  such  subdivisions  of  time  would 
result  in  endless  confusion,  and  would  be  disastrous  to  the 
railroads. 

"3.  That  in  the  event  of  a  nation-wide  movement  to  change 
the  hands  of  the  clock  in  order  to  readjust  the  hours  of  day- 
light to  the  hours  of  labor,  the  railroads  should  not  an- 
tagonize the  movement.  It  is  the  feeling  of  the  Committee 
that  the  railroads  will  not  suffer  any  very  serious  inconveni- 
ence nor  disarrangement  of  schedules  by  the  change  as  pro- 
posed, although  such  a  change  from  a  scientific  standpoint  is 
not  warranted  nor  is  the  Committee  in  sympathy  with  the 
movement. 

"The  Committee  feels  that  the  railroads  should  not  agree 
to  the  'daylight-saving'  project  until  it  has  been  previously 
adopted  by  the  principal  business  and  municipal  centers,  to- 
gether with  the  state  and  local  authorities.  Unless  a  change 
ot  the  character  proposed  can  be  made  on  the  same  date 
throughout  the  country  it  will  lead  to  great  confusion  and 
difficulty." 

City  Bridge  Inspection  and  Repair — Apprehension  over  the 
safety  of  the  bridges  in  Cleveland  over  the  Cuyahoga  River, 
which  started  when  a  runaway  street  car  w-recked  a  bridge 
on  West  3rd  St.,  on  Oct.  3  ("Engineering  News,"  Oct.  12,  1916) 
has  led  the  city  authorities  to  order  a  general  inspection  of  all 
the  city  bridges.  This  order  is  being  carried  out  by  P.  D.  Rich- 
ards, Engineer  of  Bridges.  Harbor  and  Grade  Crossings  under 
Robert  Hoffman,  Chief  Engineer,  and  some  remarkable  results 
have  followed.  As  soon  as  it  was  necessary  to  put  up  staging 
for  the  inspector's  use,  the  iron-workers  claimed  that  this 
must  be  done  by  union  men,  and  it  therefore  became  neces- 
sary to  employ  such  a  man  in  addition  to  the  inspector.  It 
was  therefore  decided  to  make  repairs  simultaneous  with  the 
inspection,  replacing  loose  rivets  or  small  broken  parts.  The 
inspection  has  been  slow  on  this  account,  and  up  to  now  has 
covered  only  one  bridge,  the  old  Superior  Street  viaduct.  This 
structure  is  badly  overloaded.  Its  swing-span  was  thoroughly 
repaired  and  readjusted  about  four  years  ago,  and  has  not  de- 
teriorated noticeably  since  then.  Nevertheless  the  stresses 
under  full  loading  by  heavy  street  cars  run  up  very  high  in 
some  members,  reaching  30,000  to  35,000  lb.  per  sq.in.  in  some 
of  the  eyebars  under  certain  conditions.  In  view  of  this 
fact,  which  was  known  previously,  the  city  authorities  de- 
cided to  so  restrict  traffic  as  to  prevent  close  spacing  of 
street  cars  on  the  iron  spans.  The  restriction  consists  in 
stopping  cars  at  the  abutments  when  the  draw  is  open  or  to 
be  opened;  this  means  keeping  them  three  or  four  hundred 
feet  back  of  the  draw  at  the  east  end,  where  there  are  several 
fixed  spans.  The  only  risk  due  to  close  spacing  of  cars  is 
believed  to  occur  when  the  cars  stop  because  of  an  open 
draw. 

The  Channel-Tunnel  Project  is  again  under  discussion  in 
Great  Britain,  and  the  "Engineering  Review"  (London)  de- 
scribes the  project.  The  scheme  dates  back  to  1874,  when  a 
French  syndicate  obtained  a  concession  and  sunk  a  shaft  at 
Sar  jatte,  near  Calais,  to  the  depth  of  the  proposed  tunnel 
and  made  experimental  borings  for  a  mile  and  a  half  under 
the  sea.  In  1881  the  Soutliea.>itern  &  Chatham  Railway  Co. 
sunk  a  jhaft  at  Dover  and  drove  a  7-tt.  diameter  tunnel  at  a 


depth  of  160  ft.  for  2,015  yd.  The  Submarine  Continental  Rail- 
way Co.  was  later  incorporated  in  England  to  further  the  en- 
terprise and  had  driven  over  2,000  yd.  of  tunnel  when  worlt 
was  stopped  on  account  of  public  agitation  over  the  question 
whether  the  tunnel  would  not  prove  a  source  of  military 
weakness.  No  work  has  been  done  since  July,  1882,  but  the 
Channel  Tunnel  Co.,  Ltd.,  is  still  in  existence,  with  Sir  Douglas 
Fox  &  Partners  as  its  engineers.  The  total  length  of  the  pro- 
posed tunnel  would  be  about  27  mi.  The  greatest  depth 
reached  would  be  between  250  and  300  ft.  below  sea  level.  The 
plan  of  construction  contemplates  two  parallel  tunnels,  each 
IS  ft.  5  in.  in  internal  diameter,  which  is  said  to  be  large 
enough  tor  the  standard  rolling  stock  of  present  French  and 
British  railways.  The  stratum  through  which  the  tunnel 
would  be  driven  is  said  to  consist  of  gray  chalk.  The  tunnels 
would  be  driven  with  shields  and  lined  with  cast-iron  plates. 
A  separate  drainage  tunnel  9  ft.  in  diameter  would  be  driven 
ilrst.  The  two  parallel  tunnels  would  be  connected  by  cross- 
galleries  at  intervals,  but  these  would  have  air-tight  doors. 
In  addition  to  the  longitudinal  movement  of  air  in  the  tunnel 
induced  by  the  trains  running  in  the  same  direction,  the  air 
would  be  forced  in  at  each  end  in  the  same  direction  as  the 
traffic,  so  that  perfect  ventilation  would  be  secured.  The  total 
cost  of  the  British  half  of  the  tunnel  is  estimated  at  $40,000,- 
000.  The  "Review"  quotes  Arthur  Fell,  Chairman  of  the  Com- 
mittee of  members  of  the  House  of  Commons  in  favor  of  the 
construction  of  the  channel  tunnel,  as  stating  that  the  plans 
for  construction  are  so  far  advanced  that  work  could  be  com- 
menced immediately,  whenever  the  necessary  legislation  is 
secured. 


Allen  Kisinger,  formerly  with  the  Water-Works  Depart- 
ment of  Cincinnati,  Ohio,  has  been  appointed  City  Engineer 
of   Norwood,    Ohio,    succeeding   John    G.    Schmidt. 

W.  J.  Golden,  former  Manager  of  the  Jobbing  Department 
of  the  Lackawanna  Bridge  Co.,  Buffalo,  N.  Y.,  is  now  General 
Manager  of  the  Ferguson  Steel  and  Iron  Co.,  Buffalo. 

Oliver  C.  Sheley  has  been  elected  County  Engineer  of  Jack- 
son County,  Missouri.  According  to  a  local  newspaper  his 
campaign  expenses  were  $714   (about  half  a  year's  salary). 

!■.  O.  Marden,  former  Chief  Draftsman  of  the  city  engineer- 
ing dep.artment  of  Oklahoma  City,  has  been  made  Chief 
Draftsman  of  the  State  Highway  Department  of  Oklahoma. 

M.  C.  Selden,  recently  Division  Engineer  of  the  Chesapeake 
&  Ohio  Ry.  at  Richmond,  Va.,  has  been  promoted  to  be  Train- 
master of  the  Rivanna  district,  with  headquarters  at  Char- 
lottesville, Va. 

Arthur  V.  Parr,  for  the  past  three  years  Advertising  Man- 
ager of  the  S.  K.  F.  Ball  Bearing  Co.,  Hartford,  Conn.,  has 
been  appointed  Sales  Manager  of  the  Hess  Steel  Corporation 
of  Baltimore,  Md. 

Jerry  AV.  Gwin,  former  County  Engineer  of  Jefferson 
County,  Alabama,  has  been  elected  President  of  the  new 
County  Koaid  of  Revenue,  which  has  supervision  over  all  the 
public  works   of  the   county. 

George  P.  Leslie,  formerly  with  the  office  of  the  United 
States  Forest  Supervisor  at  Northfork,  has  been  transferred  to 
the  Office  of  the  Engineer  ,f  Highways,  Forest  Service,  Dis- 
trict No.   3,   at  Albuquerque,  N.  M. 

Mnnley  ONgood,  Assoc.  M.  Am.  Soc.  C.  E.,  City  Engineer  of 
Ann  Arbor,  Mich.,  is  President  of  the  Washtenaw  Engineer- 
ing Co.,  which  announces  the  opening  of  its  offices  at  408 
First  National  Bank  Bldg.,  Ann  Arbor. 

I.andon  M.  BrookM  has  resigned  from  the  employ  of  Norton, 
Bird  &  Whitman,  Chicago  and  Baltimore,  to  become  Engineer 
of  Construction  of  the  Electro-mechanical  Co.,  of  Baltimore, 
Md.     He  is  a  graduate  of  Cornell  University. 

A.  C.  Everham,  M.  Am.  Soc.  C.  E.,  has  resigned  as  Engineer 
of  Construction  of  the  Kansas  City  Bridge  Co.  to  become 
Terminal  Engineer  at  Kansas  City  of  the  Union  Pacific  R.R. 
Before  going  to  the  Kansas  City  Bridge  Co.  he  was  Assistant 
to  the  Chief  Engineer  of  the  Kansas  City  Terminal  Ry. 

Eil-.var<l  M.  nigelow,  M.  Am.  Soc.  C.  E.,  former  State  High- 
way Commissioner  of  Pennsylvania,  has  been  appointed  Di- 
rector of  the  Department  of  Public  Works  of  Pittsburgh, 
Penn.,  succeeding  the  late  Robert  Swan.  Mr.  Bigelow  has 
been  Director  of  the  Department  of  Public  Works  of  Pitts- 
burgh twice  before,  from  ISSS  to  1900  and  from  1903  to 
190G.  He  is  credited  with  the  construction  of  Grant  Boule- 
vard and  has  been  called  the  father  of  Pittsburgh's  notable 
parks.     His   salary   will   be   ?8,000   per  annum. 
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Max  li.  Cunningham,  Assoc.  M.  Am.  Soc.  C.  E.,  formerly 
Consulting  Engineer,  Oklahoma  City,  Olila.,  has  been  ap- 
pointed  State    Engineer   of  Oklahoma. 

R.  G.  Wyman  has  been  appointed  Division  Engineer  of  the 
Atchison,  Topeka  &  Santa  Fe  Ry.  at  Amarillo,  Tex.,  to  suc- 
ceed J.  W.  Walter. 

The  Chesapeake  &  Ohio  Ry.  announces  the  following  ap- 
pointments in  the  engineering  department:  W.  C.  Pearce  has 
been  appointed  Division  Engineer  at  Richmond,  Va. ;  F.  D. 
Beale  has  been  appointed  Acting  Division  Engineer  at  Clif- 
ton Forge,  Va. :  J.  AV,  Gleason  has  been  appointed  Acting 
Division  Engineer  at  Ashland,  Ky.,  and  H.  A.  Bertram,  has 
been  appointed  Acting  Division  Engineer  at  Peru,  Ind. 

The  United  States  Office  of  Public  Roads  and  Rural  Engi- 
neering announces  the  following  appointments  of  ten  Dis- 
trict Engineers,  pursuant  to  the  scheme  of  organization  de- 
scribed in  "Engineering  News,"  Nov.  16,  p.  961:  L.  I.  He«es, 
District  Engineer,  of  District  1,  including  Washington,  Oregon 
and  Idaho,  with  headquarters  probably  at  Portland.  Ore.: 
C.  H.  Sweetser,  M.  Am.  Soc.  C.  E.,  District  Engineer  of  Dis- 
trict 2,  including  California,  Nevada,  Arizona  and  New  Mex- 
ico, with  headquarters  at  Berkeley,  Calif.;  J.  A.  W'hittaker, 
District  Engineer  of  District  3,  including  Montana,  Wyoming, 
L'tah  and  Colorado,  with  headquarters  at  Denver,  Colo.;  E. 
O.  Hathaivay,  District  Engineer  of  District  4,  including  North 
Dakota,  South  Dakota,  Minnesota  and  Wisconsin,  with  head- 
quarters at  St.  Paul  or  Minneapolis,  Minn.;  J.  C.  Wonders,  Dis- 
trict Engineer  of  District  5,  including  Nebraska,  Iowa,  Kansas 
and  Missouri,  Tvith  headquarters  at  Kansas  City,  Mo.,  or 
Omaha,  Neb.;  J.  D.  Fauntleroy.  M.  Am.  Soc.  C.  E.,  District 
Engineer  of  District  6.  including  Arkansas,  Louisiana,  Okla- 
homa and  Texas,  with  headquarters  at  Dallas  or  Fort  Worth. 
Tex.:  J.  T.  Voshell,  M.  Am.  Soc.  C.  E.,  District  Engineer  of 
District  No.  7,  including  Michigan,  Illinois,  Indiana  and  Ken- 
tucky, with  headquarters  at  South  Chicago.  111.;  J.  T.  Ballen, 
M.  Am.  Soc.  C.  E.,  District  Engineer  of  District  8,  including 
Florida,  Georgia,  Alabama,  Mississippi,  South  Carolina  and 
Tennessee,  with  headquarters  at  Montgomery  or  Birmingham, 
Ala.;  Guy  H.  Miller,  District  Engineer  of  District  9,  includ- 
ing Connecticut,  Delaware,  Maine,  Massachusetts,  New  Hamp- 
shire, New  Jersey,  New  Tork,  Rhode  Island  and  Vermont, 
with  headquarters  probably  at  Troy,  N.  T. ;  H.  K.  BiHhop, 
M.  Am.  Soc.  C.  E.,  District  Engineer  of  District  10,  including 
Pennsylvania,  Ohio,  West  Virginia,  Virginia,  Maryland  and 
North  Carolina,  with  headquarters  at  Washington,  D.  C. 
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I.anton  T.  HemanM,  Chairman  of  the  Michigan  State  Rail- 
road Commission  died  Nov.  17,  aged  52  years. 

L.  Martin  Willeroy,  formerly  of  Richmond,  Va.,  died  at  El 
Paso,  Tex.,  Nov.  12.  He  practiced  civil  engineering  in  Mexico 
for  many  years,  and  at  the  time  of  his  death  was  compil- 
ing data  from  his  maps  and  records  for  the  United  States 
Army. 

Col.  William  E.  Cralicliill,  formerly  an  officer  of  the  Corps 
of  Engineers,  U.  S.  A.,  died  Nov.  26,  at  his  home  in  Wash- 
ington, D.  C.  During  the  Boxer  Rebellion  In  China  he  was 
transferred,  at  his  own  request,  from  the  Corps  of  Engineers 
to  the  Infantry. 

Leonaril    C.    Itlttenhouae,    junior    member    of    the    Arm    of 
lames    H.    Rittenhouse    &   Son,    Civil    and    Mining    Engineers, 
-'  ranton,   Penn.,   died   Nov.   10.     He  and  his   father   were   the 
Mglneers  In  charge  of  the  interesting  foundation  work  in  the 
iiiandoned   coal-mine   workings   under   the   Scranton    Armory, 
'ieacribed    in    "Engineering  News,"   Oct.    12,    1916.      He   was   a 
lineal  descendant  of  Benjamin   Rittenhouse,  brother  of  David 
Rittenhouse,    of   Philadelphia,    one    of    the    foremost    scientific 
■ii<;n  of  the  Revolutionary  period.     He  was  32  years  old  and  a 
laduate    of   Pennsylvania   State   College. 
GeorKe    H.    Dnilcy,   an    engineering   employee    of   the    Dis- 
trict of  Columbia,  died   Nov.   25.     He   was  89   years  old,   hav- 
InK   been    born    at    Boston,    Mass.,    In    1827.      His    earliest    cn- 
Klneering  experience  was  in  the  construction  of  Boston's  first 
■  unlcipal  water-supply,  1847  to  1852.     From  Boston   he  went 
'  Jersey  City,  N.  J.,  where  he  was  engaged   in   the  construe- 
on   of   the   first  water-works   of  that  city.      He   Is  also   said 
to    have    designed    and    supervised     the    construction    of    the 
flfit  water-works  of  Newark,  N.  J.     He  went  to  Washington 
in    1878   as   Computing   Engineer   of  the   District   Engineering 
!"partment;    subsequently   he   was   Engineer   of   Bridges   and 
v'^Hlstant    Engineer    in    the    Highway    Department.      ITp    to    a 
w    (lay.H    before    hl.s    death    he    was    regularly    at    his    office 


PAVING  BRICK  INSTITUTE. 

Dec.  5-6.  Meeting  in  Cleveland  at  Statler.  Asst.  Secy., 
H.  M.  Macdonald,  830  Brotherhood  of  Loc.  Engrs.  Bldg.. 
Cleveland,  Ohio. 

RAILWAY    G.^RDENING    ASSOCIATION. 

Dec.  5-7.  Annual  meeting  in  New  Orleans.  Secy.,  Charles 
E.   Lowe,   Sewickley,    Penn. 

AMERICAN  SOCIETY   OF  MECHANICAL  ENGINEERS. 

Dec.  5-S.  Annual  meeting  in  New  York  City.  Secy.,  Calvin 
W.    Rice,    29   W.    39th    St.,    New    York. 

NORTHWESTERN  ROAD  CONGRESS. 

Dec.  7-S.     In   Chicago.     Secy.,  J.   L.  Long.  Moline,   111. 

PORTLAND    CEMENT   ASSOCIATION. 

Dec.  11-13.  Annual  meeting  in  New  York  City.  Assist- 
ant to  General  Manager,   A.  H.   Ogle,   Chicago,   111. 

OKLAHOMA  SOCIETY  OF  ENGINEERS. 

Dec.  27-2S.  Annual  meeting  in  Tulsa.  Secy.,  H.  G.  Hinck- 
ley, Oklahoma  City. 

AMERICAN   SOCIETY   OF   AGRICULTURAL   ENGINEERS. 
Dec.  27-29.     Annual  meeting  at  Chicago.     Secy.,  D.  K.  Shedd, 
Ames,   Iowa. 

COMPRESSED  GAS  MANUFACTURERS'  ASSOCIATION. 

Jan.  15.  Fourth  annual  meeting  in  New  York  City.  Secy., 
O.  S.  King,   120   Broadway,   New  York. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Jan.  17-18.  Annual  meeting  at  Society  House,  New  York 
City.     Secy.,  Charles  Warren   Hunt,   New  York. 

AMERICAN   ROAD   BUILDERS'    ASSOCIATION. 

Feb.  5-9.  Eighth  National  Good  Roads  Show,  in  Boston, 
Mass.     Secy.,  E.  L.  Powers,  150  Nassau  St.,  New  York  City. 

TENTH  CHICAGO  CEJIENT  SHOW. 

Feb.  7-15.  In  Chicago.  Under  management  of  Cement 
Products  Exhibition  Co.,  210  South  La  Salle  St.,  Chicago. 

AMERICAN  CONCRETE  IN.STITUTE. 

Feb.  8-10.  In  Chicago  at  La  Salle.  Secy.,  H.  D.  Hynds,  30 
Broad  St..  N.  Y. 

NATIONAL  BUILDERS'   SUPPLY  ASSOCIATION. 

Feb.  12-13.  In  Chicago  at  Sherman.  Secy.,  L.  P.  Des- 
mond, 1211  Chamber  of  Commerce,  Chicago. 

SOUTHWESTERN   CONCRETE  ASSOCIATION. 

Feb.  19-24.  Southwestern  Concrete  Show  in  Kansas  City, 
Mo.  Address  Chas.  A.  Stevenson,  1413  W.  10th  St.,  Kansas 
City. 

The  Third  Northweatern  Road  Congress  is  announced  to  be 
held   in   Chicago,   Dec.   7   and   8. 

The  Coniiirexsed  GaH  ManufncturerN'  .Association  will  hold 
its  fourth  annual  meeting  at  the  association  offices,  120  Broad- 
way, New  York  City,  on  Monday.  Jan.  15,  at  2  p.m.,  the  meet- 
ing being  followed  by  a  dinner  at  the  Manhattan  Club.  The 
secretary  is  Otto  S.  King. 

The  Brooklyn  Engineers'  Club  will  hold  its  20th  anniver- 
sary dinner  on  Thursday,  Dec.  7.  at  the  Hotel  Bossert,  Brook- 
lyn. N.  Y.  The  club  is  departing  from  its  usual  practice  for 
such  an  occasion  by  injecting  some  entertainment  into  the 
program.      The    secretary    is   Joseph    Strachan. 

The  American  Road  BullderH'  Aaaociation  announces  the 
Eighth  Nation.al  Good  Roads  Show,  to  be  held  in  Boston,  Feb. 
5  to  9,  in  the  Mechanics'  Building.  This  show  is  in  conjunc- 
tion with  the  14th  annual  convention  of  the  association,  the 
program   for   which   is  now   being   prepared. 

The  SouthtveMtern  Water-WorkH  AHHoetntlon  will  hold  its 
1917  convention  at  Topeka,  Kan.,  June  11  to  14.  This  asso- 
ciation draws  its  members  from  Missouri,  Oklahoma,  Arkan- 
sas, Texas,  New  Mexico  and  Louisiana,  but  all  water-works 
men  are  cordially  invited  to  attend  the  meeting,  concerning 
which  information  may  be  obtained  from  E.  L.  Fulkerson, 
Waco,  Tex. 

The  Alabama  Technical  ANHoclntion,  newly  formed,  held  a 
banquet  In  Birmingham  on  Nov.  17,  following  which  several 
prominent  men  of  the  state  discussed  methods  for  the  devel- 
opment of  the  natural  resources  of  Alabama.  An  important 
event  at  this  meeting  was  the  election  of  12  directors,  two 
from  each  of  the  six  national  societies  represented,  as  fol- 
lows: J.  S.  Sewell,  O.  G.  Thurlow,  M.  J.  LIde,  Ersklne  Ramsey, 
J.  R.  Harris.  Hugh  Martin,  W.  S.  Keller,  J.  H.  Klinck,  H.  M. 
Gasman,  H.  S.  Geisman,  H.  B.  Battle.  H.  B.  Wheelock.  The 
secretary  Is  Paul  Wright,  Birmingham,  Ala.  Martin  J.  Lide 
was   elected    temporary   chairman    of   the   board. 

The  American  Bridge  Engineering  Club  of  New  York  City 
held  a  meeting  on  Nov.  15  at  the  St.  Denis  Hotel,  at  which 
an  address  was  made  on  the  structural  shop  and  Its  relations 
to  other  deparlmentB  by  R.  T.  Lewis,  Manager  of  the  Elmlra 
plant  of  Ih.'  American  Bridge  Co.  The  club  was  organized 
about  four  years  ago  by  the  employees  of  the  American 
Bridge  Co.,  the  object  being  primarily  to  Increase  the  effi- 
ciency   of    the    company's    engineers,    accountants    and    clerks 
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employed  in  the  New  York  office.  It  was  modeled  after  the 
Elmira  Plant  Engineering  Club,  organized  in  1902.  There 
are  about  SO  members  and  the  average  attendance  at  meet- 
ings is  55.  The  club  holds  eight  meetings  a  year,  at  which  a 
technical  committee  arranges  to  have  a  paper  presented  by 
some  leading  engineer  of  the  club,  or  by  an  outside  engineer 
having  charge  of  work  constructed  by  the  bridge  company. 
After  the  lectures  there  is  discussion  and  then  an  entertain- 
ment is  provided  either  by  members  of  the  club  or  by  outside 
talent.  The  lecture  is  preceded  by  a  dinner  at  a  local  hotel. 
An  idea  of  the  engineering  program  can  be  gained  from  the 
following  subjects  yet  to  be  presented:  Jan.  12,  1917.  "Barges, 
Towers  and  Turntables";  Feb.  8,  ladies'  night;  Mar.  14,  "East 
New  York  Tunnel  of  the  Long  Island  R.R.";  Apr.  10,  "Con- 
struction of  Donora  Plant";  May  11,  "Omaha  Bridge  Over  the 
Missouri    River." 


turn.  For  the  frog  work;  rotation  ofthe  washer  is  prevented 
by  a  projection  which  engages  a  groove  in  the  side  of  the 
bolt.  The  nut  is  of  special  shape,  having  a  recessed  chamber 
with  a  face  corrugated  like  that  of  the  washer.    Between  these 
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New   Radial   Hydraulic   Gate 

Under 'the  trade  name  "Calco"  a  new  radial  gate  is  be- 
ing manufactured  by  the  California  Corrugated  Culvert  Co., 
in  West  Berkeley.  This  gate  is  unique  in  the  fact  that  cor- 
rugated sheet  metal  is  used  to  form  the  concave  surface  of 
the  gate.  The  objection  to  radial  gates  is  the  leakage  that 
occurs  along  the  bottom  and  sides,  which  is  generally  over- 
come by  fastening  a  strip  of  rubber  belting  along  the  sides 
and  bottom.  This  gate  is  made  tight  along  the  bottom  bj 
means  of  a  metal  seat  set  into  the  concrete  in  which  the 
lower  edge  of  the  gate  is  set  when  closed.  At  the  sides 
of  the  gate  the  corrugations  are  flattened  out  so  that  sheet 
metal  extends  beyond  the  frame.     This  rides  on  an  angle  iron 


RADIAL  GATE    WITH   CORRUGATED   SKIN 

curved  to  the  radius  of  the  gate  set  into  the  concrete  walls 
of  the  structure.  The  pressure  of  the  water  causes  the  sheet- 
metal  extension  to  hug  the  angle  iron  closely  and  gives  a 
tight  joint.  This  company  at  present  is  endeavoring  to  equip 
these  gates  with  an  automatic  control  for  maintaining  fixed 
heads  In  canals.     As  yet,   this  device  has  not  been   perfected. 

Tisli«-(;rip   Nut-Lovk 

A  new  spring  nut-lock  capable  of  exerting  a  strong  pres- 
sure without  damage  to  the  thread  of  bolt  or  nut  is  being 
used  in  railway  track  fastenings,  bridge  work,  machine  bolts, 
etc.,  with  very  satisfactory  results.  This  device  is  termed  the 
O.  K.  nut-lock.  It  is  manufactured  by  the  O.  K.  Nut  Lock 
Co.,  Turks  Head  Building,  Providence,  R.  I.  The  accom- 
panying drawing  shows  its  application  to  rail  joints  and  frog 
and  switch  work  on  the  Delaware,  Lackawanna  &  Western 
R.R.  This  road  is  using  it  also  on  bolts  for  fastening  the 
rails  to  the  ties,  as  noted  in  "Engineering  News."  of  Oct.   19. 

Against  the  splice  bar  or  rail  is  placed  a  washer  having  a 
corrugated  face.  For  the  rail  joint  this  has  a  horizontal  edge 
which  rests  on  the  flange  of  the  splice  bar  so  that  it  cannot 


WASHER  FOR   FROd 


WASHER  FOR  RAIL  JOINT 
NUT-LOCK  Fc)R  RAILWAY  TRACK  WORK 

two  parts  is  fitted  a  spiral  spring  of  high  capacity,  having  Us 
ends  bent  so  as  to  engage  with  the  corrugations.  The  washer 
is  made  in  a  variety  of  shapes  to  meet  different  requirements. 

New    Underfeed    Stoker 

A  new  design  of  underfeed  stoker,  with  open-top  hori- 
zontal retorts  into  which  coal  is  fed  by  horizontal  rams,  has 
been  developed  by  the  Moloch  Stoker  Co.,  of  Chicago.  There 
are  no  grates  used  with  this  stoker.  The  coal  is  forced  by 
plunger  from  hoppers  into  longitudinal  V-shaped  retorts. 
The  coal,  as  it  burns,  passes  over  the  top  of  the  retorts  and 
moves  across  the  furnace  bed  into  the  inter-retort  zones 
Here  the  refuse  is  crushed  by  toothed  rolls  and  is  fed  past 
aprons,  dropping  finally  into  the  ashpit.  Under  each  retort 
is  an  air  box  with  preheating  tuyere  tubes  going  through 
the  top  of  the  retort  walls  to  the  fuel  bed.  Stoking  units 
are  independently  supported  at  the  front  and  at  the  bridge- 
wall.  The  coal  plunger  is  operated  by  a  piston  in  a  double- 
acting    steam    cylinder.      Automatic    regulation    of    fuel    and 


TWO-RETORT  MOLOCH  STOKER  FURNACE 

air  supply  is  secured  by  varying  the  speed  of  the  forced- 
draft  fan  in  accordance  with  the  steam  demand;  this  fan 
operates  a  timing  device  to  close  electric  contacts  in  the  coal- 
plunger  valve-control  solenoid  circuit,  or  to  work  pilot  val""' 
to  the  same  end. 

For  small  boiler  installations  where  there  is  no  ash- 
removal  equipment,  a  type  of  stoker  has  been  made  wlthoiH 
the  ash  crusher  and  discharge  apron.  There  are  Instead 
grate   bars   spanning    the    interval    between    retorts. 
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S)'XOFSfS — .1  roiniJrvhcnsivc  rcririr  dJ  iicdrh/  a 
year's  operation  of  one  of  the  two  largest  aclivalcd- 
sludr/e  iiJanfs  in  the  United  States. 

Cleveland's  at-tivated-sliulgv  iiistalliition  {Enijineerliuj 
Sewn,  Apr.  G,  1916)  has  uow  (Dec.  1 )  been  in  operation 
over  aiiue  mouths.  Within  10  days  after  passing  sewage 
rlirough  the  plant,  activated  sludge  was  produced.  l)ut  it 


ihey  i'urnish  ,-;onie  interesluig  data  i>i'rtaining  to  this  new 
process  of  sewage  treatment. 

For  preliminary  and  com[)aralive  studies  it  was  desired 
lo  suljstantiate  as  (piiflvly  as  possiiile  and  under  conditions 
romparal)le  to  those  obtained  in  an  actual  plant,  the  data 
secured  witli  ihe  small  experimental  units  (Engineering 
Xewx.  duly  2'i,  U)1.5).  A  schedule  of  operation  embody- 
ing a  number  of  short  lest  runs  was  determined  u])on  as 
tiie  most  feasible  method  for  studying  certain  fundamental 
features  of  tlie  process.  When  the  results  from  a  run  show 
:i  cnn^:istollt  trend.  I  be  I'ltn  is  discontinued  nnd  a  now  oni' 


FIG.   1.    GENER.VL   VIEW  OK  ACTIVATEIJ-SLUDUE   PLANT.   CLEVELAND,    OHIO 


iKjk  about  two  months  to  get  all  liie  recording  apparatus 
"sted  out  and  the  plant  in  shape  for  continuous  operation. 
<  >f  the  remaining  period  about  two  niontlis  luive  been  u.sed 
or  making;  alterations  in  the  tanks,  which  are  sliown  in 
Fig.  2.  (A  general  view  of  the  tanks  i.s  given  in  Kig.  1.) 
\  number  of  tests  have,  liowever,  been  completed  ;  and 
•vhiie  the  results  obtained  cannot  be  considered  conelusive, 
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EriBinei-r,  Clly  of  Clc-volan>l.  Ohio. 
Sub'UvlHlon     HewBBc     UlHpOBal,     Clly 


-larted.  'I'lie  conditions  selected  for  the  runs  were  such 
that  dillicidties  that  might  develop  during  short-time  runs 
or  migbt  give  misleading  results  were  reduced  to  a 
minimum. 

DixMticic  OK  I't'niKii'.vnoN  Ui:ijriiii:i) 

-Vbout  75%  of  Cleveland's  .sewage  will  be  treated  at  two 
lake-front  pinnl.s.  making  possible  llie  use  of  the  lake 
ililution  o])posite  each.  The  conditions  at  these  two 
])lant.-,  therefore,  will  require  only  a  low  degree  of  purifi- 
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cation.  At  a  third  plant,  for  treating  the  remaining  2')% 
i','\  the  fitv's  sewage,  there  will  he  reiiuired  a  high  degree 
oC  purification,  as  the  effluent  is  discharged  into  the  Cuya- 
hoga River. 

The  tirst  experiments  at  Cleveland  with  the  activated- 
sludge  process  indicated  that  two  important  requirements 
of  an  ideal  method  of  sewage  treatment  were  being  satis- 
fied :  The  process  produced  a  clear  sparkling  effluent,  and 
there  was  an  absence  of  odors.  Tiie  process,  therefore, 
appeals  strongly  to  the  average  layman  and  sanitarian, 
which  fact  must  be  given  due  weight  even  though  the  cost 
may  be  high  and  certain  phases  of  the  process  still  remain 
undeveloped.  To  the  writer.*'  knowledge,  the  Cleveland 
installation  was  the  first  to  be  designed  and  operated 
under  conditions  where  the  degree  of  purification  involves 
simply  claritieatiou.     In  other  words,  this  type  of  plant 


the  results  obtained  at  the  end  of  each  step  could  be  defi-^' 
nitely  studied  and  that,  if  necessary,  the  solid  matter  of 
the  sewage  could  be  aerated  longer  than  the  liquid  itsel 

A  more  recent  development  as  regards  the  theory  of  tM 
process,   which    is   a]iparently   local,   owing  to  the   larg 
amount  of  iron  salts  in  the  crude  sewage,  involves  the  us 
of  an  active  caustic,  such  as  lime  or  its  equivalent.  Such  i 
method  of  treatment  would  then  resolve  itself  into  a  eoni'^ 
bination  of  chemical  precipitation  and  the  activated -sludge 
processes.     A  comi)lete  removal  of  the  iron  discoloration 
requires  a  longer  ac'ration  period  by  about  three-(]uarters 
of    an    hour    than    is    necessary    for    clarification    alone. 
.Vpparently,  this  additional  period  is  used  for  oxidizing 
the  iron  salts,  and  whether  or  not  the  action  can  be  hurried- 
by  the  addition  of  the  lime  is  a  t|ue,stion.     Laboratory 
experiments  in  progress  indicate  that  when  lime  is  added 
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PLAX  AXD  SECTIONS  OF  ACTIVATED-SLUDGE   TANKS.  CLEVELAND.  OHIO 

built    wero    shown    in    "Engineering   News."  April  6.  lOIfi.     Baffles  have  since  been  added  in  tanks 
in  the  settling  chamber  and  the  bottom  slopes  of' the  settling  chamber  made  steeper 


was  considered  a  competitor  of  a  plant  comprising  sedi- 
mentation, supplemented  with  disinfection  during  the 
bathing  season.  As  regards  the  results  produced  by  the 
two  types  of  plants  the  activated-sludge  process  not  only 
clarifies  the  sewage  as  compared  with  partial  clarification 
in  .sedimentation  tanks,  but  eliminates  the  iron  discolora- 
tion that  occurs  near  the  main  sewer  outlet  and  at  times 
spreads  over  a  considerable  area.  With  sufficient  da'ta  per- 
taining simply  to  clarification  it  will  be  jiossible  to  assume 
more  readily  the  conditions  for  Cleveland's  third  or  .south- 
erly plant,  where  the  degree  of  purification  must  be  car- 
ried to  the  point  of  stability  or  nitrification. 

Theory  of  Activated-Sludge  Phoces.s 

The  theory  of  the  activated-sludge  process  involves 
properly  conditioning  a  bacterial  growth  and  bring- 
ing the  growth  into  the  most  intimate  contact  with  the 
suspended  particles  of  the  crude  .sewage,  'i'he  plant, 
therefore,  was  divided  into  six  comjiartinents  in  order  that 


to  sludge  it  will  settle  more  rapidly  and  that  its  digestion 
is  retarded.  Small  amounts  of  lime  probably  will  not  reduce 
the  value  of  the  final  sludge  as  a  fertilizer  ingredient. 

The  main  intercepting  sewer,  which  now  discharges  off 
shore  near  the  aetivatwl-sludge  plant,  collects  the  sewage 
from  the  easterly  district  of  tlie  city  by  means  of  a  com-- 
bined  system  of  sewers.  The  sewage  for  the  ]ilant  is 
diverted  from  a  shallow  grit  chamber  about  2  ft.  below  the 
tlow  line  and  flows  by  gravity  to  the  tanks.  Practically 
all  the  grit  has  been  removed  from  the  sewage,  but  the 
sewage  is  distinctly  stale,  due  principally  to  the  average 
travel  of  5  mi.  The  ilow  in  the  main  .sewer  varies  from 
•10.000,000  to  2.'50,000,000  gal.  per  24  hr.,  the  normal  drv- 
weather  flow  being  (50,000,000  gal.  The  suspended  .«oliils 
average  250  parts  per  1,000,000;  organic  nitrogen,  8.") 
])arts;  free  ammonia,  12.1  parts,  while  the  iron  content 
at  times  reaches  :?50  parts,  averaging  21  ]iarts.  The  ex- 
cessive amounts  of  iron  are  due  to  pickling  wastes,  dis- 
charged when  the  domestic  flow  of  sewage  is  low. 
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At  first  the  sewage  flows  to  tlie  aerating  tanks,  where  it 
IS  agitated  with  activated  sludge  sujiplied  by  the  process. 
Compressed  air  forced  through  filtros  plates  in  the  bottom 
of  the  tanks  produces  the  necessary  agitation  and  com- 
mingling. After  an  agitation  period  sufficient  to  attach 
the  suspended  solids  and  the  fine  colloidal  particles  to  the 
gelatinous  surfaces  of  the  activated  sludge,  the  sewage 
passes  to  the  settling  compartment.  There  the  sludge 
settles  to  the  bottom  of  the  chamber,  due  to  a  short  reten- 
tion period,  the  clear  supernatant  liquid  passing  off  to  the 
lake. 

The  settled  and  concentrated  sludge  in  the  bottom  of 
the  settling  chamber  is  then  lifted  by  compressed  air  into 
the  sludge  aeration  or  activation  tank.  Here  the  freshly 
made  sludge  is  restored  to  its  proper  condition  by  aerating 
for  a  further  period,  after  which  it  is  ready  to  be  mixed 
again  with  the  crude  sewage  in  the  aerating  tanks.  In 
some  of  the  tests  the  sludge  was  diverted  Ijaek  to  the 
aerating  tanks,  bypassing  the  activation  tank.  Every  day 
or  so  a  certain  amount  of  sludge  is  diverted  from  the 
settling  compartment  for  experimental  purposes  or  is 
wasted.  Mea.surements  are  made  regularly  of  the  sludge 
depth  in  the  settling  compartment,  and  an  increase  or  de- 
crease of  the  same  determines  whether  or  not  the  amount 
withdra-mi  equals  the  amount  of  sludge  produced.  The 
line  separating  tlje  liquid  from  the  sludge  can  be  definitely 
located. 

Extraordinary  precautions  have  been  taken  in  operating 
the  installation;  and  while  at  first  they  did  not  seem 
necessary,  time  has  shown  many  of  them  to  be  well  worth 
the  trouble.  Reference  is  made  particularly  to  varying 
the  quantity  of  sewage  treated  in  accord  with  the  flow  in 
the  interceptor ;  to  the  separation  of»  the  operation  and 
analytical  results  according  to  the  day-  and  night-sewage 
flows;  and  to  the  use  of  indicating  meters  on  the  air  lines 
at  the  entrance  of  each  compartment.  The  sam])ling 
schedule  provides  that  the  day-  and  night-sewage  flow  be 
separated  into  composite  samples  of  16  and  8  hourly 
portions  respectively,  and  the  analytical  determinations 
are  made  from  the  composites.  The  above  separation 
permits  the  use  of  smaller  amounts  of  air  during  the  low 


flow.-;  of  dilute  night  sewage  as  compared  to  the  greater 
quantity  used  with  the  larger  flows  of  concentrated  day 
sewage.  Sucii  a  variation  suggests  controlling  automati- 
cally the  air  used  during  the  process  and  the  possibility 
of  loading  during  the  daytime  a  municipal  light  plant,  a 
condition  that  normally  does  not  exist. 

Ain-DisxrjBUTiox  System 

Air  is  furnished  !)y  a  hydro-turbine  blower  manufac- 
tured by  the  Xash  Engineering  Co.,  South  Xorwalk, 
t.'onn..  and  located  in  a  frame  building  about  130  ft.  from 
the  tanks.  The  blower  is  motor-driven  "belt  drive"  and 
delivers  air  to  a  separator  and  then  to  a  pulsation-  and 
moisture-reducing  steel  tank  o  ft.  in  diameter  and  6  ft. 
long.  This  i)articuhir  type  of  compressor  makes  little 
noise  and  eliminates  treating  the  air  to  rcmnve  dust  and 
oil.  which  might  clog  the  filtros  |)lates  in  the 
aerating  tanks.  The  compressor  did  not  deliver  a 
nioisture-frec  air  last  winter,  but  when  freezing  con- 
ditions again  prevail,  an  additional  separator  will 
be  used  at  the  tanks.  The  air  as  it  leaves  the  com- 
pressor is  measured  by  a  General  Electric  air-flow  meter 
and  before  its  delivery  to  the  tanks  is  again  registered  by 
indicating  meters  located  at  the  entrance  to  each  compart- 
ment. Thermometers  and  pressure  gages  are  installed  in 
the  compressor  house  and  at  the  tanks,  and  readings  are 
taken  hourly.  The  compressor  operates  at  a  pressure  of 
9  lb.  per  sq.in.  with  14.5  ft.  of  sewage  above  the  filtros 
■)lates  and  compresses  about  450  cu.ft.  of  free  air  per 
minute.  The  efficiency  of  the  installation,  all  told,  is 
about  33%. 

The  medium  used  for  dilTusing  the  air  consists  of  filtros 
p'ates  (E-5)  set  in  structural-steel  boxes  placed  in  the 
valleys  of  the  ridged  bottom.  The  plates  were  furnished 
by  the  General  Filtration  Co.,  Rochester,  X.  Y.,  and  were 
delivered  to  the  work  before  this  com])any  had  its  own 
manufacturing  plant.  The  plates  are  1"3  in.  square  and 
1%  in-  thick.  Eight  are  set  together  with  sulphur  joints 
in  a  steel  box.  The  boxes  are  placed  across  the  tanks  and 
af  right  angles  to  the  direction  of  the  flow.  The  ratio  of 
plate  surface  to  the  superficial  area  of  the  tank  i.s  1  to  5. 


OPER.\TIOX  AND  .\N.\LYTICAL  nESrLTS  FOR  TWELVT5  RUN.S,  CLEVELAND  ACTIVATED-SLUDGE  PLANT 
OPERATION  RESULTS— NIGHT  AND  DAY  SEWAGE 


Quantity 

Sludge  Returned 

Free  Air  Used  in  Cubic  Feet  per 

Temperature, 

Degrees  C.                                         Period             Treated. 

Aeration 

Settling 

Moisture 

%of 

Gal. 

No.  of 

Comp.                                                       of                  M.  Gal. 

Period.  Hr. 

Period, 

Content, 

-Sewage 

Sq.Ft. 

per  Mill. 

Sewage 

Hun 

Atmos. 

Air               Inf              Eff.           Operation        per  24  Hr. 

Liquid 

Solids 

Min. 

'^'f 

Treated 

Sewage 

Sludge 

Treated 

1 

6  3 

13  0          13  7            14  0           4/1  to  4/22              472 

2  2 

3  3 

42 

97  90 

34  0 

0    26 

0  28 

1    30 

2 

12  0 

12  7         17  0           17  0           5/8to  5/19            408 

2.7 

4  3 

47 

97  85 

25  4 

0  25 

0  27 

1    29 

3 

17  0 

17  3         18  0           18  0           5/24  to  5/31           429 

1   3 

2  9 

45 

97  89 

25  0 

0  43 

0  27 

1    09 

4 

16  7 

15  3         19  0           19  0           6/1  to  6/8               458 

12 

2  7 

42 

97   37 

24  8 

0  35 

0.27 

0  92 

5 

16  7 

15   3          19  0            19  0           6/lOtn  6/20           481 

II 

11 

40 

97   84 

24  9 

0  35 

0  58 

6 

18  3 

17  7         20  0           20  0           6/21  1..  6/27           460 

12 

12 

41 

98  00 

25  8 

0  25 

0  47 

7 

22  0 

29  6         25  7           25  7           8'10(o8/l5           419 

2  0 

2  0 

45 

98   13 

25   2 

0  40 

0  76 

8 

26  0 

30  4         26  7           27  0           8/18to8/2l           339 

2  5 

2  5 

66 

99    10 

25  9 

0  25 

0  61 

9 

20  6 

27  6         27  0           27  0           8/24  to  8/25           435 

19 

3  5 

43 

98  35 

25  4 

0  25 

0  25 

0  47 

10 

20  2 

27  0         26  0           26  0           8/25to9/3             398 

2  1 

3  8 

48 

98  08 

26  2 

0  31 

0  40 

0  62 

II 

24  4 

28  7         25  7           25.7           9/4  to  9/8               383 

2  3 

4  0 

55 

99   21 

26  6 

0  30 

0.40 

0  68 

•12 

14  3 

21   3         24  0           23  6           9/l8to9/24           282 

3.0 

3.0 

67 

98   32 

25  0 

0.26 

0  74 

Ret<> 

ntion  neriodf 

»  in  aetivation  tank  based  on  25%  displacement,  runs  1  to  12  inel 

usive. 

Ri-tention  period; 

1  in  aerating  tank  ba-wd  on  40<';  displacement,  runs  1  to  6  i 

inelusii 

k'e. 

Retention  periods  in  aerating  tank  based  on  7i%  displacement,  ruiw  7  to  12 

incluH 

ive. 

ANALYTICAL  DATA,  NIGHT 

AND  DAY  SEWAGE 

^ r, 1                                                        •                          X 

Jitrogen 

No.  of 

Dissolved^-^              Total ■             Organic 

Free  Ami 

iiioniu 

—  Iron  (Total)  — 

Suspended  Matter 

Run 

Inf. 

Eff.                Inf.                Eff.                Inf.              Eff. 

Inf. 

Kff 

Inf. 

,     Eff. 

Inf. 

Eff. 

TurWdily 

1 

32  1 

14  1               63  5               17.5                9  1               4.4 

117 

11    1 

250 

38 

2 

3 

30  5 
30  0 

12  7               62  1               27  8                8  0               1.4 
12  3             »64  5               14  1 

12  4 
117 

9  3 
8  8 

262 
284 

15 

4 

27  4 

61   4               13  5 

13  3 

10  2 

229 

23 

5 

29  6 

14  6                62  3                13  9 

13  6 

II  0 

274 

26 

6 

33  4 

16  6              64  6               13  4 

14  5 

12  3 

252 

23 

7 

27  1 

13  1               55  7               15  8               .^_^ 

8  6 

6  9 

117 

2  4 

210 

16 

23 

8 

25  6 

12  4               517                94               «^ 

8  7 

5  9 

20  8 

2  4 

219 

27 

40 

9 

21    1 

115               50  0               114 

110 

7  5 

20  5 

2  0 

185 

19 

31 

10 

22  8 

12  7               57  2               13  7               13  3              6.8 

9.2 

7  2 

14  2 

2  0 

255 

38 

38 

11 

25  8 

14  4              62  4               19  2               15  4              9.S 
14  6         «    60  0               14  8               12  5               5  6 

10  7 

9  8 

15  0 

6  2 

309 

65 

98 

12 

26  5 

9  6 

6  0 

21   5 

11 

234 

33 

35 

REMARKS  ON 

EACH   RUN— 1,  2.  3  and  4.     Good  effluent.         5  and  6. 

Colored  effluent 

7. 

Gooil  cfflu( 

r^nt.     .Sludgr 

•  not  satisfactorv. 

8.     Good 

fluent. 

Sludge  darker  than  normal  with  alight  odor.          9.     Ebullition  stnrtA  i 

in  setll 

Img  tank. 

Poor  sh 

idgc.         10 

.     Ebullition  in  setll 

ing  tank. 

Poor  sludge. 

1.     Ebullition  in  settlinK  tank  very  active.    Sludge  bad  bad  odor.         12.     Guidca  for  conlrolling 

ebullition  in  place. 

Sludge  satisfactory. 

Motor  trouble  9/2S. 

1061 
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Xo  llU'iUi.-^  ":is  |)nn  iclcil  loi-  rk-aiiiiiu  llu'  |ilillc,-  wliilc  in 
place.  Itut  il  was  iiitcinlcil  to  rriiKAc  -a  \\i>\  oT  |iIm1c's  witii- 
out  Ijutting  the  (■onii)arliii('iit  mil  of  cipcrat  mn.  This  has 
proved  to  he  imprartirahle.  iuMausi.-  in  a  1  l-l't.  depth  ol.' 
>e\vage  it  is  almost  inipossihlv  to  locate  with  a  liltiiiu'  hook 
the  small  hole  in  the  liiu  alladicil  to  the  end  of  the  steel 
ho.xes.  As  a  conse(|uence.  the  tanks  are  shut  ilown  wIkmi 
it  is  desired  to  chanizc  or  insiiect  the  i)lates.  The  position 
of  the  plates  can  he  noleil  dnrin.u-  o]ieraTion  hy  the  greater 
amount  of  ehiilliti<in  at  the  surface.  I>ut  the  writers  con- 
sider that  the  distrihiition  has  heeii   fairlv  satisfactory. 

The  filtros  plates  have  heeii  in  continuous  use  for  ei.uht 
months.  The  surface  of  the  i)lates  clogs  with  either  tine 
|iarticles  of  sliidge  or  a  liacterial  growth,  and  about  a 
I  [  lb.  more  pressure  is  required  to  force  the  air  through 
ihe  plates  after  this  jieriod  of  operation.  When  the  plates 
are  wet  through,  they  crumble  easily,  while  some  flake 
olV:  but  upon  drying  they  again  harden.  The  surface 
of  the  ]>latc  next  to  the  compressed  air  remains  clean  and 
|)orous. 

M  the  present  time  (iJec.  1  )  1-in.  perforated  pipes  are 
placed  in  the  bottom  of  acM-ating  tank  \o.  1.  The  holes 
are  ^/,-,  in.  in  diameter.  I  in.  apart,  staggered  and  located 
on  the  under  side  of  the  pijie  at  the  lo-degree  ]ioint.  It 
is  intended  to  lift  the  pipes  out  of  the  tanks  for 
cleaning,  as  no  steam  or  water  connections  are  provided. 
It  will  not  be  necessary,  when  removing  The  perfoi'ated 
pipes,  to  shut  off  the  flow  t<i  a  tank. 

DiscrssKix  oi-  lit:srLrs — (iK.\i:i;.\i. 

The  .schednle  of  operation  as  i-egards  clarification  ]iro- 
vides,  first,  for  a  nnniber  of  runs  when  the  aeration  peidod 
for  both  the  liquid  and  tlie  solids  is  e(|iial.  and.  second,  when 
the  activation  tank  is  u>ed  or  when  rlu'  aeration  pei-iiid>  dif- 
fer. A  survey  (d  the  runs  already  completed  indicates  that 
the  first  four  wci-e  u.-ed  in  establishing  the  maxinmm  ca- 
pacity of  the  settling  tank.  Knns  r,  and  (i  were  then  started 
and  confiMin  to  the  regular  schedule.  I  )ne  to  an  aeeiiniula- 
lion  of  bad  sliulge  on  the  bottom  u(  the  -eltling  Taid.  it  was 
necessary  to  sto])  run  C  and  ivmovc  the  >lndge.  .\i  tin,- 
time  the  effectiveness  of  the  aiM-atimi  iank>  was  inerea>ed 
by  installing  vei'tical  bailies  and  the  false  JHittom  placed 
in  the  settling  taid<.  Wy  .\u;j:.  HL  after  a  reconst  riu-tion 
jjeriod  of  six  weeks,  the  plant  wa-  again  ready  lo  operate. 
Since  .\ug.  ".'"i  the  plant  has  been  onl  oi'  opei-atiim  tbi'ee 
weeks,  due  to  motor  IronbK'.  The  plant  was  designed  1o 
treat  iV^Vc  of  the  normal  dry-weatbei'  flow  in  the  inter- 
lepting  sewer,  wliieli  is  e(pn'valent  to  '.inii.iiiiii  oal.  per  !\ 
lir.  An  allowance  was  inaib'  for  a  lluctiialioii  in  the  tlow 
of  2')''/(  and  a  rclui-n  of  activated  >ludge  ecpialinL;  ■.'.")'„; 
of  the  sewage  treated.  With  such  a  high  llnw  it  was 
impo.ssible  to  secure  an  edhient  free  IVom  line  ,-lndge 
particles.  Con.seqiientlv.  tin'  lapacity  of  the  installation  has 
ahvavs  been  controlled  Iiy  the  qtiantity  of  sewage  that  the 
settling  com])artment  can  satisfactoiily  treat.  .V  flow  vary- 
ing from  280.000  to  ISO.OOO  gal.  pcr'--'l  lir..  with  a  25^ 
fluctuation,  has  been  treated  at  times  by  one-half  and  at 
other  times  by  tw(.-thirds  of  the  entii-c  installation.  The 
results  indicate  that  about  ".^..JOd  s(|.ft.  of  snperiieial  tank 
area  with  a  sewage-aeration  deitth  of  LI  ft.  is  sidbcicnt 
to  treat  l.OlKl.ddH  gal.  of  sewage.  This  iignre  applies  for 
eondilions  occnri-ing  during  mm  1'.'  and  eontemplates  the 
production  of  a  clarKied  cllUient. 

The  Cleveland  sewage-testing  statmn  rs  loeatetl  on  the 
lake  front  and  is  conseiiuently  ex])osed  to  the  most  severe 
weather  conditions.    Sewage  was  for  the  lirst  time  j'assed 


llirongli  the  phmt  mi  Feb.  10.  \'.)]{\.  when  the  tenq)cratiiri 
was  v!".;'"  !■'.  and  the  iioti<ini  of  the  tanks  was  covered  with 
ice.  W'iihin  10  ilays  activated  sludge  was  produced — dur- 
ijig  a  time  when  the  tempei'aturc  of  the  atmosphere  varied 
Irom  It  to  1.".'  F.  and  that  of  the  treated  sewage  froiii 
~>\  to  •")!>.  The  sludge  was  ty|>ical  in  appearance  ami 
settled  as  lapirlly  as  any  produced  since  then.  Then' 
a]ipears  no  reason  why  an  activated-sludge  jilant  cainiot 
I  e  placed  in  operation  during  the  coldest  months  of  the 
vear.  .Vs  regards  the  efl'ect  of  temperature  on  efliciuiii 
operation  the  results  of  the  coming  winter  are  looked  for- 
ward to.  During  that  time  a  final  schedtde  of  operation 
(  omparabic  to  that  obtaining  under  actual  plant  conditions 
will  be  in  force. 

The  installation  as  designed  and  constructed  pro\itk'> 
for  four  .sewage-aerating  tanks,  each  rectangular  in  shapi' 
ami  with  the  flow  horizontal.  The  displacement  vohim.- 
was  assumed  at  IW/i,  due  to  the  agitation,  but  salt  tests 
have  shown  that  the  effective  displacement  was  only  40^. 
In  order  to  prevent  short-circuiting  througli  the  tanki- 
and  to  increase  the  effective  displacement,  vertical  haflli'- 
were  installeil  during  July  in  compartments  3  and  4.  Tin 
tanks  then  became  vertical-flow  instead  of  horizontal-Hew 
tanks,  and  according  to  the  salt  tests  75%  of  their  volume 
was  made  effective.  It  might  be  ])0ssible  to  again  increase 
slightly  the  volume  dis]dacement  of  the  tanks  by  decreas- 
ing the  de])th  of  the  opening  beneath  the  baffles.  Tlic 
l>afHes  at  ])resent  are  3  ft.  above  the  ridges.  They  have 
been  installed  (Dec.  1)  in  the  activation  tank  with  the 
How  areas  above  and  below  them  restricted  to  IS  in. 

The  original  exiieriments  indicated  that  an  aiiration 
period  of  half  an  hour  was  sufBcieut  to  produce  clarifioa- 
iion.  but  stich  a  short  period  is  not  enough  to  condition 
the  sludge  proiierly.  and  has  not  as  yet  been  attein])to(l 
V,  itii  the  present  installation.  This  is  due  to  the  facts  tluu 
the  activation  or  sludge-aerating  tank  was  not  consideri'il 
elticient  wdthout  xertical  baffles  and  that  it  was  desired  te 
determine  first  what  results  could  be  obtained  williotil 
using  this  tank.  I'uii  I'.',  with  an  aiiration  jieriod  for  bot'i 
liquid  and  solid-  of  •">  In.,  had  oidy  been  in  ]u-ogress  a  littlf 
over  a  week  when  motor  trouble  put  the  plant  out  of  opera- 
tion. The  results  secured  during  this  run  are,  however, 
considered  representative  when  operating  a  i)lant  without 
the  u.se  of  the  activation  tank.  The  schedule  of  operatifin 
provides  for  a  Imiger  run  during  winter  conditions  ami 
after  data  as  roiiclusivc  arc  secured  with  the  activation 
tank    in   use. 

Si;i)i  M  i:N  r.v  I  ION  Iti-.sil.r  - 
Thi'  .-ettliii.t;  lank  is  ivclangnlar.  ol'  the  hori/.ontal-llow 
tvpe  and  made  so  as  lo  (it  in  with  the  otbei'  tanks  of  the 
unit.  Its  liottom  was  hoppcreil  with  the  cml  boltouisal 
a  slope  of  1  to  I.  In  order  lo  provide  these  slopes  ami 
111  addition  get  siillicieiit  capacity  the  tank  is  ;)0  ft.  ilat 
at  its  lowest  point.  Under  such  conditions  it  has  been 
ixissible  to  secure  a  sludge  ccuitinuously  with  a  !)S%  niois- 
rurc  conhmt.  but  impossible  with  siuh  slopes  to  collect  all 
ihe  sludge  at  the  dis(4iargi>  pilu-.  An  aceiimulalioii  wa.- 
roiind  to  collect  mi  the  liottoms  and  sooner  or  later. 
ilepending  upon  the  time  of  the  year,  to  interb'ir  with  tli'' 
mieration  of  the  lank,  iicfore  the  installation  of  the  tiiW 
bottoms  during  .hdy  it  w.is  fre(pieidly  necessary  to  punij' 
down  the  tank  and  remove  the  bad  sludge.  The  new  slopc"^ 
])revent  any  de]iosit  on  their  sides,  but  ebullition  from  tli ' 
sludge  behind  the  false  bottoms  )u-oduced  the  abnorniiil 
results  shown   in   rnii    II.     This  ebidlition  has  been  con 
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\eved  to  on-  vcnt.^  bv  guides  nloiiK  tbe  walls  of  tbe  tank  air  refiuircd  to  produce  eertain  results  is  inversely  proper- 

i  and  the  trouble  eliminated.     Sineo  the  installation  of  the  tior.al  to  the  aerating  dejith.     An  absolute  unit  that  is 

=teener  slopes  the  moisture  content  of  the  shidoe  has  been  proportional  to  the  power  units  used,  irrespective  ot  the 

increased  about  %%,  a  result  wbich  is  in  accord  with  its  aerating  depth  and  to  the  degree  of  purification  expected, 

reduced  retention  period.     Tlie  settling  compartment  has  is  badly  needed.    The  product  of  the  cubic  feet  of  air  used 

never  been  operated  with  a  bhmket  of  sludge  to  act  as  a  per  gallon  of  sewage  and  the  aerating  depth  gives  sucli  a 

,ieve  for  removing  fine  suspended  particles  from  the  efflu-  unit.  A.  G.  Hiisted  has  suggested  the  name  "foot-feet    for 

i-nt      The  best  results  as  regards  a  clear  and  sparkling  this  unit.    To  illustrate:  An  installation  using  U/s  cu.tt. 

offluent  have  been  obtained  when  the  sludge  line  was  from  of  air  per  gallon  of  sewage  with  an  aerating  depth  of  10 

ifi  to  in  ft.  below  the  flow  line  in  the  tank.  ft.    will    use    15    foot-feet    per   gallon    of    sewage    flow. 

As  mentioned  before,  the  capacitv  of  the  settling  tank  An  installation  rising  %  cu.ft.  of  air  with  an  aerating 

has  controlled  the  quantity  of  sewage  treated  by  the  instal-  depth  of  20  ft.  will  also  use  15  foot-feet, 

iation.     The  three  most  important  factors  regarding  the  Activ..ted-Sludgk  Pkocess 
design  and  operation  of  the  settling  tank  are  the  retention 

period,  flowing-through  velocity  and  the  necessity  of  A  cost  consideration  of  the  activated-sludge  process 
havino-  the  sludge  in  a  settleable  condition.  With  flows  resolves  itself,  primarily,  into  a  study  of  the  life  of  such  a 
varving  from  300,000  to  6?o.000  gal.  per  24  hr.,  the  efi;ec-  plant,  the  initial  expenditure  necessary  for  its  con.struction 
live  depth  of  the  tank  both  with  the  new  and  the  old  slopes  and  the  fixed  and  operation,  or  maintenance,  charges.  The 
remains  about  constant,  or  8  ft.  With  a  flow  of  675,000  following  data  pertain  only  to  the  operation,  or  main- 
gal,  per  24  hr.,  which  is  the  maximum  rate  at  which  there  lenance,  charges,  but  recent  estimates  indicate  that  the 
;  is  an  absence  of  fine  sludge  particles  in  the  effluent,  the  annual  fixed  charges  about  equal  the  operation  charges, 
'  actual  velocity  is  1  ft.  pei"  min.  and  the  retention  period  exclusive  of  the  sludge-disposal  and  land  factors  of  the 
35  min.    Whether  or  not  a  shorter  period  of  retention  will  problem. 

-nffice  is  an  open  question  pertaining  to  an  efficient  set-  The  first  published  data  concerning  the  activated-sludge 

tling  tank  of  the  horizontal-flow  type.    Two  long  efiluent  process  mentioned  the  possible  high  cost  of  operating  a 

channels  have  been  placed  in  the  tanks,  as  shown.     They  plant  of  this  type.    Sufficient  data  have  been  secured  with 

will  permit  an  examination  of  the  liquor  at  various  periods  the  present  installation  for  estimating  fairly  accurately 

of  settling,  the  liquor  flowing  into  the  channel  near  the  just  what  this  cost  will  l)c  when  the  degree  of  purification 

baffle  at  the  inlet  having  a  very  short  period,  while  the  involves  only  clarification,  and  the  liquid  and  solids  are 

longest  period  occurs  for  the  liquor  entering  the  troughs  aerated  equally.     Operation  charges  may  for  convenience 

at  the  opposite  end.  be  divided  into  the  following  items :  Supervision,  labor, 

„  power,  reiJairs  and  suindics  and  incidentals,  with  the  unit 

Proportion  ok  Sludge  Kkturxed  '^^^  ^^  ^^^^^^^  ^^^^  ,^,^^^  ^,^^^^„^.  ^^^.g^i^g.     Cleveland 

The  proportion  of  sludge  returned  to  the  aerating  tank-  {.onditions  as  regards  the  cost  of  eleetricitv  are  favorable 

has  remained  practically  the  same  in  all  the  runs— about  ^^  ^j^.^  method  of  treatment,  a  figure  of  %c.  per  kw.-lir. 

25%  of  the  sewage  treated.    The  proportion  can  no  doubt  .^^.^^    considered     conservative.       With     the     following 

he  reduced;  but  the  solution  of  this  phase  of  the  matter  yj,j.^,^^ptj,„^j._  ^,hj(.h  are  considered  the  best  to  exiiect  with 

is  left  to  the  final. schedule  of  operation,  when  it  will  be  ^^^^^^^^  ^|.^^3^  .^  minimum  cost  of  operation  for  power  alone 

the  only  condition  varying.    The  moisture  content  of  the  .^  ^^,^^  per  1,000,000  gal.  of  sewage  treated : 

sludge  returned  was  determined  from  one  sample  taken  „nnnnnn     i    ' 

during  the  daytime.    The  quantity  is  measured  by  a  weir,  g°™,»7°J,.,tlS^o  aT/diffu'e^s  ..V;;;.;.V;...V. ......      '. .  :  .  ./'ft. 

no  allowance  "being  made  for  a  slight  variation  in  the  ^Slifi^r^^^"'"' ■"^'':::::::::::::::::::::::::::::::-:::i»% 

moisture  content.     In  order  to  check  the  operator's  work  Av.ra^aeration^pcnod^  m^^ 

in  regulating  the  flow  over  the  weir  a  composite  sample  ,-.■,■■,     ^ 

is  t' ken  from  the  aerating  tanks  and  the  solid  matter  In  operating  sewage-treatmen    works  ,t  is  ol    unpor 

•...ermined  by  the  evaporation  method.    There  is  a  maxi-  that  the  -grade  o    operators  and   worlanen  roquired   lo> 

„um  variation  in  the  solid  matter  returned  to  the  sewage  different   types   of   pants   vanes.     An   '^^'t  ^      ;1"^^^^^^ 

,    ,         .^,j^  operator  must  be  intelligent,  able  to  write,  and  trustworthy 

'  xllrallvf  a  great  deal  of  thought  has  been  given  to  in  the  extreme.    Common  laborers  are  not  satisfactory  for 

•.e  miantitv  of  air  necessary  to  produce  certain  results,  performing  the  duties  of  an  operator  around  an  ac  ivated- 

:l  o;Slnall  liim^nt^   indicate  that  the   use  of   0.2  sludge  plant     It  may  also  be  saul  that  the    eg,.e  of  supcr- 

u.ft.  of  air  per  square  foot  of  aerating  surface  was  the  vision  should  vary  with  different  types  of  plant..     It  is 

,.u,ini.nn  peLissible,  while  tbe  improvement  due  to  the  therefore  evident  to  the  writers  that  the  advantage  in  sim- 

...  of  0  3  cu  ft    instead  of  0.25  did  not  appear  justified,  phctv  of  management  does  not  he  with  the  plant  i  noh- 

riie  results  obtained  with  tbe  large  installation  have,  in  ing  the  activated-sludge  proccs.s  of  sewage  t.;eatmc>i,t^    In 

:l.c  main,  verified  those  obtained  with  the  experimental  estimating  recently  the  lal'or  -tern  for  a  2o,000,000-gal 

units.     Special  mention  is  made  of  runs  7,  8  and  12,  in  plant  a  figure  of  75c.  per  1,000.000  gal   of  sewage  treated 

which  the  aeration  period  has  varied  from  2  to  3  hr.,  the  was  used,  the  same  involving  oO  man-hours  every  day  of 

nuantitv  of  .sewage  treated  varving  from  282,000  to  419,-  operation. 

<m  ••n\    per  -'4  hr    while  the  (|uantitv  of  air  used  per  Summarizing,    the    minimum    cost    of   operation    per 

'allon  of  sewage  treated  is  practically  constant.  1,000,000  gal.  of  sewage  treated  is  $4.50  for  the  labor  and 

In  •■omparing  the  work  accomplished  bvaiirating  tanks  power  item.s.     The  unceitainty  attached  to  the  cost  ol 

■'!  dilferent  depths  it  is  evident  that  the  unit  "cubic  feet     repairs,  supplies  and   incidcnt^ils  makes  it  impossible  to 

-f  air  used  iK'r  o-allon  of  sewage  treated"  is  not  a  true     give  an  accurate  estimate  of  what  they  will  be.     A  con- 

ndex  of  cither  the  power  units  reipiircd  or  the  purification  servative  estimate  of  their  cost,  including  supervision,  is 

l.taincd      It  is  '^enerallv  recognized  that  the  amount  of     50c.     Consequenlly,  tbe  minimum  operation   cost   to  be 
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CXpin-tcil  is  csliiiuitiMl  iit  $")  ]>vv  l,i»l)(».0()(l  uiil.  (iT  si'Wu.uv 
ireatnl.  c.xcIusinc  <iI'  slml.iir  dispdsiil. 

A  imiuljcr  III'  |i(iiiils  III  iouuL'ctiuii  with  the  |irucL'ss  lia\i' 
fk'vcloiu'd  as  ihc  work  |irotjressed.  The  most  importiiut 
iif  these  iinolve  ihe  use  ol'  fine  sereeHs  prior  to  activation, 
tJie  possibility  of  a  i-e\eiuie  from  the  urease  skimmed  from 
llie  settliiiji'  taul<.  an  etiicient  de])fli  of  aeratiiio-  tank  and 
the  necessity  For  !)acterial  determinations  wiien  only  clari- 
tuation  is  involved.  Pi'e|)arations  at  this  time  are  being 
made  to  secure  the  data  pertaining;-  to  the  latter  point. 

As  regards  the  use  of  tine  screens  (me.sli  less  than  ^^  in.) 
prior  to  activation  it  is  believetl  that  the  results  ])roduee(i 
do  iKit  wan-ant  the  cost  of  (iperatidii.  Two  sets  of  bar 
.■(■rceiis  with  li^-in.  oi)eiiini;s  and  in  series  are  sutticieni 
to  remove  tlie  coarser  jjarticles  that  decrease  the  manuriai 
value  of  the  sludae  and  yet  pass  all  particles  that  may  airl 
iu  rapidly  .setllini;-  the  sludae. 

M  the  inlet  to  the  .<eltlin,a  lank  a  balMe  that  extends 
down  into  the  tank  al)out  71/2  It-  provides  a  means  for 
c-oncentratint;-  the  scum  liberated  by  the  air  agitation. 
ICvery  week  the  scum  has  been  removed,  weighed  and  the 
grease  determined.  About  G-'>%  of  the  scum  is  grease,  the 
same  averaging  20  lb.  i)er  1,000, 000  gal.  of  sewage  treated. 
.\s  time  jjcrmits,  it  is  intended  to  make  the  data  pertain- 
ing to  Ibis  phase  oT  the  problem  more  conclusive. 

The  clli<icnl  depth  for  aerating  tanks  depends  upon  the 
area  a\ailalilc  and  the  foundation  encountered.  In  order 
to  prevent  plaiing  tin-  tanks  on  jjiliug,  it  would  a|)peai- 
advisable  to  deepen  them.  .\  recent  design  liy  ihe  writers 
for  an  aclivated-shulge  plant  provided  that  the  depth  of 
sewage  above  the  air  ditt'users  be  25  ft.  The  additional 
head  against  which  the  air  must  be  forced  i:  (ouipensated 
for  bv  the  greatei-  ainonnt   of  work  acconiiilished. 

Sl-JlM.Ui\     ANU    CoNCLlSlONS 

The  activated-sludge  process  of  sewage  treatment  pro- 
duces a  clear,  sparkling  effluent  with  an  absence  of  odors. 

There  appears  to  be  no  reason  why  an  acti\ated-sludge 
installation  cannot  be  placed  in  operation  during  the  cold- 
est months  of  the  year. 

The  use  of  a  hydro-lurbine  blower,  whereby  the  air  is 
washed,  prevents  the-  clogging  of  air  difhisers  with  oil  or 
fine  particles  of  dust  or  oilier  impurities. 
•The  activated-sludge   pi-ocess  does   not   ha\c  Ihc  advan- 
tage of  being  simple  to  o])erate. 

When  the  ti'eatment  involves  simply  clarilic-alioii  and 
when  the  li(|uid  and  solids  are  aiM-ated  ('(jually  the  inini- 
inuni  pei'ioil  i-e(|uircd   is  .'!  hr..  ami 

Three-fourths  of  a  cubic  foot  of  free  air  per  gallon  of  .sew- 
age trcatetl  with  an  aerating  depth  of  15  ft.  is  required.  Ap- 
parently, sucli  a  long  period  of  aeration  is  onl.v  necessary  to 
condition   the  .sludge  properly. 

An  acre  of  land  provides  sutficient  aerating  and  settling 
space  to  treat  daily  approximately  1."). 000. 000  gal.  of  -sewage 
with  an  aerating  depth   of  1,')  ft. 

With  a  large  installation  the  minimum  operation  cost  of 
sewage  treated  is  $5.  exclusive  of  the  .sludge-disposal  cost 
This  figure  is  based  on  the  use  of  electricity  for  power  pur- 
poses at  ^,c.  per  kw.-hi-.  The  fixed  charges  would  be  an  ad- 
dition to  the  figure  slated. 

If  the  sludge  is  i-e-aeratcil  sep.-iralcly,  the  period  neces- 
sary to  ai'i-ate  the  mi.xturc  of  activated  sludge-  and  fresh 
sewage  is  loss  than  ."5  hr. 

The  ma.ximum  velocity  permissible  in  a  settling  tank 
of  the  horizonbil  flow  type  is  1  ft.  per  rain.  The  que.stion 
of  the  ])roper  retention  jieriod  re(piired  remains  undecidefl. 
The  results  indicate  that  W  min.  is  ani]ile,  if  not  miu'c 
than  uecessarv. 
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\j\   GeoKOI;  D.   liOALFK'-' 

.\n  unexpected  and  an  improvided  for  gusher  on  the 
pioperty  of  the  Lake  View  No.  3  Oil  Co.,  in  the  Sunset 
Midway  oil  fields  25  mi.  southwest  of  Bakerefield,  Calif., 
liowed  at  about  the  average  rate  of  20,000  bbl.  per  day 
for  over  150  days,  producing  3,000,000  bbl,  of  oil  emulsion. 
Storage  had  to  be  provided  quickly  for  this  immense 
flow,  as  well  as  for  oil  that  has  subsequently  been  pro- 
duced, at  intervals,  at  the  rate  of  30,000  bbl.  per  day. 

When  the  well  came  iu  the  first  tune,  its  force  was  so 
great  that  it  carried  the  string  of  tools,  weighing  sev- 
cial  thousand  pounds,  through  the  top  of  the  derrick. 
The  oil  in  addition  to  flowing  under  great  pressure  be- 
came mixed  with  at  least  one  stream  of  groundwater. 
The  result  «as  about  as  perfect  a  mechauical  mixture  as 
one  could  conceive  of.  This  mixture  or  emulsion,  as  it  is 
railed,  contained  about  65%  by  volume  of  water  and  base 
sediments, 

I   SK  OF  ULU  liE8EKV011;> 

'i'he  eontlitions  were  such  as  to  make  the  problem  of 
storage  a  vital  one.  This  oil  Held  had  had  a  similar 
well,  for  which  the  owners  had  constructed  earth-banked 
reservoirs  having  a  capacity  of  1,500,000  bbl.  But  these 
reservoirs  or  sumps  were  about  3  mi.  from  the  new  gusher 
and  in  addition  were  slightly  higher.  To  utilize  them  a 
ditch  \\-as  dug  from  the  well,  for  a  distiince  of  about 
fi/^  mi.,  to  some  sumps  of  several  hundred  thousand 
barrels  capacity.  A  pumping-  station  was  placed  here, 
and  an  8-in,  pipe  line  was  run  to  a  treating  plant  and 
then  on  to  a  large  sump  with  a  branch  line  to  a  smaller 
one.  A  t>-in.  line  was  also  run  to  a  larger  smnp  higher 
in  the  hills,  which,  however,  it  was  not  found  necessary  to 
use. 

All  these  suuijjs  could  be  u.sed  with  slight  repairs.  An 
additional  sump  was  formed  by  building  950  ft.  of  embauk- 
nient  from  1  to  25  ft.  high.  Five  of  the  sumps  were  so 
located  that  they  came  iu  at  least  two  pieces  of  property, 
complicating  the  determination  of  rental.  To  deteriiiine 
the  amount  of  st(H-ed  oil  in  the  settlement  of  the  rentaiii. 
Daniel  S.  Ilalladay.  ronsidtiiig  engineer,  Los  .Vngeles. 
Calif.,  was  retained.  The  writer  was  in  charge  of  the 
i;.-ldwork  lor  Ml-.  Ilalladay. 

Ciioss-SHCTio.NiXG  Ki-;yKi;v()iKs 
.\ii  iinci-\al  of  25  ft.  was  decided  upon  as  the  proper 
distance  between  cro.ss-sections.  Tn  the  case  of  each  sep- 
arate sump  a  base  was  laid  out  in  a  diicction  generally 
parallel  to  tlie  longer  axis  of  the  reservoir.  The  reser- 
voir was  Hum  inclosed  in  a  rectangle.  Strikes  were  set 
every  25  ft.  on  both  the  base  line  and  on  the  line 
parallel  lo  it  on  the  opposite  side  of  the  sump,  forming.! 
system  of  rectilinear  coordinates. 

Ill  some  case.s  it  was  considered  advisable  to  place  stake.* 
on  the  bank  ojijiosite  the  base  line  at  locations  other 
than  those  on  the  side  of  the  rectangle  as  described;  in 
Ibis  event  (he  slakes  were  placed  at  the  nearest  points 
outside  of  ihe  sump  area  whose  values  of  .r  and  //  weiv 
some  even  imiltiple  nf  25   ft. 

.Vll  elevations,  whetlier  taken  with  a  rod  and  level  or 
with  the  sounding  tajie,  were  referred  to  a  plane  jiassing 
through  a  point  at  sonu'  even  foot  of  clevatimi.     Tn  this 
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rlcvation  the  fixed  point  on  the  permanent  f;a<;e  rods  was 
iltenvard  set  as  desen'l)p<l  fartlier  on.  The  distance  of 
my  point  below  this  plane  was  the  value  of  the  ordinate  z. 

To  get  measurements  across  the  sump  a  cable  was  con- 
structed of  Xo.  12  steel  wire  in  2.")-lt.  links.  Each  joint 
was  tagged;  and  as  it  often  fell  into  the  heavv  black  oil. 
instead  of  stamped  nimibers  a  system  of  notches  was  used 
for  graduation.  One  notch  on  the  side  represented  25  ft. ; 
nvo,  50  ft.,  and  so  on,  while  each  notch  on  the  bottom  rep- 
resented 100  ft.  \Vlien  500  was  reached,  instead  of  mak- 
ing five  notches  a  hole  was  punched  in  the  middle  of  the 
tag.  Then  600  became  a  hole  in  the  center  and  a  notch 
at  the  bottom;  6  -|-  25  was  a  hole  in  the  center  and  one 
notch  each  on  the  bottoni  and  the  side,  etc. 

When  the  sump  was  over  oOO  ft.  wide,  it  was  found 
necessary  to  place  floats  about  every  75  ft.  to  kee])  the 
wire  from  drojijung  under  the  surface  rvf  the  oil.     This 


up  of  sections  of  i/4-in.  pipe  about  •!  It.  long.  On  the 
bottom  of  the  low'est  section  was  a  hook  so  |)laced  that 
when  the  ring  in  the  sounding  tape,  to  which  the  bob 
\vas  attached,  was  placed  over  it,  the  zero  on  the  tape 
wotdd  coincide  with   the  bottom  of  the  rod. 

The  sections  of  the  pipe  were  each  fitted  on  one  end 
with  a  coupling;  and  as  the  soundings  were  taken  in 
greater  depths,  additional  sections  were  added.  To  hold 
the  tape  in  place  against  the  rod  and  at  the  same  time 
make  the  removal  of  a  section  simple,  rings  were  used 
that  were  very  similar  to  the  ordinary  key  ring.  I'naliling 
the  tape  to  be  slipped  in  or  out. 

The  boat  used  in  taking  the  soundings  was  made  of 
galvanized  iron.  It  was  flat-bottomed,  square-ended  and 
reinforced  around  the  top  with  a  piece  of  ^-in.  channel 
put  on  with  %-in.  rivet,';.  A  piece  of  2x4-in.  timber  was 
Instencd  along  the  "runwales:  two  large  spikes  driven  iiitn 
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IS  not  SO  important  in  the  summer  as  in  winter,  nor 
o  essential  in  sotmding  as  in  moving  the  cable.  During 
the  summer  months  tlie  oil  was  f|uite  liquid,  especially 
during  the  working  day;  but  in  winter,  when  some  rain 
occun'ed,  the  oil  had  the  consistency  of  finn  butter  and 
it  was  necessary  to  u.'ie  a  horse  in  drawing  the  gaging 
-lat  across  the  sumy). 

SotxiuNc  IN  Thick  Oil 

For  .sounding,  when  the  oil  was  liriuid.  a  steel  tape 
and  (J-oz.  lead  bob  were  used.  At  first,  as  the  weather  grew 
colder,  the  oil  hardened  on  the  surface  only;  and  when 
iho  sun  had  shone  for  a  short  while,  this  cnist  was  soft- 
ened so  that  the  tape  could  he  used.  But  when  this 
lavcr  became  thick.,  only  the  lop  was  melted  and  a 
"I  bad  to  he  useil  Tor  the  .soirndinjr.     'I'bis  rod  was  made 


this  acted  as  oar  locks.  When  drawing  the  boat  uitli  a 
hoi"se,  a  sling  of  cable  was  carried  completely  around 
near  the  top  and  fastened  about  a  foot  in  front. 

The  floats  for  buoying  up  the  cable  were  made  of  two 
pieces  of  2.\4,  about  2  ft.  long,  nailed  at  their  centers 
to  the  ends  of  a  2-ft.  piece  of  1x12.  (Smaller  ones  were 
tried,  but  were  not  stable.)  In  the  center  a  large  spike 
was  driven  and  the  cable  fastened  to  this  with  a  piece 
of  wii'o. 

Before  the  oil  was  sounded,  an  elevation  was  taken  on 
its  surface.  This  was  done  by  driving  a  stake  tliisb  witb 
the  surface  of  the  oil  and  then  taking  a  rod  reading  on 
this  stake.  (Benchmarks,  of  course,  had  been  previousK 
established.)  Xext,  a  gage  rod  was  set  with  which  it  was 
possible  to  determine  tlu>  variation  in  the  surface  of  the 
oil.  This  was  necessarv  because  in  nearlv  everv  instance  thi' 
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measurements  uci'e  tnkeii  while  The  sump  was  being  filled, 
emptied  oi-  both.  Owing  to  the  solvent  action  of  the  oil 
on  the  paint  of  an  ordinary  level  rod.  temporary  rods 
were  made  of  a  piece  of  l.x3-in.  planed  lumber  notched 
with  tenths  comjiletely  across,  and  half-tenths  halfway 
across  one  of  the  o-in.  surfaces. 

The  cable  with  '2')-h.  graduations  was  next  set  between 
the  two  stakes,  and  readings  were  taken  with  a  rod  or 
sounding  tape,  depending  oh  whether  the  point  fell  on 
the  bank  or  in  the  body  of  the  sump.  In  only  one  case 
did  negative  values  of  _;/  appear.  The  layout  was  in- 
tended to  eliminate  them.  If  the  contour  of  the  ground 
necessitated  it.  shots  were  taken  at  other  points  than 
those  on  the  23-ft.  intersection  lines,  as  y  =  0  -f  5 : 
:t  =  1  -f-  51,  etc. 

The  cable  was  moved  to  the  next  pair  of  stakes  and 
the  operation  repeated  on  the  return  tri]i.  A  sample  of 
the  method  of  keeping  notes  both  for  level  and  rod  and 
for  soundings  is  shown. 

SAMPLE  OF  SURVEY  NOTES— OIL-STOR.'iGE  DETERMINATION 
George  D.  Roulfe  SUMP  NO.  10 

i.H;  Robertson  }chaiamen 

Sec.  34.  T.  32S,  R.  24E.  M.  D.  B.  and  M. 

Sta.  +R  H.I.  — R  Ele. 

B.  M.  No.  1       3.82  010.82  ..  607.00 

T.P.  ...  4.08  606.79 

X  Y  Z  +R  H.I.  — R  El. 

U  +  37.30  0  +  3S.I0  1.93  610.82  4.75  600  07 

0  +  75.00  0  +  2S.50  1 .  j.j  4.35  600  47 

1+00.00  0  +  22.10  163  4.45  600.37 

X                   Y                     Z  O.S.  Sounding              El. 

1+02.2          0+25.0              3.21  604.79  0  604   79 

1+25.0         0  +  22.3              3.21  0  604  79 

1+12.5          0+25.0              4.46  1.25  603,54 

1+25.0         0+25.0             5  92  2  71  602.08 

/ 

Computing  Quantity  Tables 

The  notes  on  each  sump  were  plotted  on  a  scale  of 
20  ft.  =  1  in.,  and  the  1-ft.  contours  were  sketched  in. 
The  area  included  by  each  contour  was  determined  with  a 
planimeter.  The  volume  between  contours  was  tomputed 
in  barrels  and  for  every  14  in.  of  elevation. 

In  order  to  use  the  tables  it  was  necessary  to  have  a 
fixed  datum  to  refer  elevations  to,  for  the  scheme  was 
the  reverse  of  that  apjilicable  to  steel  tanks  (where  the 
distance  between  a  plate  on  the  bottom  of  the  tank  and 
the  surface  of  the  contents  is  measured).  Any  sediment 
that  might  be  deposited  would  soon  render  measurements 
based  on  that  method  more  or  less  inaccurate. 

Instead,  a  datum  above  the  oil  was  used.  .\  2-in.  iron 
pipe  with  an  iron  clamp  attached  to  the  top  was  driven 
firmly  into  the  bed  of  the  sump.  The  point  of  this  clamp 
was  set  to  a  proper  elevation.  Thus  the  zero  point  would 
be  always  accessible  and  any  movement  would  soon  l)e  de- 
tected and  remedied.  The  pipe  was  driven  at  the  end 
of  a  small  pier  (see  accompanying  illustration). 

A  study  to  determine  the  accuracy  of  the  tables  resulted 
in  a  check  of  within  1%  on  three  successive  days.  Three 
sumps  were  used  containing,  when  full.  111. Hi*  and  113,- 
249  and  o42,.")l,S  bbl.  respectively.  'I'hc  oil  was  moved 
from  one  to  the  other.  'I'aking  the  volumes  that  corre- 
sponded to  the  elevations  from  the  tables  gave  results  that 
agreed  within  \%.  The  method  of  measurement  was  such 
that  the  probable  error  was  small  in  the  upper  portions 
of  the  sump  at  least.  In  the  lower  portions  it  was 
greater;  but  as  the  volumes  were  relatively  small,  its 
effect  would  not  be  great  on  the  total  figures.  It  is  be- 
lieved that  the  figures  were  generallv  within  3%  of  the 
truth. 


The  cost  of  the  survey  and  office  work  is  estimated  as 
follows : 

Cost  of  Field  Cost  of  Office 

Contents.           \\  ork  per  Bbl..  Work  per  Bbl 

.Sump  No.                              Bbl.                           Cents  Cents 

514,920                       0  114  0  006 

i,010,.324                       0.0S5  0  030 

111  the  case  of  sump  Xo.  19  a  different  method  was 
used.  Control  lines  were  run  up  the  bottom  of  the  gullies  -u 
and  around  the  perimeter  of  the  sump.  From  the  points 
oil  these  lines  random  shots  were  taken,  using  the  rod  and 
tajie  and  the  rod  alone,  at  points  where  slope  of  %i 
ground  changed.  The  office  work  followed  the  method 
given  aljove.  In  the  costs  given  the  office  work  for  sump 
Xo.  19  does  not  include  a  table,  only  the  quantities  for 
even  feet  of  elevation  being  computed. 

The  gaging  piers  and  rods  were  made  of  used  stuff, 
but  if  made  of  new  material  would  have  cost  on  an  average 
about  $")0.  In  these  costs  the  chainmen  were  figured 
at  •$3..^0  per  day,  the  prevailing  rate  for  labor  in  the  field. 
.Vll  the  help  had  to  be  broken  in,  as  none  had  had  anv 
experience. 

In  the  case  of  the  sumps  that  were  on  several  pieces 
of  property,  tables  were  computed  for  the  several  portions 
as  well  as  for  the  total  contents.  To  get  the  portion  in 
a  given  property  the  dividing  lines  were  platted  and 
measured  with  the  planimeter,  as  already  described. 
Tliese  costs  are  included  above. 


Teleplhoiae  Coiradl^its 

The  adaptability  of  trenching  machines  for  excavat- 
ing the  comparatively  narrow  and  shallow  trenches  fpr 
telephone  and  telegraph  conduits  has  been  proved  in  sev- 
eral cases,  although  contractors  for  such  work  are  gen- 
erally inclined  to  employ  hand  labor.  With  the  present 
scarcity  of  labor,  liowever,  the  use  of  machinery  offers 
special  advantages.  During  191G,  highly  successful  re- 
sults were  obtained  in  about  3.5,000  ft.  of  trenching  for 
the  Wisconsin  Telephone  Co.,  of  Milwaukee,  Wis.  This 
work  was  done  by  the  company's  forces,  under  the  direc- 
tion of  ('.  \y.  Wilson.  Superintendent  of  Exchange  Con- 
struction. 

The  work  was  mainly  in  macadamized  streets  and  h> 
some  extent  along  country  roads.  In  streets  having  a 
cdiurete  base  the  work  was  done  by  hand,  as  the  macliini' 
would  be  too  slow  and  it  would  damage  the  surroundini' 
pavement.  The  materials  were  mainly  earth,  gravel  anil 
tough  clay,  with  some  sand  and  soft  loam.  Boulders  and 
niggerlieads  that  were  encountered  were  generally  dis- 
jiosed  of  by  burying  in  holes  dug  in  the  sides  of  tlic 
trench,  but  in  some  cases  they  were  broken  up  by  blastin" 

.Vn  objection  commonly  made  to  the  use  of  a  trenching 
machine  on  such  work  is  that  it  cannot  be  operated  con- 
tinuously, as  long  stretches  of  open  trench  are  undesirablt 
and  the  conduit  hiying  and  backfilling  must  follow  ii> 
soon  as  possible.  The  usual  practice  is  to  cut  the  trentli 
between  two  manholes  (average  distance,  .")00  ft.)  and  then 
stop  the  machine  until  the  tile  laying  and  backfilling  ganf: 
has  thi.s  stretch  of  work  completed  and  the  paving  relaiil 
Thus  the  machine  is  idle  about  (j()%  of  the  working  tinn'. 
but  the  results  have  shown  that  its  use  would  be  economi- 
cal even  if  it  were  idle  7".%  of  the  time.  This  is  for  a 
macliine  with  internal-combustion  engine  and  would'  noi 
:>p])ly  with  a  steam-operated  machine. 
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The  miicliine  used  is  of  the  wheel  type,  hiiilt  liy  the 
I'awlini;-  \'  IlrtrnisehfegPi-  Co.,  Milwaukcr.  for  this  kind 
i)f  woi'k.  Ii  is  similar  to  the  eoiripanv's  drainage  excava- 
tor, described  in  Engineering  News,  Sept.  3,  1!)15.  It 
has  a  cutting  wheel  Tl/^  ft.  in  diameter,  digging  a  trench 
15,  18  or  2]  in.  ^ide  and  with  a  maxiimim  depth  of  oi/, 
ft.  The  width  is  nsnally  15  in.,  but  lor  deptJis  of  over  4 
ft.  the  cutters  are  shifted  so  as  to  make  an  IS-  or  31-in. 
trench,  as  the  men  cannot  work  conveniently  in  tlie  nar- 
rower deep  trench.  Where  the  de])th  exceeds  .'ji^  ft.,  the 
additional  cut  is  made  by  hand,  for  while  machines  are 
made  tliat  will  cut  deeper,  the  amount  of  such  woi-k  is  so 
smallas  to  make  it  unnecessarv  to  inc-ur  the  extra  exjiense 
for  sucli  a  machine. 

The  trenching  machine  is  mounted  on  four  wheels  and 
weighs  about  0  tons.  It  is  driven  by  a  "-i-'j-hp.  t-cylinder 
kerosene  engine,  which  uses  gasoline  for  starting.  It  has 
six  speeds  from  8%  to  TV2  it.  per  min.,  but  is  operated 
niainly  on  the  gear  for  Sl/o  ft.  per  min.  This  is  equivalent 
to  210  ft.  per  hr.  There  are  two  men — an  operator  and 
helper.     When    the   machine  lias   finished    its   stretch   of 


The  backtilling  is  thrown  in  by  a  gang  of  six  to  eigln 
shovelers  ami  is  innchine  lamped.  This  tamper  has  a 
vertical  ram  that  is  raised  and  dropped  by  power,  and  a 
o-hp.  gasoline  engine  operates  the  ram  and  the  propelling 
gear.  Its  travel  is  about  8  ft.  per  min.  The  material 
is  tamped  dry,  and  there  have  been  no  complaints  on 
account  of  settlement  of  the  ti'ench.  With  liamlwiri; 
there  are  three  shovelers  to  one  tamper,  and  24  men  are 
required  in  order  to  do  the  same  amount  of  work  as  th' 
nine  men  with  the  machine  ( including  operator) .  Reside^ 
this,  the  work  is  not  so  well  d(me. 

The  total  innnliei-  of  men  in  the  conduit  gang  is  aljout 
'M)  (including  those  building  the  manholes),  and  most  of 
them  do  dill'erent  i)arts  of  the  work,  as  required  from  time 
to  time.  With  the  trench  completed  between  the  manholes, 
the  concrete  base  is  first  laid.  For  this  work  there  are 
two  men  in  the  trench  for  each  tile-laying  crew.  Then 
two  tile-laying  crews  are  started  at  the  jniddle  (the  sum- 
mit) and  work  toward  each  end.  Each  ci-ew  has  four 
men — two  laying  tile,  one  helper  above  to  handle  tile  and 
one  cemcntiiip-  the  joint-.    Then  tlii'  emth  tilliui;-  i-  packcil 
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'irk.  these  men  are  assigned  to  other  duty  with  the  gang: 
•it  this  would  not  be  practicable  with  the  men  in  charge 
I  a  steam-operated  machine.     IJepairs  have  been   insig- 
nificant, and  after  six  months'  work  the  cutters  on  tlic 
buckets  were  still  in  .serviceable  condition. 

With  tlie  machine  and  gang  of  30  men,  aiiout  (>0()  ft. 
I  <'onrhiit  can  be  laid  per  day.  This  includes  ti'enching. 
lie-laying,  concreting,  backfilling  and  paving.  With  hand- 
'irk,  a  gang  of  (iO  men  would  <lo  about  fiOO  ft.  per  day. 
It  was  thought  at  first  that  there  might  bo  trouble 
nm  tearing  up  the  gas-,service  pipes.  But  their  loi-ation 
-liown  by  the  shiit-ofl'  boxes  inside  the  curb,  and  their 
■ptli  is  (letennined  by  sounding.     It  is  then  easy  to  raise 

xcavator  wheel  to  clear  the  pipes.    On  the  3r),0fl0  ft. 

<  trench  only  half  a  dozen  service  pipes  were  damaged 
the  excavator.      In   each  ca.se  the  gas  company   was 
'tified,   and    the   telephone   company   paid    the   cost  of 
■pairs.        ^  .  .  _ ,    ., -  


against  the  sides  of  the  coiidnit.  the  c-oncretc  cover  is 
placed,  and   the  backfilling  is  done. 

.Ml  paving  is  relaid,  except  asphalt,  the  relaying  of 
which  is  <lone  cither  by  a  contractor  or  liy  the  city"s  as- 
phalt-repair plant.  There  was  considerable  trouble  in 
organizing  the  work,  as  the  men  were  continually  chang- 
ing. With  llie  much  larger  force  lequired  for  handwork 
ihis  trouble  would  have  been  greater.  The  use  of  the 
machines  I'oi-  trenching  and  tamping  not  only  facilitated 
the  progress  of  the  work,  but  elTected  a  material  saving  in 
cost  as  compared  with  hand  labor.  On  this  particular 
work  the  saving  was  about  (W%  on  the  trenching  and 
','i%  on  the  backfilling. 

The  operation  of  the  tren<liing  machine  on  the  wfiik 
above  described  atlracted  considerable  attention  from  thi' 
olTicials  of  tele|)hone  and  telegraph  coni|)anies,  and  similar 
wlieel-ty|)e  excavators  have  since  been  employed  on  otbci 
conduit  lines. --  
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By  E.  M.  ilAiiKiiAjit 


SiyOFjSlS — l.arije  reinforced-concrete  slab  or 
mat  if>  fa.s7  on  .sloidnij-deck  barge.  Barge  is  run  up 
uvdcr  tnissi's  orcrlianging  from  power-equipped 
barge  iuk  liorcd  irilli  leugth  extended  into  stream, 
from  bank  to  be  revetted.  Slab  is  attached  to  many 
lines  hanging  from  trusses,  and  as  mat  barge  is 
backed  aicaij  the  mat  slides  into  water,  each  tine 
taking  toad  as  its  point  of  suspension  reaches  water. 
All  lines  released  at  once  and  mat,  held  at  end  to 
shore,  drops  to  bottom.  Continuous  process  of  same 
■tort  "shingles"  tin-  snlnKjueous  slope. 

Some  three  years  ago,  after  service  ol'  a  \ear  or  iiioii'  mi 
the  Lower  Mississippi  Eiver  Improvement  under  tlu'  Mis- 
sissippi Eiver  Commission,  the  writer  was  aroused  to  the 
thought  of  the  feasibility  of  developing  a  reinl'orred- 
loncrete  revetment  to  supplement  or  replace  the  willow 
fascine  construction  now  emjiloyed.  This  thought  was 
sugge.sted  primarily  by  the  fact  that  the  willow  supply 
throughout  the  lower  river  is  inadequate  to  meet  prospec- 
tive revetment  needs ;  and  secondarily  by  the  obvious  con- 
clusion that  a  concrete  revetment  would  be  more  effective 
and  durable  than  a  fascine  structure,  without  uecessarily 
'leing  more  costly.  Again,  the  employment  of  concrete 
•yould  result  in  an  important  reduction  of  manual  labor 
and  be  capable  of  development  by  units  in  such  manner 
that  very  desirable  flexibility  of  organization  and  of 
'lutput  would  be  possible. 

It  was  acordingly  conceived  that  a  solieme  might  be 
Revised  whereby  large  sheets  of  concrete,  or  of  blocks,  suit- 
ably disposed  and  secured,  could  be  satisfactorily  handled 


to  appropriate  jiositioii  and  relation  upon  the  bed  or  bank 
to  be  revetted,  with  the  result  of  a  more  durable,  more 
efficient  and  more  economical  structure  than  now  obtains. 
It  was  known  that  satisfactory  and,  from  the  nature  of 


Top  of    ,    Bank 


•From  "Professional  Memoirs.  Corps  of  Engineers.  United 
States  Army,  etc.."   November-December.   1916. 

tLieutenant  Cul'niel.  Uniterl  States  Army;  Major.  Corps  of 
Engineers,  West   I'oint.   N.   Y. 


Eleva+ions    looWinq   +owandl    Shore        ™  rr^       i  i  •    m 

^  Plan  of  Kevetrnent  in  Place 

FIC;.    1.    DIAGRAMMATIC  OUTLINE  OF  OPERATION  OF 
MAT-LAYING   MACHINE 

the  case,  inexhaustible  deposits  of  sand  and  gra\el  for 
concrete  jiuriiuscs  are  spotted  throughout  the  river  and 
that  a  suitable  ri\er  run  product  can  be  iuexpensivdy 
dredged. 

Presenting   the    matter    for    the    consideration    of  the 
Mississippi   l?i\'er  ('onimissidn.  the  lattci-  allotted  $"i..j(HI 
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lor  "experimental  revetment"  in  the  fall  of  ]!)1  1  and, 
iiased  upon  the  results  obtained  thereunder,  made  a 
further  assignment  of  $i.j.O{lO  in  the  s])ring  of  l!!!-"). 

Under  the  allotment  first  referred  to  bartfes  with 
inclined  decks  were  prepared,  upon  which  were  formed  and 
from  which  were  launched  eisi:ht  concrete  slabs,  such  con- 


he  considerably  ■"man-handled"  and  directed  to  the  river 
bed  in  such  manner  as  to  insure  their  effectiveness  for 
revetment  jinrposes.  A  diver,  employed  to  investigate  the 
condition  of  the  two  of  the  largest  slabs,  launched  in 
in.«hore  depths  of  S  ft.  and  outer  depths  of  iO  ft.,  reported 
the  sti-ucturcs  to  be  intact,  subject  to  anticipated  cracking. 


trol  lieing  provided  as  coubl  be  ap])]ied  by  lines  handled 
manually.  The  smallest  of  these  slabs  were  J  l.xlS.tJ  ft., 
iif  which  five  were  formed  and  launched;  the  largest  were 
loUx-10  ft.,  of  which  two  were  constructed ;  a  fifth  slab  of 
intermediate  dimension,  48.6x19  ft.,  was  also  employed. 
.Ml  slai)s  were  4  in.  in  thickness,  reinforced  by  strand  and 
mesh,  variously  clipped  and  wired  together. 

These  slabs  were  handled  somewhat  crudely,  the  barges 
utilized  being  out  of  all  relation  to  the  problem;  never- 
theless, the  results  verified  the  thouglit  that  concrete  sheets 
of  large  area  and  small  tbickness.-heavih   rcinfoiccd.  can 


to  be  hugging  the  bottom  closely  and  to  be  generally  in 
very  satisfactory  condition. 

Under  the  allotment  of  $25,0(11)  for  further  experimen- 
tal work,  a  plant  was  developed  consisting  of  two  barges 
upon  which  to  construct  concrete  slabs  or  mats,  and  a  thii'd 
barge  ujion  which  were  mounted  the  necessary  machinery 
and  structural  work  to  handle  the  same  from  their  position 
of  formation  to  the  bed  of  the  river  (I'ig.  2). 

The  general  proposition  contemplated  the  formation  of 
a  concrete  mat  u])on  the  inclined  deck  of  a  barge,  the  latter 
to  be  witbiliawn  ninler  mechanical  power  after  sufticient 


KTi;.   1.   .SI, AH  si.ii'riNn  into  kiviok  fkom  bak(jk 

ilial   chiilnH  nl   rlRht   ure   bp^flnnlnB  to   tiikt   u|)  us   nlab  ko'-s  undc 
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fiir  liank'iiina'  of  llu-  said  niRl,  suljstilute  siippoii  hemp; 
simultiuiooiisly  pi-oviiled  Iroiu  a  scries  of  overhead  trusses 
hinged  upon  a  fixed  mooring  iiarge  and  having  wheel 
bearings  upon  ways  of  the  harge  withdrawn.  During  and 
after  withdrawal,  this  suljstitute  sujjport  would  l)e 
arranged  for  by  a  proper  number,  disposition  and  attach- 
ment of  lines  running  from  the  overhead  trusses  to  triggei' 
or  trip  connections  with  rings  or  loops  formed  in  the  mat. 
A  situation  would  llius  be  developed  wherein  the  lattei' 
would  be  suspended  as  a  weight  in  water,  between  mooring 
and  mat  barges,  and  might  thereafter  be  lowered  to 
position  u])on  the  supporting  lines  or  tripped  to  freedom 
therefrom.  After  tripping,  control  and  direction  to  posi- 
tion would  be  provided  by  shackle  connections  from  the 
upstream  edge  of  the  mat  by  trolleys  mounted  upon  moor- 
ing barge  spuds  or  by  upstream  and  shore  cables.  By 
icsetting  the  mooring  barge  to  accord  with  desired  relation 
or  overlap  of  successive  sheets,  a  continuous  interposition 
-.M)uld  be  provided  between  the  river  and  the  caving  bank 
niuler  ti'eatment.     In  other  words,  the  cavino-  bank  would 


latter  would   be  extended   upon   llie  up|icr,  oi-  bigh-waliT       ' 
bank,   and  .securely  anchored   in    its   ]ia\emeni.      Such  a 
revetment  would  thus  be  es.seutially  monolithic  from  top'     ■ 
bank  to  deepest  water.     To  provide  for  ma.ximuni  plant      I 
lapacity,  an   accelerator  would   l)e  sought  to  hasten  the      " 
iiardening  of  the  slab  sufficiently  to  withstand  launching-, 
liual   Iiardening  to  continue,  of  course,  upon  the  bed  w 
iiank  revetted. 

Experimental  plant  was  designed  to  handle  in  the 
fa.shion  described  sheets  1 35x50  ft.  by  4  in.  Slightly  lesser 
,-izes  have  been  employed  as  a  matter  of  precaution  and  of 
convenience.  , 

DlCT.VILS  01'^  THE  EqUIPMEXT 

The  mat  barges  were  provided  with  inclined  decks  sub- 
divided transver.sely  by  ways  on  8-ft.  -i-in.  centers,  between 
which  platform  sections  were  so  mounted  upon  supportirij; 
timbers  as  to  be  readily  lowered  or  rai.sed  by  about  4  in. 
in  the  raised  ])<)sition  the.se  jijatforms  are  flush  witli 
iMitter.  or  lannchiug.  boards  about  11  in.  in  width,  which 


FTo.s.  .-.  ,Axi)  n.    nicT.Mi.  vit:\vs  op  r'.\i;Ts 

(I  of  slal),  .showing  detail  of  .supporting  cliaiii.      K 
snpport.s   and    at    rialu    concr-ii.-   si; 


w  THE  1!Rvi;tmi^xt  .machine 

;.    ti-— .Near    view    of   bari^e   dectc,   showing    roUers   of   trus 


iie  ■■shinglcil"  with  large  ((Uicrete  slabs,  or  mats,  each  of 
such  size  and  weight  as  to  insure  successful  resi.stance 
against  destruction  by  the  hydraulic  forces  to  wliich  sul> 
jected.  The  slabs  were  to  be  reinforced  with  strand  and 
mesh,  such  that  maximum  flexibility  would  be  assured. 
Tpon  encountering  check  to  tlu'ir  momentum  in  settle- 
ment toward  final  position  they  would  crack  into  irregular 
iireas  and  thus  conform  to  whatever  ine(|iuilities  were 
involved.  The  several  areas,  however,  would  be  held  in 
.;n\taiiositi(m  liy  the  embedded  strand  and  mesh,  am]ile 
■  irtue  being  thus  retained  for  satisfactory  com]>liance  with 
revetment  requirements.  Sub.sequent  undercutting  or 
erosion  would  lie  closely  followed,  due  to  the  deficiency  of 
cantilever  value,  resulting  from  the  relation  of  area  to 
thickness,  such  deficiency  to  be  additionally  regulated,  if 
need  be,  by  the  creation  of  ))lanes  of  weakness  of  any 
desired  position  and  number.  Satisfactorily  long  life 
would  be  assured  by  the  galvanization  to  desired  degree  of 
anv  or  all  Ihe  reinforcement.    The  princiiial  strand  of  the 


llu^msclves  rcsl  niton  i-ollers  inserted  in  the  ways.  After 
slab  manufacture  and  up<m  sudlcienl  air  hardening,  the 
interinediate  sections  are  dro|i])ed,  the  concrete  structure 
thus  resting  entirely  upon  the  butter  boards  referred  to. 
To  launch  a  slal)  il  is  th(M-efore  necessary  only  to  overcome 
the  a.vle  friction  of  the  roller.s,  butter  boards  moving  with 
the  slab  and  being  recoverable  under  jiroper  jirovision  for 
that  ]iiir])0.se.  The  ways  are  steel  shod  to  rec-eive  the  wheel 
bearings  of  overhead  trusses. 

ilechanical  and  structural  ccpii|)niciil,  mounted  upon  ii 
wood  barge  r24x3l)x7  ft.  consists  of  35-hp.  boiler  ami 
double  7x7-111.  engine,  rigged  with  drums,  winches,  etc.. 
of  five  intermediate  trusses  from  which  to  suspend  tlu- 
slabs;  and  of  two  end  trusses  carrying  sheaves  and  line- 
whereby  to  olTect  mat-barge  manipulation.  All  trusses  are 
hinged  near  the  downstreanj  edge  of  the  mooring  harfre 
and  have  wheel  bearings  npon  the  ways  of  the  mat  harj;c. 
These  trusses  may-  be  raised  or  lowered  in  unison  throuffh 
rigsring  tn  engine  on    I  be  mooring  barge.  wbi(h  as  well 
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I   provides  power  through  suitable  lines  for  tlie  maneuver 
i.nd  control  of  the  mat  barge  during  its  withdrawal. 

Suspension  trusses  are  of  five-panel  point  Pratt  type, 
spaced  on  25-ft.  centers,  the  interval  being  subdivided  by 
side  stirrups  from  each  main  truss.  All  trus.ses  are  eross- 
braced  and  interconnected  by  rods  and  shapes.  Suspen- 
sion is  assumed  from  each  panel  point  of  both  main 
trusses  and  stirrups,  and  is  accordingly  on  square  8  ft.  -i 
in.  by  10  ft.  Five  supporting  lines  across  the  mat  are  thus 
available,  each  involving  15  suspension  points.  The  sup- 
porting lines  consist  of  %-in.  cable,  end-wedged  on  outside 
trusses,  passing  thence  through  two  fixed  and  one  movable 
sheave  above  each  suspension  point  to  drums  of  a  shaft 
located  on  the  center  truss.  Lines  from  one  side  pass 
under  and  those  from  the  opposite  side  over  the  said 
drums.  Prior  to  launching,  the  lengths  of  these  lines  are 
fixed  for  support  of  the  mat  at  desired  submergence,  the 
end  brake  of  shaft  thereupon  set.  As  the  mat  relatively 
lowers  during  the  witlidrawal  of  the  barge  upon  whicJi 
formed,  the  supj)orting  lines  come  successively  into  play, 
iiud  the  total  weight  to  be  carried  is  accurately  and  auto- 
matically distributed  to  the  several  suspension  points,  due 
;  to  the  character  of  the  operation  and  to  the  fact  that  each 
suspension  involves  a  movable  sheave  riding  on  a  running 
line  from  center  .shaft  to  end  trusses.  Xo  suspension, 
therefore,  can  assume  more  nor  less  weight  than  its  due 
proportion.  Under  the  arrangement  described,  the  weight 
of  a  slab  of  100  tons  in  air  is  necessarily  so  subdivided 
that  the  main  trusses  take  each  bnt  slightly  over  lli/^ 
I  (ons,  the  suspension  jjoints  somewhat  less  than  0.8  ton 
and  the  supporting  lines  but  abont  900  lb. 

As  a  precaution  against  uncertainty  or  mishap  involving 

the  safety  of  the  main  plant,  the  strength  of  mat  loops  and 

<l'  supporting  lines  is  materially  less  than  any  element  of 

'he  carrying  structures.     If,  therefore,  a  trigger  should 

lil  to  trip,  or  other  untoward  incident  eventuate,  the  mat 

'<\>  involved  would  part  or  pull  or  the  suspension  line 

I  ak,  before  more  serious  result  could  develop. 

The  device  employed  at  suspension  points,  suggested  by 

)>'  Bucyrus  Co.,  of  South  Milwaukee,  Wis.,  consists  of  a 

igger  attached  to  the  housing  of  a  movable  sheave  and 

arries  a  pin  held  by  a  spring  in  what  may  be  termed  a 

"locked"  position.     To  "hook  up"  a  mat  for  launching, 

liiis  pin  is  withdrawn  by  hand  sufficiently  to  pass  the  mat 

loop   between    the    pin    and   the   jaw.      The    trip   device 

remains  in  the  "locked"  position  during  the  operation  of 

launching  and  while  the  mat  is  held  in  suspension.     Cor;- 

nected  to  the  tops  of  the  several  trigger  pins  are  chains 

'fached  to  the  overhead  trusses  and  of  such  length  as  to 

lain   slack   when   the   running  suspension   cables   have 

ken  weight,  all  chains  being  adJTist^'d  for  as  nearly  the 

Mie  amount  of  slack  as  practicable.     To  trip  or  release 

I'  mat  from  suspension  it  is  therefore  necessary  only  to 

!i)\v  the  brake  at  the  end  of  the  shaft  on  the  center  truss, 

Mi'reupon  the  weight  of  the  mat  itself  overhauls  all  sus- 

iiding  caliles,  thus  taking  up  the  slack  of  all  trip  chain-;. 

Hereupon  the  trigger  pins  are  ])ullod  ))ractically  siinul- 

lifously  and  the  mat  is  thus  freed  from  any  cunnection  to 

<■  overhead  structures. 

To  withhold  the  mat  from  movemeut  with  the  mat 
irge,  during  withdrawal  of  the  latter,  shackle  attach- 
•nts  are  made  from  its  upstream  edge  to  trolleys 
-igned  to  travel  vertically  upon  spuds  of  tlie  mooring 
'I'L'e.  The  mat.  upon  being  tripped,  will  tiierefore  con- 
iiup   \"ider   control    of    its   attachments   to   these   spud 


trolleys,  connection  being  severed  at  any  predetermined 
depth  by  the  withdrawal  of  shackle  pins.  Upon  release 
from  sus])ension,  the  mat  may  be  controlled  likewise  by 
upstream  and  shore  lines  of  appropriate  number  and 
anchorage. 

To  prevent  the  slab  during  barge  withdrawal  from 
tending  to  race  off  the  latter,  back  hold  lines  are  pro- 
vided from  attachments  at  its  downstream  edge  to  con- 
nections with  overhead  trusses  near  their  wheel  bearings. 

Progress  of  Experimental  AVork 

Eight  concrete  sheets  or  mats  have  thus  far  been  coi.- 
structed  and  launched.  They  were  reinforced  by  l/^-in. 
strand  around  the  edges  and  on  the  lines  of  suspension  and 
normal  thereto;  by  i^j-in.  strand  running  diagonal!) 
through  suspension  points,  and  by  triangular  mesh  over 
the  whole  area.  Both  strand  and  mesh  were  variously 
clipped  and  wired  together.  Su.spension  loops  were  formed 
of  Yo-in.  round  iron  in  the  shape  of  hooks  of  unifoi-m 
height  and  were  engaged  about  the  lines  of  strand  at  iheir 
several  intersections. 

The  first  mat  handled  was  50x50  ft.  by  3  in.,  weighing 
62,500  lb.;  the  second  was  122x47  ft.  by  3  in.  and  weighed 
215,000  lb. ;  the  last  six  have  been  each'l22x42  ft.  by  3  in., 
weighing  192,000  lb.  AVidth  was  reduced  from  50  ft.  to 
47  ft.,  in  order  to  provide  a  somewhat  longer  bridle  from 
spud  trolleys  to  upstream  edge  of  slabs.  It  was  again  cut 
to  42  ft.  in  order  to  reduce  overhang  above  the  first  line  of 
suspension,  which  theretofore  had  caused  objectionable 
droop  of  the  upstream  portion  of  the  mat. 

The  transfer  of  slabs  from  the  mat  barge  to  suspension 
was  accomplished  without  incident  involving  ditficulty 
or  trouble  of  any  character.  The  general  scheme,  in  this 
regard,  would  appear  to  be  unexceptionable.  Under 
proper  lubrication  of  launching  rollers,  the  mat  barge  may 
be  withdi-awn  with  an  insignificant  amount  of  power, 
moving  in  fact  entirely  under  the  influence  of  current 
and  of  the  weight  of  the  mat,  once  the  latter  is  started. 

The  several  slabs  were  launched  over  a  shelving  bank  in 
inshore  depths  of  from  8  to  18  ft.  and  outer  depths  of 
from  20  to  50  ft.  All  mats  arrived  at  the  desired  position 
within  reasonable  limits  of  error,  as  indicated  by  corner 
lines. 

Three  slabs  launched  during  a  high  river  have  been 
partly  ex])osed  to  view  at  lower  stages.  They  are  to  all 
intents  and  purposes  intact,  being  cracked  only  to  the 
extent  necessary  for  their  accommodation  to  bank  inequal- 
ities, which  are  closely  and  satisfactorily  followed. 

It  is  conservatively  estimated  that  with  reasonably 
resourceful  management,  one  handling  plant  should 
dispose  of  five  slabs  or  more  per  day  of  10  hr.  Exjjendi- 
tures  upon  the  experimental  work  outlined  have  been  such 
as  to  suggest  for  comprehensive  work  a  probable  field  cost 
of  about  60c.  per  sq.yd.  A  comparable  figure  for  willow 
fascine  construction  is  from  70c.  to  80c. 

Possibilities  of  the  Method 
It  will  be  noted  that  the  plant  on  hand  was  designed  to 
handle  continuous  concrete  sheets  125x50  ft.,  but  that 
slightly  lesser  sizes  were  employed.  The  only  case  known 
to  the  writer  where  bank  revetment  requires  an  outshore 
dimension  in  excess  of  125  ft.  is  on  the  lower  Mi.ssiasippi 
TJiver,  where,  as  slated,  willow  fascine  mattresses  are 
installed  of  a  width  of  at  least  250  ft.  Concrete  revetment 
in  single  sheets  of  this  latter  width  is  believed  to  be 
entirely  feasible  along  the  lines  described,  since  the  addi- 
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lional  size  iiivulvcs  im  essential  luiiiiilicaliini  Ih'mhhI  tlir 
miuirement  nf  llnatinu  and  otiicr  plant  to  scale,  still 
within  the  limits  cif  |iraeti(alile  eonstnu'ticm  and  maneu- 
ver. 

The  launeliin.ii.  susjiensicni  and  release  ol'  siieh  slahs 
would  111)1  increase  unit  stresses  in  any  element  of  the 
Kperatioii.  Additional  nutsluire  dinicnsidii  would  simply 
be  met  liy  additional  supporting  trusses  and  suspension 
])oiiits.  eacli  carrying  no  more  nor  less  than  its  due  jiro- 
portion.  Similarly,  no  ])hysical  nor  mechanical  consider- 
ation mililato  against  the  handling  of  a  slab  exceeding 
the  .50-1'!.  dimension,  though  a  limit  in  this  direction 
would  soon  he  readied  hy  reason  of  excessi\e  mat-barge 
width,  as  well  as  the  rapid  increase  of  truss  weights  and 
stresses,  due  to  additional  s]>ans.  However,  a  slab  of  51) 
ft.  or  thereabouts  should  be  suitahle  and  economical  for 
the  class  of  revetment  involxed. 

The  use  of  heavily  reinrorced  concrete  sheets  after  the 
manner  described  is  not  necessarily  confined  to  bank  revet- 
ment. They  may  be  employed  in  any  situation  around  or 
about  the  base  of  a  structure  to  re.sist  undercutting  or 
erosion.  Sjiecial  arrangements  for  handling  sheets  in  such 
situations  would  be  required,  the  hulk  of  which,  however, 
would  doubtless  be  well  within  the  field  of  reasonahle 
resourcefulness  and  ingenuity. 


]. laced    nil    the    samt-    Ijeam    if    it    crosses    the    span    in    n    equal 
lengths  supported  hy  piers  whose  widths  ma.v  be  disregardei 

5.  A  5-oz.  ball  movins  at  1.000  ft.  per  sec.  pierces  a  shid.i 
and  moves  on  with  a  velocity  of  400  ft.  per  sec.  What  enert;; 
was   lost   b.v   piercing  the  shield? 

(1.  Two  plane  mirrors  A  and  P.  are  placed  vertically  upon 
a  horizontal  table.  A  ray  of  lisht  PB  falls  upon  mirror  r.  and 
i.s  reflected  to  mirror  A.  .Show  that  ray  ACJ  reflected  froiji  the 
latter  makes  with  PB  an  ansle  which  is  double  the  an'.;!. 
between   the  mirrors. 

SUP.VEYING 

.\nswer  four  questions. 

1.  .Make  a  neat  sketch  of  a  Wye  level  mounted  on  a  tripo.l 
Make  the  sketch  large  enouKh  to  show  all  the  outside  detail 
and  name  the  parts. 

2.  (a)  The  following:  data  cover  a  set  of  stadia  surve> 
notes  and  a  table  of  horizontal  distances  and  differences  la 
elevation.  Fill  in  the  blanks  in  the  set  of  notes  by  usiUR  tin 
table  and  allowing  for  the  instrument  constant,  (b)  What  is 
the  horizontal  distance  between  .A.  and  C? 

Vert.       '    Hor.  Diff. 

.Sta.  .\z.  Inter.         .Vng.  Dist.  Elev.  Kl.v. 

Inst,  at  .V  liiii  ..„ 

1  14ri»   20'        2.27       — 3°   40'        

2  301°   15'        2.5S         -(-4"   20'         

3  259°   45'        2.8.'?         -1-7°   10'         

4  291°   IS'        1.69       — 2°   50'        

B  230°   10'        4.20        -f5°  30'        

Inst,  at  B 
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On  (),-t.  n  and  ]2.  <i\  il-service  examinations  of  can- 
didates for  a])pointinent  as  .lunior  Enginer.  ('ivil.  Engi- 
neer Deiiartment  at  large,  were  held  by  the  United  States 
Cixil  Service  Commission  at  different  places  throughout 
till'  eountrv.  As  stated  in  the  letter  of  General  Black, 
Chiel'  <d'  Engineers.  ]niblished  in  Kn<iinceniui  yens  of 
Sept.  28,  those  jiassing  this  examination  are  (digible  to 
take  the  examination  lor  appointment  as  Second  Lieuten- 
ant in  the  C(n-ps  of  Engineers  to  be  held  alioul  the  end 
of  January. 

The  candidates  lor  thi'  examination  on  Oct.  11  we^re 
required  to  i)e  over  •-'()  years  of  age.  graduate-  in  civil 
engineering  from  a  technical  school  of  recognized  stand- 
ing or  a  senior  student  in  such  a  school  within  six  months 
of  graduation,  or  else  to  have  had  at  least  lour  years'  re- 
sponsible exiierience  in  civil  engineering. 

Tlie  questions  used  in  the  examination.  a>  rejiortcd  to 
Ehijiiircnnfi  News  by  one  of  the  i-andidatcs.  were  as 
follows: 

Time  allowed,  two  days  of  six  and  three  hours  respectively. 
The  first  two  subjects  will  be  given  on  the  lirst  day  and  the 
third  subject  on  the  second  day.  Candidates  are  allowed  to  use 
a  slide-rule. 

Subjects  of  examination   and    relative    weights    of   subjects 
on  a  scale  of  100;   Pure  and  applied  mathematics.  20:  use  and 
construction    of    instruments    and    surveying.    30;    design    and 
construction,    25;    training  and   experience,   25. 
.V1ATHKMATICS 

Answer  five  tiucstions. 

1.  A  man  stands  on  a  platform  which  ascends  with  uniform 
acceleration  I!  ft.  per  .sec.  per  sec.  and  at  the  end  of  4  sec. 
after  the  platform  began  to  move  he  drops  a, stone.  Find  the 
velocity  of  the  stone  after  3  sec. 

2.  The  pressure  of  the  water  in  a  hydraulic  company's  main 
is  750  lb.  per  sq.in.  and  the  average  flow  is  25  cu.ft.'per  min. 
Wh.at  horsepower  does  this   represent'.' 

3.  Find  the  length  of  a  steel  bar  of  a  spe<inc  gravity  of  7.,s. 
support<d  vertically,  which  will  break  of  its  own  weight 
Ultimate  strength  of  steel.   fifl.OOO  lb.   per  sq.in. 

4.  A  uniform  beam  of  a  weight  W  crossing  a  given  span 
can  bear  a   uniformly  distributed  load  AV^.     \Vh;rt    load   may   be 


50" 

10' 

4.20 

—5° 

30' 

!)S" 

US' 

1.S9 

— 1° 

20' 

171" 

47' 

2,02 

—4° 

30' 

«5S° 

IS' 

2.53 

—8° 

20' 

352° 

4S' 

1.3S 

+  7° 

40' 

302" 

23' 

3.50 

+  2" 

10' 

Inst,  at  C 

B  122°   23'        3.50       — 2°   10'        

Stadia  constant    =    100 

(Then  followed  a  stadia  table  from  1°  to  10°  and  for  lu 
intervals,  giving  both  horizontal  and  vertical  distances.) 

3.  Describe  in  detail  and  illustrate  three  good  methods  o' 
locating   soundings. 

4.  Rods  are  sometimes  graduated  to  correspond  with  tlii 
stadia  interval  of  a  particular  instrument.  Describe  in  detail 
how  you  would  determine  the  graduation  for  a  rod  in  a  case 
of  this  kind. 

5.  Name  three  methods  of  determining  the  discharge  of  a 
stream   and   describe   one   of   the   methods   in  detail. 

DESIGN   .\XD   COX.STRT.XTION 
.\nswer  four  questions. 

1.  Describe  the  construction  of  a  first-class  brick  pavement 
Make  <a  neat  sketch  showing  the  cross-section  of  one-half  "I 
the  roadway  and  the  sidewalk  adjacent  to  it. 

2.  (a)  Make  sketches  showing  three  different  methods  of 
splicing  large  structural  timbers  used  as  beams.  lb)  Show 
l)y  a  sketch  how  you  woiild  truss  a  fi-in.  by  S-in,  by  20-ft. 
timber  beam  with  iron. 

3.  Make  a  longitudinal  section  of  a  square  concrete  'oox 
culvert  1  ft,  thick  all  around  to  take  care  of  a  drainase 
area  of  1*10  acres,  showing  a  cross-section  of  a  single-track 
railroad  at  that  point.  Top  of  rail  to  be  6  ft.  about  the  top  of 
the  culvert,  roadbed  IS  ft.  wide,  slope  1  Vi  to  1  and  the  ends  of 
the  culvert  to  be  vertical  and  even  with  the  intersection  of  the 
side  slopes  with  the  flooi-  of  the  culvert.  Show  general  dimen- 
sions.    Given  area  of  waterwa.v  =  O.S  acres  J. 

4.  la)  When  it  is  necessary  to  lay  concrete  under  water, 
how  can  it  be  done  with  good  results?  (b)  When  would  yo" 
use  the  egg-shaped  section  for  a  sewer? 

5.  State  the  important  details  of  construction  of  a  heavy 
masonry  dam, 

CnhU'  stre<'<  Unil«iiyj<.  which  came  into  extensive  use  in 
American  cities  to  replace  horse  cars  in  the  "SO's  and  early 
'90'.s,  but  were  superseded  almost  everywhere  by  the  electric 
railway  in  the  next  decade,  are  still  in  extended  use  in  San 
Francisco,  Calif.,  and  Edinburgh,  Scotland,  The  cable  lines 
that  still  remain  in  San  Francisco  are  those  which  run  "ii 
streets  crossing  the  San  Francisco  hills  with  grades  .-so  steep 
that  electric  operation  would  not  be  possible.  In  Edinburtth, 
however,  the  entire  city  street-railway  system  is  operated  l>y 
cable.  The  Edinburgh  system  was  built  by  the  city  in  l!'!>^ 
and  leased  for  21  years  to  a  private  company  at  an  annual 
rental  of  7';,  The  lease  expires  on  June  30,  1919.  The  cars 
used  are  of  small  size  and  are  operated  at  very  low  speeil. 
The  city  plans  to  take  over  the  system  on  the  expiration  of 
the  lease  and  operate  it  by  electric  traction,  A  commission 
has  reported  in  favor  of  operation  by  the  overheiid-trolley 
system,  and  the  work  of  reconstruction  is  likely  to  be  under- 
taken shortly,  so  that  electric  cars  can  begin  running  as  soon 
as  the   lease   expires,  .    -    -.- 
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>' F.VOf  .S/iS' — Strikin;/  items  in  O/MIO/HXi-i/iI. 
i/ivding  on  the  Southern  Rtj.  Very  heavy  excava- 
tion in  four  dasxificalions.  This  oO-mi.  reloca- 
tion is  heaviest  of  second-track-intj  between  Wash- 
ington and  Atlanta,  lion-  the  rontrudurs  are 
proeeedini/. 

.More   tliau   -'iO   steam    >liii\cl>   ar-i-   at    work   grading  a 
ilouble-trai-k    line    foi-    the    Si)uthern    I'v.    rroiii    Central, 


S.  C'.,  to  Cornelia,  (ia.  Tlie  })reseut  (single-traekl  line 
is  5(i  mi.  long  and  serves  Central,  Seneea,  Riehlanil.  West- 
ininster.  Madison,  all  in  South  Carolina,  and  Deerconrt. 
Toecoa.  Aversvill(\  Mt.  .\iry  and  Cornelia  in  Georgia. 
The  new  line,  while  touehing  at  the  present  depots  of 
the  towns  named,  will  cut  down  the  distance  5.76  mi. : 
the  curvature,  O.SST"    !?':  the  vertical  lift,   3G8  ft. 

The  work,  which  is  \erv  heavy,  has  been  going  on  since 
.spring  and  Jiow  is  ap|)ro.\iinately  -50%  complete.  The 
heaviest  ruts  and   lills  are  as  siven   in  Table   1,   printed 


FIG.  1.    RELOCATIUX  OF  SOlITHEliN  KY.   FROM  CORNICLI.V.    OA..   To  ClCNTRAb,   S.   C. 
Old  line  shown  dotted,  new   line   full 
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just  below.  Till'  (iintrart  cjassilication  lor  material  coui- 
pri.^es  earth,  loose  rock,  soft  rock  and  hard  rock.  The  earth 
is  a  peculiarly  ligiit  sjritless  material,  easily  handled 
whether  wet  of  dry.  Tlie  rock  varies  from  disintegrated 
granite  to  lilue  ijranite  and  flint,  with  interspersing  of 
mica.  Tlie  grading  was  let  in  five  sections  to  the 
contractors  noted  in  Table  2. 

TABLE  1 
station    from    Charlotte 

In  Gcorsia  r„  Yd 

9647-28  219,000  cut 

9365-45  209.460  cut 

9373-61  206.730  fill 

9100-9083  1.500.000  fill 
Id  South  Carolina 

7940-21  103.100  cut 

7858-29  256,870  cut 

7830-7781  146,100  fill 

TABLF,  2 
Length  of 

.S<.ction.  Shovels                '"^ 

Contractor                           Mi.  Cu.Yd.          at  Work       Complete 

C.  J.  Mclvinnev 12,5  774.000                5                      63 

Robert  Ku.«seli; 9  7  859.000                5                      74 

Winston  &  Co    9  3  1.877.000                7                      25 

Rinehart  &  Dennis 6  2  1.667,000                5                      40 

C,  W.  Lane  &  Co 5   5  2,750,000                 8                        21 

H,  S,  Dun.^vant  &  Co 72  1,011.000                3                      32 

Total 50  4         8.938.000  33  49 

WiiEiJE  Xew  Lixe  Chosses  Old 
On  the  Rinehart  &  Dennis  section,  between  Toecoa  and 
Deercourt,  Ga..  the  new  line  crosses  the  old  at  two  points. 
Work  is  going  on  at  one  of  these  at  the  present  time,  and 
not  a  little  anno3'ance  was  caused  at  first  by  hold-ups 
due  to  traffic  on  the  main  line.  In  one  day  there  were 
ten  stoppages  aggregating  2  hr.  32  min.,  the  longest  being 
50  min.  One  day  40  cars  were  blocked;  on  two  other 
days  80  ears  were  held  up  per  day.  The  narrow-gage 
tracks  cross  the  main  line  on  rails  fastened  to  a  turn- 
table. To  clear  the  main  line  all  that  is  required  is  the 
removal  of  four  pins,  and  a  10-ft.  walk  by  a  man  to 
swinu   the   turntable    rails   out   of   the   wav.     When    the 


The  contractor  lias  tliree  shovels  at  work,  the  first 
served  by  -l-yd.  cars,  the  .second  by  .5-yd.  The  trains  vary 
from  8  to  l(i  cars  and  are  hauled  by  three  Ifi-ton  dinkeys, 
(wo  14-ton  and  a  12-ton.  Two  of  the  shovels  started 
work  the  middle  of  ilay  and  have  dug  as  follows: 

June  July  August 

C'ubic  yards 30.000  28.000  35,000 

Cubic  yards 20.000  20.000  30.000 

Of  this,  ir.f/f  was  hard  rock.  257c  soft  rock  and  tlie 
remainder  earth. 

One  of  tliesc  shovels  is  ojieratod  at  night,  ix'cause  tlie 
material  from  it  lias  to  be  hauled  through  a  cut  where 


OPE.XIXC;    ROCK   CUTS   ox   SHEAHAN'S   SUB- 
CONTRACT 

Right-hand  sketch  is  cross-section  showing  shovel  trips 
through  hard-rock  cut.  Left-hand  sketch  is  a  longitudinal 
elevation  showing  method  of  excavating  another  cut.  In 
order  to  start  shovel  at  top  of  this  second  cut  a  fill  had  to  be 
made  on   hillside  as  shown. 

another  shovel  works.  It  would  be  impracticable  to  haul 
the  spoil  from  both  shovels  through  this  cut  during  the 
same  working  day.     Carbide  light  is  used. 

One  of  the  fills  is  being  made  by  "washing."  A  No.  8 
Cameron  pump  having  a  3-in.  discharge  lifts  water  200 
ft.  through  a  2,000-ft.  pipe  line.  A  rough  trench  wa.« 
dug  down  the  hill,  and  the  water  is  directed  into  tlii,'^ 


FIG,    3.     TWO   VIEWS   SHOWING    HOW    lO.'i-FT.    FILL   W.\S   M.\DE:  CO.VCRKTTNG 


ri.\-i;i:T  .\t  right 


work  at  this  point  is  finished,  the  turntable  will  be  taken 
to  the  other  intersection  anil  work  will  be  started  there. 
.Six  scrapers  an>  doing  the  final  grading. 

North  of  the  first  intersection  the  old  and  new  lines 
run  side  by  side,  the  new  being  about  15  ft.  lower.  At 
one  point  the  old  roadbed  is  supported  by  a  cro.ss-tie  crib. 

The  vardagp  on  this  section  totals  1,800.000,  of  which 
730,000  is  borrowed  for  a  fill  105  ft.  high  by  1,100  ft. 
long.  The  average  height  of  this  fill  is  05  ft.,  while 
the  average  width  on  top  is  fiO  ft.  It  is  made  from  three 
parallel  trestles  of  increasing  lieight.  Material  is  ob- 
tained from  the  hillside  at  three  points  corresponding 
in  elevation  to  the  several  tre.stles.  The  fill  will  be 
pierced  by  a  30-ft.  arch  concrete  culvert  300  ft.  long. 


through  a  2-in.  hose  attached  to  the  3-iii.  line.  Thn 
earth  is  light  and  is  washed  down  to  the  (ill.  A  small 
earth  dam  on  each  side  of  the  fill  retains  the  water  until 
the  earth  settles.  Two  feet  of  clay  overlies  the  light  ma- 
terial in  the  hill  and  must  first  be  washed  away. 

Two  weeks  sufficed  to  wash  a  cut  wide  enougli  for  a 
dinkey  track.  The  ma.ximuin  depth  was  20  ft.:  the 
length  was  400  ft.  "The  long  pipe  line  and  lii,gh  lift 
reduced  the  water  pressure  to  such  an  e.xtent  that  tlic 
Xo.  8  pump  used  was  not  adequate."  says  the  suj)eriii- 
tendent:  but  he  adds:  "Witli  the  right  pressure  this  is  a 
good  way  to  move  material  of  this  kind." 

The  contract  calls  for  the  completion  of  this  section  by 
July,   1917,  E.  H.   Faulconer,  Superintendent  for  Rine- 
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hart  &   Dennis,  estimates   tliat   :!   mi.   will    lie    ready    lor  I;.      In   Au.;;ust   this  sjiovel  moved    ri.OOO  cars,  and    II.- 

Ihu  track  i;ang  Ky  .March.      When  the  track   i>  d(i\vi>  and  ."(00  in  Sc])teml)er.      In  the  rnck  cut  the  sho\cl  avera-ed 

the  oUl   line  relieved  of  trallic.  two  of  the  cuts  will   have  ahout    12.000  yd.  of  hard   rock   per  month.  wm-kin>;    I  U 4 

to  he  ma<l('  from  (i  to   10  It.  wider.     The  rest  of  the  sec-  lir.  ])er  day. 


tiiui   should   he   finished   a    few   luiuiths   later. 

li.Min  li'oi'K  (.'iiE\vEi>  I'l'   \'i   lirrs  i\  Txmi   1).\>s 

The  Sheahan  Construction  Co.|)oration.  of  K'oanoke. 
\'a.  (suh-contractor  for  Kinehart  &  Dennis),  has  heavy 
hliilV  work  midway  hetween  'I'oeeoa.  (ia..  anil  tlu'  .South 
('arolina-(ieorjjia  state  line,  a  distance  of  ahout  1  lA  nd. 
:ind  containiuij  (ioO.OOO  cu.yd.  of  e.xeavation. 

Very  little  earth  has  been  encountered,  the  material 
leinj:-  loo.se,  soft  and  hard  rock.  One  of  the  first  cuts 
-larted  contained  verv  har<l  hlue  i:i-anite  underlain  with 


Trestles  up  to  70  ft.  in  heiji'lit  are  huilt  to  uradi'.  i-'or 
fills  higher  than  TO  ft.  the  trestles  are  huilt  .■)()  ft.  lu-li. 
filled  in  and  the  track  jacked  to  grade. 

Fill  I'iO  Ft.  Hum  1  nstkad  or  \'iaiiu(t 
lly  far  the  luggesl  fill  on  the  Southern  l«y.  is  under 
\\a\-  on  ('.  W.  Lane  iS;  Co.'s  section,  near  Toccoa.  This 
till' will  he  |.")0  rt.  high,  alxuit  I  ..-)00  ft.  long.  .ViO  ft.  wide 
at  the  base  and  will  contain  I  ..'(OO.OOO  yd.  of  material, 
a  large  part  of  which  i.-  iiorrow.  The  fill  cros.ses  the  jires- 
ciit  location  of  the  main  line  at  an  angle  of  00°.  and 
ii.int  and  was  exceedingly  difficult  to  drill.  Xo.  ;5  Key-  the  top  will  lie  ,s-.'  ft.  above  the  old  grade, 
-lone  traction  well  drillers  were  used,  and  .seven  .j%-in.  When  the  line  was  laid  out.  it  was  proposed  to  crc<t  a 

iits  were  re(|uired  to  drill  through  a  stratum  of  flint  steel  \iaduct  at  lhi>  location;  l)ut  tlic  high  cost  of  steel 
.'  ft.  10  in.  thick.  Seventeen  hits  were  hadly  damaged  caused  the  railway  company  to  decide  in  fav<n-  of  a  fill, 
m  drilling  a  single  liole  '22  ft.  dee])  in  S?  Iir.  Cyanide  of  .\n  arch  concreic  culvert  has  been  built  under  the  lill. 
potasli  was  obtained  in  .Vtlanta  for  the  purpose  of  case-  and  the  lill  itself  had  been  carried  up  about  (iO  ft.  by 
iiai-dening   the    bits,    hut   there   was   little    im])rovement.      Oct.   1. 

The  drilling  machines  made  the  journey  from  railway  to  In   making  the   lill   the   first    important   operaticui   was 

hill  hv  their  own  power  and  went  u|i  the  hill,  assi.sted  to  build  an  I  S-lt.  Mumping  trestle.  .Vfter  this  had  been 
liv  two  mule  teams  and  hlock-and-taekle.  Idled,    the    work    was    carried    up    by    jacking   the   track 

The   IkjIcs   were   drilled   about    20    ft.    |ier   lift    in    three      and    throwing   it    o\cr.  a>   riMpnrcd.      Two   .'It/o-yd.   steam 
lines   20    ft.   apart,    the   holes    in    a    line    being   on    1.5-ft.      shovels     sui)]ily     I2-y<l.     air-dump     Westerns     drawn     by 

Teamivay     \~^Coal 
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This  TixxAisthrownOver 
Curved  Track  could 
not  be  thrown 


FIG.  .5.    I>L.\N  OF  DIG   FILL  AND  BORROW   I'lT.'^  OX  C.  \V.  L.VNE    &    00.'.=!   SECTIO.V,    ROrTHFR.V    i:V     RBLOC.VTION 

centers.  After  springing,  the  tamjjing  was  drilled  out  standard-gage  locomotives  lia\ing  si.\  driving  wheels,  thi' 
of  the  holes  with  the  well  (Irill.  and  three  eases  (oOO  middle  driving  wheel  on  each  side  having  no  flange. 
sticks)  of  (10%  dynamite  were  loaded  into  each  hole.  These  locomotives  are  too  long  for  the  t-urves  enconnteii'il 
Much  (d'  the  hard  rock  came  out  in  large  jiieees.  wdiich  ami  derailments  have  been  connnon.  It  is  the  inl(>n- 
were  piled  out  of  the  way  by  a  steam  shovel  (views  f  and  lion  shortly  to  place  flanges  on  the  middle  driving  vvhecds. 
fi  in  l''ig.  (!)  and  later  wei'e  drilled  with '".Jackhamers"  and  .\s  an  example  of  the  dilficully.  cuie  morning  four  loco- 
broken  into  sizes  convenient  for  shovel  handling.  motive  derailments  occurred  in  as  many  trips  from  shovel 

The  handling  ec|ui|>ment  on   this  work  comprises  two  lo  dump, 

■''/j-yd.  shovels,  si.v    IS-ton    X'idcan   locomotives,  sixty    1-  Ob.servation  (jf  the  work  at   lhi.>  pailicular  point  leads 

yd.  Westei-n  dump-ears,  two  Keystone  drilU  and  a  steam-  to   the   conclusion    that,    while    the    heavy   standard-gage 

drill  outfit.  engine  with    large  wheelhase   has   uiuleiiiable  advantages 

In  the  beginning   Vl%    gi-ades  were  encountered,  and  in  main-line  work,  it  cannot  give  its  best  .service  on  the 

two  locomotives  were  required  to  haul  two  to  four  cars,  crooked  and   undidatiiig  construction   tracks  common   to 

.\s    (|uickly    as    possible    more    cars    were    added    to    the  new  work. 

trains.      In    the    latter    part    <d'    Septemlier    the   steepest  The  heavy  graile  leading  lo  one  of  the  shovels  neces- 

grade  was   reduccrl   (o   i '/_•'/ •  "i"!  •""'   locomotive  could  .sitates  a   hvo-car  train.      Four-ear  trains   run    from    the 

haul     10    ears.     There    was    ]iraclically    no    light    work,  .second  shovel,  one  every   lo  miiL  when  all   is  well.      I''ii;. 

e.xcept  ilrilling.  .">  is  a  plan  of  the   lill   and   adjacent   borrow   pits.     The 

The  (irst  shovel  started  .May  'i.'-\.  the  secdnil  on  June  1.  track  running  out  on  the  (ill  from  the  borrow  pit  canuoi 

riie  best  record  made  by  n  single  shovel  was    10,000  vil.  lie  jacked  and  thrown  over,  on  account  of  the  curve  in  it. 

in    .\ugxist    and    .".H.OOO    vd.    in    Seplendwr.    digging    in  .\  switchback  is  therefore  provided  on  the  (ill.     .\  train 

earth,  soft  rock  and  boulders.     The  haid  was  about  2.000  from  the  se<-ond  shovel   runs  the   full   length  of  the  (ill, 
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FIG.  6.    HEAVY  HANDLING  IN  GRADING   GO-MILE  SOUTHERN  RY.   RELOCATION 

1 — Shovel  with  Si/4-yd.  dipper  loads  12-,vd.  air-dump  cars  on  C.  W.  Lane's  section.  2 — One  of  Sheahan's  trains  of  4-y<i. 
cars  making:  a  high  fill.  3 — Dumping  4-yil.  cars  from  a  ."iO-ft.  trestle;  cars  sent  out  on  trestle  bv  thrust  from  dinkey, 
and  are  recovered  by  cable.  1— Large  rocks  piled  temporarily  bv  shovel.  .'i— Breaking  up  these  rocks  bv  drilling  and 
.sliooting;  drills  take  steam  from  dinkey  boiler.  (i — Shovel  loading  the  broken  rock  into  l-vd.  cars.  7— Few  men  re- 
riuired  to  load  large  concrete  pipe  on  Sheahan's  work.  8 — Well  drills  working  ahead  of  shovel  in  rock  cut.  9— Old 
\  ulcan  shovel  handling  17.000  yd.  of  rock  per  month.  10— Spoil  from  the  Vulcan  shovel  is  hauled  to  this  C-aere  waste 
iluinp.      Yardage  wasted  here  exceeds  200.000. 

backs  down  on  the  out.>;i(le  track  and   (hinip.s.     It  then  the   circumstMiiccs.    tlic.^c    circumstance^   coinprisinsr  tin' 

ruii.s  down  the  fill  and  backs  to  the  shovel.  .lacking  and  tlirowin-j  of  track.     Another  method  would 

This  procedure  is  not  conducive  to  extremely  fast  pro-  be  to  erect  a  trestle,  duni])  from  it  and  widen  the  top 

gress,  but  it  appears  to  be  the  only  one  practicable  under  of  tlic  fill  to  permit  the  erection  of  another  trestle,  and 
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repeat.  The  jackinjj  method  is  slow.  Its  cliief  appli- 
fations  are  to  widen  the  to])  of  a  fill  or  to  raise  a  fill  a 
comiiaratively  sliort  distaiiee. 

Just  over  a  hill  arljoinina'  tlie  hig  iill,  and  on  the  new 
h'ne,  a  1-yd.  shovel  is  dio-oring-  its  way  through  at  the 
rate  of  about  14.000  yd.  per  month.  The  spoil  is  hauled 
by  12  Western  three-mule  wagons  to  a  small  fill  (iOO  ft. 
north  of  the  shovel.  AMien  the  shovel  started  into  this 
hill,  the  haulage  was  difficult  and  a  mule  snateh  was 
necessary  in  order  to  ]iull  the  wagons  to  safety.  Tlie 
lift  was  :'.0  ft.  in  100  ft.  The  wagons  bold  apjiroxi- 
mately  1^/4  yd.,  and  about  (iOO  are  moved  in  a  10-hr. 
day. 

The  digging  was  earth  at  first,  but  rock  was  soon  en- 
i-ountered.  making  blasting  necessary.  As  soon  as  the 
-hovel  digs  through,  a  track  will  be  laid  for  a  long  haul 
to  the  big  fill.  Some  distance  beyond  the  fill  is  a  rock 
rut  containing  considerable  blue  granite,  which  is  very 
difficult  to  get  out.  One  of  the  slopes  will  be  200  ft. 
Iiigh.     An  Atlantic  shovel  is  liandling  the  material. 

At  Ayersville — C>  mi.  south  of  Toccoa — a  'SVo-yd.  shovel 
is  working  in  a  long  cut  containing  some  rock.  The 
-poil  is  transported  in  six-car  trains  of  12-yd.  cars.  About 
14  mi.  south  of  Ayersville  the  new  line  parallels  the 
nld,  the  two  meeting  at  a  fill.  Here  a  trestle  has  been 
built  on  the  side  of  the  old  70-ft.  fill.  Material  is  brought 
to  this  fill  from  the  long  cut.  the  cars  being  backed  out 
on  the  trestle,  which  is  not  intended  to  carry  a  dinkey. 
The  new  fill  will  be  about  10  ft.  higher  than  the  old. 
Below  is  a  4x4-ft.  concrete  culvert.  The  concrete  mate- 
rials are  delivered  on  the  old  fill,  by  railway,  and  chutcd 
to  the  bottom.  The  concrete  is  mixed  by  hand  on  a 
large  board. 

Old  Ste.\m  Shovei;  AYoiiKs  Well 

At  the  extreme  end  of  Lane's  section,  and  in  sight  of 
the  well  drills  of  TT.  S.  Dunavant  &  Co.,  a  very  old  3- 
yd.  Vulcan  70-C  shovel  is  working  in  a  100-ft.  cut  con- 
taining considerable  blue  granite  with  mica.  A  Cyclone 
well  drill  puts  down  S-i-  to  10-ft.  holes.  In  the  granite 
it  is  usual  to  make  :!.5  ft.  of  .")-in.  hole  in  a  day.  In  the 
soft  rock  five  holes,  100  ft.,  are  put  down  in  a  day.  The 
drill  ])ulls  itself  along  by  cable. 

The  shovel  handled  Sfi.OOO  yd.  (.jO^/r  rock)  in  August, 
and  17,000  yd.  (00%  rock)  in  September.  It  is  possible 
that  7."),000  yd.  from  this  cut  will  be  used  on  a  fill  to 
the  north  :  if  so,  a  trestle  will  have  to  be  constructed 
across  the  main  line.  Otiierwi.se,  all  the  material  from 
this  cut  is  wasted  on  a  5-acre  tract  jnirchased  for  the 
purpose  i)y  the  railway  (see  view.*  9  and  10  in  Fig.  fi). 
i'he  material  is  hauled  to  the  dump  in  6-yd.  Kiibounie  & 
■facobs  cars  drawn  by  20-ton  standard-gage  saddle-tank 
dinkeys. 

When  the  shovel  has  almost  completed  a  tri)i  through 
the  cut,  a  track  is  laid  behind  the  .shovel.  By  the  time 
it  has  finished  its  trip,  the  track  is  ready  for  quick  back- 
ing to  position  ff)r  starting  the  ne.xt  trip.  During  this 
-oeond  trip  the  trac-k  on  which  the  shovel  backed  is  u.sed 
as  a  loading  track  for  the  dinkey  trains.  The  shovel  has 
been  nioverl  back  a  distance  of  (iOO  ft.  or  .so  and  started 
digging  in  a  period  of  fi  or  7  hr.  It  was  turned  around, 
by  throwing  the  track,  in  one  day.  Tlie  Vulcan  shovel 
loads  cars  on  a  .5-ft.  bank. 

About  a  mile  south  of  Seneca,  S.  C,  Hickey  BroH. 
(associated  with  Robert  Russell)  arc  making'  a  long  fill 


having  a  inaximum  depth  of  43  ft. — the  heaviest  (ill  on 
the  northern  end  of  the  line.  Tlie  material — rock  and 
earth,  the  latter  being  borrow — is  hauled  li/^  mi.  by  two 
i!-\vheel  (driving)  switchers,  having  a  short  wheelbase. 
The  train  consists  of  ten  to  twelve  12-yd.  cars.  Between 
the  21/^-yd.  sliovel  and  the  dump  there  arc  three  pass- 
ing tracks.  With  this  jjlant  as  many  as  279  cars  have 
been  moved  in  a  day.  Although  the  cut  contained  300,- 
000  yd.,  this  was  not  enough  to  make  the  fill ;  hence  the 
borrowed  earth,  which  is  obtained  from  the  south  end 
of  tlie  cut.  Later  the  haul  will  lie  3  mi.  The  material 
in  the  cut  was  about  7.5%  l)lue  granite  and  20%  .soft 
rock. 

Rig  Locomotive.s  H.vxdle  Kecoud  Amount 

Two  lengths  of  trestle  were  still  open  in  the  fill  on 
Oct.  1.  One  of  these  was  several  hundred  feet  long,  tlie 
other  less  than  one  hundred.  Suddenly  it  was  decided 
to  construct  an  iniderpass  at  the  shorter  trestle,  which  is 
located  between  tlie  sliovel  and  the  long  duni])ing  trestle. 
In  order  to  proceed  with  the  filling  of  the  latter  tlie 
shorter  trestle  was  greatly  strengthened  by  the  addition 
of  bents,  bracing  and  longitudinal  stringers,  so  that  the 
heavy  loaded  trains  could  pass  over  it  without  noticeable 
vibration. 

The  entire  fill  was  made  by  dumping  from  trestle,  being 
carried  to  grade  by  jacking  the  track.  Ordinarily  it  would 
have  been  widened  by  throwing  the  track  over,  but  a  curve 
in  the  line  made  this  impracticable.  A  Western  spreader 
is  used.  It  is  pu.shed  by  a  oO-ton  four-wheel  switcher; 
and  this  outfit  passes  over  the  reinforced  trestle  without 
danger. 

At  the  Seneca  depot  Ibe  old  and  new  lines  converge,  tlie 
new  dropjiing  about  5  ft.  below  the  old  several  hundred 
feet  south.  Here,  the  cut  has  been  made  wide  enough 
for  one  track.  Wlien  this  has  been  laid,  it  will  be  used 
for  traffic,  and  the  old  track  will  be  removed  and  the 
cut  widened  for  the  second  track.  At  present  the  cut 
is  so  close  to  the  existing  track  that  a  crosstie  shows 
through  here  and  there.  The  earth  is  firm,  however,  and 
no  underpinning  is  used.  The  cut  is  from  10  to  20  ft. 
deep.  Final  grading  on  this  strip  was  completed  by  three 
wheeled-scrapers,  a  plow  and  two  snatch  teams.    . 

DoUliLE-TltACKIXG  BETWEEN  W.VSIIINGTON   .\ND 

Atlanta 

The  entire  line  of  the  Southern  IJy.  between  Wash- 
ington, D.  C,  and  Atlanta,  Ga.,  will  ultimately  be  double- 
tracked.  This  work  is  now  going  on  at  miinerous  points. 
The  grading  from  Atlanta  to  Cornelia  is  comiiletcd.  The 
work  from  Cornelia  to  Central,  S.C.,  has  been  described 
in  tills  article.  Erom  Central  to  Spartanburg,  S.  C, 
the  grading  is  finished,  while  from  Spartanburg  to  Char- 
lotte, N.  C,  a  distance  of  7.'5  mi.,  no  work  has  been  done; 
but  it  is  probable  that  contracts  for  this  grading  will  be 
let  next  season.  From  Charlotte  north,  about  210  mi. 
of  line  has  been  practically  finished;  from  Arrowhead 
north,  121  nii.  has  been  completed,  and  10  more  will  be 
finished  by  the  end  of  1917. 

All  this  double-tracking  work  is  under  the  supervision 
of  W.  II.  Wells,  Construction  Engineer  of  the  Southern 
Ry. ;  R.  F.  Ezzell,  Princijjal  Assistant  Engineer,  Char- 
lotte, N.  C.  J.  0.  I'arsons,  Assistant  Engineer,  is  in 
charge  of  the  work  between  Central  and  Cornelia,  his 
office  being  at  Toccoa. 
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By  R.  B.  Si.i:i(;ht* 

Coincideiit  with  tlif  t'stablislmieut.  in  .Inly.  \'-Hb.  ol'  n 
ili.-itrict  office  ol'  tin.'  United  State>i  Offico  of  I'nhlir  Eoads 
iind  Rural  Enoincciiiiu  at  Dmiver.  Colo.,  arrangements 
were  begun  for  a  Meld  laUoratorv  for  irrigation  reseai'eli. 
'Phis  plant  is  maintained  li\  the  Division  of  Irrigation 
Investigations  Foi-  the  piii'pose  ol'  studying  from  an  engi- 
neering stan<l])oint  such  sulijeets  as  evapoi'ation  from 
water  and  soil  sin-laees.  percolation  and  movement  oi 
water  in  soils,  niaxinnim  duty  of  water  for  standard 
erops  and  similar  jirohlems.  It  is  to  lie  a  field  laboratory 
i)f  sueh  size  and  kind  that  natural  ]ihenouuma  ean  br 
ubserveil  under  conditions  somewhat  less  artitieial  than  lia- 
been  the  practice. 

A  ti-act  of  land  was  selected  in  South  Itenvci'.  A  I'.'-iii. 
main  of  the  Heiiver  Union  ^\'atel■  Co..  from  which  I  he 
water-supply  is  obtained,  runs  along  one  side  of  the  lot. 
Electric  power  is  available:  sewer  connection  is  possible: 
two  car  lines  into  the  city  are  'MW  ft.  away  :  and  tlie  land 
IS  'within  the  delivery  limit  id'  the  l)en\ei-  iirms  fniiu 
which  supplies  are  purchased. 

Contrary  to  what  might  lie  sup|josed  from  noting  lin 
facilities  mentioned,  the  tract  has  an  exposni-c  ecpial  tn 
that  of  a  prairie  homestead.  'To  the  nmih  the  adjoining 
territory  is  only  partly  built  uji  with  a  \'v\\  low  house-. 
The  east,  south  and  west  sides  are  open  for  fi'om  ^  ■_.  to  •"• 
mi.  The  tppography  is  such  that  one-half  of  the  traii 
is  practically  level,  while  the  other  half  slopes  olf  rapidl\ 
to  the  south.     A  gi-ade  of  2i)'yc   is  ])ossible  on   this  slo]ic. 

Since  the  reseai'di  work  is  nearly  all  cai'ried  on  in  the 
field,  a  small  sho])  and  record  olliee  is  the  oidy  building 
that  has  been  necessary.  However,  the  e.\jierinu'nts  in 
progress  during  this  first  year  have  requii'ed  the  construc- 
tion or  purchase  and  installation  of  a  considerable  amount 
of  apparatus.  .\  standard  instrunu^nt  shelter  of  ihe 
Weather  Bureau  is  in  use  at  present  for  housing,  in  addi- 
tion to  the  nuL\inium  anil  minimum  I'egistering  ther- 
mometers, a  I'ische  evaporimeter.  a  hygrogi-aph  ami  a 
thermograph  for  air. 

•Assistant  Irrigaliun  KiiKineer,  Office  of  Public  Roads  ;oh\ 
Rural  Kngineering:.  United  States  Department  of  Ai^rictilture. 
Denver.  Colo. 


.Suppicmeiiiai-y  to  the  usual  two  readings  a  day,  which 
is  as  far  as  ihe  ordinary  meteorological  ob.servations  go, 
continuous  records  made  by  recording  instrument.^  ar- 
kept  of  relative  humidity,  temperature  of  the  air,  tem- 
perature of  water  in  one  of  the  evaporation  tanks,  rate 
of  evaporation  from  this  same  tank,  barometric  pressuiT 
and  wind  movement  as  shown  by  one  of  the  anemoiue- 
tei's.  Two  anemometers  are  in  use  at  the  laboratory,  one 
liH-atcd  ueai-  the  ground  and  the  other  ou  a  tower. 

For  this  n\eteorological  observation  work  standai'd  in- 
struments furnished  by  commercial  instrument  makers 
r.re  in  use  w  ith  one  e.xcejjtion.  For  recording  rate  ofevap- 
nration    li-om    the   >urface   of   one   water   tank   the   ITolf 


l'-|i;      _■       11,1  iA-|'l.\i  i    'l\\.\K    FOR    EVAPOR.\TI'     s     i:\l   11:1- 
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evajKH-iiuetcr.  i.lesigned  and  built  by  Edward  •!.  llolf. 
of  the  Division  of  Tri-igation  Investigations,  is  in  use'. 
The  equiiimeut  includes  one  mountain  barometei'.  one 
barogra|ih.  one  l]iermiigra|ih  foi'  air.  one  thermogi'a])li 
for  watei'.  line  li\gnigraph.  one  aiicnioiueter  register,  three 
anemometers,  li\i'  rain  gages,  one  sling  psych rometer,  oiic 
ivservoir  psycli rometer.  eight  registering  maximum  tlioi- 
mometers,  eight  i-egistering  minimum  thermometers,  six 
soil  thermometei's.  three  test  therniomcters  and  one  stand- 
aid  thermometei'.     The  instruments  enumerated,  and  in 
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FIG.   1.    GENERAL  VIEW  OF  IRfiir.ATtO.V  FIELD  LABORATORY   .\T  DENVER,  COLO. 
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addition  one  or  two  standard  types  of  untcr  surl'aee  evap- 
oration tanks — the  type  to  be  selected  at  tlio  elose  of  the 
present  season's  work — will  comprise  the  iici-niancnt  me- 
teorological equipment. 

The  permanent  shop  equipment  consists  of  such  tools 
us  are  necessary  for  building,  repairing  and  installing 
apparatus  for  any  investigation  in  progress.  Electricity 
is  used  for  power  and  in  the  drying  oven.     The  water- 


FORTIER  TYPE 

supply  is  piped  to  all  parts  of  the  tract  where  needed, 
with  outlet  connections  every  .")0  ft.  along  the  pipe  lines. 
Throughout,  the  laboratory  has  been  arranged  and  the 
equipment  selected  and  installed  in  a  manner  so  that 
research  work  may  be  carried  on  exhaustively  and  thor- 
oughly, and  still  efficiently  and  at  a  reasonable  cost. 

Irrigation  Experiments 
During  the  season  1916  the  experiments  in  progress  are 
such  as  will  fonn  a  basis  for  future  research.    They  are : 

(1)  An  investigation  of  evaporation  from  water  surfaces; 

(2)  a  study  of  evaporation   from   sand   surfaces:    (3)    a 


Fir;    4      FURROWS  FOR  TESTING  FLOW  OF  IRRIGATION 
WATER 

study  of  evaporation  from  the  surface  of  tiic  laboratory 
soil ;  (4)  flow  of  water  in  small  furrows. 

Work  on  evaporation  from  water  surfaces  was  begun 
as  soon  as  possible  after  the  establishment  of  the  labora- 
tory. The  equipment  in  use  consists  of  2()  water  surface 
evaporation  tanks  and  necessary  gages  for  nuiking  meas- 
urements.    These  tanks  range  in  diameter  from  1  to  12 


ft.  and  ill  depth  from  3  in.  to  fi  ft.  A  floating  tank 
station  is  maintained  on  one  of  the  lakes  in  Washington 
Park,  -i/^  mi.  from  the  laboratory.  Provision  is  made 
for  holding  a  set  of  tanks  at  different  temperatures,  and 
another  set  is  equipped  in  a  manner  to  allow  a  comparison 
between  the  evaporation  from  flowing  water  and  a  still 
body  of  the  same  sha])c  and  area.  All  tanks  are  of  gal- 
vanized iron. 

The  equipment  in  use  for  the  second  experiment  con- 
sists of  a  set  of  2<S  doulile  water-jacketed  tanks  of  the  type 
developed  by  Dr.  !<amuel  Fortier  for  the  study  of  losses 
of  water  from  soil  surfaces.  These  consist  of  an  outer  gal- 
vanized-iron  tank  inside  of  which  is  set  a  smaller  inner 
tank  containing  the  soil  or  other  material  to  be  used. 
The  whole  is  set  flush  with  the  ground,  and  the  annular 
space  Ijclween  the  two  is  filled  with  water.  The  water 
jacket  makes  it  possible  to  control  temperature  as  well  as 
facilitating  the  operation  of  weighing. 

At  the  lieginning  of  this  investigation  samples  of  river- 
bed material    were   secured    from   each   of   the   principal 
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FIG    r,.     PLAN  OF  IRRIOATION  FIELD  LABORATORY 

Western  streams.  An  analysis  consisting  of  sieve  separa- 
tion and  void  detenuinati(m  was  made  of  each  of  these 
samples.  From  the  analysis  certain  type  sands  were  se- 
lected for  the  purposes  of  the  experiment.  Tanks  were 
filled  with  these  type  sands. 

The  water  level  in  each  tank  is  held  at  a  certain  fixed 
depth  below  the  surface  by  adding  water  t«o  or  three 
times  each  day.  The  exact  water  loss  under  did'ei'ent  con- 
ditions is  arrived  at  by  weight.  .\  special  swing  hoist  was 
designed  and  built  for  this  weighing  work.  The  lightest 
tank  to  be  lifted  and  measured  weights  370  lb.  and  the 
heaviest  a  little  more  than  one  ton. 

It  is  hoped  that  the  results  from  this  experiment  will 
present  data  from  which  to  estimate  the  evaporation 
losses  from  the  beds  of  such  streams  as  the  l?io  (irande,  the 
Platte  and  the  .\rkansas. 

The  investigation  of  eva])oration  losses  from  soils  is 
being  carried  on  in  the  same  manner  as  the  one  on 
stream-bed  material.     It  is  the  basis  of  more  extended 
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work  oil  watei-  losses  from    irrigiUi'd    laiuls  and   The  de- 
position of  salts  in  waterlogged  or  wet  lands. 

The  south  slope  is  being  used  for  the  fourth  experiment 
iif  the  season.  Furrows  were  prepared  on  different  grades, 
built  to  duiJlicate  furrows  used  in  the  irrigation  of  or- 
1  hards  and  row  crops.  Dift'ei-ent  heads  of  water,  all  small. 
wei-e  lun  in  each  of  tlie.se  in  a  manner  to  correspond  with 
furrow  irrigation.  Data  on  the  rate  of  flow,  cross-section 
and  grade  have  been  obtained.  It  is  hoped  that  the  w- 
sults  will  sliow  whether  oi'  not  the  accepted  formulas 
for  How  of  water  in  open  channels  ean  be  extended  to  the 
very  small  ditches,  as  well  as  the  flow  in  furrows.  A  view 
of  this  part  of  the  field  is  sliown  in  Fig.  4. 


liming  the  coming  winter  season  the  first  work  in  he 
rarried  on  under  shelter  will  be  started  in  the  shop  build- 
ing. This  will  relate  to  the  passage  of  water  under  \nv>- 
sure  through  different  types  of  soils. 

The  Irrigation  Field  Laboratory  is  located  at  It(M) 
South  Gaylord  St.,  Denver,  and  forms  pai't  of  the  r(|iii|i. 
incut  1)1'  the  Division  of  Irrigation  of  the  Office  of  Public 
Itnads  and  Itural  Engineering,  of  which  L.  W.  Page  is 
director.  The  experiments  have  been  planned  and  directed 
bv  Dr.  Samuel  Fortier,  chief  of  the  Division  of  Irrigation. 
while  the  writer  has  had  much  to  do  with  the  design  and 
iiiustruction  of  the  plant  and  has  been  in  direct  charge 
of  tiic  experiments  from  the  beginning. 


S\\\ ()!':< IS — This  load  inis.  bitill  aloiiijsiilc  tin  iii- 
tcrurhan  railway,  which  introduced  drainage  diffi- 
culties. Gravel  concrete  «y/.s  used,  and  of  special 
interest  was  the  emploijnient  of  iiiachinery  for  float- 
ing the  surface  and  plming  the  e.rpansion  joints. 
The  plant  and  lon^tnn  linn  methods  arc  described. 

The  concrete  road  between  Royal  Oak  and  Pontiac, 
Mich.,  has  one  side  of  the  right-of-way  occupied  by  the 
Pontiac  double-track  interurban  line  of  the  Detroit  United 
liy.  This  makes  it  impracticable  to  use  the  ordinary  side 
ditches,  so  that  sjiccial  nii-angcnicnts  had  to  hv  made  for 
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l)rainagc  is  pnivided  for  on  the  outer  side  of  the  roail 
by  an  opi'ii  ditch.  On  the  inner  side  a  drain  of  4-in.  vitri- 
iied  lile  is  laid  under  the  space  between  the  road  and  tin- 
track,  with  iron-grated  inlets  at  drainage  points  or  sag.«. 


■r'-C"  >!<-4'->\  Slopes 


FIG.    1.    REINFORCED-CONCRETE    ROAD    BESIDE    INTER- 
URBAN RAILWAY;   ROYAL  OAK  TO   PONTIAC.   MICH. 

larrying  off  surface  water.  The  road  has  a  heavy  traffic 
of  automobiles  and  motor  trucks.  The  concrete  road  is 
1(>  ft.  wide  and  is  built  on  an  old  gravel  road.  1'here  is  a 
2-ft.  shoulder  of  cru.-;hed  stone  on  each  side,  and  the  innei- 
edge  of  the  concrete  paving  is  in  general  about  (i  ft.  from 
the  rail  of  the  nearest  track.  The  country  is  rolling,  and 
in  places  there  is  a  succession  of  grades  of  o  to  0%,  as 
shown  in  Fig.  1.    Fiff.  2  is  a  Iviiical  cross-section. 


'•S4-"Shoulc:/cr  of 
broken  Lirpesioni 
orS/aqf  6Veep 

FIC!.    2.    CROSS-SECTION  OF   ROAD   FROM   ROYAL   OAK  T( ' 
PONTIAC,  MICH. 

The  joints  in  the  tile  drain  are  wrapped  with  tar  paper 
to  exclude  the  entrance  of  earth  or  other  solid  matter. 
Laterals  of  12-in.  vitrified  tile  are  laid  under  the  roail 
and  railway  at  drainage  points. 

The  grading  was  heavy  for  7  mi.  and  light  for  \  mi. 
After  the  old  road  surface  had  been  sacrificed  and  tiie 
necessary  grading  done  by  a  Thew  steam  shovel,  the  !(•- 
ft.  subgrade  was  well  rolled  mth  a  10-ton  roller.  Grade 
stakes  foi-  the  concrete  were  then  set  at  intervals  of  lOit 
ft.  by  means  of  a  level,  and  intermediate  stakes  at  inter- 
vals of  2.")  ft.  were  set  by  sighting  over  targets  on  the 
main  stakes.  Steel  side  forms  were  next  placed.  These 
were  of  the  Baker  type,  0-in.  pressed-steel  channels  in 
icngilis  of  12  ft.  supported  by  steel  stakes. 

The  concrete  is  8  in.  thick  in  the  middle  and  6  in.  at  tlu' 
side,  the  liottom  being  flat  and  the  top  crowned  Vi  ii>. 
pel-  It.  It  is  reinforced  with  a  strip  of  .\merican  woven- 
wiic  fabric,  10  ft.  wide,  placed  about  2  in.  below  the 
i(ip  surface  and  laid  to  within  (i  in.  of  each  expansion 
joint.  These  joints  are  of  the  Baker  armored  type,  at 
intervals  of  30  ft.  An  interesting  feature  was  the  placing 
III'  these  joints  by  machine,  as  noted  below. 

The  concrete  is  a  1  :  1%:  3  mix.  The  coar.-ie  aggregate 
consisted  of  washed  and  screened  gra\el.  graded  froni  'i 
to  li/o  in.,  while  the  fine  aggregate  ranged  from  '  i  in. 
down.  .\t  times  1he  gravel  contained  an  excess  of  tin' 
larger  sizes,  in  which  case  the  sand  was  increased  to  laalo' 
a  1:2:  3  mix,  to  insure  filling  of  the  voids.  An  unusiiid 
feature  is  that  the  concrete  was  made  in  a  relatively  dry 
condition,  the  working  given  it  in  the  finishing  proi-ess  Dc- 
ing  relied  upon  to  flush  sufficient  water  to  the  surface. 
It  was  ronsidered  that  a  better  and  stronger  concrete 
euuld  be  made  v\  thi~  \\;\\  than  bv  using  a  wet  nd.xture. 
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One  <it'  the  nn)>t  iutncstuii;-  reatiiii'S  of  ihc  work  was 
ilie  use  of  a  Baker  llnisliing  machine.  It  consists  of  a 
transverse  frame  of  steel  Jieams.  having  its  ends  carried  by 
wheels  that  ride  on  the  steel  side  forms.  It  hauls  itself 
ahead  by  means  of  drums  having  cables  anchored  ahead. 
The  machine  carries  a  templet,  a  compressing  pan  and  a 
linishing  float,  all  adjustable  to  the  desired  cross-sectiop 
of  tlie  road  and  having  an  oscillating  motion  in  a  hori- 
zontal plane.  The  mechanism  operating  thc^e  ^larts  ami 
the  cable  diiuns  is  driven  from  a  3-hp.  gasoline  engine 
mounted  on  the   machine. 

As  the  machine  jnills  itself  forward  (at  a  rate  of  al)out 
100  ft.  per  hr.),  the  rough  concrete  is  first  struck  to  the 
])roper  cross-section  b\-  the  strike  templet  and  is  then  com- 
[)ressed  by  the  pan.  which  is  set  at  a  sliglit  incline  so  as  to 
press  against  the  concrete,  sr[ueezing  out  air  bubldes  and 
excess  water  and  filling  all  voids  so  as  to  make  a  dense 
-urface.  At  the  rear  of  the  machine  is  the  finishing  float, 
which  gives  the  final  dressing  and  leaves  a  smooth  surface. 
This  machine  weighs  about  3, GOO  lb.,  and  its  surfacing 
parts  exert  a  pressure  of  approximately  80  lb.  per  sq.ft. 
oil  the  concrete.     It   is  liuilt  li\   the   It.   1).   Baker  Co..  of 


of  saiiil  and  HID  Ions  of  gravel.  For  tin-  IVir,  work.  I  lie 
gravel  was  obtained  from  a  pit  at  Pontiac  wlu'i-c  a  Dull 
.screening  and  washing  plant  was  installed.  The  |ii-odiui 
was  delivered  to  the  storage  bins  liy  motor  trucks,  wbiili 
ascended  an  incline  of  fi%  grade,  ran  over  the  top  of  flu 
bins  to  duni])  the  material  and  then  backed  down. 

From  the  bins  the  materials  were  delivered  by  chutes 
to  the  1^/4-yd.  steel  dump-cars  of  a  Koppel  industrial 
railway  of  24-in.  gage.  The  railway  was  laid  along  tlu- 
subgrade  and  was  liuilt  with  lO-ft.  sections  of  track  hav- 
ing light  rails  riveted  to  flat  corrugated-steel  ties.  As  tlie 
profile  was  very  irregular,  with  grades  of  3  to  6%,  the 
trains  of  10  cars  were  operated  by  a  13-ton  Shay-geared 
locomotive.  The  materials  were  delivered  in  continuous 
stock  piles  along  the  woi-k  and  weiv  carried  to  the  mixer 
by  wheelbarrows. 

The  IG-cu.ft.  Koehring  mixer  was  injuipped  with  a 
batch  meter  adjusted  to  retain  each  charge  for  13  revolu- 
tions, or  a  period  of  about  45  sec.  The  nuichine  trav- 
eled on  tlu^  center  line  of  the  road  and  distributed  the 
concrete  by  means  of  a  drop-bottom  Ijucket  on  a  swinging 
boom    thai    covered   the    full    width    between    side   forms. 


FIG.  3.    THE  DAKIOIl  ilACIIIXB  FOR  FI.NISHI.NC:  C:ONCMIi:Tli  JtOADS  WITHOUT  HA.N'D  FLO.XTI.NG 
The  rousrh  concrrte  in  the  foreground  shows  the  comparatively  dry   mix   used,   the   machine   working   the   water   to   the 
surface  as  shown  by  the  finished  concrete  in  the  rear.     The  bridge  beyond  the  machine  is  for  the  hand  floating  at  expansion 
joints.      At   the  left   is   the   industrial    railway   for  distributing  concrete    material.      This    occupies    the    space    for    the    stone- 
shoulder  of  the  road 


lietroil,  Mich.,  whicji  company  u.ses  it   on  its  own  work 
I  lid  also  sells  it  to  other  contractors. 

Behind  the  finishing  machine  was  drawn  a  new  joint- 
installing  device  that  is  being  perfected  by  the  same  com- 
pany. Tiiis  consists  of  a  frame  carried  on  two  truck 
wheels.  It  has  a  plate  curved  to  the  crown  of  the  road 
■  ml  holding  tlie  Baker  exjiansion  joint.  When  it  comes 
o  tlie  place  for  a  joint,  the  plate  is  inverted,  and  Viy 
iieans  f)f  a  slight  sawing  motion  and  vibration  tln'  joint 
1-  forced  down  through  the  given  concrete 

CoxcitKTi:  MixiNt!  .i.vi)  i'i,.\(iM; 

For  I  he  concrete  rotid  built  in  I  ill")  the  gravel  was 
delivered  in  drop-bottom  cars  on  a  siding  of  the  intern r- 
ban  line  and  dum|)ed  into  a  track  hopper  from  which  a 
'A'i'ller  conveyor  carried  it  to  a  Stocker  washing  and 
-'  reening  plant.    .ThLs.  plant  hful  .storage  bins  for  IIM)  tons 


With  a  gang  averaging  30  to  :!•">  iiu'U  the  work  pro- 
gressed at  the  rate  of  4.")0  to  GOO  ft.  of  road  per  day.  The 
main  part  of  the  gang  was  distributed  as  follows:  1  on 
the  steam  roller,  3  with  the  material  train,  2  trackmen,  \'2 
wheeling  material  to  mixer,  2  on  the  mixer,  3  spreading 
concrete,  1  operating  the  finishing  machine. 

The  cost  was  about  $13,500  to  $1.'),.500  per  mi.  of  road. 
On  hair  the  work  the  grading  cost  $14.22  per  100  ft.,  and 
concrete  cost  $1.27  per  sq.yd.  On  the  remainder  of  the 
work  these  co.sfs  were  $20  and  $1.40  res|iectively.  .Vbout 
■)14  mi.  were  built  in  1!>1">  and  4i/o  mi.  in  1!)1G.  The  1.'. 
I)."Baker  Co.,  of  Detroit,  :Mich..  had  the  contract  for  i\w 
entire  work.  The  road  was  planned  and  surveyed  under 
ihe  direction  and  re(|uireinents  of  the  State  Highway 
('oinmission.  M.  l)e  (Hopper,  County  Engineer,  Pontiac. 
Mich.,  represend'd  tin-  county  during  the  construction  of 
the  work. 


1084 


P:  N  G  I  X  E  E  R  I  X  G     X  E  W  S 


Vol.  TG,  No.  2;J 


A  City  IRa^®ir'°C©im^r®]l  IR®i 

By  completing  its  ililton  reservoir  on  the  ilahoning 
Elver,  the  City  of  Youngstown,  Ohio,  has  acquired  the 
distinction  of  possessing  one  of  tlie  few  low-water  river- 
control  reservoirs  in  the  United  States — probably  the  only 
municipal  reservoir  of  the  kind  on  this  side  of  the  At- 
lantic. Frank  M.  Lillie,  city  engineer  of  Yonngstown. 
has  been  in  charge  of  the  project  from  start  to  finish 
and  will  have  the  responsibility  of  plamiing  the  system 
of  operation. 

The  reservoir  is  formed  by  a  rolled  earth  embankment 
about  40  ft.  maxinnun  height  and  a  concrete  spillway  of 
typical  overfall  dam  section,  638  ft.  long.  Plans  were 
shown  and  the  constniction  described  in  En'jineeriini 
News  of  :Mar.  11,  1915,  pp.  468-471.  From  the  construc- 
tion standpoint  the  distinguishing  element  of  the  dnm 
i~  the  upstream  cutoff,  a  composite  concrete  and  steel- 
sheetpile  wall  going  25  to  30  ft.  down  to  rock,  and  tlif 
joining  of  this  wall  to  the  concrete  paving  of  the  n]i- 
stream  slope.  The  upper  half  of  the  upstream  slope  i> 
paved  with  18  in.  of  "riiirap,"  which  really  is  block-stone 
pavement,  laid  dry  and  then  grouted  solid  with  1 :  •'! 
cement  mortar.  The  downstream  face  may  be  jiaved  oi- 
sodded;  the  decision  has  not  )'et  been  made,  but  to  sim- 
plify the  maintenance  work  it  is  likely  to  be  paved,  either 
dry  or  grouted. 

A  new  safety  element  has  been  added  to  the  dam  by 
detailing  the  concrete  walkway  on  the  top  of  the  dam  with 
a  24-in.  concrete  wall,  2  ft.  high,  along  its  upstream  edge. 


FIG.  1.   DOWNSTREAM  sLoi'E.  A  sump.t  .<;i:ctmx  pavi:d 

The  concrete  of  wall  and  walk  is  carried  o\er  18  in.  deej) 
to  join  the  upstream  pavement.  The  einl)ankment  now 
has  the  safety  margin  of  spillway  overflow  de]3th  of  1 1  i/o 
ft.  (in  place  of  91/2  ft.  without  the  wall)  and  in  addi- 
tion the  margin  afforded  by  flow  around  the  ends;  the 
adjoming  ground  surface  at  both  cast  and  west  ends  is 
level  with  the  embankment  crest  and  therefore  will  spill 
water  over  a  width  of  several  hundred  feet  before  the  crest 
wall  is  overtopped. 

No  water  has  been  impounded  as  yet.  The  four  60-in. 
conduits  through  the  west  spillway  abutment  are  kept 
open,  as  the  small  present  flow  is  needed  in  the  river. 
The  conduits  have  gate  valves  whose  stems  go  up  \er- 
tically  to  the  top  of  the  abutment  and  there  have  manual 
winch-and-gear  mechanism  for  operation.  The  four  in- 
dividual gate  chases  are  closed  off  toward  the  reservoir 


l)y  bar  screens  extending  from  bottom  to  top  of  the  abut- 
ment. 

Two  inches  of  runoff  from  the  ."00-sq.mi.  drainage  area 
of  the  reservoir  will  fill  the  basin.  The  spillway  can  dis- 
charge in  24  hr.,  at  5-ft.  depth  on  the  crest,  an  amount 
equal  to  3  in.  of  runoff,  and  at  10-ft.  depth  nearly  9  in. 
of  runoff.     The  spillway  therefore  is  amply  proportioned. 

The  volume  of  the  spillway  discharge  is  very  great. 
At  5-ft.  depth  of  overflow  the  discharge  will  be  nearly 
25.000  cu.ft.  per  sec,  or  40  cu.ft.  per  sec.  for  each  foot 
cf  length :  at  10-ft.  depth  these  quantities  become  130,- 
000  cu.ft.  per  sec.  and  200  cu.ft.  per  sec.  per  lin.ft.  Up 
to  the  present   no  artificial  provision  has  been  made  to 
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FIG.    2.     GROUTED   PAVEMENT   OF  UPSTREAM   SLOPE 

t:ike  care  of  this  flow  below  the  spillway;  the  concrete 
(igee  ends  at  the  structural  toe  of  the  dam,  and  the  dam 
has  been  so  stepped  off  that  the  horizontal  discharging 
s 111- face  is  practically  flush  with  the  natural  surface  of 

lo<-k. 

The  main  use  of  the  reservoir  will  be  to  increase  the 
river  flow  at  Yonngstown,  35  mi.  below,  in  order  to  make 
more  water  available  to  the  steel  mills  for  cooling  pur- 
jioses  and  in  consequence  obtain  cooler  and  less  polluted 
water  at  the  city  water  intake,  which  is  near  the  center 
of  the  city.  As  the  consumption  by  the  city  had  aj)- 
proached  dangerously  near  the  extreme  dry-weather  flow 
of  the  river,  an  increased  supply  was  a  necessity. 

As  matters  stand  now,  in  the  summer  months  the  river 
water  is  used  five  or  six  times  over  by  the  mills  for  cool- 
ing purposes  before  it  reaches  the  city  intake.  The  hope 
is  that  with  the  reservoir  the  low-water  flow  will  be  in- 
( reased  four  or  five  times. 

The  reservoir  is  capable  of  supplying  half  the  annual 
mean  flow  for  a  period  of  two  months.  Since  the  drain- 
age area  at  Yonngstown  is  about  three  times  the  drainagi' 
area  at  the  dam,  the  amount  of  increase  at  Yonngstown 
is  considerably  less. 

Over  how  long  a  period  the  reservoir  storage  must  be 
spread  will  have  to  be  determined  by  judgment  each 
season.  To  furnish  a  guide,  equipment  will  lie  installed 
for  routine  measurement  of  river  flow  abo\e  the  reser- 
voir, discharge  below  the  reservoir,  and  rainfall.  Rain- 
fall observations  near  the  dam  site  were  started  a  year 
ago.  They  will  be  continued  at  the  operator's  house,  close 
to  the  east  end  of  the  dam. 

It  is  expected  that  the  routine  reccn-ds  and  the  record 
of  accumulated  runoff  will  enable  the  city  engineer's  oHice 
to  direct  the  gate  operation  prudently  enough  to  utilize 
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tlie  stored  water  with  satisfactory  ettioieiioy.  .Some  use- 
ful effect  of  the  reservoir  in  reducintr  floods  is,  however, 
also  looked  for,  as  the  hisrh  floods  are  nearly  always 
-[iringtime  occurrences. 

The  reservoir  is  likely  to  be  of  scenic  and  recreational 
value.  Real-estate  development  for  summer  cottages  is 
already  in  progress.  With  regard  to  this  and  to  boat- 
ing, as  well  as  the  ])reservation  of  fish  in  the  reservoir 
and  avoidance  of  nuisance  from  exposed  bottom  areas,  it 
is  intended  to  fix  a  normal  low-water  limit  for  the  reser- 
\oir.  iteyond  whicli  it  would  not  he  drawn  down  except 
in  the  extreme  seasons.  Such  a  limit  must  be  decided 
upon  before  a  storage  and  control  siheduje  i-an  lie  es- 
tablished. . 

The  reservoir  is  under  the  jurisdiction  of  the  Depart- 
mcnt  of  Public  Service  of  Youngstown,  under  ITarry 
I'arroch,  Director,  and  Frank  il.  Lillie,  City  Engineer. 
Its  total  cost  has  been  about  $1,300,000  to  date,  which 
will  bo  increa.sed  slightly  by  cleanup  work.  Of  this  total, 
*24:l.O0O  represents  the  cost  of  real  estate,  and  the  rest 
i-  construction  cost. 


Tlic  jihiiit  «(  thr  F.nd  Motor  Co.  in  Detroit,  furnish- 
ing power  for  its  sho])s.  is  one  of  the  mo.«t  novel  and 
iM-onomical  factory  jxiwcr  stations  to  be  found.  Tt  is 
described  at  length  by  Thomas  Wilson  in  Pnirpr  for  Xov. 
21,  Ifllfi.  and  from  this  article  tlic  tnllowiug  brief  de- 
•^(•ription  is  abstracted : 

The  combined  ga.s-  and  steam-driven  units  were  dic- 
tated by  local  conditions.  The  water-supply  was  insuffi- 
cient for  the  conden.sers  required  with  a  steam-turbine 
installation:  direct-current  generators  were  advantageous 

'ir  the  shop  drive:  the  combination  units  had  gas  engines 

II   one  side  of  the  generators   for  economy  and   steam 

rigines  on  the  other  side  for  reliability  and  regulation. 
The  engine  units  are  arranged  as  cross-compound  sets: 
'here  is  a  tandem  compound  gas  engine  on  one  end  of 
the  generator  shaft  and  a  tandem  compound  steam  en- 
'.'ine  on  the  other  end.  There  are  at  pre.sent  four  COOO- 
hp.  and  one  .5.000-h|).  units;  four  more  of  the  (i.OOO- 
lip.  sizes  are  to  he  added.  The  generators  are  "SoO-volt 
two-wire  direct-current  machines.  For  the  larger  units 
tlie  generators  are  rated  at  4,000  kw. :  for  the  smaller 
units,  at  ;'..000  kw.  The  gas  engines  are  of  a  four-cvcle 
iloiible-acting  type  with  42x72-in.  water-cooled  cylinders. 
The  steam  engines  have  36  and  li8xT2-in.  cylinders.  The 
engines  were  made  after  the  Ford  company's  design  by 
the  Tlooven,  Owens  &  Rentschler  Co.,  of  Hamilton,  Ohio. 
'I'lie  generators  were  made  by  the  Crocker- Wheeler  Co.. 

■I   .Viupere.  X.  .1. 

Onlinarily  tlic  load  i<  canied  as  much  as  possible  on 
the  gas-engine  side.  .Vt  maximum  load  it  is  equally  di- 
vided. The  gas  engine  is  connected  to  the  governor  of 
'be  unit,  but  it  exerts  no  influence  up  to  normal  s)ieed  : 

'iove  this  it  throttles  holh  gas  and  air.  The  steam  en- 
_ine  does  the  regulating  and  meets  the  load  fluctuations. 
\\'lu'n  the  main  circuit-breaker  opens,  the  ignition  cin-uit 
•    the  gas  engine  is  opened  anil  the  gas  throttle-control 

agnet  clo.ses — in  addition  to  the  regular  acti<ui  of  the 

"lernor  on  the  steam  engine. 
The   various  gas.   water  and    steam   circuits   arranged 

■r  sectiring  inaxiinuin  utilization  ol'  heat  are  brietiv  a.<? 


follows:  Producer  gas  averaging  140  B.t.u.  per  cu.l't.  is 
.-supplied  to  the  gas  engine:  the  exhaust  passes  through  a 
water-cooled  discharge  line  to  su])erheating  receivers  be- 
tween the  high-])ressure  and  low-pressure  steam  cylinders. 
Part  of  the  gas  from  here  is  shunted  through  tbc  liigli- 
pressure  steani-cylinfler  jacket  to  maintain  a  temiieralmv 
of  .500°  in  the  jacket.  All  the  e.xhau.st  finally  goes  to 
fhe  feed-water  heater  and  is  ultimately  exhausted  up 
through  ejectors  in  the  20;-ft.  boiler  stacks,  increasiii'r 
the  draft  for  the  boiler  flue  gases. 

Cooling  water  for  the  gas  engines  comes  in  at  1)5"  ami 
leaves  at  105°.  going  to  an  air-separating  tank  first  ami 
from  there  (as  much  as  required)  to  feed-water  heater>. 
pumps  and  the  boilers.  The  excess,  together  with  tbc 
condensate  from  the  surface  condenser,  goes  to  the  water- 
supply  for  sprinklers,  cooling,  etc-. 

Steam  comes  from  the  boilers  (which  are  the  largest 
yet  built)  at  1T5-Ib.  gage  and  ()00°  to  the  high-pressure 
cylinders  (gas  jacketed).  From  these  it  passes  to  the 
intermediate  receivers  (gas  superheated)  and  thence  to 
fhe  low-pressure  cylinders  and  the  surface  condenser. 
The  condensate,  as  already  noted,  goes  hack  to  the  water- 
^npjily.  Eventually,  if  needed,  the  condensate  may  be 
used  for  biiilei'  feed.  The  cooling  ivater  for  the  con- 
denser comes  from  the  general-su]i])ly  pressure  fanl<.  In 
summer  the  cooling  water  is  led  from  three  ])ond>  on  an 
adjoining  roof  by  gravity  through  the  conden.sers  to  suc- 
tions of  circulating  imm])s  that  force  the  water  throtiub 
the  spray  nozzles  over  the  cooling  ]iond.  In  hot  weather 
one-half  the  water  circulated  is  l)y])a.«sed  around  tlic 
conden.sers  and  re-sprayed  to  increase  the  cooliii'j  ctbM  i 
In  cold  weather  the  cooling  water  is  circulated  throuuli 
a  hot-blast  heating  system  instead  of  the  cooling  poml. 
This  heatiny  system  cools  the  water  enough  to  cive  a 
])ossible  26-in.  vacuum  in  the  condenser,  although  a  20- 
in.  vacuum  is  desi<rned  for  ordinary  operation.  The  ])owi'r 
and  heating  requirements  will  ordinarilv  balance;  but 
if  the  amount  of  steam  should  ])rove  inadequate  for  tlic 
-;hop  heating,  small  lioilers  can  be  n.sed  as  bof)sters  for 
the  circulating  water  to  increase  its  temperature  before 
it  goes  to  the  blast  coils. 

Tests  have  not  been  completed,  so  that  only  estimates 
of  the  efficiency  of  the  plant  are  possible.  Taking  the 
::uaranteed  and  ex]iected  performances  of  the  different 
parts  of  the  system,  it  is  estimated  that  579J  of  the  heat 
in  the  coal  is  utilized — 20^?^  in  switchboard  power  and 
37^  in  plant  service. 


Sulisiileiicr  iif  llullilliiicv  in  Cliesliiif.  England,  a.«  a  usult 
ot  salt-mininpr  operation.^,  i.s  descriliecl  in  a  recently  piilinslicil 
l)ool<  entitled  ".Salt  in  rhe.shiie."  l).v  .Mbert  F.  Calv.rt  ISpon  .<;• 
Chamlierlain,  X«  \v  York).  .Xccordine  to  the  accounts  in  tliis 
book,  Northwlch.  Enftland,  ha.s  suffered  much  more  severely 
from  .fub.sidence  due  to  .salt-mininK  operation.«i  than  i.s  .Siiiiii- 
ton,  Penn..  from  the  coal  minlnjr  carried  on  h.^neath  it. 
Enormous  deposits  of  rock  .fait  underlie  Northwich.  .M  one 
.suburb  called  Marston  the  salt  is  in  places  1S2  ft.  thick.  In 
the  early  days  of  the  salt  industry  in  Cheshire,  in  ihe  bcKin- 
ning  of  the  last  century,  the  salt  was  extracted  l)y  miiiina:. 
To  support  the  roof  abovi',  which  was  about  130  ft.  in  thick- 
ness, pillars  were  left  24  ft.  to  30  ft.  square  at  Intervals  of 
about  ".=>  ft.  Later  on.  thi-  mines  became  flooded,  and  the 
liottom  of  Ihe  salt  pillar.s  was  dissolved,  removinB  the  support 
of  thi-  roof.  With  the  Hooding  of  the  mines,  brine  pumpinu 
replaced  the  .salt  mlniuK.  The  sul>sldenee  that  has  taken  plai  e 
in  recent  years  Is  due  to  the  urartual  washinK  away  of  the 
iinderKround  strata  nf  salt.  The  companies  pumping;  the  brine 
are  now  compelled  lo  pay  a  tax  of  about  He.  per  thou.sand 
uallons,  to  provide  compensation  for  property  owners  who.se 
bulldinuH  are  injured  by  subsidi'nce  as  well  as  for  those  whose 
lands  are  siibmorired.  
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Machine  rapidly  sliifts  construction  track— ^Surveying  methods  used  in  driving  Strawberry  tunnel- 
When  jacks  failed  under  a  400-ft.  700-ton  bridge  span;  levers  substituted— 
Charts  for  eccentric  loading  on  rectangular  areas 


At  the  Hill  Aunex  irou  mine  at  Gilbert,  ilinn.,  the 
(lumps  extend  three  or  four  miles,  and  there  is  a  vast 
amount  of  stripped  material  to  be  handled,  necessitating 
a  constant  shifting  of  track  to  the  edge  of  the  dump. 
The  latter,  work  was  formerly  done  by  hand,  but  a  ma- 
chine is  now  doing  the  work  for  A.  Guthrie  &  Co.,  accord- 
ing to  L.  A.  Rossmau,  of  (Jrand  Rapids,  in  Engineering 
an d  Mining  Journal. 

This  machine  .is- the  result  of  several  years  of  cxiicri- 
mentation,  as.  the  contractors  started  to  work  on  it  sev- 
eral   vears  aao  when   engaged    in    railroad   oiieratioii-    in 


TRACK     SHIFTER     FOR     STRIPriNO     OPERATIONS 

the  West.  A  number  of  types  were  evolved,  but  the 
present  one  lias  given  the  best  satisfaction.  The  con- 
trivance resembles  a  wrecker  in  its  general  ajipearance. 
There  is  a  iiooiii  about  -10  .ft.  in  length,  and  a  wire  roi)e, 
through  pulleys,  is  fastened  to  tlie  track  for  the  puri)ose 
of  lifting-it  up.  On  a  level  witii  the  base  of  the  machine  is 
a  side  l)oom  by  which  the  track  nuiy  lie  jiulled  sideways 
if  desired.  Tlie  operation  is  to  attach  tlie  rojie  from  both 
booms.  The  regular  boom  lifts,  to.  tiic  reqviired  lieiglit. 
while  the  side  boom  is  used  to  swing  the  track  over  to  the 
desired  place.  ^  There  is  one  hoist  of  regular  type  ami  a 
liorizontal  boiler  wliich  furnisiies  tlie  steam. _ The  machine 
is  self-propelled'  in  the  same  manner  as  a  steam  shovel. 
This  device 'can  throw  a  track  over  6' ft.  at  a  time, 
though  the  work'.niiist  ,be  done  gradually, to  avoid  either 
bending  or  twistingithc' rails.  The. method 'followed  is  to 
shift  a  track  over'"4'  or '6' ft.  and  then  move  back  30  ft. 
and  make  a  like  move.  The  shifter  has  moved  as  much  as 
;!.000  ft.  of  track  a  distance  of  10  ft.  in  half  a  day,  or  more 
than   10  men  could  do  iu  a  whole  shift.     While  the  ma- 


chine requires  but  few  men  to  operate,  it  will  do  as  much 
work  as  40  or  50  men  and  was  a  great  labor  -saver  dur- 
ing the  last  summer,  when  common  labor  was  very  hard 

to  obtain. 


§edl  aji 


By  L.  il.  IIamiioxd* 

The  Strawberry  tunnel,  constructed  by  the  United 
States  Reclamation  Service  in  connection  with  the  storage 
wm-ks  of  the  Strawberry  Talley  Irrigation  Project,  in 
l(pcated  under  the  rim  of  the  Great  Basin,  in  Utah  and 
\\'asatch  Counties,  near  Prove,  Utah.  The  tunnel  is  about 
:iyo  mi.  long  and  is  straight  for  its  entire  length.  The 
finished  section  is  7  ft.  wide  by  8  ft.  6  in.  high,  with  an 
arched  top.  About  3  mi.  of  the  tunnel  was  driven  from 
the  lower  or  west  portal,  and  %  mi.  from  the  upper  or 
east  ])ortal.  As  Project  Engineer,  J.  L.  Lytel  was  in 
charge  of  the  construction  of  the  tunnel,  while  the  engi- 
neering work  was  in  direct  charge  of  P.  W.  Cater,  Assist- 
ant Engineer.  Several  other  engineers,  of  whom  the 
writer  was  one,  were  employed  from  time  to  time  on  the 
Kiutine  engineering  work. 

The  ])rofile  of  the  ground  surface  along  the  tunnel  line 
was  such  tiiat  only  two  intermediate  set-ups  were  neces- 
>arv  Ijctwcen  the  two  portals.  Four  large  concrete  nion- 
nnieuts  were  therefore  placed  along  the  tunnel  line,  em- 
just  beyond  each  portal  and  one  at  each  of  the  two  inter- 
mediate points.  The  exact  location  of  the  line  on  these 
monuments  was  checked  from  time  to  time  and  was  finally 
decided  upon  some  time  before  the  work  was  started  at  the 
cast  portal.  Two  independent  "double  rodded"  level  lines 
were  run  along  the  wagon  road  between  the  two  iiort^ds. 
a  distance  of  about  7  mi.;  and  as  these  checked  by  less 
than  0.10  ft.,  which  was  close  enough  for  construction 
])urposes,  no  further  work  was  deemed  necessary.  Tlic 
distance  along  the  line  (about  31/2  mi.)  was  determined 
with  a  slope  board.  Two  independent  mea,<uremeiits  gave 
results  differing  by  less  than  a  foot,  and  so  it  was  not 
thought  necessary  to  determine  the  length  by  triaiignla- 
tion.  This  work  was  done  by  the  resident  or  assistant 
engineer  in  charge  and  one  or  two  rodmon,  as  necessary. 

CoxsTnrcTiox  Eixe  ix  Tunxki, 
The  construction  line  in  the  tunnel  was  carried  on  screw 
hooks  placed  on  the  center  line  of  the  tunnel,  either  on 
wooden  plugs  driven  into  holes  drilled  in  the  roof,  or  on 
timber  .sets  where  convenient.  Tliese  screw  hooks  were 
placed  50  ft.  apart  throughout  the  tunnel,  and  a  new  one 
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was  placed  wliPiiovcr  tho  last  one  became  125  ft.  from  the 
heading.  In  order  to  facilitate  the  handling  of  muck- 
cars  in  the  heading  a  section  of  double  track,  about  200 
ft.  long  and  with  a  switch  at  either  end,  was  kept  as  close 
to  the  heading  as  possible.  Hooks  to  be  used  as  set-up 
points  were  set  with  special  care  at  a  point  appro.ximately 
in  the  center  of  this  section.  By  setting  the  transit  up 
in  this  particular  spot  it  was  possible  to  move  empty 
muck-cars  from  a  point  ahead  of  the  transit  to  the  head- 
ing and  back,  leaving  them  (when  loaded)  on  the  other 
track,  but  still  ahead  of  the  transit.  In  this  manner, 
construction  work  was  not  in  any  way  interfered  with, 
which  is  perhaps  the  most  important  feature  of  tunnel 
.-urveying. 

A  plumb-bob  suspended  from  the  previous  set-up  point 
and  illuminated  by  electric  lights  if  convenient,  and  by 
candles  if  not,  served  as  a  backsight,  so  that  only  two  meii 
were  required  for  this  work,  one  at  the  instrument  and 
the  other  at  the  foresight.  When  the  screw  hooks  were 
placed  in  plugs  in  the  roof,  there  was  practically  no  dan- 


day  or  night  that  he  saw  fit;  and  it  made  it  necessary  for 
the  engineers  to  go  into  the  tunnel  only  whenever  a  new 
center  hook  was  necessary — at  every  50-ft.  progress  of  the 
tunnel,  or  approximately  every  third  day.  By  hanging 
the  two  lights  on  their  respective  hooks  the  shift  boss  had 
a  "line  of  sight"  that  would  give  both  line  and  grade, 
sufficiently  accurate  for  his  purposes,  at  the  face  of  the 
tunnel  (or  any  other  point)  at  any  time.  Having  one 
fixed  point,  it  was  easy  for  him  to  "spot"  the  locations 
of  the  various  holes  to  be  drilled. 

Control  Line  and  Grade  in  Tunnel 

Permanent  benchmarks  (for  levels)  were  placed  at  vari- 
ous points  in  the  tunnel,  and  the  elevations  of  the  con- 
struction points  in  the  heading  were  checked  up  from  one 
of  these  benchmarks  at  least  once  a  month  (from  300  to 
500  lin.ft.).  The  elevations  of  the  benchmarks  were 
checked  up  occasionally  from  the  portal  benchmark.  A  22- 
in.  Gurley  Y-level  was  used  for  all  work,  and  sights  were 
limited  to  200  ft.  and  kept  equal.    While  this  instrument 
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SPECIAL  SCHEMES  IN  STRAWBERRY   TUNNEL  SURVEY 

un-line  points.     Fig.   2 — Arrangement    for    reading    exact    alignment    on    transver.se 
level-rod.      Pig.   **     •'•--^^  • 


ger  of  their  shifting;  but  when  placed  on  timber  sets, 
they  had  to  be  checked  constantly,  and  it  was  customary 
after  taking  a  backsight  to  check  on  one  or  two  inter- 
mediate hooks  before  setting  the  now  point  ahead. 

After  the  center  screw  hook  had  been  set,  levels  were 
run,  the  elevation  of  the  bottom  of  the  hook  determined 
and  a  grade  hook  set  opposite  the  center  hook  and  1  ft. 
above  true  grade.  This  latter  was  to  assist  in  laying 
track  and  placing  timber  sets.  For  the  leveling,  any  con- 
venient hook  was  used  as  a  backsight,  and  for  reasons 
explained  above  a  sight  was  always  taken  on  at  least  one 
other  hook.  In  using  overhead  benchmarks  it  was  of 
cour.se  neces.sary  to  use  the  level-rod  inverted  and  to  sub- 
tract backsights  and  add  foresights. 

The  location  of  the  center  lights  and  their  relation  to 
the  screw  hooks  and  the  neat  lines  of  the  tunnel,  are 
shown  in  Fig.  1.  The  elevation  of  the  screw  hodk  once 
determined,  it  was  an  easy  matter  to  adjust  the  length 
of  the  wire  holding  the  center  light  (a  candle  stuck  in  a 
bushing)  so  a.s  to  bring  the  flame  of  the  candle  to  the 
springing  line  of  the  arch.  There  were  two  of  these  center 
lights,  one  for  each  of  the  last  two  center  hooks  .set.  To 
avoid  confusion  a  metal  tag  was  kept  fastened  to  the  head 
light.  This  system  of  center  lights  was  devi.sed  to  give 
the  shift  boss  or  superintendent  line  and  grade  without 
the  necessity  of  calling  on  the  engineer  at  any  time  of 


was  somewhat  heavy  and  cumbersome  for  tunnel  work, 
the  increased  accuracy  and  its  ability  to  hold  its  adjust- 
ments under  somewhat  trying  conditions  compensated  for 
the  inconveniences. 

The  apparatus  u.sed  in  checking  the  line  is  sho^v^^  in 
detail  in  Fig.  2.  For  the  first  2  mi.  of  tunnel,  concrete 
monuments  were  placed  at  1,000  ft.  intervals  along  the 
floor  of  the  tunnel  and  the  line  carried  on  them.  At  that 
point,  however,  a  7-.sec.-ft  flow  of  water  was  encountered 
in  the  heading,  which  covered  the  floor  of  the  tunnel  with 
a  foot  or  more  of  water  and  rendered  useless  all  the  care- 
fully determined  and  preserved  monuments  up  to  that 
point.  An  entirely  new  system  of  marks  was  then  deter- 
mined upon  and  the  line  rerun  several  times. 

Bolts  were  set  in  the  concrete  wall  of  the  tunnel  (or  in 
the  rock  wall,  if  the  tunnel  had  not  yet  been  lined)  about 
1  ft.  above  the  level  of  the  water,  with  only  their  heads 
projecting.  Three  adjustable  wooden  rods  were  then 
made.  The  ends  were  capjied  with  brass  and  had  a  small 
projecting  brass  lip  (as  shown),  so  that  the  ends  of  the 
rods  could  be  made  to  rest  upon  and  butt  against  the  holts 
on  either  side  of  the  tunnel.  The  point  was  then  deter- 
mined on  the  rod.  The  rods  were  graduated  to  the  nearest 
0.2  ft.,  and  the  points  as  set  were  recorded  as  being  so  far 
to  the  north  or  .south  of  any  one  graduation.  It  was 
thus  an  ea.sy  matter  to  take  a  numerical  average  of  the 


1088 


ENGINE  E  R I N  G     N  E  W  S 


Vol.  IG,  N.    n 


location  of  the  various  shots.  The  rods  were  numbered, 
and  the  same  rod  was  always  used  at  any  particular  sta- 
tion. The  point  as  finally  determined  was  marked  on 
the  rod,  ancl  its  location  was  carefully  noted,  so  that  it 
could  be  restored  if  obliterated.  As  temperature  and 
liumiditj-  were  practically  constant,  expansion  and  con- 
traction was  negligible:  and  it  was  possible  for  a  point, 
once  determined,  to  be  relocated  in  practically  exactly  the 
same  place  at  any  future  time. 

These  '•'benchmarks"  were  located  at  1,000-ft..  intervals 
(there  were  16  between  the  west  portal  and  the  point 
where  the  headings  met).  The  foresight  was  always  kept 
at  1,000  ft.,  and  the  backsight  was  varied  between  1,000 
ft.  and  5,000  ft.  according  to  conditions. 

The  greatest  difficulty,  of  course,  was  in  getting  the  line 
•started  into  the  tunnel.  In  order  to  avoid  heat  waves 
and  condensation  of  moisture,  it  was  necessary  to  select  a 
time  when  the  temperature  inside  and  outside  the  tunnel 
was  about  the  same,  but  even  with  the  best  of  conditions 
it  was  necessary  to  take  more  than  100  shots  on  each  of 
the  first  two  points  in  the  tunnel  before  results  satisfac- 
tory to  the  observers  were  obtained.  Once  inside  the  tun- 
nel the  work  was  much  easier,  and  from  8  to  24  shots 
were  usually  sufficient  to  determine  a  point  with  a  fair 
degree  of  accuracy. 

One  of  the  hardest  tasks  connected  with  tlie  engineering 
on  any  construction  feature,  and  particularly  on  tunnel 
construction,  where  all  the  work  is  being  carried  on  in  a 
very  narrow  space,  is  to  do  the  engineering  in  such  a 
manner  and  at  such  times  as  to  cause  the  least  delay  and 
inconvenience  to  the  construction.  The  superintendent 
is  almost  always  intolerant  of  delays,  and  it  is  hard  to 
convince  him  that  the  engineers  have  difficulties  as  well 
as  he.  In  this  case  the  engineering  work  was  done  with 
practically  no  delay  whatever  to  the  construction  work. 

Inasmuch  as  the  driving  of  the  tunnel  was  carried  on 
with  three  shifts,  a  great  deal  of  time  was  lost  in  dis- 
turbing and  readjusting  the  instrument  and  sights  to  al- 
low the  muck  trains  to  pass.  The  concreting  gang  worked 
only  in  the  daytime;  and  so  this  engineering  work  was 
done  at  night,  as  it  would  have  been  absolutely  impossible 
to  dodge  both  muck  and  concrete  trains  and  still  do  any 
work. 

Light-Box  and  Instrument 

The  method  of  supporting  and  illuminating  the  plumb- 
bob  is  shown  in  Fig.  3.  It  will  be  noticed  that  the  plumb- 
bob,  its  support  and  light  are  entirely  independent  of  the 
rod  on  which  is  the  "monument,"  being  supported  on  tlie 
tramway  tracks. 

Six  men  were  always  used  on  this  work,  two  each  at 
backsight,  instrument  and  foresight.  The  men  at  the 
instrument  and  foresight  took  turns  with  their  work, 
while  the  extra  man  at  the  backsight  acted  as  messenger 
whenever  necessary.  Owing  to  the  fact  that  the  work 
was  done  at  night,  in  long  sliifts,  in  a  very  wet  and  com- 
paratively cold  place  and  in  a  tedious  and  painstaking 
manner,  it  was  exceedingly  fatiguing  to  all  the  party. 

The  instrument  used  was  a  large  Berger  transit- 
theodolite.  It  gave  excellent  results  and  held  its  ad- 
justments well.  The  instrument  used  in  the  construction 
work  at  the  heading  was  a  small  BuiT  &  Hcrgcr  transit, 
which  did  very  satisfactory  work. 

When  the  two  headings  met,  it  was  found  that  tiiere 
was  an  error  in  alignment  of  0.18  ft.,  in  grade  of  0.13  ft., 


and  in  cliaining  of  2.5  ft.  Considering  the  difficulties 
encountered  and  the  fact  that  at  no  time  was  construc- 
tion work  interfered  with,  these  results  were  considered 
satisfactory. 

The  methods  and  apparatus  described  are  not  exactly 
original  with  this  tunnel,  they  being  in  some  respects 
patterned  after  the  methods  used  in  the  Gunnison  tunnel, 
Colorado ;  neither  can  the  changes  and  improvements  be 
ascribed  to  any  one  man.  They  are  an  evolution  rather 
than  an  invention. 

Wlheia  JsicJfes  Fsialed 
By  W.  T.  Penney* 

The  ingenious  plan  adopted  for  raising  the  640-f'. 
central  span  of  the  Quebec  bridge  from  the  scows  to  the 
final  position  reminds  me  of  an  emergency  caused  by  the 
failure  of  the  jacks  used  in  jacking  up  a  iOO-ft.  span 
weighing  700  tons. 

In  December,  1908,  after  unusually  heavy  rains,  sev- 
eral bridges  on  the  Costa  Eica  Ey.  were  washed  out. 
The  president  of  the  road,  Elinor  C.  Keith  (now  presi- 
dent of  the  International  Railways  of  Central  America, 
which  operates  nearly  all  the  lines  in  Central  America), 
employed  A.  W.  Buel,  Consulting  Engineer,  of  New  York, 
to  inspect  the  washed-out  structures  and  make  a  report 
on  their  reconstruction.  One  of  tliem  crossed  the  Beven- 
tazon,  one  of  the  principal  rivers  in  Costa  Eica.  As 
th.is  river  has  a  very  ra]nd  fall  and  often  becomes  a  ver- 
ilable  torrent,  it  was  considered  imsafe  to  construct  false- 
work for  the  erection  of  the  new  bridge.  It  was  decided 
to  design  a  400-ft.  span  to  be  erected  on  shore  and 
launched  into  position  over  a  temporary  cylinder  pier 
erected  in  midstream.  The  span  was  designed  to  pro- 
vide for  the  unusual  strains  occasioned  by  the  manner 
of  launching  into  position,  as  well  as  the  .strains  due  to 
the  cantilever  projection  of  half  the  span  during  launch- 
ing. The  end  floor-beams  were  designed  unusually  heavy, 
as  all  the  jacking  in  raising  and  lowering  the  span  was 
to  be  done  under  them. 

The  span  weighed  TOO  tons  when  erected  and  ready 
for  launching.  The  permanent  abutments  consisted  each 
of  a  pair  of  12-ft.  cylinders  suitably  braced  together  and 
filled  with  concrete.  The  temporary  center  pier  was  a 
pair  of  10-ft.  cylinders,  braced  transversely  and  guyed 
with  steel  cables  to  the  launching  abutments.  In  order  to 
provide  for  the  heavy  bending  moments  in  launching, 
double  lines  of  plate-girder  stringers  4  ft.  deep  were  bolted 
to  the  bottom  flanges  of  the  lower  chords,  from  end  to 
end  of  the  span,  to  fit  roller  tracks.  The  stringers  used 
for  tliis  purpose  were  those  permanently  belonging  to 
the  span  and  20  from  another  span  still  to  be  erected. 

The  availal)le  space  for  tlie  erection  of  the  span  on  the 
shore  was  limited.  For  this  reason,  when  the  erection — 
beginning  at  the  outer  end  of  the  span,  which  rested  on 
an  inshore  set  of  rollers — had  passed  the  central  panel 
of  the  span,  the  erection  gantry  remained  stationary  and 
the  bridge  was  launched  panel  by  panel  from  under  it. 
The  last-erected  entire  panel  rested  on  tlie  rear  pair  of 
rollers  and  the  outer  end  on  those  placed  on  the  first 
abutment.  After  the  camber  blocks  were  removed  and 
the  span  swung,  it  had  already  been  launched  about  a 
third  of  the  way. 
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Each  truss  was  pulled  forward  by  two  luff  tackles, 
operated  by  an  estimated  initial  force  of  between  65,000 
and  75,000  lb.  Each  tackle  consisted  of  a  pair  of  20- 
in.  triple  blocks  rove  with  %-in.  steel  cable  lines  with  a 
luff  composed  of  a  pair  of  14-in.  blocks  rove  with  a  UA- 
in.  manila  line.  The  latter  led  to  the  winch  heads  of  the 
erecting  engines  on  the  traveler;  this  made  a  steady,  \nii- 
form  haul. 

The  steel-cable  tackles  were  secured  at  one  end  to 
loops  of  wire  cable  previously  embedded  in  the  concrete 
of  the  cylinder  abutments  for  this  purpose  and  for  use  in 
raising  the  traveler.  The  other  end  of  the  tackles  was 
chain-hooked  to  the  lower  edge  of  the  track  stringers 
and  moved  back  as  the  span  advanced;  thus  all  the  work 
of  overhauling  the  tackles  was  on  the  shore.  A  skidding 
track  of  12xl3-in.  timbers  was  placed  horizontally  in 
the  plane  of  each  truss,  between  the  launching  abutments 
and  the  temporary  rear  roller  pier.  A  transverse  rail 
was  bolted  across  the  lower  flanges  of  the  rolling  string- 
ers, just  before  the  latter  left  the  rear  roller  temporary 
pier,  so  that  it  engaged  the  longitudinal  rails  and  pre- 
vented any  possible  drop.  A  precautionary  4-ton  coun- 
terweight of  rails  was  placed  on  the  rear  end  of  the  s])an, 
and  it  passed  smoothly  from  the  rollers  to  the  skid  rails. 
The  writer  suggested  that  a  temporary  pilot  projection, 
about  10  ft.  long,  be  built  and  bolted  to  the  front  end 
of  the  rolling  stringers,  so  that  when  the  center  of  gravity 
of  the  span  approached  the  launching  abutment  the  ends 
of  the  pilot  engaged  the  fi.xed  rollers  on  the  temporary 
cylinder  pier. 

As  there  was  a  downgrade  between  the  initial  and 
final  positions  of  the  bridge,  a  heavy  preventer  tackle 
"vas  provided  to  control  the  launching,  but  this  was  found 


the  span  could  get  out  of  line  the  traveler  would  have  to 
move  sidewise.  When  the  launching  was  completed,  1 
examined  these  plates  and  found  them  deeply  marked 
from  being  in  contact  with  the  span,  showing  that  the 
span  had  been  forced  back  to  jjosition  by  its  resistance. 
When  the  span  was  launched,  the  end  was  jacked  up 
to   remove  the   roller   l)earings  on   the  temjxirary   center 
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FIG.    3.    LEVER   RIG   RAISING  THE   END  OF   REVENT.A.ZON 
RIVER  BRIDGE 

jiicr.  It  was  su])])orted  on  7  ft.  of  blocking  above  the 
top  of  the  cylinder  abutment.  The  superintendent  de- 
cided to  raise  the  masonry  3  ft.,  to  effect  a  reduction  of 
the  grade;  even  with  this  modification  the  bridge  had 
to  be  lowered  31/2  ft.  The  work  was  commenced  with 
a  number  of  50-ton  Norton  jacks.  Every  precaution  was 
taken  to  load  these  jacks  uniformly,  but  three  of  them 


I.AIWCIIIN';     A     MMI-FT.    .SPAN    OVER    A    TORRE.N'TI.\L   STRE.\M 


iiinecessary,  as  there  was  no  tendency  developed  to  move, 
ixccpt  as  the  bridge  was  hauled  by  the  luff  tackles.  The 
last  100  ft.  of  launching  was  assisted  by  a  hoisting  en- 
gine placed  o:i  the  opposite  side  of  the  river  beyond  the 
:il)utnient. 

There  being  no  anchorages  available  from  which  to  guy 
'lie  span  transversely  during  launching,  and  some  pre- 
caution against  wind  pressure  being  necessary,  I  moved 
the  iieavy  erecting  traveler  to  the  best  position  for  the 
purymse  and  blocked  between  the  roller  stringers  and  the 
traveler  sills,  spiking  iron  plates  on  the  blocking  and 
leaving  a  space  of  1  in.     With  this  arrangement,  before 


failed  completely,  and  the  remaining  jacks  were  not  suf- 
ficient to  rai.se  the  load. 

To  avoid  delay  an  improvised  method  of  lowering  the 
bridge  was  devised  by  the  writer  and  by  the  superin- 
tendent of  bridges,  R.  Schutt,  and  was  used  successfully. 

Four  end  posts  of  another  bridge  on  the  line,  which 
liappened  to  be  available,  were  borrowed  and  used  as 
levers.  As  these  posts  were  50  ft.  long  and  weighed  fi 
tons  each,  they  made  serviceable  levers.  The  short  ends 
of  the  levers  engaged  the  lower  side  of  the  end  floor- 
l)eams.  These  beams  had  been  reinforced  for  jacking, 
making  them  amply  strong  for  the  lever  .strains.     In  or- 
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der  that  these  posts  could  be  easily  and  quickly  haudU-d 
and  in  view  of  the  short  ends  requiring  little  movement, 
they  were  supported  by  a  steamboat  ratchet,  one  end 
hooked  to  a  timber  placed  across  the  span,  the  other 
ends  to  the  levers.  As  the  opposite  ends  of  the  levers 
had  to  be  raised  about  18  ft.,  they  were  operated  by 
tackles  from  a  bent  placed  for  this  purpose.  This  bent, 
built  of  12x12  timbers,  had  a  leg  on  each  side  of  all  the 
!e%-ers,  thus  virtually  forming  a  slot  for  them  to  work 
in  and  preventing  any  side  kick  when  carrying  the  load. 
As  a  further  precaution  against  this  danger  the  end  of 
the  span  was  cross-guyed  with  chains  and  steamboat 
ratchets.  The  heels  for  the  levers  were  of  sawn  oak 
6x12  in.  by  12  ft.  cross-piled,  with  fulcrums  consisting 
of  car  axles  laid  on  steel  plates  placed  on  top  of  the 
cribs. 

The  fall  lines  of  the  lever  tackles  ran  to  the  winch 
heads  of  a  hoisting  engine.  The  ends  of  the  levers  were 
18  ft.  above  level  when  finally  placed.  When  all  was 
ready,  the  levers  were  lowered  and  their  supporting  tackles 
overhauled.  It  was  supposed  that  the  weight  of  these 
immense  levers  would  raise  the  span,  but  it  never  moved. 
There  being  a  pile  of  boxes  of  rivets  near-by,  one  box 
was  placed  on  the  end  of  each  lever — it  took  eight  boxes 
on  each  lever  to  raise  the  span,  or  33  boxes  in  all  i  they 
must  have  weighed  some  200  lb.  each. 

When  the  span  did  rise,  it  came  up  as  easily  as  a  pair 
of  scales,  the  levers  coming  down  on  blocking  already 
prepared  for  them.  When  the  cribbing  under  the  spans, 
consisting  of  rail  ends  4  ft.  long — afterward  incased 
with  concrete — was  properly  adjusted,  the  boxes  of  rivets 
were  removed,  one  at  a  time.  This  operation  was  re- 
peated for  each  6  in.  height  of  blocking  to  be  removed. 
A  total  of  31/2  ft.  lowering  was  accomplished  in  20  hr. 
The  launching  of  the  span  occupied  10  hr.,  one-half  of 


v.hieh  time  was  consumed  in  overhauling  and  adjusting 
the  tackles. 

The  scheme  of  erection  was  that  of  A.  W.  Buel  in 
consultation  with  Minor  C.  Keith.  Mr.  Buel  also  de- 
signed the  erecting  traveler.  The  bridge  was  designed 
and  fabricated  by  the  Baltimore  Bridge  Co.,  H.  D.  Bush, 
Vice-President  and  Chief  Engineer,  H.  W.  Shaw  and 
George  F.  Dilly,  Assistant  Engineers.  The  erection  was 
done  under  contract  by  the  writer.  E.  Schutt  was  Sup- 
erintendent of  Bridi.'es  and  Buildings  for  the  railwav. 


By  S.  M.  Gotten* 

The  charts  presented  herewith  give  a  graphical  solution 

of  the  foundation-pressure  formula  s  =  y   (1   =t       j. 

As  usual,  s  is  the  pressure  per  square  unit,  P  the  vertica- 
load  on  the  foundation  per  unit  of  width,  L  the  length  of 
foundation,  and  e  the  eccentricity  of  P  about  the  center 
of  the  foundation.  The  same  units  should  be  employed 
for  L  and  e,  either  inches  or  feet,  so  that,  if  P  be  expressed 
in  pounds,  ^s-  is  given  in  pounds  per  square  inch  or  per 
square  foot  respectively. 

The  charts  will  cover  any  probable  requirements  of 
practice,  but  their  scope  may  be  infinitely  broadened  bv 
remembering  that  it  is  entirely  immaterial  what  units  are 
used  to  express  e,  L,  s  and  P,  provided  only  that  these 
are  expressed  in  corresponding  terms.  For  instance,  if, 
when  using  the  inch  as  the  unit,  a  value  of  L  greater  than 
60  is  required,  transform  the  given  quantities  into  feet  and 

•Bridge  Engineering  Department.  Kansas  City  Terminal 
Ry.,  Kansas  City,  Mo. 
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pounds  per  square  foot,  whieh  ^vill  i^ive  a  value  of  L 
povered  l)y  the  charts. 

Since  the  function  h  oriven  by  the  charts  is  the  value 
of  the  maximum  pressure,  s^,  when  P  =  1,  Pk  will  give 
the  value  of  s^  for  any  other  value  of  P. 

Use  of  the  Charts 

Given  P,  L  and  e,  to  determine  the  maximum  and  mini- 
mum pressures,  s^  and  .s,.  From  the  value  of  e  showni  at 
the  bottom  of  the  chart  trace  vertically  up  to  an  intersec- 
tion with  the  line  representing  the  given  L;  thence  hori- 
zontally to  the  left,  and  read  the  value  of  k.    Then,  s^  = 

P  P 

Pk,  .s,  =  2  •>    —  t'h-.     The  value  2  ^    can  be  read  ofT  at 

once,  as  it  is  3  PA-  for  e  =  0. 

Given  P,  e  and  desired  value  of  s,,  to  find  the  required 

kngth.     Since  Pk  =  .'Sj,  k  =  -p.    Compute  the  value  of 

k:  enter  the  chart  with  this  and  trace  horizontally  to  an 
intersection  with  the  vertical  representing  the  value  of  e; 
the  required  length  lies  on  this  intersection. 

Given  L,  e,  s^,  to  find  the  maximum  permissible  load, 
P.  Enter  the  chart  with  the  value  of  e;  trace  vertically 
upward  to  an  intersection   with  L;  thence  horizontally 

find  read  the  value  of  k.    Since  s^  =  Pk,  P  ^  ^. 

The  accuracy  of  the  charts,  to  the  extent  indicated  by 
the  scales  chosen,  is  assured  by  the  fact  that  three  values 
were  computed  and .  plotted  for  eac^h  value  of  L,  the 
straight  line  representing  this  passing  through  all  three 
points. 

A  few  auxiliary  facts  th.il  most  texts  appear  to  neglect 
iiiay  be  worthy  of  mention. 

To  interpret  properly  the  equation  .«  =  Y  \^  ^  t)" 
it  must  be  understood  that  this  is  merely  a  special  form  of 

P        Mc 

ibe  equation  ,9  =    ^   =t  -^,   in  which  P  is  the  noruuil 

load ;  A,  the  area  to  which  P  is  applied ;  M  the  moment  of 
P  about  the  center  of  gravity  of  ^  ;  c  the  distance  f  i-om  tlie 
center  of  gravity  to  an  edge  of  A;  and  /  the  moment  of 
inertia  of  A  about  its  center  of  gravity.  When  A  is  a 
rectangle,  the  latter  equation  reduces  to  the  former. 

If  the  distance  d  of  the  load  from  one  end  of  the  foun- 
dation is  fixed,  an  investigation  of  the  charts  will  show 
that  .5,  is  a  minimum  (and  hence  P,  the  supporting  power 
of  the  foundation,  is  a  maximum)  when  L  =  2d.  The 
variations  in  .?,  and  P  for  rf  =  fi  and  various  values  of 
L  are  shown  in  Table  1.  It  will  he  observed  that  the 
values  of  .s,  and  P  increase  and  decrease  respectively  as 
L  increases  from  12 (=  2d)  to  IS,  at  which  point  the 
order  is  reversed.  For  L  =  18,  e  =  L/C  and  .s,  =  0 ; 
hence  for  values  of  L  greater  than  18,  s^  is  negative,  giv- 
ing tension  in  the  heel.  The  formula  assumes  that  this 
tension  is  an  actual  force  or  stress,  as  the  tension  area 
of  a  .section  of  a  loaded  beam.  Consequently,  in  the  case 
f  foundations,  unless  an  equivalent  tensile  force  is  pro- 
idcd,  as  by  means  of  anchor  bolts,  the  values  given  by 
the  formula,  or  the  charts,  for  values  of  e  greater  than 
///6  are  not  true.  If  the  conditions  are  such  that  ten- 
sile stresses  are  not  provided  for,  the  maxinuim  length, 
U,  over  which  P  may  be  distributed,  is  3r/.  Ilence, 
when  d  is  less  than  '/j//  (e  greater  than  VcJj),  .s,  = 
2V/L' .  and  h^  =  0.  Of  course,  this  consideration  does 
not  ordinarily  enter  into  foundation  design,  it  iioing  an 


established  principle  that  the  resultant  shall  not  cut  the 
base  outside  the  outer  edge  of  the  middle  third. 

A  case  that  sometimes  arises  is :  Given  the  vertical  load 
and  its  eccentricity,  to  determine  the  most  economical 
dimensions  of  the  footing.  The  charts  will  show  that  the 
area  required  decreases  as  L  increases.     Table  2  shows  a 

TABLE  1.    FIXED  EDGE  DISTANCE  OP  LOAD 

Showing  variations  in  Si  and  P  as  L  varies,  the  distance  of 
the  load  from  one  end  of  the  foundation  being-  constant  and 
equal  to  6. 

Values  of  L  Values  of  s,  when  P  =  1        Values  of  P  when  si  =  1 

7  0.44S  2.2 

8  0.312  .■i.2 

9  0.220  4.6 

10  0.160  6.2 

11  0.115  S.7 

12  O.0S3  12.0 

13  0.094  10.6 

14  0.102  9.S 

15  0.107  9.3 

16  0.110  9  1 

17  0.111  9,0 

18  0,111  9.0 
20  0.110  9.1 
22  0.107  9.3 
24  0.104  9.6 
26  0.101  9.9 
28  0.097  10.3 
30  0.093  10.7 

TABLE  2.    VARIATION  OP  PROPORTIONS  OP  THE  FOOTING 

Showing    proportional    carrying    power    of    an    area    of    24, 
eccentricity  of  load  of  3,  as  L  and  the  width  b  vary. 
Values  of  P 

when   si  =  1      Values  of  b  Values  of  Pb 
13.70  1.0  13.7 

10.54  1.2  12,6 


12 
S 

special  c 
area,  for 
case,  the 
the  mini 
given  liv 


Values  of  k 

0.073 
0.095 
0.134 
0.208 
0.406 


ase  of  the  relative  bearing  power  of  the  same 
a  fixed  value  of  e,  as  L  varies.  Though  a  specific 
conclusions  therefrom  are  general :  namely,  that 
mum  area  to  carry  a  given  eccentric  load  will  be 
making  the  length  of  footing  as  large  as  possible. 


steel    Must    Be    IiiNpeoted    Before    Shop    Coat    !.•»    .VppHeil — 

Clifford  Older.  Bridge  Engineer,  Illinois  State  Highway  De- 
partment. Springfield,  III.,  has  just  sent  fabricators  of  bridge 
steel  the  following  communication:  "We  believe  it  to  be  de- 
sirable that  shop  inspection  of  structural  steel  be  made  be- 
fore the  shop  coat  of  paint  has  been  applied.  In  the  future, 
therefore,  you  will  kindly  notify  us  a  sufficient  length  of  time 
In  advance  of  the  painting  of  the  fabricated  steel,  in  order 
that  our  inspector  may  reach  your  shop  previous  to  the  ap- 
plication of  the  shop  coiit.  In  this  connection  I  desire  to  call 
your  attention  to  clause  359  of  our  'General  Specifications 
for  Bridgework.'  edition  of  July,  1915.  which  states  in  part 
that  all  parts  which  come  in  contact  shall  be  painted  with 
two  coats  before  the.v  are  riveted  together.  In  the  future, 
failure  to  comply  with  this  provision  will  be  considered  suf- 
ficient cause  for  rejection  of  the   fabricated  steel." 

An  Inverted  Sliilion  on  a  Suction  Pipe  from  a  group  of 
driven  wells  crosses  the  Des  Moines  River  at  Boone,  Iowa, 
and  is  a  part  of  the  city's  water-works  system.  The  wells 
are  on  an  island  in  the  river,  separated  from  the  shore  by  a 
channel  200  ft.  wide  and  about  12  ft.  deep.  The  suction  main 
is  SOO  ft.  long  from  the  wells  to  the  channel,  rising  from  1.60 
ft.  above  low  water  at  the  wells  to  2.40  ft.  at  the  edge  of 
the  island.  Here  an  air  chamber  was  provided  by  capping  a 
cast-iron  T  18x18x18  in.  and  dropping  the  main  vertically  to 
an  elbow  connection  with  the  submerged  pipe  across  the 
channel.  The  mainland  end  of  the  siphon  terminates  In  a 
header  about  4  ft.  above  low  water,  this  header  being  located 
In  a  concrete  pit  350  ft.  from  the  pumping  station.  A  2-ln. 
galvanized-lron  pipe  attached  to  the  top  of  the  air  chamber 
is  led  down  and  along  the  siphon  pipe  to  the  pit,  where  It 
is  connected  to  a  wet  vacuum  pump.  At  low-water  stages 
the  siphon  operates  sometimes  .it  16  to  18  In.  vacuum,  cor- 
responding to  about  20  ft.  hydraulic  suction.  The  system  has 
been  in  operation  successfully  since  1911.  It  was  described 
by  K.  C.  Kastberg,  City  Engineer  ot  Des  Moines  (and  formerly 
of  Boone.  Iowa),  at  the  recent  Joint  meeting  of  the  Illinois 
and  Iowa  sections  of  the  American  Water-Works  Association 
at   Davenport,   Iowa. 
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Curve  for  Design  of  Semicircular  Flumes — The  computa- 
tion of  the  area  and  hydraulic  radius  for  any  given  depth  of 
water  in  a  semicircular  flume  requires  the  use  of  somewhat 
long  and  complicated  formulas.  The  accompanying  curve 
gives  the  percentage  of  total  area,  hydraulic  radius,  or  wetted 
perimeter  for  any  percentage  of  total  depth.  The  total  area 
and  the  full-depth  hydraulic  radius  for  various  diameters  are 
generally  given  In  the  catalogs  of  the  various  flume  companies 
or  can  be  obtained  from  the  "functions  of  numbers"  tables  in 
any  handbook.  The  computation  of  A  and  r  for  fractional 
depths  then  becomes,  by  means  of  this  curve  and  a  slide  rule, 
a  very  simple  matter. — Lewis  M.  Hammond,  Assistant  Engi- 
neer,  United  States   Reclamation   Service,    Provo,    Utah. 

A  Road-Direction  Sisn  that  won  the  prize  offered  by  the 
Illinois  State  Highway  Commission  last  May  (see  "Engineer- 
ing News,"  May  4,  1916)   is  shown  herewith.     The  award  was 


PRIZE  ROAD-DIRECTIOX  SIGN 

made  to  Walter  H.  Lienesch,  chief  engineer  of  the  Universal 
roncrete  Products  Co.,  Chicago.  111.,  for  a  concrete  sign  post 
and  sign  boards,  in  four  units,  all  concrete  except  the  gal- 
vanized pipe  that  holds  the  post,  sign  boards  and  cap  in  place. 

Rule.s  To  Govern  Water- .Main  Extensions  are  recommended 
by  J.  A.  Killer.  General  Superintendent  of  the  Water-Works 
Department  of  Cincinnati,  Ohio,  as  follows:  Property  owners 
or  others  upon  streets  wherein  no  water  mains  have  been 
Laid  and  desiring  the  extension  of  water  mains  into  such 
streets  can  have  the  mains  extended  upon  the  payment  of  50c. 
for  each  lineal  foot  of  main  to  be  extended.  This  amount  is 
to  be  considered  as  part  payment  for  the  main  and  is  not 
to  be  refunded  under  any  condition.  The  Water-Works  De- 
partment is  to  pay  the  remainder  of  the  cost  of  such  extension. 
All  parties  tapping  such  mains  and  using  water  will  be  re- 
quired to  pay  the  regular  water  rates.  The  size  of  mains 
shall  be  determined  by  the  general  superintendent  of  the 
water-works.  No  mains  are  to  be  extended  for  a  distance 
less  than  4S  lin.ft.  No  water  mains  will  be  extended  in  newly 
paved  streets  for  a  period  of  throe  years  after  the  paving  is 
completed.  No  watei*  mains  will  be  laid  in  streets  unless  the 
grade  has  been  established  and  the  surface  is  such  as  to  make 
the  work  practicable. 

Surface  Finisliinsr  of  Concrete  Pavements — Very  good  re- 
.■!ults  were  obtained  In  finishing  the  concrete  pavement  con- 
.structed  this  past  season  on  the  Quogue-Southampton  road. 
Long  Island,  N.  T.,  by  the  use  of  x -shaped  board  floats 
about  6  ft.  long  and  12  in.  wide.  These  floats  were  drawn 
back  and  forth  crosswise  of  the  pavement  by  workmen  on 
bridges,  as  soon  as  the  scrceding  had  been  completed.  When 
not  In  use  these  floats  were  buried  In  order  to  prevent  their 
warping.  The  width  of  the  pavement  finished  with  these 
floats  was  20  ft. — H.  T.  Tuthill,  Sayrevllle,  N.  Y. 

A  "Rn^  Method"  of  FInlsliinvr  Concrete  I'nvement  is  de- 
scribed by  S.  P.  Baird,  engineer  and  contractor,  of  Columbus, 


Ohio,  as  follows:  "I  take  a  piece  of  %-in.  rope,  preferably  a- 
piece  that  is  worn  and  pliable.  The  length  of  the  rope  is  about 
10  ft.  more  than  the  width  of  the  pavement.  To  the  rope  are 
fastened  pieces  of  cement  sacks — that  is,  cement  sacks  slit 
into  two  pieces  with  the  seams  and  hems  removed,  leaving  a 
raw  edge  all  the  way  around.  These  pieces  of  cloth  are  sewed 
to  the  rope  along  the  narrow  edge  of  the  piece,  the  adjoin- 
ing pieces  overlapping  half  their  w-idths.  The  rope  with  its 
attached  rags  is  drawn  over  the  newly  placed  concrete.  To 
keep  the  apparatus  in  condition  it  should  be  cleaned  once  a 
day.  The  advantage  I  claim  for  this  method  over  the  garden- 
hose  method,  described  in  "Engineering  News."  Oct.  26,  p.  803, 
and  the  canvas-belt  method,  described  in  "Engineering  News." 
Oct.  .5,  p.  654.  is  that  the  finishing  surface  is  wider  than  in 
the  first  case,  and  there  is  no  puckering  of  the  forward  edge, 
as  in  the  second  case. 

An  Adjustable  Grade  Templet,  designed  to  aid  in  laying 
mining  and  industrial  tracks,  is  described  by  F.  T.  Teddy. in 
"Engineering  and  Mining  Journal."  The  templet  is  a  yellow- 
pine  plank  11/4x5  in.  and  S  ft.  4  in.  long,  with  the  ends  pro- 
tected from  wear  by  scrap-iron  shoes,  secured  by  countersunk 
screws,  and  having  a  vertical  adjusting  screw  extended 
through  one  end.  One  of  the  straps  is  bent  around  the  end 
of  the  templet  and  holds  the  nut  of  the  adjusting  screw.  An 
inexpensive  level  bubble  is  fastened  in  a  recess  in  the  top  of 
the  plank  by  means  of  plaster  of  paris.  In  use.  all  that  is 
necessary  in  order  to  establish  any  desired  grade  is  to  extend 
the  adjusting  screw  through  the  necessary  amount  below  the 
base  of  the  plank.  Thus,  for  1%  grade  the  screw  is  extended 
1  in.;  for  a  2^/  grade,  2  in.,  etc.  A  screws  that  can  be  extended 
3  in.  is  sufficient.  Mr.  Teddy  says  that  he  believes  this  method 
is  sufficiently  close  for  practical  purposes. 

Driving  Sheetpilinii:  n'ith  a  Heavy  Drop-Hammer — In  con- 
structing a  40-ft.  concrete-arch  culvert  at  Richland  Creek,  on 
the  new  Southern  Ry.  double-track  line  in  South  Carolina, 
wooden  sheetpiling  is  being  driven  by  an  unusually  heavy 
drop-hammer     working     in     swinging     leads.       The     hammer 


DRIVING    24 -FT.    SHEETING    WITH    A    2,000-LB.    DROP 
HAMMER    IN    SWINGING   LEADS 

weighs  2.000  lb.  and  falls  about  17  times  a  minute,  the  drop 
being  6  ft.  A  wood  cap  with  steel  collar  is  placed  on  the 
pile  to  be  driven,  to  take  the  shock.  The  penetration  of  the 
piling  is  20  ft.  The  swinging  leads  were  made  on  the  job,  and 
the  sketch  shows  them  in  position  over  the  line  of  piling. 

.Mloys  for  HiKli-Pressnre  Fittinjts  were  discussed  by  S. 
D.  Slceth  at  the  September  meeting  of  the  Institute  of 
Metals.  As  a  suitable  mixture  for  ordinary  castings  such  as 
cocks,  pistons,  bushings,  etc..  he  gives  Cu.  72.50%;  Sn,  1.759^; 
Zn,  19.25%;  Pb,  6.50%.  For  high  pressures  he  recommends  Cu, 
82.00%,:  Sn,  7.50%:  Zn,  4.75%;  Pb.  5.75%,  and  Cu,  83.00%;  Sn. 
11.50';;,;  Zn,  4.00%,;  Pb,  1.50%.  These  alloys  are  hard  to  ma- 
chine. 
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so'iuiinidl  Coxuiirtl  OpasaioEa  oea 


Those  who  have  engineered  the  Miami  flood-protection 
project  and  the  residents  of  the  Miami  Valley  are  alike 
to  be  congratulated  on  the  strong,  clear  verdict  of  the 
Conservancy  Court,  printed  in  our  last  issue.  Thorough 
and  conscientious  engineering  work  won  a  brilliant  vic- 
tory. During  a  Judicial  inquiry  continuing  for  two 
months  the  methods  and  results  of  the  engineers'  studies 
were  set  forth  in  fullest  detail  and  were  dissected  by  the 
opposing  counsel's  cross-examination  with  every  bit  of 
legal  skill  and  technical  advice  at  its  command.  In  both 
the  initial  presentation  and  the  defense  against  attack, 
the  "official  plan"  justified  itself  most  convincingly. 

The  residents  of  the  Miami  Valley  are  brought  measur- 
ably nearer  to  complete  protection  against  the  flood  haz- 
ard. A  great  enterprise  of  pioneer  character  is  put  in 
the  way  of  realization.  The  cause  of  flood  protection, 
or  let  us  say  of  stream  control,  receives  a  strong  and 
needed  impetus. 

With  the  Scioto  Eiver  flood-prevention  project  about 
to  have  its  day  in  court,  it  is  especially  fortunate  for  the 
engineers  and  the  people  interested  in  the  protection  of 
Columbus  that  the  Miami  case  has  furnished  so  admir- 
able a  precedent.  The  court  at  Dayton  delivered  a  truly 
judicial  opinion.  It  dealt  with  the  question  on  its  merits 
and  declined  to  be  swayed  by  clamor  and  local  prejudice, 
although  before  the  decision  there  was  much  apprehen- 
sion that  the  judges  might  yield  to  local  pressure.  The 
outcome  justifies  the  expectation  that  Franklin  County's 
judges  al.so  will  deal  with  the  .Scioto  protection  plan  on 
its  merits.  In  that  event  the  keen  and  careful  analysis 
of  the  problem  by  the  engineers  will  receive  a  well- 
deserved  approval. 

Earth  dams  are  safe.  The  judges  in  the  Miami  case 
carefully  and  deliberately  state  their  conviction  of  this 
fact.  They  reject  the  searching  and  persistent  criticism 
of  such  dams,  which  the  opposition  put  forward.  Their 
opinion,  formed  after  hearing  elaborate  evidence  on  every 
possible  phase  of  this  sul)ject,  is  a  salutary  lesson  to  many 
an  engineer. 

Bridges  are  safe,  though  some  bridges  have  failed. 
Buildings  arc  safe,  though  wretched  design  and  bad  work 
made  many  a  wreck.  Dams  are  safe,  though  quackery 
and  incompetence  and  neglect  have  brought  about  many 
!i  washout. 

The  judges  did  not  ask :  May  not  a  weak  dam  fail  ? 
They  were  willing  to  venture  their  own  lives  and  the  lives 
■  iiul  property  of  their  neigiibors  on  the  assumption  that 
.'ood  dams  would  be  built.  And  assuming  good  dams, 
tiiey  declared  that  the  dams  would  be  safe  and  of  nuf- 
/irienl  Htrength  io  Hustain  at  all  limes  any  burden  thai 
may  be  placed  upon  them  by  impounded  water.  JIany 
m  engineer  can  study  with  profit  this  calm  and  deliber- 
ate statement  made  by  laymen  after  weighing  tiie  merits 
"f  affirmative  and  negative  in  a  lengthy  battle  of  fact  and 
opinion. 


Not  less  important  is  the  court's  declaration  that  re- 
tarding dams  combined  with  channel  improvement  fur- 
nish for  the  Miami  Valley  the  only  practicable  and  com- 
plete protection  from  floods.  Again  there  is  opportunity 
for  reflection  by  engineers.  Flood  prevention  by  reser- 
voirs has  been  under  a  cloud — and  for  that  matter  is 
today  under  a  cloud,  and  with  good  reason.  The  proposal 
to  provide  empty  space  for  flood  water  and  yet  keep  that 
space  full  of  water  for  other  use  has  proved  very  diffi- 
cult to  defend.  But  temporary  impounding  of  flood  wa- 
ters, applied  with  patiently  calculated  precision  and  prop- 
erly adjusted  to  the  other  variables  of  the  problem,  can 
accomplish  the  best  and  cheapest  flood  control  for  the 
Miami  Valley,  for  the  Scioto  Valley  and  perhaps  for 
some  other  locations.     This  is  a  new  fact. 

That  retarding  basins  are  not  a  cure-all,  that  special 
physical  conditions  must  exist  in  order  to  make  them  ef- 
ficient and  economical,  will  be  recognized  as  soon  as  a 
study  of  their  peculiarities  is  begun.  Warnings  against 
oversanguine  expectations  concerning  retarding  basins 
are  therefore  little  needed.  The  fact  of  present  impor- 
tance is  that  retarding  basins  have  been  proved  to  be  in 
certain  cases  a  very  important  agencv  for  flood  protection. 


IR.eseiTwoflB'  of  Csipatlall 

In  a  recent  address  before  the  .Merchants'  Association 
of  Few  York,  L.  F.  Loree,  President  of  the  Delaware  & 
Hudson  R.R.,  presented  a  summary  of  the  international 
financial  tran.sactions  of  the  United  States  since  the  be- 
ginning of  the  war.  j\[r.  Loree  is  not  only  eminent  as 
a  railway  president  and  a  civil  engineer,  but  he  is  a  finan- 
cier of  international  reputation.  During  the  past  two  years 
he  has  collected  statistics  showing  the  extent  to  which 
American  investors  have  repurchased  American  railway 
.-securities  from  foreign  holders.  These  figures,  in  con- 
nection with  the  official  statistics  of  the  exports  and  im- 
ports from  the  United  States  and  the  floating  here  of 
foreign  loans,  enable  a  balance  to  be  struck. 

As  everyone  knows,  the  export  trade  of  the  United 
States  has  been  increasing  for  the  past  two  years  by  leaps 
and  i)ounds,  while  the  imports  have  remained  about 
normal.  In  the  last  three  fiscal  years  ended  June  30  the 
United  States  has  exported  goods  in  excess  of  the  value  of 
tiie  imports  as  follows: 

I?'* $470,653,000 

9  5 1.094.420,000 

1916 2,135,775.000 

This  makes  a  total  of  over  $3,700,000,000  as  the  value  of 
the  goods  which  the  United  States  has  sold  to  foreign 
countries  in  the  pa.st  three  years  in  excess  of  the  value  of 
its  purcha.ses  from  them.  International  trade  balances 
are  commonly  settled  by  the  export  of  gold,  but  it  is  im- 
possible to  settle  any  such  vast  trade  balance  by  transfer 
of  the  precious  metal.  The  entire  stock  of  gold  held  by 
the  four  great  government  i)anks  in  Europe — those  of 
Great  Britain,  Germany,  France  and  Russia — was  only 
$2,(100,000,000   on    Aug.    1.    HJIC,    pra<ti.ally    the   same 
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amount  that  they  held  two  years  earlier,  at  the  outbreak 
of  the  war.  Official  figures  for  gold  exports  and  imports 
BJMw  that  whereas  in  191-1  the  United  States  sent  abroad 
$46,000,000  in  gold,  in  1915  $25,000,000  in  gold  came  to 
this  country,  and  in  1916,  $404,000,000.  The  bulk  of  the 
|)ayment  for  the  vast  exports  from  the  United  States  has 
ijeen  made  not  in  gold,  but  in  securities.  Mr.  Loree  finds 
that  between  Jan.  .31,  1915.  and  July  31,  1916,  American 
investors  purchased  from  foreigners  over  $1,288,000,000 
worth  of  American  railway  securities.  The  amount  of 
other  American  securities — municipal  bonds,  industrial 
stocks  and  bonds,  etc.— sold  in  this  country  by  foreign  in- 
\estors  can  only  be  estimated,  but  "Sir.  Loree  puts  the 
total  of  all  American  securities  sold  back  to  people  in  the 
United  States  by  foreign  holders  in  the  last  year  and  a 
half  as  in  excess  of  $1,500,000,000. 

In  addition  to  this,  not  only  the  belligerent  nations  but 
other  nations  have  come  to  the  United  States  during  the 
past  two  years  to  borrow  money  on  government  bonds, 
and  not  only  on  government  bonds  but  on  bonds  of  cities, 
railways,  industrial  enterprises,  etc.  The  National  City 
Bank  of  New  York  has  just  puljlished  statistics  showing 
the  total  foreign  loans  placed  in  the  United  States 
since  the  beginning  of  the  war  to  be  $1,981,000,000,  m 
round  numbers. 

The  international  trade  balance  then  stands  about  as 
follows : 

American  securities  sole  by  foreign  holders  to  Americans $1,500,000,000 

Foreign  bonds  and  stocks  bought  by  Americans '''^''XSn  nSiS 

Net  gold  sent  to  the  United  States  from  foreign  countries 383.000.000 

$3,864,000,000 
Value  of  U.  S.  exports  over  imports   for  three  years  ended 

June  30,  1916 $3,700,000,000 

Of  course  these  figures  are  only  approximate,  and  fur- 
ther they  do  not  show  the  entire  transactions  of  inter- 
national trade;  the  moneys  paid  for  freight  to  foreign 
ship  owners,  money  used  by  travelers,  direct  remittances 
between  individuals,  etc.,  are  not  included.  These  items 
are  all  small,  however,  compared  with  the  vast  sums  above 
recorded. 

These  figures  show  that  the  United  States,  which  for 
so  many  years  was  a  delitor  nation,  relying  largely  on 
Europe  for  the  capital  to  develop  its  resources,  is  suddenly 
and  very  rapidly  becoming  the  great  creditor  nation  of  the 
world.  If  the  further  enormous  increase  in  the  value  of 
exports  over  imports  which  was  recorded  during  July  and 
August  continues  throughout  the  present  fiscal  year,  the 
rest  of  the  world  will  have  to  pay  the  United  S'tates  for 
its  surplus  of  exports  over  imports  in  the  year  ending 
June  30  next,  the  enormous  sum  of  $4,800,000,000.  For 
obvious  reasons  gold  can  be  used  for  only  a  trifling  part 
of  this  payment;  and  there  is  reason  to  believe  that  most 
of  the  foreign  holdings  of  American  securities  likely  to  be 
sold  back  to  this  country  have  already  been  transferred. 
If  this  is  the  case,  then  the  only  way  by  which  this  vast 
foreign  trade  can  be  maintained  will  be  through  the  pur- 
chase of  foreign  securities  by  United  States  investors. 

It  may  seem  at  first  sight  that  so  enormous  an  amount 
of  capital  invested  abroad  would  make  a  scarcity  for  those 
who  seek  to  raise  money  here  for  home  enterprises.  The 
indications  arc,  however,  that  the  amazing  prosperity 
which  the  United  States  is  enjoying  will  permit  this  di- 
version of  capital  and  still  leave  sufficient  for  home  de- 
mands. The  figures  above  quoted  show  indeed  that  in 
tlie  past  two  years  United  States  investors  have  sent 
nearly  3i'.  liiliion  dollars  aiiroad,  and  durinn;  that  time 


interest  rates  here  on  standard  securities  such  as  munici 
jial  bonds  have  dropped  to  a  lower  rate  than  prevailed  br 
for  the  war. 

That  higher  interest  rates  are  likely  to  prevail  here, 
however,  as  they  already  prevail  in  all  the  rest  of  the 
world,  is  the  general  opinion  of  economists.  Vast  indeed  are 
the  accumulations  of  capital  available  for  investment  in 
times  when  a  single  great  corporation  can  earn  profits  at 
tlie  rate  of  $257,000,000  per  annum,  as  did  the  United 
States  Steel  Corporation  in  the  quarter  ended  Oct.  1.  There 
is,  however,  a  limit  somewhere,  and  with  all  the  rest  of 
the  world  coming  to  the  United  States  to  borrow  money 
and  with  the  demand  for  money  for  great  works  of  im- 
provement from  cities,  railways  and  industrial  and  utility 
corporations  at  home,  the  law  of  supply  and  deniaiul 
seems  certain  to  raise  the  rate  of  interest ;  and  it  may  even 
raise  it  to  levels  unknown   to  the  present  generation. 

MmsH  tllhe  Btpusslh  Msiftttiress  Go? 

Tlie  brush  mattress  is  a  classic  on  the  ]\[ississippi. 
It  has  been  the  symbol,  as  it  were,  of  the  river-protection 
work  there,  the  one  necessity  handed  down  to  successive 
engineering  generations.  While  varying  in  detail  in 
different  localities  and  experiencing  at  least  one  ver}' 
decided  change  in  design,  it  has  been  for  a  half  century 
jiractically  the  only  way  the  river  engineer  could  hop 
io  hold  the  unstable  submerged  banks  from  caving  under 
the  drive  and  cut  of  a  flood-water  current. 

In  spite  of  this  evidently  successful  career,  engineers 
are  now  casting  about  for  some  substitute  for  the  willow 
mattress.  This  does  not  mean  that  the  mattress  has  at 
last  proved  unsuccessful,  although  to  be  sure,  it  has  not 
a  100%  stability  under  adverse  conditions,  but  that 
willows  are  getting  scarcer  in  the  Mississippi  Valley, 
and  therefore  harder  to  procure  and  more  expensive  to 
place  and  that  labor  in  the  Mississippi  Valley  is  becoming 
expensive.  On  the  river  as  elsewhere  in  the  South,  negro 
laborers  are  not  so  plentiful  as  they  once  were,  and  those 
that  are  available  cost  more.  It  takes  a  seemingly 
disproportionate  number  of  men  to  build  one  willow 
mattress,  and  where  men  are  hard  to  get  nr  when  their 
wages  are  very  high,  the  difficulties  of  weaving  measurably 
mcrea.se. 

The  principal  substitute  thus  far  tried  for  the  willow 
mattress  has  naturally  been  concrete,  the  modern  cure-all 
for  all  structural  ills.  The  possibility  of  carpeting  a 
sloping  under-water  bank  with  a  neat,  flexible  mat  of 
]iermaiieiit  unbreakable  material  has  appealed  to  a  num- 
ber of  engineers.  On  the  Mississippi  it  has  been 
particularly  appealing,  because  there  is  available  a  'great 
quantity  of  river  gravel  which  can  be  dredged  right  from 
the  river  and  used  in  its  natural  gradation.  So  used 
it  does  not  make  a  concrete  of  maximum  strength,  but 
it  is  one  of  sufficient  strength  for  the  purpose  at  hand. 

The  first  application  of  the  concrjte  idea  wa.s  the  use 
of  small  blocks,  wired  together  both  laterally  and  hori- 
zontally to  form  an  entirely  flexible  mat.  Sucli  a  design 
was  most  successfully  used  on  the  Ishikari  River  in  Japan, 
and  has  been  described  a  number  of  times  in  Engineering 
News  by  the  chief  engineer  of  the  district  there.  It 
also  has  been  experimentally  tried  on  the  Mississippi, 
and  in  a  greatly  improved  form  is  about  to  be  installed 
in  the  third  district  of  the  Mississippi  River  Coinniis- 
sion's  work. 
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The  second  method  of  using  concrete  for  this  work  is 
to  east  on  a  barge  a  solid  reinforced-concrete  mat,  which, 
when  set,  is  let  over  the  side  of  the  barge  to  pave  the 
under-water  bank.  In  this  issue  of  Engineering  News 
there  is  described  a  successful  application  of  the  concrete 
slab  scheme,  so  successful  at  least  in  a  full-sized  experi- 
mental plant,  that  the  Jlississippi  River  Commission  has 
appropriated  $75,000  for  actual  work  on  the  first  and 
second  districts  of  the  river. 

Few  realize  to  what  depth  and  what  current  the 
Mississippi  River  bends  are  subjected.  To  let  down 
slowly  a  large  plane,  such  as  a  concrete  mat  presents, 
in  a  current  of  9  miles  an  hour  and  a  depth  of  100  ft., 
is  to  fly  in  the  face  of  Providence.  It  would  be  practically 
impossible  to  hold  either  the  slab  or  the  barge  from  which 
it  depends.  To  avoid  the  danger  of  such  a  contingency, 
ilajor  !Markham  in  his  new  scheme  has  suspended  his 
entire  slab  only  a  few  feet  below  water  surface,  where 
it  will  get  the  minimum  effect  of  the  force  of  the  current. 
Once  balanced  there,  the  whole  slab  is  let  go  at  once,  by 
an  ingenious  series  of  triggers  controlled  from  one  point. 
Held  at  its  upper  end  to  the  bank  and  controlled  by 
lines  to  the  barges,  this  slab  drops  through  the  water 
very  quickly  and  reaches  its  resting  place  before  it  can 
be  warped  or  twisted. 

The  device  has  all  the  advanfaiges  of  concrete  for 
mattress  work;  that  is,  it  uses  the  local  material  (except 
cement)  and  it  can  be  operated  by  comparatively  few  men. 
The  main  expense  is  in  its  first  cost,  so  that  the  total 
cost  of  laying  the  mattress  should  decrease  in  time,  along 
with  the  amount  of  mats  laid.  At  the  same  time,  the 
heavy  flexible  mat  which  should  easily  accommodate  itself 
to  the  movement  of  the  bank  would  certainly  seem  to 
protect  that  bank  much  better  than  the  brush  mattress, 
which,  while  entirely  flexible,  is  still  subject  to  breaks 
due  to  large  caves,  and  to  the  loss  of  its  superimposed 
riprap. 


In  this  issue  there  is  described  the  extensive  cracking 
and  settlement  which  has  occurred  to  the  works  just  com- 
pleted by  the  City  of  Cleveland  for  the  filtration  of  its 
public  water-.supply.  As  described  in  that  article,  the 
movement  has  been  so  .serious  that  it  has  been  necessary 
to  take  down  part  of  one  of  the  mail'  buildings  to  save  it 
from  falling  down  and  wrecking  the  structures  which  it 
incloses.  Elsewhere  the  cracks  are  .so  extensive  that  some 
of  the  tanks  which  have  been  built  will  not  hold  water. 
The  most  .serious  aspect  of  the  situation  is  that  the  earth 
subsidence  is  still  continuing  and  in  some  places  appar- 
ently at  an  accelerated  pace.  Nobody  knows  at  present 
whether  this  movement  of  the  underlying  earth  will  go 
on  until  the  entire  plant  is  destroyed  oi  whether  a  con- 
dition of  equilibrium  will  be  reached  soon  enough  so 
that  the  damaged  structures  may  be  repaired. 

As  to  the  cause  of  the  earth  movement,  those  respon- 
sible appear  to  be  a  good  deal  in  the  dark.  There  is, 
however,  enough  infonuation  to  make  it  clear  that  in 
the  earth  strata,  100  ft.  or  more  in  depth,  wiiich  lie  be- 
tween the  filter-plant  foundation  and  bed  rock,  there  is 
n  considerable  amount  of  shifting  and  unstal)le  material. 
This  is  in  fact  what  might  be  expected  in  view  of  the 
general  location  on  which  the  filter  plant  is  built. 


The  occurrence  is  a  new  illustration  of  the  wisdom  of 
thorough  preliminary  investigation  as  to  foundation  con- 
ditions before  building  an  important  structure.  Most 
engineers  are  only  too  well  aware,  however,  that  very 
often  it  is  difficult  or  impossible  to  make  those  who  hold 
the  purse  strings,  especially  public  officials,  realize  the 
importance  of  such  thorough  engineering  investigations 
prior  to  undertaking  actual  construction. 

It  may  frankly  be  admitted,  too,  that  there  are  cases 
in  which  it  may  be  better  to  run  a  certain  amount  of 
risk  than  to  spend  a  large  amount  of  money  on  inves- 
tigating foundation  conditions  when  the  result  of  the 
inve.stigation  may  after  all  be  inconclusive.  Of  course, 
where  an  engineer  builds  a  structure  which  will  produce 
concentrating  loading,  such  as  a  bridge  pier  or  a  dam, 
he  can  and  frequently  does  make  thorough  investigations 
as  to  what  the  underlying  material  is  on  which  his  struc- 
ture is  to  rest.  The  cases  are  only  too  numerous,  how- 
ever, in  which  this  is  not  done  and  in  which  failure 
occurs  as  a  result. 

Some  of  the  older  readers  of  Engineering  News  may 
recall,  as  a  typical  example,  the  case  of  the  South  St. 
bridge  in  Philadelphia,  a  stone  arch  structure  built  in 
the  '70's  with  piers  founded  on  piles  that  had  been  driven 
to  what  was  apparently  a  solid  foundation  of  boulders 
embedded  in  hardpan.  Some  time  after  the  completion 
of  the  bridge,  one  of  the  piers  began  to  settle,  and  the 
movement  continued  and  increased  until  the  pier  broke 
through  the  stratum  of  boulder  hardpan  and  sank  into  a 
layer  of  soft  mud  which  underlay  this  stratum,  causing 
the  total  collapse  of  the  bridge. 

It  would  have  been  a  simple  matter  to  have  determined 
by  borings  the  character  of  material  under  the  pier  foun- 
dation; but  it  is  far  from  a  simple  matter  to  determine 
the  character  of  the  deep  earth  strata  underlying  an  ex- 
tensive area,  such  as  that  covered  by  the  Cleveland  filter 
works. 

Some  pertinent  suggestions  in  this  connection  were 
made  in  the  presidential  address  of  Sir  Maurice  Fitz- 
maurice.  President  of  the  Institution  of  Civil  Engineers, 
delivered  on  Nov.  7: 

I  do  not  suppose  there  are  any  engineers  in  this  room  who 
have  carried  out  undertaltings  to  any  extent  who  have  not 
had  at  some  time  or  other  to  lament  failure  or  accident  in 
connection  with  at  least  some  part  of  their  work. 
Of  the  principal  matters  which  cause  trouble,  the  first  one  in 
my  opinion  is  the  small  knowledge  we  are  able  to  obtain  of 
the  conditions  which  exist  below  the  surface  of  the  earth  on 
which  everything  has  to  be  founded.  It  is  commonplace  to 
remark  that  the  information  obtained  from  borings  is  not 
always  reliable,  particularly  when  the  ground  is  of  a  variable 
character.  All  we  obtain  from  borings  is  a  rough  idea  of  the 
nature  of  the  ground  in  the  exact  spot  where  the  boring  has 
been   made. 

Turning  to  the  situation  at  Cleveland,  it  is  quite  pos- 
sible that  if  a  series  of  borings  had  been  made  over  the 
site  of  the  filter  works,  supplemented  probably  by  the 
sinking  of  some  test  pits,  enough  might  have  been  learmvl 
regarding  the  unstable  strata  underlying  the  site  to  ])ut 
the  engineers  on  their  guard  as  regards  the  location  or 
the  design  of  the  structures  they  were  to  build. 

On  the  other  hand  it  must  be  remembered  that  the 
foundation  pressures  involved  in  the  Cleveland  filter- 
works  structures  were  extremely  low.  Even  with  com- 
plete knowledge  of  the  underground  conditions  it  is  likely 
that  no  engineer  would  have  been  wise  enough  to  pre- 
dict with  certainty  that  any  troublesome  movement  would 
occur  under  these  structures,  spreading  over  such  a  large 
area  and  with  such  small  concentrated  loadings. 
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Sir — Your  issue  of  Sept.  21  contains  a  very  interesting 
article  by  A.  C.  Norton  on  the  "Hydraulic  Principles 
of  Flume  Intakes  and  Outlets."  In  regard  to  intakes 
attention  is  wisely  called  to  the  common  error  of  "making 
no  allowance  for  velocity  head" — that  is,  the  error  of 
neglecting  to  provide  for  the  creation  as  well  as  for  the 
maintenance  of  velocity.  In  regard  to  outlets  the  ques- 
tion of  how  much  of  the  velocity  head  can  be  regained 
is  a  difficult  one. 

Two  different  and  distinct  conditions  of  flow  are  rec- 
ognized. First,  the  ordinary  case  when  the  velocity  in 
the  flume  is  less  than  V^  X  depth.  This  is  always 
the  case  unless  the  flow  has  been  throttled  at  the  en- 
trance or  at  some  other  point  upstream.  It  is  a  sort  of 
condition  of  stable  equilibrium.  The  water  is  flowing  at 
the  "upper  alternative  stage."  The  article  in  question 
states  that,  though  theoretically  possible,  it  is  practically 
impossible  to  regain  any  of  this  velocity  head. 

It  may  be  unsafe  to  depend  on  regaining  any,  but  it 
appears  to  be  good  practice  to  flare  the  exit  of  a  flume 
or  conduit  slightly,  thereby  tending  to  slow  up  the  ve- 
locity gradually  and  thus  regain  a  portion  of  the  dif- 
ference in  velocity  heads  before  and  after  exit.  This 
means  the  water  level  in  the  flume  may  be  slightly  lower 
than  below  the  flume.  There  is  such  a  thing  as  an 
"open  venturi."  ^ 

The  second  condition  of  flow,  entirely  distinct  from 
the  previous  one,  is  when  the  velocity  is  greater  than 
V  ^  X  depth.  The  water  is  flowing  at  the  "lower  alter- 
native stage."  It  is  in  a  runaway  condition,  which  is 
stopped  by  the  "hydraulic  jump,"  the  height  of  which 
represents  velocity  head  regained.  The  principles  in- 
volved in  this  jump  have  been  thoroughly  discussed  in 
the  Proceedings  of  the  American  Society  of  Civil  En- 
gineer.s,  concluding  with  the  writer's  closure  on  p.  391 
of  the  February,  1916,  Proceedings. 

Confining  our  attention  to  rectangular  channels,  if  we 
let  d  and  D  =  the  depth  before  and  after  the  jump  re- 
spectively, and  I'  =  the  velocity  before  the  jump,  then 

the  two  variables  -7  =  -r  and  S  =    -,-_-=   will  be  found 
d  V  gd 

very  convenient  in  practice  and  greatly  simplify  all  the 
formulas  involved  in  the  case.  The  entire  matter  is  sum- 
marized in  the  diagram  of  Fig.  .'?.')  on  p.  203  of  the 
February  Proceedings.  The  formula  for  the  jump 
given  by  Mr.  Norton  reduces  to  J-  =  2S-.  To  show  that 
this  is  in  error,  it  is  only  necessary  to  take  a  case  when 

v 

,        =  1,  the  critical  stage  when  no  iunip  could  occur. 
ylgd 
Substituting  <§  =  1  in  the  fornnda  J-  =  2.S'-,  we  find 

,7  =  V  2,  corresponding  to  a  jump  of  about  four-tenths 
the  depth  of  water  in  the  fiunio. 


It  appears  that  the  correct  equation  for  the  height  of 
the  hydraulic  jump  in  a  smooth  rectangular  flume,  when 
simplified  in  terms  of  the  above  variables,  is  J^  -|-  ./  = 
2S-.  This  is  the  formula  of  Professor  Unwin.  deduced 
by  equating  moments  before  and  after  the  jimip.  R. 
D.  Johnson  has  shown  that  this  formula  is  thoroughly 
consistent  in  its  derivation  with  an  energy  equation  be- 
tween velocity  and  pressure  heads  before  and  after  the 
jump.  The  writer's  diagram  in  Fig.  35,  referred  tn 
al)ove,  shows  that  this  equation  is  verified  by  the  recent 
noteworthy  experiments  of  Prof.  Arnold  H.  Gibson. 

Mr.  Norton  states  that  it  is  better  to  count  on  only 
about  half  the  theoretic  height  of  jump.  It  would  un- 
douljtedly  be  a  safe  precaution  to  do  so  in  practice.  How- 
ever, it  is  well  to  note  that  the  diagram  shows  that  the 
experiments  which  have  been  performed,  under  ideal 
smooth-flume  conditions,  give  a  jump  just  as  high  as  that 
computed  by  the  theoretical  formula  J-  -|-  J  =  2^'-. 
This  is  apparently  because  this  formula  considers  the 
internal  friction  losses  and  accounts  for  everything  ex- 
cept such  relatively  insignificant  friction  as  that  of  the 
sides  and  bottom  of  the  flume. 

The  term  "theoretic  height"  might  better  be  applied 
to  the  equation  2,7-  —  S'J  =  S",  which  gives  a  greater 
height  of  jump — in  fact,  gives  the  maximum  height  the- 
oretically attainable  if  the  jump  could  be  assisted  by  a 
smooth  obstruction  in  the  bottom  of  the  flume,  which 
would  prevent  eddy  losses.  In  this  connection  it  might 
well  be  stated  that  there  are  of  course  certain  problems, 
such  as  the  prevention  of  scoTir,  in  which  the  factor  of 
safety  lies  in  using  a  higher  instead  of  a  lower  height 
of  jump  than  given  by  the  Unwin  formula. 

Although  the  use  of  the  above  variables  J  and  j9  greatly 
simplifies  this  formula  for  the  jump,  nevertheless  it  is 
a  quadratic  equation ;  and  it  so  happens  that  a  truly  sim- 
ple equation  can  be  substituted  for  it  without  sacrificing 
any  accuracy  that  is  worth  while  in  hydraulic  compu- 
tations of  this  sort.     The  equation  is : 

V7Z 
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'See  "Engineering;  News,"  Aug.  10,  1516,  p.  270,  for  descrip- 
tion of  a  venturi  flume. 


gives  the  resulting  depth  D  practically 
hydraulic  jump  in  a  perfectly  smooth 
channel  of  rectangular  cross-section  in  which  water  is 
flowing  with  de])th  d  and  velocity  v.  The  results  agree, 
within  about  1%,  with  those  of  the  theoretic  quadratic 
Unwin  formula,  throughout  the  entire  range  of  practical 
use.  Further  reference  may  be  had  to  p.  1110  of  the 
August,  1916,  Proceedings  of  the  American  Society 
of  Civil  Enu;ineers.  Karl  R.  Kennisox. 

Providence,  R.  I.,  Sept.  25. 

f  A  proof  of  the  above  letter  was  submitted  to  A.  C. 
Norton  and  his  reply  follows. — Editor.] 

Sir — There  are  several  reasons  for  not  recommending 
a  general  practice  of  using  the  head  that  can  be  gained 
at  the  outlet  of  flumes  which  carry  water  at  higher  veloc- 
ities than  the  canal  above  and  below.  There  is  no  ques- 
tion but  that  it  is  possible  to  regain  part  of  the  velocity 
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head  at  the  intake,  even  on  velocities  lower  than  the 
critical  velocity  required  to  produce  the  jump  (which  is 
p^reater  than  V  (/  X  depth.  Howe\er  the  amount  of  head 
that  can  be  regained  depends  on  several  things. 

The  amount  of  head  that  can  be  regained  for  velocities 
both  below  and  above  that  required  to  produce  jump 
depends  to  a  certain  extent  on  the  shape  of  the  outlet. 
In  case  the  outlet  is  on  a  curve,  or  at  an  angle  with  the 
flume  as  is  necessary  in  a  majority  of  cases  in  order 
to  connect  the  flume  with  the  canal,  the  amount  of  head 
that  can  be  regained  is  entirely  an  \inknown  quantity. 

The  freeboard  in  metal  flumes  is  usually  very  small — 
but  a  few  inches  when  the  flume  is  carrying  full  capa- 
city—and an  additional  factor  of  safety  against  over- 
flowing is  added  by  not  using  the  head  that  may  be 
regained.  There  is  also  the  question  of  expense  to  be 
considered,  as  it  is  much  more  costly  to  install  an  out- 
let that  may  be  used  to  regain  head  as  it  must  be  much 
longer  than  the  ordinary  in  order  to  operate  properly. 

The  type  of  outlet  shown  in  the  article  on  "Hydraulic 
Principles  of  Flume  Intakes  and  Outlets"  is  designed  to 
check  the  water  as  little  as  possible,  hence  the  amount 
of  head  that  could  be  regained  would  be  small.  If  it  is 
necessary  to  regain  as  much  head  as  possible  the  outlet 
should  be  designed  similar  in  shape  to  the  intake.  In 
case  the  velocity  is  high  enough  to  produce  jump  the 
danger  of  the  jump  occurring  too  close  to  the  end  of 
the  flume  and  overflowing  may  he  prevented  by  making 
the  concrete  outlet  the  same  size  and  shape  as  the  flume 
for  a  few  feet,  with  the  walls  raised,  and  then  gradually 
flared  out  to  the  shape  and  size  of  the  canal  section,  sim- 
ilar to  the  design  shown  for  the  intake. 

The  formula  which  Mr.  Kennison  shows  reduced  to 
•7^  =  2  S^.  and  in  which  he  ]ioints  out  the  error,  is  the 
ilerriman  formula  and  at  the  time  this  article  was  writ- ' 
ten,  which  was  before  the  publication  of  the  discussions 
in  the  Proceedings  of  the  American  Society  of  Civil 
I^ngineers  for  January,  and  February,  191 G,  the  Merri- 
nian  formula  derived  from  Bidone's  experiments  was 
practically  the  only  source  of  information  on  this  sub- 
ject. As  these  formulas  are  derived  from  experiments 
in  rectangular  channels  they  must  necessarily  be  used 
with   caution   when    applied   to   semicircular   flumes. 

Denver,    Colo.,   Oct.    7,    1916.  A   C.    Nokton. 

Desa^im  (of  IFStuiinrae  ©tuitlets 

Sir — The  design  of  flume  outlets  as  outlined  by  A.  C. 
Norton  in  the  Enrjineering  News  for  Sept.  21.  under  the 
title  of  "Hydraulic  Principles  of  Flume  Intakes  and  Out- 
lets," appears  to  the  writer  not  to  be  in  accordance  with 
the  best  practice.  Equation  (2)  is  equivalent  to  a  state- 
ment that  velocity  head  can  be  recovered  at  a  flume  outlet 
only  where  the  hydraulic  jump  occurs.  Abundant  ex- 
perimental data  exist  proving  that  this  is  not  the  fact, 
Imt  that  the  percentage  of  head  recoverable  is  much 
greater  when  the  flume  velocity  is  lower  than  that  which 
will  result  in  a  jump,  the  necessary  losses  involved  in 
the  jump  being  avoided.  Also,  equations  (2),  (3)  and 
(4)  apply  only  to  rectangular  .sections  where  the  jump 
occurs  within  the  fivme.  and  are  not  applicable  to  semi- 
circular sections,  as  evidently  intended  by  the  author, 
nor  to  cases  where  the  hydraulic  jump  occurs  in  the  tran- 
sition, unless,  of  course,  the  transition  has  a  rectangular 
cro.'»s-scction.     In  the  latter  case  /•  wonld  rd'cr  to  the  ve- 


locity at  the  point  where  the  jump  occurs,  and  not  to 
the  velocity  in  the  flume  as  stated.  It  is  important  to 
know  whetiier  the  velocity  at  any  point  exceeds  the  mini- 
mum velocity  at  which  the  hydraulic  jump  may  occur 
in  order  that  the  increased  losses  due  to  the  jump  may 
be  allowed  for  and  that  precautions  may  be  taken  to  pre- 
vent the  jump  from  occurring  in  the  flume  just  above 
the  outlet  structure.  The  simple  formula  given  by  Mr. 
Norton  may  be  used  in  the  case  of  a  rectangular  flume, 
but  the  corresponding  formula  for  a  circular  or  special 
section  is  complicated,  and  it  is  usually  best  to  use  the 
general  formula  for  the  critical  velocity  head, 

where 

hv  =  Velocity  head  for  critical  velocity; 

A  =  Area  of  cross-section; 

T  =  Width  of  section  at  top  of  water. 
This  equation,  which  applies  to  any  form  of  section, 
provided  only  that  A  and  T  are  continuous  functions  of 
the  depth  has  not,  so  far  as  the  writer  knows,  been  pub- 
lished and  a  demonstration  may  be  of  interest.  An 
extensive  discussion  of  the  hydraulic  jump  appeared  in 
a  series  of  articles  in  the  Proceedings  of  the  American 
Society  of  Civil  Engineers,  January  and  February,  1916. 
In  these  articles  it  is  clearly  brought  out  that  a  given 
quantity  of  water  flowing  under  a  given  "total  head" 
in  a  given  channel  may  flow  at  either  of  two  alternative 
depths,  and  that  the  hydraulic  jump  occurs  when  the 
depth  changes  from  the  lower  to  the  higher  stage.  There 
is  always  one  depth  at  which  the  two  stages  coincide, 
the  total  head  being  a  minimum,  and  the  jump  cannot 
occur  unless  the  depth  is  le.ss  than  this  critical  depth.    Let 

D  =  Depth  of  water  in  any  channel; 

hv  =  Velocity  head  ; 

//  =  Total  head  =  Z)/iP; 

Q  =  Discharge ; 

T'  :=  Velocity ; 

g  =  Acceleration  of  gravity; 

T  =  Width  of  section  at  top  of  water: 

A  =  Area  of  section   =   some   function,   i{D),  of 
the  dc])th. 
Then  by  definition, 

//  =  Dhv 

=  ^P 

1  02 

A  -       2g 


=  D  + 


1  Qi 


Difl^erentiating, 


AD  i^{D)  ^   g 


where  P{D)  =  ^»  and  f'(D)  =  (the  first  derivative  of 
A  with  respect  in  D)   =  the  top  width  T;  and  //  is  a 


,       d//  .  ,       A»       02        „ 

minimum  when  is  zero,  or  when  -sr  =  ■^—-      Since 

A  V- 

Q  =  AV  this  reduces  to  ^T  ^  2~~    ~  '"''  ^'"'  ^'i"'''<'"" 


given  above. 


,.  .         ,  ..         .         A         hD        n 

I'or  a  rectangular  section,  since      ^  =    ^      =    _, 
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may  write  —  =  t^  °^  ''  ~  V  gD.  wliich  agrees  with  Mr. 
Xorton's  equation  (2).  It  is  also  interesting  to  note 
tha+  -  is  equal  to  hv  at  the  critical  depth  for  a  rectan- 
gular section.  The  situation  is  illustrated  graphically 
herewith  in  Eig.  1.  The  curve  is  plotted  for  150  sec.-ft. 
flowing  in  the  section  shown.  If  the  flow  is  taking  place 
under  a  total  head  of  5  ft.,  the  depth  may  be  either  1.4 
or  4.9  ft.,  and  if  in  the  case  of  low  stage  flow,  with  depth 
equal  to  1.4  ft,  the  flow  in  the  lower  part  of  the  channel  be 
retarded  by  a  change  of  grade  or  otherwise,  the  water  sur- 
face may  be  made  to  jump,  theoretically,  to  a  depth  of 
4.9  ft.  The  actual  height  of  jump  (for  rectangular  chan- 
nels), which  is  less  than  the  theoretical,  is  discussed  in 
the  Proceedings  referred  to  above  and  will  not  be  taken 
up  here.  If  the  depth  is  equal  to  or  greater  than  the 
depth  at  G,  no  jump  can  occur,  hence  the  critical  depth 
is  found  where  i7  is  a  minimum. 

It  should  be  noted  that  e  in  ilr.  Norton's  equation  (3| 
is  equivalent  to  C  in  the  well-known  formula  v  =  C  sirs, 
r  being  assumed  =  Z);  e  should  not  be  taken  as  a  con- 
stant, but  should  be  identical  with  the  value  of  C  used 
in  determining  the  velocitv   in   the   flume.     Unless  the 

gD 
fhannel  is  very  wide  this  formula  should  reads>^;^. 

Mr.  Xorton's  equation  (4)  is  equivalent  to  the  Merriman 
formula  for  the  height  of  jump  in  a  rectangular  sec- 
tion, and  the  relation  of  this  formula  to  the  Unwin  for- 
mula and  to  the  theoretical  height  of  jump  is  illustrated 
graphically  on  page  293  of  the  Proceedings  for  February, 
1916.  So  far  as  the  writer  is  aware,  no  formula  has 
been  devised  for  the  actual  height  of  jump  in  other  than 
rectangular  sections. 

The  outlet  structures  shown  in  Mr.  Xorton's  article 
are  more  suited  to  the  destruction  than  to  the  conserva- 
tion of  the  kinetic  energy  in  the  water  and  should  not 
be  used  where  the  recovery  of  head  is  important.  A 
better  form  of  outlet  would  be  Ut.  Norton's  intake  re- 
versed, though  the  outlet  should  be  longer  than  the  in- 
take in  a  properly  proportioned  installation.  Obviously, 
since  eddies  destroy  energy,  the  outlet  should  be  made 
as  smooth  and  as  gradual  as  possible,  and  the  velocity 
should  be  reduced  from  the  flume  velocity  to  the  velocity 
in  the  canal  with  a  minimum  of  shock.  In  the  struc- 
ture shown  by  his  "Type  III,"  the  depth,  and  conse- 
quently the  critical  velocity,  in  the  outlet  is  greater 
than  in  the  flume,  while  the  actual  velocity  is  higher  in 
the  flume;  hence,  if  there  is  a  jump  it  is  likely  to  occur 
in  the  flume  rather  than  in  the  transition  as  shown.  If 
the  flume  velocity  exceeds  the  critical  velocity,  there 
should  be  a  hump  in  the  floor  of  the  outlet  rather  than  a 
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depression.  It  is  claimed  that  by  using  the  proper  fomi 
of  sxibmerged  weir  the  hydraulic  jump  may  be  made  to 
take  place  with  very  little  loss. 

Where  there  is  no  hydraulic  jump,  or  where  the  jump 
is  made  over  a  suitable  weir,  the  writer  suggests  the  fol- 
lowing formula  to  be  used  for  both  intake  and  outlet: 

'   1  2 


h=  K 


'^9 


I     234.56769    10 
Dep+h     D     in     Fe«+ 

FIG.  1.  DEPTH-HEAD 
RELATIONS 


INTAKE    AND    OUT- 
LET   FLUME 


/(  =  Change  in  elevation  of  water  surface  in  feet; 

I'l  ^  Velocity  in  flume ; 

1*2  =  Velocity  in  canal ; 
(J  =  Acceleration  of  gravity ; 

A"  ^  An  experimental  coefficient  to  be  determined 
separately  for  intake  and  outlet. 
The  values  of  this  coefficient  vary  with  the  design  of 
structure,  the  range  in  practice  probably  being  from  about 
1.6  to  1.1  for  intakes  and  from  zero  to  0.7  for  outlets. 
For  careful  design  K  =  1.2  at  the  intake  and  K  =  0.6 
or  0.7  at  the  outlet  is  believed  to  be  conservative.  This 
formula  is  identical  with  Mr.  Norton's  equation  (1) 
e.xcept  that  K  ^  1. 

In  order  to  make  the  regain  of  head  possible  it  is,  of 
course,  necessary  for  the  water  surface  in  the  flume  to 
be  lower  than  in  the  canal.  The  type  of  intake  and  out- 
let shown  herewith  in  Fig.  2  is  believed  to  conform  to 
good  practice  for  ordinary  purposes.  Where  it  is  im- 
jiortant  to  keep  losses  down  to  a  minimum  any  number 
of  sections  a,  b,  c,  d  and  e,  f,  g,  h  may  be  taken  and  the 

7"2   7'2 

formula  h  ^  K     ^    ^ applied  between  each  two  sec- 

2g 

tions,  h  being  the  change  in  water  surface  elevation  be- 
tween .sections,  Fj  and  V^  velocities  at  the  sections  and 
A'  the  proper  coefficient.  The  structures  can  then  be  ad- 
justed to  make  the  water  surface  follow  a  smooth  reversed 
curve  as  shown.  If  the  conservation  of  head  is  of  little 
importance,  the  structures  may  be  simplified.  It  should 
be  remembered,  however,  that  if  a  large  part  of  the  kin- 
etic energy  of  the  flowing  water  is  converted  into  static 
bead  it  will  not  create  eddies  and  cause  erosion  in  the 
canal  below,  and  the  amount  of  protection  necessary  to 
prevent  erosion  will  be  correspondingly  reduced. 

Julian  Hixns. 
Assistant  Engineer,  U.  S.  R.  S. 
Denver,  Colo..  Oct.  6.  1916. 

Sir — In  the  article  by  E.  Fleming,  Engineering  News, 
Xov.  23,  p.  967,  on  "The  Engineer  as  a  Juror,"  the 
inference  is  drawn  that  the  low  standard  of  jurors  is 
due  to  the  effort  of  intelligent  men  to  be  e.xcused. 

^ly  brief  experience  on  the  petty  jury  in  a  civil  court 
makes  me  believe  that  the  low  standard  is  due  solely 
to  the  efforts  of  the  lawyers,  who  promptly  excuse  the 
"electrical  engineer,"  "telephone  engineer,"  "civil  engi- 
neer" and  another  man,  "the  most  intelligent-looking  in 
the  box." 

In  my  case  I  knew  I  would  have  to  report  to  the  court 
twice  a  day  for  two  weeks,  whether  on  the  jury  or  not, 
so  I  always  gave  my  business  as  "draftsman"  and  was 
accepted  as  being  not  too  bright  to  please  the  lawyers. 

I  do  not  believe  juries  will  be  much  improved  until  the 
judge  is  given  more  discretion  and  the  lawyers  given  less 
in  selecting  them.  Allan  F.  Owen. 

Chicago,  111.,  Nov.  26,  1916. 
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SYNOPSIS — The  water-filtration  plant  of  Cleve- 
land, irhich  is  just  completed,  has  settled  at  some 
points  6  in.  to  1  ft.  A  portion  of  the  filter  huild- 
ing  has  teen  so  hadly  injured  that  it  is  being  de- 
molished. The  subsidence  started,  during  the  con- 
struction, in  19] J).  No  explanation  of  the  trouble 
has  heen  found,  and  measures  for  safeguarding 
the  plant  have  not  heen  devised.  The  folloicing 
descriptive  account  has  heen  prepared  in  the  ab- 
sence of  full  data,  withheld  by  the  city  officials. 

The  new  Division  St.  plant  for  filtering  the  water- 
supply  of  Cleveland,  Ohio,  not  yet  put  into  service,  has 
been  seriously  damaged  by  extensive  cracking,  caused  by 
subsidence  of  the  underlying  earth.  Conditions  are  grow- 
ing worse.  At  the  west  end  of  the  12ox730-ft.  filter 
house  the  state  of  affairs  is  so  bad  that  a  40-ft.  length 
of  the  house  is  being  taken  down  to  forestall  its  collapse. 
While  the  subsidence  is  worst  at  this  point,  it  extends 
through  the  whole  length  and  width  of  the  filter  build- 
ing and  into  the  coagulation  basins  adjoining  to  the 
south. 

Part  of  the  trouble  is  two  years  old;  part  is  very  re- 
cent. The  first  difficulties  developed  at  an  early  stage  of 
con.struction.  The  substructure  for  the  filter  house  was 
completed  late  in  1914,  and  about  that  time  the  footing 
slab  under  the  building  and  the  filters,  a  continuous  rein- 
forced slab  1-4  in.  thick,  was  seen  to  be  at  least  5  or  6 
in.  low  at  its  ends,  though  it  had  been  laid  level. 

At  the  same  time  or  even  earlier  the  north  filter  boxes, 
resting  on  the  side  portions  of  the  slab,  cracked  away 
from  the  central  floor — the  operating  gallery.  Tlie  longi- 
tudinal crack  was  carefully  patched  up  at  that  time.  As 
evidenced  by  small  insert  pieces  placed  at  special  points 


£ac/i  Fitter  Box  a 
Unit 


FIG.    1.     DIAGRAM    SHOWING    SETTLEMENT    UNDEK    THE 
FILTER  HOUSE 

and  still  in  place,  the  crack  had  opened  up  li/^  in.  The 
trouble  was  diagnosed  as  settlement  along  the  northerly 
edge  of  the  filters,  and  to  .strengthen  this  edge  a  very 
large  amount  of  grouting  was  done  through  pipes  put 
down  through  the  footing  slab.     Sonic  5,000  bbl.  of  ce- 


ment was  used  in  this  work,  which  was  paid  for  as  an 
extra. 

At  this  period,  also,  the  settlement  of  the  west  end 
was  sufficient  to  piiU  some  of  the  ceiling  girders  under 
the  filter  boxes  away  from  their  columns.  Several  heavy 
brick  piers  were  built  iinder  these  girders. 

The  superstructure  of  the  filter  house  was  completed 
(a  separate  contract)  in  1915.  The  subsidence  contin- 
ued, or  perhaps  new  movements  developed,  while  the  wall 
brickwork  was  being  laid. 

Because  of  prospective  litigation  over  the  failure  and 
future  rebuilding  of  the  clearwater  basin  of  the  plant, 
500  ft.  to  the  west  of  the  filter  house,  the  cjty  authori- 
ties refuse  information  bearing  on  the  present  and  past 
movements.  It  is  conceded,  however,  that  the  subsidence 
has  been  going  on  continuously  during  the  entire  season 
of  1916  and  still  continues. 

A  system  of  accurate  leveling  was  instituted  in  April, 
1916,  to  keep  track  of  the  movement.    Shortly  al't*?rward, 


FIG.   2.    CROSS-SECTION  THROUGH   FILTRATION  PLANT 

water  was  put  into  some  of  the  filters,  part  of  the  effluent 
chambers  underneath  and  some  of  the  coagulation  basins. 
This  water  load  was  applied  gradually. 

Indications  are  that  the  movement  has  been  greater 
during  the  past  two  or  three  months  than  in  the  first 
half  of  the  year.  During  the  period  from  April  to  Octo- 
ber the  filter  hou.se  went  down  2  to  4  in.  at  its  extreme 
ends,  the  greater  amount  at  the  west  end. 

Filter  House  Settles  at  Ends  axd  Sides 

The  peculiar  distribution  of  settlement  in  the  filter 
house  is  possibly  significant.  Transversely,  the  north 
and  south  edges  of  the  filters  have  gone  down,  leaving 
the  bottom  slab  highest  at  the  center.  This  is  perhaps 
a  natural  occurrence  in  view  of  the  excess  load  on  the 
side  portions,  due  to  filter  boxes  and  superstructure,  and 
the  continuity,  of  the  foundation  slab.  However,  longi- 
tudinally the  same  concentration  of  settlement  in  the  end 
portions  appears  in  even  more  marked  degree. 

The  sketch,  Fig.  1,  represents  very  roughly  the  dis- 
tribution of  the  settlement  of  1916,  added  to  the  earlier 
subsidence.  The  sketch  is  based  on  the  best  data  ob- 
tainable outside  of  the  city's  records.  The  administra- 
tion building,  at  midlength,  is  practically  undisturbed. 
Thence  east  and  west  there  is  progressively  increasing 
subsidence,  going  sharply  to  a  maximum  in  the  length 
of  the  last  two  filter  bays. 

The  opening  between  the  last  two  filter  boxes  at  the 
west  end  is  the  most  prominent  gap,  being  2^/2  in.  wide 
in  the  north  row  and  Xy^  in.  wide  in  the  south  row.  This 
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FIGS.   3   TO   6.     CKACKS  SHOWING    l.\    FILTIJI;   HuUSE    AT    CLKVKLAND    FILTRATION    PLANT 


crack  has  torn  the  walls  of  the  liouse  apart,  and  the  set- 
tlement that  causes  the  crack  also  is  dropping  the  lower 
walls  away  from  the  brickwork. 

There  are  plenty  of  other  cracks  throughout  the  filter 
house.  The  operating-gallery  floor  slab  is  pulled  apart 
at  numerous  transverse  cracks,  and  the  passageway  slab 
below  it  similarly.  The  columns  under  these  slabs  are 
split,  in  some  cases,  by  the  east-west  pull.  The  admin- 
tration  building  (at  midlength  of  the  filter  house)  is  also 
showing  cracks.  Its  walls  also  show  slight  settlements 
independent  of  the  movements  of  the  filter-house. 

Coagulation  Basins  Cracking  Along  Edges 

Damage  is  by  no  means  confined  to  the  filter  house, 
but  extends  into  nearly  all  parts  of  the  plant.  The  north 
side  of  the  coagulation  basins,  where  a  narrow  two-story 
operating  gallery  extends  along  the  850-ft.  length,  shows 
a  general  arching  in  east-west  direction  similar  to  that 
of  the  filter  house.  Many  transverse  cracks,  running 
north-south  in  the  middle  part  of  the  length  and  else- 
where usually  northeast-southwest,  prove  this  arching  and 
its  damaging  effect.  A  direct  measure  of  the  movement 
is  found  in  the  fact  that  both  ends  of  the  gallery  are 
about  6  in.  below  the  middle,  though  originally  ihey  were 
about  1  in.  higher  than  the  middle. 

The  coagulation  basins,  though  integral  with  the  north 
operating  gallery,  do  not  show  by  cracks  that  they  par- 
ticipated in  the  excessive  subsidence  of  the  east  and  west 
ends.     Specific  measurements  are  not  available. 

The  west  basin  is  badly  cracked  and  will  not  hold 
water.  The  other  five  basins  are  full.  The  principal 
cracks  in  the  west  basin  are  two  north-south  roof  cracks, 
one  running  the  length  of  the  barrel  vault  along  the  west, 
and  the  other  along  the  crown  of  the  second  arch  span 
east  of  here.  At  both  the  roof  is  open  l.to  2  in.  The 
middle  150  ft.  of  the  west  wall  is  tipped  outward  slightly 
and  has  cracked  away  from  the  adjoining  sections  of 
wall.    Other  roof  cracks  occur. 

Cracking  of  minor  amount  is  found  in  the  south  oper- 
ating gallery  and  in  the  mixing  chambers.  The  coagu- 
lant house  is  ap]iarently  not  disturbed. 

Bad  Soil  Conditions;  Little  Definite  Knowledge 

The  filter  plant  lies  at  the  foot  of  the  lakeside  bluff 
near  West  4oth  St.  and  occupies  a  flat  stretching  600  ft. 
north  of  the  Old  River — the  former  mouth  of  tlie  Cuya- 
!ioga — ^beyond  which  lies  the  14-mi.  width  of  AVhisky 
Island   (Fig.  2).     The  site  was  10  to  30  ft.  al)()ve  lake 


level ;  but  as  the  excavation  was  in  old  fill  and  the  bluff 
V)ack  of  it  has  a  fill  face,  the  filter  site  was  probal)ly 
lower  originally  and  may  have  been  marshy. 

Some  of  the  original  exploration  borings  showed  peat, 
and  the  view  has  recently  been  entertained  that  a  bed 
of  peat  underlies  the  site.  This  opinion  is  conceded  to 
be  largely  presumptive. 

While  the  boring  record  is  not  available,  it  is  known 
that  uncertain  clay  and  sand  strata  were  found.  Bock 
is  100  to  130  ft.  below  lake  level.  Wet  quicksand  exist* 
at  an  elevation  equal  to  or  above  the  river  bottom. 

Slips  of  the  hillside  were  a  frequent  source  of  trouble 
during  construction,  in  one  case  burying  a  steam  shovel. 
Their  nature  was  not  that  of  a  simple  slide ;  vertical  sub- 
sidence occurred,  accompanied  by  squeezing  out  of  un- 
stable clay-sand  masses  at  the  foot  of  the  bluff.  To 
what  extent  these  troubles  involved  old  fill  and  to  what 
extent  original  soil  was  not  determined. 

At  the  clearwater-basin  site,  500  to  1,500  ft.  west  of 
the  filter  plant,  the  lateral  movement  was  more  pro- 
nounced. Here  the  footings  for  the  southerly  wall  of 
the  basin,  which  were  poured  in  separate  blocks,  fre- 
quently shifted  northward — that  is,  away  from  the  hill — 
o\er  night.  Movements  of  these  footing  blocks  exceed- 
ing 1  ft.  occurred,  and  some  heaving  occasionally  accom- 
panied them.  The  hill  slope  was  in  all  cases  held  well 
back  of  the  footing  excavations,  and  the  movements  were 
due  to  northward  fiow  or  squeezing  of  the  underlying 
soil.  The  footing  depth  here  was  nearly  10  ft.  below 
lake  level — the  clearwater  basin  has  its  floor  well  below 
datum  and  thus  is  like  a  dry-dock  excavation. 

As  bearing  further  on  the  soil  conditions,  it  is  wortb 
notice  that  the  heavy  pumping  station,  lying  between  the 
filter  house  and  the  clearwater  basin,  but  resting  on  a 
substantial  pile  foundation,  has  shown  little  or  no  settle- 
ment. The  piles  here  go  down  to  depths  of  40  to  45  ft. 
below  lake  level.  Evidently,  they  pass  through  the  un- 
slable  strata  and  arc  well  seated  in  firmer  ground. 

Trenching  Near  Filter  Caused  Soil  Movements 

West  and  northwest  of  the  filter  house  and  100  ft.  or 
less  distant,  a  72-in.  steel  main  was  laid  in  1915  with  its 
bottom  12  to  15  ft.  below  ground,  or  at  El.  -9.  Tbc 
trench  was  unsheeted.  Its  bottom  rose  very  decidedly 
before  the  pipe  was  laid.  The  pipe,  resting  directly  on 
the  soil,  has  .settled  or  risen  in  places  since  completion 
of  the  main,  indicating  that  the  instability  of  the  s(ul 
was  not  wholly  neutralized  when  the  trench  was  filled. 
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Two  other  sets  of  trenches  were  du<r  somewhat  later, 
near  the  west  end  of  the  filter  house.  One  of  these  was 
a  pair  of  sheeted  trenches  leading  out  from  the  end  of 
the  filter  building  and  15  ft.  below  the  level  of  its  bot- 
tom slab.  These  trenches  were  for  the  cast-iron  efflu- 
ent pipes  from  the  filters,  connecting  some  distance  out 
with  a  reinforced-concrete  conduit  to  the  clearwater 
basin.  No  disturbance  was  noticed  that  could  be  charged 
to  their  construction. 

However,  two  deep  supjily-tunnel  trenches  put  down 
150  ft.  to  the  north,  a  little  later,  made  very  considerable 
trouble.  These  trenches  were  inside  of  tight  steel  sheet- 
ing, well  braced.  Wlien  excavation  was  down  nearly  to 
their  30-ft.  depth,  the  bottom  rose  somewhat,  and  the 
trenches  moved  bodily  northward,  sheeting,  bracing  and 
all,  12  to  18  in.  This  caused  immediate  settlement 
and  opening  of  cracks  at  the  west  end  of  the  filter  house. 

Plant  Desigxed  for  Very  Low  Soil  Loadixgs 
It  is  said  that  the  footing  loads  under  the  filter  plant 
range  from  1,500  lb.  to  3,000  lb.  per  sq.ft.  Under  the 
filter  house  the  dead-load  averages  1,500  lb.,  and  the 
total  load  2,700  lb.  The  coagulation  basins  have  a  gen- 
eral floor  load,  from  floor,  water  and  roof,  of  between 
1,800  and  2,300  lb.  per  sq.ft.  The  outer  walls  may  have 
an  extreme  edge  pressure  of  about  3,000  lb.  per  sq.ft. 

These  very  low  loadings  are  applied  to  a  .soil  of  mis- 
cellaneous fill.  This  soil  was  tested  by  loading-platforms 
in  1914,  and  the  conclusion  was  reached  that  3.000  lb.  per 
sq.ft.  would  be  safe.  Some  thought  was  given  to  driving 
concrete  piles  under  all  or  part  of  the  plant,  but  the  idea 
was  rejected. 

The  ^Iter  house,  as  already  noted,  was  built  on  a 
continuous  14-in.  concrete  slab,  reinforced  in  all  direc- 
tions. Above  the  slab,  however,  the  building  is  cut  apart 
by  frequent  expansion  and  construction  joints  and  has 
no  continuous  reinforcement. 

The  coagulation  basins  rest  on  a  plain-concrete  groined- 
arch  floor  concreted  in  alternate  diamonds,  as  is  com- 
monly done.  As  an  afterthought,  10-ft.  squares  of  rein-. 
forcenient  were  put  iinder  the  columns.  The  mixing 
chambers  are  reinforced  work  practically  throughout. 
The  Situatiox  ix  Brief 
Tlie  filter  plant  presents  the  picture  of  a  remarkably 
extensive  foundation  failure.  The  actions  are  most  seri- 
ous at  the  north  and  west  edges,  with  maximum  move- 
ment at  the  northwest  corner  of  the  filter  house. 

The  filter  house  is  arched  up  at  the  middle  from  sub- 
sidence of  the  ends  that  began  two  years  ago,  while  the 
substructure  was  being  built  and  the  average  footing  load 
probably  did  not  exceed  1,700  lb.  per  sq.ft.  Later  on, 
subsidences  occurred  in  marked  degree  when  lateral  flow 
of  the  subsoil  was  induced  by  deep  open  trenches  near- 
by. The  movement  was  continued  very  actively  during 
191(5  under  the  influence  of  the  added  water  load.  Dis- 
tinct increa.<e  of  subsidence  at  the  west  end  was  cau.«ed 
by  placing  about  20  ft.  of  fill  along  this  end,  during  the 
past  season.  A  maximum  rate  of  subsidence,  at  the  cor- 
ner, of  1  in.  per  month  was  reached. 

Peat  is  known  to  exist  in  places  and  is  suspected  un- 
der the  whole  area.  Direct  compression  of  this  peat  by 
the  superimposed  load  is  held  to  blame  by  some  of  those 
who  have  been  consulted. 

Compression  (vertical  squeezing)  and  flow  (lateral 
squeezing)  of  the  subsoil  are  the  two  chief  possibilities. 


Compression  is  indicated  ciearly  at  the  west  wall  of  the 
coagulation  basin,  which  tipped  outward  slightly  before 
the  adjoining  fill  was  placed.  A  few  of  the  other  oc- 
currences also  point  to  vertical  compression. 

Lateral  flow  is  indicated  by  many  of  the  other  phe- 
nomena and  most  distinctly  by  the  northw'ard  movement 
of  the  deep  supply-tunnel  trenches  a  year  ago.  It  is  prob- 
ably the  predominant  element  of  the  trouble,  with  ver- 
tical compression  as  an  auxiliary  and  complicating  factor. 

The  existence  of  springs  in  the  bluff  and  the  fact  that 
much  water  flows  through  the  underdrains  under  the 
plant  may  mean  some  complication  of  the  conditions  by 
moving  groundwater. 

Hillside  pressure  is  probably  not  a  factor  now  at  the 
filter  plant,  but  it  is  active  at  the  nearby  clearwater  basin. 
This  structure,  which  has  not  been  included  in  the  above 
descriptive  statements,  has  developed  in  many  of  its  30- 
ft.  columns  cracks  that  represent  a  northward  bending 
at  the  top.  Cracks  are  seen  on  many  of  the  columns, 
the  south  face  near  the  base  and  on  the  north  face  near 
the  top. 

That  the  soil  actions  are  of  complex  nature  also  at  the 
clearwater  basin  is  shown  by  recent  outward  tipping  of 
the  north  wall  of  the  basin,  and  (probably  in  consequence 
of  this)  the  development  of  a  few  diagonal  and  longi- 
tudinal cracks  in  the  roof. 

In  the  case  of  the  filter  house  the  continuity  of  the 
bottom  slab  and  the  unequal  transverse  distribution  of 
load  iipon  it  is  possibly  concerned  in  the  transverse  arch- 
ing. It  cannot  be  more  than  secondary  to  the  subsoil 
movement,  however. 

Kelation  of  the  Filter  Plaxt  to  the  Water-supply 

The  construction  work  on  the  filter  plant  was  prac- 
tically completed  by  the  end  of  last  February.  The  delay 
in  putting  it  in  operation  is  a  serious  matter  for  the  city. 
According  to  a  review  of  the  Cleveland  water  system  by 
C.  F.  Schulz  before  the  Cleveland  Society  of  Engineers 
the  plan  of  development  was  to  complete  the  Division  St. 
filter  plant  and  the  new  west  side  tunnel,  put  them  in 
operation  for  the  su]iply  of  the  entire  city,  and  then  shut 
down  the  pumping  plant  on  the  east  side  of  the  city,  un- 
water  the  lake  tunnel  which  supplies  it  and  make  examina- 
tion and  necessary  repairs,  since  the  tunnel  is  believed  to 
be  in  unsafe  condition.  Haste  is  imperative  so  that  the 
work  may  be  completed  and  the  east  side  tunnel  restored 
to  service  before  the  growth  in  water  consumption  reaches 
a  point  beyond  the  capacity  of  the  west  side  tunnel  and 
filter  plant  supply. 

What  the  City  Is  Doing  About  It 

As  stated  in  a  description  of  the  new  filter  plant  in 
Enginecriitr/  News  of  Oct.  19,  lOKi,  "the  plant  is  being 
tuned  up  under  the  direction  of  J.  W.  Elms."  The 
"tuning  up"  may  be  described  as  follows: 

1.  The  westerly  50-ft.  length  of  the  filter-house  super- 
structure is  l)eing  taken  down,  for  fear  it  may  collap.se. 
A  low  wooden  shed  will  be  built  to  protect  the  control 
boards,  etc.  The  westerly  filter  boxes  (one  each  along 
north  and  .south  edge)  will  remain  out  of  use.  The  parts 
of  tiie  effluent  chambers  below  them  are  also  unservice- 
able; but  as  the  downtakes  to  the  effluent  pipes  are  at 
the  extreme  west  end,  provision  is  being  made  to  carry 
the  wafer  to  them.  This  consists  in  building  a  new 
rcinforrcil-concrcte  end  wall  across  the  effluent  chambers. 
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50  ft.  from  the  west  end,  and  constructing  a  closed  timber 
flume  from  openings  in  this  new  wall  to  a  connection 
with  the  downtakes.  At  the  same  time  several  brick  piers 
are  being  built  in  the  effluent  chambers  near  the  west  end 
to  hold  up  the  ceiling  girders  where  they  are  tearing  away 
from  their  column  seats.  The  westerly  unit  of  the  coagu- 
lation basin  is  empty  and  may  be  abandoned. 

2.  The  other  five  coagulation  basins  have  been  filled 
with  water,  and  most  of  the  filters  have  been  filled.  This 
water  load  was  applied  gradually,  beginning  in  the  spring 
of  1916,  with  a  view  to  bringing  on  the  subsidence  in 
easy  stages  and  iiltimately  arriving  at  a  condition  of 
stability. 

The  clear  water  basin  is  to  be  relniilt  at  once,  as  re- 
ported in  Engineering  News  of  Nov.  23,  1916.  Its  con- 
dition is  largely  or  wholly  due  to  defective  concrete,  which 
caused  a  section  of  roof  to  fall  on  July  10,  1916,  as  re- 
ported in  Engineering  News  of  July  20  and  27,  1916. 

No  active  consideration  has  been  given  to  methods  of 
underpinning  or  otherwise  supporting  the  filter-plant 
structures  against  continued  subsidence.  Such  advice  as 
has  been  obtained  by  the  city  officials  is  to  the  effect  that 
probably  the  worst  subsidence  actions  are  now  over  and 
that  keeping  the  plant  loaded  ought  to  develop  final  sta- 
bility by  next  spring. 

There  is  no  evidence,  howe\'er,  that  the  movements 
have  been  decreasing  recently.  On  the  contrary,  new 
cracks  developing  from  time  tn  time  point  toward  con- 
tinued movement. 

Owes  ftlke  Be^EEanaes'* 
By  Isham  RANuoLPirf 

What  I  wish  to  speak  of  more  particularly  is  the  help- 
fulness that  shoidd  be  extended  by  the  older  to  the 
younger,  the  experienced  to  the  inexperienced,  the  veteran 
to  the  recruit.  The  importance  of  this  is  borne  in  upon 
me  by  recollections  spanning  twoscore  years  of  profes- 
sional life. 

I  have  attained  to  a  standing  in  the  engineering  pro- 
fession which  is  a  source  of  satisfaction  to  me,  and  why 
have  I  attained  it?  Because  of  the  helpfulness  of  my 
seniors.  In  1868  I  put  my  hand,  not  to  the  plow  for 
I  left  that  in  the  furrow,  but  to  the  ax  in  a  railroad  sur- 
vey party.  It  was  hard  work,  harder  than  similar  work 
today,  for  in  the  old  Valley  of  Virginia  contending  armies 
had  burnt  up  all  the  fence  rails  and  the  axman  had  to 
cut  down  trees,  cut  them  into  proper  lengths,  split  into 
stake  sizes,  smooth,  sharpen  and  mark  them;  and  this 
done,  he  had  to  make  them  into  bundles  and  pack  them 
on  his  back.  Those  green  stakes  were  heavy,  and  each 
stake  that  was  stuck  was  a  welcome  lightening  of  the  ax- 
man's  load.  Such  an  idea  as  having  stakes  prepared  at 
a  sawmill  and  distributing  them  by  wagon  was  in  those 
days  considered  preposterous.  At  the  close  of  each  day 
I  used  to  feel  that  I  could  not  stick  it  out  another  day ; 
but  a  night's  rest,  pride  and  the  necessity  of  making  a 
living  sufficed  to  put  me  buck  on  the  job  cai-h  succeeding 
day  while  it  lasted. 

I  came  within  the  hcljiful  influence  of  James  Ij.  I{:iii- 
dolph,   Chief   Engineer  of   the   Baltimore   &   Ohio    IM!. 

•From  an  address  before  the  ru-vcland  lOngiiiiieiing  So- 
ciety, Nov.   21,    1916. 

tConsulting  Engineer,  Chicago,   TU 


During  the  thirty  years  of  his  incumbency  of  tliat  office 
he  trained  many  young  men.  A  young  man  in- any  of  his 
engineer  corps  was  a  man  in  whom  he  felt  a  personal 
interest  akin  to  that  of  a  father  for  his  son.  We  were 
of  his  official  family  in  a  real  sense.  He  took  an  inter- 
est in  our  development.  He  knew  us  individually,  and 
he  used  to  find  out  how  we  were  getting  along,  find  out 
what  our  technical  stumbling  blocks  were;  and  he  would 
help  us  to  surmount  them  by  verbal  instructions  ami 
by  written  elucidations  of  our  problems.  Host  of  the 
boys  who  were  of  his  professional  family  have  followed 
him  into  the  great  unknown,  but  the  few  of  us  who  are 
left  cherish  a  grateful  memory  of  what  he  did  for  us. 

I  have  said  enough  to  let  you  see  how  much  I  owe  to 
precept,  example  and  sympathetic  aid  in  those  early  days 
of  my  professional  life,  when  the  need  was  so  great,  and 
how  that  experience,  as  long  as  it  is  remembered,  will 
incline  me  to  doing  for  others  what  was  done  for  me. 

We  must  liear  in  mind  that  the  young  men  who  come 
to  us — from  the  office  boy  to  the  college  graduate — are 
not  merely  flesh-and-blood  tools  to  be  used  in  our  work 
as  so  much  mechanism,  but  men  like  ourselves,  whose 
future  we  shall  help  to  mold.  Their  destiny  is  to  be 
worked  out,  and  whatever  we  can  do  to  make  it  a  high 
destiny  should  be  done  generously  and  well. 

I  do  not  know  whether  the  ethics  of  the  profession  are 
taught  in  the  schools,  but  from  occasional  lapses  from 
the  code  on  the  part  of  graduates  of  some  of  our  technical 
colleges,  which  have  come  within  my  personal  knowledge, 
I  incline  to  the  belief  that  little  stress  is  laid  upon  the 
moral  side  of  the  engineer's  training. 

We  must  have  those  who  come  under  our  influence  un- 
derstand that  no  true  success  can  wait  upon  departures 
from  a  high  standard  of  justice  and  honor.  The  old 
cliicf  whose  influence  upon  my  life  I  have  before  spoken 
of  used  to  impress  upon  us  that  as  engineers  we  held  a 
judicial  relation  to  employer  and  contractor  and  that  fair- 
ness to  each  should  govern  all  our  decisions.  The  engi- 
neer should  be  sure  he  is  right,  then  go  ahead ;  his  going 
ahead,  however,  should  not  be  rough  shod,  but  determined 
aud  effective. 

'*■ 

IBirSdlge  ULesiiniS  S®  Sidle 

Exten,sogra])h  niuasurcmenis  of  stresses  in  an  old  high- 
way bridge  in  Connecticut,  made  recently  for  the  State 
Highway  Commissioner  by  Rudolph  Weleker,  of  Spring- 
field, Mass.,  revealed  the  curious  fact  that  the  south  truss 
in  each  span  of  the  bridge  carries  very  much  greater 
stresses  than  the  north  truss.  A  survey  of  the  bridge 
then  showed  that  the  trusses  lean  to  the  south,  partly 
by  distortion  in  the  sway  and  top-lateral  systems,  and 
partly  by  bending  of  the  truss  posts  on  account  of  poor 
details.  The  following  extract  from  :\lr.  Welcker's  report 
on  the  bridge  describes  this  condition  : 

The  size,  fastening  and  construction  of  the  lateral  connec- 
tions are  inadequate  for  the  height  of  the  structure.  Unusual 
stresses  due  to  horizontal  forces  were  observed  in  the  struts 
which  connect  two  trusses  of  the  same  span.  The  stresseB 
therein  become  very  high  during  wind  .storms  and  the  follow- 
ing effect  was  observed:  First,  the  channel  irons  of  all  th« 
vortical  posts  are  pressed  together,  thereby  causing  the  lacing 
bars  to  buckle.  Second,  the  whole  superstructure  of  both 
llxed  spans  has  been  thrown  out  of  plumb,  which  action  should 
have  been  counterbalanced  by  stresses  in  sway  rods  and  upper 
laterals.  The  upper  lateral  loop  rod  pins  have  been  bent  In- 
ward in  several  places,  giving  the  rods  considerable  play. 
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FIG.    1.     WELCKER    EXTEX80GR APH    ATTACHED 
Clock     shown 
graph   and    of   sin 
the  bridge. 

The  permanent  deformation   was  measured  as  follows: 

East  span;  North  center  post  33  ft.  high,  3%  in.  out  of 
plumb  toward  the  south,  IV2  in.  bend  in  the  middle  of  the  post. 

South   center  post:    21,2    in.   out   of  plumb.    %    in,   bent. 

West  fixed  span:  North  center  post  6\i  in.  out  of  plumb 
toward  the  south  and  M:  in.  bent;  south  center  post  4%  in. 
out  of  plumb  toward  the  south,  1%  in.  bent.  It  is  evident  that 
northwest  winds  have  caused   this  permanent  deformation. 

The  swing  span;  Southeast  main  post  %  in.  out  of  plumb 
and   bent;   northeast  main  post   1   in.   out  of  plumb  and   bent; 
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diaphragms  and  that  the  sways  and  upper  laterals  do  not 
take  any  stress  under  ordinary  circumstances.  The  buckling 
of  the  lattice  bars  of  the  vertical  posts  has  brought  a  greater 
strain  to  boar  on  the  stiff  diagonals  of  the  trusses  at  the  as- 
sembly of  the  panel-points,  which  also  begin  to  show  signs  of 
buckling. 

It  is  considered  essential  to  ascertain  from  time  to  time  by 
actual  measurenient  whether  any  further  movement  of  the 
trusses  is  noticeable,  and  if  so,  to  proceed  at  once  with 
strengthening  of  the  sway  bracing.  All  hanger  rods  should 
be  tightened,  also  the  rods  forming  part  of  the  upper  lateral 
system,  and  their  pins  strengthened  if  required.  Stay-bolts 
should  be  inserted  between  the  channels  of  the  vertical  posts 
in   order  to   relieve  the  strain  on  the  buckling   lacing. 

The  bottom  angle  of  the  east  portal  of  the  cast  fixed  span 
is  rusted  through,  due  to  lack  of  rain  holes.  These  portals 
should  also  be  inspected  from  time  to  time,  as  they  form  at 
present  the  only  means  of  preventing  the  failure  of  the  high 
trusses   under  high  wind   pressure. 

The  bridge  crosses  the  Housatonic  River  between 
Milford  and  Stratford,  Conn.,  and  is  known  as  the 
Washington  Bridge.  It  was  bnilt  in  1893  and  has  the 
light  and  nnsatisfactory  construction  and  detailing  of 
that  period.  It  was  reinforced  in  1909  and  1913,  at 
some  points  quite  e.xtensively  (for  example,  the  entire 
bo(:tom  chord  of  the  swing  span  and  its  floor-beams  were 
renewed),  and  probably  by  virtue  of  this  work  the  direct 
stresses  in  the  main  members  are  not  excessive.  Bending 
of  the  members  was  found  to  occur  in  marked  degree. 

The  two  fixed  spans  of  the  bridge  are  each  232  ft. 
long,  with  29  subpanels  of  lli/^  ft.,  and  center  depth  of 
33  ft.  The  trusses  are  spaced  191^  ft-  on  centers.  A 
sidewalk  is  bracketed  out  on  the  north  side    (although 
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northwest  main  post  3?i   in.  out  of  plumb  and  bent 
main  post  1   in.  out  of  plumb  and  bent. 

Inve.'jtigation  was  made  as  to  how  far  the  Uvc-load  on  the 
bridge  Moor  accounts  for  thewc  conditions.  Secondary  stresses 
wen-  measured  In  the  horizontal  struts  connecting  these  posts 
during  the   passing  of  street   cars. 

The  beginning  of  the  failure  mentioned  above  Is  aggra- 
vated by  the  fact  that  the  vertical  posts  are  entirely  without 


are  susj>eiuled  by  plate  hangers.    The  bottom  laterals  are 
angles,  but  the  top  laterals  and  the  sways  are  rods. 

S])ccinK'ii  stress  diagrams  are  reproduced  herewith. 
An  interesting  point  in  them  is  the  compression  shown 
in  the  cvcl)ar  diagonal  and  liotloin  diord. 
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m,t  S^m  FipgiimcHSC© 

Disposal  of  San  Fraiu-isco  garbage  bv  burial  was  pro- 
posed on  Nov.  20  by  the  only  two  bidders  who  tendered 
under  the  city's  recent  advertisement  for  disposal  in  ac- 
cordance with  plans  submitted  by  bidders.  The  bids  were 
under  advisement  at  the  date  of  the  latest  reports.  Rich- 
ard Schmidt,  857  Mills  Building,  San  Francisco,  offered 
to  take  all  the  garbage  collected  and  delivered  to  him  in 
the  Islais  Creek  district,  and  bury  it  under  12  in.  of 
earth  or  rock,  the  contract  to  run  for  five  years,  and  the 
private  scavengers  to  pay  him  60c.  per  ton,  of  which  he 
would  pay  20c.  to  the  city  the  first  year  and  25c.  the  re- 
maining four  years  of  the  contract.  The  '"sanitary  fills" 
thus  made,  the  proposal  stated,  would  be  "sanitary  and 
without  noxious  odors  and  free  from  insects  and  vennin 
and  satisfactory"  to  city  and  county  officials.  The  second 
proposal  was  from  A.  B.  Moffit,  L.  G.  Bonzagni  and  Fred 
P.  Smith,  105  Montgomery  St.,  San  Francisco.  Two 
plans  were  submitted:  (1)  Burial  within  the  city  under 
a  contract  running  from  1%  to  20  years,  the  material  to 
be  segregated  and  graded  and  then  immediately  sealed 
"within  an  impermeable  covering,  under  the  patent  rights 
of  Fred  P.  Smith,"  the  scavengers  to  pay  the  bidder  at 
least  60c.  per  ton  and  the  bidder  to  pay  the  city  'i'iyoc. 
per  ton,  or  a  lump  sum  of  $35,000  a  year,  as  the  city  may 
elect.  (2)  Transportation  by  water  and  subsequent  burial 
in  one  of  three  outside  counties  "in  a  manner  satisfactory 
to  the  public  health  authorities  having  jurisdiction  at  said 
sites,"  the  scavengers  to  pay  as  already  stated  and  the 
bidder  to  pay  the  city  13c.  per  ton  or  a  lump  sum  of  $20,- 
000  a  year,  as  the  city  may  elect,  the  contract  to  run  10  yr. 


SI 


^Offlffimmflssaoia 


The  Commission  appointed  Jan  31,  1916,  to  investigate 
the  passenger  transit  facilities  of  Chicago  and  recommend 
needed  improvements  has  prepared  a  report  which  was 
made  public  on  Dec.  4.  The  Commission  recommends 
that  all  the  transit  lines  of  the  city,  surface  lines,  elevated 
roads  and  the  subways  to  be  built,  should  be  placed  under 
one  management  to  be  under  control  of  the  City  Council 
but  with  a  Board  of  Supervisors  in  immediate  charge  with 
broad  powers  as  to  regulation  of  service,  extension,  etc. 
The  new  corporation  should  absorb  both  of  the  present 
.surface  and  elevated  companies,  whic'h  should  surrender 
their  franchises.  The  new  corporation  should  receive  a 
franchise  terminable  at  any  time  the  city  sees  fit  to  ac- 
quire the  property,  and  'the  city  should  have  also  a 
majority  control  of  the  corporation. 

The  present  surface  and  elevated  lines  are  carrying 
about  4,000,000  passengers  daily  (2,460,000  cash  'and 
1,550,000  transfer)  with  157,000  additional  on  the  steam 
and  electric  .suburban  lines.  To  increase  these  facilities 
the  Commission  recommends  a  nine-year  construction  pro- 
gram involving  a  total  outlay  of  about  $100,000,000,  be- 


ginning in  1917.  A  rapid-transit  subway  is  to  be  built 
under  State  St.  at  a  cost  of  $10,350,000  and  subways  for 
surface  cars  under  Washington  St.  and  Jackson  St.,  at  a 
cost  of  about  $7,181,000.  New  rolling  stock  and  exten- 
sions to  surface  lines  account  for  about  $19,000,000  ex- 
penditure. The  entire  program  calls  for  the  construction 
of  6  single-track  miles  of  subway,  64.5  single-track  miles 
of  elevated  lines,  the  surface  lines  are  to  have  five  miles 
of  single  track  placed  in  subways.  111  miles  of  track  is  to 
be  rebuilt,  and  150  miles  of  new  lines  will  be  built. 

Following  this  nine-year  program  a  still  larger  pro- 
gram of  new  construction  is  advised  which  with  the  $100,- 
000,000  above  referred  to  will  raise  the  total  outlay  to 
$200,000,000  and  the  total  new  construction  to  53  miles  ' 
of  rapid-transit  subways,  158  miles  of  elevated  lines,  and 
525  miles  of  surface  car  lines.  It  is  estimated  that  this 
amount  of  construction  and  investment  will  be  sufficient 
up  to  the  year  1950,  on  the  assumption  that  5,000.000 
people  will  at  that  time  reside  within  the  city  limit*  of 
Chiiago,  who  will  be  adequately  served  by  the  transit 
lines  above  outlined. 

Under  the  financial  plan  recommended,  the  city  would 
use  its  present  traction  fund  to  build  subways  which  will 
be  owned  by  the  city  from  the  start.  Its  share  in  the  net 
receipts  of  the  operating  corporation  will  be  applied  in 
such  a  way  as  to  facilitate  eventual  acquisition  of  the 
entire  properties  by  the  city. 

Among  the  first  work  recommended  by  the  Commission 
is  the  four-tracking  of  the  north  and  south  elevated  lines 
so  that  they  may  render  a  fast  express  service  instead  of 
a  local  service  as  at  present,  and  additional  tracks  and 
extension  on  the  east  and  west  elevated  lines. 

There  is  to  be  a  complete  system  of  transfers  between 
surface  lines,  elevated  lines,  and  subways,  and  while  a 
2c.  charge  for  transfers  will  be  necessary  at  the  start,  it 
is  expected  eventually  that  free  transfers  can  be  given. 

Uimdletp  IFiff'© 

An  investigation  of  Chicago  paving  methods  by  Prof. 
Ira  O.  Baker  of  the  University  of  Illinois  has  resulted 
in  accusations  of  veiy  lax  business  administration,  if 
nothing  worse.  The  investigation  was  conducted  for  the 
finance  committee  of  the  City  Council  and  with  the  assist- 
ance of  the  finance  committee  staff.  A  newspaper  synop- 
sis quotes  Professor  Baker  as  follows : 

Skimping  on  materials,  inadequate  and  in  many  cases 
faulty  specifications,  inferior  materials,  poor  inspection,  ab- 
solute disregard  of  many  tests  in  specifications,  poor  work- 
manship, and  even  payment  to  city  inspectors  by  contrac- 
tors for  overtime  or  holiday  work,  seem  to  be  the  rule  In 
paving  work   done   by   the   board   of  local   improvements. 

Professor  Baker  estimates  that  about  $400,000  a  year  is 
lost  to  taxpayers  through  inefficient  or  corru])t  adminis- 
tration of  the  paving  work.     Specific  instances  are: 

Shortage  of  material   in  concrete  bases $161,184 

.Skimping  in  use  of  cement  for  foundations 62,480 

Shortage    of   bitumen    in    binder 92,780 

Skimping  in  the  use  of  asphalt  for  wea-'  ■      surface.  78,777 
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The  system  of  inspection  in  particular  is  condemned. 
The  published  digest  of  the  report  states: 

It  seems  to  be  common  everyday  practice,  for  inspectors 
to  receive  pay  for  overtime,  holidays,  and  Sundays  from  the 
contractor,  although  they  are  employed  to  safeguard  the  in- 
terests of  the  city  against  the  contractor.  Such  a  practice 
goes  to  the  root  of  the  integrity  of  the  whole  inspection  aer- 
vice.  This,  together  with  a  radical  disregard  of  specifications, 
cannot  help  having  a  demoralizing  effect  upon  both  con- 
tractors and  inspectors.  Inspectors  are  not  wholly  responsi- 
ble, however,  for  poor  inspection  service  because  of  the 
lack  of  proper  instruction  and  because  of  the  lack  of  re- 
quisite technical   training. 

Professor  Baker  states  that  48  inspectors  were  placed 
on  the  pay  rolls  becau.^e  of  political  influence;  their  previ- 
ous occupations  included  bookkeepers,  brakenien,  barbers, 
reporters,  etc. 


The  sixth  state  in  the  Union  to  complete  its  topogra])h- 
ical  survey,  Ohio,  make  the  list  now  ilas.sachusetts,  Con- 
necticut, Ehode  I.<land,  New  Jersey,  Maryland  and  Ohio. 
The  Ohio  work  has  been  ]iut  through  very  rapidly — about 
15  yr.  only  were  required.  A  complete  final  report  is 
being  issued.  The  first  volume,  dealing  with  the  resurvey 
of  the  famous  Ohio-Michigan  boundary,  is  ready  for  pub- 
lication. The  resurvey  was  made  in  1915  by  S.  S.  Gan- 
nett, of  the  United  States  Geological  Survey,  whose  de- 
tail account  of  the  work  presents  an  instructive  com- 
mentary on  the  retracement  of  lest  lines. 


U-VIVKRSITY    OF    WaSHIKGTO.X 

The  United  States  Bureau  of  Mines  has  selected  tlie 
University  of  Washington  campus  as  the  site  of  a  Govern- 
ment mining  and  metallurgical  station  for  the  Pacific 
Northwest  states  and  Alaska.  Congress  has  voted  an 
appropriation  of  $25,000  a  year  for  the  maintenance  of 
the  station,  but  is  expected  to  increa.sc  this  amount  when 
development  demands  it.  The  station  will  serve  Washing- 
ton, Oregon,  Idaho,  ^lontana  and  the  coastal  regions 
of  Alaska  from  Ketchikan  to  Nome.  The  interior  of 
Alaska  will  lie  served  by  a  Fairbanks  .station.  Dorsey 
A.  Lyon  will  be  in  charge  of  the  station.  He  wa.s  formerly 
])rofessor  of  mining  engineering  at  the  University  of 
Washington  and  is  a  specialist  in  electro-metiillurgy. 
Three  Government  investigators  will  assist  him.  Electro- 
metallurgical  treatment  of  ores  will  be  the  first  work  taken 
up  by  the  stiition.  The  following  year  it  will  include 
in  its  experiments  many  problems  of  mining,  milling  and 
metallurgy.  Electric  furnaces  will  soon  be  installed  in 
tlie  present  Klines  Building  and  analytical  laboratories, 
and  offices  will  be  established  in  the  former  Women's 
League  Building. 

The  Eiiro])ean  war  has  temporarily  held  u])  ])laiis  for 
an  aerodynamics  laboratory  at  the  University  of  Washing- 
ton. An  aerodynamic  balance,  which  is  the  central 
instrument  in  the  needed  equipment,  is  not  now  obtain- 
able. The  Cambridge  Instrument  Co.,  of  Cambridge, 
England,  which  has  manufactured  the  few  balances  in 
UBc,  is  spending  all  its  time  in  the  manufacture  of  war 
munitions.  An  attempt  will  be  made  to  bring  the  plans 
to  America  for  construction.     The  study  of  aeronautics 


became  jxissible  at  the  university  when  W.  E.  Boeing,  a 
Seattle  capitalist  and  aeroplane  enthusiast,  gave  the  school 
an  endowment  to  be  used  in  building  a  laboratory.  The 
present  intention  is  to  develop  only  the  theoretical  side, 
but  it  is  hoped  to  have  the  Federal  Government  establish 
an  aviation  station  close  by. 

Short  winter  courses  in  logging,  lumbering  and  forestry 
will  be  given  for  the  ninth  time  at  the  University  of 
Washington,  Jan.  3  to  Mar.  30,  1917.  This  work  is  de- 
signed for  men  engaged  in  forestry  and  lumbering,  who 
desire  to  increase  their  usefulness,  and  for  those  men 
who  desire  to  enter  these  industries.  There  will  be  spe- 
cial courses  for  forest  rangers  and  guards,  loggers,  lum- 
ber salesmen,  architects,  engineers  and  timber  inspectors. 
It  is  not  attempted  to  make  a  full-fiedged  logging  engineer 
or  forest  ranger  in  these  three  months,  but  the  men  are 
given  a  sufficient  foundation  so  that  they  can  carry  for- 
ward further  work  in  these  fields.  A  number  of  lectui-es 
and  demonstrations  will  be  given  by  men  from  kunber 
companies  and  the  L^nited  States  Forest  Service. 

L^XIVERSITY  OF  ILLINOIS 

The  new  $250,000  Ceramic  Engineering  Building  of 
tlie  University  of  Illinois  was  dedicated  Dec.  6  and  7. 
As  shown  in  the  accompanying  view,  this  is  a  three-story 
structure  covering  an  area  67.xlS9  ft.  It  is  built  of  ma- 
terials that  are  repi-esentative  of  the  ceramic  arts,  such  as 
high-grade  brick,  tile,  terra  cotta,  cement  and  gypsum 
products.  Its  laboratories  are  equipped  with  the  latest 
types  of  apparatus  needed  for  instruction  and  research 
in  the  manufacture  of  stoneware,  china,  brick,  tile,  sewer 
pipe,  tei'ra  cotta,  cements,  glassware,  sanitary  ware,  elec- 
trical and  thermal  insulating  materials  and  other  ceramic 
products. 

Among  the  addresses  at  the  dedication  sessions  are  to  be 
noted:    "Ceramic  KesouiTcs  of  America."  hv  S.  W.  Strat- 
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ton.  Director  of  the  TTnited  States  Bureau  of  Standards, 
■'Science  in  the  Development  of  Portland  Cement  Indus- 
tries," by  J.  P.  Beck,  Manager  of  the  Portland  Cement 
As.sociation ;  "The  Manufacturers'  Dependence  on  Ceramic 
Engineering,"  by  W.  D.  Gates,  President  of  the  American 
Terra  Cotta  and  Ceramic  Co.;  "Ceramic  Materials  in 
Highway  Construction,"  by  W.  W.  Marr,  Chief  Highway 
Kngineer  of  Illinois;  "Ceramic  Products  as  Structural 
.Materials,"  by  H.  J.  Burt,  Structural  Engineer;  "ITsc 
of  Ceramic  Products  in  the  Artistic  Embellishment  of 
Buildings,"  by  Claude  Bragdon,  Architect. 
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The  Lioner  Otay  Dam  Bond  Election,  at  San  Diego.  Calif., 
is  to  be  reheld,  through  the  medium  of  initiative  petitions. 
As  noted  in  "Engineei-ing  News."  Nov.  30.  1916.  p.  1057,  the 
bond  issue  failed  to  carry  in  election  of  Nov.  17  because  of 
the  simultaneous  submitting  of  another  question.  At  first 
it  was  thought  that  the  courts  would  be  called  in  to  vali- 
date the  issue  but  it  has  since  been  decided  to  hold  a  new 
election. 

East  River  Tunnel  Holed  Throneh — Of  the  four  tunnels 
for  the  New  York  Rapid  Transit  System,  the  north  tube  of  the 
one  farthest  advanced — between  Old  Slip.  Manhattan,  and 
Clark  St.,  Brooklyn — was  holed  through  at  10  a.m.  on  Nov.  2S. 
Progress  on  *"hese  tunnels  to  Nov.  13  was  given  in  "Engineer- 
ing News"  ot  Nov.  16.  On  Nov.  13  the  two  headings  of  the 
north  tube  of  the  tunnel  mentioned  were  190  ft.  apart,  in 
solid  rock,  and  it  was  expected  that  they  would  meet  about 
Dec.  1.  At  that  time  the  headings  of  the  south  tube  of  this 
tunnel  were   300  ft.  apart. 

The  City  Manager  Plan  lor  Cleveland,  Ohio,  is  to  be  con- 
sidered by  a  large  committee.  The  Cleveland  Real  Estate 
Board  has  asked  65  local  civic  organizations  to  appoint  repre- 
sentatives on  the  committee.  The  Cleveland  Engineering  So- 
ciety has  appointed  a  committee  of  three  to  consider  this 
subject,  two  of  whom  will  be  delegated  to  attend  a  general 
conference  on  Dec.  15.  The  three  men  are:  Chairman,  Dr. 
C.  S.  Howe,  president  of  Case  School  of  Applied  Science;  F.  F. 
Prentiss,  first  vice-president  Cleveland  Twist  Drill  Co.,  and 
Walter  P.  Rice,  president  Walter  P.  Rice  Engineering  Co. 

Indictments  for  Criminal  Nesligence  in  the  construction 
of  the  concrete  building  at  64th  St.  and  Third  Ave.  in  New 
York  City,  has  been  brought  in  against  George  G.  Wilson,  of 
the  firm  of  general  contractors  for  the  building,  and  John 
Mahon,  foreman  in  charge  of  the  work  on  the  top  floor  where 
the  collapse  occurred.  The  fall  of  this  floor  was  reported  in 
"Engineering  News,"  Nov.  30.  1916,  p.  1050.  It  is  understood 
that  the  contractor  denies  that  the  supports  under  the  floor 
were  removed  just  prior  to  the  collapse  but  admits  that  the 
forms  may  have  been  in  process  of  removal  and  the  struts 
being  replaced  under  the  stripped  ceiling.  The  coroners  inquest 
will  be  held  Dec.  11  at  the  Municipal  Building,  New  York 
City. 

A  Water  Conservation  Committee  to  study  the  subject  and 
draft  a  bill  for  the  conservation  of  the  waters  of  Pennsylvania 
has  been  created  as  a  result  of  a  recent  conference  at  Harris- 
burg.  At  the  request  of  the  governor,  the  chairmanship  of  the 
committee  will  be  held  by  Dr.  Samuel  G.  Dixon,  commissioner 
of  health.  Dr.  Dixon  has  announced  the  following  other 
members  of  the  committee:  Gifford  Pinchot,  president  Na- 
tional Conservation  Association;  Dr.  Henry  S.  Drinker, 
president  Lehigh  University;  William  H.  Keller,  deputy  at- 
torney general;  John  B.  Eichenauer,  member  Pittsburgh 
Flood  Commission;  George  S.  Webster,  director  Philadel- 
phia wharves,  docks  and  ferries;  Prof.  Edgar  Marburg, 
piofessor  of  engineering.  University  of  Pennsylvania;  S. 
B.  Elliot,  member  State  Forestry  Commission;  J.  A.  Wells, 
vice-president  and  chief  engineer  Pennsylvania  "Water  and 
Power  Co.  Other  names  will  be  added  to  the  committee,  which 
IS  expected  to  give   particular  attention  to   industrial  wastes. 

The  United  States  Reclamation  Service,  according  to  the 
annual  report  of  Secretary  of  the  Interior,  Franklin  K.  Lane. 
supplied  water  for  irrigation  last  year  to  857,000  acres  of 
land,  of  which  800,000  were  used  for  crops  and  produced  an 
estimated  value  of  $19,000,000.  The  cultivated  acreage  of  the 
reclamation  projects  now  exceeds  the  entire  cultivated  acre- 
age of  Delaware  or  Nevada,  and  the  value  of  the  crops  pro- 
duced on  these  projects  exceeds  the  value  of  the  crops  of 
New  Hampshire  or  Utah.  The  forty  storage  reservoirs  on  the 
reclamation  work  have  a  combined  capacity  of  9,000,000  acre- 
ft,  suflicient  water  to  cover  the  entire  States  of  Massa- 
chusetts and  Connecticut  a  foot  deep  There  are  on  the  pro- 
jects 10,000  mi.  of  canals,  flumes,  tunnels  and  other  conduits, 
and  75,000  structures  of  all  sorts.  During  the  year,  construc- 
tion work  was  carried  on  on  24  reclamation  projects,  10  of 
which  were  Anally  completed  so  that  public  notices  were 
issued  opening  the  land  to  entry  and  water  service.  During 
the  year  the  Service  built  700  mi  of  canals,  80  mi  of  drains. 
60  mi.  of  pipe  line,  66  mi.  of  roads,  7,200  canal  structures  600 
bridges.  650  culverts  and  excavated  about  10,000,000  cu.yd.  ot 
earth  and  rock.  While  a  greater  area  of  the  reclamation  pro- 
jects was  cultivated  than  ever  before,  settlement  is  still  far 
behind  the  work  ot  construction.  The  Reclamation  Service  is 
prepared  to  supply  water  to  3,680,726  acres,  while  only  857,- 
000  were  actually  irrigated  last  year. 


Horace  X.  Trunihnll  has  been  appointed  Advertising  Man- 
ager of  the  S  K  F  Ball  Bearing  Co.,  Hartford.  Conn. 

Harry  M.  Pierce  has  been  appointed  Chief  Engineer  of  the 
E.  I.  du  Pont  de  Nemours  &  Co..  succeeding  the  late  Maj. 
William    G.    Ramsay. 

Thomas  E.  Jeft'ries,  United  States  Assistant  Engineer  in 
charge  of  the  Kanawha  County  work,  with  offices  at  Charles- 
ton.   W.    Va.,    has    resigned. 

E.  K.  Oarke,  formerly  with  the  bridge  department  of  the 
Michigan  Central  R.R..  is  now  Construction  Engineer  of  the 
two   Detroit    (Mich.)    plants  of  the  Timken   Detroit  Axle   Co. 

H.  S.  Wilder,  of  Houston,  Tex.,  has  been  appointed  Highway 
Engineer  of  Houston  County,  tile  county  commissioners  of 
which  have  recently  authorized  $110,000  for  road  improve- 
ment. 

James  D.  Callery  has  resigned  as  President  of  the  Pitts- 
burgh (Penn.)  Railways  Co.  He  will  be  succeeded  on  Jan.  1, 
1917.  by  Summer  L,  Tone,  Vice-President  of  the  Duquesne 
Light  Co. 

AV.  M.  Jacklin,  Supervisor  of  Roadway  of  the  Canadian 
Northern  Ry.  at  Hornepayne,  Ont..  has  been  appointed  In- 
spector of  Maintenance-of-W^ay  of  the  lines  east  of  Port 
-•^rtnur,   Ont.,   with   office  at  Toronto,   Ont. 

Charles  S,  Butts  has  been  appointed  Engineer  of  Construc- 
tion of  the  new  municipal  dock  at  North  Market  St.,  St. 
Louis,  Mo.  He  was  recently  Traffic  Engineer  of  the  Depart- 
ment of  Public  LTtilities.  The  salary  of  the  new  position  is 
$2,400   per  annum. 

Joseph  E.  Kuhn,  Colonel,  Corps  of  Engineers,  U.  S.  A.,  who 
has  been  Military  Attache  to  the  American  Embassy  at  Berlin 
since  December,  1914.  has  been  recalled.  He  was  appointed 
Military  Observer  with  the  German  armies,  but  according  to 
newspaper  accounts  he  has  had  very  little  opportunity  of  ob- 
serving. 

Albert  J.  Hinies,  M.  Am.  Soc.  C.  E.,  has  been  relieved  of  his 
duties  in  charge  of  grade-crossing  elimination  work  on  the 
New  York,  Chicago  &  St.  Louis  R.R.  in  order  to  devote  his 
whole  time  to  valuation  work,  under  the  title  of  Valuation 
Engineer.  W.  J.  Berpren,  First  Assistant  to  the  Chief  Engi- 
neer, has  been  appointed  Engineer  of  Grade  Crossing  Elimina- 
tion. 

Cornelius  V'anderbilt,  who  has  been  Divisional  Inspector  of 
the  New  York  National  Guard  with  the  rank  of  Major,  has 
tieen  commissioned  Colonel  of  the  22nd  New  York  Engineer 
Regiment,  one  battalion  of  which  is  still  on  the  Mexican 
border.  Colonel  Vanderbilt  is  a  graduate  in  mechanical  engi- 
neering of  Sheffield  Scientific  School,  Yale  University,  and 
for  a  time  was  interested  in  engineering  work.  He  is  now  a 
capitalist  and  an  officer  and  director  of  many  corporations. 

Raymond  AV.  Parlln,  Assoc.  M.  Am.  Soc.  C  E,  Staff-In- 
vestigator of  the  Bureau  of  Municipal  Research,  New  York 
City,  has  been  appointed  Deputy  Commissioner  of  the  Depart- 
ment of  Street  Cleaning  of  New  York  City,  under  J  T  Feth- 
erston.  Commissioner.  Mr.  Parlin  is  a  graduate  of  the  Massa- 
chusetts Institute  of  Technology  in  chemical  and  sanitary  en 
gineering  He  recently  made  a  comprehensive  study  of  street 
cleaning,  some  of  the  results  of  whirh  were  presented  in  a 
paper  read  at  the  Newark  convention  of  the  American  So- 
ciety of  Municipal  Improvements 


OBSTUAIRY 


Albert  C.  \Varren,  Secretary  of  the  Warren  Brothers  Co, 
Boston,  Mass..  died  Nov    10.     He  was  born  Mar    IS.  1852. 

Frederick  Boldt,  for  many  years  prominent  In  the  steel 
industry  as  founder  and  President  ot  the  isoidt  steel  casting 
Co.,  New  Castle,  Del.,  died  Dec.  1,  at  his  nome    n  Cnesier.  Penn 

Charles  Wiley  Vice-President  ot  John  Wiley  &  Sons,  the 
well-known  publishers  ot  engineering  .,ooKs,  aied  Dec  3  at 
his    home    in    East    Orange.    N     J.      He   was   in   nis   83rd   year 

J.  K.  DIetrick,  ot  Dietrick  &  Guth,  Architects,  Omana,  Neb., 
died  Nov  6,  aged  63  years.  He  went  to  i\ebrasKa  ^i.  years  ago 
as  a  civil  engineer.  He  was  first  employed  by  tne  Chicago, 
Burlington  &  Quincy  R.R.  and  the  Union  Pacific  H.K, 
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David  Benjamin,  head  of  the  Pennsylvania  Quarrying. 
Stripping  and  Contracting  Co.,  and  President  of  the  Benja- 
min Iron  and  Steel  Works.  Hazleton.  Penn..  was  killed  on 
Nov.  2S  by  falling  in  front  of  the  dinkey  locomotive  on 
which  he  was  riding. 

Frederifk  J.  H.  Merrill.  M.  Am.  In.st.  M.  E..  a  mining  engi- 
neer of  Los  Angeles.  Calif.,  and  a  former  State  Geologist  of 
New  York,  died  Nov.  29  in  his  55th  year.  He  was  born  in 
New  York  City  and  was  graduated  from  the  Columbia  School 
of  Mines.  For  several  years  he  was  connected  with  the 
Geological  Survey  of  New  Jersey  and  later  with  that  of 
New  York. 

Daniel  O'Connell,  head  of  the  firm  of  Daniel  OConnells 
Sons,  General  Contractors,  of  Holyoke,  Mass.,  died  Nov.  23.  He 
was  one  of  the  last  survivors  of  that  race  of  Irish  contractors 
whose  careers  started  as  day  laborers  in  the  period  before 
the  Civil  War.  when  Irish  labor  was  commonest  on  all  con- 
struction work.  He  was  born  in  Ireland  in  1832,  and  his 
parents  emigrated  to  this  country  in  1S47.  At  15  years  of  age 
he  was  a  water-boy  on  the  first  Connecticut  River  dam  built 
by  the  Hadley  Falls  Co.  Later  he  was  a  railway  laborer. 
From  this  he  graduated  into  taking  small  contracts  on  his 
own  account,  and  out  of  this  grew  a  firm  of  general  con- 
tractors which  has  executed  construction  work  throughou'. 
central  New  England. 

Mieajah  Terriil  Burf^ess,  a  pioneer  Western  railway  engi- 
neer died  at  his  home  in  Salt  Lake  City,  Nov.  23.  He  served 
on  the  engineering  staff  under  the  late  Gen.  Gren^'ille  M. 
Dodge.  Chief  Engineer  of  the  Union  Pacific  R.R.  during  its 
construction  period.  Following  the  completion  of  the  Union 
Pacific  he  worked  as  a  surveyor  with  office  at  Salt  Lake  City, 
and  he  also  sei-ved  as  chief  clerk  in  the  office  of  the  Surveyor 
General  of  Utah.  Subsequently  he  was  engaged  as  Engineer 
of  Location  and  Engineer  of  Construction  on  many  early 
Western  railway  projects.  Shortly  after  the  San  Francisco 
fire  and  earthquake  in  1905.  he  established  his  headquarters 
as  a  surveyor  in  that  city.  A  few  years  later  he  returned  to 
Utah  and  retired  as  a  farmer. 

William  E.  Cralghill,  Colonel.  Corps  of  Engineers,  U.  S.  A., 
whose  death  was  briefly  noted  in  these  columns  last  week, 
was  born  in  Maryland.  Dec.  20,  1863.  He  was  a  son  of  Brig.- 
Gen.  William  P.  Craighill,  former  Chief  of  Engineers  of  the 
United  States  Army.  After  being  graduated  from  the  United 
States  Military  Academy  at  West  Point  in  1S85  as  second  in  a 
class  of  39  cadets,  he  was  ccmraissioned  Second-Lieutenant 
in  the  Corps  of  Engineers.  During  the  War  with  Spain  in 
1898  he  was  offered  and  declined  a  commission  as  Major  and 
Chief  Engineer  of  Volunteers.  In  1899  he  was  commissioned 
Major  in  the  40th  Infantry  and  went  to  the  Philippine  Islands. 
From  there  he  was  sent  to  Chii  a  during  the  Boxer  uprising 
in  1900,  being  on  the  staff  of  the  commanding  general.  Later 
he  was  reinstated  in  the  Corps  of  Engineers  and  at  the  time 
of  his  death  was  In  charge  of  the  Boston  district,  Northeast 
division. 

Harold  Parker,  M.  Am.  Soc.  C.  E.,  Vice-President  of  the 
Hassam  Paving  Co.,  Worcester,  Mass.,  and  former  Chairman 
of  the  Massachusetts  State  Highway  Commission,  died  Nov. 
29  at  his  home  in  Lancaster,  Mass.,  aged  62  years.  He  was 
bcrn  in  Charlestown.  June  17,  1854,  and  was  a  lineal  descend- 
ent  of  the  Massachusetts  Pilgrims.  He  was  educated  at  Phil- 
lips Exeter  Academy  and  Harvard  College.  His  engineering 
cxpcrier.ce  began  at  the  Pennsylvania  Steel  Works,  where  he 
served  for  a  time  as  a  foreman.  Later  he  returned  to  Massa- 
chusetts and  with  F.  W.  Bateman,  of  Clinton,  organized  the 
firm  of  Parker  &  Bateman,  Civil  Engineers,  of  which  firm  he 
continued  to  be  a  member  to  the  time  of  his  death.  He  was 
appointed  a  member  of  the  Massachusetts  State  Highwa.v 
Commission  in  1900.  Later  he  was  made  Chairman  of  the 
commission,  in  which  capacity  he  served  until  1911,  when  he 
resigned  to  become  Vice-President  of  the  Hassam  Paving  Co. 
He  also  served  as  Chairman  of  the  Wachisett  Mountain  State 
Reservation  Commission  and  as  Chairman  of  the  State  Forest 
Commission.  Mr.  Parker  was  a  member  of  the  advisory  board 
appointed  in  1913  by  Governor  Dlx  to  Investigate  and  re- 
port upon  the  New  York  State  Highway  Department.  He 
was  a  Past-President  of  the  American  Road  Builders  Associa- 
tion and  of  the  Massachusetts  Highway  Association. 


ENGINEERING  SOCIETIES 


NORTHWE.STERN  ROAD  CO.NORESS, 

D>-c.  7-8.     In   Chicago.     Secy..  J.   L.   Long.  Mollne.   III. 

PORTLAND   CEMENT    ASSOCIATION. 

Dec.    11-13.      Annual    meeting    In    New    York    City.      Assist- 
ant   to  General   .Manager,   A.   H.   Ogle,   Chicago,    111. 


OKLAHO.MA  SOCIETY  OF  ENGINEERS. 

Dec.  27-2S.  Annual  meeting  in  Tulsa.  ,ecy.,  H.  G.  Hinck- 
ley,  Oklahoma  City. 

AMERICAN   SOCIETY   OF   AGRIC  UI-T URAL   ENGINEERS. 
Dec.  27-29.     Annual  meeting  at   Chicago.     Secy.,  D.  K.  Shedd, 
Ames,   Iowa. 

COMPRESSED  GAS  MANUFACTURERf.'  ASSOCIATION. 

Jan.  15.  Fourth  ann-'il  meeting  in  s'ew  York  City.  Secy., 
O.  S.   King.   120  Broadway,  New  York. 

AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Jan.  17-lS.  Annual  meeting  r.t  Society  House,  New  Y'ork 
City.     Secy.,  Charles  Warj-en   K-.'nt,  New   York. 

AMERICAN   ROAD   BUILDERS'    ASSOCIATION. 

Feb.  5-9.  Eighth  National  Good  Roads  Show,  in  Boston, 
Mass.     Secy.,  E.  L.  Poweis.  150  Nassau  St..  New  York  City. 

TENTH  CHICAGO   CEMENT    SHOW. 

Feb.  7-1:3.  In  Chicago.  Under  management  of  Cement 
Products  Exhibition  Co.,  210  South  La  Salle  St.,  Chicago. 

AMERICAN  CONCRETE  INSTITUTE. 

Feb.  S-10.  In  Chicago  at  La  Salle.  Secv.,  H.  D.  Hynds,  30 
Broad  St.,  N.  Y. 

NATIONAL  BUILDERS'   SUPPLY  ASSOCIATION. 

Feb.  12-13.  In  Chicago  at  Sherman.  Secy..  L.  P.  Des- 
mond. 1211  Chamber  of  Commerce,  Chicago. 

SOUTHWESTERN   CONCRETE   ASSOCIATION. 

Feb.  19-24.  Southwestern  Concrete  Show  in  Kansas  Citv. 
Mo.  Address  Chas.  A.  Stevenson,  1413  W.  10th  St.,  Kansas 
City. 

The  County  Road  Kngineers'  A^Hoeiation  of  Kentucky  is  to 

hold  a  meeting  Jan.  17  to  20  at  Bowling  Green,  Ky. 

The  Electric  Power  Club  held  its  seventh  semi-annual 
meeting  at  Hot  Springs,  Va.,  Nov.  15  to  18.  the  attendance 
comprising  about  seventy  men,  representing  thirty  maitu- 
facturers  of  electric  motors,  generators,  transformers  and  in- 
dustrial control  apparatus. 

The  VntionnI  Fire  Protection  .\H)iociatian  will  hold  its 
next  annual  meeting  May  8  to  10  in  Washington,  D.  C.  The 
winter  meeting  of  the  executive  committee  has  been  called 
for  Dec.  15  by  Chairman  F.  J.  T.  Stewart.  The  secretary  is 
Franklin  H.  Wentworth,  87  Milk  St..  Boston. 

The  Cleveland  KngineerlnK  Society  on  Nov.  21  listened  to 
talks  by  F.  H.  Newell  and  Hunter  .McDonald  and  to  a  com- 
munication from  Isham  Randolph.  The  three  speakers  with 
M.  L.  Cooke  were  in  Cleveland  to  attend  a  meeting  of  the 
plan-and-program  sub-committee  of  the  National  Conference 
on  Cooperation.  Mr.  Randolph's  contribution  was  a  brief 
autobiography  limited  to  the  earlier  years  of  his  career,  to 
bring  out  the  importance  of  the  help  and  guidance  obtained 
by  the  young  engineer  from  his  older  professional  brothers. 
Professor  Newell  sketched  some  of  the  phases  of  engineering 
cooperation.  Mr.  McDonald  gave  an  advance  summary  of  the 
elaborate  printed  argument  which  is  being  prepared  at  Nash- 
ville by  a  committee  of  the  Engineering  Association  of  the 
South  to  bring  about  the  location  of  the  government  nitrate 
plant  at  Muscle  Shoals  on  the  Tennessee  River. 

The  .\inerican  Institute  of  MInlne  BnKineera — The  Com- 
mittee on  Nominations  submits  the  following  names  as  its 
nominees  for  officers  in  1917:  President,  Sidney  J.  Jennings, 
New  York;  vice-presidents,  Walter  H.  Aldridge,  New  York; 
Mark  L,  Requa,  San  Francisco;  for  directors,  J.  E.  Johnson. 
Jr..  New  York;  Allen  H.  Rogers.  Boston;  Howard  N.  Eavenson. 
West  Virginia;  Robert  M.  Raymond,  New  York;  Willet  G. 
Miller,  Canada.  The  report  of  the  Nominating  Committee  goes 
on  to  say  that  many  letters  have  been  received  regarding  the 
presidential  nomination,  and  that  some  of  the  letters  indi- 
cate that  the  authors  feel  that  the  nomination  of  president 
should  be  left  entirely  to  the  Committee  on  Nominations  with- 
out any  elTort  by  the  members  at  large  to  influence  them, 
while  others  feel  that  the  nominations  are  largely  controlled 
by  small  groups  and  that  the  members  at  large  can  have  little 
influence.  As  a  result  of  this  influence  the  inajority  of  the 
Committee  suggests  that  the  method  of  making  nominations 
be  changed  so  that  at  least  two  candidates  for  the  various 
offices  be  nominated,  and  suggests  that  the  directors  appoint 
a  committee  to  Investigate  this  question  thoroughly. 

SoulhneHtern  KnglncerlnKT  Society — A.  F.  Barnes,  Dean  of 
Engineering,  of  the  New  .Mexico  College  of  Agriculture  and 
Mechanic  Arts,  State  College,  N.  .M.,  has  been  endeavoring  to 
organize  a  .Southwestern  Engineering  Society.  Letters  have 
been  received  from  prominent  engineers  in  New  Mexico,  Ari- 
zona and  Texas  expressing  the  need  of  such  .in  organization. 
.\mong  the  men  who  have  promised  their  support  are  Dean 
G.  M.  Butler.  University  of  Arizona.  Tucson;  Dean  S.  H.  Wor- 
rell. Texas  .School  of  Mines.  El  Paso;  Professor  Brenneman. 
University  of  New  Mexico,  Albuquerque;  Samuel  T.  Bousman, 
Engineer  for  the  Chino  Copper  Co.,  Hurley,  N.  M.;  H.  L. 
.Stevens,  consulting  refrigeration  engineer.  El  Paso;  E.  II 
Baldwin,    EI    Paso,    Project    Manager    of    the    Elephant     Hiittc 
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Dam;  and  S.  O.  Andros,  Albuquerque,  "Chairman  of  the  New 
Mexico  State  Directors.  Naval  Consulting-  Board."  The  ob- 
ject of  this  organization  will  be  to  promote  the  science  of 
engineering  in  the  Southwest.  The  principle  means  for  this 
purpose  shall  be:  First,  the  holding  of  meetings  for  the 
reading  and  discussion  of  professional  papers  especially  upon 
such  questions  as  are  peculiar  to  this  region;  second,  to  give 
opportunity  for  social  intercourse  and  thus  establish  a  com- 
mon interest  in  the  welfare  of  the  engineering  profession. 
Admission  to  this  society  will  no  doubt  not  only  be  open  to 
practicing  engineers,  but  opportunity  to  join  will  be  given 
to  any  person  so  connected  with  engineering  as  to  quality 
him  to  cooperate  with  engineers  in  the  advancement  of  pro- 
fessional knowledge.  It  is  planned  in  a  short  time  to  call  a 
meeting  of  those  engineers  that  have  shown  interest  in  the 
matter  and  at  such  a  time  draw  up  tentative  plans  and  pro- 
gram for  a  general  meeting  to  be  held  at  a  suitable  place  at 
which  time  final   organization  can  be  effected. — A.  F.  Barnes. 


A.pplfl^Eac®s  aimed  Mes.tes"ials 


Soand-.'\li.sorbin;2:    Stone 

Another  sound-absorbing  stone  veneer  has  been  put  on  the 
market — this  time  by  the  H.  W.  Johns-Manville  Co.,  of  New 
York  City.  It  bears  the  trade  name  "Akoustolith"  and  is 
made  under  the  patents  of  R.  Guastavino  and  W.  C.  Sabine, 
who,  it  will  be  recalled,  have  developed  a  sound-absorbing 
dome  tile.  The  new  veneer  hasi  an  absorbing  capacity  of 
from  3S  to  57%,  at  the  standard  pitch  of  violin  C,  and  is 
second  only  to  hair  felt.  It  is  a  molded  material  of  concrete 
nature  and  is  applied  over  any  masonry  surface.  It  can  be 
made  in  tile  or  brick  form  or  cast  into  ornamental  pilasters, 
moldings,  etc.  It  has  about  a  third  the  weight  of  stone  and  is 
made  in  a  variety  of  colors. 

A  aOO-Hp.  Aeronautic   Motor 

A  300-hp.  aeronautic  gasoline  engine,  the  largest  ever  at- 
tempted, has  been  completed  by  Frank  H.  Trego,  Chief  Engi- 
neer of  the  Knox  Motors  Co.,  Springfield,  Mass.,  in  response 
to  the  demand  voiced  by  U.  S.  Naval  Advisory  Board  and  the 
Navy  Air  Service.  A  year's  study  was  spent  on  the  design. 
The  first  motor,  weighing  1,400  lb,  complete  with  electric 
starting  and  ignition  system,  was  recently  run  on  a  dyna- 
mometer at  Springfield  under  full  load  for  eight  hours. 

The  general  arrangement  is  that  of  a  12-cylinder  60° 
V-type,  The  crank  case  is  of  a  special  aluminum  alloy,  one 
piece  each  for  the  upper  and  lower  halves.  For  support,  a 
shelf  running  the  full  length  of  the  case  on  each  side  takes 
the  place  of  legs.  The  motor  will  enter  a  frame  15  in.  wide — 
17  in.  between  holding-bolt  centers.  The  cylinders  are  of 
aluminum  alloy  and  have  %-in.  cast-iron  liners.  They  are 
cast  in  blocks  of  three  and  are  open  at  both  ends.  Total 
piston  displacement  is  1,488.5  cu.in.  Water  jackets  extend 
below  the  stroke.  Cylinder  heads  are  of  aluminum  alloy,  cast 
in  blocks  of  six.  Each  head  carries  four  cast-iron  valve 
seats,  cast  in,  with  each  seat  practically  surrounded  by  the 
head   water  jacket. 

Cam  shafts  and  rocker  arms  are  in  the  head;  each  shaft 
has  eight  bearings,  and  the  rockers  are  supported  above. 
All  head  mechanism  is  under  forced-feed  lubrication  with 
drainage  to  the  crank  case.     The  head  has  a  protecting  cover. 


One  end  of  the  case  supports  a  large  alloy-casting  support 
for  the  propeller  shaft  and  starting  motor.  On  the  other 
end  of  the  motor  are  the  supports  and  housing  for  timing 
gears,  water  and  air  pumps,  ignition  apparatus  and  lighting 
generator.  There  is  nothing  on  the  outer  sides  but  the  car- 
buretors. The  main  shaft  is  of  chrome-nickel  steel  and  has 
three  bearings — babbitt  in  bronze  shells.  Connecting-rods 
are  drop  forgings;  pistons  are  of  aluminum  alloy.  The  pro- 
peller shaft  (3%  in.  bored  to  %  walls)  is  carried  on  heavy 
double-row  ball  bearings  with  double  ball  thrust  bearings. 
Gears  between  the  motor  and  propeller  shaft  allow  various 
speed  ratios,  the  preliminary  tests  being  made  with  1,600 
to    1,140    r.p.m. 

New  Line  of  Portable  Conveyors  and  Stackers 

During  the  past  year,  the  Jeffrey  Manufacturing  Co.,  of 
Columbus,  Ohio,  has  completed  the  development  and  is  now 
marketing  a  new  line  of  portable  conveyors  and  stacking  ma- 
chines. A  combination  of  light  weight  and  heavy  duty  is 
claimed  secured.  The  conveyors  are  of  the  endless-belt  type 
and  are  built  in  20-ft.  framed  sections  (each  with  its  own 
belt)  mounted  on  ball-bearing  casters  and  with  guarded  chain 
belts  connecting  the  end  sprockets.  A  5-hp.  motor  is  suf- 
ficient for  seven  sections,  the  driving  section  being  placed 
anywhere  in  the  string.  The  belts  are  usually  IS  in.  wide 
and  travel  at  a  speed  of  125  ft.  per  min.  The  capacity  of 
such  a  conveyor  is  1,500  SO-lb.  packages  per  hour. 

There  is  a  barrel  loader,  made  up  of  a  pair  of  triangular 
steel  trusses,  moved  about  like  a  balanced  two-wheeled  bag- 
gage truck,  in  which  a  pair  of  endless  chains  with  cross- 
bars engage  the  barrels  at  the  ground  level  and  roll  them 
up  an  inclined  track  and  let  them  off  at  an  upper  (8  ft.)  or  a 
middle    (5    ft.)    level   according   as   the   track   may   be  set.     A 
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PORTABLE    B.VRREL    LOADER    AND    BAG   STACKER 

2-hp.  motor  drives  one  of  these  machines  and  with  it  two  men 
r-.tn  handle  up  to  ISO  bbl.  per  hr.  This  loader  weighs  3,800 
111.   and   costs  about    $700. 

A  portable  stacker  is  also  included  in  the  new  equipment 
This  is  of  the  full-apron  type,  for  bags  and  miscellaneous 
freight,  and  has  been  built  for  up  to  42x52-in.  by  .5-ft.  600-Ib. 
bags.  The  loading  boom  is  24  Vi  ft.  long;  the  lower  end  Is 
pivoted  on  a  latticed  steel  frame  carried  by  ball-bearing 
casters,  and  the  upper  end  is  lifted  (to  14^4  ft.  maximum 
height)  by  hand-winch  cables  running  to  under-struts  be- 
neath the  boom  forward  of  the  middle.  The  boom  sup- 
ports 6xl2-in.  wood  flights  mounted  on  two  roller  chains. 
A  2-hp.  motor  drives  the  stacker,  which  weighs  about  2,700 
lb,   and  costs  about  J750. 
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SYNOPSIS — Article  yires  in  considerable  detail 
the  items  of  interest  in  the  design  and  construction 
of  a  long  reinforced-concrete  arch  bridge  of  no 
special  complication.  Interest  of  article  is  mainly 
in  fact  that  it  represents  the  latest  standards  of 
practice  in  concrete-bridge  construction. 

The  Agler  bridge,  just  comjjleted  over  Alum  Creek  in 
Franklin  County,  Ohio,  is  located  about  51/^  mi.  north- 
east from  Broad  and  Pligh  St.,  Columbus,  Ohio.  The 
structure  is  of  reinforced  concrete  with  a  total  length  of 


'J"he  bridge  is  so  designed  that  all  spandrel  spans  and 
the  six  trestle  spans  are  of  the  same  length.  Floor- 
beams  spaced  11  ft.  6  in.  apart  frame  into  spandrel  col- 
umns, the  distance  between  floor-beams  being  spanned  by 
a  12-in.  slab.  Each  arch  consists  of  two  ribs  spaced  20 
ft.  on  centers.  In  order  to  provide  for  variations  in  tem- 
perature and  rib  shortening,  all  arch  ribs  have  a  crown 
section  in  which  the  depth  of  the  rib  is  less  than  the  width. 
The  crown  sections  of  the  arches  vary  from  25x34  in.  for 
the  67-ft.  8-in.  span  to  39x42  in.  for  the  13G-ft.  8-in.  span. 

In  computing  temjierature  stresses  it  was  assumed  that 
any  rise  in  temperature  would  be  balanced  by  rib  short- 


FJG.    1.     VJKW 


i.Nh,   K.NU  UF  THE  Cu.MPLKTlilJ  AGLEH   F.KIDGE   l.\   I'K.A.VKLI.N"   Ci)L  NTY. 


1,1GG  ft.  and  an  overall  withli  of  27  ft.  2  in.  It  consists 
of  ten  arch  spans  of  varying  lengths,  with  three  small 
trestle  spans  at  the  west  end  and  three  similar  spans 
and  curved  retaining-wall  approach  at  the  east  end. 
The  length  of  the  various  spans,  beginning  at  the  west 
end,  is  as  follows:  Three  10-ft.  2-in.  trestle  spans,  ten 
ribbed  arches  having  the  following  clear  spans — 67 
ft.  8  in.,  90  ft.  8  in.,  90  ft.  8  in.,  113  ft.  8  in.,  136  ft.  8 
in.,  136  ft.  8  in.,  113  ft.  8  in.,  102  ft.  2  in.,  90  ft.  8  in. 
and  44  ft.  8  in. ;  three  10-ft.  2-in.  trestle  spans  and  a 
curved  retaining-wall  approach.  All  of  the  arch  piers 
and  eight  of  the  tre.<tle  piers  are  supported  on  wood  pile 
foundations.  The  bridge  has  a  20-ft.  clear  roadway  and 
one  4-ft.  dear  sidewalk,  the  latter  placed  on  the  north 
side  of  the  l)ridge  so  that  the  amount  of  snow  and  ice 
will  be  a  minimum. 


ening  under  dead-load.  The  ribs  were  designed  accord- 
ing to  the  method  given  by  Turneaure  and  Maurer,  pro- 
vision being  made  for  a  drop  in  temperature  of  25°  F., 
which,  combined  with  rib  shortening,  made  a  total  drop 
of  50°  F.  The  bridge  is  designed  for  the  following  live- 
loads:  For  the  floor  and  its  supports  a  uniform  load  of 
200  lb.  per  .^fi.ft.  on  the  roadway  and  100  lb.  per  sq.ft. 
on  the  sidewalks,  each  with  25%  impact,  or  a  concentrated 
load  on  the  roadway  of  a  24-ton  truck  and  a  uniform  load 
of  100  lb.  per  sq.ft.  on  the  sidewalk,  each  with  25%  im- 
pact; for  the  arch  rings  and  foundations  a  uniform  load 
of  100  lb.  per  sq.ft.  on  both  roadway  and  sidewalk,  eath 
with  25%  impact.  The  allowal)le  stresses  used  in  this  d'j- 
sign  were  as  follows :  Concrete  in  compression,  650  lb.  per 
s(|.in.,  excejit  in  arch  rings,  where  700  lb.  per  sq.in.  (in- 
cluding rib  shortening  and  temperature)  was  allowed ; 
concrete  in  shear,  50  11).  per  sij.in. ;  steel  in  tension,  1G,00;) 
II).  per  sq.in. ;  steel  in  compression,  not  more  tkan  15 
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times  the  unit  compression  in  the  surrounding  concrete. 
The  maximum  load  per  pile  is  20  tons.  The  entire  bridge, 
with  the  exception  of  tlie  concrete  pavement  and  con- 
crete railing,  is  built  of  1:2:4  concrete,  using  Medusa 
Portland  cement,  Canadian  sand  and  crushed  limestone. 

The  concrete  pavement  is  a  1 :  8  :  3  mixture  of  the  same 
materials  as  the  bridge  proper.  Tt  is  5  in.  thick  and  is  laid 
on  the  12-in.  floor  slab  after  the  slab  has  been  waterproofed 
with  a  layer  of  fabric  and  two  coats  of  asphalt.  The  pave- 
ment is  reinforced  with  a  mesh  weighing  28  lb.  per  100 
sq.ft.,  and  is  placed  in  the  center  of  the  5-in.  slab.  Over 
each  arch  pier  there  is  an  expansion  joint  in  the  pavement. 
Kahn  armor  plate  was  used  at  all  expansion  joints. 

The  concrete  railing  is  a  1 :  II/2 :  21/2  mixture  of  port- 
land  cement,  silica  sand  and  granite  chips.  The  sand 
was  graded  from  14  iii-  clown  and  the  granite  chips  from 
1/4  in.  to  %  in.  All  railing  posts  were  tooled  with  a 
patent  hammer  and  all  web  sections  scrul)bed  so  as  to  ex- 
po.se  the  aggregate.  No  tooling  was  done  before  the  con- 
crete was  at  least  one  month  old  and  in  tooling  the  large 
railing  posts  considerable  difficulty  was  experienced  in 
holding  the  edges  true.  Accordingly,  for  the  small  rail- 
ing posts  a  margin  of  1  in.  around  all  corners  was  rubbed 
and  the  remainder  of  the  posts  tooled. 

Expansion  and  Drainage 

Expansion  in  the  concrete  railing  was  carefully  con- 
sidered, and  in  the  design  adopted  there  are  no  horizontal 
sliding  surfaces  and  no  inserts,  but  both  ends  of  each 
10-ft.  -l-in.  panel  have  vertical  expansion  surfaces.  There 
is  absolutely  no  connection  between  the  railing  posts  and 
web  sections.  The  expansion  surfaces  are  separated  by  an 
air  space  of  not  more  than  V2  in.  which  was  obtained  as 
follows:  The  railing  posts  were  poured;  then  a  piece  of 
heavy  gage  sheet  steel  was  placed  at  the  ends  of  the  wet 
forms  and  ordinary  shingles  were  used  to  wedge  between 
the  railing  posts  and  the  sheet  steel.  This  wedging  was 
carefully  done  so  that  upon  removal  of  forms  the  ends 
of    the   web    are   parallel   to    the    railing   posts.     Previ- 


ous experience  has  shown  that  expansion  or  contrac- 
tion is  especially  difficult  to  provide  for  in  con- 
ci'ete  railings  and  that  the  expansion  joints  in  such  a 
railing  must  be  close  together  if  unsightly  cracks  are  to 
be  avoided.  In  addition,  a  considerable  amount  of  rein- 
forcement should  be  placed  in  the  railing. 

In  designing  the  bridge  especial  attention  was  given 
to  drainage  and  expansion,  and  an  effort  was  made  to  cor- 
rect such  defects  as  have  developed  in  similar  structures 
previously  built  in  Franklin  County.  To  provide  for 
drainage,  scuppers  are  so  placed  that  the  water  will  not 
flow  over  an  expansion  joint  before  reaching  the  inlets. 
The  storm  water  is  carried  through  6-in.  cast-iron  pipe 
to  a  point  about  10  ft.  above  the  ground  and  tliere  dis- 
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charged.    The  drainage  system  is  so  arranged  as  to  be  in- 
visible in  a  side  view  of  the  bridge. 

At  expansion  joints  the  horizontal  sliding  surfaces  have 
been  reduced  to  a  minimum ;  and  where  they  do  occur, 
rolled  steel  or  steel  and  bronze  expansion  plates  are  used. 
All  vertical  expansion  surfaces  are  separated  by  a  thick- 
ness of  tar  paper  or  Elastite  expansion  strip,  and  the 
vertical  sides  of  all  stringer  bearings  are  beveled  in  order 
that  the  joints  will  not  bind,  but  will  tend  to  open  when- 
ever contraction  takes  place.  In  constructing  the  earlier  • 
sidewalks  the  tar  paper  at  the  vertical  expansion  joints 
was  cut  off  about  I/4  in.  below  the  finished  surface  of  the 
sidewalk.  At  such  points  spalling  of  the  sidewalk  has 
occurred  from  the  surface  of  the  sidewalk  to  the  point 
where  the  paper  was  cut  off.    As  a  result,  felt  i/^  in.  thick, 
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extending  through  the  surface  of  the  sidewalk,  is  now  used 
for  all  vertical  sidewalk  expansion  Joints. 

The  writer  was  resident  engineer  on  the  construction 
of  a  large  ribbed  arch  bridge  during  the  summer  of 
1914,  in  which  the  spandrel  face  beams  were  as  shown  at 
the  left  in  Fig.  3.  In  several  cases  at  expansion  joints 
these  fillets  cracked,  as  shown.  To  remedy  this  defect 
an  ellipse  was  used  for  the  spandrel  beams  of  the  Agler 
bridge,  as  may  be  seen  at  the  right  in  Fig.  3. 

The  outside  faces  of  all  arch  ribs  are  divided  into  sec- 
tions by  means  of  rustications,  as  illustrated  in  Fig.  1. 
This  improves  the  appearance  of  the  structure  to  a  consid- 
erable extent.  In  the  opinion  of  the  writer  any  means 
employed  to  break  up  large,  plain  surfaces  improves  the 
appearance  of  concrete  work.  When  designing  a  concrete 
structure  all  construction  joints  should  be  located  and 
an  effort  made  to  hide  them  by  means  of  rustication  or 
otherwise. 

The  exposed  surfaces  of  the  bridge  are  finished  by  rub- 
bing in  a  thin  mortar  with  carborundum  brick  when  the 
concrete  is  from  two  to  six  days  old,  and  later  on  when 
the  work  is  finished  the  concrete  is  given  a  second  rubbing 
with  carborundum  and  water. 

The  bridge  is  wired  for  lighting,  a  2-in.  fiber  conduit 
being  embedded  in  the  coping.  This  fiber  conduit  is  weak 
at  the  joints,  and  a  standard  metal  conduit  is  to  be  pre- 
ferred. Fuse  boxes  of  brass,  with  aluminum  faces  and 
doors,  are  used.  They  have  hinged  doors,  are  provided 
with  locks  and  are  placed  on  the  outside  of  the  bridge. 

COXSTHUCTION  METHODS 

Two  stiff-legged  derricks  served  for  driving  the  ^Yem- 
linger  sheet-steel  piling  for  the  coffer-dams,  for  excavat- 
ing with  orange-peel  buckets,  for  driving  the  founda- 
tion piling,  for  depositing  concrete,  pulling  sheetpiling 
and  for  backfilling.  Fig.  4  shows  practically  all  the  equip- 
ment employed  on  the  job.  The  light-weight  Wemlinger 
sheetpiling  was  very  satisfactory,  as  was  the  orange-peel 
bucket.  The  foundation  piles  were  driven  witli  Xo.  2 
Union  steam  hammers.  For  the  footing  and  pier-base 
concrete  two  Ean.some  "Bantam''  mixers  were  used.    The 


main  concrete-mixing  plant  consisted  of  a  Mr.yd-  Kan- 
some  mixer  and  an  elevating  tower.  The  concrete  was  de- 
posited by  means  of  chutes  and  buggies.  The  concrete 
mixer  and  elevating  tower  were  moved  twice  during  the 
construction  of  the  bridge.  Steam  for  the  large  concrete 
mixer,  hoisting  engines,  pumps,  derricks,  pile  hammers, 
etc.,  was  piped  from  two  central  plants.  Materials  were 
hauled  li/o  mi-  from  the  railroad  siding  to  the  bridge 
site.  Wagons  were  used  for  hauling,  which  cost  55c.  per 
cu.yd.  for  sand  and  stone. 

The  arch  centers  are  very  light  and  were  built  as  shown 
on  the  centering  plan  in  Fig.  5.    All  centering  was  spiked, 


FIG.    .1.     DETAILS  OF   CENTERING   FOR  AN   ARCH   IN   THE 
AGLER    BRIDGE 

no  bolts  being  used  except  where  centering  posts  were 
spliced.  For  checking  the  intrados  of  the  arches  a  board 
about  15  ft.  long  with  one  edge  cut  to  proper  radius  was 
slid  around  the  arch  barrel.  The  first  six  arches  were 
poured  by  starting  at  the  haunches  and  completing  one 
entire  rib  at  one  pouring,  with  the  use  of  bulkheads.  The 
other  four  arches  were  poured  in  sections,  haunches  first, 
then  crown  and  lastly  intermediate  sections.  The  rib 
forms  and  all  deck  forms  were  so  designed  that  they  could 
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be  used  several  times.  This  was  done  with  fair  results. 
After  being  used  three  times,  the  '/^-in.  forms  were  in  such 
bhape  that  considerable  rebuilding  and  repairing  were 
necessary.  The  writer  believes  that  it  would  be  advisable 
to  limit  the  number  of  times  forms  may  be  used.  The 
contractor  states  that  he  has  applied  for  patents  on  the 
general  centering  scheme. 

The  bridge  contract  includes  about  5,000  eu.yd.  of 
excavation,  20,000  lin.ft.  of  piling,  5,100  cu.yd.  of  concrete 
and  202  tons  of  reinfoi-cing  steel.  The  total  cost  of  the 
bridge  is  about  $102,500,  or  $3.25  per  sq.ft.  overall,  in- 
cluding cost  of  handrail  and  pavement.  Construction 
was  commenced  in  the  summer  of  1915  and  the  last  con- 
crete in  the  pavement  was  poured  the  latter  part  of  Octo- 
ber, 1916.  To  date  no  cracks  have  been  observed  in  the 
structure  anywhere. 

The  contractor  for  the  bridge  is  the  Stewart  Engineer- 
ing Corporation,  of  New  York  City.  .John  Peake  is  County 
Surveyor.  The  bridge  was  designed  by  the  writer  under 
the  supervision  of  Walter  Braun,  County  Bridge  Engi- 
neer. The  computations  were  checked  by  W.  J.  Watson  & 
Co.,  of  Cleveland,  Ohio.  The  writer  was  the  resident  engi- 
neer for  the  county. 

Plaira  for  RsiSsSiag  ftlhe  IrSei^Iht 
of  Moipeiagi  Patnm 

As  a  measure  of  safety  to  prevent  the  ]\Iorena  dam  from 
being  overtopped  in  case  of  another  flood  such  as  that 
which  southern  California  experienced  last  January,  the 


might  come  into  either  of  the  reservoirs.  This  belief, 
however,  was  erroneous,  for  the  runoff  into  each  of  these 
reservoirs  w-as  much  greater  than  the  capacity  of  the 
spillway  of  either  dam.  The  water  level  in  the  Morena 
reservoir  was  so  low  that  the  capacity  of  the  reservoir 
absorbed  the  greater  portion  of  the  runoff,  and  the  spill- 
way took  care  of  the  remainder,  although  when  the  storm 
was  at  it-s  height  the  water  came  within  18  oi-  20  in.  of 
the  top.  It  is  feared,  however,  that  should  the  coming 
winter  season  bring  heavy  rains  the  runoff  will  again 
exceed  the  capacity  of  the  spillway,  and  with  the  increased 
height  of  the  water  level  the  dam  will  be  topped. 

llr.  Cromwell  in  his  report  makes  the  following  con- 
clusions after  a  careful  study  of  the  rainfall,  runoff  and 
flood  conditions  at  the  Morena  reservoir  for  the  past 
season : 

The  water  level  in  the  reservoir  stood  at  13S.5  ft.  at  7 
a.m.  on  Jan.  27,  and  during  tiie  24-hr.  period  from  7  a. in 
Jan.  27,  to  7  a.m.,  Jan.  2S,  1916.  there  was  a  runoff  of  5.707.- 
000,000  gal.,  or  enough  additional  water  to  fill  the  reservoir 
to  within  18  in.  of  the  top  of  the  dam  with  the  spillway  run- 
ning wide  open  all  the  time.  If  the  water  level  in  the  reser- 
voir had  stood  at  141.5,  or  only  3  ft.  higher  than  it  actually 
was  at  7  a.m.  on  Jan.  27,  it  would  have  been  impossible  to 
prevent  the  water  from  tilling  the  reservoir  and  flowing  over 
the  top  of  the  dam  just  as  it  did  in  the  case  of  the  Lower 
Otay. 

It  is  impossible  to  say  Just  what  would  be  the  conse- 
quence if  any  considerable  quantity  of  water  was  allowed 
to  flow  over  the  top  of  Morena  dam,  but  there  is  a  very  grave 
question  if  the  dam  would  be  able  to  withstand  successfully 
such  a   condition. 

Morena  is  a  rock-flU  type  of  dam  and  was  not  built  to 
withstand    topping    like    an    overflow    type    of    dam.      It    might 


DET.\ILS   OP    PUOPOSKD   METHOD   OF   .•\pniNr,    5    FT.    TO   HEKiHT   OF    MORFN.V    r>.\M,    S.-VX    DIRGO    WATEK-SUl'I'LY 


City  of  San  Diego  is  making  prejiarations  lo  add  5  ft.  to 
ilie  height  of  the  dam  in  order  to  increa.se  the  spillway  ca- 
]iaeity.  City  Engineer  George  Cromwell  has  recommended 
this  improvement  in  a  report  that  the  city  council  has 
accepted,  and  it  is  expected  that  work  will  be  commenced 
within  a  very  few  weeks. 

The  Morena  dam  is  a  rock-fill  structure  that  was  com- 
pleted in  1912.  Its  reservoir  was  filled  for  the  first  time 
by  the  flood  of  last  January.  Prior  to  that  time  it  had 
been  considered  that  the  spillways  of  both  the  Morena 
and  the  Lower  Otay  dam,  which  failed  during  this  storm, 
were  more  than  sufficient  to  care  for  any  runoff  that 


survive  such  a  conilition;  but  we  have  no  right  to  assume 
tills,  and  it  would  be  very  unwise  in  my  opinion  to  do  so. 
There  are  several  different  methods  by  which  we  can  safe- 
guard Morena  dam  against  the  danger  of  overflow: 

1.  Protect  the  downstream  face  of  the  dam  by  paving 
with  concrete  in  order  to  prevent  erosion  of  the  face  in  case 
water  should  flow  over  the  top  of  the  dam. 

2.  Enlarge  the  capacity  of  the  spillway  by  deepening  or 
widening. 

3.  Raise  the  height  of  the  dam  and  thereby  increase  the 
capacity  of  the  reservoir  and  the  spillway  at  the  same  time. 
This  scheme   is   shown   in   the   accompanying   drawing. 

4.  Keep  the  water  level  in  the  reservoir  below  the  141-ft 
contour  during  the  winter  months,  so  that  the  reservoir  will 
have  enough  capacity  to  absorb  any  flood  of  the  same  mag- 
nitude as  the  one  on  Jan.  27,  1916,  without  danger  of  topping. 
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The  first  method — paving  the  downstream  face  of  the 
dam — was  eliminated  because  of  the  expense.  Officials 
doubted  if  $100,000  would  cover  the  cost.  Furthermore, 
the  dam  was  never  intended  to  be  an  overflow  type  of  dam. 

The  second  method  appeared  to  be  impracticable,  ow- 
ing to  conditions  on  the  ground  which  would  prevent  the 
widening  of  the  spillway,  and  to  deepen  it  would  diminish 
the  capacity  of  the  reser\-oir. 

The  third  plan — raising  the  height  of  the  dam — ap- 
peared to  be  the  most  logical.  By  the  addition  of  5  ft.  to 
the  height  of  the  dam  the  capacity  of  the  reservoir  will  be 
increased  above  the  present  spillway  crest,  and  at  the 
same  time  the  capacity  of  the  spillway  will  be  increased 
to  such  an  extent  that  the  water  level  in  the  reservoir 
can  be  maintained  at  the  146-ft.  contour,  or  the  crest  of 
the  present  spillway,  without  any  danger  of  an  excessive 
flood  like  that  of  last  winter  topping  the  dam. 

The  fourth  method — maintaining  a  low-water  level — 
is  suggested  by  Mr.  Cromwell  as  an  emergency  proposi- 
tion only,  to  be  followed  in  case  no  other  method  of 
protection  is  possible.  In  his  report  he  estimates  that 
the  amount  of  water  which  would  be  wasted  in  maintain- 
ing this  low  level  would  be  worth  at  least  $75,000. 

In  addition  to  raising  the  dam  it  is  planned  to  deepen 
the  lower  end  of  the  spillway  and  thus  give  a  steeper 
grade,  which  will  earn,'  the  wa,ste  off  nmch  faster  than  at 
present.  It  is  also  planned  to  place  a  log  boom  in  front 
of  the  spillway  to  prevent  the  choking  of  the  entrance 
with  floating  debris. 

The  engineer's  estimates  of  tlie  work  to  be  done  at 
^lorena  are  as  follows : 

200  cii.yd.  reinforced  concrete  (if.  $20 $4,000 

400  cu.yd.  rubble  masonry  ("   $8 3,200 

1.000  cu.yd.  loose  rock  fill  (a    $3 3,000 

100  cu.yd.  surfacing  material  (a    $1.50 150 

$10,350 
Engineering  and  superintendence,  15% 1,542 

Total  cost  of  raising  dam  5  ft $1 1,892 

An  appropriation  of  $15,000  is  asked  for  the  entire 
improvement,  the  balance  of  $3,108  to  be  expended  for 
the  log  boom  and  additional  repairs  to  the  present  spill- 
way. 


Je  ClhiSiairj}  Calblles  Hom-'Fo^y^eF" 
Foirgec^  aft  Hav^^  Yas'dl* 
By  Frederic  G.  CoBUKxf 

There  has  been  developed,  during  the  last  two  years, 
at  the  United  States  Navy  Yard,  Boston.  Mass.,  a 
power-forging  process  for  the  manufacture  of  chain  cables 
which  has  been  highly  successful.  No  great  mechanical 
difficulty  was  experienced  in  the  manufacture  of  chain  by 
hand  until  diameters  as  great  as  2%  in-  were  reached; 
even  that  size  was  fairly  well  handled;  but  when  the  3- 
in.  cables  were  taken  up,  serious  difficulties  were  encoun- 
tered on  account  of  the  size  of  the  metal,  the  mechanical 
difficulties  involved  and  the  very  hard  labor  required  of 
the  chain  makers'  helpers.  It  was  not  only  difficult  to 
get  chain  makers  to  make  good  chain ;  it  was  exceedingly 
difficult  to  get  them  to  attain  a  satisfactorily  high  rate 
of  production  and  regularity  of  attendance. 

When  the  Panama  Canal  Commission  went  into  the 
market  for  the  guard  chains  for  the  Panama  Canal,  which 

•Paper   presented   before   Society   of  Naval   Architects   and 
Marine  Rnglnecrs.  at  New  York  meeting,  Nov.   16,   1916. 
tNaval   Constructor,   United   States   Navy. 


were  3  in.  in  diameter,  the  Boston  Navy  Yard  was  the 
only  plant  that  could  reasonably  approach  the  require- 
ments of  the  commission.  A  great  part  of  these  cables 
was  made  with  open  links — that  is,  without  studs — and 
hence  was  inherently  weaker  than  stud  chain;  and  as  the 
welds  were  not  well  made  the  ultimate  breaking  stresses 
obtained  were  low.  Wliereas  525,000  lb.  ultimate  break- 
ing strength  was  required  for  stud-link  chain  and  desired 
for  3-iu.  open-link  chain,  it  was  found  necessary  to  reduce 
the  requirement  to  500,000  lb.  and  subsequently  to  450,- 
000.  Private  chain  makers  were  given  contracts.  Their 
chain  was  not  so  good  as  that  made  by  the  hand-welders 
at  the  Boston  Navy  Yard;  it  lacked  the  uniformity  in 
shape  and  size  of  link  and  was  not  so  well  welded. 

The  causes  of  the  inferiority  of  hand-made  welds  be- 
come apparent  after  experience  in  the  testing  pit.  The 
helpers  can  not  hit  hard  enough  with  their  sledges  to 
drive  the  two  scarfs  together.  The  welding  surfaces  are 
not  smooth,  because  they  are  formed  by  peening;  pockets 
;ire  thus  formed,  which  retain  slag;  and  the  hammering 
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TWO  3',4-i.N.  powek-\vi:li 'Ku  Tiuri.hn'.s;  (i.\|.;  .ii-i;.\ 

LINK,   THE   OTHKR   STUD   LI.VK 

Triplet  at  left  broke  under  test  at  !i32,000  lb.  Chain  at 
right  weighs  595  lb.  per  fathom  and  runs  6  links  per  fathom 
— ultimate  strength  612,000  lb. 

does  not  work  out  this  slag.  Thus  the  weld  is  incom- 
plete. Sometimes  a  pocket  as  big  as  a  half-dollar  is 
found,  occasionally  open  to  the  sea  by  a  small  crevice. 
Fractures  have  been  produced  in  proofing  old  chain  which 
showed  that  not  over  10%  of  the  surfaces  was  welded; 
only  the  strength  due  to  form,  assisted  by  the  tacking 
together  of  the  scarfs,  had  held  those  links  intact  in 
service. 

In  the  large  chain  it  was  impossible  to  finish  the  in- 
side of  the  link  at  the  welded  end,  thus  leaving  a  hollow 
and  reducing  the  sectional  area. 

Another  .serious  defect  in  the  hand-wcldcd  chain  is  the 
wasting  of  the  material,  in  the  fire,  just  back  of  the  weld. 


ItnyaltlcMon  Iron  Ore  taken  from  mines  owned  by  the  State 
lit  Minnesota  amounted  to  $175,000  for  the  three  months  ond- 
l:-.g  Oct.  1.  Krom  present  Indications  the  total  ore  taken 
f-.om  the  state  mines  this  year  will  exceed  1,000.000  tons,  and 
the   royalties  will  be  In  excess  of  $1,000,000, 
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FIG.   1.     WEAVING  A   BRUSH  MATTRESS 


Tin:   MISSISSIPPI  AT  PANTHER  FOREST.   ARK. 


am  thie  Mississippi 


By  Fkaxk  C.  Wight* 


j.vThe  Mississippi  River  is  a  curiously  ]iarailoxical  stream. 
Its  variability  is  invarialile.  Year  after  year  its  enor- 
mous drainage  area  delivers  into  the  sinuous  channel 
more  water  than  the  established  lianks  can  hold  and  there 
results  a  flood  the  height  of  which  depends  on  the  sta- 
bility of  the  man-made  defenses.  AMien  the  water  goes 
down,  notable  topographical  and  even  geographical 
changes  are  revealed.  Though  you  never  can  tell  just 
what  the  river  will  do  at  any  one  place,  you  can  always 
be  sure  that  what  it  does  will  only  be  a  duplicate  of 
what  it  has  already  done  at  the  same  or  at  other  places 
many  times  before. 

The  control  of  the  Mississippi  partakes  of  this  same 
invariability.  Many  years  ago  engineers  studied 
the  river  and  devised  certain  methods  to  curb 
its  power  and  make  habitable  its  alluvial  val- 
ley. Those  methods  have  persisted  in  spite  of 
a  jierennial  crop  of  amateurs  whose  schemes 
and  plans  for  river  control  have  more  of  novelty 
than  of  merit.  These  facts  have  become  so 
firmly  embedded  in  the  engineer's  mind  that 
he  is  apt  to  assume  that  so  far  as  Mississippi 
River  control  is  concerned  there  can  be  no  new 
thing  under  the  sun  and  he  dismisses  the  work 
there  from  his  mind  except  at  lime  of  flood, 
when  he  may  wonder  wliy  certain  apparently 
self-evident  schemes  have  not  been  utilized  to 
better  protect  the  rich  alluvial  valley.  The  fact 
is  that  the  protection  of  the  'Mississip])i  Val- 
ley has  -wnthin  the  past  few  years  taken  on  a 
somewhat  new  form.  The  gejicral  methods  have 
not  been  changed,  but  more  modern  adajitations 
of  these  methods  are  constantly  being  attem])t- 
ed.  Because  the  writer  knew  that  a  number 
of  these  newer  schemes  were  being  put  into  ef- 
fect on  the  Third  District  of  the  Mississippi 
River  Commission's  work — that  is,  the  district 
extending  from  just  below  Memphis  to  just 
below  Vicksburg — he  welcomed   the  opjiortun- 

•Managing  Editor,    "Engineering  News." 


ity  of  making  an  inspection  trip  during  the  month  of 
October  with  ]Maj.  John  R.  Slattery,  Corps  of  Engineers, 
U.  S.  A.,  the  officer  in  charge  of  the  district. 

Possibly  the  best  way  of  bringing  before  the  engineer- 
ing world  these  newer  methods  of  work  on  Mississippi 
River  control  is  to  give  an  account  of  tliis  trip.  It 
should  be  understood  that  similar  work  is  under  way 
both  above  Memphis  and  below  Vicksburg,  and  the  de- 
scription which  follows  is  indicative  of  what  is  going  on 
along  the  whole  stretch  of  the  alluvial  valley  from  Cairo 
to  the  Passes. 

As  shown  on  the  accompanying  map,  the  whole  of 
the  Third  District  is  protected  by  levees  with  the  ex- 
ception of  the  west  bank  on  either  side  of  the 
Arkansas  River,  and  here  new  levees  are  under 
construction  to  close  the  gap  through  which 
high  water  enters  to  flood  the  territory  sur- 
rounding Arkansas  City,  itself  well  guarded  at 
its  front  from  the  direct  rise  from  the  Missis- 
sippi. Work  elsewhere  in  the  district  consists 
in  raising  the  old  levees  to  a  height  indicated 
by  the  record  flood  of  1913,  the  construction 
of  levee  loops  back  of  the  levee  lines  threat- 
ened by  caving  banks,  and  the  protection  of 
banks.  In  all  this  work  the  distinguishing  fea- 
ture is  the  increasing  utilization  of  machinery 
to  replace  man  and  animal  labor  and  of  con- 
crete to  Tei)la(e  wood  and  riprap  in  bank  pro- 
tection. In  these  improvements  alone  lies  the 
dilference  in  Jlississippi  River  regulation  of  to- 
day from  tliat  of  a  quarter-century  ago,  and  the 
essential  elements  in  the  new  methods  were  all 
ob.served  in  the  five-day  trip  down  the  200-odd 
miles  of  river.  The  old  levees  were  for  the  most 
part  simple  earth  ridges  placed  by  mule,  negro 
and  barrow  or  scraper  from  riverside  borrow 
])its.  The  new  levees  are  from  3  to  10  ft.  higher 
and  are  widened  in  proportion  plus  the  addition 
of  a  large  landside  banquette  whicli  adds 
strength  and  security  against  percolation.     A 
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few  years  ago  the  river  engineers;  began  to  experiment 
with  machines  to  build  this  enlargement — and  incident- 
ally to  build  new  levees.  The  idea  has  so  grown  that 
now  about  30  machines  are  in  operation  between  Cairo 
and  the  Gulf. 

The  chief  difticnlty  in  the  use  of  such  machines  is 
to  find  a  place  within  reach  of  the  machine  where  suffi- 
cient earth  can  be  excavated.  Already  the  riverside  pits 
adjoining  the  levee  are  as  deep  as  safety  permits.  To 
dig.  on  the  land  side  is  objectionable  for  numerous  rea- 
sons, although  allowable  tinder  extreme  conditions.  How 
(he  various  machines  at  work  in  the  Third  District  meet 
the  requirements  is  set  forth  here.  There  has  also  been 
prepared  (Fig.  4)  a  sketch  drawn  to  scale  showing  the 
general  conditions  under  which  the  machines  in  the  dis- 
trict are  working. 

The  Lidgerwood  Cableway  Xeak  Round  Lake 

The  first  place  visited  was  the  stretch  of  levee  eleva- 
tion in  the  vicinity  of  Round  Lake,  reached  from  Jlem- 
])liis  via  the  oft-flooded  Yazoo  &  Mississippi  Valley  R.R. 


of  the  levee  siiould  i)e  made  from  dirt  dug  from  the  river 
.-ide.  But  the  old  pit  there  was  so  deep,  so  wide  and  so 
.saturated  with  water  as  to  prechide  the  use  of  any  ordi- 
nary machine  and  to  make  the  haulage  by  animal  power 
rather  expensive.  For  these  reasons  the  ]\f  ississippi  River 
Commission  ptirchased  a  new  taut-line  cableway  excava- 
tor from  the  Lidgerwood  JIanufacturing  Co. — a  machine 
designed  especially  for  this  location. 

The  machine  has  a  3-yd.  scraper  bucket  which  digs 
in  a  limited  area  and  is  then  lifted,  carried  through  the 
air  and  dumped  on  the  levee  from  a  height  of  10  to  40 
ft.  There  are  two  movable  steel  towers  about  G60  ft.  c. 
to  c,  the  head  tower  being  located  entirely  to  the  land 
.side  of  the  levee  and  the  tail  tower  entirely  to  the  river 
.-^ide  of  the  borrow  pit.  The  digging  is  all  done  beyond 
the  old  river  end  of  the  riverside  borrow  pits.  The  whole 
levee  enlargement  can  thus  be  built  in  one  operation  from 
new  ground  on  the  river  side,  and  this  is  the  only  ma- 
chine on  the  river  capable  of  doing  this.  With  this  ma- 
chine as  in  all  others,  final  smoothing  of  the  surface  has 
to  lie  (lone  bv  hand  lalior. 


CAVIXG   PAXK   IX 


X('i:7:tic  caxk  pavixo 


Here  is  operating  the  Lidgerwood  cableway  described  by 
Major  Slattery  in  his  article  in  Engineering  News,  May 
•23,  1916,  p.  98(i. 

The  old  levee  here  was  21  ft.  high  and  had  no  banquette, 
and  it  had  been  built  from  borrow  pits  on  the  river  side. 
After  the  1913  flood  it  was  determined  that  the  tenta- 
tive grade  to  which  levees  prior  to  that  year  were  being 
built  was  from  2  to  3  ft.  too  low,  and  a  general  rais- 
ing of  the  system  to  a  new  grade  was  therefore  decided 
upon.  It  was  also  decided  that  the  time  had  come  to  take 
up  on  a  more  general  scale  the  constriU'tion  of  ban- 
quettes, as  the  system  had  reached  a  development  that 
rendered  it  safe  against  all  but  extreme  floods.  The 
new  height  thereaft<?r  was  decided  upon  of  24  ft.,  with 
tlie  addition  of  a  heavy  banquette  on  the  land  side.  The 
old  and  new  sections  are  about  as  .shown  in  Fig.  4. 

For  numerous  reasons — partly  i)eeau.se  of  the  unslght- 
line.ss  of  landside  borrow  pits  and  partly  because  of  un- 
healthy conditions  arising  from  the  stagnant  mosquito- 
breeding  water  sure  to  collect  in  them,  but  mainly  be- 
cause of  the  reduction  in  the  strength  of  the  levee  by 
landside  excavation — it  was  decided  that  the  extension 


On  account  of  some  dillicultics  in  maintenance,  parti- 
<  iilarly  because  of  an  inexplicable  rapid  wear  in  the  main 
cable,  the  machine  has  not  been  performing  quite  so  well 
during  the  past  summer  as  it  did  in  the  summer  of  1915, 
as  recorded  in  Major  Slattery's  earlier  article.  It  is, 
however,  digging  now  at  about  19e.  per  cu.yd.,  which  is 
probably  considerably  cheaper  than  the  work  could  be 
done  for  by  contract,  using  the  old  method  of  teams  and 
scrapers.  It  is  also  claimed  that  the  riverside  condi- 
tion.s — that  is,  the  extreme  conditions  of  moisture  and 
water  in  the  borrow  pit — make  it  practicably  impossible 
to  utilize  any  other  machine  at  this  location. 

GOVEKNME.VT    CaMPS    ClEAN    AXI)    SaNITAUY 

The  whole  outfit  is  owned  by  the  Government  and  op- 
erated by  Government  forces,  and  the  camp  showed  the 
salutary  effect  of  Government  supervision.  The  tents 
are  all  of  a  special  type  devised  by  Major  Slattery  and 
built  at  the  Government  shop  at  Vicksburg.  They  are 
in  efl"ect  portable  houses  with  tent  tops,  consisting  of 
.screened  side  frames  with  canvas  tops  and  provided  with 
wooden  floors  and  screen  doors.     The  night-flving  malar- 
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isil  mosquito,  whose  activities  were  very  evident  in  the 
pallor  and  languor  of  a  number  of  the  men  we  saw  far- 
ther south,  has  a  hard  time  trettinsj  at  the  Government 
engineer  or  laborer  who  stays  inside  of  his  Government- 
provided  tent. 

Furthermore,  the  camp  at  Eound  Lake  had  a  cleaner 
and  better-ordered  aspect  than  some  of  those  farther  down 
the  ri^er.  althouTh  of  course  some  of  the  contractors  ob- 
>erve  the  amenities  of  sanitation  better  than  others.  Tak- 
ing it  by  and  large,  the  negro  laborers'  camp  is  a  pretty 
dirty  place  both  morally  and  physically,  so  that  the  Gov- 
ernment's efforts  to  clean  \ip  those  which  are  under  its 
rhars-e  are  greatly  to  be  commended. 

At  Roiind  Lake  we  first  saw  the  operation  of  sodding  a 
levee,  a  common  enough  sight  to  those  acquainted  with 
^Hssissippi  Eiver  work,  but  strange  to  the  newcomer. 
Sodding  consists  in  punching  holes  on  2-ft.  centers  on 
the  side  of  the  levee  and  depositing  a  few  blades  and 
roots  of  Bermuda  grass  in  the  holes  thus  made.  It  would 
apparently  require  the  utmost  optimism  to  hope  that  such 
a  scanty  distrilnition  of  these  tiny  plants  would  ever 
have  any  effect;  but  farther  along  we  saw  many  miles 
of  levee  well  covered  with  grass  which  had  grown  from 
just  such  a  sparse  planting. 

Leaving  Eoimd  Lake  by  team,  we  drove  about  a  mile 
to  the  river,  where  we  took  up  our  week's  quarters  on 
the  \J.  S.  S.  "Control,"  a  sturdy,  well-built,  well-equipped 
.sternwheeler  which  the  Third  District  iises  for  inspec- 
tion trips,  surveys  and  tows.  The  river  was  near  its  low- 
est stage — about  6%  ft.^ — which  is  some  50  ft.  below  the 
record  flood  height  here.  This  meant  that  all  bank  pro- 
tection work  was  exposed  far  down  the  mattress,  that 
the  banks  themselves  were  high  above  the  water  and  that 
the  levees  were  all  a  mile  or  more  inland.  One  realized 
the  size  of  the  river  in  flood  after  clambering  up  30  or 
;50  ft.  of  slipping  bank,  walking  two  miles  inland  through 
Cottonwood  forests  and  cotton  fields,  and  coming  to  a 
20-ft.  levee  carrying  on  its  top  a  pile  of  coal  left  for 
the  excavators  by  a  towboat  during  the  last  high  water! 

The  first  night  we  made  a  three-hour  run  down  to 
Rosedale,  the  only  night  traveling  done  during  the  week. 
Navigation  by  night  during  a  low-water  period  is  not 
always  soothing  to  the  nerves,  if  the  snag  which  we 
struck  about  an  hour  after  we  left  Round  Lake  is  any 
evidence.  Collision  with  other  vessels,  however,  need 
hardly  be  cause  for  worry,  for  in  the  five-day  trip  only 
one  commercial  steamer  was  sighted  and  that  one  was 
within  rifle  shot  of  Vicksburg. 

Beulah  Chevasse  as  Ir  Is  Today 

Early  next  morning  we  started  out  from  Rosedale  in 
I  lie  omnipresent  Ford,  the  only  vehicle  extant  that  can 
negotiate  the  Mississippi  River  roads.  This  particular 
machine  was  driven  by  an  African  aborigine  who  from 
appearance  and  clothing  was  only  a  few  days  removed 
from  the  Congo  jungle,  but  who  in  time  of  stress  could 
lpai)y  the  engine  with  a  facility  equal  to  that  of  the  best 
French  chauffeur. 

So  conducted,  we  proceeded  to  the  Beulah  levee,  made 
famous  by  crevasses  in  1912  and  Iftl.'}.  Just  about  the 
site  of  the  crevasses  we  saw  our  first  teamwork.  Here 
a  few  negroes  and  mules  with  drag  scrapers  are  raising 
another  levee  to  meet  the  new  flood  requirements.  The 
camp  reached  the  nadir  of  uncleanline,«8,  and  tiie  men 
and  mules  both  showed  signs  of  wear. 


At  Beulaii  itself  the  record  of  the  crevasse  can  be  read 
in  the  eroded  land  area.  The  whole  territory  on  the  land 
side  is  deserted  because  of  the  two  floods.  The  remnants 
of  the  closing  trestle  are  visible  at  places  about  the  earth- 
fill.  Along  here,  too,  is  what  is  known  as  the  worst  place 
on  the  Mississippi  River.  For  a  stretch  of  about  300  ft. 
the  levee  has  literally  dropped  about  100  ft.  and  is  sink- 
inn:  pretty  nearly  vertically  at  odd  distances  and  odd 
times,  while  a  bulged  surface  shows  up  far  inland.  It 
has  cost  the  Government  over  $.")0,000  to  bring  the  levee 
to  its  present  level,  and  still  there  are  signs  of  further 
subsidence,  showing  that  the  trouble  is  not  yet  over.  Fur- 
ther enlargement  of  the  levee  is  planned  for  the  imme- 
diate future. 

Up  the  Arkansas  River 

It  had  lieen  ]}Ianncd  to  go  up  the  Arkansas  River  in 
the  boat  to  see  the  work  there,  but  the  extremely  low 
stage  prohibited  this.  There  was  in  fact,  tied  up  to  the 
bank  at  Arkansas  City,  a  packet  which  was  drawing  at 
the  time  only  18  in.  of  water,  hut  which  was  held  up 
from  its  customary  trip  up  the  river  on  account  of  pro- 
hibitive shoals.  Instead  of  making  the  trip  by  boat,  we 
took  a  train  at  Arkansas  City,  which  might  be  called  the 
Venice  of  America  during  three  or  four  months  of  the 
year  if  one  may  judge  from  the  mud  lines  that 'show 
about  the  top  of  the  fir.st-floor  windows  on  all  the  houses. 

The  train  took  us  to  Yoncapin,  on  the  Arkansas  River, 
where  the  levees  of  that  district  are  being  raised.  Here 
we  saw  two  Monighan  dragline  boom  scrapers  raising  the 
old  levee  from  its  elevation  of  15  ft.  to  a  new  elevation 
of  20  ft.,  with  a  landside  banquette  (Fig.  4).  This 
banquette,  requiring  about  1,800  cu.yd.  per  station,  had 
to  he  built  by  separate  excavation  from  the  land  side, 
while  the  elevation  of  the  levee  was  done  by  excavation 
from  the  river  side.  The  machines  have  been  rebuilt  so 
that  each  now  has  a  123-ft.  boom  and  a  3-yd.  bucket, 
which  picks  up  the  earth  from  the  riverside  borrow  pit 
and  swinging  in  a  circle,  dumps  it  on  the  levee.  The 
contractor  is  getting  about  12c.  per  cu.yd.,  which  in- 
cludes in  one  case  the  construction  of  a  banquette,  as 
previously  noted,  and  in  the  other  the  construction  of 
whole  levee  enlargement  by  a  double  liandling  of  the 
work.  In  this  stretch  the  borrow-pit  area  was  heavilv 
wooded  and  timber  clearing  was  going  on  ahead  of  the 
machine.  On  another  contract  in  this  vicinity,  another 
Monighan  machine,  which  is  working  on  trucks  (the  first 
two  were  working  on  rollers),  is  building  a  .similar  sec- 
tion of  levee.  This  machine  had  to  move  three  times 
to  get  the  material  to  its  proper  place.  The  contractor 
is  getting  14e.  per  cu.yd. 

Still  farther  down  the  river  is  the  scene  of  the  Rose- 
mary crevasse  of  last  year,  where  teams  are  hauling  earth 
from  borrow  pits  in  a  wooded  tract  on  the  river  side  to 
fill  up  a  3,000-ft.  break  as  an  emergency  job.  As  indic- 
ative of  the  difference  in  cost  between  machine  and  mule 
work,  the  contractor  here  is  getting  25c.  a  cu.yd.  Tiie 
negro  camp  was  characteristically  bad. 

On  the  way  back  to  the  boat,  30  mi.  by  Ford,  we  stopped 
for  a  time  to  see  the  setting  up  of  an  old  Lidgerwood 
machine,  which  is  al)out  to  go  to  work  on  the  lower  Ar- 
kan.sas  River  levee,  where  it  will  join  the  Mississipj)! 
levee  and  close  the  gap  that  now  lets  the  water  down  on 
Arkansas  City.  This  machine,  operated  from  cableway, 
is  one  that  was  first  used  at  the  Sag  canal  enlargement 
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for  the  Sanitary  District  of  Chicago,  then  went  into  the 
Detroit  channel  work  and  finally  to  the  New  York  Barge 
Canal  at  Eome.  It  still  appears  to  be  good  for  many 
yards  of  excavation.  It  will  operate  in  practically  the 
same  manner  as  the  other  Lidgerwood  machine  at  Round 
Lake. 

BUCTRUS    DR.VGLINES    BUILD    SpUR   DiKE 

We  reached  the  boat  about  noon  and  headed  down  the 
river  for  Ashbrook  Neck,  where  two  of  the  most  modern 
machines  on  the  river  are  being  operated.  Ashbrook  Neck 
is  a  peninsxila  forming  one  of  the  famous  Arkansas  City- 
Greenville  bends-.  For  a  number  of  years  the  bank  has 
been  caving  at  the  narrow  neck  of  the  peninsula,  now 
only  1,800  ft.  across,  at  the  rate  of  about  200  ft.  per 
year,  and  the  time  ig  fast  approaching  when  it  would 
cut  through  and  shorten  the  river  about  6  mi.  It  is 
characteristic  of  the  ]\Iississippi  that  if  it  is  shortened, 
it  will  attempt  to  make  up  its  length  some  way  or  other; 
and  if  the  Ashbrook  Neck  were  cut  through,  there  would 
be  imminent  danger  of  serious  trouble  at  Greenville,  at 


FIG.  5.  CONCRETE  MIXING  PLANT  USED  UN  BANK  PAVING    WORK 


the  foot  of  the  bends.  For  this  reason  during  the  last 
year  the  commission  decided  to  extend  out  onto  the  neck 
from  the  levee  at  its  base  a  so-called  spur  dike  of  earth, 
and  at  the  same  time  to  revet  the  banks  to  retard  the 
caving. 

This  new  spur  dike  will  be  aliout  5  mi.  long  and  will 
extend  out  to  within  15,000  ft.  of  the  other  side  of  the 
river.  It  is  an  earth-fill  from  21  to  35  ft.  in  height, 
with  side  slopes  of  1 :  21/2,  and  a  top  of  6  ft.  It  will 
be  paved  for  some  distance  near  the  end  on  the  side  ex- 
posed to  the  flood  current  with  4  in.  of  concrete  paving, 
which  will  extend  down  into  a  riprap-filled  gutter  at  the 
river  base.  The  end  of  the  dike  is  curved  to  about  right 
angles  to  its  length,  and  the  pavement  will  extend  an)\ind 
the  curved  end  to  the  straight  portion. 

To  guard  further  against  scour  along  the  iipper  sitlc 
of  the  dike,  a  system  of  permeable  brush  dikes  will  be 
constructed  wherever  the  material  is  sucli  as  to  lie  in 
danger  from  scour. 

This  dike  is  being  built  by  tlu>  Government  with  two 
special  Bucyrus  locomotive-crane  dragline  excavators, 
with  12o-ft.  bcioms  and  5-yd.  buckets.  These  machines 
are  working  their  way  down  through  the  wooded  terri- 
tory of  the  neck  (Fig.  4),  one  machine  on  each  side. 
The  trees  in  front  arc  cleared  out  by  contract,  and  the 
two  huge  excavators  working  on  tracks  on  15-ft.  sections 


move  down  tlie  cleared  space  at  the  rate  of  about  130 
ft.  per  day.  The  track  is  skidded  along  by  the  power 
of  the  machine.  The  ground  is  almost  like  brown  sugar 
in  its  consistency  and  the  machines,  during  the  hours 
that  we  were  there  at  least,  worked  to  perfection.  There 
will  be  about  1,750,000  eu.yd.  of  dirt  in  the  spur  dike, 
and  the  cost  will  be  about  $275,000.  At  present,  how- 
ever, the  fill  is  being  made  at  the  rate  of  about  6c.  per 
(U.yd.  The  machines  now  make  from  1,500  to  3,000  cu. 
vd.  per  20-hr.  day. 

Later  in  the  day  we  stopped  at  Panther  Forest,  Ark., 
one  of  the  worst  caving  banks  on  the  river,  where  a  wil- 
low mat  (Fig.  1)  was  being  woven.  Repeated  laying 
of  mats  here  does  not  seem  to  prevent  the  caving,  which 
shows  up  after  every  flood  water. 

How  Concrete  Bank  Paving  Is  Built 

Just  abo\'e  Greenville,  where  we  tied  up  for  the  night, 
we  saw  the  next  morning  our  first  concrete  bank  pav- 
ing, a  stretch  of  which  had  been  in  place  for  about  a 
viar.  It  was  in  remarkably  good  shape  after  having 
passed  through  one  high  water  and,  al- 
tliough  in  places  covered  with  the  al- 
luvial deposit  from  the  flood,  still  was 
intact  except  in  a  few  places  where  the 
joint  connection  between  the  paving 
and  the  willow  mat  seemed  to  allow 
opening  enough  for  erosion  to  start. 
In  one  particular  place,  a  view  of  which 
is  shown  in  Fig.  3,  the  cave  has  oc- 
curred in  spite  of  the  paving  and  the 
mat,  but  it  will  be  seen  from  the  view 
that  this  caving  was  confined  to  a  small 
area,  whereas  if  there  had  not  been 
good  protection,  it  probably  would 
have  extended  along  quite  a  distance. 
The  paving  is  of  unreinforced  con- 
crete 4  in.  thick.  It  is  laid  directly 
on  a  1 :  3  slope  of  the  river  bank,  the 
slo]x;  hehig  made  generally  by  a  hydraulic  giant.  It  is 
laid  without  any  joints  and  only  above  the  willow  mat, 
opjiortunity  being  taken  at  low  water  when  this  elevation 
is  exposed.  It  follows  the  convolutions  of  the  ground 
as  it  is  smoothed  up  after  the  hydraulic  giants  work  it 
to  a  fairly  even  slope. 

The  machine  by  which  this  paving  is  laid  is  shown  in 
the  view  in  Fig.  5.  It  is  an  ordinary  barge  on  which 
are  mounted  on  one  side  a  series  of  elevated  bins ;  down 
the  middle  a  low  trestle  on  which  is  a  track  for  the  con- 
crete mixer,  and  on  the  other  side  a  still  lower  track 
for  the  concrete  car.  The  bins  are  filled  up  with  river 
gravel  l)y  clamshells  working  from  an  adjoining  derrick 
boom.  Cement  is  loaded  into  the  spaces  underneath  the 
gravel  bins. 

These  bins,  as  shown  in  the  view,  have  hopper  open- 
ings, and  the  mixer  can  be  run  along  the  track  to  any 
one  of  the  openings,  and  the  car  can  be  run  on  its  low- 
est track  to  take  the  discharge  from  the  mixer  and  to 
reach  the  derrick  boat,  which  swings  it  into  place  on  the 
river  bank.  The  concrete  is  laid  within  reach  of  the 
deri'ick  boat  by  merely  dropping  from  the  boom.  Above 
that  height  wooden  tracks,  made  up  of  4x6's  and  tied 
together  in  8-ft.  sections,  are  laid  up  the  bank  and  a 
car  filled  from  the  derrick  is  pushed  up  to  dum])  clear 
to  the  top  of  the  bank,  where  a  6xl2-in.  curb  is  let  down 
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into  the  bank  to  insure  stability.  Such  work  costs  from 
2%  to  5c.  per  sq.ft.,  the  lower  cost  not  giving  such  good 
results  and  the  higher  a  little  too  good.  It  is  estimated 
that  for  4c.  per  sq.ft.  verj-  good  paving  can  be  laid.  This  is 
about  one-half  the  price  of  the  riprap  which  it  replaces. 
The  gravel  will  make  a  concrete  than  runs  about  1:3:  G. 
It  is  not  perfect  concrete  b}'  any  means,  but  it  seems  to 
be  quite  good  enough  for  the  purpose. 

Clyde  axd  Bucyrus  Dkaglixe  Tower  Excavators 

Later  in  the  day  the  boat  stopped  at  Longwood  Land- 
ing, Miss.,  and  a  3-mi.  walk  brought  us  to  the  levee  en- 
largement work  there.  Here  the  contractor  gets  about 
14c.  per  eu.yd.  for  enlarging  the  levee  from  the  river  side, 
the  banquette  having  been  built  the  season  before  with 
teams,  borrowing  from  landside  pits.  The  machine  used 
is  a  tower  scraper  of  the  slack-line  cableway  type,  built 
under  the  Field  patent  by  the  Clyde  Iron  Works  (Fig.  4). 
It  is  making  from  900  to  1,.500  cu.yd.  per  day  of  12  hr.. 


dragline  niachiiios  is  due  solely  to  the  dragging  of  the 
heavily  loaded  bucket  up  the  slope.  There  is  no  drop- 
ping the  earth  from  a  heiglit,  as  in  the  Lidgerwood  taut- 
line  machines. 

Mississippi  River  Work  ix  Epitome 

The  next  day  we  came  to  Cottonwood  Landing  some- 
what farther  down  the  river,  where  is  now  going  on  the 
most  spectacular  work  on  this  stretch  of  the  river.  Every- 
thing of  Mississippi  Eiver  protection  work  is  in  sight  at 
Cottonwood.  On  the  river  side  a  number  of  men  arc 
weaving  a  willow  mattress.  Farther  down  the  stream  a 
hydraulic  jet  is  cutting  down  the  bank  to  prepare  the 
slope  for  the  concrete  paving,  which  is  being  placed  on 
the  slope  already  reduced,  and  back  500  ft.  or  more  from 
the  river  a  multitude  of  teams  and  men  are  building  a 
new  levee  to  take  the  place  of  the  one  that  was  destroyed 
as  a  result  of  violent  bank  caving  after  the  flood  of  last 
year.     A  year  ago  this   levee  was    1,500   ft.   inside   the 


FIG.    6.    TEAilS  AXD    i:i.i:VATlXG   GRADERS  BUILDIXG   NEW  I.EVEES  AT  COTTOXVVOOU.  MISS. 


l)ut  on  account  of  various  difficulties,  mainly  logs  and 
saplings  in  the  ground,  it  rarely  works  over  9  hr.  The 
span  is  about  500  ft.,  and  there  is  a  bottom-dump  bucket 
of  5  yd.  capacity  on  the  machine.  The  tail  tower  is  a 
low  moving  stand.  At  this  particular  place  tliere  is 
some  difficulty  because  the  banquette  as  built  is  not  wide 
enough  to  carry  the  machine  and  a  trench  had  to  be  dug 
into  the  side  of  the  levee  to  carry  the  inside  tracks.  This 
is  bad  because  every  effort  is  made  in  the  Mississippi  River 
levee  work  not  to  disturb  the  integrity  of  old  levees. 

After  going  back  to  the  boat  again  and  traveling  down 
the  river  some  few  miles,  we  came  to  Leota,  Miss.,  where 
a  10-mi.  levee  enlargement  is  being  made  with  a  Bucy- 
rus tower  dragline  scraper  (Fig.  4),  also  of  the  slack- 
line  cableway  type,  which  uses  a  6-yd.  bucket  that  can 
be  enlarged  to  8  yd.  Ijy  sideboards.  The  head  tower  is 
self-propelling,  as  are  also  the  tail  towers.  It  operates 
on  the  Iianquettc,  which  has  to  be  built  ahead  by  hand- 
work e.xcavated  from  the  land  side.  The  cableway  has  a 
span  of  about  500  ft.,  and  the  drag-.seraper  wiien  piling 
up  the  front  and  top  of  the  levee  seems  to  be  most  suc- 
cessful, the  cost  now  running  pretty  close  to  lie.  per 
cu.yd.     Such  compacting  a.s  the  levee  gets  in  all   these 


river,  but  when  the  water  went  down  last  spring, 
the  bank  caved  back  for  1,500  ft.  and  tlie  knee  slid 
into  the  river. 

The  levee  work  here  is  under  three  contractors,  and  it 
is  of  the  highest  type  of  mule  and  man  construction. 
The  camps  appear  to  be  fairly  decent,  and  the  operation 
of  the  work  is  very  scientific.  Practically  all  the  earth 
is  being  placed  with  four-mule  teams  loaded  from  elevat- 
ing scrajiers  and  carried  up  to  dump  on  the  high  levee 
slope  (Fig.  (i).  Tlie  whole  outfit  comprises  about  400 
teams,  10  elevating  graders,  150  U/^-yd.  wagons  and  wheel 
scrapers,  all  made  by  the  Western  Wheel  Scraper  Co. 

The  total  yardage  of  this  work  is  about  000,000  cu.yd. 
The  promptness  with  which  an  empty  team  draw's  up  to  the 
scraper  ju.st  as  the  old  team  is  filled  and  leaves  and  tlie 
\ery  little  loss  of  time  in  this  operation  testify  to  effi- 
cient administration  of  the  contract.  It  is  emergency 
work,  for  the  gap  must  be  closed  before  high  water,  so 
the  contractors  are  getting  a  good  price. 

On  the  afternoon  of  the  fifth  day  out  from  Round  Lake 
we  steamed  \i]>  the  narrow  Yazoo  Canal  to  the  end  of  the 
trip,  the  Government  wharf  at  Vicksburg,  where  the  con- 
struction and   repair  work   for  the  district  centers. 
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For  the  purpose  of  obtaining  the  densest  possible  con- 
t:rete  for  street  pavements,  a  method  of  construction  in 
which  the  layer  of  green  concrete  is  gone  over  with  gaso- 
line-engine vibrators  has  been  devised  and  patented  by 
R.  C.  Stubbs,  of  Dallas,  Tex.  Several  Texas  cities  have 
laid  pavements  under  this  specification  in  the  last  six 
years,  and  during  the  past  month  two  "Vibrolithic"  pave- 
ments have  been  completed  in  White  Plains,  N.  Y.,  the 
first  to  be  constructed  in  the  East.  Dallas,  Tex.,  has 
tlie  largest  yardage;  contracts  were  recently  made  at  n 
single  letting  for  100,000  sq.yd.  of  this  type  of  pavement. 

While  the  use  of  the  vibrator  is  the  principal  feature 
in  the  construction  of  this  pavement,  there  are  other  note- 
worthy points  in  the  method.  Up  to  the  time  when  tlif 
concrete  has  been  mixed  and  placed  on  the  roadbed  the 
specifications  and  method  of  construction  do  not  differ 
from  ordinary  good  practice,  except  that  the  mix  is  some- 
what drier  than  usual.  But  immediately  after  placing, 
raking  and  smoothing  the  freshly  placed  concrete  to  the 
true  grade  there  is  spread  over  the  surface  a  coating  of 
trap  rock  or  granite  (passing  a  2-in.  and  retained  on  a 
1-in.  screen)  to  a  depth  of  between  1  and  2  in.  On  this 
surface  are  then  laid  narrow  flexible  board  platforms,  the 
boards  being  laid  parallel  to  the  center  line  of  the  pave- 
ment.    On    these    platforms    the    vibrators    are    rolled. 


FIG.    2.    SHOWING  JOINT  CONSTRUCTION  OP 
"VIBROLITHIC"   PAVEMENT 

The  result  of  this  vibrating  or  quaking  is  of  course 
to  force  the  surfacing  of  broken  stone  into  the  concrete 
and  to  flush  out  the  surplus  water  and  mortar.  The  vi- 
brating is  based  on  the  theory  that  the  mortar  is  the 
weakest  part  of  the  concrete,  and  where  density  is  equal, 
the  strength  of  the  concrete  varies  inversely  with  the  dis- 


FIG.  1.    CONSTRI^CTING  A  "VIBROLITHIC"  CONCRKTT':   PAVEMENT    .\T    WHITE   PLAINS,    N.    Y. 
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FIG.  3.  POWER  BKOOM  USED  ON  CONCRETE  ONE  OR 
TWO  DATS  OLD 

tanee  between  the  pieces  of  coarse  aggregate;  that  the 
tliinnest  possible  film  of  mortar  Between  the  stones,  pro- 
vided all  the  voids  are  filled,  gives  the  strongest  bond  and 
is  the  ideal  condition.  Moreover,  the  denser  the  con- 
crete the  less  the  absorption  of  moisture  and  the  less  tli^' 
subsequent  expansion  and  contraction. 

The  pavement  is  laid  without  expansion  joints  at  thr 
curbs,  but  with  transverse  and  longitudinal  ioints  dl 
l^x3-in.  boards  left  in  the  bottom  half  of  the  pavemeiii 
as  shown  in  Fig.  2.  These  divide  the  pavement  ini 
slabs  30  ft.  long  by  half  the  width  of  the  pavement.  The 
upper  3  in.  of  the  pavement,  however,  is  monolithic,  the 
joints  merely  being  designed  to  form  vertical  planes  of 
weakness  where  the  slabs  will  crack  uniformly  instead  of 
irregularly,  if  they  crack  at  all. 

After  the  concrete  is  a  day  or  two  old  a  high-speed 
revolving   broom    (Fig.   3)    is   ])assed   over   the   surface. 


and  any  laitance  and  surplus  mortar  is  removed;  leaving 
a  clean  hard  stony  surface.  On  this  surface  is  imnic- 
iliately  spread  a  hot  tar  carpet,  covered  with  pea  stone 
or  grit. 

The  object  of  the  tar  carpet  is  chiefly  to  protect  the 
iMincrete  during  the  curing  process.  It  is  designed  t<i 
ivtain  the  moisture  in  the  concrete  until  a  complete  set 

IS  occurred  and  to  save  the  green  concrete  from  the  abra- 
-  'Ill  of  traffic.  The  tar  carpet  is  claimed  to  make  it  un- 
i  '•(  essary  to  keep  the  concrete  dampened  or  covered  with 
\' ater  or  earth,  as  in  ordinary  practice. 

The  distinguishing  feature  of  construction,  the  use  of 
a  vibrator,  unquestionably  produces  a  very  dense  con- 
crete. Pieces  broken  out  of  old  pavements  show  the 
stones  in  close  proximity  to  each  other  and  a  smooth,  flinty 
plane  of  cleavage  characteristic  of  a  dense  and  thoroughly 
hydrated  concrete.  Both  the  vibrator  and  the  process  in- 
\  Giving  its  use  are  patented.  The  machine  itself  is  merely 
a  1-hp.  motor-cycle  engine  mounted  on  a  steel  frame  with 
steel  roller  wheels,  as  illustrated  in  Fig.  4.     The  pulsa- 


FIU.   4.     I'ATENTKD  GAH()LINE-K.N'<!IN:E  VIBUATOR 


PIG.   5.    CONSTRUCTION  VIEW  SHOWING  BROKEN  STONE 
ON   GREEN    CONCRETE    READY    FOR    VIBRATING 

tions  of  this  unbalanced  engine  are  about  1,000  per 
minute. 

The  developer  of  this  method  of  construction  sums  uj) 
its  advantages  as  follows:  The  vibrations  produce  den- 
.sity  in  the  entire  mass,  permit  the  economical  addition 
of  broken  stone  in  the  upper  portion  of  the  slab  and 
bring  to  the  surface  a  rich  dense  mortar  to  bind  the 
added  stone,  while  tlie  stones  being  at  or  near  the  sur- 
face form  the  ultimate  wearing  surface.  The  seal  coat 
of  tar  covered  witli  pea  stone,  chats  or  torpedo  .sand 
forms  the  temporary  wearing  surface,  improves  the  lool<s 
of  the  pavement,  makes  it  noiseless,  gives  it  a  nonskid 
surface  and  aids  in  the  uniform  curing  of  the  concrete. 

The  patents  are  controlled  by  a  central  organization, 
tlie  American  Vibrolithic,  with  present  headquarters  at 
Dallas,  Tex.  The  intention  is  to  allow  tlie  pavement 
to  be  laid  by  any  reputable  concrete  contractor  on  the 
))ayinent  of  a  royalty.  Tlie  work  on  Mamaroneck  and 
Howard  Ave.,  White  Plains,  N.  Y.,  shown  m  the  accora- 
panying  illustrations,  was  done  by  E.  L.  Erbeck,  con- 
t  ractor,  under  the  general  supervision  of  Frank  W.  Samp- 
son, Katonah.  N.  Y..  Eastern  representative  of  the  Amer- 
ican Vibrolithic.  The  contract  price  of  these  pavements 
was  $1.8.5  per  sq.yd. 
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SYXOPSIS^Tlie  citi/'.-'  principal  watcr-sitppli/  is 
obtained  from  a  group  of  deep  ii-ells  at  the  ivater- 
ivorks.  To  increase  the  supply,  wells  have  been 
driven  in  different  parts  of  the  city,  having  their 
oivn  electric  pumping  plants  so  as  to  form  inde- 
pendent units.  Auxiliary  pumps  provide  for  in- 
creasing  the  .pressure  in  the  mains  in  case  of  fire. 
The  results  of  pumping  tests  on  the  wells  are  given. 

To  provide  a  necessary  increase  in  the  capacity  ot  tlie 
water-works  of  Aurora,  111.,  the  city  has  adopted  the  well- 
unit  supply  system.  This  consists  of  a  number  of  deep 
wells  distributed  throughout  the  city,  each  operated  by 
independent  pumping  units  that  deliver  the  water  directly 
into  the  mains.  In  planning  the  system  the  wells  are  so 
located  that  the  water  pumped  at  each  point  has  the  short- 
est possible  travel  before  being  consumed,  thus  reducing 
to  a  minimum  the  friction  loss  in  the  mains.  For  this 
reason  wells  are  located  usually  near  street  intersections, 
so  that  water  can  be  pumped  in  four  directions. 

The  City  of  Aurora  secures  its  water-supply  from  wells 
sunk  in  the  St.  Peter  and  Potsdam  sandstone,  and  for  a 
number  of  years  it  has  pumped  all  its  water  from  a  grou]) 
of  five  wells  at  the  water-works  plant  in  the  north  part  of 
the  city,  on  the  east  bank  of  the  Fox  Eiver.  With  the 
rapid  increase  of  population  in  the  past  few  years  it  be- 


Fin.    1.     PUMP    HOUSE    FOR    WELL-UNIT    AT    TALMA    ST., 
AURORA,    ILL. 

came  necessary  to  secure  an  increased  supply  of  water. 
After  an  investigation  of  the  situation  the  city  officials 
decided  that  instead  of  sinking  more  wells  near  the 
water-works  it  would  be  advisaljle  to  adopt  tlic  well-unit 
system. 

Progkess  of  New  Work 

At  present  three  of  these  new  wells  have  been  drilled. 
The  first  (known  as  well  No.  G)  is  located  at  the  corner 
of  Talma  and  Binder  St.,  in  the  southeastern  part  of  the 
city.     The  second  (No.  ?)   is  in  River  St.,  in  the  south- 


ip       Illo 

western  part  of  the  rity.  The  third  (No.  8)  is  located  in 
the  central  part  of  the  city,  on  an  island  in  the  Fox  Eiver. 
Well  No.  6  is  2,200  ft.  deep.  The  first  300  ft.  has  a 
casing  18  in.  in  outside  diameter,  the  balance  being  a 
].5-in.  hole  in  the  rock.  In  1914  the  city  placed  an  order 
with  the  American  Well  Works,  of  Aurora,  for  pumping 
machinery  for  this  well.  The  contract  called  for  a  coni- 
Ijination  deep-well  turbine  and  booster  pump  for  a  ca- 


FIG.   2.    INTERIOR   OF  PUMP  HOUSE  FOR  WELL-UNIT 
SYSTEM 

]iacitv  of  1.000  gal.  per  niin.,  taking  water  at  an  elevation 
of  100  ft.  below  the  surface  of  the  ground  and  pumping 
against  a  pressure  of  65  lb.  at  the  surface.  The  unit 
was  to  be  directly  connected  to  a  125-hp.  4-10-volt  two- 
jiliase  fiO-cycle  vertical  slip-ring  motor  running  at  1.200 
i  .p.m.  This  had  an  automatic  self-starter,  with  no  volt- 
iL'c  release  and  overload  protection,  and  resistance  witli 
.0%  full  load  at  start. 

Whrn  ilie  pump  was  installed,  in  May,  1915,  it  was 
iuiid  tiiat  the  capacity  of  the  well  was  only  240  gal.  per 
mill,  at  the  lOO-ft.  depth.  The  city  then  decided  to  lower 
tlie  turbine  another  100  ft.,  thinking  that  as  the  well  was 
new  it  would  open  up  and  flow  more  freely  and  give  the 
desired  capa<ity.  But  the  capacity  was  only  increased  to 
440  gal.  As  tiie  demand  for  water  exceeded  the  supply, 
the  city  finally  decided  it  would  pay  to  pump  from  a  depth 
of  30-l"  ft. ;  and  it  was  estimated  that  the  cajiacity  of  tlie 
well  at  this  depth  would  be  approximately  550  gal.  ])er 
min.  It  was  further  decided  to  remove  this  turbine,  which 
was  designed  for  1,000  gal.  per  min.,  and  use  it  in  well 
No.  8,  which  was  then  being  drilled  on  the  islaml.  ami 
from  which  a  larger  supply  of  water  was  expected. 

A  new  unit  of  heavier  duty  was  then  ordered  for  the 
Talma  St.  well.  No.  6.    This  is  an  "Amerii-an""  .unibina- 
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tion  deep-well  turbine  and  booster  pump,  provided  with 
38  lengths  (8  ft.  each)  of  10-in.  supporting  pipe,  shaft- 
ing and  bearings,  and  40  ft.  of  9-in.  suction  pipe.  The 
line  shafting  is  of  2-in.  nickel  steel.  The  lineshaft  and 
turbine  bearings  are  of  the  "oilless  peg"  type  for  water 
lubrication.  The  impellers  and  diffusers  in  both  turbine 
and  booster  are  made  of  bronze.  This  pump  was  designed 
to  discharge  .550  gal.  per  min.  against  a  total  head  of  -197 
ft.  when  running  at  1.150  r.p.m.,  on  which  was  guaranteed 
an  overall  efficiency  of  58%  when  using  the  125-hp.  motor. 

The  makers'  diagram  of  the  results  obtained  on  the 
test  shows  that  the  pump  delivers  650  gal.  per  min. 
against  a  total  of  497  ft.,  with  an  overall  efficiency,  of 
61%,  and  800  gal.  per  min.  against  a  total  head  of  416 
ft.,  with  an  overall  efficiency  of  56%.  The  quantity  of 
water  in  this  test  was  measured  by  a  weir  and  checked  by 
the  city's  water  meter.  After  the  official  test,  another  test 
was  made  with  the  pump  discharging  directly  into  the 
mains.  This  showed  that  the  pump  discharged  630  gal.  per 
)nin.  against  a  total  head  of  497  ft.  when  running.at. 1,173 
r.p.m.,  with  an  overall  efficiency  of  61%,  and,.750  gal. 
against  a  total  head  of  446  ft.  when  running  at  1.167 
r.p.m.,  with  an  overall  efficiency  of  59yo%  ;  that  is,  the 
pump  had  a  range  of  from  450  gal.  per  min.  at  556-ft. 
head  to  750  gal.  at  446-ft.  head,  with  an  overall  efficiency 
of  not  less  than  59%,  which  is  1%  above  the  guarantee. 

The  River  St.  well  (ITo.  7)  was  completed  in  1914. 
The  first  300  ft.  has  18-in.  casing,  the  balance  being  in 
rock,  15  in.  inside  diameter,  to  a  depth  of  2,262  ft.  In 
January,  1915,  the  city  bought  an  "American"  pump 
(with  impellers  and  diffusers),  to  have  a  capacit}'  of  1,000 
gal.  per  min.  from  an  elevation  100  ft.  below  the  surface. 
This  unit  was  to  be  directly  connected  to  a  vertical  150-hp. 
motor  having  an  automatic  starter  complete  with  no- 
voltage  release  and  overload  relays  arranged  for  50% 
full-load  start.     This  installation  is  shown  in  Fig.  3. 

To  increase  the  pressure  up  to  105  lb.  in  the  mains  for 
fire  purposes,  this  vertical  deep-well  unit  will  work  in 
series  with  an  "American"  single-stage  double-suction 
horizontal  centrifugal  pump  directly  connected  to  a  40- 
hp.  slip-ring  motor  running  at  1,800  r.p.m. 

The  pumps  were  installed  and  when  tested  the  well 
would  supply  only  640  gal.  per  min.,  the  water  being 
lowered  to  125  ft.  from  the  surface,  which  was  25  ft.  lower 
than  the  contract  called  for.  The  city  therefore  decided 
to  lower  the  pump  another  100  ft.  The  pump  was  again 
tested  by  the  builders,  and  tests  were  also  made  by  D.  11. 
Maury,  consulting  engineer,  Chicago.  The  results  of 
the  tests  are  sunnnarized  in  tabular  form  and  attention  is 
called  to  the  fact  that  the  .supply  of  water  did  not  equal 
the  capacity  of  the  pump. 

Builder's  Test  — D  H   Maur>''s  Tests-- 

DUcharKP,  gal.  p<!r  min 930  896  0                   9810 

Total  hi-ad,  ft 424  426  5 410  6 

Speed,  rj).iii 1.145  1,155  0         "    1,155  0 

Pump  efficiency,  %.. : 74)  70  4                     70  1 

Combined  efficiency,  % .    .  62  7                    62,8 

Thi.s  unit  is  similar  in  construction  to  that  furnished 
lor  the  Talma  St.  well  (No.  6).  Fig.  3  is  a  eross-.oection 
showing  the  construction  of  the  combined  deep-well  and 
l)fK»st(T  pump  furnished  for  well  No.  7.  It  will  be  seen 
that  these  units  are  provided  with  water-cooled  vertical 
if)l]er  guide-bearinirs  in  the  upper  frame,  and  water-oooled 
roller  thrust  bearing.  The  booster  and  turbine  proper 
both  have  bronze  iiii'iosed  impellers,  removable  bronze  dif- 
fii'^'T'i  and  removable  bronze  wearing  ring.s. 


r-=^ 


9  Sucf/cn  Pipe 


16  Casing 


FIO.  .•).    DEEP-WELL  PUMPING  UNIT  WITH  THUniNE  AND 
BOO.STER    AT    AUROUA,    ILL. 
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The  method  of  lubricating  the  long  vertical  line  shaft 
that  drives  the  lower  pump  is  peculiar  to  deep-well  tur- 
bines built  by  the  American  Well  Works.  Tlie  line  shaft- 
ing is  surrounded  or  incased  in  a  sectional  tube.  The  sec- 
tions are  fastened  together  by  the  line-shaft  bearing,  and 
the  whole  shaft  casing  is  put  under  tension  and  steadied 
by  spiders  at  the  bearings,  to  make  it  rigid.  The  top 
length  of  shaft  casing  is  provided  with  a  filtering  means, 
which  allows  part  of  the  water  pumped  to  enter  the  shaft 
protecting  casing  after  it  is  filtered.  Passages  are  pro- 
vided through  each  bearing  to  allow  the  lubricating  water 


to  circulate  downward  and  out  into  the  well  through  ports 
in  the  top  of  the  lower  pump.  This  method  of  lubrication 
prevents  contaminating  the  drinking  water  with  oil  or 
grease. 

The  island  well  (No.  8)  was  completed  in  September, 
1916.  The  first  200  ft.  has  18-in.  casing,  and  the  hole  is 
then  15  in.  in  diameter  to  a  depth  of  2,305  ft.  As  before 
stated,  the  pumping  unit  originally  installed  in  well  No.  6 
is  to  1)6  used  at  this  station. 

Each  pump  house  is  a  brick  building  with  a  basement; 
one  is  shown  in  Figs.  1  and  2.    The  current  is  purchased. 


Ac<tivs\iiedl°Slujidlge  Res^Ms  s\t 


By  I?.  WiNTTniop  Pratt*  and  GEoncE  B.  GASCOiGNEf 


SYNOPSIS — A  previous  article  described  the 
plant  in  outline,  the  changes  made  in  it  since  put  in 
operation,  and  gave  the  clarification  results  ob- 
tained. This  article  deals  with  the  ever-persistent 
sludge  problem. 


The  Cleveland  tests  indicate  that  at  large  plants  the 
most  important  question  with  the  activated-sludge  process 
is  an  inoffensive  and  economical  disposal  of  the  sludge. 
This  phase  of  the  problem  is  particularly  serious,  as  the 
two  lake-front  plants  are  located  in  residential  districts 
and  because  this  method  of  treatment  produces  excessive 
unit  quantities  of  sludge.  Consequently,  particular  at- 
tention has  been  given  to  the  tests  pertaining  to  the  dis- 
posal of  the  sludge. 

The  schedule  of  operation  as  regards  sludge  disposal  is 
divided  into  three  stages,  the  first  of  which  consists  of 
changing  the  sludge  to  a  comparatively  stable  condition. 
The  material  is  then  ready  to  pass  through  the  dewater- 
ing  or  second  stage  without  causing  any  objectionable 
odors  even  if  the  process  should  be  delayed  two  or  three 
days.  The  third  stage  consists  of  the  final  disposition  of 
the  material.  As  a  preliminary  step  to  the  above- 
mentioned  stages,  tank  concentration  of  the  sludge  may  be 
desirable.  The  few  tests  so  far  conducted  establish  the 
idea  of  concentration  by  settling  and  the  importance  of 
especially  designed  tanks  for  the  purpose. 

Two  Kinds  of  Activated  Sludge 

Activated  sludge  as  known  on  the  Cleveland  work  is  of 
two  kinds — plain  and  reaerated — the  distinguishing  fea- 
ture being  longer  aeration  for  the  latter.  Both  sludges 
have  a  chocolate  color  and  a  spongy  and  fluffy  texture.  At 
])resent  the  means  of  determining  whether  or  not  the 
))lain  sludge  is  in  a  proper  condition  is  by  its  appearance, 
smell,  and  ability  to  settle  rajjidly,  while  with  the  reaerated 
sludge  a  sample  is  placed  in  a  test  tube  and  any  change  in 
color  carefully  noted.  A  more  accurate  method  of  identi- 
fying a  properly  conditioned  sludge  is  badly  needed. 
Upon  .standing,  plain  activated  sludge,  either  in  a  liquid 
or  partially  dried  condition    (80%   moisture),  starts  to 
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decompose  and  in  from  24  to  48  hr.,  depending  upon  the 
moisture  content,  will  produce  objectionable  odors.  If 
the  sewage  aeration  period  is  lengthened  to  the  point 
where  stability  obtains,  this  objectionable  decomposition 
may  possibly  be  deferred ;  the  sludge  then  being  in  a  con- 
dition to  permit  any  reasonable  delays  encountered  during 
the  disposal  process. 

A  very  important  feature  of  the  activated-sludge  pro- 
cess is  the  unit  quantity  of  sludge  produced  and  the  rela- 
tion that  this  bears  to  the  quantity  of  suspended  matter 
carried  in  the  crude  sewage.  A  number  of  results  bearing 
on  this  relationship  have  been  obtained  that  show  a  loss  in 
solids  owing  to  the  treatment,  varying  from  0  to  50%. 
At  this  time  it  is  believed  that  a  loss  of  35%  represents 
appro.vimately  actual  conditions.  The  crude  sewage  car- 
ries 250  parts  of  suspended  solids,  which  represents  one 
ton  of  dry  solids  per  1,000,000  gal.  of  sewage  flow.  As- 
suming a  loss  in  solids  of  35%,  there  would  be  two-thirds 
of  a  ton  of  dry  solids,  2  tons  at  75%  and  26  tons  (30^2 
cu.yd.)  at  97VL>%  moisture.  The  sludge  with  a  75%' 
moisture  content  weighs  59  lb.  per  cu.ft. 

Since  the  tests  were  started  a  sample  of  sludge  has 
been  withdrawn  from  the  settling  tank  regularly  and 
analyzed.  (See  accompanying  table.)  The  nitrogen  con- 
tent of  the  Cleveland  activated  sludge  is  less  by  1%  than 
that  which  other  experimenters  are  securing  with  domes- 
tic .sewage.  Apparently  an  allowance  mu.st  be  made  for 
longer  aeration  periods,  as  when  stability  or  nitrification 
is  desired  and  when  packing-house  wastes,  even  in  small 
quantities,  are  present  in  the  sewage.  Fertilizer  concerns 
designate  the  nitrogen  value  of  a  tankage  by  means  of 
"units  of  ammonia,"  a  term  that  is  equivalent  to  about 
1.2  times  the  total  nitrogen  figure  in  the  table. 

SUMMARY  OF  ANALYSES  OF  CLEVELAND  ACTIVATED  SLUDGE 
,  Dry  Basis  - 


Nitrogen  PIios- 

Moisturn    Mineral   Organic  Avail-     phates 

Content      Matter     Matter      Total         able      (I%Ot)  Potash     Fats 


No.  of 

.■\nalv8es 

Average..     97  5-98  0 


1    73       0  29     6  77 


The  total  nitrogen  is  determined  in  nccordanco  witli 
a  modified  Kjcldahl-Gunning-Aniold  nictliod  (.Journal 
Industrial  and  Engineering  Chemistri/.  November.  1913), 
the  available  nitrogen  by  the  alkaline-permanganate 
method,  and  the  ether  or  fat  soluble  results  are  based 
on  a  16-hr.  period  of  extraction. 
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Continuous  aeration  of  the  sludge  (971/2%  moisture) 
for  a  month  reduced  the  fats  40%  and  the  available  nitro- 
gen about  25%.  The  total  nitrogen  content  remained  con- 
stant, and  if  the  period  of  aeration  is  reduced  to  five  days, 
the  original  percentages  obtain.  Continued  aeration  has 
a  tendency  to  reduce  the  quantity  of  sludge  only  slightly 
and  sludge  so  aerated  settles  more  rapidly. 

Tank  Concentk.ition  of  Sludge 

From  the  beginning  of  the  tests  the  rapidity  with  which 
activated  sludge  settles  has  been  axi  important  feature  of 
this  process.  Taking  advantage  of  the  same  may  offer  a 
means  of  partially  concentrating  the  sludge  prior  to  re- 
aeration  or  further  dewatering.  Tests  so  far  conducted 
have  been  in  tanks  5  ft.  deep  and  in  glass  cylinders  9  and 
1.5  in.  in  depth.  A  detention  period  of  4  hr.  reduced 
the  moisture  content  from  98  to  96%  in  the  9-in.  glass 
cylinder,  while  a  period  of  about  13  hr.  was  required  to 
produce  the  same  results  in  the  5-ft.  From  these  results 
and  others  of  a  similar  nature,  it  appears  that  the  vertical 


sludge.  Kecently,  however,  there  has  been  developed  a 
means  of  producing  a  stable  sludge,  thereby  eliminating 
any  chance  of  objectionable  odors  during  the  disposal 
process.  In  carrying  out  the  tests,  sludge  is  removed  by 
the  air  lift  from  the  settling  compartment  to  one  of  the 
tanks  not  in  regular  use  and  is  there  reaerated  for  a  rela- 
tively long  period.  Present  tests  consist  of  determining 
the  results  produced  by  varying  the  time  and  air  quantity 
elements  and  determining  whether  or  not  a  slight  change  in 
the  condition  of  the  original  settled  sludge  appreciably  al- 
ters the  result.  At  present  from  30  to  25  cu.ft.  of  air  per 
gallon  of  sludge  treated  appears  sufficient  when  the  aera- 
tion is  continued  for  five  days — that  is,  5  cu.ft.  of  air  per 
gallon  per  day.  Sludge  analyzed  liefore  and  after  the 
reaeration  period,  again  when  partially  dried  (75% 
moisture)  and  when  dry  has  from  a  nitrogen  standpoint 
the  same  manurial  value.  The  reaerated  sludge  dries  on 
sand  beds  a  little  faster  than  the  ordinary  activated  sludge. 
In  a  partially  dried  condition  it  retains  its  chocolate  color, 
is  porous  and  smells  like  earth  that  has  been  covered  for 
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velocity  of  subsidence  from  any  given  moisture  content 
to  another  varies  almost  directly  as  the  cube  root  of  the 
depth  of  the  tank.  This  indicates  that  a  tank  20  ft.  in 
depth  will  require  a  retention  period  of  36  hr.  to  produce 
the  same  moisture-reduction  results.  Before  the  tests 
are  completed  it  is  intended  ti  try  a  tank  of  such  a  doi)tii. 

It  is  desired  to  emphasize  the  importance  of  the  fore- 
going idea  in  designing  concentration  tanks,  and  that 
local  conditions  will  determine  just  wliat  exj)enditure  is 
justifialde  for  this  purpose.  Also,  the  idea  of  tank  concen- 
tration is  important  wlien  looked  at  from  an  operation 
standpoint,  there  being  quite  a  saving  when  handling  20 
instead  of  40  cu.yd.  of  sludge  per  1,000,000  gal. 

At  one  time  during  tlie  tests  it  was  thought  that  tlio 
[irestige  as  regards  an  aljsence  of  odors  that  tiie  activated- 
sludge  process  has  enjoyed  from  the  first  would  !)e  lost  on 
account  of   difficulties    incident   to   the    dispo.sal    of   the 


a  long  jDeriod  with  leaves.  In  reducing  the  moisture  con- 
tent over  a  steam  bath  from  75  to  10%,  a  sligiit  l)ut  iinoh- 
jectionable  odor  can  be  det(>cted. 

So  far  no  indications  have  developed  that  tend  to  make 
the  success  of  tiiis  phase  of  tlic  sludge  problem  doubtful. 
If  such  favorable  results  continue,  an  inexpensive  means 
has  been  provided  for  eliminating  any  odors  during  the 
disposal  of  activated  sludge.  With  current  furnished  at 
%''■  I'LT  kw.-hr.  the  cost  is  estimated  at  75c.  per  l.OOO.OOO 
gal.  of  sewage  treated.  Whether  or  not  sludge  can  be 
reai'iated  more  efficiently  after  tank  concentration  is  a 
question. 

In  order  to  detennine  the  possibility  of  digesting 
activated  sludge,  tiiereby  eliminating  any  odors  during  the 
disposal  process  and  reducing  the  volume  of  sludge  to  be 
handled,  a  tank  20  ft.  deep  was  placed  in  operation  April 
24.     At  about  IK-hr.  intervals  during  the  first  montli  of 
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operation  artivated  sludge  was  applied  to  the  tank  and 
allowed  to  decompose  in  the  bottom,  the  clear  and  su])er- 
uatent  liquid  being  withdrawn  at  each  filling.  In  a  month 
a  thick  scum  developed  on  the  surface,  and  odors,  such 
as  accompany  digestion  or  septic  tanks,  became  noticeable. 
It  was  impossible  to  continue  applying  sludge  as  the  tank 
filled  up.  After  this  filling  the  tank  was  covered  to  in- 
close the  odors,  allowed  to  stand  and  the  digestion  contin- 
ued on  an  anaerobic  basis.  At  monthly  intervals,  and 
sometimes  oftener,  sludge  has  been  withdrawn  from  the 
bottom  of  the  tank  and  analyzed. 

The  indications  of  digestion  after  five  months  are  an 
increase  in  the  odors,  a  reduction  in  the  nitrogen  content 
of  from  2.74  to  2.27%,  available  nitrogen  from  1.63  to 
1.08,  moisture  content  from  97.4  to  90.8%,  but  no  reduc- 
tion in  the  volatile  matter.  The  sludge  resembles  parti- 
ally digested  sludge.  In  operating  this  tank  an  attempt 
has  been  made  to  digest  activated  sludge,  first  with  the 
aid  of  a  regular  application  of  fresh  sludge  and  then  with- 
out. It  is  intended  to  continue  the  operation  by  mixing 
fresh  sludge  witli  partially  digested  sludge  withdrawn 
from  the  tank;  the  mixture  then  to  be  allowed  to  digest 
further  in  a  separate  tank  located  next  to  the  one  now 
in  operation.  When  the  treatment  and  disposal  of  the 
sludge  as  a  fertilizer  ingredient  is  not  warranted,  it  is 
desired  to  emphasize  the  practicability  of  this  method  of 
sludge  disposal  as  applied  to  remodeling  present-day  two- 
story  tank  installations. 

Dewateking  Process  a  Matter  of  Drying 
The  dewatering  problem  is  a  drying  proposition  and  for 
convenience  can  be  divided  into  two  steps:  A  primary, 
which  involves  reducing  the  moisture  content  to  a  point 
where  the  sludge  may  be  readily  handled— about  75% 
moisture — and  a  secondary  step,  which  involves  expelling 
most  of  the  remaining  moisture.  The  latter  should  only 
be  necessary  when  the  value  of  the  sludge  as  a  fertilizer 
ingredient  warrants. 

Since  the  first  of  May  plain  and  reaerated  sludge  has 
been  partially  dried  on  sand  beds  covered  with  a  green- 
house type  of  constraction.  Only  in  special  cases  has  the 
process  been  carried  beyond  a  reduction  to  a  75%  moisture 
basis.  Owing  to  weather  conditions,  such  as  the  fre- 
quency of  rains,  the  drying  of  either  plain  or  reaerated 
sludge  on  open  beds  is  greatly  retarded.  Any  retardation 
is  a  detriment,  as  it  permits  decomposition  to  become  ac- 
tive, which  condition  is  a  forerunner  of  unpleasant  odors.- 

Drying  Sludge  on  Sand  Beds 
The  covered  bed  is  10x20  ft.  in  plan,  divided  into  sec- 
tions as  required,  and  was  the  sand  bed  used  during  the 
year  1913  for  drying  Imhoff  sludge.  The  filtering  medi- 
um consists  of  12  in.  of  fine  lake  sand  with  the  exception 
that  one  division  of  the  bed  was  of  a  graded  material. 
Sludge  on  the  graded  bed  dries  no  faster  than  on  the  ])lain 
bed ;  consequently,  it  appears  that  sand  is  capable  of  pass- 
ing the  water  as  fast  as  it  enters.  The  additional  cost  for 
graded  beds,  therefore,  does  not  seem  justifiable.  The 
solid  material  in  the  sludge  settles  so  rapidly  that  within 
4  hr.  it  is  possible  to  sijihon  ofl'  at  least  6  in.  of  the  super- 
natent  water  from  a  12-in.  do.se.  It  appears  that  it  takes 
about  a  day  longer  for  the  sludge  to  dry  down  when  the 
6-in.  layer  of  the  supernatent  liquid  is  not  withdrawn. 
Consequently,  the  water  is  siphoned  off  practically  all  the 
doses.     As  a  rule,  within  21  hr.  all  the  liquid  disapi)ears 


from  the  surface  of  the  sludge.  Within  48  hr.  a  great 
number  of  small  cracks  develop,  breaking  the  sludge  into 
nearly  equal  portions,  which  feature  is  somewhat  different 
from  the  larger  and  fewer  cracks  that  develop  in  drying 
Imhoff  sludge.  The  moisture  content  at  the  end  of  four  • 
days  is  about  80%  and  decreases  thereafter  at  the  rate  of 
]%  per  day  to  a  75%  basis.  Generally,  at  the  end  of 
six  days  the  sludge  can  be  removed  with  a  potato  fork. 

The  high  moisture  content  of  the  sludge  materially 
increases  its  ability  to  penetrate  into  the  sand.  Imhoff 
sludge  will  retain  sand  equaling  40%  of  its  weight,  dry 
basis,  while  activated  sludge  retains  about  60%.  The 
graded  bed  is  at  a  disadvantage  in  this  respect,  its  re- 
tention being  75%  when  a  1-in.  layer  of  sand  is  used  on 
top.  As  a  consequence,  cheese  cloth  and  sawdust  have 
been  successfully  used  for  separating  the  sludge  from  the 
sand,  about  four  applications  being  all  that  the  cloth  will 
survive.  Doses  12  in.  in  depth  seem  to  permit  the  largest 
yield  per  square  foot  of  bed,  although  the  data  pertaining 
to  this  point  are  not  conclusive. 

At  no  time  is  there  any  odor  during  the  drying  of  the 
reaerated  or  stable  sludge.  In  drying  plain  sludge  a  thin 
In-own  film  immediately  develops  on  the  surface,  which  to 
a  large  extent  prevents  all  odors  until  the  film  is  broken 
ii]i  in  being  removed.  Beneath  the  film  the  entire  mass 
iunis  black,  and  in  rehandling  the  sludge  offensive 
and  objectionable  odors  are  produced,  owing  prin- 
cipally to  the  high  moisture  content  of  activated  sludge — 
a  condition  that  makes  the  unit  quantity  so  high  that  an 
area  at  least  ten  times  as  large  as  that  necessary  for  drying 
Imhoff  sludge  is  required. 

Sludge  has  remained  on  the  beds  until  thoroughly  dried, 
but  the  period  involved — three  weeks — makes  the  use  of 
sand  beds  impracticable  for  completely  dewatering  sludge. 

Drying  Sludge  By  Centrifuging 

In  order  to  concentrate  activated  sludge  from  about  98 
or  95%  moisture  a  centrifuge  was  installed.  It  was  a 
rotary  machine  made  by  the  Cleveland  Laundry  Machine 
Co.  with  a  26-in.  basket,  and  was  belt  driven  with  a  fric- 
tion clutch  provided  for  starting  purposes.  The  basket 
was  lined  with  a  V^-'m.  wire  mesh  inside  of  which  was 
placed  a  canvas  bag.  The  sludge  was  admitted  through 
an  orifice  located  directly  over  the  center  of  the  centrifuge. 
After  a  cake  was  formed,  it  was  necessary  to  remove  and 
clean  the  canvas  bag  for  any  succeeding  runs. 

About  thirty  runs  under  varying  conditions  were  made. 
In  general,  the  results  permitted  the  jiassage  of  about  3 
gal.  of  water  per  minute  through  the  canvas,  but  a  mat 
developed  next  to  the  canvas  within  5  or  6  min.  after 
starting.  Continuing  the  operation  without  applying 
more  sludge  tended  to  compact  the  caked  layer,  free  the 
water  that  was  held  within,  and  in  about  30  min.  the 
cake  was  of  such  a  consistency  as  to  stand  up.  In  the 
best  run,  when  the  basket  revolved  about  1,200  r.p.m.,  60 
gal.  of  971/^%  moisture  sludge  was  admitted  in  about  25 
min.,  and  in  2  hr.  the  moisture  content  was  reduced  to 
84%.  Two  additional  hours  reduced  the  moisture  con- 
tent further  to  80%,  the  final  product  being  a  cake  %-in. 
thick. 

After  the  mat  has  formed  there  is  a  tendency,  owing 
to  wave  action,  for  the  basket  to  become  unbalanced ;  and 
as  a  consequence  six  vertical  vanes  about  2  in.  deep  were 
fastened  to  the  wire  mesh  and  spaced  equally  around  the 
basket.  The  vanes  prevented  the  wave  action,  but  there 
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was  apparently  no  way  to  prevent  a  %-in.  layer  of  the 
mat  next  to  the  canvas  from  becoming  dense.  As  soon 
as  this  happened,  the  water  came  to  the  inside  surface  of 
the  cake  and  remained  there.  This  fact  suggests  the  pos- 
sibility of  a  solid  bowl  type  of  centrifuge,  in  which  the 
clear  water  can  be  removed  without  passing  through  the 
caked  layer.  In  order  to  increase  the  porosity  of  the 
matted  formation,  garbage  tankage  was  mixed  with  the 
sludge  ■.  but  the  results  were  not  improved. 

The  results  indicate  that  activated  sludge  might  possi- 
bly be  concentrated  Ijy  centrifuging  to  approximately  an 
85%  moisture  basis.  The  trouble  experienced  is  the  same 
that  is  encountered  in  the  u.^e  of  presses  either  of  the  vac- 
uum or  pressure  type.  Increasing  by  more  pressure  the 
density  of  the  formed  mat  simply  limits  the  capacity  of 
the  apparatus  prior  to  its  efficient  output.  Consequently, 
if  it  is  satisfactory  for  the  process  to  be  intermittent, 
some  means  must  be  provided  for  automatically  removing 
the  clear  water,  while  continuous  operation  involves  the 
removal  of  the  mat  or  both  the  clear  water  and  the  mat. 
The  results  secured  with  the  present  machine,  while  not 
encouraging,  lead  tlie  writers  to  believe  that  more  favorable 
and  satisfactory  results  can  be  secured  with  a  centrifuge 
designed  in  accordance  with  the  suggestions  already  made. 

Centrifuges  as  built  at  present  sometimes  require 
screening  the  material  prior  to  centrifuging  and  reduce 
the  moisture  content  to  only  an  85%  basis.  Sludge  so 
reduced  could  then  be  applied  to  sand  beds.  Points  in 
favor  of  centrifuges  are  their  capacity  per  unit  of  area 
required  and  low  initial  cost.  A  machine  about  2  ft.  in 
diameter,  which  has  been  simplified  by  its  use  in  other 
fields  and  which  is  capable  of  handling  the  sludge  from 
2,000,000  gal.  of  sewage  per  24  hr.,  should  appeal  to  ex- 
perimenters interested  in  the  solution  of  the  sludge- 
disposal  problem. 

During  the  tests  in  1913  a  Sweetland  press  was  in- 
stalled and  used  for  pressing  ImhofI  sludge.  The  con- 
clusion reached  was  that  a  press  15  ft.  long  with  leaves 
3  ft.  in  diameter,  spaced  4  in.  c.  to  c,  will  produce  five 
tons  of  caked  sludge — 70%  moisture — when  operating  21 
hr.  each  day.  These  results  were  produced  with  sludge 
containing  85%  moisture,  and  it  is  believed  they  can  not 
be  equaled  with  sludge  whose  moisture  content  is  from 
98  to  95%.  \Mien  operating  three  8-hr.  shifts  (basing 
the  capacity  of  a  press  upon  the  amount  of  cake  produced) 
there  is  required  a  press  for  every  3,000,000  gal.  of  sewage 
treated.  If,  however,  the  number  of  presses  is  based  upon 
the  volume  of  wet  sludge  handled,  one  press  is  capable  of 
dealing  with  the  sludge  from  only  500,000  gal.  of  sewage. 

Just  how  much  sludge  a  press  can  handle  efficiently  is 
an  open  question.  For  a  large  installation  a  comparison 
must  be  made  between  a  layout  consisting  of  a  small  num- 
ber of  large  presses  and  one  with  a  large  number  of  small 
presses.  From  the  standpoint  of  efficiently  using  the 
labor,  a  large  number  of  small  presses  seems  preferable, 
but  this  may  not  be  so  pronounced  with  an  hydraulically 
operated  installation.  In  the  year  1913  an  actual  bid 
price  for  the  above-mentioned  press  installed  was  $4,500, 
which  represents  an  expenditure  of  $1,500  per  1,000,000 
gal.  of  sewage  to  be  treated.  An  estimate  of  the  cost  of 
pressing  activated  sludge  can  probably  best  be  made  by 
comparison  with  .sludge  presses  in  u.se  at  chemical  pre- 
cipitation plants  allowing  for  recent  improvements  in 
press  design. 

The  drv'ing  of  activated  sludge  to  a  10%  moisture  basis 


would  only  obtain  when  the  value  of  the  sludge  as  a  fer- 
tilizer ingredient  warranted.  During  the  present  tests 
three  attempts  have  been  made  with  steam  and  direct- 
heat  driers  to  reduce  the  moisture  content  of  sludge  from 
about  75  to  10% — a  marketable  condition.  Also,  some 
difficulty  has  been  experienced  in  accumulating  a  quantity 
sufficient  to  get  a  normal  run  with  a  direct-heat  drier. 
One  run  was  attempted  at  the  Cleveland  garbage  reduc- 
tion works,  but  the  quantity  used — 1,200  lb.,  80%  mois- 
ture— was  not  sufficient ;  it  being  impossible,  owing  to  the 
small  amount  discharged  from  the  drier,  to  judge  the  re- 
sults of  the  test. 

Results  in  drying  Imhoff  sludge  at  Cleveland  and  in  an 
eastern  city,  in  direct-heat  driers,  require  21/2  tons  of 
40%  moisture  sludge  to  produce  one  ton  of  the  dried 
material.  In  passing  the  sludge  through  the  drier  a  large 
amount  is  burnt  up  or  lost  in  the  dustroom.  Similar  con- 
ditions are  anticipated  in  drying  activated  sludge.  The 
estimated  cost  of  this  method  of  drying  is  $3  per  ton  of 
dried  material  when  using  gas,  which  is  cheaper  than  coal 
and  which  also  permits  a  control  of  the  flame  length.  It 
may  be  possible  to  secure  a  lower  cost  by  staging  the 
process — that  is,  first  passing  the  sludge  through  a  direct- 
heat  drj-er  as  a  preliminary  process  and  then  through  a 
steam-jacketed  drier.  High  temperatures  produce  more 
efficient  results  with  substances  having  moisture  contents 
between  75  and  45%,  and  low  temperatures  act  likewise 
between  45  and  10%. 

Two  tests  have  been  conducted  at  the  works  of  a  local 
fertilizer  company  for  drying  reaerated  sludge  in  a  steam 
drier,  which  was  a  "Buckeye"  of  the  steam- jacketed  type, 
6  ft.  in  diameter  with  paddle  agitators.  At  the  end  of 
the  first  hour  the  material  was  in  a  "mushy"  condition. 
About  1,200  lb.  of  sludge  alone  with  a  75%  moisture  con- 
tent was  first  tried,  and  after  2I/2  hr.  of  agitation,  which 
is  about  twice  the  period  of  a  usually  successful  run,  the 
materials  balled  up.  The  balls  were  about  the  size  of 
one's  fist,  caked  hard  on  the  outside,  and  the  portion  so 
formed  represented  about  one-half  of  the  final  residue 
while  the  remainder  resembled  pea  gravel.  The  operation 
was  continued  for  SYo  hr.,  when  the  moisture  content  of  a 
pulverized  ball  was  37%  and  of  the  pea  gravel  21%.  Al- 
though too  much  weight  should  not  be  given  the  results 
obtained  from  this  one  test,  they  tend  to  show  that  sludge 
alone  cannot  be  economically  dried  in  a  steam  drier  to  a 
10%  moisture  basis.  It  is  believed  however  that  exces- 
sive balling  up  can  be  prevented.  The  nitrogen  value  of 
the  sludge  remained  the  same,  and  no  odors  were  present. 

No  trouble  at  all  was  experienced  in  drying  the  sludo-e 
when  mixed  half  and  half  with  tankage.  About  500  lb. 
of  each  material  was  used,  the  tiinkage  having  a  moisture 
content  of  45%.  A  run  of  21/,  hr.  reduced  the  moisture 
content  of  the  final  product  to  less  than  1%.  When  mix- 
ing the  two  products,  the  nitrogen  value  is  reduced,  tank- 
age averaging  about  2.75%  ammonia;  but  the  low  amount 
of  grease  in  tankage  (3%)  reduces  the  average  for  the 
mixed  material. 

Final  Dispcsition  ok  Activated  Sludge 

The  final  disposition  of  activated  sludge  has  been  given 
considerable  thought  and  study.  Its  disposal  as  a  fill  on 
low  ground  naturally  suggests  itself,  but  our  increasing 
standards  as  regards  unsightly  conditions,  odors  and  nui- 
sances demand  that  the  material  be  disposed  of  without 
offense.     Plain  activated  sludge  with  75%,  moisture  can- 


1128 


E  ^^  O  I  ?T  E  E  R  I  N  G     X  E  W  S 


A'ol.  76,  No.  24 


not,  practically  speaking,  be  transported  to  dumpina- 
grounds  or  storage  sites  where  the  sludge  is  accessible  for 
agricultural  purposes.  Sludge  of  this  character  deposited 
on  low  lands  subjected  to  rain,  snow  or  floods  will  take 
up  moisture  and,  owing  to  active  decomposition,  rapidly 
become  offensive.  Sludge  in  storage  bins  or  trenches  when 
covered  over  with  a  criist  and  apparently  satisfactory  but 
water-soaked  may,  when  carted  away  and  spread  ujwn  the 
ground,  give  the  nearby  treatment  plant  an  undeserved 
black  eye  as  regards  odors. 

Just  what  moisture  content  a  sludge  may  have,  and  in 
what  condition  it  must  be  in  order  to  be  satisfactorily 
used  as  a  fill,  is  a  question.  Eeaerated  sludge  with  about 
75%  moisture  has  remained  for  two  months  in  a  box 
which  was  opened  to  the  weather,  and  when  removed  no 
objectionable  or  unpleasant  odors  were  noticed,  while 
plain  activated  sludge  when  put  to  a  similar  test  produced 
rank  odors. 

Activated  Sludge  as  a  Fertilizer  Ixgkediext 

A  revenue  from  sewage  sludge  to  offset  the  cost  of  op- 
eration of  a  treatment  plant  is  of  particular  import  at 
this  time  when  our  municipalities  are  in  such  financial 
straits.  Consequently,  a  method  of  treatment  that  pro- 
duces a  sludge  with  a  higher  manurial  value  than  any  yet 
known  method  provides  possibilities  of  fulfilling  the  above- 
named  conditions.  Apparently  the  activated-sludge  proc- 
ess produces  a  sludge  with  a  manurial  value  at  least 
twice  that  found  in  any  other  sludge,  but  the  ratio  of 
solid  matter  to  water  from  a  dewatering  standpoint  com- 
plicates the  reduction  of  the  material  to  a  marketable  con- 
dition. An  efficient  solution  of  the  secondary  step  of  the 
dewatering  process  appears  practical,  but  as  much  can 
not  be  said  of  the  primarj'  or  concentration  stage. 

There  does  not  appear  any  good  reason  to  expect  to 
use  dried  sludge  other  than  as  a  fertilizer  ingredient. 
The  available  nitrogen,  which  averages  about  50%  by  the 
alkaline-permanganate  method,  classes  the  material  as 
low  grade.  An  accurate  analysis  can  be  considered  a 
fair  guide  to  the  value  of  the  product  and  prob- 
ably more  reliable  than  any  field  tests  of  less  than  five 
or  ten  years' duration.  A  price  no  better  than  10c.  per  lb. 
is  about  all  that  can  be  expected  for  the  ammonia  and  i/oc. 
per  lb.  for  the  bone  phosphates  (Ca3P„0s).  The  amount 
of  potash  is  negligible.  There  would  then  be,  according 
to  the  average  analysis,  a  gross  return  of  about  $8.20  per 
ton,  dry  basis,  or  for  Cleveland  conditions  $5.50  per  1,- 
000,000  gal.  of  sewage.  A  commercial  demand  for  am- 
monia such  as  this  country  is  now  experiencing,  and  which 
it  is  prophesied  will  continue,  may  cliange  conditions 
somewhat. 

Summary  and  Conclusions 

At  Cleveland  the  solution  of  the  sludge-disposal  prob- 
lem remains  the  important  issue  of  the  activated-sludge 
process  of  sewage  treatment. 

Unless  the  unit  quantities  of  sludge  produced  are  mate- 
rially lessened,  the  use  of  sand  beds  for  dewatering  acti- 
vated sludge  is  financially  prohibitive. 

Available  data  indicate  that  presses  are  apparently  the 
best  known  method  for  effecting  the  primary  stage  of  the 
dewatering  process,  irrespective  of  whether  or  not  the 
sludge  as  a  fertilii'^r  ingredient  warrants  further  drying. 

Present  data  are  not  suflfieient  for  estimating  within 
barrow  limits  the  cost  of  sludge  disposal. 


A  re\enue  from  activated  sludge  involves  a  large  initial 
expenditure,  cooperation  with  private  interests,  a  com- 
mercial demand  and  the  strongest  assurance  that  any 
agreements  will  be  faithfully  observed  for  a  long  term  of 
years. 

Sludge  to  be  disposed  of  as  a  fill  must  be,  practically 
speaking,  in  a  stable  or  nonputrescible  condition. 

Future  tests  in  the  main  should  be  directed  toward 
this  phase  of  the  activated-sludge  problem.  Of  particular 
import  are  studies  pertaining  to  centrifuging,  tank  con- 
centration and  the  digestion  of  the  sludge — the  latter  for 
providing  a  means  of  eliminating  odors  and  reducing  the 
unit  quantities  to  be  disposed  of. 

The  writers  have  taken  a  great  deal  of  pleasure  in  show- 
ing the  activated-sludge  installation  to  visitors  during  the 
past  sununer,  and  they  desire  to  express  their  appreciation 
for  the  suggestions  made  during  these  visits.  Robert 
Hoffman  is  chief  engineer  and  commissioner  of  the 
Division  of  Engineering  and  Construction  and  is  in  charge 
of  all  sewerage  and  sewage-disposal  improvements.  The 
work  herein  described  is  under  the  supervision  of  the 
writers,  with  A.  G.  Husted,  assistant  engineer,  in  im- 
mediate charge. 

S©giSE®ss  IRapi(dl=Traia§nG  Cars 

To  increase  the  carrying  capacity  of  the  rapid-transit 
railways  in  London,  England,  during  the  hours  of  peak 
load  or  congested  traflRc,  the  introduction  of  cars  with- 
out seats  has  been  proposed.  It  is  considered  imprac- 
ticable to  increase  the  length  of  trains  and  stations, 
or  to  increase  the  number  of  trains.  According  to  The 
Engineer  (London)  the  cars  of  the  District  Ry.  have 
seating  accommodation  for  about  48  passengers,  while  in 
a  crowded  train  there  may  be  almost  as  many  standing, 
to  their  own  and  the  sitters'  inconvenience.  Every  per- 
iiDn  seated  occupies  approximately  6  sq.ft.  of  floor  space, 
whereas  he  may  stand  comfortably  in  half  that  area. 
Hence,  the  removal  of  all  seats  from  a  car  would  add  at 
once  one-third  to  its  capacity.  But  as  the  whole  space 
could  be  used  more  efficiently  the  number  of  passengers 
would  be  nearly  doubled  with  no  more  personal  inconven- 
ience than  at  present. 

The  Engineer  says:  "We  do  not  think  the  traveling 
public  would  object  to  such  cars  if  they  were  neatly  de- 
signed. No  one  can  now  count  with  certainty  on  finding 
a  seat,  most  of  the  journeys  are  short,  and  strap-hanging 
is  a  familiar  exercise  against  which  no  one  now  thinks  of 
protesting.  Passengers  as  far  as  possible  would  stand 
loinid  the  sides,  leaning  against  the  walls,  hence  the  win- 
dows would  have  to  be  reduced  in  size,  and  would  be 
]iartly  blocked  by  packed  humanity.  This  is  a  compara- 
tively unimportant  matter,  since  artificial  lighting  is  al- 
ready the  rule,  but  in  any  case  might  be  met  by  roof 
lights  made  with  any  of  the  new  unbreakable  glasses. 
A  ])added  rail  would  be  provided  tn  lean  against,  and 
if  small  arms  were  added  they  would  make  it  easier  to 
stand  gracefully  against  the  buffets  and  shocks  of  start- 
ing and  stopping.  From  the  roof  would  hang  a  forest 
of  straps,  and  down  the  center,  posts  with  long  vertical 
rails  might  be  arranged.  The  floor  should  be  covered 
with  a  grid  of  some  kind  that  would  help  to  keep  it  dry 
in  wet  weather.  More  doors,  of  course,  would  be  pro- 
vided than  at  present,  and  the  vestibules  a4  the  ends 
would  be  <jot  rid  of." 
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SYKOPSIS — The  last  link  in  tltis  bridge  over  the 
Mississippi  is  the  3-mi.  approach  viaduct  at  the 
east  end.  Its  design  and  construction  are  de- 
scribed.     The   irork   was  done  by  city  forces. 

The  great  double-deck  municipal  bridge  built  across 
the  Mississippi  River  by  the  City  of  St.  Louis  will  soon 
cease  to  be  an  isolated  and  unavailable  structure.  The 
long  viaduct  on  the  east  (Illinois)  side  of  the  river  is 
Hearing  completion  and  will  provide  the  necessary  con- 
nection with  the  bridge  proper.  The  highway  portion  of 
this  approach  will  soon  be  ready  for  traffic.  The  accom- 
panying illustrations  show  the  work  in  progress.  Figs. 
1  and  2  show  the  erection  of  truss  and  girder  spans  re- 


The  work  is  under  the  direction  of  tlie  Board  of  Public 
Service,  a  special  department  being  organized  for  this 
purpose,  as  described  in  Engineering  Neios,  Sept.  23, 
191.5.  Clinton  H.  Fisk,  Chief  Engineer  of  Construction, 
is  at  the  head  of  this  organization ;  W.  F.  Collar  is  Super- 
intendent of  Construction.  The  working  force  approxi- 
mates about  300  men,  for  steel  erection,  concreting,  etc. 

Descriptiox  of  Bridge  Approaches 

The  bridge  is  a  doulilc-deck  structure,  with  the  rail- 
way tracks  on  the  lower  deck.  Beyond  its  east  end,  the 
upper  (roadway)  deck  swings  to  the  north  and  runs  par- 
allel with,  but  still  above,  the  railway  for  about  8,300  ft. 
It  then  turns  to  the  northeast  (see  Fig.  2),  and  extends 
for  3,000  ft.  before  coming  down  to  street  grade  in  the 
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spoctively.     Fig.  3  shows  the  placing  of  the  last  girder  to 
tlo.se  the  gap,  on  Sept.  22,  1916. 

The  three  668-ft.  river  spans  of  this  notable  bridge 
were  completed  in  1912.  Controversy  developed  as  to 
the  location  of  the  west  (St.  Louis)  approach,  but  after 
some  delay  this  was  settled  and  the  approach  was  com- 
pleted in  1914.  The  building  of  the  east  approach,  how- 
ever, required  an  additional  issue  of  bonds.  This  was 
twice  voted  down,  but  finally  the  city  secured  the  labor 
vote  by  agreeing  that  the  work  should  be  done  by  city 
forces  (instead  of  by  contract)  and  that  only  union  labor 
should  be  employed.  At  the  third  election,  in  1914,  the 
bond  issue  of  •$2,?.50,000  was  approved.  Work  was  com- 
menced early  in  1915,  but  was  delayed  and  hindered  by 
several  strikes  and  labor  controversies. 


outskirts  of  East  St.  Louis,  111.  It  ends  with  a  fill 
about  540  ft.  long,  having  concrete  walls  and  parapets. 
The  maximum  grade  is  4.15%.  The  railway-viaduct  ap- 
proach continues  in  a  direct  line  east  from  the  end  of 
the  bridge  and  has  a  total  length  of  about  13,000  ft.  be- 
fore coming  to  the  ground  level.  Its  maximum  grade  is 
0.98%.  The  railway  a])proach  ends  in  an  earth-fill  600 
ft.  long,  this  being  followed  by  1,800  ft.  of  earth-fill  be- 
tween retaining  walls. 

A  footway  (approached  by  stairs  at  the  shore  piers) 
ha;i  been  maintained  across  the  lower  deck  of  the  bridge 
for  some  time.  The  roadway  approach,  now  neariy  com- 
pleted, will  enable  the  bridge  to  be  opened  for  street 
traffic.  The  railway  approach  will  be  finished  a  little 
later,  but  no  arrangements  have  been  made  as  yet  with 
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the  railways  tlwt  are  expected  to  use  the  bridije.  The 
car  tracks  on  the  roadways  will  be  available  only  for 
cast-side  electric  lines,  the  St.  Louis  street  railway  system 
having  a  gage  of  4  ft.  10  in.,  so  that  no  connection  is 
possible.  For  the  same  reason  the  St.  Louis  street  rail- 
way does  not  use  the  Eads  bridge,  which  is  crossed  by 
the  East  St.  Louis  car  lines  and  some  interurban  lines 
running  to  a  terminal  at  the  St.  Louis  end  of  the  bridge. 
The  new  east  approach  is  mainly  a  plate-girder  via- 
duct with  spans  of  60  to  73  ft.,  as  described  in  Engineer- 
ing News,  Sept.  2,  1915.  It  has  four  through  truss 
spans.  Two  of  these  are  spans  of  1841/2  ft.  and  2271^4 
ft.  on  the  railway  portion,  and  one,  is  a  2G'^y^-it.  span  on 
the  roadway  portion.     All  these  cross  the  Illinois  Central 


grade.  Tlie  foundations  are  groups  of  concrete  piles, 
driven  to  a  depth  of  about  35  ft.  The  piles  are  of  cir- 
cular section  about  15  in.  in  diameter,  with  deep  verti- 
cal corrugations  giving  increased  siirface  area,  which 
adds  considerably  to  the  skin  friction.  A  steam  pile  ham- 
mer was  iised,  and  a  water  jet  assisted  the  work.  The 
manufacture  and  driving  of  these  piles  were  done  by 
Charles  N.  Lund,  of  St.  Louis,  and  formed  the  only  part  of 
the  work  done  by  contract. 

Construction  of  Pedestals 

The  steel  columns  are  carried  on  tapering  pedestals,  4 
to  6  ft.  square  on  top,  with  sides  having  an  inclination 
or  batter  of  ]i/^  in  12.  Each  stands  on  a  12-ft.  octagonal 
footing  block  about  3  ft.  thick,  which  incloses  the  heads 
of  the  group  of  piles.  The  soil  is  filled  ground  for  a 
depth  of  about  10  ft.  on  top  of  sandy  clay.  Fig.  4  shows 
some  of  the  viaduct  pedestals,  with  one  of  the  piers  for 
a  truss  span  at  the  left.  It  shows  also  one  of  the  long- 
lioom  locomotive  cranes  used  on  the  work. 

Concrete  pier  foundations  sunk  to  rock  were  required 
in  some  cases,  partly  to  carry  the  heavy  loads  of  the  truss 
spans  and  partly  on  account  of  unsatisfactory  soil  condi- 
tions. There  are  16  of  these  piers,  13  of  which  were 
sunk  by  the  pneumatic  process  to  a  depth  of  45  ft.    The 

her  four  were  built  as  open  wells. 

Most  of  the  pedestals  were  built  in  sectional  steel  forms 
made  by  the  Blaw  Steel  Construction  Co.  These  forms 
were  adapted  to  various  sizes  by  means  of  special  corner 
pieces  attached  at  two  diagonally  opposite  corners.  Wood 
forms  were  used  for  some  of  the  largest  pedestals,  which 


FIG.  2.    STEEL  DERRICKS  ERECTING  THE  VIADUCT   APPROACH 

The  derrick  at  the  left  is  worliing  on  the  combined  railway  and  highway  approach  (having:  three-post  bents).  Note 
that  both  l)Oom.s  are  carryinj?  the  Kiriler.  Tlie  derrick  at  the  rieht  is  .standing  where  the  higrliway  approach  diverges 
(to  the  left),  the  railway  approach  continuing  on  a  straight   line 


R.R.  The  fourth  is  a  tiiree-truss  span  of  29()  ft.,  carry- 
ing the  railway  and  roadway  at  the  same  level  and  cross- 
ing the  IFohile  &  Ohio  i>y.  and  the  S(uitherii  Ry.  The 
railway  viaduct  is  designed  for  a  live-load  of  5,000  lb. 
per  lin.ft.  of  track,  and  the  roadway  viaduct  for  a  live-load 
of  100  lb.  per  sq.ft. 

The  ground  is  low,  but  it  will  lie  filled  in  later  as  the 
city  (East  St.  Louis)  grows;  tlie  ])edestals  for  the  via- 
duct columns  are  therefore  carried  up  to  the  future  street 


were  top  large  for  the  steel  forms  in  liaiul  and  too  few 
ill  number  to.'warrant  purchasing  special  steel  forms.  Ow- 
ing Jo,  their  height  and  tapered  shape,  the  wet  (\merete 
exerted  an ; appreciable  ujiward  pressure  or  lift  u]ion  the 
fornis,  and  -yi-in.  anchor  bolts  were  built  into  the  footings 
for  the  attachment  of  the  forms.  In  one  or  two  cases 
the  fornis  shifted  and  had  to  be  secured  promptly,  and 
in  at  least  one  case  a  steel  form  rose  bodily  and  then  over- 
turned. 
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The  concreting  of  the  pedestals  was  done  with  a  port- 
able plant  consisting  of  a  car  carrying  the  mixer  and  bins. 
The  concrete  was  placed  with  drop-bottom  buckets  lian- 
dled  by  a  derrick  car.  One  of  the  truss  spans  is  at  a 
height  of  about  50  ft.  and  is  carried  at  each  end  by  a  pier 
having  an  arched  opening  in  the  central  portion  to  re- 
duce the  weight.  The  concrete  for  this  was  placed  by  an 
A-frame  derrick  handling  the  drop-bottom  bucket  with 
a  long  boom. 

For  the  truss  spans,  very  heavy  falsework  was  used,  in 
some  cases  having  double  bents  (braced  together)  placed 
between  the  tracks.  On  these  were  pairs  of  the  floor 
stringers  (for  the  viaduct  span)  iised  as  transverse  caps. 

Details  of  Floor  SysTEit 

Owing  to  increase  in  wheel  loads  since  the  structure 
was  first  designed,  it  has  been  necessary  to  strengthen 
the  railway  floor  system.  This  floor  will  have  an  o]ien 
deck  of  ordinary  construction,  with  rails  laid  on  wood 
ties  resting  upon  the  stringers. 

The  roadway  floor  construction  consists  of  a  concrete 
slab  resting  on  longitudinal  joists  and  girders  41/2  to  5 
ft.  apart.  The  concrete  is  extended  downward  to  inclose 
the  joists.  This  slab  carries  the  wood-block  paving.  The 
car  tracks  are  laid  at  the  sides  of  the  roadway  and  have 
90-lb.  T-rails  of  the  Am.  Soc.  C.  E.  section.  These  are 
carried  by  chairs  33  in.  apart  on  the  outside  girders  and 
the  15-in.  I-beam  joists.  These  chairs  have  insulating 
strips  and  top  clips  that  fit  over  the  rail  base.  On  the 
fill  at  the  end  of  the  roadway  approach  the  car  tracks  are 
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Note    the    way    In    which    the    Kirder    Is    held    by    clampH    on 
a   Hwlng   beam   carried    by    two   holatlng  lines  and    booms 


FIG.   4.    PEDESTALS  FOR  VIADUCT  BANK  AND  PIER  FOR 
TRUSS  SPAN 

laid  with  Carnegie  steel  ties  embedded  in  the  concrete 
base  for  the  paving. 

For  erecting  the  steel  viaducts  two  travelers  were  \iscd. 
both  running  on  the  structure,  as  shown  in  Figs.  1  and 
2.  They  were  of  steel  construction,  with  platforms  24x 
(15  ft.,  mounted  on  wheels  on  a  track  of  19l/^-ft.  gage. 
Outrigger  beams  on  each  side  of  the  platform  provided 
a  wide  base  for  stability  in  making  side  lifts.  Each  had 
two  masts  50  ft.  high  and  two  booms ;  the  length  of  the 
booms  was  100  ft.  on  one  machine  and  95  ft.  on  the 
other,  with  a  30-ft.  removable  section  in  the  middle.  For 
each  boom  there  was  a  two-cylinder  10xl3-in.  engine  with 
two  dnmis  and  four  winch  heads  operated  through 
clutches.  Two  of  the  winches  were  for  the  guy  lines 
used  in  swinging  the  booms  laterally. 

For  handling  long  and  heavy  pieces  both  hoisting  lines 
are  attached  to  a  swing  beam  or  equalizer  from  which 
the  load  is  suspended.  This  arrangement  is  shown  in 
Figs.  2  and  3.  The  heaviest  pieces  handled  were  38-ton 
girders  and  35-ton  top-chord  sections  for  the  middle  truss 
of  the  three-truss  bridge. 

The  traveler  with  100-ft.  booms  could  handle  30  tons 
at  GO-ft.  reach  with  each  boom.  The  one  with  95-ff. 
booms  could  handle  28  tons  at  50-ft.  reach.  There  were 
also  three  locomotive  cranes,  two  , with  (50-ft.  booms  for 
30-ton  load.s  Und  one  with  a  75-ft.  boom  for  60-ton  loads. 
xV  gantry  traveler  of  timber  construction,  sJiown  at  the 
left  in  Fig.  1,  was  used  in  erecting  the  two-truss  spans. 

The  Munloipnl  I':irctrlc-l..lKhtlnK  Pliint  of  Melbourne,  Aus- 
lialia.  was  establl.shed  by  the  Clly  Council  in  ISO'l.  The  city 
li.is  Invested  about  $5,000,000  in  the  plant,  and  Its  net  earn- 
uit;s  above  operatlnft  expenses  In  1915  were  $500,000.  After 
i.tyInK  Interest  and  slnklnfc-fund  charges  and  deducting  de- 
iieclatlon  and  reserves,  the  plant  made  a  net  profit  In  that 
■  ar  of  over  $200,000.  The  base  charge  for  current  la  7c. 
1"  r  kw.-hr.,  which  Is  the  lowest  In  Au.stralasia.  The  govcrn- 
iTicnt  of  Victoria  Is  now  proposing  to  take  over  this  municipal 
plant  and  operate  It  in  connection  with  the  city  street-rail- 
way lines.  This  change,  however.  Is  opposed  by  the  city 
authorities,  who  claim  that  since  the  city  has  established 
and  built  up  a  profitable  electric  business,  It  should  con- 
tinue to  own  and  control  It. 
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SYNOPSIS — This  Jtl-nii.  line  k  an  important 
link  for  a  high-speed  train  service,  and  its  con- 
struction includes  a  number  of  interesting  features. 
The  construction  work  and  the  ti/pes  of  bridges 
are  described. 

The  new  railway  between  Indianapolis  and  Frankfort, 
Ind.,  now  beinsr  biiilt  by  the  Vandalia  B.R.  (under  the 
name  of  the  Indianapolis  &  Frankfort  R.E.)  will  give  the 
Pennsylvania  System  a  direct  line  of  its  own  between 
Chicago  and  Indianapolis.  Although  only  41  mi.  in 
length,  it  will  be  an  important  link.  At  present  the 
Pennsylvania  has  a  route  from  Chicago  over  its  own 
line  (the  Panhandle)  to  Kokomo,  Ind.,  and  thence  by 
trackage  rights  over  the  Lake  Erie  &  Western  Ey.  to 
Indianapolis,  beyond  wliich  it  has  its  own  lines  again  to 
Cincinnati  and  Louisville.  The  new  route  will  be  over 
the  Panhandle  to  Logansport,  the  Vandalia  to  Frankfort, 
and  then  the  new  line  into  Indianapolis.  The  distance 
will  be  about  the  same,  but  the  traffic  facilities  will  be 
nuK-h  improved.    The  cost  will  be  about  $J:,000,000. 

The  line  rims  approximately  north  from  Indianapolis, 
and  connects  two  east-and-west  lines  of  the  Vandalia  E.R. 
It  has  an  ascending  grade  for  a  few  miles  from  each 
end,  and  then  crosses  flat  country.  The  maximum  grades 
arc  0.3%  northbound  and  0.5%  southbound.  There  are 
few  curves,  and  the  sharpest  of  these  are  only  1°,  except 
for  the  jimctions  at  either  end,  where  trains  run  at 
rediTced  speed. 

The  line  begins  at  Ben  Davis,  six  miles  west  of 
Indianapolis,  on  the  St.  Louis  division  of  the  Vandalia 
E.E.  It  runs  north  to  Lebanon  (27  mi.),  where  it  is 
elevated  but  keeps  on  the  outskirts  of  the  town.  Thence 
it  continues  to  Frankfort  (14  mi.),  connecting  with  the 
^lichigan  division  of  the  Vandalia  E.R.  at  a  little  distance 
wast  of  the  town.  Here  there  will  be  a  general  revision 
of  tracks.  There  are  no  other  towns  of  importance,  and 
only  a  few  local  stations  will  be  built. 

This  new  line  was  proposed  and  surveyed  about  four 
years  ago,  and  surveys  were  again  made  in  1914,  but 
definite  action  was  not  taken  until  1916.  Construction 
was  commenced  in  May,  and  it  is  expected  that  the 
line  will  be  put  in  operation  next  summer. 

Being  intended  for  heavy  and  high-speed  traffic,  all 
grade  crossings  of  railways  (steam  and  electrical)  and 
highways  are  avoided.  There  are  also  24  under-grade 
and  two  overhead  crossings  of  highways.  This  necessi- 
tates a  large  amount  of  bridge  work.  The  country  is 
mainly  flat,  with  some  rolling  groTind,  and  the  line  is 
mainly  on  fill  in  order  to  cross  above  roads  and  railways. 
The  cuts  and  fills  are  being  made  for  single-track  at 
present,  in  order  to  complete  the  connection  as  soon  as 
possible;  but  all  structures  are  built  for  double  track. 
The  heaviest  fill  is  on  the  six  miles  at  the  south  end 
of  the  line,  and  the -construction  of  this  was  described 
in  Engineering  News,  Oct.  26,  1916. 

The  earthwork  (for  single  track)  includes  about 
2,700,000  cu.yd.  of  fill,  230,000  yd.  of  cut  (e.xclusivc 
of  borrow-pits)  and  60,000  yd.  of  masonry  for  47  bridges 


(double  track).  There  will  be  33  concrete  bridges  and 
14  steel  bridges,  only  three  of  the  latter  having  truss 
spans. 

There  are  five  borrow-pits  and  all  the  excavation  is 
done  by  five  Bucyrus  steam  shovels.  Most  of  the  filling 
is  done  from  temporary  trestles,  using  standard-gage 
12-yd.  dump  cars  (averaging  10-yd.  loads).  Narrow- 
gage  equipment,  with  4-yd.  dump  cars,  is  iised  for  a 
borrow-pit  serving  some  of  the  lighter  work  near  the 
northern  end  of  the  line.  The  temporary  trestles  have 
bents  of  four  posts  (two  batter  posts)  and  two  diagonals, 
all  round  timbers  with  square  cap  and  sill.  Longitudinal 
bracing  is  placed  between  bents  at  intervals. 

The  width  of  roadway  at  subgrade  is  24  ft.  for  the 
present  single  track,  to  be  widened  to  36  ft.  for  double 
track,  with  tracks  spaced  13  ft.  c.  to  c.     In  some  places 
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three  tracks  are  to  be  provided,  the  third  being  a  relief 
track  for  freight  traffic,  and  near  Frankfort  there  will 
be  a  four-track  section.  The  tracks  will  be  laid  with 
100-lb.  rails  and  white-oak  ties,  with  24  in.  of  gravel 
ballast  under  the  ties.  The  slopes  of  the  fills  are  1  on 
11/2-  and  probably  these  will  be  sown  with  clover.  The 
right-of-way  averages  100  ft.  in  width,  and  is  inclosed 
with  woven-wire  fencing  on  galvanized  steel  posts  of 
circular  section.  Lugs  stamped  out  of  the  steel  serve 
to  hold  the  fence  wires.  This  fence  is  topped  with  a 
single  strand  of  the  very  heavy  barbed  wire  designed 
for  use  in  entanglements  on  the  European  battlefields. 

At  the  crossing  of  the  Cincinnati,  Indiana])olis  & 
Western  Ey.,'  near  Indianapolis,  the  grade  of  this  line 
was  lowered  (to  a  maximum  of  5  ft.)  for  a  distance 
of  about  4,000  ft.,  in  order  to  avoid  undue  height  of 
fill.  This  was  done  at  the  expense  of  the  Vandalia  E.E., 
and  was  the  more  easily  arranged  since  it  improves  the 
grade  of  the  older  line. 

Bridge  Design  and  Construction 

Three  interesting  features  in  regard  to  the  bridges  are 
the  number  and  variety  of  these  stnictures,  tlie  use  of 
concrete  arches  for  the  standard  highway  crossings,  and 
the  attention  gi\cn  to  the  effective  appearance  or  orna- 
mentation of  the  bridges. 

The  concrete  is  made  with  washed  and  graded  gravei, 
but  as  the  fine  and  coarse  materials  tend  to  sogresrate 
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during  shipment,  a  stock  of  sand  is  kept  on  hand  in 
case  the  gravel  as  delivered  should  be  foiind  to  have  too 
small  a  proportion  of  fine  aggregate.  In  some  cases 
gravel  is  used  for  concrete  in  the  lower  portions  and 
stone  for  that  in  the  upper  portions.  The  mix  is  1:2:4 
for  reinforced  work  and  1:3:6  for  footings.  About  10% 
(by  weight)  of  hydrate  of  lime  is  added  to  the  cement 
in  order  to  make  the  concrete  dense  and  waterproof,  and 
to  make  it  flow  readily  around  the  reinforcing  bars 
without  being  made  too  wet  or  sloppy.  The  arches  and 
flat-top  spans  are  waterproofed  with  Barrett,  ^linwax  and 
Lewis  compositions.  Over  this  is  2  in.  of  concrete,  with 
expansion  joints.  The  backs  of  abutments  and  wing 
walls  are  given  a  single   coat  of  tar. 

For  exposed  surfaces,  the  only  treatment  during  con- 
struction is  to  spade  the  coarse  material  away  from  the 
face  of  the  form.  After  removal  of  the  forms,  these 
exposed  surfaces  are  rubbed  down  with  a  cement  brick 
and  water  and  painted  with  a  thin  cement  grout.  This 
gives  a  smooth  surface  of  uniform  color.  The  rubbing 
brick  is  made  of  a  1:3  mix  of  cement  and  sand. 

An  effective  appearance  of  the  concrete  and  spans  is 
ubtained  with  very  simple  treatment.  The  spandrels 
have  panels  outlined  with  V-grooves,  all  edges  are 
chamfered,  and  the  copings  of  bridge  and  wing  walls 
are  unusually  deep  and  massive.  At  the  crown,  beneath 
the  coping,  is  the  date  (1916),  and  an  unusual  feature 
is  that  the  figures  are  raised  instead  of  being  sunk  in 
the  concrete,  as  is  the  usual  practice.  This  requires 
special  care  in  the  removal  of  the  form.  On  some  of 
these  structures  the  raised  figures  are  reinforced  by  V^-i^- 
horizontal  rods,  which  are  wired  to  the  main  reinforcing 
rods  and  project  slightly  into  the  figures. 

As  a  rule,  the  arches  are  built  for  full  width  in  one 
operation.  In  some  cases,  where  the  supply  of  material 
was  insufficient  for  this,  they  were  built  in  parallel 
sections   or   ribs,   with   no   bonding   between    them. 

The  standard  highway  bridge  has  an  arch  of  40  ft. 
span  and  8  ft.  rise,  with  a  clearance  of  16  ft.  at  the 
center  and  a  width  of  32  ft.  bet\veen  curbs  »r  parapet 
walls.  The  arch  is  a  true  ellipse.  For  the  crossing  of 
the  old  National  Ifoa<l  (near  Indianapolis)  a  50-ft.  arch 
span  is  used,  with  ornamental  parapet  walls  which  are 
cast  in  place.  The  Sugar  Creek  bridge  has  three  65-ft. 
elliptical  arches.  Instead  of  a  parapet  wall  there  are 
concrete  posts  carrying  a   railing  of  two  lines  of  pipe. 

Fl.vt  Sl.vbs  Also  U.sed 

Flat-slab  spans  of  I-beams  and  concrete  are  used  where 
headway  conditions  do  not  permit  of  arches.  An  in- 
teresting .«tructuro  of  the  flat-deck  type  is  a  two-span 
bridge  near  In<lianapolis  which  has  a  35-ft.  span  over 
the  Rockville  road  and  a  27-ft.  span  over  the  Danville 
interurban  line  of  the  Terre  Haute,  Indianapolis  & 
Eastern  Ry.,  which  runs  alongside  the  road.  The  outside 
girders  have  curved  ends  resting  on  the  abutments  an<I 
center  pier.  Rectangular  boxes  of  reinforced  concrete 
are  used  for  large  culverts  and  for  private  farm  open- 
ings or  cattle  pa.sscs.  These  range  up  to  18x10  ft.  For 
pniailer  openings,  21  to  48  in.  ca.st-iron  pipe  is  used. 
This  is  either  ordinary  pipe  or  special  culvert  pipe  of 
the  lock-joint  type-,  in  «-ft.  lengths.  At  drainage  ditches, 
30-ft.  deck-girricr  spans  on  concrete  abutments  arc  used, 
so  that  these  can  be  removed  by  a.  derrick  car  to  permit 
the  passage  of  dredtrc  boats   (jus  required  by  law).     For 


some  of  the  steam  and  electric  railway  crossings,  there 
are  steel  truss  spans  of  about  124  to  180  ft.  ■  There  is 
only  one  girder  span,  81  ft.  long.  The  bridges  over 
steam  railways  require  high  abutments,  as  a  clearance  of 
22  ft.  is  required  by  law. 

Another  interesting  stnicture  will  be  a  highway  bridge 
over  the  four-track  line  near  Frankfort.  This  will  have 
a  central  plate-girder  span  with  wood  floor,  su]iporteil 
on  concrete  bents,  while  the  side  spans  (over  the  slopes 
of  the  cut)  will  be  of  concrete  slab  and  beam  construction. 

The  formation  is  mainly  stiff  clay,  with  some  gravel, 
but  in  some  places  the  clay  is  verj'  .soft.  For  bridge 
foundations  20-ft.  timber  piles  are  used,  driven  14  to 
18  ft. :  but  40-ft.  piles  are  required  where  the  ground 
is  soft.  The  spacing  is  generally  36  in.  c.  to  c,  or  33  in. 
in  soft  soil. 

For  deliver}'  of  materials,  spur  tracks  are  laid  from 
the  .several  railways  crossed,  and  carried  along  the 
right-of-way. 

Co>f.sTRUCTioN    Methods 

In  view  of  the  large  number  of  bridges  and  the 
necessity  for  pushing  this  work  rapidly,  the  contractors 
installed  several  concreting  plants,  but  (as  noted  above) 
scarcity  of  labor  prevented  all  of  these  being  operated 
simultaneously.  Most  of  these  were  fixed  plants  with  1-yd. 
drum  mi.xers,  and  timber  elevator  towers  with  booms  and 
spouting  of  the  Insley  design.  The  booms  were  mainly 
of  timber,  .«o  built  that  the  main  spout  from  the  towei- 
passed  through  the  boom  and  had  its  outer  end  suspended 
from  the  end  of  the  latter.  In  this  way  the  boom  and 
spout  were  raised  and  lowered  as  a  unit. 

At  Lebanon  there  are  several  bridges  (of  various  types) 
within  a  short  distance,  and  for  this  work  a  portable 
concreting  plant  was  rigged.  It  consisted  of  a  flat  car. 
with  elevator  t«wer  at  one  end,  50  ft.  high  above  the 
car  floor,  with  the  guides  or  leads  extending  nearly  to 
the  ground,  so  that  the  bucket  could  drop  beneath  the 
floor  level  to  receive  concrete  directly  from  the  %-yd, 
Lakewood  mixer  at  this  end  of  the  car.  Behind  the 
mixer  was  a  24-yd.  storage  bin,  with  floor  sloping  for- 
ward, so  that  the  material  was  chuted  to  the  charging 
hopper  of  the  mixer  when  lowered  to  rest  on  the  floor 
of  the  car.  Behind  the  bin  and  at  the  rear  end  nf  the 
car  was  a  hoisting  engine  and  vertical  boiler,  and  also 
a  .separate  boiler  for  the  mi.xer  engine.  The  concrete 
material  was  handled  from  cars  or  stockpile  to  the  bin 
by  means  of  a  locomotive  crane  with  grab  hucket.  This 
machine  was  used  also  to  unload  coal,  and  to  do  the 
excavating  for  the  bridge  foundations  at  this  point. 

In  the  arch  falsework  the  lagging  is  carried  on  three- 
segment  plank  ribs  supported  on  three  lines  of  square 
posts  connected  by  transverse  diagonal  bracing.  Three 
sills  (at  right  angles  to  the  tracks)  are  laid  on  the 
unexcavated  core  between  the  sidewalks,  and  on  these  arc 
round  post,s  about  4  ft.  high  supporting  heavy  longi- 
tudinal caps  of  square  timber.  The  posts  of  the  centering 
are  carried  by  these  caps,  each  ]X)st  resting  on  a  pair 
of  wedges  which  jjrovide  for  adjustment  and  for  releasing 
the  centering  after  the  arch  <oncrcte  has  set  The  con- 
crete is  left  usually  for  28  days  before  this  is  done.  The 
lilank"  ril)s  of  the  centering  iire  spaced  30  in.  c.  to  c. 

The  contract  for  the  entire  construction  was  let  to 
the  Dunn  &  McCarthy  Co..  of  Chicago,  which  is  doing 
all   the  work  with   its  own   forces   (without  subletting). 
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Labor  has  been  hard  to  get  and  hard  to  keep,  and  progress 
has  been  delayed  in  this  way.  To  expedite  the  work 
numerous  concreting  plants  were  installed,  but  several 
of  these  were  idle  at  times  owing  to  lack  of  men.  There 
are  seven  camps  on  the  work.  The  contractor  has  a 
superintendent  on  each  residency  and  a  general  super- 
intendent for  the  entire  work.  The  railway  company 
furnishes  rails  for  the  temporary  tracks,  and  also  the 
cement,  reinforcing  bars  and  hydrate  of  lime.  The 
contractors  furnish  gravel,  form  material,  ties,  spikes  and 
track  bolts,  and  use  their  own  excavators,  dump  cars, 
locomotives   and   concreting   plants. 

The  line  is  divided  into  four  residencies,  with  Resident 
Engineers  as  follows:  A.  F.  Dye,  6  mi.  (at  Indianapolis 
end);  H.  L.  Hodges,  10  mi.:  W.  N.  Nickerson,  11  mi.; 
Will  Duncan,  14  mi.  H.  T.  'Wliitney  is  Engineer  in 
Charge,  and  W.  R.  Britton  is  Assistant  Engineer  in 
Charge. 

In  connection  with  this  new  line  improvements  will 
be  made  on  the  pressent  line  of  the  Vandalia  R.R.  from 
Logansport  to  Frankfort.  37  mi.  Grades  will  be  reduced 
to  a  maximum  of  0.3%  southbound  and  0.57o  north- 
bound. It  is  being  double-tracked  at  each  end,  and  this 
work  will  be  extended  over  the  entire  distance  within 
two  years.  There  will  be  also  a  rearrangement  of 
terminals  at  Logansport  to  improve  the  connection  with 
the  new  line. 

This  work  is  being  done  by  Culbertson  &  Son,  of 
Cleveland,  Ohio,  who  are  using  two  steam  shovels  with 
Si^-yd-  buckets,  and  trains  of  12-yd.  dump  cars.  The 
work-train  locomotives  are  rented  from  the  railway.  In 
widening  on  grade  reduction  a  single-track  cut  at  the 
new  grade  is  cut  through,  and  track  laid  in  it.  Then 
the  old  track  is  torn  up,  and  the  steam  shovel  widens 
the  cut  for  the  second  track.  At  road  crossings,  the 
fill  is  leveled  and  spread  by  slip  scrapers.  This  improve- 
ment work  is  under  the  direction  of  H.  C.  Johnson, 
Division  Engineer. 

The  construction  of  the  new  line  and  the  improvement 
of  the  present  line  are  under  the  direction  of  F.  T.  Hatch, 
Chief  Engineer,  and  jMaurice  Coburn,  Principal  Assistant 
Engineer,  of  the  Vandalia  R.R.  The  bridges  were  de- 
signed by  J.  E.  Starbuck,  Bridge  Engineer  of  this 
railway. 

Lfiglhilaiag  FtrengfeiU  Yards 

The  lighting  of  freight  yards  is  an  im])ortant  matter 
in  railway  service,  not  only  to  increase  the  rapidity  and 
efficiency  of  operation  of  the  yards,  but  also  to  reduce 
the  damage  to  freight  and  equipment.  In  a  report  pre- 
sented at  the  recent  annual  meeting  of  the  Association  of 
Railway  Electrical  Engineers  it  was  shown  that  the 
lights  may  bo  supported  either  by  towers,  poles  or  cate- 
nary construction.  Towers  nuiy  be  built  to  any  desired 
height,  and  the  cost  per  foot  of  height  decreases  as  the 
height  increases.  As  a  rule  this  system  is  not  economical, 
on  account  of  the  high  cost  and  the  possibility  of  future 
changes  or  removal  of  the  yards,  which  would  make  the 
towers  useless.  Catenary  construction  is  excellent  in  al- 
lowing proper  location  of  units,  but  is  expensive  and  sub- 
ject to  rapid  deterioration. 

For  wide  spacing  of  units,  towers  or  poles  are  the  most 
economical— poles  being  preferable  in  the  majority  of 
cases.  For  close  spacing  of  units,  catenary  construction 
is  the  chcai)est  and  most  satisfactory.     The  usual  space 


between  pole.s  for  distribution  lines  is  about  100  ft.,  and 
the  most  economical  installation  will  use  these  poles  for 
supporting  the  lighting  units.  This  would  allow  light.s 
to  be  placed  either  100  ft.  or  200  ft.  apart  and  approxi- 
mately 3.-)  ft.  high  (3.5  ft.  being  the  most  practical  mount- 
ing height  on  wood  poles). 

^  Yard  lighting  is  of  most  importance  in  relation  to  classi- 
fication yards,  and  a  typical  arrangement  of  units  for 
such  a  yard  (operated  by  gravity  switching)  is  shown  in 
Fig.  1.  The  lights  on  the  approach  to  the  summit,  or 
liunip,  should  be  spaced  as  shown  in  Fig.  2,  being  placed 
on  that  side  of  the  track  from  which  the  car  cutters  op- 
erate, and  at  a  distance  from  the  track  equal  to  one-third 
their  height.  The  lamp  should  be  covered  by  a  reflector 
to  screen  the  light  from  the  trainmen's  eyes  and  prevent 
its  interference  with  signals.     On  the  ladder  tracks  the 

Bociy  of  Yard 


'  Deep  Bom/ FeflecionsyvM  SOP-wcr^fLir  ^ 
"  PrismaHc  Reffeehrs  with  SOO-walfLcimps 

FIG.    1.     PLAN  OP  TYPICAL  ARRANGEMENT   OF   LIGHTS 
FOR  CLASSIFICATION  YARD 

spacing  should  not  exceed  that  given  in  Fig.  2  (75% 
of  this  distance  is  preferable)  ;  the  lights  should  be  placed 
as  close  to  the  switches  as  possible  and  every  switch  should 
have  a  light  within  40  ft.  In  the  body  of  the  yard  the 
lights  in  each  row  should  be  spaced  as  in  Fig.  2,  and  the 
spacing  of  the  rows  .should  not  exceed  the  distance  there 
given  (75%  of  the  distance  being  preferable).  The 
lights  in  adjacent  rows  should  be  staggered. 

In  repair  yards  the  endeavor  should  be  to  have  each  car 
evenly  lighted  on  the  roof  and  sides,  and  as  much  light 
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FIG.  2.    DIAGRAM  FOR  HEIGHT  AND  SPACING  OF  LIGHTS 
IN  CLASSIFICATION  YARDS 

a.s  possible  thrown  under  the  car.  There  should  be  a  row 
of  lights  in  each  space  between  the  tracks,  with  a  height 
of  16  ft.  and  a  spacing  of  about  30  ft.  Tungsten  lamps 
of  100  or  200  watts  are  best  for  this  service,  with  a 
shallow  dome  reflector  that  covers  the  filament  to  about 
10°  below  the  horizontal.  For  storage  yards,  all  that  is 
needed  is  general  illumination  sufficient  to  permit  safe 
passage  among  the  cars  and  to  discourage  lawlessness.  A 
system  similar  to  that  recommended  for  the  body  of  a 
classification  yard  is  .satisfactory,  although  a  lower  inten- 
sity of  illumination  may  be  permitted.  Another  method 
is  to  use  searchlights  or  projectors  at  one  or  both  ends  of 
the  yard,  throwing  the  light  down  between  the  rows  of 
cars,  but  this  is  objectionable  on  account  of  the  glare. 

Flood  lighting  for  yards  was  suggested  in  the  discus- 
sion. W.  J.  Davis,  of  the  American  Lighting  Co.,  con- 
sidered this  sysfem  efficient  and  economical   for  freight 
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yards,  and  probably  superior  to  other  systems.  At  each 
end  of  the  yard  would  be  a  battery  of  flood-light  units, 
at  a  height  of  not  less  than  75  ft.,  and  so  mounted  that 
the  beam  of  light  would  be  practically  horizontal.  This 
arrangement  would  flood  the  whole  yard  with  a  soft  and 
uniform  light.  On  the  other  hand,  J.  L.  Minick,  Penn- 
sylvania R.E.,  did  not  consider  this  system  suitable  for 
general  use.  In  classification  yards,  for  instance,  spot 
lighting  for  each  switch  is  necessary,  and  flood  lighting 
would  not  meet  the  requirements. 

That  the  great  Horseshoe  Fall  on  the  Canadian  side 
of  the  Niagara  Eiver  appears  to  be  delivering  now  a 
much  smaller  volume  of  water  than  it  did  a  score  of 
years  or  more  ago,  is  the  testimony  of  many  observers. 
The  responsibility  for  the  diminution  in  the  great  cataract 
has  been  almost  universally  laid  upon  the  diversion  of 
water  from  the  river  for  use  in  power  development. 
Based  on  the  general  acceptance  of  this  theory,  a  powerful 
body  of  public  opinion  has  been  arrayed  against  the 
proposition  to  divert  additional  amounts  of  water  from 
the  cataract  for  power  development. 

This  opposition  has  been  so  influential  that  there  has 
been  general  acceptance  of  the  idea  that  further  diversion 
should  not  be  permitted;  and  for  the  past  three  or  four 
years  attention  has  been  directed  to  schemes  for  obtaining 
power  from  other  sources  at  Niagara,  such  as  the  Whirl- 
pool Rapids  below  the  falls. 

John  Lyell  Harper,  a  well-known  engineer,  has  just 
published  a  pamphlet  entitled  "The  Suicide  of  the 
Horseshoe  Fall,"  in  which  he  maintains  that  the  apparent 
diminution  in  the  flow  of  water  over  the  Horseshoe  Fall 
is  not  due  chiefly  to  the  comparatively  small  percentage 
of  water  diverted  for  power  purposes,  but  to  gradual 
changes  in  the  contour  of  the  precipice  over  which  the 
water  flows,  the  effect  of  which  is  to  concentrate  the  flow 
in  the  center  of  the  river  so  that  a  much  smaller  pro- 
portion than  formerly  is  discharged  over  the  precipice 
at  the  sides  of  the  fall. 

The  accompanying  drawing,  reproduced  from  Mr. 
Harper's  pamphlet,  makes  apparent  the  great  changes 
which  have  taken  place  in  the  outline  of  the  Horseshoe 
Fall  during  the  past  75  years.  While  the  precipice  on 
the  Goat  Island  side  is  practically  unchanged,  the  rapid 
erosion  going  on  at  the  toe  of  the  horseshoe  has  moved 
the  precipice  at  that  part  of  the  fall  a  considerable 
distance  upstream. 

The  visitor  at  Niagara  who  views  the  fall  from  Goat 
Island  now  sees  a  huge  mass  of  solid  green  water  plung- 
ing over  the  precipice  at  the  toe  of  the  horseshoe,  while 
only  a  thin  veil  of  water  flows  over  at  the  sides.  It  is 
obvious  that  with  the  concentration  of  the  flow  in  the 
center  of  the  stream,  erosion  there  tends  continually  to 
become  more  and  more  rapid,  and  the  concentration  of 
flow  at  that  point  becomes  still  greater.  Mr.  Harper 
says : 

An  entire  cessation  of  the  diversion  of  water  from  the 
river  for  power  would  not  retard  the  self-destruction  of  the 
horseshoe  form,  but  would  rather  tend  to  accelerate  it.  No 
negative  action  can  preserve  the  horscthoe,  but  positive  ac- 
tion must  be  tal<en  with  courage  and  IntelllKence.  and  a.s  soon 
as  pos8l)>Ie,  so  that  the  greatest  scenic  spectacle  In  the  United 
States  may  not  be  allowed  to  commit  suicide. 

It  should  be  the  policy  of  those  controlling  the  falls  at 
Niagara  to  have  constructed  In  the  bed  of  the  river,  above  the 


Horseshoe  Fall,  invisible  current  deflectors  which  would 
make  impossible  the  gathering  of  the  whole  river  into  a  deep 
narrow  gorge,  and  would  again  deflect  the  water  over  to 
the  sides  and  heels  of  a  reestablished  horseshoe.  This  would 
not  only  improve  the  present  spectacle,  but  would  cause  the 
whole  contour  of  the  fall  to  wear  uniformly,  so  that  coming 
generations  in  viewing  its  beauty  may  also  have  before  their 
eyes  the  emblem  of  good  luck. 

Mr.  Harper  further  points  out  that  the  American  Fall, 
on  the  eastern  side  of  Goat  Island,  delivers  only  5% 
of  the  total  flow  of  the  river,  yet  it  forms  at  least  a 
quarter  of  the  total  scenic  spectacle.  If  the  flow  of  the 
river  in  the  Canadian  channel  were  spread  around  the 
whole  length  of  the  horseshoe,  as  it  is  along  the  crest 
of  the  American  Fall,  ilr.  Harper  believes  that  not  more 
than  35%  of  the  total  discharge  of  the  river  so  distributed 


CATARACT   AT   NIAG.\RA    SHOWING   THE    RECESSION   OF 
THE  HORSESHOE  FALL  SINCE  1S42 

LENGTH  OF  CREST  LINE  OF  HORSESHOE  FALL 

1842 2,030  ft. 

1875 2,350  ft. 

1890 2,750  ft. 

1905 2,850  ft. 

1916 3,020  ft. 

would  cover  the  entire  precipice  at  the  Horseshoe  Fall 
with  a  cascade  more  than  twice  as  deep  as  that  of  the 
present  American  Fall,  and  would  produce  a  scenic  effect 
equal  in  grandeur  and  greater  in  extent  than  the  present 
fall. 

Mr.  Harper  is  Chief  Engineer  of  the  Hydraulic  Power 
Co.  of  Niagara,  and  is  a  member  of  the  American 
Societies  of  Mechanical  Engineers,  Civil  Engineers,  and 
Electrical  Engineers,  and  the  electrochemical  society. 
He  makes  no  suggestion  in  his  pamphlet  as  to  the 
methods  by  which  the  "invisible  current  deflectors"  which 
he  proposes  could  be  constructed  in  the  bed  of  the  river 
above  the  Horseshoe  Fall.  Those  who  have  visited 
Niagara  and  witnessed  the  wild  torrent  of  water  which 
sweeps  down  the  rapids  above  the  falls  can  form  a  con- 
ception of  the  heroic  task  that  would  be  involved  in 
building  any  structure  in  those  seething  waters  which 
could  withstand  them. 

The  importance  of  the  matter  brought  forward  by 
Mr.  Harper,  however,  certainly  challenges  attention.  No 
one  will  seriously  question  the  desirability  of  utilizing 
Niagara's  power  as  a  great  national  or  international 
resource,  .«o  far  as  it  can  be  done  without  serious  inter- 
ference with  its  beauty  as  a  spectacle.  Even  an  amateur  in 
hydraulic  engineering  can  see  that  Jlr.  Harper'.s  diagnosis 
of  the  chief  cause  of  the  lessening  in  beauty  of  the 
Horseshoe  Fall  has  every  element  of  probability  in  its 
favor;  and  it  is  evident  that  the  deterioration  of  the  fall 
is  likely  to  proceed  at  an  accelerated  pace  unless  .some- 
thing is  done  to  restore  the  conditions  of  a  century  ago. 
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Illustrations  of  piledrivers  built  by  railways — Dynamite  increases  flow  of  well  from  3§  to  22  gal.  per 

min. — Concreting    train   for    street-railway  work — Improvised    dragline — Simple    azimuth 

determination — Placing   assembled   coffer-dam — Heavy   haulage  for    tractor 
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The  two  general  types  of  track  piledrivers  are  the  turu- 
lable  driver  and  the  boom  driver.  A  turntable  driver, 
ik'si.trned  and  built  liy  the  En,t,Hnpering  Department  of  the 
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FIG.  1.    OLD  STYLE  DERRICK  CAR  AND  PILEDRIVER  X-20 
OP  ILLINOIS  CENTRAL 

Horn  connection  on  boom  end  holds  lead  to  boom  when 
driving  piles.  Lifting  capacity  of  15  tons.  Data  from  A.  S. 
Baldwin.    Chief  Engineer.    I.   C.    R.R. 

Chicago,  Milwaukee  &  St.  Paul  Ry.,  has  as  a  special 
feature  a  pair  of  rockers  which  serve  as  a  support  for  the 
leads  while  they  are  being  raised  and  lowered.    This  pile- 


driver  is  self-contained,  no  idler  car  being  required  during 
transportation.  The  forward  reach  is  18  ft.  and  the  side 
reach  30  ft.  This  driver  is  used  with  both  steam  and 
drop  hammers.  It  is  illustrated  in  Fig.  4  (right-hand) 
equipped  with  a  4,000-lb.  drop  hammer  and  65-ft.  leails. 


GRAND  TRUNK   PILEDRIVER   BUILT   OF 
OLD-BRIDGE  MEMBERS 


Grand  Trunk 


IIG.    a.     BUSINESS    END    OF    MILWAUKEE    PILEniU Vi:!! 
WITH   PENDULUM  LEADS  FOR  LONG  PILES 

Mia  furnished  by  C.  F.  Loweth,  Chief  Engineer,  Chicaco,  Mil- 
waukee &  St.  Paul  Railway  Co. 

'I'iic  Orand  Trunk  Ry.  also  is  using  piledrivers  of  il-^ 
i.Hii  design  and  built  in  the  company  shops.  Fig.  'i 
shows  this.  An  auxiliary  deck,  .swinging  about  the  cen- 
ter of  tile  car.  carries  leads,  boiler  and  engine.  The  leads 
iiiav  lie  raised  or  lowered,  by  shifting  the  haninier.    The 
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FIG.  4.    MTT.WAUKKE  DERRICK  CAR  EQUIPPED  WITH  76- 
FT.    (LEFT. VIEW)    AND   65-FT.    (RIGHT)    LEADS 

Photographs  from  C.   F.  Loweth,  Chief  Engineer,  C.  M.  &  St 
P.    Ry.,    Chicago 

driver  can  be  moved  in  a  half-minute  after  drivinsr  ha; 
stopped.  Tile  ear  is  propelled  by  double  reversible  en- 
gines attaclied  to  the  underside  of  the  car  sills  and  con- 
nected to  the  axles.     It  is  equipped  with  airbrakes. 

Good  examples  of  the  boom  type  of  piledriver  are  in  use 
on  the  Illinois  Central  K.R.,  having  been  designed  and 
I  uilt  Ijy  that  company.  These  are  really  bridge  erection 
derricks,  and  are  used  to  considerable  extent  for  that 
purpose  and  for  handling  and  unloading  heavy  material. 
The  piledriviiig  equipment  consists  of  a  set  of  leads  swung 
from  tlie  end  of  a  40-ft.  boom  for  use  witli  drop  hammers 
end  a  50-ft.  boom  for  use  with  steam  hammers.  Piles  may 
be  driven  30  ft.  ahead  of  the  forward  axle  and  21  ft.  from 
the  center  of  the  track,  provided  an  outrigger,  consisting 
of  block-and-fall,  is  put  out  on  the  opposite  side.  The 
latest  of  these  cars  are  l)uilt  of  steel,  with  the  exception  of 
(lie  floor  and  house.  They  are  equipped  with  chain  propel- 
lers and  air  brakes,  and  some  of  them  have  sufficient  air 
capacity  to  operate  pneumatic  tools. 

Another  rig  of  the  kind  just  described  was  designed  for 
drivinj;  70-ft.  foundation  piles  on  the  Chica^ro,  Milwaukcse 
&  St.  I'aul  Ry.    The  iioom  is  of  steel  pipe,  while  the  7G-ft. 


leads  arc  pin-connected  at  the  top  and  connected  to  the 
liottom  of  the  boom  by  an  adjustable  steel  frame.  With 
ihis  equipment  thirty  long  piles  could  be  driven  in  a  10-hr. 
shift.    It  is  illustrated  in  the  left-hand  view  of  Fig.  4. 


Ds^Eaacmiflftfliag  a  Deep  Wei 
5  thie  Flo'w 


A  water  well  near  Kennett  Square.  Penn.,  was  "shot" 
a  short  time  ago  to  increase  the  flow.  It  was  600  it 
deep,  started  at  the  top  of  a  hill  of  elevation  460  ft. 
G.  F.  Alderson,  Kennett  Square,  describes  the  work  in 
Engineering  and  Mining  Journal.  After  drilling  through 
84  ft.  of  stiff  clay  and  hardpan,  solid  rock  was  encoun- 
tered with  successive  strata  as  follows: 


Ft. 

121.0  Gray  granite  wi 

90  0  pentine  seams. 

17.5  Gray  granite. .. . 

12    Blue  granite 

47  8  Gray  granite ... . 

17.5  Bastard  granite . 
10  0 

10.0       Total 


Ft. 

2  0 
40  0 

3  0 
72  0 
84.0 


Sand  rock 

Flint  rock 

Blue  granite 

White  quartz 

CJriiy  granite 

Blue  granite 

Gray  granite  with  quartz  seams 

Blue  granite  broken 10.0       Total 516  0 

An  8-in.  steel  casing  was  sunk  to  rock  and  grouted  to 
exclude  surface  drainage;  the  hole  through  the  rock  was 
6  in.  At  600  ft.  the  flow  was  measured  and  found  to 
he  only  3%  gal.  per  min.  To  go  deeper  would  mean 
expensive  pumping  equipment.  It  was  thought  that  a 
(liseharge  of  nitroglycerin  would  shatter  some  of  the 
\i  ;iter-bearing  strata. 

Indications  were  that  the  stream  supplying  the  well  was 
.iliQut  320  ft.  below  ground  level.  Just  below  this  point 
i  he  well  was  bridged  by  means  of  a  ball  of  stiff  wire  forced 
to  the  desired  depth.  Concrete  was  placed  upon  this.  Mr. 
Alderson  describes  the  shooting,  as  follows:  "A  special 
Type  of  solidified  nitroglycerin — which  is  commonly  used 
lor  shooting  oil  wells — formed  the  charge,  which  eon- 
.<isted  of  190  qt.  The  explosive  was  packed  in  10  tubes, 
'>'%  in-  in  diameter  and  7  ft.  long.  These  were  placed  in 
the  well  one  above  another,  and  the  whole  was  discharged 
by  dropping  a  jack  squib  downi  the  well. 

A  column  of  water  500  ft.  high  was  blown  from  the 
well,  following  which  the  latter  was  tested.  The  test 
pump  working  continuously  for  7  hr.  pumped  10,000 
gal.,  which  was  at  the  rate  of  22  gal.  per  niiu. 
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FIG.    S.     STANDARD    STEEL    PILEDRIVER    OF    ILLINOIS 
CENTRAL  R.R. 

Loads  are  connected  on  end  of  boom  by  n  pair  of  1uk.s  and 
boltH.  .Machine  (X-24)  has  lifting  capacity  of  3!>  ton8  and  one 
or  two  steam  hammtTs  can  lie  operated;  capacity  Is  40  wood 
piles  or  3.'i  concrete  plies  per  day.  Data  furnlsiied  l>v  A.  S. 
lialilwin.    Chief    Janglneer,    Illinois    Central    R.R. 
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Coiracife^ljag  Ts'^ilJa   fos'  StlPeet°  forward  end  of  this  car_  is  an  inclined  bucket  elevator. 

Tra     "Ti                •asr„„Es-  v.'hich  receives  the  material  from  the  conveyor  belt  noted 

holow  and  delivers  it  to  a  charging  hopper. 
A  concreting  train  of  specially   interesting  design   is  The  mixer  Car  is  shown  in  Fig.  2  with  the  converter 
used  by  the  Detroit  United  Ky.  for  building  the  concrete  and  one  of  the  gravel  cars  at  the  right.     At  one  end 
base  for  tracks  in  paved  streets  at  Detroit,  Mich.  of  the  upper  deck  is  a  Standard  carrying  a  trolley  pole. 
At  tlie  rear  end  of  the  train  is  a  35-ft.  steel-frame  At  the  opposite  end  is  a  platform  for  the  men  who. con- 
motor  car  carrying  a  2-yd.  mixer  of  the  drum  type.    Tlie  trol  the  supply  of  aggregate,  feed  the  water  and  dump 


FIG.    1.     MATERIAL   END    OF   CONCRETING   TRAIN   AT   DETROIT 
The  two  cars  drop  gravel  upon  a  belt  conveyor  which  delivers   the   material  to  the  mixer  car  at  the  left 

charging  side   is   inclosed   in   order   to   avoid   dust   from  the  cement  into  the  hopper.     Tliere  are  two  men  on  the 

the  cement,  etc.     On  the  discharge  side  the  concrete  is  mixer  car. 

delivered  into  an  inclined  chute  and  deposited  between  The  forward  end  of  tlie  train  consists  of  a  series  of 

the  rails,  directly  under  the  (viiicr  of  the  mixer.     At  the  seven  four-wheel  steel-frame  trucks  carrying  a  belt  con- 


1   I    ,.    __  i:    .       ,■    .  .       .     ■■   .    r  i    1  r,<:    -I  i;  \  IV   -\    Tin:    im:ti:^  't  I  i:AII.WAYS 

Next  to  this  car  is  a  truck  carrying  the  head  of  a  conveyor  bell  which  travels  under  the  dump  car  shown  at  the  extreme  rig-ht 
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veyor  3(5  in.  wide  and  80  ft.  long.  They  also  carry  a 
Btandard-gage  track,  the  end  of  which  is  connected  with 
the  surface  track  by  an  incline  (with  inclination  of  1 
in  3)  supported  by  structural-steel  frames.  Feather  rails, 
resting  on  the  surface  track  rails,  form  the  forward  end 
of  the  incline.  This  part  of  the  concreting  train  is 
shown  in  Fig.  1.  The  rear  truck  of  the  portable  con- 
veyor (which  is  next  to  the  mixer  car)  carries  the  driv- 
ing mechanism  and  the  tripper  or  chute  for  discharging 
the  material  from  the  end  of  the  conveyor  belt,  as  shown 
at  the  right  in  Fig.  2. 

The  track  being  blocked  up  to  grade,  the  train  is  run 
upon  it.  A  motor  car  then  pushes  onto  the  track  over 
the  portable  conveyor  two  hopper-bottom  gondola  cars, 
each  holding  about  30  yd.  of  graded  gravel  and  sand. 
The  hoppers  are  opened  gradually,  and  the  contents  fall 
upon  the  conveyor  belt.  This  delivers  the  material  to 
the  elevator,  which  in  turn  delivers  it  to  the  charging 
hopper.  This  supply  is  sufficient  for  one  shift,  and  be- 
tween the  shifts  empty  cars  are  removed  and  loaded  ones 
put  in  place. 

As  the  concrete  is  spouted  into  place,  the  train  backs 
away,  and  the  concrete  is  dressed  to  surface  and  floated 
by  hand.  This  outfit  is  used  also  to  place  the  concrete 
fdling  between  ties,  after  the  track  is  completed. 

The  car  has  two  80-hp.  motors  on  each  truck,  and  an 
80-hp.  motor  that  drives  the  mixer,  elevator  and  belt 
conveyor  by  means  of  sprocket  chains.  With  this  outfit 
about  3.50  cu.yd.  of  concrete  can  be  placed  in  a  10-hr. 
working  day.     There  is  a  crew  of  11  men  with  the  train. 

The  plant  was  designed  by  John  Kemin,  Superintend- 
ent of  Tracks,  Detroit  United  Ry.,  and  was  built  at  the 
company's  track-department  shops  under  his  direction. 

In  excavating  the  foundation  pit  for  a  set  of  flood- 
gates in  the  Brevoort  levee,  in  Indiana,  the  contractor 
rigged  up  a  dragline  outfit,  as  shown  in  the  accompany- 
ing sketch.  A  hoisting  engine  was  placed  at  one  side 
of  the  pit.  with  a  backhaul  cable  hitched  to  an  ordinary 


^5^niT!ll!iPT^(irfJIl^^ 


Srakh  B!xk 
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IMPROVISED    DRAGLINE    RIG    FOR    FOUNDATION-PIT 
EXCAVATION 

(jlip  scraper.  The  hauling  line  was  run  clear  of  the  pit 
through  a  8natchl)Iock  at  one  side  and  then  up  to  a  block 
attached  to  a  tree  in  line  witli  the  hoisting  engine,  from 
vliir-h  the  cable  led  l)ack  to  a  bail  on  the  scraper. 

Men  in  the  pit  held  the  scraper  liy  its  liandles  to  give 
it  a  load  and  start  it  up  the  incline,  which  it  cut  for  it- 


self. One  man  was  stationed  on  the  dump.  Some  trou- 
ble was  experienced  in  dumping,  but  on  the  whole  the 
rig  worked  very  well ;  as  the  excavation  was  small,  noth- 
ing more  elaborate  was  needed.  The  materii  was  a  soft 
and  wet  but  very  sticky  mud,  in  which  the  men  worked 
with  ditfieulty,  both  in  the  pit  and  on  the  dump.  The 
engineer  was  J.  S.  Spiker,  of  Vineennes,  Ind.,  and  the 
Vincennes  Bridge  Co.  had  the  contract  for  the  drainage 
outlet,  including  the  concrete  wcfrk  and  urates. 


I'V  .1.    K.    I'iNC'H* 

The  writer  desires  to  call  attention  to  the  computation 
of  azimuth  by  direct  solar  observation,  described  in  "Field 
Book  Sheet  for  Azimuth,"  in  Engineering  News,  Aug.  21, 
1916.  This  method  is  gradually  coming  into  more 
extended  use  in  general  surveying  practice,  as  it  gives  a 
sufficiently  exact  result  (about  ±T)  without  the  necessity 
of  staying  in  the  field  over  night  for  a  Polaris  observation 
nt  elongation.  It  is  also  preferable  to  using  a  solar  attach- 
ment, when  only  one  or  two  determinations  of  azimuth 
are  required.  It  seems,  however,  that  many  surveyors  are 
fleterred  from  using  it  owing  to  the  somewhat  formidable- 
looking  formula  advocated  in  most  textbooks  and  also  in 
the  article  above  mentioned. 

At  the  Columbia  University  summer  school  of  survey- 
ing. Camp  Columbia,  we  have  recjuired  students  to  use  all 
three  methods  and,  in  computing  azimuth  from  a  direct 
oljservation,  have  used  the  following  formula: 

n        I  *''"  '^  11,1 

( OS  A  — = = fan  I  ran  li 

cos  I  cos  k 

M-here  .1  is  the  bearing  of  the  sun  (the  sign  of  .1  from  the 

computation  determines  the  quadrant;  thus  if  A  is  plus  ill 

the  forenoon   the  bearing  is   N.E.,   if   minus   S.E. ;  and 

similarly  in  the  afternoon,  X.W.  and  S.W.)  ;  and  d  = 

declination:  /(  =  observed  altitude;  and  I  =  latitude. 

This  formula  not  only  has  the  advantage  of  lending 
itself  to  simple  logarithmic  computation,  but  does  not 
involve  all  the  additions  and  subtractions  that  are  reijuired 
in  the  usual  formula. 

The  following  exani])le  illustrates  the  form  of  com- 
putation : 

Angles  .\nti-LoK8  Logs 

I  41°  03' 45"  Log  cos  =    9.87737    I.OK  tan  =   9  94012 

h  26°  II'  15"  Log  cos  =    9,95297    Log  tnn  =  9  69178 

Sum        =   9.83034 
d         —20°  49'  37"  Log  sin   =    9.55090 

—0  52549       Dill.        =   9  72056 

0.42845  Sum         =   9  63190 

A        S  17°  27'  30"  E        —0  95394  =  diff.   -  nat.  cos  A. 

Due  attention  must  be  paid  to  the  sign  of  the  declina- 
tion, which  determines  the  sign  of  the  first  term  of  tlie 
equation. 

This  formula  will  lie  found  on  ]).  223  of  the  "Standard 
Field  Tables  of  the  General  Land  Office,  IT.  S.  A."  A 
modification  of  the  same  formula  was  projrosed  in  Engi- 
vrcring  News,  Mar.  6,  1913,  in  an  article  by  Louis  Ross. 

I  The  formula  quoted  by  Professor  Finch  is  given  and 
explained  in  Joimson's  "Theory  and  Practice  of  Survey- 
ing," seventeeiitii  edition,  p.  99,  and  it  is  in  pretty  genera! 
use  in  the  West,  wiiere  surveyors  are  re(|uired  to  make 
frequent  azinuitli  determinations  in  surveys  and  resurveys 
in  th('  location  of  section  and  quarter-section  corners. 

•Department  of  Civil  EnglncerliiK,  Coluinbl.i  University, 
New  York  City. 
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The  "Standard  Field  Tables  of  the  General  Land 
Office,"  referred  to  by  the  author,  is  a  pocket-book  that 
should  be  in  the  hands  of  every  surveyor.  While  primarily 
designed  as  an  aid  in  public-land  surveying,  the  tables 
are  of  the  utmost  value  to  all  surveyors. 

Inquiry  is  frequently  made  for  traverse  tables.  This 
book,  which  may  he  obtained  from  the  Superintendent  of 
Documents,  Government  Printing  Office,  Washington, 
D.  C,  for  60c.,  contains  latitudes  and  departures  to  four 
places  for  each  14°.  for  distances  1  to  100.  There  are  also 
tal)les  of  stadia  coefficients,  of  natural  sines,  cosines, 
tangents  and  cotangents,  logarithmic  tables  of  trigonom- 
etric functions  and  of  numbers,  besides  tables  and  for- 
mulas for  astronomical  work. — Editor.] 

By  K.  11.  Shriver* 

An  interesting  method  of  building  wood  coffer-dams  is 
being  used  at  dam  24,  Ohio  Ri%'er,  by  the  Sheridan  Kirk 
Contract  Co.  These  coffer-dams  are  known  as  the  box  tvp5 
and  are  20  ft.  wide  inside  sheeting,  at  an  elevation  of  10 
ft.  above  low  water. 

The  method  of  procedure  is  as  follows:  A  framework 
of  wales  and  vertical  posts,  consisting  of  five  panels  IT  ft. 


lap  joint;  the  rods  ^-in.  round,  22  ft.  long.  The  struts 
or  spreaders  are  2xl2's,  20  ft.  long.  They  are  placed  di- 
rectly above  each  rod  and  cross-braced. 

The  lifting  tackle  consists  of  two  slings,  each  mads 
up  of  six  lines  of  %-in.  steel  cable,  which  are  made  fast 
to  the  top  wale  at  each  upright.  The  work  is  being  done 
"under  the  direction  of  Maj.  T.  H.  Jackson,  Corps  of  Engi- 
neers, U.  S.  A.;  E.  H.  Groot,  Junior  Engineer,  is  Assist= 
ant  in  Charge  for  the  Government. 

Hea-v^^  H s^tsEa^^©  for  Tractor 
ripgiil©ps 


Following  a  series  of  tests,  tractors  and  trailers  are 
now  hauling  ore  from  the  Cardili  mines  in  the  Big  Cot- 
tonwood district  of  Utah  in  place  of  hundreds  of  teams 
fivi-merlv  employed  to  haul  the  ore  to  the  smelters  in  the 


long,  is  built  on  a  decked  barge,  which  is  towed  to  the 
site;  the  frame  is  raised  by  two  derrick  boats,  and  after 
connecting  to  the  jirecoding  section  it  is  lowered  to  the 
bottom  of  the  river.  The  sheeting  is  then  placed  and 
spiked  to  the  wales,  and  the  coffer-dam  is  filled  to  a  depth 
of  5  ft.  with  material  excavated  from  the  river. 

The  remaining  two  rows  of  wale  timber  are  then  placed 
and  bolted,  and  the  sheeting  is  cut  off  to  grade,  when  tha 
Ijalance  of  the  fill  is  made  and  leveled  to  the  top  of  the 
sheeting. 

The  frame  is  made  up  of  two  rows  of  wales  on  each  side, 
3  ft.  and  8  ft.  from  the  bottom,  bolted  to  2x12  vertical 
posts,  spaced  8I/2  ft-  c.  to  c,  resting  on  a  decked  barge 
24x100  ft.    The  wales  are  6x8's,  18  ft.  long,  having  a  6-in. 


TRACTOR    AND    TRAILERS   ON    DOWNGRADB    FROM 
CARDIFF    MINES   IN   UTAH 

valley  and  bring  back  coal  and  other  supplies.  Eleveii 
demonstration  trips  were  made  by  a  tractor  with  trailers, 
under  the  direction  of  L.  B.  Stone,  the  data  thus  col» 
leeted  being  published  in  the  Salt  Lake  Mining  Review, 
The  equipment  consisted  of  one  iloclel  36  Knox  tractor 
having  a  5-ton  ore  body  and  two  5-ton  Troy  trailers 
equipped  with  steering  apparatus,  roller  bearings  and 
36x7-in,  rubber  tires.  On  the  down  trips  from  the  mine 
the  trailers  were  held  back  by  the  brake  on  the  tractor, 
even  on  grades  as  steep  as  16%.  The  tractor  treads 
were  steel,  14  in.  wide  and  fitted  with  diagonal  cleats. 

On  the  11  trial  trips  272,660  lb.  of  ore  was  hauled, 
and  27,080  lb.  of  coal  was  transported  from  the  valley 
to  the  mines,  the  average  amount  of  coal  per  trip  being 
two  t'ms. 

The  gasoline  consumption  was  21  gal.  per  round  trip, 
?.na  Lhe  round-trip  consumption  of  oil  averaged  2  qt. 
The  distance  covered  on  each  trip  down  comprised  9  mi, 
in  the  canon  proper  and  7  mi.  across  the  valley,  the 
latter  strip  including  one  steep  bill.  T'le  vertical  lift 
i*  *he  16-mi.  JDurney  is  3,050  ft.  It  is  notable  that  the 
radiator  did  njt  overheat. 

'^ 

Large  Es&gii&e  Crai&li  Wei^^ed  &t 
%fd,  Station 


•Junior   Engineer,   United    States    Engineer    Office,   RacJne, 
Ohio. 


The  cast-steel  drag-crank  web  of  a  20  000,000-gaK 
pump  at  Queen  Lane  Pumping  Station,  Philadelphia, 
found  to  have  a  fracture  starting  at  the  inside  comer 
of  the  rectangular  hole  and  extending  all  the  way  across 
the  wsb  on  an  angle  of  45°.  in  a  cross-section  measuring' 
8x8%  in,,  was  "Thermit"-wslded  in  place  without  having 
to  remove  the  crank  from  the  engine,  which  operation 
would  have  entailed  considerable  labor.    John  H,  Baitr 
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Superintendent  of  the  eity  shops,  describes  this  work  in 
the  house  organ  of  tlie  Goldschniidt  Thermit  Co.  At 
the  same  time  this  weld  was  to  be  made  it  was  decided 
to  install  a  later-type  drag  crankpin  of  12-in.  diameter, 
and  the  shops  worked  day  and  night  making  this  pin 
while  the  old  pin  was  being  drilled  out  and  a  slot  1%  in. 
wide  was  being  drilled  for  welding  purposes  through 
the  fractured  web. 

The  position  of  the  fracture  in  the  web  made  welding 
difficult,  as  it  was  desired  to  have  the  riser  on  the  out- 
side of  the  web  to  insiire  that  the  best  material  would 
be  in  the  hole  that  c'arries  the  drag-crank  check  plates. 
This  made  it  necessary  to  turn  the  crank  at  an  angle  of 
45°,  and  this  operation  had  to  be  performed  at  some 
depth  in  the  crank  pit.  To  do  this  a  working  floor  was 
built  in  the  pit. 

The  crankshaft  itself  was  18  in.  in  diameter  and  it 
turned  in  babljitted  bearings,  one  of  which  was  against 
the  face  of  the  broken  web.  To  prevent  the  heat  from 
injuring  the  babbitted  bearing  the  crankshaft  was  raised 
%  in.,  and  a  stream  of  water  was  played  on  the  metal. 

It  was  expected  that  8  or  10  lir.  would  be  required 
to  preheat  the  crank,  but  after  the  burners  had  been 
blazing  away  for  8  hr.,  it  was  found  that  although  the 
crank  web  was  at  red  heat,  the  heavy  portion  of  the  web 
was  black.  Asbestos,  lYo  in.  thick,  was  then  placed  over 
all  of  the  exposed  portion  of  the  crank  web  to  reduce 
radiation,  and  2  hr.  later  the  thicker  part  began  to  glow ; 
in  4  hr.  a  good  working  heat  was  attained. 

At  11  p.m.  250  lb.  of  "Thermit"'  was  ignited,  and  at 
3 :  30  a.m.  flask  and  sand  were  removed.  The  weld 
was  excellent,  and  the  riser  and  gates  were  cut  off  and 
the  hole  finished  out,  when  the  new  crankpin  was  shrunk 
in  the  opposite  web. 

An  inquiry  wa,s  published  in  Engineering  Xews,  Nov. 
23,  as  to  what  solution  will  mark  a  van  dyke  white.  I 
wanted  to  know  this  myself  a  short  time  ago,  so  I  went 
into  the  laboratory  and  tried  soda,  ammonia  carbonates, 
acids  and  peroxide,  but  could  find  no  single  solution  that 
would  bleach  out  the  brown.  In  drawing  lines  with  the 
pen,  however,  I  discovered  that  at  the  intersection  of  some 
of  them  the  print  turned  white.  A  mixture  of  these 
two  was  made  and  a  clear  white  surface  was  left  under 
brush  or  pen. 

The  two  substances  are  hydrochloric  acid  and  peroxide 
of  hydrogen.  No  treatment  seemed  to  be  needed  after 
applying  the  solution.  Edward  Godfrey. 

Monongahela  Bank  P>ldg.,  Pittsburgh,  Penn. 

A  new  type  of  asphalt  pavement,  constructed  l)y  the 
penetration  method,  is  being  tried  out  by  the  Massachu- 
setts State  Highway  Commission  on  some  roads  in  the 
third  division,  where  F.  C.  Pillsbury  is  division  engi- 
neer. The  purpose  is  to  devise  a  bituminous  surface 
suitable  for  hillside  paving,  where  there  is  considerable 
horse-drawn  traffic,  for  there  has  been  a  pretty  wide- 
spread romplaint  oVer  the  .slipperiness  of  the  various  forms 
of  bitiimiiuMis  road  surfacing  used  in  the  state. 

The  con-struction  of  this  pavement  differs  from  tiic 
regular  bituminous  macadam   road   constructed  by  the 


penetration  method  in  that  all  the  asphalt  is  applied 
at  one  and  the  same  time.  No  seal  coat  or  second  appli- 
cation is  made. 

The  pavement  is  constriicted  by  spreading  a  layei'  of 
No.  1  stone  (passing  3-in.  and  retained  on  2-iu.  circular 
opening)  to  such  thickness  that  it  will  roll  down  to  a 
depth  of  3  in.,  and  then  applying  2%  to  3  gal.  of  hot 
asphalt  per  square 
yard,  in  one  appli' 
cation,  as  already 
noted.  The  resulting 
pavement  is  very 
rough,  with  ])roject- 
ing  stones,  as  shown 
in  the  aecom])anying 
ilhistration.  Pave- 
ments of  this  type 
have  been  in  use  for 
about  a  year  with- 
out showing  any  ten- 
dency to  ravel  or  of 
the  stones  to  loosen. 
In  any  but  icy  wea- 
ther the  surface  of- 
fers a  good  footing  for  horses,  and  mot(n-  vehicle 
skid  on  it. 

M-duy  special  types  of  bituminous  road  construction 
have  been  developed  in  this  state,  but  the  cheapest  and 
most  satisfactory  for  moderate  traffic  conditions  appears 
,  to  be  a  hot  mixed  gravel  and  asphalt.  During  the  past 
season  some  special  apparatus,  including  a  20-ft.  portable 
drying  drum,  lias  been  developed  for  constructing  this 
type  of  road. 

The  chairman  of  the  Massachusetts  State  Highway 
Commission  is  William  D.  Sohier,  and  the  chief  engineer 
is  A.  W.  Di'an. 


i'AVE.MK.XT 


do  not 


TipaimsBtt  Faalledl 


Bv  .\.  L.   Plimptox* 

The  article  on  "East  liiver  Tunnel  Surveys,"  by  C.  M. 
Holland,  in  Engineering  News  of  Oct.  5,  1916,  brings  to 
mind  the  survey  experience  that  was  had  in  the  work  of 
constructing  the  Boston  main  drainage  system  about  35 
years  ago  in  connection  with  giving  the  line  for  the  tunnel 
under  Dorchester  Bay. 

This  tumid,  one  of  the  very  first  that  was  ever  con- 
structed under  the  sea  for  sewerage  purposes,  was  about 
IV:!  nii.  in  length  and  about  140  ft.  below  low  water.  To 
facilitate  its  construction  there  were  tliree  working  shafts 
about  3,000  ft.  apart.  The  line  had  to  Ix'  dropjied  down 
the  shaft  in  each  case  and  then  was  extended  from  the 
very  short  length  thus  obtained  into  the  headings. 

At  the  outset  the  usual  method  by  means  of  a  transit 
was  followed.  As  the  work  progressed,  greater  and 
greater  difficulty  was  experienced  in  giving  sights  on  ac- 
count of  fog  and  smoke,  which  could  not  be  driven  out. 

Pinally,  one  of  the  headings  was  in  so  far  beyond  where 
accurate  line  had  been  detennined  that  it  had  become  a 
veiT  serious  matter,  and  still  the  transit  could  not  be  used. 
It  was  then  decided  to  try  and  see  what  could  be  done 
by  the  mechanic's  7nethod  of  stretching  a  line.    The  scales 
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in  the  roof  for  recording  the  position  of  the  line  were 
aijout  300  ft.  ajDart,  which  meant  stretching  a  line  for 
about  600  ft.  in  order  to  locate  a  new  scale. 

The  finest  trout  line  was  purchased,  at  a  cost  of  about 
$7,  and  the  party  went  down  to  see  what  could  be  done. 
It  was  found  that  it  was  impossible  to  stretch  it  so  as  to 
lift  it  off  the  bottom  without  breaking  it,  as  it  would  not 
hold  its  o^^^l  weight.  The  writer,  who  was  one  of  the  engi- 
neering corps,  happened  to  have  a  ball  of  linen  thread  and 
suggested  trying  that  the  next  time  in  place  of  the  trout 
line.  This  was  done,  and  its  strength  was  such  in  rela- 
tion to  its  weight  that  it  could  be  pulled  so  that  the  sag 
was  not  more  than  4  ft.  It  looked  as  though  something 
could  be  done  by  using  10c.  worth  of  thread  in  place  of 
the  trout  line. 

Posts  were  wedged  l^etween  roof  and  bottom  (so  as  to  be 
absolutely  solid),  one  back  of  what  we  will  call  Scale  1, 
and  the  other  beyond,  toward  the  heading,  where  Scale  3 
was  to  be  placed ;  Xo.  2  scale  was  midway.  Xo  attempt  was 
made  to  place  Scale  3  accurately,  but  care  was  taken  merely 
to  have  the  line  come  somewhere  near  the  middle  of  it, 
as  shown  by  the  thread  held  approximately  on  line.  After 
the  scale  was  secured  in  place,  the  thread  was  stretched 
and  fastened  on  one  side  of  the  posts,  and  careful  readings 
were  taken  at  each  of  the  three  scales.  This  was  done 
in  the  following  manner : 

There  was  a  sliding  vernier  on  each  scale,  and  a  tiny 
plumb-bob  was  suspended  from  the  vernier  so  as  almost 
to  touch  the  threacl.  A  little  silver  plumb-bob  that  had 
been  made  for  a  watch  charm  was  used  for  the  purpose. 
The  observer  gave  directions  to  his  assistant  how  to  move 
the  vernier  by  placing  himself  so  as  to  note  the  final 
coincidence  in  a  vertical  plane  of  the  stretched  thread 
and  the  line  to  the  plumb-bob,  which  were  both  illumi- 
nated equally  on  each  side  by  candle  light.  It  was  per- 
fectly surprising  with  what  accuracy  the  vernier  couk] 
be  moved  off  of  line  and  again  set  by  the  same  or  by 
a  different  observer,  bj"  this  method.  It  must  be  under- 
stood that  the  conditions  were  perfect  for  this  kind  of 
work,  as  it  was  absolutely  still  down  there  in  the  bowels 
of  the  earth,  ijot  a  current  of  air  to  disturb  the  line  or 
the  plummet. 

When  several  readings  had  been  taken  with  the  thread 
on  one  side  of  the  3x4-in.  upright  ])osts,  it  was  changed  to 
the  other  side  of  the  posts  and  a  new  set  of  readings  taken. 
The  exact  position  of  the  center  line  on  the  new  scale 
was  then  worked  out  in  the  office  on  cross-section  paper. 

The  agreement  of  the  results  of  the  two  lines  run  in 
determining  the  position  of  the  center  line  on  the  new 
scale  was  so  perfect  that  this  method  was  followed  all 
through  in  the  work  of  the  tunnel,  even  at  the  oiitset  while 
working  from  a  new  shaft  when  a  transit  could  have  been 
used. 

And  thus  instead  of  its  being  the  diHiciilt  and  long 
operation  of  trying  to  set  a  transit  uj)  on  line  and  sight- 
ing under  all  sorts  of  atmospheric  conditions,  it  was  a 
perfectly  definite  method  of  procedure  in  each  case,  and 
one  which  took  but  little  time.  AVhcn  the  work  was  com- 
pleted, the  thread  was  cut  down  and  left  there;  and  the 
party  came  out,  with  the  feeling  that  they  had  got  results. 

The  headings  in  each  case  met  with  very  slight  error, 
the  greater  part  of  which  was  undouljtedly  due  to  the  error 
in  transferring  the  line  down  the  shafts  and  not  to  cxtend- 
iuLT  it. 


Curve  for  Design  of  Seiiiieir<!ular  Flames — The  computa- 
tion of  the  area  and  hydraulic  radius  for  any  given  depth  of 
water  in  a  semicircular  flume  requires  the  use  of  somewhat 
long:  and  complicated  formulas.  The  accompanying  curve 
gives  the  percentage  of  total  area,  hydraulic  radius,  or  wetted 
perimeter  for  any  percentage  of  total  depth.  The  total  area 
and  the  full-depth  hydraulic  radius  for  various  diameters  are 
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CURVE  FOR  SEMICIRCULAR-FLUME  COMPUTATIONS 

generally  given  in  the  catalogs  of  the  various  flume  companies 
or  can  be  obtained  from  the  "functions  of  numbers"  tables  in 
any  handbook.  The  computation  of  A  and  r  for  fractional 
depths  then  becomes,  by  means  of  this  curve  and  a  slide  rule, 
a  very  simple  inatter. — Lewis  M.  Hammond,  Assistant  Engi- 
neer,   L^nited    States    Reclamation    Service,    Provo,    Utah. 

A  Sand-Spreading  Deviee  for  filling  joints  in  an  asphalt- 
bloclt  pavement  is  shown  herewith.  It  was  used  by  the 
Asphalt  Block  Paving  Co.,  Toledo,  Ohio,  on  Shaker  Boulevard 
between  North  Moreland  and  Coventry,  suburbs  of  Cleveland, 
Ohio.      The    device    consists    of   four   ordinary    street    brooms, 


DEVICE  FOR  FILLING  JOINTS  IN  ASPHALT- BLOCK  PAVE- 
MENT  WITH   SAND 

fastened  to  arms  at  right  angles  to  each  other,  which  re- 
volve as  the  two-wheel  truck  is  moved.  The  driving  mechan- 
ism is  a  sprocket  and  chain  attached  to  the  axle,  which  oper- 
ates a  pair  of  bevel  gears  through  another  sprocket  and  shaft. 
The  carriage  is  intended  to  be  drawn  by  a  horse.  Obviously, 
the  same  device  could  be  used  for  spreading  grout  on  other 
block  pavements. 

ToiioKrniihie  Surveys  by  the  U.  S.  Geological  Survey  have 
now  covered  41%  of  the  entire  area  of  the  country,  accord- 
ing to  the  annual  report  of  Secretary  Lane,  of  the  Depart- 
ment of  the  Interior.  During  the  year  ending  .June  30,  1916, 
22, "in  sq.mi.  were  mapped  topographically,  making  the  total 
area  in  the  United  States  surveyed  to  date  1,237,520  sq.mf. 
Topographic  surveys  were  made  in  29  states,  17  of  which  co- 
operated in  the  work.  In  the  Division  of  Water  Resources 
1,302  river  gaging  stations  were  maintained  in   1916. 
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One  of  the  pleasures  which  come  to  the  subscription 
department  of  Engineering  News  at  each  recurring  an- 
nual season  of  Christmas  cheer  and  good  will  is  the  let- 
ters received  from  those  who  desire  to  give  a  year's 
subscription  to  Engineering  News  as  a  present  to  some 
friend. 

These  letters  come  from  many  different  sources,  ilauy 
are  from  mothers  who  desire  to  send  to  a  son  engaged 
in  engineering  work  a  present  that  will  be  at  once  a 
help  in  his  daily  tasks  and  a  weekly  reminder  of  the 
giver.  Others  are  from  wives  who  wish  the  paper  sent 
to  their  husbands — a  class  of  subscriptions  especially 
noteworthy  as  conclusive  proof  of  conjugal  affection,  for 
wives  with  engineer  husbands  are  generally  thoroughly 
familiar  with  the  usual  desire  of  engineers  to  preserve 
the  back  numbers  and  back  volumes  of  Engineering 
News  for  reference,  and  realize  even  better  than  their 
husbands  what  this  means  in  demands  on  space  and  ne- 
cessity of  handling  and  dusting. 

Still  other  remittances  come  from  manufacturing  and 
business  firms  who  desire  to  present  a  year's  subscrip- 
tion for  Engineering  News  to  some  of  their  employees. 

The  rapidly  growing  custom  of  widespread  distribu- 
tion of  Christmas  presents  is  in  danger  of  self-destruc- 
tion because  of  the  too-common  practice  of  giving  as  a 
matter  of  obligation  instead  of  giving  in  the  Christmas 
spirit  of  good  will,  and  also  because  of  the  too-common 
practice  of  giving  presents  which  are  for  show  rather  than 
use  and  whicli  the  recipient  is  puzzled  to  know  what  to 
do  with. 

At  this  time  of  worhl-vvide  scarcity  and  countless  ap- 
peals to  one's  sj-mpathy  and  purse,  it  is  surely  an  appro- 
priate time  to  cut  out  presents  of  the  useless  order  and 
to  substitute  in  their  place  presents  like  that  suggested 
above,  which  are  a  direct  help  to  the  recipient  in  his 
daily  work. 

loGttiim^  Coiratipacfts  oira  thi&  Cost= 
Fltias°g&=FeiPceKaftage  Basis 

The  unprecedented  conditions  in  the  labor  and  ma- 
terial market  at  the  present  time  have  given  a  great 
stimulus  to  the  plan  of  letting  contracts  on  a  cost-phis- 
a-percentage  basis,  instead  of  at  a  fi.xed  price.  A  notable 
example  is  the  contract  for  which  bids  were  opened  last 
week  for  the  construction  of  four  battle  cruisers  for  the 
ITnited  States  Navy.  These  vessels  are  to  be  very  much 
larger  and  faster  than  any  vessels  ever  built  in  an 
American  shipyard.  They  are  to  have  si.x  times  as  much 
horsepower,  and  are  to  develop  ll  knots  higher  speed 
than  the  largest  vessel  hitherto  built  for  the  United  States 
Navy.  In  the  act  authorizing  these  vessels,  on  account 
of  their  more  or  less  experimental  character,  Congress 
provided  that  the  Secretary  might  at  his  discretion  let 
contracts  for  them  on   a  cost-plus-a-penentage  basis. 


In  the  bids  submitted  last  week  by  the  Union  Iron 
Works  of  San  Francisco  and  the  Fore  River  Shipbuilding 
Corporation  of  Quiney,  Jlass.,  both  concerns  pointed  oi:~ 
that  their  reasons  for  submitting  their  bids  in  the  form 
of  cost  plus  a  percentage  was  not  alone  the  novel 
character  of  the  vessels,  but  the  great  uncertainty  as  to 
prices  which  will  govern  for  material  and  labor  during 
the  construction  of  the  vessels.  It  is  estimated  that  these 
vessels  will  require  at  least  four  years  to  construct,  and 
no  one  on  earth  is  wise  enough  to  predict  with  any 
accuracy  what  the  prices  of  labor  and  of  steel  will  be 
even  twelve  months  hence. 

Under  ordinary  conditions,  a  contractor  in  submitting 
bids  makes  contracts  in  advance  with  the  concerns  which 
are  to  supply  materials,  etc.,  so  that  he  can  know  definitely 
in  advance  what  the  cost  of  the  material  will  be.  The 
Union  Iron  Works  in  submitting  its  bid  declared  that 
it  had  found  it  impossible  under  present  market  con- 
ditions to  cover  by  option  or  provisional  contract  a  large 
percentage  of  the  material  required  for  the  battle  criiiser. 
Such  estimates  for  the  vessels  as  have  been  prepared  show 
a  cost  which  will  already  considerably  exceed  the  ap- 
jiropriation  made  by  Congress. 

The  conditions  cited  in  connection  with  this  huge 
contract  are  typical  of  conditions  existing  in  connection 
with  nearly  all  contracts  at  the  present  day.  Concerns 
with  a  good  reputation  and  financial  responsibility  are 
not  inclined  to  endanger  their  solvency  by  making  close 
bids  on  work  when  it  is  necessary  to  run  the  risk  that 
materials  and  labor  both  may  increase  in  price  10,  20, 
or  30%,  or  even  more  during  the  period  while  the  con- 
struction is  in  progress,  and  the  added  risk  that  difficulty 
in  obtaining  materials  or  labor  may  delay  the  completion 
and  subject  them  to  a  penalty.  Under  these  conditions 
the  interests  of  the  taxpayers  will  generally  be  better 
served  by  letting  contracts  for  public  work  on  a  cost- 
plus-a-pcrcentage  basis  wherever  the  law  will  permit  this, 
than  on  the  usual  fixed  sum  basis. 

EEa^aEaeeFnini^  Woipfe  Siimdl  State 
Ha^Ihi^i^ay  ILegislsitBOira 

The  American  Highway  Association  has  rendered  a 
useful  public  service  by  issuing  at  this  time,  shortly 
before  the  assembling  of  most  state  legislatures,  a  review 
of  legislation  concerning  state  highway  departments. 
The  review  has  been  prepared  by  R.  Walter  Moore, 
Chairman  of  the  Association's  Connnittee  on  Legislation. 

It  is  to  be  hoped  that  one  particular  sentence  in  this 
review  will  be  read  and  taken  to  heart  by  the  legislators 
in  whose  hands  it  will  be  placed.  Under  the  heading 
"Engineering  Work,"  Mr.  Moore  says:  "No  state  high- 
way department  can  be  of  more  than  nominal  service 
without   a   capable   engineering    bureau." 

To  members  of  the  engineering  profession  this  may 
sound  like  a  platitude;  but  any  one  familiar  with  the 
conditions  under  which  country  highway  work  is  done 
knows  that  there  is  a  deep  gnjundcd  opposition  in  mmiy 
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parts  of  the  coiintn'  to  the  employment  of  an  engineer 
in  connection  with  highway  work,  or  what  amounts  to  the 
Bame  thing,  to  tlie  payment  of  salaries  siiificieiit  to  enable 
competent  engineering  service  to  be  secured. 

In  order  to  make  certain  that  the  technical  work  of 
a  state  highway  department  sliall  be  under  the  direction 
of  a  competent  engineer,  it  is  recommended  that  unless 
some  member  of  the  state  highway  commission  is  required 
by  the  law  to  be  an  engineer,  a  clause  should  be  inserted 
in  the  law  reading: 

The  state  highway  commission  shall  appoint  a  state  high- 
way engineer,  who  shall  be  a  competent  civil  engineer,  ex- 
perienced ai'd  skilled  in  highway  construction.  He  may  ap- 
point, subject  to  the  approval  of  the  commission,  such  tech- 
nical assistants  as  may  be  necessary  for  the  proper  conduct 
of   the    engineering    work    of    the    commission. 

In  connection  wdth  the  engineering  work  of  state 
highway  departments,  sharp  criticism  is  made  for  the 
indefinite  responsibility  at  present  existing  for  the  safety 
of  highway  bridges.  Recommendation  is  made  that 
legislation  should  be  enacted  providing  that  all  bridges 
on  roads  built  or  maintained  with  the  aid  of  state  funds 
shall  be  inspected  annually  by  the  state  highway  depart- 
ment which  should  also  inspect  all  bridges  of  more  than 
20  ft.  span  on  roads  not  built  or  maintained  with  the 
aid  of  state  funds.  Any  bridge  found  to  be  unsafe  should 
be  immediately  posted  by  the  state  highway  authorities, 
which  should  serve  notices  on  the  local  authorities  re- 
sponsible for  the  bridge  ordering  them  to  make  necessary 
repairs,  and  in  case  of  failure  to  make  such  repairs 
reporting  the  case  to  the  Attorney  General. 

In  reviewing  the  organization  of  state  highway  depart- 
ments, Mr.  Moore  unfortunately  fails  to  make  clear  the 
great  advantage  in  having  state  highway  commissions 
made  up  of  three  or  more  members,  with  the  term  of 
office  of  only  one  member  at  a  time  expiring.  Under 
.such  a  commission  a  continuous  organization  is  generally 
maintained  and  the  periodical  "clean  sweeps"  are  avoided, 
which  experience  has  sho\vn  are  only  too  apt  to  occur 
when  a  state  highway  department  is  in  charge  of  one 
man.  The  advantage  of  maintaining  a  continuous 
organization  is  obvious  to  all  members  of  the  engineering 
profession  and  ought  to  be  made  clear  to  the  general 
public. 


Eight  years  ago  the  attention  of  the  public  was  effec- 
tively directed  toward  the  need  of  conservation  of  the 
Nation's  resources,  by  the  famous  Conservation  Congress 
held  at  the  White  House.  That  notable  meeting,  however, 
made  only  a  beginning  in  the  necessary  work  of  public 
education.  Since  that  meeting,  some  of  the  leaders  in 
the  conservation  movement  have  diverted  it  from  its  origi- 
nal great  purpose  and  concentrated  their  efforts  to  oppose 
grants  by  the  Government  to  ])rivate  parties  for  the  use  of 
natural  resources  still  in  public  ownership.  The  far 
greater  problem  of  checking  the  enormous  waste  now  go- 
ing on  as  a  result  of  present  methods  of  utilizing  natui'al 
resources  is  almost  unheeded. 

While  the  politicans  have  used  the  conservation  move- 
ment for  political  purposes,  engineers,  who  better  than 
any  other  class  appreciate  the  vast  importance  of  real 
conservation  to  the  public  welfare,  have  steadily  continued 
to  agitate  the  suljjcct.     The  National  Chamber  of  Com- 


merce announces  that  a  referendum  vote  is  about  to  be 
taken  on  the  question,  "Shall  combinations  to  conserve 
natural  resources  be  permitted?"  The  taking  of  this 
vote  is  the  result  of  recommendations  by  a  committee, 
the  chairman  of  which  is  a  noted  engineer  and  which  has 
in  its  membership  two  scientists  who  may  well  be  ranked 
as  engineers.  The  committee  is  made  up  of  W.  L.  Saun- 
ders, past-president  of  the  American  Institute  of  Mining 
Engineers,  chairman;  Prof.  W.  B.  Clark,  State  Geologist 
of  Maryland ;  John  H.  Fahey,  former  president  of  the 
National  Chamber  of  Commerce;  Charles  F.  Keith,  presi- 
dent of  the  Southern  Pine  Lumber  Association;  and  Dr. 
Charles  R.  Van  Hise,  president  of  the  University  of  Wis- 
consin. 

The  recommendation  of  this  committee  is  that  in  indus- 
tries which  involve  primary  natural  resources,  where  co- 
operative agreements  will  tend  to  conserve  these  resources, 
to  lessen  accidents  and  to  promote  the  public  interest. 
Congress  should  pass  legislation  permitting  such  agree- 
ments to  be  made  without  infringement  of  the  Shennan 
law.  The  committee  bases  this  recommendation  on  its 
studies  of  lumber,  coal,  oil  and  ore  production. 

What  the  committee  points  out  has  been  in  fact  well 
known  to  engineers  for  a  considerable  time.  In  coal  pro- 
duction, for  example,  the  late  Joseph  A.  Holmes,  when 
head  of  the  Bureau  of  Mines,  pointed  out  that  the  strenu- 
ous competition  and  low  price  at  which  coal  was  produced 
made  it  impossible  for  the  coal  operators  in  many  parts 
of  the  country  to  take  out  the  maximum  amount  of  coal 
from  the  seams  that  they  worked.  In  order  to  maintain 
their  place  in  the  competitive  struggle  and  keep  out  of 
bankruptcy  they  were  practically  obliged  to  take  out  the 
most  easily  mined  part  of  the  seam  and  leave  the  rest  in 
the  ground,  to  be  forever  unavailable  for  the  use  of  hu- 
manity. 

Practically  the  same  thing  lias  been  going  on  in  the 
lumber  industry,  as  has  been  repeatedly  pointed  out  by 
Federal  experts  in  the  Forest  Service.  The  intense  com- 
petition in  the  lumber  business  has  forced  lumbermen  to 
cut  from  their  lands  the  best  timber  that  can  be  most 
readily  marketed,  leaving  the  slightly  inferior  qualities 
to  decay  in  the  forest  and  furnish  a  readily  available  fuel 
for  forest  fires. 

It  is  in  petroleum  and  natural-gas  production,  however, 
that  the  most  criminal  waste  is  going  on,  as  it  has  been 
going  on  ever  since  the  industry  began,  notwithstanding 
the  wide  public  attention  called  to  this  waste  at  the  Con- 
servation Congress  of  eight  years  ago  and  notwithstand- 
ing repeated  demonstrations  of  the  need  of  effective 
measures  to  prevent  waste. 

At  the  recent  American  Mining  Congress  at  Chicago 
a  paper  was  read  by  Max  W.  Ball,  of  the  United  States 
Bureau  of  Minos,  showing  that  at  the  present  rate  of 
consumption  of  petroleum  the  entire  petroleum  resources 
of  the  United  States  will  be  exhausted  in  approximately 
30  years.  The  following  extract  from  Mr.  Ball's  paper 
indicates  something  of  the  criminal  wastefulness  with 
which  the  natural  resources  in  petroleum  and  natural  gas  | 
are  being  exploited : 

Are  we  practicing  conservation?  Within  the  last  few 
weeks  I  have  seen  millions  of  cubic  feet  of  natural  gM 
wasting  into  the  air — gas  so  rich  in  gasoline  that  it  dripped 
from  the  trees  like  an  April  shower.  1  have  seen  wells  cap-  | 
able  of  yielding  40,000.000  cu.ft.  of  gas  each  being  deliber- 
ately drowned  out  by  pumping  water  into  the  gas  sands. 
Reckless  drilling,  defective  casing,  careless  plugging  arc  ! 
flooding  great  areas  with  water  and  losing  forever  enormous 
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quantities  of  oil.  It  has  been  testified  before  the  Corporation 
Commission  of  Oklahoma  that  ordinary  methods  leave  from 
25  to  S5%  of  the  oil  in  the  ground,  and  this  estimate  is  con- 
curred in  by  careful  engineers  and  practical  oil  men. 

Nor  are  these  underground  losses  the  only  ones.  When  the 
oil  is  brought  to  the  surface  before  transportation  and  mar- 
ket are  ready  for  it.  it  must  go  into  storage.  Indeed,  in 
many  fields  oil  has  been  produced  before  storage  was  avail- 
able, and  millions  of  gallons  have  gone  down  the  streams  or 
seeped  away  from  earthen  reservoirs.  Even  when  the  best 
steel  tankage  has  been  provided,  evaporation  losses  still  go  on. 
Cushing  crude  stored  in  steel  tanks  for  a  few  months  lost 
appro.ximately  a  fifth  of  its  gasoline  content.  The  State 
Mineralogist's  ofBce  of  California  has  estimated  that  even 
with  the  heavy  oils  of  that  state  the  loss  by  evaporation  rep- 
resents perhaps  25  9'r  of  the  total  value  of  the  production  at 
the  well.  An  official  of  one  of  the  largest  companies  in  the 
Midcontinent  field  recently  told  me  that  last  year  fire  de- 
stroyed 6%   of  his  company'  production. 

Just  consider  these  examples:  25  to  S5%  left  underground; 
20  to  509*1  of  the  value  of  oil  produced  lost  through  evap- 
oration in  storage;  6%  of  stored  oil  lost  by  fire!  These 
losses  are  staggering  and  are  not  exceptional!  What  a  small 
percentage  of  this  wonderful  natural  resource  is  saved  to  run 
your  machine  or  to  deliver  goods  at  your  door  or  to  plow  the 
fields  from  which  your  food  must  come! 

If  we  feel  these  losses  in  the  high  prices  of  the  present 
day.  how  much  more  will  we  feel  them  five,  ten,  twenty  or 
thirty  years  from  now?  Is  it  not  time  we  considered  thera 
seriously  and  tried   to  determine  upon  some  remedy? 

Mr.  Ball  further  shows  how  in  the  rush  to  develop  a 
new  oil  field  and  the  mad  competition  between  the  differ- 
ent drillers  the  natural  gas  that  precedes  the  oil  is  fre- 
quently allowed  to  waste  itself  entirely  and  the  oil  deposits 
are  tapped  with  such  haste  and  carelessness  that  water 
often  invades  the  field  and  drowns  out  the  oil  when  but  a 
small  proportion  of  that  available  has  been  drawn  off. 

In  hearings  before  the  Senate  Committee  on  Public 
Lands,  Jan.  12,  1915,  it  was  sho'mi  that  the  companies 
which  exploited  the  famous  Glenn  pool  of  Oklahoma  spent 
$11,260,000  in  drilling  wells,  when  if  the  whole  pool  had 
been  exploited  by  one  producer  who  would  have  handled 
the  work  properly,  all  the  oil  could  have  been  obtained 
for  $3,1  r 7.000. 


Mr.  Ball  urges  that  to  furnish  at  least  a  partial  remedy 
for  the  appalling  waste  now  going  on,  the  laws  should  be 
so  amended  that  oil  lands  will  be  divided  up  into  larger 
tracts,  so  that  producers  will  not  be  under  the  same  neces- 
sity as  now  to  rush  the  work  of  draining  off  the  oil  at  a 
sacrifice  of  all  other  considerations.  Mr.  Ball  concludes 
his  paper  as  follows: 

If  you  would  prevent  waste  of  oil  and  natural  gas.  if  you 
would  do  away  with  careless  drilling  methods,  excessive  pro- 
duction charges  and  storage  losses,  if  you  would  insure  the 
production  of  the  maximum  amount  of  oil  at  the  minimum 
cost,  if  you  would  help  to  maintain  a  reasonable  price  for  pe- 
troleum and  its  products  in  the  years  to  come,  then  do  your 
part  in  creating  a  public  sentiment  in  favor  of  adequate 
acreage. 

Mr.  Ball's  recommendations  illustrate  well  the  crying 
need  of  a  better  Federal  mining  law  to  govern  the  titles 
to  mineral  deposits.  To  show  the  active  interest  that  engi- 
neers are  taking  in  this  aspect  of  the  conservation  move- 
ment, it  may  be  noted  that  the  Mining  and  Metallurgical 
Society  of  America  has  just  completed  a  letter  ballot  of 
its  membership  on  33  questions  in  connection  with  pro- 
posed revision  of  the  Federal  mining  law.  In  addition, 
it  has  submitted  the  same  questions  to  a  number  of  other 
organizations  in  the  mining  industry  where  a  similar  bal- 
lot could  be  taken. 

These  illustrations  indicate  that  some  engineers,  at 
least,  are  endeavoring  to  do  their  duty  in  informing  pub- 
lic opinion  and  making  it  effective  toward  bringing  about 
intelligent  legislation  in  the  public  interest.  Surely  there 
was  never  a  time  within  the  memorv'  of  men  now  living 
when  the  need  was  more  obvious  of  utilizing  without 
waste  the  natural  resources  that  furnish  the  materials 
necessary  for  life.  It  may  be  hopeless  to  expect  very  much 
remedial  legislation  at  the  present  short  session  of  Con- 
gress, but  the  work  of  indicating  the  direction  that  leg- 
islation should  take  in  order  to  protect  the  public  interest 
ought  eventuallv  to  be  effective. 


luiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiNiiiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiinniiiiiiiiniiniiiiiiiNiiiiiiiiinnn 


?irs  tto  tllhie  EdlMor 


Dimniiiiiiiiiiniiiiiiminiiiiiiiini 


Sir — Certainly  an  engineer  sliould  take  part  in  pol- 
itics, for  the  reason  that  every  loyal  citizen  of  a  republic 
i.s  in  duty  bound  to  do  his  part  toward  making  an  effi- 
cient government.  If  there  exists  a  "polluting  influence 
of  politics  and  politicians,"  it  is  due  to  the  supineness 
of  honest,  decent  and  intelligent  men,  who  draw  their 
skirts  away  from  the  political  cesspools  in  self-centered 
righteousness  and  let  the  evil  grow  to  the  satisfaction 
of  ward  heelers. 

Many  professional  men  of  the  highest  standing  in  law, 
medicine  and  even  tlie  ministry  have  entered  political 
work  to  the  civic  improvement  of  their  community  and 
the  honor  of  their  profession,  and  without  ceasing  to  be 
a  lawyer,  a  doctor  or  a  minister.  Engineers,  as  a  class, 
have  not,  and  this  negl(jf;t  has  not  added  recognition  or 
prestige  to  their  profession. 

When  we  consider  the  immense  portion  of  the  money 
of  taxation  that  is  expended  for  public  engineering  work, 


iiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiffi^^^^^^^ 

for  roads,  bridges,  water-supply,  sewerage,  canals,  light- 
ing, the  regulation  of  rivers  and  the  reclamation  of 
.swamps  and  arid  wastes,  it  is  not  to  the  credit  of  engineers 
that  so  few  are  sitting  as  members  of  councils,  as  muni- 
cipal, state  and  national  representatives  to  formulate  pol- 
icies and  procedure  for  the  government  in  public  work. 
The  engineer  has  been  content  to  serve  only  as  a  hired 
man.  Let  us  get  off  the  pedestal  of  aloofness  and  take 
our  part  as  American  citizens.  Lekoy  K.  Shei!MAX. 
Cliicago,  111.,  Nov.  27,  1916. 


Sir — The  reply  to  the  important  question,  "Should 
(American)  Engineers  Take  Part  in  Politics?"  raised  on 
])age  1001  of  your  issue  of  Nov.  23,  niiglit  be  taken  from 
the  different  articles  and  even  advertisements  in  that 
same  number  of  Euyineering  News,  thus  incidentally 
])roving  what  a  wealtli  of  thouglit  can  be  abstracted  even 
from  an  engineering  periodical — provided  it  is  a  good 
one. 

I  am  sorry  indeed  to  read  that  a  few  mere  appeals  to 
jcin   .some  others   in  such   an    iiiipurtant   and   iulicquunt 


114G 


ENGINEERING     NEWS 


Vol.  76,  No.  24 


matter  a.-,  the  election  ol'  a,  Presiileiit  of  the  mightiest 
of  republics,  if  not  of  nations,  shocked  Mr.  Dabney's 
professional  sensibilities  so  considerably.  He  certainly 
never  was  a  member  of  any  of  the  democratic  engineer- 
ing societies  of  Europe.  If  he  had  been,  he  would  have 
succumbed  to  heart  failure  before  now,  for  even  such 
renownied  and  powerful  organizations  as  the  Verein 
Deutsclier  Ingenieure  have  been  guilty — very  guilty.  If 
I  rightly  remember,  this  society  wanted  to  qualify  young 
engineers  by  uieans  of  examinations 'to  wrest  from  the 
public  service  those  branches  that  were  better  intrusted  to 
competent  engineers  than  to  incompetent  lawyers. 

But  there  are  higher  things  tlian  political  jobs — than 
mere  loaves  and  fishes.  The  circumstances  of  the  entire 
engineering  world  should  be  such  that  its  members  can 
attain  the  highest.  They  should  be  enaliled  to  devote 
their  talents  to  the  welfare  of  the  comnumwealth.  If 
engineers  should  throw  themselves  into  that  "low  political 
scramble,"  thej  should  go  in  to  make  themselves  felt 
•and  the  mors  respected,  which  the  American  engineer, 
ccnipared  with  those  abroad,  is  not.  Om.'e  having  his 
rightful  place  in  the  community,  he  will  find  opportunity 
iOr  his  reasoning  power?  .-:'  be  of  greater  benefit  to  the 
American  people  thar.  is  new  the  case. 

The  American  masses  are  of  a  materialistic  turn:  they 
never  will  respect  where  there  is  not  pros]ierity,  and  the 
American  engineer  is  not  prosperous.  The  body  of  Amer- 
iian  engineei'S  is  not  constituted  by  that  very  small  per- 
centage oi  :hem  who  have  offices.  Jlost  emphatically 
not.  And  t!iat  small  percentaga  is  not  qualified  to  judge 
whether  the  greatest  part  by  far— the  engineer .  wage 
earners — should  mix  in.  the  fight  or  not. 

As  I  said,  that  number  of  Engineering  News  was  full 
of  information  l)earing  on  the  subject.  Glance  through 
the  list  of  men  without  positions,  the  jobless.  Again, 
page  1010  tells  a  striking  story  of  what  the  navy  offers 
to  th6  cream  of  America's  engineers,  men  of  about  40 
with  a  highly  successful  past— $10  a  day.  It  is  unnec- 
essary to  enlarge  on  this.  It  states  plainly  tliat  engi- 
neering in  America  is  a  disillusion  financially  and,  as 
America  is  materialistic,  socially,  as  well. 

But  there  is  hope.  Jlr.  Fleming  in  the  same  number 
and  in  previous  issues  has  proved  to  be  a  champion  of 
the  cause.  He  has  demonstrated  the  fitness  of  the  en- 
gineer to  take  part  in  public  affairs,  and  he  has  discussed 
the  engineer  as  a  writer  of  fiction.  It  was  the  gladdest 
note  I  ever  read  in  any  Amorican  professional  publi- 
cation. 

It  brought  visions  of  bygone  days  in  Europe,  in  Aus- 
tralia, even  in  tlie  lost  corners  of  semi-barbaric  Asia, 
where  there  was  at  any  rate  time  to  read,  to  relax  the 
mind.  What  does  the  American  engineer  know  of  lit- 
erature or  art  or  of  music?  Back  bent  over  a  table,  or 
from  dawn  to  dusk  in  the  dirt,  is  his  part  in  both  daily 
work  and  recreation.  For  concerts  ho  has  no  money, 
and  of  art  he  sees  glimpses  only  amid  a  lioliday  crowd. 
Should  American  engineers  join  in  politics?  Yes,  most 
emphatically,  yes.  Not  for  the  loaves  and  fislies,  but  he- 
cause  they,  with  their  intellectual  powers,  with  the  in- 
variably accompanying  sense  of  fairness  and  right,  sh(riild 
wrest  the  att'airs  of  state  out  of  the  hands  of  grafting 
politicians,  to  elevate  themselves  and  with  them  the  en- 
tire nation.  Our  profession,  in  wliicli  there  is  no  give  and 
take,  has  shaped  the  engineer  into  the  honest  man  he  is. 
iris  contact  with  men,  his  tliorougli  education,  have  pre- 


destined liim  to  l)e  an  admirable  leader;  and  if  it  were 
only  as  a  means  to  tlie  end,  the  American  engineer  should 
mix  in  ])olitics — and  not  for  a  presidential  election  only. 

J.\N   Sp.A-INDER, 

(A  neutral  and  appreciative  guest  of  America). 

Brooklyn,  N.  Y.,  Nov.  21,  1916. 

I  Mr.  Spaander's  arraignment  of  American  engineers  is 
rather  severe  as  applying  to  them  as  a  class  or  profession, 
for  it  woidd  apply  with  equal  potency  to  most  other 
Americans.  Moreover,  if  his  acquaintance  with  the  lives 
of  many  of  our  best  engineers  had  been  broader,  he 
would  know  that  the  love  of  literature,  art  and  music  is 
not  so  rare  by  any  means. 

It  is  unjust  to  say  that  engineers  have  been  nonentities 
in  American  civil  government.  Many  an  engineer  in  the 
same  quiet,  unassuming  and  unpretentious  way  that  he 
has  accomplislied  great  objects  in  engineering,  accom- 
plishes an  equal  amount  of  good  for  the  city,  state  and 
Jiation.  The  unwritten,  little  known  part  of  the  biogra- 
phies of  these  men  often  shews  a  most  unselfish  devotion 
to  the  public  welfare.  And  while  it  is  true  that  many 
reforms  require  a  more  militant  spirit,  we  should  not 
overlook  this  other  means  of  serving  the  public. — Editor.] 


Sir — I  note  in  Engineering  News  of  Nov.  23,  p.  1001,  a 
letter  from  my  good  friend,  Mai.  T.  G.  Dabney,  deplor- 
ing the  active  participation  in  national  politics  of  civil 
engineers — members  cf  the  American  Society  of  Civil 
Engineers. 

I  certainly  share  his  feeling  that  our  honored  organiza- 
tion, as  such,  should  keep  out  of  politics.  But  I  also  feel 
that  we  should,  as  individuals,  have  as  patriotic  a  desire 
as  any  other  citizens  of  the  Eepublic  to  promote  what 
each  conscientiously  believes  to  be  for  the  greatest  good  of 
the  land  of  his  birth;  and  that  all  engineers  who  think 
alike  should  combine  to  bring  about  those  results  which 
they  believe  will  conduce  to  the  greatest  good. 

When  we  become  engineers,  we  do  not  cease  to  be  citi- 
zens ;  and  the  duties  of  citizenship  should  be  discharged 
as  conscientiously  as  am  trusteeship  that  we  hold  as  pro- 
fessional men. 

The  question  arises,  Will  the  participation  in  politics 
of  men  whose  standards  of  honor  are  as  high  as  those 
embraced  by  our  profession  tend  to  lower  tliose  standards, 
or  will  they  help  to  raise  the  grade  of  political  morals? 
I  Ijelieve  in  the  latter  alternative. 

Major  Dabney  mentions  two  appeals  made  to  him  by 
prominent  engineers,  holding  opposite  views  as  to  the 
presidential  candidates.  I  was  the  Chicago  member,  mak- 
ing my  appeal  for  President  Wilson,  but  asking  no  con- 
tribution to  the  expenses  of  the  campaign.  I  sent  out  a 
hirge  number  of  personal  appeals  for  the  man  of  my 
choice  and  was  much  gratified  by  the  responses.  Some 
men  wliom  I  felt  sure  were  rock-ribbed  Republicans  replied 
that  they  woukl  vote  for  Mr.  Wilson. 

I  believe  that  engineers  should  make  themselves  felt 
in  ci\il  lilV  as  \\cli  as  in  civil  engineering.  I  want  to  say 
r\ii-|hci-  Ihal  in  our  association  with  one  another  our  politi- 
cal leanings  should  make  no  difference  in  our  professional 
lirotherhood.  In  a  long  professional  life  I  have  never  been 
influenced  in  employing  assistants  by  their  ])olitical  faith. 
All  that  I  liave  wanted  to  know  about  them  has  been 
their  ability  to  do  the  work  ancT their  conscientiousness  in 
its  discharge.  Isiiam  Ran iioi.rii. 

Chicago.  111.,  Dec.  1,  1!)16. 
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Sir — Referring  to  the  editorial  in  the  issue  of  Engineer- 
ing News  for  Nov.  23,  headed  ''More  Evidence  of 
Unreliability  of  the  Stronger  Bronzes,"  I  think  that  a 
short  statement  in  regard  to  what  was  actually  found 
as  the  cause  for  the  difficult}'  with  the  manganese-bronze 
rolled  material  on  the  Catskill  Aqueduct  will  be  of  service 
in  making  clear  to  engineers  that,  with  proper  inspeclion 
and  under  proper  specifications,  rolled  manganese  bronze 
would  appear  to  be  an  entirely  satisfactory-  material,  in 
places  where  its  resistance  to  corrosion  and  its  strength 
are  desirable  qualities. 

Alfred  D.  Flinn,  Deputy  Chief  Engineer  of  the  Catskill 
Aqueduct  Board,  presented  a  paper  to  the  American 
Institute  of  Metals  at  its  meeting  in  September,  1915 
(published  in  the  Proceedings  of  the  society),  in  which 
he  describes  in  detail  the  difficulties  that  had  been 
experienced.  This  paper  is  verj'  complete  and  instructive. 
Prior  to  this  time,  the  matter  had  been  referred  to  in 
Engineering  News,  as  you  state,  and  in  some  of  the 
trade  papers. 

The  same  troubles  have  been  experienced  in  other 
places  with  the  same  material,  but  in  the  case  of  the 
Catskill  Aqueduct,  conditions  were  so  serious,  and  the 
amount  of  money  involved  was  so  great,  that  especial 
attention  was  directed  to  the  difficulty. 

At  the  .same  meeting  of  the  American  Institute  of 
iletals  referred  to,  a  paper  was  read  by  P.  D.  Merica 
and  R.  W.  Woodward,  of  the  United  States  Bureau  of 
Standards,  which  gives  a  very  complete  account  of  the 
investigation  which  the  Bureau  made  in  this  connection, 
and  in  which  are  given  a  number  of  valuable  references. 
The  reference  to  which  attention  should  be  especially 
called  is  the  paper  by  Prof.  E.  Heyn,  of  the  Royal 
Technical  Institute  of  Charlottenburg,  presented  to  the 
Institute  of  Metals  as  the  ilay  lecture  before  that  body 
in  1914.  This  is  a  very  complete,  theoretical  and 
practical  exposition  of  the  subject  of  internal  strains 
in  cold  worked  material.  The  subject  was  investigated 
by  Dr.  Heyn  on  account  of  the  cracking  of  steam  turbine 
blades  made  of  nickel  steel  containing  about  25%  of 
nickel.  Strain  diagrams  were  given  of  this  material 
and  of  various  nonferrous  alloys.  This  paper  is  the 
basis  of  the  work  done  by  the  Bureau  of  Standards  here 
referred  to. 

The  difficulties  that  arose  in  the  case  of  the  Catskill 
Aqueduct  material  are  quite  common  in  other  bras.ses 
and  bronzes  that  are  subjected  to  cold  work  such  as 
drawing,  stamping,  etc.  For  instance,  in  cartridge  cases 
made  of  brass,  ditficulty  is  frequently  experienced  by  the 
material  cracking  after  it  has  been  in  storage  for  a  while; 
and  for  this  reason,  the  phenomenon  is  usually  referred 
to  as  "season  cracking."  This  cracking  has  been  known 
for  many  years,  and  has  been  ascribed  to  many  causes ; 
but  since  the  paper  by  Professor  Heyn  appeared,  and 
since  the  investigation  by  the  Bureau  of  Standards  has 
been  made,  it  would  appear  perfectly  clear  that  the  real 
cause  is  an  excessive  initial  strain  in  the  rolled  material 
due  to  the  rolling;  or  in  the  case  of  drawn  or  stamped 
material,  to  the  cold  work  and  consequent  local  strains 
-I't  up  by  the  method  of  niainifiicture. 

It  may  be  of  interest  to  note  that  these  initial  stresses, 
according  to  Heyn,  were  as  high  as  22,400  lb.  per  sq.in., 
these  measurements  being  taken   five  days  after  the  bar 


had  left  the  drawing  die.  Two  years  afterward,  this 
strain  had  increased  to  26,600  lb.  per  sq.in.  These  figures 
were  the  maximum  tensions  found  by  Heyn's  method  in 
a  bar  containing  57.8%  copper,  40.8%  zinc,  and  1.35% 
lead.  The  tests  of  the  Bureau  of  Standards  show  maxi- 
mum tension  stresses  in  material  that  had  not  been  used 
of  94,000  lb.  per  sq.in.  Of  course,  this  is  exceptional, 
although  there  were  a  number  of  instances  .where  the 
stress  was  from  17,000  to  34,000  lb.  per  sq.in.  It  is 
evident  that  such  initial  stresses  in  the  material  inevitably 
resulted  in  failure,  particularly  when  additional  stresses 
were  introduced  in  service. 

It  is  well  known  that  annealing  will  relieve  internal 
strains  if  properly  conducted,  and  the  results  of  Professor 
Ileyn's  tests  .show  this  effect  very  markedly.  For  instance, 
the  bar  above  referred  to,  when  heated  for  three  hours 
at  160°  C,  reduced  the  maximum  tensile  stress  to  about 
15,000  lb.  per  sq.in.;  while  heating  it  for  three  hours 
at  230°  C.  reduced  the  initial  .stress  to  3,500  lb.  per  sq.in. 
The  tests  of  the  Bureau  of  Standards  confirm  this, 
and  show  that  a  temperature  of  400°  C,  for  a  period 
of  one  hour,  reduces  the  initial  stresses  to  a  safe  limit 
without  altering  the  physical  qualities. 

It  therefore  appears  entirely  possible,  as  stated  before, 
to  use  manganese  bronze  or  other  high-strength  brasses, 
provided  proper  methods  of  manufacture  are  used,  and 
checked  by  proper  inspection. 

Inasmuch  as  Heyn's  method  of  detenniniug  these 
internal  stresses  is  rather  complicated,  and  more  suitable 
for  laboratory  purposes  than  for  ordinary  inspections, 
although  it  gives  accurate  results,  the  writer  devised  a 
method  which  is  quite  accurate,  although  not  so  accurate 
as  Heyn's  method,  and  which  would  appear  to  be  suitable 
for  ordinary  inspection.  It  consists  in  cutting  from  a 
bar  of  the  material  a  longitudinal  strip  of  segmental 
section,  the  included  angle  at  the  center  being  30°.  If 
there  be  an  initial  strain  in  the  material,  this  strip  will 
not  be  straight  as  it  was  originally,  but  more  or  less 
curved.  It  is  quite  easy  to  measure  the  deflection  of  the 
curve,  and  knowing  the  length,  it  is  quite  easy  to  figure 
the  approximate  initial  strain. 

This  method  was  submitted  to  the  Bureau  of  Standards, 
who  tested  it  and  found  that  the  facts  are  as  above  stated. 
The  results  obtained  are  given  in  the  following  table  as 
found  in  three  different  cases: 


Change    in    Strain 

at  Outside  Fiber, 

Author's  Method 

+  30.000 

—4.720 

+  41,000 


Maximum  Strain 

at  Outside, 

Heyn's  .Method 

+  34.000 

—6.000 

+  94,000 


With  regard  to  the  accuracy  of  the  method,  it  should 
not  be  forgotten  that  the  bending  of  the  strip  does  not 
entirely  relieve  the  strain,  and  that  the  method  is  there- 
fore only  approximate;  but  it  appears  to  afford  a  good 
idea  of  the  magnitude  of  the  strains,  and  therefore  I  feel 
that  it  is  of  value  for  inspection  purposes. 

In  conclusion,  I  feel  that  such  a  magnificent  metal 
as  manganese  bronze,  which  is  so  suitable  for  many 
])urposes,  should  not  be  handicapped  in  its  application 
by  the  idea  that  it  is  inherently,  and  for  some  mysterious 
reason,  defective;  and  I  believe  that  with  proper  insjicc- 
tion,  and  under  proper  specifications,  the  bad  name  that 
it  lias  acquired  in  many  quarters  will  be  changed,  and 
its  use  will  increase  as  it  should.  S.  W.  iMiLL?:if. 

Rochester,  N.  Y.,  Nov.  25,  1916. 
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The  further  development  of  the  passenger  railway  lines 
of  Chicago,  planned  hv  the  Chieago  Transit  Commission, 
was  briefly  described  in  the  last  issue  of  Engineering 
News.  The  accompanying  map  shows  the  location  of 
the  principal  lines  which  it  is  planned  to  enlarge  and 
extend. 

As  shown  by  the  map,  the  principal  feature  of  the 
development  the  Commission  has  planned  is  the  provision 
of  rapid  transit  by  four-track  elevated  lines  instead  of 
by  subways.  The  Commission  points  out  that  the  in 
vestment  necessary  to  build  an  elevated  railway  is  about 
one-fourth  as  great  as  that  necessary  to  construct  a  sub- 
way and  the  traffic?  capacity  of  the  two  are  equal.  In 
Chicago  there  is  no  such  great  concentration  of  traffic 
in   one   direction  as  exists  on   the  long  narrow  area  of 


PROJECTED  RAPID  TRANSIT  SYSTEMS  FOR  CHICAGO 

Manhattan  Island.  In  Chicago  the  chief  transit  lines 
radiate  from  the  central  business  district,  and  rapid 
transit  service  can  be  secured  at  the  least  outlay  by 
adding  additional  tracks  to  the  present  elevated  lines 
with  some  extension  of  the  elevated  system  in  outlying 
parts  of  the  city.  In  the  central  business  districts,  how- 
ever, where  obstruction  of  streets  by  additional  elevated 
tracks  would  be  impracticable,  subways  arc  to  be  con- 
structed. The  difficulties  in  building  these  subways  will 
be  greater  than  those  which  have  been  encountered  in 
New  York  or  in  Boston,  on  account  of  the  soil  conditions. 
With  proper  care,  however,  the  Commission  believes  that 
suhwavs  can  be  constructed  without  serious  damage  to 
the  buildings  along  the  route. 

In  addition  to  the  subways  for  the  rapid  transit  lines 
in  the  congested  district,  the  Commission  has  recom- 
mended additional  subways  in  this  district  to  remove 
the  surface  cars  from  certain  crowded  streets.  Some 
rather  serious  difficulties  in  subway  construction  are  in- 


troduced by  the  existing  network  of  small  tunnels  in 
the  central  business  district,  used  by  the  Illinois  Tunnel 
Co.  for  freight  distribution  in  small-size  cars.  The 
subways  will  have  to  pass  above  or  below  these  tunnels, 
and  the  difficulties  of  construction  are  thereby  consider- 
ably increased.  If  any  further  extensions  of  the  Illinois 
tunnel  system  are  made,  the  franchise  should  require 
the  location  to  he  such  that  no  interference  with  subways 
for  city  passenger  traffic  can  result. 

The  estimated  outlay  for  the  construction  program 
wliich  is  to  extend  over  nine  years,  but  a  considerable 
proportion  of  which  will  be  carried  out  during  the  next 
three  years,  is  $100,000,000.  The  enlargement  necessary 
to  provide  for  the  city's  grovrth  over  a  longer  period, 
during  whicli  it  is  estimated  the  city  may  reach  a  popu- 
lation of  5,000,000,  will  involve  an  eventual  outlay  of 
$260,000,000.  This  makes  the  rapid  transit  development 
of  Chicago  as  an  engineering  enterprise  rank  among  the 
largest  now  projected  in  the  world. 

In  undertaking  this  work,  Chicago  has  certain  great 
advantages  through  the  concentrated  financial  control  of 
its  surface  railways  and  of  its  elevated  lines ;  and  further, 
becaiise  of  the  large  financial  interest  which  the  city 
ali'eady  has  in  the  surface  lines. 

To  finance  this  great  enterprise  will  require  the  united 
strength  of  the  municipality  and  the  corporations.  The 
advantage  of  having  the  entire  system,  surface  lines, 
elevated  lines,  and  subways,  operated  under  one  manage- 
ment, is  so  olnious  that  this  recommendation  of  the 
Commission  will  doubtless  receive  general   approval. 

The  members  of  the  Commission,  which  was  appointed 
nearly  a  year  ago,  are  Bion  J.  Arnold,  of  Chicago, 
AVilliam  Barclay  Parsons  and  Robert  Ridgway,  of  New 
York   Citv. 


Capacity  rates  for  water  filters  of  the  mechanical  type, 
with  special  reference  to  filters  for  other  than  municipal 
purposes,  formed  the  subject  of  a  rei)ort  of  a  committee 
of  the  American  Society  of  Mechanical  Engineers,  sub- 
mitted by  George  W.  Fuller,  chairman,  at  the  recent 
annual  meeting  of  the  society. 

Tlie  committee  points  out  that  there  is  no  need  of 
standardizing  construction  details,  since  there  is  a  wide 
legitimate  field  for  individual  preference  or  convenience 
here.  With  the  proper  rate  of  filtration  the  case  is  far 
iliHerent,  since  this  de])ends  on  the  laws  of  nature.  Asso- 
ciated with  this  rate  are  some  other  matters  deserving 
attention. 

Capacity  can  best  be  expressed  in  gallons  per  s(^uare 
foot  of  filter  surface  per  minute.  The  upper  surface  of 
the  bed  should  be  used  even  in  the  case  of  horizontal  cylin- 
drical filters.  Ample  capacity  to  meet  maximum  demand 
should  be  provided.  The  recommended  depth  of  filter  i 
bod  is  33  in.,  '"of  which  at  least  24  in.  is  sand  or  similar  ; 
fine  material  of  suitable  si/e  and  grade."  Minimum 
thicknesses  of  27  and  18  in.  respectively  are  named.  Bed 
thickness  is  independent  of  the  washing  devices  used.  On 
the  subject  of  filter  medi  im  the  report  says: 

The  most  desirable  filter  medium  is  a  granular  substance 
of  a  hard,  nonporous,  insoluble  -harapter.  with  grains  sub- 
stantially uniform  in  size  and  shape,  the  exact  size  and  uni- 
formity of  the  particles  boint?  open  to  some  variation  depend- 
ing upon  local  conditions.  If  properly  washed,  such  a  filter 
bed  will  remain  in  efficient  working  condition  for  several 
years. 
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Bone  charcoal  or  other  porous  material  is  sometimes  of 
aid  in  the  removal  of  iron,  color,  tastes  or  odors.  But  if  they 
are  used,  it  must  be  recognized  that  growths  of  bacteria  in 
the  effluent  are  very  lilcely  to  occur,  although  there  is  no 
evidence  to  indicate  that  such_  growths  include  disease-pro- 
ducing   germs. 

Coming-  lunv  to  the  main  point  of  the  rejiort,  the  rate 
of  filtration,  the  committee  says: 

The  permissible  rate  of  filtration  in  any  instance  de- 
pends upon  the  character  of  the  water  to  be  filtered  and  the 
purpose  for  which  the  water  is  used.  If  the  water  is  for 
domestic  purposes,  whether  the  filters  are  installed  in  a 
municipal  plant  or  otherwise,  the  rate  of  filtration  should  not 
exceed  that  which  has  been  adopted  for  such  service  by  uni- 
versal consent  of  filtration  engineers.  We  therefore  recom- 
mend that: 

a.  Whenever  the  water  is  to  be  used  for  domestic  pur- 
poses or  to  secure  full  bacterial  purification,  the  capacity  shall 
be  based  upon  a  rate  of  filtration  not  to  exceed  2  gal.  per 
min.  per  sq.ft.  of  filtering  area,  and  a  coagulant  must  be  used. 

b.  Where  a  lesser  degree  of  purification  is  required,  either 
because  the  water  is  not  to  be  used  for  domestic  consump- 
tion or  because  the  water  to  be  filtered  is  already  sufficiently 
free  from  bacteria,  or  where  the  filtered  water  is  to  be  ef- 
fectively sterilized,  a  higher  rate  of  filtration  may  be  used,  but 
not  to  exceed  3  gal.  per  sq.ft.  per  min. 

Double  or  series  filtration,  through  material  of  the  same 
character,  is  not  good  practice.  Better  results  are  secured 
by  operating  the  filters  in  parallel,  thus  giving  a  lower 
rate.  For  some  waters  it  may  he  advisable  to  use  a  second- 
ary filter  of  fine  material  to  remove  fine  suspended 
matters  that  pass  the  ju'imary  filter.  WTiere  iron,  color, 
odor  or  taste  is  to  be  removed,  a  primary  sand  filter  and 
a  secondary  filter  of  bone  charcoal,  or  some  other  porous 
material  may  be  employed,  provided  there  is  no  objection 
to  an  increase  in  harmless  water  bacteria  through  growth 
in  the  porous  medium.  Btit  in  any  ease  the  rates  for 
double  filtration  should  not  exceed  those  for  single 
''unless  warranted  by  the  results  of  experiments"  or 
iid vised  by  ''a  comjjetent  filtration  engineer." 

It  should  be  understood  that,  with  the  rapid  rates 
ajjproved  in  the  report,  proper  coagulation  of  the  raw 
water  is  imperative,  and  in  the  case  of  very  turbid  water 
preliminary  sedimentation  must  also  be  considered. 

It  has  been  found  that  sterilizing  the  filters  with  steam 
is  of  temporary  advantage  only,  and  sometimes  results  in 
the  growth  of  water  bacteria  in  the  filter.  Disinfection 
can  best  be  secured  by  treating  the  filtered  water  by  liquid 
chlorine,  hypochlorite  of  lime  or  iiltra-violet  rays. 
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Like  many  municijialities  tiie  inspectors  in  the  Detroit 
sewer  department  are  frequently  political  ward  workers 
with  or  without  qualifications.  With  a  compen.sation  of 
$1  per  day,  irregular  time,  many  receive  more  than  they 
])ossihly  could  elsewhere.  A  yearly  salary  of  $1,000  to 
•$1,200,  and  the  position  made  a  stepping  stone  to  pro- 
motion are  .some  of  the  recommendations.  At  present  the 
inspectors,  as  a  body,  are  not  competent,  the  inspection 
service  is  not  efficient,  and  good  contract  work  is  secured 
by  chance. 

The  methods  of  undcrtiiking  sewer  work  l)y  day  laljor 
are  off-hand  and  informal.  No  estimate  or  bid  of  the 
probable  cost  of  this  work  is  made  by  the  Sewer  Depart- 
ment,  nor  are   detiiiled   cost   data  of   work   done.     The 

•From  a  report  on  the  sewer  construction  work  of  the 
Detroit  Department  of  Public  Works,  prepared  by  the  Detroit 
Hureau  of  Governmental  UeHearch,  of  which  H.  S.  Morse,  for- 
ni'Tly  lOnglneer  of  .Srwer.M  of  Cincinnati,  Is  engineer.  The 
puraicraphs  Klvcn  are   extracts   from   the   report. 


general  superintendent  of  the  department  examines  the 
city  engineer's  estimates  and  all  the  contractors"  bids 
submitted,  and  with  this  information  and  his  own  ex- 
perience concludes  whether  or  not  he  can  do  the  work  for 
less  than  the  lowest  bid.  It  is  recommended  that  the 
superintendent  submit  sealed  bids  or  estimates  based 
on  carefully  kept  cost  data  of  pa-«t  work. 

The  construction  of  storm  sewers  by  the  Sewer  Depart- 
ment is  usually  done  without  stakes  for  either  line  or 
grade,  nor  is  the  completed  sewer  surveyed,  nor  is  a 
record  plan  prepared  or  filed.  The  so-called  "sight-arm" 
method  of  giving  grades  is  in  vogiie.  Long  stretches  of 
storm  sewers  have  been  constructed  to  connect  with  only 
one  or  two  inlets.  A  more  careful  layout  of  street  grades, 
would  reduce  the  work  of  storm  sewer  construction. 

Seldom  after  sewers  are  designed  and  constructed  is 
attention  paid  to  their  operation  for  the  purpose  of  check- 
ing the  accuracy  of  the  methods  of  design.  It  is  suggested 
that  a  careful  study  be  made  of  the  operation  of  existing 
sewers  in  connection  with  the  compilation  of  rainfall 
records  extending  over  a  period  of  years,  and  that  from 
these  data  the  present  method  of  design  be  checked  by 
the  so-called  "rational  method." 

In  general,  the  quality  of  construction  work  ins])ected 
was  found  to  be  poor  and  not  in  accordance  with  the 
specifications — with  one  exception.  The  pipe  laying 
inspected  was  extremely  poor.  No  attempt  was  made  to 
build  the  sewers  to  a  true  line  and  there  was  only  a 
rough  attempt  to  obtain  a  true  grade.  Bell  holes  for 
the  pipe  were  not  excavated,  and  the  pipe  was  improperly 
bedded.  No  mortar  was  placed  at  the  bottom  of  the 
joints  and  very  little  in  the  joint  below  the  springing 
line  of  the  pipe.  The  only  operation  which  seemed  to 
lie  well  done  was  the  backfilling  in  open  cuts. 

In  the  performance  of  routine  work  over  a  period  of 
years,  the  whole  conduct  of  sewer  construction  has 
apparently  slipped  into  a  rut.  The  reasons  for  present 
conditions  may  be  traced  to  two  sources :  Laxity  of 
supervision  and  political  influence  in  the  .selection  of 
inspectors. 

Little  attention  seems  to  be  given  to  the  quality  of 
materials  used  on  the  work.  The  specifications  are  none 
too  explicit  as  to  terms  under  which  various  materials 
will  be  acceptable  to  the  city,  and  laxity  in  inspection 
of  materials  is  to  be  expected.  Occasional,  if  not 
regular,  testings  of  all  materials  accompanied  by  explana- 
tions to  inspectors  of  results  found  would  have  a  beneficial 
effect  in  improving  not  only  the  quality  of  materials 
used,  but  in  raising  the  entire  standard  of  construction 
work. 

The  specifications  contain  numerous  "requirements"  to 
which  little  or  no  attention  is  paid.  Many  important 
paragraphs  can  be  analyzed  and  numerous  requirements 
found  which  are  not  enforced.  The  contractor  .should 
i)e  allowed  to  bid  on  specifications  which  mean  what 
they  read.  Under  the  present  practice  in  the  construc- 
tion of  sewers  it  is  difficult  to  see  how  an  outside 
contractor  can  bid  intelligently.  Either  the  contractor 
must  assume  that  the  specifications  will  be  ridgidly 
enforced  and  bid  accordingly,  or  in  order  to  compete  witii 
contractors  who  understand  that  various  clauses  will  not 
be  enforced,  he  must  anticipate  non-enforcement  of  tiie 
specifications.  A  superficial  e.xaniination  of  published 
bids  does  not  indicate,  however,  that  the  cost  of  sewers  is 
excessive,  were  first-class  work  obtained. 
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elevation  ot  the  car  floor,  and  adjoining  this  will  be  a  street 
or  roadway  60  ft.  in  width.  The  second  floor  will  have  a 
width  of  111  ft.  exclusive  of  the  landing  platform,  and  the 
third  floor  will  have  a  width  of  106  ft.  exclusive  of  the  land- 
ing platform.  The  shed  on  the  northerly  side  will  have  a 
length  of  560  ft.  and  on  the  southerly  side  will  have  a  length 
of  4S0  ft. 

With  such  an  installation  trucks  may  drive  on  to  the  lo'wer 
decli  of  the  pier  where  they  may  deliver  or  receive  cargo  to 
or  from  ships.  Cargo  which  is  coming  from  ships  to  railroad 
cars  may  be  trucked  directly  across  the  floor  of  the  pier 
and  into  the  body  of  the  cars  at  the  same  level  as  the  pier 
floor,  and  a  similar  process  for  cargo  going  from  railroad 
cars  into  ships.  Cargo  that  is  received  from  ships  for  stor- 
age or  warehousing  will  be  unloaded  directly  on  to  the  plat- 
forms of  the  second  or  third  floors  to  the  warehouses  by 
means  of  the  ship's  tackle  and  portable  electric  winches  and 
cargo  hoists.  Cargo  from  the  warehouses  or  storage  houses 
going  into  ships  will  be  unloaded  from  the  platforms  along 
the  edge  of  the  pier  into  the  ships  in  similar  manner.  Cargo 
going  from  the  warehouses  to  railroad  cars  will  be  lowered 
from    the   doors   of   the    warehouses   on    the   street   side   on   to 
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In  a  report  to  the  Board  of  Harbor  Commissioners  of 
Camden,  X.  J.,  B.  F.  Cresson,  Chief  Engineer  of  Xe>v 
Jersey  State  Board  of  Commerce  and  Xavigation  advises 
the  construction  at  that  port  of  an  innovation  in  American 
harbor  practice ;  that  is,  the  placing  of  large  storage  ware- 
houses upon  terminal  piers,  so  that  ships,  trucks  and  rail- 
way cars  can  load  directly  one  to  the  other  or  each  to  the 
warehouse. 

The  report,  dated  Dec.  4,  ]916,  recommends  the  devel- 
opment of  the  port  of  Camden,  directly  across  the  Dela- 
ware Eiver  from  Philadelphia,  by  the  construction  at  a 
cost  of  approximately  $1,000,000  of  two  new  piers,  on  one 
of  which,  shown  at  the  left  in  the  accompanying  view,  will 
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1)0  erected   the   warehouses,   which    are   described   in    the 
report  as  follows : 

The  pier  will  be  a  wide  solid  filled  structure  with  a  timber 
bulkhead  and  a  platform  constructed  outshore  of  the  bulk- 
head to  provide  deep  water  wharfage.  It  will  provide 
dockage  for  a  600-ft.  ship  on  one  side  and  a  480-ft.  ship  on  the 
other.  It  will  be  326  ft.  wide  over  all  and  will  be  divided 
longitudinally  into  two  separate  operating  parts,  each  with 
the  same  facilities  except  the  driveway  in  the  middle. 

There  will  be  a  three-story  shed  along  the  north  and 
south  sides  of  this  pier.  The  lower  floor  %vill  have  a  vertical 
clearance  of  about  22  ft.;  this  will  be  for  the  protection  and 
handling  of  cargo  in  transit.  The  second  and  third  floors,  each 
of  which  is  stepped  back  5  ft.  on  the  water-side  to  provide 
a  landing  and  working  platform  for  cargo,  will  have  a  vertical 
clearance   of  about   12   ft. 

The  floor  of  the  lower  level  will  be  100  ft.  wide  back  from 
the  string-piece  and  there  will  be  two  railroad  tracks  in  a 
pit  immediately  adjoining  the  floor  and  within  the  building. 
The  elevation  of  the  pier  floor  will  be  the  same  as  that  of 
the  floor  of  the  car  and  this  will  facilitate  the  handling  of 
freight  between  the  pier  deck  and  the  cars.  Immediately  to 
the   rear   of   the    shed   will   be   a   platform    10    ft.    wide   at   the 


narrow  platforms  to  the  rear  of  the  sheds  and  from  these 
platforms  into  the  body  of  the  railroad  cars  on  the  level  ot 
the  platforms.  Cargo  going  from  the  warehouses  into  trucks 
will  be  lowered  in  a  similar  manner  to  the  platform  and  di- 
rectly into   the   trucks. 
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Bids  were  received  on  Dec,  (i,  191G,  for  the  reconstruc- 
tion of  the  Clearwater  basin  in  the  Cleveland  Division 
Ave.  filtration  plant  which,  as  detailed  in  Engineering 
News,  Dec,  7,  1916,  p.  1099,  is  showing  such  serious 
settlement.  The  repair  work  comprises  a  complete  re- 
lining  of  the  basin  by  the  construction  of  what  amounts 
to  an  entirely  new  structure  inside  of  the  old.  Bids 
were  asked  on  itemized  quantities  and  in  addition  an 
e.xact  time  limit  had  to  be  specified  for  two  particular 
parts  of  the  work,  with  a  penalty  of  $250  per  day  for 
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overtime  on  eaeli  section.  In  comparing  bids  the  collected 
totals  were  added  to  an  amount  found  by  multiplying  tlie 
mean  number  of  days  specified  for  the  two  parts  of  the 
work  by  a  fixed  sum  of  -$300  i>er  day. 

Three  bids  were  received,  as  follows:  F.  W.  ^Mark 
Construction  Co.,  Inc.,  Cleveland,  Ohio,  $331,708.50  plus 
$55,000  (110  average  days)  or  $386,708.50  for  a  com- 
parative total;  John  F.  Casev  Co.,  Pittsburgh.  Penn., 
$328,317  plus  $91,000  (182  average  days)  or  $419,317; 
The  Masters  &  Mullen  Construction  Co.,  Cleveland, 
Ohio,  $330,457.15  plus  $110,000  (220  average  days) 
or  $440,457.15. 

It  will  be  seen  that  the  basic  bids  are  remarkably  close. 
Each  bidder  was  asked  to  outline  the  program  of  his 
work,  which  must  be  prosecuted  during  the  coming 
winter,  under  what  is  usually,  in  Cleveland,  severe 
weather  conditions.  After  considering  the  different  pro- 
grams the  water  commissioner  recommended  the  letting 
of  the  contract  to  the  J.  F.  Casey  Co.,  who  had  the 
lowest  bid  but  whose  time  limit  was  higher  than  that 
of  the  Mark  company.  In  presenting  this  recommenda- 
tion to  the  Board  of  Control,  the  commissioner  said  that 
the  time  specified  by  the  ]\Iark  company  seemed  so  short 
that  it  was  to  be  feared  that  no  matter  how  honest  their 
intentions  they  would  constantly  be  under  pressure  to 
]uit  more  effort  into  speed  than  into  thoroughness. 
Furthermore  the  program  of  the  Casey  company  seemed 
more  possible  of  execution.  The  contract  was  thereupon 
awarded  to  the  J.  F.  Casey  Co. 

Clhiica^©  Se'wage  Dil^ftioia  Inlit 

Two  opinions  on  the  Chicago  sewage-dispo.sal  system 
I'.ave  been  given  out  during  the  past  week.  They  were 
published  on  the  same  day,  and  both  are  strongly  ad- 
Aorse  to  the  present  policy  of  disposal  by  dilution.  An 
extract  from  the  annual  report  of  the  Chief  of  Engi- 
neers, United  States  Army  (published  in  the  local  press), 
states  the  case  as  follows : 

Modern  expert  opinion  is  to  the  effect  that  the  disposal  of 
sewage  by  dilution  in  the  manner  practiced  by  the  Chicago 
sanitary  district  is  neither  economical,  efficient  nor  in  keep- 
ing with  the  public  spirit  that  should  direct  undertakings  of 
this  kind.  The  present  practice  is  to  apply  some  form  of 
treatment  to  the  sewage  which  shall  remove  its  more  of- 
fensive characteristics  before  it  is  released  and  permitted  to 
flow  past  the  waterfronts  of  near-by  communities. 

The  report  states  that  the  Sanitary  District  of 
Chicago  is  drawing  from  Lake  Michigan  a  much  larger 
quantity  of  water  than  the  4,167  cu.ft.  per  sec.  per- 
mitted by  the  Secretary  of  War,  the  average  flow  through 
the  Chicago  River  to  the  drainage  canal  since  1910  being 
over  7,000  cu.ft.  per  sec.  This  represents  a  daily  aver- 
age of  nearly  600,000,000  cu.ft.  of  water  drawn  from 
the  lake,  which  is  al)Out  equal  to  the  entire  low-water 
flow  of  the  Mississippi  River  at  St.  Paul. 

The  report  further  states  that  tlie  continuous  with- 
drawal of  such  a  volume  of  water  will  result  in  per- 
manently lowering  the  water  level  about  5  in.  in  Lake 
Michigan  and  Lake  Huron  and  nearly  as  much  in  Lake 
Erie.  This  would  seriously  affect  river  and  harbor  works 
as  well  as  navigation  and  lake  commerce.  The  Inter- 
national AVaterway  Commission  has  estimated  that  a  6- 
in.  lowering  of  the  water  level  would  reduce  the  loading 
of  large  lake  vessels  by  300  to  550  tons,  and  thus  eau.se 
an  annual  loss  of  about  $1,500,000.  Furthermore,  the 
htate  authorities  of  Illinois  are  .said  to  contemplate  a 
etill  greater  diversion,  10,000  cu.ft.  per  sec.  or  more. 


The  second  adverse  opinion,  strange  to  say,  comes  from 
within  the  Sanitary  District  of  Chicago.  The  new  pres- 
ident of  the  district,  Charles  H.  Sergei,  who  was  elected 
l\v  popular  \-ote  in  November,  in  his  inaugural  address 
on  Dec.  5  came  out  squarely  in  opposition  to  the  dilu- 
tion system,  although  this  system  has  been  the  practice 
and  policy  of  the  Sanitary  District  since  its  earliest  days. 
He  also  predicted  restriction  of  the  supply  of  water  from 
the  lake  by  the  United  States  Government.  Mr.  Sergei 
has  not  been  connected  with  the  Sanitary  District  until 
now,  and  this  expression  of  his  attitude  has  met  with 
.strong  objection  on  the  part  of  the  Board  of  Trustees, 
the  principal  argument  being  the  great  expense  involved 
in  any  other  system.  Tiio  following  is  a  quotation  from 
-Air.  Sergei's  address : 

The  most  important  work  of  the  sanitary  board  in  the  next 
few  years  is  the  putting  into  active  operation  of  modern  meth- 
ods of  sewage  treatment  to  supplement  the  dilution  method 
of  disposal  now  in  use.  so  that  eventually  our  rivers — the 
Chicago,  the  Calumet  and  the  Des  Plaines — will  no  longer  be 
open  sewers.  Our  great  metropolis,  which  should  march  in 
the   van,    has   been    lagging    in    the    rear. 

The  work  of  experimentation  that  the  sanitary  board  has 
been  carrying  on  for  many  years  must  have  supplied  enough 
facts  and  principles  and  methods.  If  not.  other  investigations 
have.  Let  us  now  put  these  principles  into  operation  by  con- 
structing treatment  plants,  and  thus  rescue  our  rivers  from 
sewerdom.  We  then  will  be  in  no  danger  of  having  the  en- 
tire sewage  system  paralyzed  by  the  United  States  Govern- 
ment's reducing  the  supply  of  water  from  the  lake,  for  even 
the   minimum    supply    will   be    sufflcient. 

It  is  reported  that  the  regents  of  the  University  of 
Minnesota,  in  their  budget  for  the  next  two  years  just 
formulated  for  submission  to  the  legi.slature,  have  pro- 
vided for  the  employment  of  a  consulting  civil  engineer 
in  the  Univer.>iity  Extension  Department,  whose  services 
would  be  free  to  Minnesota  cities  and  towns.  This  appears 
to  be  in  line  with  a  resolution  ado])ted  on  Oct.  19,  1916, 
by  the  Minnesota  League  of  Municipalities,  as  follows: 

We,  your  special  committee  appointed  to  consider  the 
question  of  having  an  engineer  in  connection  with  the  State 
University  Kxtension  Department  who  will  be  at  the  service 
of  the  members  of  the  league  in  an  advisory  capacity,  do 
recommend  that  steps  be  taken  to  have  such  an  engineer  of 
maturity  and  wide  experience  in  municipal  work  added  to  the 
faculty.  Respectfully  submitted.  William  Ries.  Shakopee;  P. 
A.  Hustad.  Benson;  Frank  Lonergan,  White  Bear;  Frank  A. 
Bowman,  Gilbert. 

The  names  and  addresses  attached  to  the  resolution 
seem  to  indicate  that  the  demand  for  free  consulting 
services  conies  from  the  smaller  communities  of  Min- 
nesota, 

To  iBffiips'ove  Ciitty  Flaim 

Prevention  of  floods  and  of  stream  pollution,  togethci- 
with  a  remarkable  opjiortunity  for  industrial  development 
and  a  chance  at  the  same  time  to  jirovide  a  residential 
area  and  an  interesting  and  useful  circuit  driveway,  are 
the  leading  recommendations  in  a  report  entitled  "River 
Des  Peres  Plan,"  just  issued  by  the  City  I'ian  Commission 
of  St,  Louis,  Mo.  The  reason  for  choosing  this  area  for 
consideration  in  advance  of  making  a  jilan  for  the  Avhole 
city  was  in  part  the  floods  that  occurred  in  the  River  Des 
Peres  Valley  on  Aug.  20,  1915.  Another  reason  was  the 
unusual  o|)j)ortnnity  afforded  for  planning  well  in  advance 
the  utilization  of  an  area  instead  of  waiting  until   hap- 
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hazard  developments  made  a  logical  plaa  almost  impos- 
sible. It  may  be  mentioned  in  passing  that  the  City  Plan 
Commission  is  composed  of  nine  members,  with  James  C. 
Jones  as  Chairman,  Walter  B.  Stevens  as  Secretary,  and 
Harland  Bartholomew,  Engineer.  Five  city  officials  are 
ex-officio  members  of  the  commission,  inclnding  E.  E. 
Kinsey,  President  of  the  Board  of  Public  Service,  and 
Charles  M.  Talbert,  Director  of  Streets  and  Sewers. 

The  four  elements  of  the  improvements  recommended 
and  their  estimated  cost  are  as  follows: 

Open  channel,  closed  sewer  and  all  other  related  construction $5,815,450 

Double-track  industrial  railroad,  complete 526,000 

Driveway  from  Kingshighway,  Southwest,  to  McCausland  Ave.  and 

Manchester ". 1,277.658 

Ivanhoe  Ave. — McCausland  viaduct  (city's  share) 400,000 

Total .$8,019,118 

The  commission  jiroposcs  tliat  the  entire  cost  of  this 
project  be  made  a  charge  upon  the  city,  to  be  met  by  a  20- 
yr.  bond  issue.  It  advises  that  an  item  for  this  amount 
and  purpose  be  included  in  the  referendimi  on  municipal 
bond  issues  likely  to  be  held  in  April,  1917. 

The  main  drainage  canal  contemplated  would  be  an 
open  channel  IGO  to  180  ft.  wide  and  18  ft.  deep,  built 
of  reinforced  concrete,  extending  from  the  Mississippi 
Eiver  to  the  several  forks  of  the  River  Des  Peres  in 
Maplewood.  This  channel  would  carry  both  sewage  and 
storm  water.  From  its  upper  end  to  Macklind  Ave.  there 
would  be  a  channel  about  80  ft.  wide  and  16  ft.  deep  for 
surface  water,  beneath  which  there  would  be  a  sewer. 
From  Macklind  Ave.  to  Union  Ave.  in  Forest  Park  there 
would  be  a  double-section  reinforced-eoncrete  sewer,  each 
section  being  27  to  30  ft.  wide  by  about  20  ft.  high.  From 
the  upper  end  of  this  section  to  the  city  limits  in  Hodia- 
mont,  there  would  be  a  single  reinforced-eoncrete  conduit, 
about  30  ft.  wide  by  23  ft.  high.  Besides  the  channel  and 
large  conduits  various  sewers  would  be  built  and  some 
existing  sewers  rebuilt. 

The  excavated  material  from  the  channel  would  be  used 
for  the  proposed  industrial  railway,  parallel  thereto.  Well 
toward  a  thousand  acres  of  otherwise  largely  unusable  land 
would  be  made  available  for  industrial  purposes. 


jtbniriig 


At  the  37th  annual  meeting  of  the  American  Society  of 
Mechanical  Engineers,  held  last  week  at  the  Engineering 
Societies'  Building  in  New  York  City,  the  total  regis- 
tration was  1,786,  the  largest  on  record.  The  number 
of  members  registered  was  924  and  the  number  of  guests, 
862.  In  1914  the  registration  at  the  annual  meeting  was 
1,367. 

At  the  opening  session  on  Tuesday  evening,  the  re- 
tiring president.  Dr.  I).  S.  Jacobus,  gave  the  annual  pres- 
idential address,  taking  as  his  subject  "Education  in  Engi- 
neering." Speaking  from  twenty  years'  experience  as  a 
teacher  at  Stevens'  Institute  of  Technology  and  over  ten 
years'  later  experience  in  engineering  work.  Dr.  Jacobus 
referred  to  the  list  of  essential  factors  desirable  in  young 
engineers  prepared  by  the  Carnegie  Foundation  in  its  in- 
vestigation of  engineering  education.  He  then  described 
other  qualities  wliich  he  believed  deserved  special  atten- 
tion as  follows :  ( 1 )  Taking  a  personal  interest  in  one's 
work;  (2)  amenability  to  discipline;  (3)  perseverance 
under  adverse  circumstances;  (4)  cheerfulness  and  am- 
ity— the  human  side. 


Dr.  Jacobus  declared  that  the  present  entrance  re- 
quirements to  engineering  schools  do  not  accurately  gage 
the  ability  of  an  applicant  and  he  believed  it  a  mi.stake 
to  make  the  entrance  requirements  to  an  engineering  col- 
lege too  high.  He  urged  that  some  of  the  time  in  college 
now  spent  in  specializing  should  be  devoted  to  more  thor- 
ough teaching  of  the  fundamental  branches.  At  the  con- 
clusion of  the  address.  Dr.  Jacobus  introduced  the 
newly-elected  President,  Dr.  Ira  N.  Hollis,  President  of 
Worcester  Polytechnic  In.stitute.  In  a  brief  speech  Dr. 
Hollis  emphasized  the  idea  that  the  efforts  of  the  society 
should  be  directed  toward  rendering  service  to  the  nation. 

At  the  annual  business  session  on  Wednesday  morn- 
ing, the  annual  reports  of  the  Council  and  standing  com- 
mittees were  presented.  The  total  membership  of  the 
Society  is  now  7,244,  a  net  gain  of  667  during  the  year. 
The  total  is  made  iip  of  4,585  members,  1,553  juniors, 
and  the  balance  in  other  grades.  There  are  also  841 
students  in  engineering  colleges  affiliated  with  the  Society 
through, membership  in  student  branches.  The  Society  is 
in  a  ilourishing  financial  condition.  It  had  a  gross  in- 
come last  year  of  $167,141,  and  its  expenses  were  $143,- 
023.  The  last  indebtedness  on  the  Society's  share  in  the 
purchase  of  the  Engineering  Building  site  was  paid  on 
July  1,  and  the  Society's  balance  sheet  shows  total  assets 
of  $720,672,  the  chief  item  of  Avhich  is  the  Society's  one- 
third  interest  in  the  Engineering  Societies'  Building  and 
the  land  on  which  it  stands. 

The  prize  for  the  liest  paper  submitted  by  a  junior 
was  awarded  to  L.  B.  Mcilillan,  Instructor  in  Steam  and 
Gas  Engineering,  University  of  Wisconsin,  for  his  paper 
entitled  "The  Heat  Insulating  Properties  of  Commercial 
Steam  Pipe  Coverings."  Honorable  mention  was  awarded 
to  Victor  J.  Azbe,  of  St.  Louis,  and  Herbert  B.  Eeynold.s, 
of  New  York  City. 

The  report  of  the  committee  on  the  standardization  of 
filters  used  to  purify  water  for  industrial  purposes  was 
presented  by  the  Chairman,  George  W.  Fuller.  An  ab- 
stract of  the  committee's  report  is  printed  elsewhere  in 
this  issue.  At  the  close  of  the  business  session,  the  read- 
ing and  discussion  of  technical  papers  was  taken  up  and 
two  sinurltaneous  sessions  were  held,  one  considering  vari- 
ous papers  on  steam  boilers,  the  other  proposed  code  of 
safety   standards   for  cranes. 

During  the  noon  hour,  exercises  were  held  in  honor  of 
the  memory  of  the  late  John  E.  Sweet,  of  Syracuse,  a 
past-president  and  honorary  member  and  the  founder  of 
the  Society.  Eeininiscences  concerning  Professor  Sweet 
were  given  by  Worcester  E.  ^^'arner,  Capt.  Eobt.  W.  Hunt, 
and  others.  In  the  afternoon  four  simultaneous  sessions 
were  held,  one  devoted  to  power  plant  engineering,  one 
to  textile  engineering,  one  to  machine  shop  practice,  and 
one  to  industrial  management.  In  the  evening  a  smoker 
was  held  at  which  the  feature  of  attraction  was  an  ad- 
dress by  Frank  B.  Gilbreth  recounting  his  experiences 
"somewhere  in  Germany"  during  the  war. 

The  principal  features  on  Thursday  were  two  sessions 
on  valuation,  with  special  reference  to  methods  of  valua- 
tion for  industrial  plants.  A  session  was  also  hold  of  the 
gas  power  section.  The  principal  social  event  of  the 
meeting  was  the  annual  reunion  held  on  Thursday  eve- 
ning. Instead  of  re.sorting  to  some  of  the  large  hotels, 
as  iias  been  the  custom  in  previous  years,  involving  a 
heavy  expense,  the  reunion  was  held  in  the  Engineering 
Societies'  Building.     The  liflb  llo.ir  of  the  Engineering 
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S'odeties'  Euildmg  has  been  altered  and  redecorated  to 
^ke  it  attractive  for  social  gatherings,  and  it  was  used 
Ihis  week  not  only  for  the  Thursday  evening  reunion,  but 
L>.r  the  reception  on  Tuesday  evening  and  for  Ivmcheons 
Wednesday  and  Tirarsday  noon.  On  Friday,  the  closing 
day,  three  simultaneous  sessions  were  held.  In  the  audi- 
toiiom  the  development  of  naval  construction  in  the 
IJnited  States  was  shown;  and  the  other  meetings  were 
devoted  to  steam  boilers  and  to  railway  engineering. 

The  definits  and  practical  aspects  of  iiighway  improve^ 
ment  and  lii.'^^v:rf  development  were  featured  strongly 
in  the  third  c:::: v.  ;1  meeting  gi  tli?  Nor-^Iiwestem  Soaii 
Congress,  held  at  the  Shenuan  Hotel,  Chicago,  pa  Pe& 
y  and  8.  T'hs  attenf-nf;:  ^a?  ^ood,  c;nd  the  mogmm  ViSM 
exceUent,  and  as  it  haci  a  ^ckti.ely  short  list  ot  pap3i^ 
it  xvas  followefl  out  pretrty  islosely,  most  or  the  papers 
Being  presented  and  diiev-ssed  in  the  tsaie  ?~ai!aMe.  In. 
addition,  the  paje.,:;  \i5'se  mainly  ot  0CiiUii3nSa.ble  brsTity, 

These  p2i3Si.'s  eavsred  the  grctTncl  v.h  foMoTrs:  Earth 
roads,  JohJQ  H.  ^Idlen  (Minneisota)  %  oilsfl  sarth  roads,  S. 
H.  Piep'usisr  (Illinois  State  Highway  Ecpartmsatl; 
gravel  rczd^,  J.  T.  Donagfcey  (Wi^eorisin) ;  maeaflaia 
ioads,  H.  U.  Shirley  (feUte  Engineer  of  Maryland) ;  eon- 
ferete  roads,  A.  N.  Johnson  (consulting  eng:n?g?  for  tha 
•ForiJand  Cement  Ancociation),  and  brick  roads,  E.  B. 
Kchinidt  (Indiana).  All  these  papers  laid  stress  upon 
IBs  importance  of  maintenance  from  an  economic  as  well 
as  a  traffic  point  of  view.  Further,  there  was  a  paper  oa, 
the  maintenance  prohlam  of  state  roadi?,  by  W.  D.  Uhler. 
Ciii^  Engineer  of  the  Pennsylvania  Highway  Commission* 

'She  gravel  road  construction  employed  by  Mr.  Donaghy; 
Ss  §i  the  two-course  .type,  dre&^sd  with  a  harrow  ami 
jpaflei'  and  well  rolled.  Clay  may  be  added  if  necessarjr, 
felEB  ^3ir^-  taken  that  the  quantity  is  only  snfEeient  to  aeS 
ga  9  binder  and  not  enough  to  make  a  muddy  road  in 
Sraf  weather.  Oiling  may  be  done  as  required.  He  con- 
Ei;i!3red  this  as  the  best  of  the  medium-priced  roads,  and 
f '^ored  the  comparative  cost  of  gravel  and  concrete  as 
follows^  &cze  figures  including  maintenance  and  interest 
cLaiiges: 


(1-  to  2-in.  stone)  showed  less  wear  than  that  made  with 
tha  smaller  size  of  coarse  aggregate.  Another  paper 
dealt  with  bridges  and  eiilverts. 

tSubjects  of  an  administrative  character  included  state 
and  interstate  road  systems,  the  coordination  of  the  high- 
way programs  of  various  states,  the  new  law  providing 
for  participation  by  the  United  States  Government,  in 
highway  development,  and  the  ediication  of  the  public 
in  regard  to  the  bond-issue  system  of  paying  the  cost 
of  road  improvement.  During  the  meeting  there  were 
numerous  moving-picture  displays  illustrative  of  road 
work,. and  the  convention  closed  with  an  illustrated  lecture 
on  the  great  highways  of  America. 


Sisvdroad.... 


•——Cost  per  Sq.Yd.  at  the  End  ot— ^ 
5  Veara  10  Years    -   IS  Yeaia 


The  m.acadara  roads  now  built  in  Maryland  are  all 
Bituminous-bound,  a  Hght  oil  binder  being  used.  Mr. 
Shirley  derr rihed  the  patrol  system  of  maintenance,  and 
expressed  his  opinion  that  maintenance  work  should  be 
of  such  character  that  after  several  years'  service  the 
ioad  would  be  better  than  when  it  was  built.  Investigation 
58  made  o"  to  the  tonnage  carried  and  the  depth  of 
ffsar,  and  he  urged  the  toa-mils  as  the  proper  basis  for 
repair  costs. 

In  concrete  road  construction,  Mr.  JohuEon  iemphasized 
Hie  importance  of  thorough  consolidation  of  the  subgrade, 
and  careful  finishing  of  the  concrete  so  as  to  remove 
Burplus  water  and  get  a  haid  and  dense  surface.  Iland 
floal  ing  dertroys  the  even  contour,  but  the  finishing  may 
be  done  by  a  roller,  a  belt  OT  a  machine-float.  In  tho 
discussion  Mr.  Krclling  (Milwiukco,  Wis.)  advocaterl 
increasing  the  width  of  paved  road  on  curves,  and  stated 
that  he  found  concrete  made  with  large-sized  aggregate 


■^  jA[  reorganization  of  the  ^Minnesota  State  Board  of 
Ee^ltli  has  been  recommended  by  a  commission  appointed 
Jjjr  ijoveruor  Burnquist  to  recommeud  desirable  legislation 
gbicerning  public  health.  Dean  E.  P.  Lj'on,  of  the  uni- 
'(■^ef^ity  medical  college,  is  chairman  of  the  commission. 

'ihe  present  state  board  of  health  consists  of  eight 
ifloctors  and  one  civil  engineer.  Up  to  one  year  ago  the 
%pa?d  had  always  consisted  of  doctors.  Governor  Ham- 
inoad  was  requested,  by  the  Civil  Engineers  Society  of 
■St,  Paul,  to  fill  the  ne.xt  vacancy  by  appointing  a  sanitary 
fejigineer  and  did  so. 

The  commission  reconnnends: 

^Iiat  membership  on  the  board  be  open  to  men  in  tlie 
flifi;;  "ent  wallts  of  life  instead  o£  physicians. 

1  lat  tho  board  consist  of  five  members  instead  of  nine. 

1  lat  t:ie  board  be  g-ranted  broad,  general  powers,  instead 
Of  s-ecifying^  in  detail  the  limit  of  its  duties  and  activities. 

T  lat  tlie  board  be  empowered  to  appoint  a  commissioner 
OS  !"  iblic  health,  who  shall  be  a  "field  general  directing  an 
iariil.i"  more  than  an  ofilcer  charged  with  enforcement  of  law. 

i'liat  industrial  hygiene  regulations  be  transferred  to  this 
Sf-W  board  from  the  .State  Department  of  Labor. 

Th?.t  the  commissioner  be  a  man  trained  in  sanitary  science 
fend  public  health  administration  and  devote  his  whole  time 
to  t?>2  work  and  be  paid  a  salary  high  enough  to  securo  an 
S&le  Man. 

m 

TIiD  Board  of  Arbitration  ai)pointcd  by  the  variou.s 
interests  involved  in  the  reconstruction  of  the  Galveston 
Cavssway  has  recommended,  under  date  of  Dec,  -l,  1916, 
"that  the  part  of  the  structure  washed  out  in  the  storm 
of  August,  1915,  be  replaced  by  the  concrete-arch  struc- 
tnrf.  submitted  by  the  Concrete-Steel  Engineering  Co., 
with  certain  modifications  in  detail.  These  changes  relate 
to  additional  reinforcenienv,  extension  of  the  pier  foot- 
ings and  use  of  a  richer  concrete.  The  estimated  total 
cost  of  this  scheme  is  $l,.37o,00C  to  which  must  I)o  added 
$1j:0,300  for  tho  repair  of  tho  Galveston  approacli.  The 
Board  considered  that  the  conea-ete  girder  ])ian  submitted 
would  cost  more  than  tlie  authorized  e.xpenditurc. 

I  he  Board  of  Arbitration  consisted  of  Prof.  A.  N. 
Talbot,  named  by  tlie  steam  railroads,  Prof.  G.  F.  Swain, 
named  by  the  interurl)an  railway  and  the  county  and 
Lincoln  Busli,  selected  by  the  other  two  arliitrators. 
The  i^oard  of  Engineers  wliic)i  is  to  decide  upon  the 
propel  structure  is  headed  by  Eiank  Merritt,  Chief 
Ent^ireer  of  tlio  Gulf,  Cai-olina  &  Santa  Fe  R.l?.  llr. 
Merritt  has  autliorized  the  publication  of  the  report  of 
the  arbitration. 
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The  Navv  Do])artnK'nt,  Bureau  of  Yards  anrl  Docks. 
Washington,  D.  C.  is  arran,<;iug  for  a  conferenee  with 
a  number  of  Iniildiug  trades  associations,  contracting 
companies,  and  other  parties  interested,  for  the  purpose 
of  discussing  its  General  Provisions,  specifications  and 
contract  requirements.  The  Bureau  is  particularly  de- 
sirous of  receiving  suggestioTis  for  improving  its  Gen- 
eral Provisions  and  specifications  with  a  view  to  making 
them  conform  with  generally  accepted  commercial  re- 
quirements of  this  character,  having  in  »iind  that  certain 
statutory  requirements  and  accepted  precedents  bind  Gov- 
ernment procedure. 

Upon  application  to  the  Bureau,  interested  parties 
may  obtain  current  copies  of  the  General  Provisions  and 
specifications  for  examination.  Those  contemplating  at- 
tendance at  the  conference  are  requested  to  send  their 
names  to  the  Chief  of  Bureau  of  Yards  and  Docks,  who 
will  inform  them  as  soon  as  practicable  of  the  place  and 
date  of  meeting. 


The  Emgineeringr  AN.<<oeiatian  of  the  South  will  surrender 
its  charter  and  disband,  that  being  the  decision  of  the  mem- 
bership announced  by  ballot.  Dec.  1.  Members  of  this  organ- 
ization feel  that  there  is  no  place  for  a  society  between  na- 
tional and  local.  It  is  probable  that  the  various  sections  of 
the  Engineering  Association  of  the  South  will  continue  their 
organizations  as  local  societies.  In  the  case  of  Nashville,  this 
intention  has  already  been  announced  and  the  new  society 
will  be  called  the  Nashville  Engineering  Association,  the  com- 
mittee considering  the  matter  comprising  M.  A.  Lightman,  M. 
A.  Rooney.  and  W.  Harwell  Allen,  secretary  of  the  old  as- 
sociation.    The  Nashville  Section  has  about  150  members. 

Cheek  Dams  in  the  Mountain  Canons  of  Los  Angeles 
County,  Calif.,  are  being  constructed  in  accordance  with  the 
suggestions  of  the  County  Flood  Control  Commissaon,  pub- 
lirhed  in  "Engineering  News,"  Feb.  17,  1916.  A  flood  con- 
tTol  committee  at  Glendora,  Calif.,  has  expended  $S,000  on 
channel  protective  work  and  the  construction  of  check  dams. 
Forty-two  check  dams  were  built  in  the  Big  Dalton  Canon; 
two  with  stone  laid  in  cement  mortar,  and  the  balance  of 
rock  laid  dry.  In  Easley  Canon  212  check  dams  have  been 
constructed.  Half  of  the  money  expended  on  this  work  was 
contributed  by  the  County  Board  of  Supervisors,  and  the  other 
half  was  raised  by  an  acreage  assessment  on  the  lands  which 
will  be  benefited  by  the  flood  control  work. 

The  W'orld's  Largest  Simple  Truss  Span,  the  720-ft.  main 
span  of  the  Metropolis  Bridge  across  the  Ohio,  was  successfully 
swung  clear  of  its  falsework  on  Dec.  11,  191C.  at  3  p.m.  This 
bi'idge.  described  in  "Engineering  News,"  July  27,  1916,  con- 
nects Metropolis,  111.,  with  Paducah,  Ky.,  and  is  part  of  a  link 
connecting  the  C.  B.  &  Q.  R.R.  in  the  north  with  the  N.  C.  & 
St.  L.  R.R.  in  the  south.  It  comprises  a  number  of  shorter 
spans  leading  up  to  the  middle  span,  with  its  record  length 
for  a  simple  truss.  Erection  was  carried  on  on  falsework  by 
means  of  derrick  cars,  the  largest  one  of  which  had  a  130- 
ft.  boom.  All  top  chord  joints  are  now  bolted  and  pinned  and 
some  web  connections  are  riveted.  Erection  work  was  very 
quick,  starting  Aug.  26,  and  the  top  chord  being  closed  Dec. 
1.     The  American  Bridge  Co.  is  in  charge  of  erection. 

-All  tlie  Concrete  Pavements  in  the  I'niteil  States  are  being 
subjected  to  a  maintenance  survey  by  the  field  engineers  of 
the  Portland  Cement  Association.  According  to  late  reports, 
nearly  20,000,000  of  the  70.000,000  sq.yd.  of  such  pavements 
have  been  examined  and  reported  upon,  and  it  is  expected  the 
work  will  be  completed  during  the  course  of  the  next  month. 
f)ver  100  engineers  stationed  in  various  parts  of  the  country 
■are  making  this  inspection.  One  of  the  objects  of  this  sur- 
vey is  to  secure  data  based  on  actual  experience,  so  that  meth- 
od.s  of  construction  and  maintenance  that  have  produced  the 
best  results  may  be  definitely  determined  with  a  view  to 
raising  the  st<andards  of  practice  in  concrete-pavement  con- 
struction generally.  When  this  work  is  completed,  the  Port- 
land Cement  Association  will  have  a  complete  history  of  all 
concrete  pavement  in  the  ITnited  States — roads,  streets  and 
alleys. 


Bids  for  Four  Battle  Cruisers  which  will  be  far  larger  and 
more  powerful  than  any  vessels  ever  built  for  the  United 
States  Navy  were  opened  by  the  Secretary  of  the  Navy  on 
Dec.  6.  The  Newport  News,  Wm.  Cramp  &  Sons,  Fore  River, 
and  Union  Iron  Works  companies  each  offered  to  build  one  of 
the  vessels  on  the  basis  of  cost  plus  a.  percentage.  Newport 
News  and  Cramp  offered  cost  plus  10%.  and  the  Fore  River 
and  Union  Iron  Works,  which  are  controlled  by  the  Bethlehem 
Steel  Corporation,  offered  to  build  at  cost  plus  15%  profit,  "or 
such  percentage  of  profit  as  the  Federal  Trade  Commission 
may  determine  to  be  reasonable."  The  two  latter  companies 
offered  to  complete  the  vessels  in  48  months,  and  the  New- 
port News  Co,  in  51  months.  In  submitting  its  proposal,  the 
Fore  River  Co.  stated  that  in  view  of  the  enormous  size  and 
power  of  these  vessels,  having  six  times  the  horsepower  of 
any  existing  vessel  in  the  Navy,  and  14  knots  greater  speed 
than  any  of  the  capital  ships,  there  is  a  much  greater  element 
of  risk  and  uncertainty  in  the  construction  than  in  other 
vessels  previously  contracted  for.  The  Fore  River  Co.  further 
submitted  alternative  designs  involving  the  use  of  a  turbine 
reduction-gear  drive,  and  a  rearrangement  of  the  boilers, 
placing  them  all  below  the  protective  deck  instead  of  half  of 
them  above  it  as  in  the  department's  design.  These  changes 
in  design  would  save  about  1.000  tons  in  the  displacement 
of  the  vessel,  while  the  number  of  smokestacks  are  reduced 
from  seven  to  three.  The  department  design  was  an  electrical 
drive.  It  is  estimated  that  the  substitution  of  the  turbine 
reduction-gear  will  save   $1,300,000   in   the   cost. 


E.  L.  Cannon  has  been  appointed  Office  Engineer  of  the 
Seaboard  Air  Line  Ry.,  with  office  at  Norfolk,  Va. 

Meyer  Davis,  formerly  Chief  Engineer  of  the  Asbestos 
Protected  Metal  Co'.,  Pittsburgh.  Penn.,  has  been  made  Man- 
ager of  the  San  Fi'ancisco,  Calif.,  office  of  the  company. 

Clarence  E.  Kinne,  M.  Am.  Soc.  M.  E..  of  the  Bagley  & 
Sewall  Co.,  Watertown,  N.  Y.,  has  just  started  on  a  several 
months'  trip  through  China  and  Japan  for  engineering  ex- 
ploitation work,  especially  in  relation  to  paper  mills. 

John  L.  Hoivard,  M.  Am.  Soc.  C.  E.,  recently  Assistant 
Engineer  for  the  Directors  of  the  Port  of  Boston,  has  been 
appointed  Assistant  to  the  Chief  Engineer  of  Water-Works. 
Metropolitan  Water  and  Sewerage  Board,  Boston,  Mass. 

Raymond  BalTrey.  President  of  the  Hennlbique  Con- 
struction Co.,  New  York  City,  and  an  officer  in  the  French 
Army  who  has  been  at  the  front  since  September,  1914,  is 
home  on  furlough.     He  will  resume  his  military  duties  soon. 

Henry  AVelles  Durham,  M.  Am.  Soc.  C.  E.,  County  Engineer 
of  Bergen  County.  Hackensack,  N.  J.,  and  Consulting  Engi- 
neer, New  York  City,  is  again  enabled  to  resume  his  practice 
by  the  return  of  the  7th  New  York  Infantry  from  the  Mex- 
ican border. 

Earl  F.  Church  has  resigned  as  Computer.  United  States 
Coast  and  Geodetic  Survey,  in  order  to  accompany  the  ex- 
ploring expedition  of  Dr.  Hamilton  Rice  to  the  upper  branches 
of  the  Amazon  River  in  Brazil.  He  will  be  astronomer  and 
topographer  of  the  party. 

C.  E.  Denny,  formerly  Signal  Engineer  of  the  New  York 
Central  Lines  West  of  Buffalo,  has  been  appointed  Special 
Engineer,  to  work  on  terminal  problems,  in  the  office  of  J.  J. 
Bernet,  President  of  the  New  York,  Chicago  &  St.  Louis  Ry. 
(Nickel   Plate),   Chicago,   111. 

Sir  Alfred  M.  Mond,  Managing  Director  of  several  large 
corporations  including  the  Mond  Power  and  Heating  Gas  Co. 
and  the  Power  Gas  Corporation,  Ltd.,  of  London,  England, 
has  been  appointed  First  Commissioner  of  Works  in  the  new 
Cabinet  of  the  British  Empire. 

J.  P.  Clarke,  recently  with  the  city  engineering  depart- 
ment of  Richmond,  Va..  and  Thns,  B.  Powell,  recently  with 
the  engineering  department  of  the  Chesapeake  &  Ohio  liy.. 
announce  the  formation  of  the  firm  of  Powell  &  Clarke,  Civil 
and  Mining  Engineers,  Ashland,  Ky. 

Sir  Albert  Stanley.  General  Manager  of  the  London  Under- 
ground Rys.,  has  been  appointed  President  of  the  Board  of 
Trade  in  the  new  Cabinet  of  the  Biitish  Empire.  He  is  an 
American  technical  graduate  and  was  Man.ager  of  the  street 
railways  in  Detroit.  Mich.,  and  Newark,  N.  J.,  before  going  to 
England, 

Herbert  Chase,  recently  Laboratory  Engineer  and  Chief 
Engineer  of  the  Automobile  Club  of  America,  has  been  made 
Assistant  Secretary  of  the  Society  of  Automobile  Engineers. 
He  is  also  Treasurer  of  the  Society  and  a  member  of  its 
council.  He  is  a  190S  graduate  in  mechanical  engineering  of 
Cornell  University. 
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I.  S.  Dennis,  M.  Am.  Soc.  C.  E.,  recently  Assistant  to  the 
Second  Vice-president  of  the  Canadian  Pacific  Ry.,  with  office 
at  Calgary.  Alta..  in  charge  of  the  railway's  department  of 
natural  resources,  has  been  made  Assistant  to  Lord  Shaugh- 
nessy.  President  of  the  Canadian  Pacific  Ry..  with  head- 
(luarters  in  Montreal.  Que.  He  will  have  charge  of  coloniza- 
tion and  the  development  of  natural  resources. 

Dr.  Ira  N.  Hollis,  President  of  the  Worcester  Polytechnic 
Institute,  who  was  recently  elected  President  of  the  American 
Society  of  Mechanical  Engineers,  was  the  guest  of  honor  at  a 
h.inquet  tendered  him  by  the  New  York  Alumni  of  the 
Worcester  Polytechnic  Institute.  Dec.  S.  The  guests  and 
speakers  of  the  evening  included  two  of  Dr.  Hollis'  classmates 
(1S7S)  at  the  United  States  Naval  Academy — M.  E.  Cooley, 
Dean  of  the  Departments  of  Engineering  and  Architecture. 
University  of  Michigan,  and  Rear-Admiral  Robert  S.  Griffin. 
Engineer-in-Chief  of  the  United  States  Navy. 


Charles  H.  Hersey,  President  of  the  Hersey  Manufacturing 
Co..  the  well  known  water-meter  makers,  of  Boston.  Mass.. 
died  at  his  home   in   Roxbury.   Dec.   9.  aged  S6  years. 

"W,  W,  Scranton,  President  of  the  Scranton  Gas  and  Water 
Co.,  said  to  have  been  largely  instrumental  in  introducing  the 
Bessemer  process  of  steel  making  into  this  country,  died  Dec. 
3,  at  his  home  in  Scranton.  Penn..  aged  72  years.  He  was  a 
descendant  of  the  Scranton  who  founded  the  Lackawanna 
Iron  and  Coal  Co..  and  for  whom  the  city  was  named. 

Frederick  C.  Fislier,  President  of  the  Ferro-Construction 
Co..  Chicago.  III.,  died  Dec.  6.  He  was  born  at  Lake  Linden, 
Mich..  45  years  ago.  and  was  a  graduate  in  civil  engineering 
of  the  University  of  Michigan.  In  his  early  structural  engi- 
neering experience  he  was  employed  on  the  construction  of 
the  famous  Thebes  Bridge  over  the  Mississippi  River. 

Drake  WTiltney,  a  retired  civil  engineer  of  Niagara  Falls, 
N.  Y.,  died  Dec.  4,  aged  74  years.  He  was  born  at  Niagara 
Falls.  He  studied  engineering  at  the  German  universities  of 
Freiburg  and  Heidelberg  and  for  several  years  was  a  mem- 
ber of  the  staff  of  engineers  which  planned  and  built  the  Ca- 
nadian Pacific  Ry.  At  one  time  he  was  Village  Engineer  of 
Niagara  Falls. 

Riehard  Relf,  one  of  the  civil  engineers  engaged  in  the 
construction  of  the  Northern  Pacific  Ry.,  died  recently  at  his 
home  in  St.  Paul  at  the  age  of  83  years.  He  had  been  with 
the  Northern  Pacific  since  1867.  In  the  seventies  he  was  in- 
capacitated from  active  engineering  work  by  an  injury.  He 
was  then  placed  in  charge  of  the  engineering  records  of  the 
company,    where   he   remained    until   a    few   years   ago. 

Roger  Tappan,  a  retired  civil  engineer  and  artist  died  Dec. 
6,  at  his  home  in  Natick.  Mass.  He  was  born  in  Marshfleld, 
Mass.,  Nov.  27,  184  8.  He  was  graduated  from  the  Massa- 
chusetts Institute  of  Technology  and  was  engaged  in  earl.v 
railway  work  in  both  the  Eastern  and  Western  States.  As  a 
young  man  he  taught  drawing  in  the  public  schools  of  Salem 
and  Haverhill,  and  about  1890  he  gave  up  engineering  to  de- 
vote his  whole  time  to  art. 

Edward  M.  BlKelow,  M.  Am.  Soc.  C.  E..  whose  appointment 
as  Director  of  Public  Works  of  Pittsburgh.  Penn..  was  noted 
in  the  "personals"  columns  of  Nov.  30.  died  Dec.  6,  at  the 
Allegheny  General  Hospital,  where  he  had  gone  for  an  oper- 
ation. He  wa.s  born  in  Pittsburgh.  Nov.  6.  1850.  He  was  edu- 
cated in  the  public  schools  of  his  native  cit.v  and  at  the 
Western  University  of  Pennsylvania,  now  the  University  of 
Pittsburgh.  Soon  after  graduation  he  was  appointed  Engi- 
neer of  Surveys  of  the  cit.v.  and  in  1880  was  chosen  City  Engi- 
neer. Eight  years  later  he  was  made  the  first  Director  of  the 
Department  of  Public  Works,  which  position  he  held  until 
1900.  He  returned  to  this  office  in  1903  and  continued  In  It 
until  1906.  From  then  until  1911.  when  he  was  appointed 
State  Highway  Commissioner,  he  was  in  private  practice,  also 
serving  as  Consulting  Engineer  for  the  county.  During  the 
period  1880  to  1900  Mr.  liigelow  had  an  important  part  In  the 
development  of  the  city  park  system.  The  two  parks  which  In 
particular  represent  his  work  are  Highland  and  Schenley 
parks.  He  also  planned  and  carried  out  the  construction  of 
the  two  great  boulevards  of  the  city. 

Hdmund  Bronneil  We«lon,  M.  Am.  Soc.  C.  E..  Consulting 
Engineer  and  President  of  the  .Jewell  Export  Filter  Co.,  Prov- 
idence. R.  I.,  died  Dec.  9.  at  a  private  hospital  in  Boston,  Mass. 
He  was  born  at  Duxbury.  .Mass..  .Mar.  25.  1S50.  His  early  en- 
Klneerlng  education  and  experience  was  obtained  In  the  office 
of  the  chief  engineer  of  the  Providence.  R.  I.,  water-works. 
In  1877  he  was  appointed  Assistant  City  Engineer  In  direct 
charRe    of    the    Water-Works    Department.      Durlns;    this    pe- 


riod he  published  the  book  "Friction  of  Water  in  Pipes."  Dur- 
ing this  period  also  (1893-94)  he  made  experiments  to  deter- 
mine the  efficiency  of  mechanical  filtration  for  potable  water- 
supplies,  which  antedated  the  now  famous  Louisville  (Ky.) 
experiments.  In  1897  he  resigned  from  the  city  service  and 
shortly  after  became  Engineer,  Manager  and  Pi-esident  of  the 
Jewell  Export  Filter  Co.  As  consulting  engineer  of  this 
company  he  designed  mechanical  filter  plants  for  many  cities 
in  this  country  and  in  Austria.  India.  Egypt,  Germany,  Japan, 
France.  Finland,  China.  Korea.  Slam.  Italy  and  Ceylon.  He 
devoted  much  time  to  original  research  in  hydraulics  and  wa- 
ter purification,  and  his  foreign  travels  and  studies  of  water- 
supply  and  sanitary  engineering  were  extensive.  He  was  a 
member  of  the  Institution  of  Civil  Engineers  and  of  the 
Royal  Society  of  Great  Britain.  He  was  a  bachelor  and  is 
survived  by  two  brothers  and  a  sister. 


EHGIHEEREHCG  SOCHKTIE^ 


OKLAHOMA  SOCIETY  OF  ENGINEERS. 

Dec.    27-2S.      Annual    meeting   in  Tulsa.      Secy..   H.  G.   Hinck- 
ley. Oklahoma  City, 
AMERICAN    SOCIETY   OF    AGRICULTURAL   ENGINEERS. 
Dec.  27-29.     Annual  meeting  at  Chicago.     Secy..  D.  K.  Shedd, 
Ames.  Iowa. 
COMPRESSED  GAS  MANUFACTURERS'  ASSOCIATION. 

Jan.   15.      Fourth   annual   meeting   in   New   York   Citv.      Secy., 
O.  S.   King.   120   Broadway.   New   York. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Jan.    17-18.      Annual    meeting    at    Society    House.    New    York 
City.     Secy..  Charles  Warren  Hunt.   New   York. 
AMERICAN    ROAD   BUILDERS'    ASSOCIATION. 

Feb.    5-9.      Eighth    National    Good    Roads    Show,    in    Boston. 
Mass.     Secy..  E.  L.  Powers.  150  Nassau  St..  New  York  City. 
TENTH   CHICAGO   CEMENT   SHOW. 

Feb.     7-15.       In     Chicago.       L'nder    management     of    Cement 
Products  Exhibition  Co.,  210  South  La  Salle  St.,  Chicago. 
AMERICAN  CONCRETE   INSTITUTE. 

Feb.    8-10.      In   Chicago  at  La   Salle.      Secy..   H.  D.   Hynds,    30 
Broad   St..   N.  Y. 
NATIONAL  BUILDERS'   SUPPLY   ASSOCIATION. 

Feb.     12-13.       In    Chicago    at    Sherman.       Secv..    L.    F.    Des- 
mond. 1211  Chamber  of  Commerce,  Chicago. 
SOUTHWESTERN   CONCRETE   ASSOCIATION. 

Feb.  19-24.  Southwestern  Concrete  Show  in  Kansas  Citv. 
Mo.  Address  Chas.  A.  Stevenson,  1413  W.  10th  St..  Kansas 
City. 

American  Water-AVorks  .^Nsaciation — Leonard  Metcalf. 
President,  announces  that  the  1917  convention  at  Richmond. 
Va..  will  be  held  on  May  7  to  11,  with  headquarters  at  The 
Jefferson. 

The  St.  Lonia  AsHOclation  of  Members  of  the  American 
Society  of  Civil  Engineers  held  its  annual  dinner  Nov.  27. 
Col.  J.  A.  Ockerson  was  reelected  President.  F.  G.  Jonah, 
vice-president,  and  Gurdon  G.  Black,  secretary.  The  elec- 
tion of  officers  was  followed  by  several  interesting  addresses. 

Wadhinfrton  Society  of  KnerineerN — A  most  successful  an- 
nual dinner,  attended  by  nearly  400  members  and  guests  was 
held  on  Dec.  6.  The  speaking,  aside  from  a  short  talk  by 
Secretary  of  War  Baker,  was  in  the  nature  of  a  symposium  by 
the  professions,  the  lawyer,  the  journalist,  the  clergyman  and 
the  engineer  being  represented. 

The  CalBary  liranch  of  the  Canadian  Society  of  Civil  En- 
gineers at  its  annual  meeting  on  Dec.  2.  elected  A.  Scott 
Dawson,  chief  engineer  Department  of  Natural  Resources. 
Canadian  Pacific  Ry.,  chairman  for  the  ensuing  year,  and  Sam 
G.  Porter,  assistant  chief  engineer,  Irrigation  Branch,  De- 
partment  of  the   Interior.   Canada,   was   reelected   secretary. 

The  RnKlneerH'  Society  of  WeNtern  I'ennHylvnnIa  held  its 
annual  banquet.  Dec.  11.  at  the  William  Penn  Hotel.  Pitts- 
burgh. The  attendance  was  900.  The  applications  were  1.200 
and  300  had  to  be  turned  away.  The  speakers  were  Major- 
General  Goethals.  William  L.  Saunders,  and  George  Ade. 
The  toastmaster  was  Edwin  M.  Herr.  President  of  the  West- 
inghouse  Electric  &  Mfg.  Co. 

The  .Vmerlcan  ANHOclndon  of  State  Hlichn-ay  OfHclalM 
opened  its  annual  meeting  Dec.  5.  in  St.  Louis  at  the  Hotel 
Jefferson.  The  first  day  of  the  three-day  meeting  was  de- 
voted almost  entirely  to  discussing  the  act  of  Congress  last 
year  appropriating  $75,000,000  to  aid  the  states  in  the  con- 
struction of  through  highways.  The  second  day  was  given 
over  to  addresses  and  papers. 

The  Brooklyn  RnKlneerH*  Club  will  hold  Its  annual  meet- 
ing Dec,  14  at  8:30.  The  nominations  arc  as  follows:  For 
president.  Bernt  Berger:  vice-president.  Harry  E.  Funk;  sec- 
retary. Joseph  Strachan:  treasurer.  Carroll  S.  Dunphe;  di- 
rectors. Wm.  J.  Conwav  anl  Michael  J.  Shugrue:  auditing 
committee.  Carleton  A.  Graves.  Carlos  T,(il)0.  and  Howard  P. 
Quick.  The  fifth  presentntbm  of  the  Alfied  T.  While  Prize 
will   be  made. 
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»«■  Jersey  Sanitary  Assooiatioii — The  42ncl  annual  meet- 
ing was  held  at  Lakevvood.  Dec.  S  and  9.  In  the  course  of 
his  annual  address.  Dr.  Geo.  E.  McLaughlin,  Jersey  City, 
mentioned  the  reduction  in  the  typhoid  fever  death  rate  per 
100,000  in  the  United  States  from  34  in  1900  to  19  in  1914,  or 
44''.  Geo.  A.  Johnson,  consulting  engineer.  New  York  City, 
leviewed  the  mortality  from  various  preventable  diseases 
•throughout  the  country  and  presented  figures  to  show  that 
with  more  liberal  expenditures  for  health-protective  work 
thousands  of  lives  could  be  saved.  Di-.  John  F.  Anderson, 
late  president  of  the  American  Public  Health  Association. 
Bent  a  paper  on  "The  Protective  Use  of  Vaccines  and  Serums." 
in  the  course  of  which  the  \  ,'.luc  of  anti-typhoid  inoculation 
was  illustrated  by  the  fact  that  from  May  to  November.  1916. 
there  were  only  24  cases  and  no  deaths  from  typhoid  fever  in 
the  regular  army  and  mobilized  National  Guard,  compared 
with  some  20.000  cases  and  2,192  deaths  in  eight  months 
during  the  Spanish-American  War  of  1S98.  The  water-supply 
problem  in  Northern  New  Jersey  was  sketched  by  Morris  R. 
Sherrerd,  consulting  engineer.  North  Jersey  Water-Supply 
Commission.  The  ultimate  capacity  of  the  Passaic  River — 
700,000,000  gal.  a  da.v — will  be  reached  about  1960  at  the 
present  rate  of  increase  of  demand  upon  that  source  of  supply. 
This  fact  did  not  worry  Mr.  Sherrerd  so  much  as  the  long  de- 
lays experienced  in  securing  the  right  to  take  water  from 
the  Wanaque  River  as  an  additional  supply  for  Newark  and 
other  communities.  This  delay  was  attributed  to  the  Public 
Utilities  Commission  and  to  the  opposition  of  private  water 
interests.  In  addition,  jurisdiction  is  vested  in  the  Conserva- 
tion Commission.  The  election  of  oflicers  resulted  in  the 
choice  of  Calvin  N.  Kendall.  Trenton,  as  president,  and  Chester 
H.  Wells,  Montclair,  chairman  executive  committee.  Edward 
Guion,  Atlantic  City,  was  reelected  secretary. 


design  working  on  the  same  principle  has  two  separate  tools 
on  the  ends  of  the  soldering  circuit;  one  makes  contact  with 
the  work  and   the  other  feeds  solder  at   the  desired  point. 


A-ppIfl^saces  ^Ea<d  Mas.tefia.ls 


Bal:iii<-e<l   Tool   HoliU-r 

An  extensible  balanced  tool  frame,  intended  to  hold  all 
sorts  of  portable  tools  like  pneumatic  riveters,  chippers. 
busters,  hand  drills,  tampers,  grinders,  etc.,  in  their  various 
operations,  has  been  made  by  Jackson,  Schmitz  &  Shanks  En- 
gineering   Co.,    I'l    South    Desplaines    St.,    Chicago.      The    device 


JACKSc:>N   r..\LANrED   TOOT,  HOLDEU 

consists  of  a  tripod  supporting,  through  a  swivel  joint  and 
horizontal  pivot,  a  beam  made  up  of  the  tool  holder  and 
the  counterbalance  arm.  The  tool  holder  consists  of  a  pair 
of  lazytongs  with  a  socket  at  the  back  and  a  grip  at  the 
front.  The  tool  arm  has  a  range  of  16  ft.  Tools  weighing 
fiom  20  to  100  lb.  are  best  accommodati-d. 

Nf«-Ty|ic  Kleetric   SoliieriiiK   Iron 

An  electric  soldering  iron  of  new  design  has  been  devel- 
oped by  the  Clemens  Electrical  Corporation,  of  Buffalo.  N.  Y. 
Tile  wires  from  the  supply  line  come  to  two  high-resistance 
soldering  points  that  are  close  together,  but  not  in  contact. 
The  circuit  is  closed  only  when  the  Iron  is  placed  on  the  work 
to  be  soldered,  and  then  the  points  glow,  concentrating  the 
developed  heat  at  the  point  of  application.  A  low  voltage 
(.•)  to  15  volts)  is  needed  for  this  type  oC  tool,  so  that  a  step- 
down    transformer    would    ordinarily    be    required.      Another 


1  latins    Mu< 


A  new  electric  insulating  material,  called  "Condensite- 
Cellulac,"  has  been  developed  and  patented  by  the  Diamond 
State  Fiber  Co.,  of  Bridgeport,  Penn.  As  the  name  indicates, 
it  is  made  in  part  of  a  proprietary  phenol-formaldehyde 
synthetic  resin;  it  has  the  properties  of  this  material  in 
that  it  can  be  supplied  in  the  soft  unformed  state  for  use 
"where  it  is  advisable  to  cure  in  place.  The  fully  cured  ma- 
terial is  supplied  in  sheets,  rods,  tubes,  etc.  It  is  claimed  to 
have  properties  different  from  any  other  insulating  material, 
combining  the  physical,  chemical  and  electrical  properties 
of  "Condensite"  with  the  mechanical  condition  of  vulcanized 
fiber.  It  is  anhydrous  and  nonhygroscopic  and  is  unaffected 
by  "Wfather.  steam,   acids  or   oils. 

.\e«-  DesiKo  of  Siilit  Siviteli 

A  new  split  switch  for  railway  track  has  the  special 
feature  of  providing  against  derailment  in  the  event  of  a  train 
heading  into  it  when  the  point  rails  are  misplaced  so  that  the 
switch  is  not  set  for  either  track,  as  shown  in  the  accom- 
panying view.  This  condition  may  occur  owing  to  breakage  of 
a  rod  connection  or  to  some  obstruction  preventing  the  point 
i-ail  from  being  closed  against  the  stock  rail.  In  such  case  the 
wheels  would  follow  the  diverging  unbroken  stock  rails,  with 
the    result   of  derailment. 

The  switch  has  three  auxiliary'  parts:  On  the  turnout  side 
are  the  fllhr  bar.  A,  level  with  the  underside  of  the  head  of  the 
point  rail;  and  the  emergenc.v  trailing  point,  B.  On  the  main- 
track  side  is  the  guard  point,  C.  With  a  switch  in  the  posi- 
tion shown,  the  flanges  of  the  wheels  on  the  turnout  side  will 
ride    up   on    the    filler   bar   and   be   guided    into    the   heel   of   the 


Springs 
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;.\1''|:TY  SPLIT   SWITCH 


emergency  point,  forcing  this  point  open  as  the  wheels  return 
to  the  main-track  rail.  Normally  this  point  rail  is  held  closed 
(as  shown)  by  a  spring,  like  that  of  a  spring-rail  frog.  The 
guard  point  holds  the  wheels  over  sufflciently  to  insure  that 
those  on  the  turnout  side  will  trail  through  the  emergency 
point.  The  view  shows  switch  installed  in  the  approach  to 
wheels  on  one  side  upon  their  flanges  will  tend  to  carry  them 
through  the  emergency  point  without  the  action  of  the  guard 
po'nt.  The  view  shows  switch  installed  in  the  approach  to 
the  union  passenger  station  at  St.  Paul,  Minn.  The  switch  is 
designed  under  the  Dunn  patents  and  an  early  type  was  de- 
scribed in  "Engineering  News,"  in  1,S90.  It  is  known  as  the 
Perfection  Safety  Switch,  and  is  built  by  the  Twin  City  Frog 
and  Switch  Co.,  1003  Germania  Life  BuiUling.  St.  Paul.  Minn. 
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In  tlu'  iippoi-  If'vols  (if  tlie  Sierra  Xcvada  liango  iiumer- 
ijiis  depressions  in  tlic  granite  formation  act  as  storage 
areas  for  a  portion  of  tiie  r'unolT  from  the  adjacent  water- 
sheds. Many  of  the  small  natural  lakes  thus  formed  oc- 
lupy  reservoir  sites  a<lmiral)ly  ada])ted  to  economical  de- 
velojimeiU  for  hydi-o-elc^trir  c'nlei-|)rises.     Gem  Lake  and 


Agnrw  Lake.  Iielnu  and  immediately  adjoining  (iem  reser- 
voir, with  an  additional  watershed  area  of  l.ti.J  s(|.mi.,  will 
be  enlarged  to  a  ca])acity  of  |0i»  acre-feet  hy  the  construc- 
tion of  a  smaller  multiple-arch  dam  of  similar  design. 
Gem  Lake  dam  is  apijroximately  700  ft.  along  the  crest. 
has   K;  arches,  each  with  a    10-ft.  span,  and  a   fi-artional 


rili:  CU.MI'LETED  GEM  L.\KE   DAM   IX   THE   .SlilKliA   .VEV.VDA    .MOfXTAINS 


.'\gnew  Lake,  two  adjoining  i)asins  of  this  character,  lo- 
<!ited  in  Mono  County,  Calirornia,  have  heen  developed 
lliis  year  by  the  Pacific  Power  Corporation  as  an  additional 
unit  in  tlie  system  that  sii|)p!ies  current  In  the  larger 
southern  California  cities,- Imperial  Valley  and  many  of 
the  Xevada  mining  camps. 

With  a  tributary  area  of  22  sq.mi.,  yielding  an  annual 
lunofr  of  ajjproxinuitely  2  see.-ft.  per  sq.mi..  Gem  Lake 
has  heen  converted  into  a  reservoir  of  17.000  acre-feet 
capacity,  with  a  surface  elevation  ol'  !»,0.")0  ft.,  by  the  con- 
Btructio;i  of  a  muitiph'-arch  dam  of  the  .lorgeii.sen  type. 


arch  at  each  end.  Its  highest  arch  is  112  ft.  above  the 
foundation  and  K4  ft.  above  ground  surface.  The  maxi- 
mum tliickness  of  concrete  at  the  base  of  the  arch  is  3.(i 
ft.,  and  at  the  crest  is  1  ft.  Buttresses  are  5  ft.  long  in 
plan  on  top  and  tapered.  In  the  buttresses  the  luix  is 
approximately  1  :  2y^:  5  and  in  the  arches  1:2:4.  A  total 
of  8.."iO0  cu.yd.  of  concrete  was  used  in  this  structure,  and 
III)  tons  of  reinforcing  steel. 

lieiufm'cing  bars  are  spaced  as  shown  in  Fig.  2.  Their 
function  is  lo  withstand  contraction  stresses  due  to  exces- 
sive cold,  which  will  produce  tension  at  the  center  of  the 
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iiin-nilos  and  near  tlic  hiitlii'sscs  on  rlic  cxtrados  surface. 
The  arches  are  cvlindrica)  on  a  portion  of  tlie  iipstream 
lace,  hut  fi'oni  El.  1.")  to  the  crest,  unlike  tlie  Eastwood 
multiple  arch,  they  are  elliptical,  to  kee]i  the  center  line 
oi'  pressure  and  the  center  line  of  the  aich  as  near  coin- 
cidina-  as  possihle.  The  deviation  of  the  two  is  due  to  the 
fact  that  the  water  pressure  at  the  crown  on  any  arch  slice 
is  '  It.  less  than  at  the  corresponding  j)oint  at  the  abut- 
ments; anil  tile  elfect  of  this  has  to  be  compensated  for  in 
logical  manner,  which  is  accomiilished  hy  the  elliptical 
section. 

On  <ieni  Lake  dam,  as  well  as  on  the  smaller  siinu-turr 
at  till'  lower  dam  site,  the  crest  of  tlie  eiglit  s[Hllway  open- 
ings ])er  arch  is  ;!  ft.  below  the  true  crest  elevation.  'I'hese 
openings  will  discharge  H'n  cu.l't.  ])er  sec.  of  water  (>ach. 
Two  arches  on  each  dam  are  ))rovided  with  these  openings. 

.\gnew  Lake  dam  is  nearly  2S(i  ft.  along  the  crest,  has 
seven  arche.s  and  a  nuiximnm  height  of  oO  ft.  The 
arciies  are  2  ft.  in  thickness  at  the  base  and  1  ft.  at  the 
i-rest,  tiie  total  vohnue  being  (;(i4  cu.yd.  The  surface  of  the 
reservoir  that  it  will  impound  will  he  about  ")-")0  ft.  below 
the  surface  of  Gem  Lake  reservoir.  Its  function  will  Ih 
(o  fumish  an  atixiliary  supply  for  peak  loads  at  the  powci 
jtouse,  which  will  be  located  at  Silver  Lake.  1  mi.  east  oi 
.Vgnew  Lake,  at  an  elevation  of  T.212  ft.  above  sea  level. 

Water  is  taken  from  (icm  reservoir  through  a  48-in. 
.steel  pipe,  wjiieh  is  concreted  in  an  outlet  tunnel  about 
."iOO  ft.  in  length,  whose  intake  is  20  ft.  below  tlie  natural 
level  of  the  lake.  Below  Agnew  Lake  this  pipfc  branches 
into  two  ;iO-in.  pipes,  rednced  in  diameter  at  the  power 
house  to  26  in.  Both  jiipes  can  be  supplied  from  either 
resei-voir.  In  the  tuniud  the  pipe  is  of  -^^-\a.  riveted  steel. 
I'>elow  the  Agnew  dam,  lap-welded  steel  pipe  of  .Vmerican 
nuvnufacture  is  used,  varying  in  thickness  from  ^4  in.  to 
%  in.,  according  to  head.  .\  series  of  tests  of  the  strength 
of  the  weld  was  made  to  detenuine  the  strength  of  the 
joint,  since  before  the  war  muc-li  of  this  type  was  imported 
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from  Germany,  and  sonu^  doubts  existed  as  to  the  elticiency 
of  the  American  ])roduot.  The  strength  of  the  joint,  as 
shown  by  these  tests,  varied  from  !)(>%  to  It).")^^  of  the 
strength  of  the  unwelded  nietal. 

Pipes  lead   direct   front   the  reservoirs  to   two    I'elton- 
Doble  o.OflO-kw.  units  in  the  power  hou.se.  of  which  om 
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lit'  ]."i,4iio  lip.  Iroiii  llif  station,  uiiii-li  will  opcniU'  under  a 
statie  heail  of  sligjitly  over  1,800  I't.  from  Gem  Lake  ami 
l.2o0  i't.  IVom  .\gtu;w  Lake,  (.'urrent  will  be  trausinitted 
at  60,00(1  volls  j'or  tJie  present.  Later  it  will  he  stepper! 
up  to  140,000  volts. 

M.VTEKiAL  Hauled  Fai;  io  rui-;  Sitk 

Cement  Tor  llir  wurk  was  haulctl  ti(i  mi.  1>\  six  ;.")-li|i. 
;iasoline  eateipillar  ti-aelors,  Ironi  Beutoii.  a  station  on  tlir 
Southern  Paeilie,  in  Mono  Countv.  The  tractors  wer( 
iinloadeil  at  the  ii|ipcr  end  on   Silver'  Lake  and  their  loii- 
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tents  l)roiif.'lit  to  .V^riiew  Lake  on  a  tramw;iv.  then  ferried 
iieross  on  harj^es  ami  then  loaded  on  another  tramway  that 
lenninates  at  the  ini.xer  house.  The  total  cost  of  transpor- 
tatiim  from  the  lailroad  to  the  upper  dam  site  was  so 
lii;;h  that  the  cement  on  tlu'  joh  (  o.st  $t.oO  per  hhl. 

l>(Kk  was  obtained  from  the  tiiiniel  dumii  and  from  an 
adjacent  slide,  it  was  eru.shed  and  segregated  into  three 
sizes  hy  means  of  revolving  screens.  .\ll  screenings  below 
|/i  in.  in  size  were  classified  as  sand — about  25%  of  the 
total  amount  re(|uired  being  obtaineil  from  this  source. 
The  remainder  was  excavated  from  the  lake  shore. 

The  largest-size  rock  used  in  the  concrete  was  2  in., 
aiirl  very  few  pudtling  stones  were  deposited  in  the  aggre- 
gate when  it  was  in  place.  One  Va".^''-  concrete  mixer  dis- 
charged into  buggies  in  which  the  concrete  was  conveyed 
to  the  fonns. 

Tindier  for  forms,  lamp  buildings  and  tramways  was 
cut  by  a  sawmill  near  the  ilam  site.  In  all.  !):iO,000  ft. 
b.m.  was  re(pnred.     Work  was  (iiM-l"'l  •■"   Nov     is  .,r  tin- 


THE    -VEARLiY    COMPLETED 
.rCST    BEU)\V   r.EM    L 


l>.\KE     DAM 


>far.  exi-epl  for  some  |ilastering  of  llie  iipsli-eam  face. 
\'.liich  is  being  done  by  means  of  a  cement  gun  (Fig.  1). 
L.  Jorgensen  was  the  designer  ami  Su|)ervising  Engi- 
neer of  the  dams,  and  C.  0.  Poole  was  Chief  I'lngincer  of 
the  entire  development.  E.  .1.  Waugh  was  Resident  Engi- 
neer: L.  B.  Curtis,  Field  Engineer:  and  I».  S.  Manifold. 
Civil  I<]ngineer:  F.  O.  Dobson.  Superintendent  of  Con- 
striction. The  contract  was  performed  by  the  huneanson- 
llari-elson  Co..  of  San  Francisco. 

S-p<s®^Y  PiTocJis®  ILe^ellHBag 

In  EiujineeriiKj  .\rirs.  .\o\.  :!(i.  lliKi,  p.  joj  1.  there  was 
;iublished  a  brief  note  on  the  record  progress  made  by 
.lohn  H.  Peters,  in  charge  of  a  pri'cise-leveling  party  of 
the  United  States  Coa.st  and  (Jeodetic  Survey  woi'king  in 
Michigan.  Mr.  Peter's  party,  for  instance,  ran  a  doul)!'' 
line  over  a  distance  of  15!). (i  mi.  in  the  month  of  Septem- 
ber,   L916. 

How  this  kind  of  work  impresses  the  uninitiated 
engineer  is  well  set  forth  in  the  following  extract  from 
i'lir  f/olcarJ.  the  publication  of  Michigan  Agi-ieultni-al 
(  ,, liege: 

Watcliing  llie  Geodetic  Survey  men  run  levels  alonfj  the 
.Michigan  Central  tracti.*!  from  Holt  to  Lansing  was  an  in- 
teresting sight.  There  was  a  time  when  these  men  walked, 
as  the  common  or  garden  variety  of  surveyor  does;  now.  how- 
ever, the  Government  men  are  considerably  more  etHcienl 
and  speedy.  The  level  they  use  is  mounted  on  a  gasoline  "gn- 
devil"  which  one-lungs  its  way  along  a  railroad  track  at 
nbout  1.")  mi.  an  hour,  and  a  second  gas  car  h.is  mounted  on 
it  an  adding  machine  for  the  use  of  the  recorder.  The  roits 
arc  graduated  to  the  metric  system  and  the  readings  are 
taken  by  the  very  accurate  three-reading  system.  Some 
idea  of  the  speed  with  which  these  Geodetic  Survey  men  work 
may  be  had  when  the  fact  is  known  that  they  ran  a  mili- 
of  levels  in  a  few  minutes  less  than  half  an  houi'. 

If  some  of  the  underclassmen  had  witnessed  the  Interesting 
episodes  that  haiipened  along  the  .Michigan  Cential  tracks,  the 
title  "dignified  senior"  would  soon  be  as  extinct  as  the  dodo. 
The  senior  civils  and  a  few  juniors,  headed  by  rrofessor  Cade, 
met  the  geodetic  men  about  two  miles  this  side  of  Holt  and 
undertook  to  watch  them  work.  Vain  hopesl  The  only 
glimpses  of  the  work  the  seniors  had,  after  the  first  greetings 
were  over,  were  few  and  fleeting.  The  gas  car  started  up  the 
track  to  a  new  set-up  while  the  seniors  started  to  walk 
leisurely  beside  it.  Soon  that  walk  developed  into  a  trot; 
then  into  a  dead  run.  In  a  few  short  moments  a  bunch  of 
about  10  men  were  .strung  out  behind  that  gas  car  like  a 
comet's  tail,  eai-h  and  every  man  throwing  <inders  30  ft. 
in  the  air  in  a  desperate  endeavor  to  keep  within  seeing  dis- 
tance of  the  survey  parly.  Then  Just  as  the  first  panting, 
gasping  senior  arrived  at  the  scene  of  action,  the  level  men 
would  leave  rapidly  and  with  much  noise  for  a  point  a  few 
hundred  yards  farther  up  lh<-  track,  leaving  the  seniors  to 
repeat  the  performance.  .Vftei-  a  mile  m-  so  of  marathon  work 
most  of  the  class  came  to  the  conclusion  that  there  was  loo 
much    speed    In    thai    job    for    them,    and    so    they    left    for    the 
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By  J.  C.  Stkvexs* 

The  object  of  tliis  article  1:=  to  touch  briefly  on  a  few 
important  points  connected  with  the  design  and  con- 
struction of  wooden  flumes  for  irrigation  and  power 
purposes,  that  have  not  been  treated  either  in  textbooks 
or  in  technical  articles,  .'jo  far  as  the  author  is  aware. 

The  author  will  preface  his  remarks  with  this  advice: 
Do  not  bxiild  wooden  flumes  for  permanent  institutions 
if  funds  are  available  for  more  lasting  types  of  con- 
struction. He  hastens  to  add  that  where  circumstances 
demand,  good  wooden  flumes  can  be  built  that  nnder 
careful  management  will  last  in  serviceable  condition  for 
many  years. 

The  life  of  wooden  flume  under  Western  irrigation 
practice  may  be  taken  as  10  yr.,  while  that  of  steel 
flume  with  wooden  substructure  on  masonry  footings  may 
be  taken  as  20  yr.  It  is  easy  to  figure  that  it  will  be 
cheaper  to  construct  and  maintain  two  sets  of  wooden 
flume,  during  a  20-yr.  period,  than  one  of  steel.  Never- 
theless the  sense  of  security  felt  by  the  management  and 
the  confidence  it  will  inspire  in  prospective  settlers  under 
a  svstem  where  steel  flumes  are  in  use  will  more  than 
offset  the  difference  in  cost. 

In  the  majority  of  cases,  however,  the  funds  available 
for  a  proposed  development  make  it  necessary  to  construct 
wooden  flumes  or  none  at  all.  Under  such  circumstances 
a  type  of  flume  must  be  adopted  that  is  simple  and  cheap, 
and  that  can  be  maintained  and  repaired  at  minimum 
cost. 

Choice  of  Lumber — Season kd  vs.  Ureex 

For  the  flume  box.  redwood  will  probably  give  the 
best  results,  but  it  is  expensive  and  often  out  of  the 
question.  In  the  Northwest  the  next  best  cheap  material 
is  Western  yellow  pine.  Douglas  flr  will  probably  outlast 
the  yellow  pine,  but  it  checks  so  badly  that  it  is  very 
ditricult  to  keep  fir  flumes  tight,  especially  under  the 
intermittent  use  for  irrigation.  Douglas  fir  is  i)robably 
the  liest  material  for  the  substructure,  although  yellow 
pine,  spruce  and  hemlock  are  extensively  used. 

The  condition  of  lumber  as  to  seasoning  is  a  very 
important  feature,  and  on  it  largely  depends  the  tyjjc 
of  joint  to  be  used.  For  tongue-and-groove  joints,  spline 
joints,  or  shiplap  it  is  very  important  to  use  well-seasoned 
lumber  placed  dry.  Even  well-seasoned  lumber  placed 
in  damp  weather  will  afterward  shrink  enough  to  open 
any  of  these  joints.  Subsequent  warping  will  iirevent 
complete  closure  when  water  is  next  turned  in,  and 
permanent  leaks  will  develop. 

Manv  flumes  have  been  built  of  green  lumber,  fresh 
from  the  saw  and  often  floated  to  the  point  of  use  after 
milling.  Such  practice,  especially  for  irrigation  flumes, 
cannot  be  too  strongly  condemned.  Where  this  method 
is  used,  however,  a  simple  butt  joint  with  battens  on 
the  outside  should  be  adopted,  and  under  no  circum- 
stances a  tongue-and-groove,  spline  or  shiplap  joint. 

The  drier  the  lumber  used  the  tighter  will  be  the  flume, 
hence  it  is  important  always  to  use  well-seasoned  lumber 
laid  in  dry  weather.  If  possible,  lumber  should  be  air- 
seasoned  in  the  rough  for  at  least  a  year  in  properly  stuck 
piles  or  kiln  dried.     Just  before  construction  the  flume 

•Consulting  Hydraulic  Engineer,  Spalding  Building.  Port- 
land, Ore. 


|)laiik  should  be  milled  to  dimensions.  If  this  is  done, 
the  plank  will  be  found  to  have  nearly  vmiform  dimen- 
sions, the  construction  will  be  greatly  faciltated.  and 
a  much  tighter  and  better  flume  will  be  obtained.  No 
buckling  of  plank  from  subsequent  saturation  will  result 
if  they  are  properly  nailed  in  place. 

A  year's  air  seasoning  is  often  out  of  the  question, 
however,  and  in  such  cases  as  long  a  time  as  possilile 
should  be  given.  Even  the  drying  received  in  as  short 
a  time  as  two  weeks  in  well  st\ick  piles  will  be  well  worth 
the  extra  cost  of  piling. 

Milled  vs.  Rough  Lumber 

Tlie  substructure  and  especially  the  battens  are  best 
made  of  rough  lumber.  The  flume  box  is  generally  made 
of  milled  lumber  for  two  reasons:  One  side  of  the 
]ilanks  are  often  dressed  and  placed  with  the  planed 
surface  inside  to  reduce  friction;  planks  are  often  sized 
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TYPICAL   WESTERN    IRRIGATION    FLU.ME 
Bents  4  ft.  c.   to  c.     Battens  to  be  1x6  in.,  out  long,  sprung 
in  between  posts  and  sill.s.  and  nailed  with  lOd  nails  6  in.  c.  to 
c,  staggered  and  clinched. 

(iiie  side  and  one  edge  or  sized  one  side  and  two  edges 
to  secure  uniformity  of  dimensions. 

Experiments  on  the  flow  of  water  in  flumes  show,  for 
ihe  stretches  selected,  a  slightly  lower  coefficient  for 
tlressed  than  for  rough  lumber.  In  practice,  however,  the 
capacity  is  often  governed  by  the  amount  of  dirt  or 
gravel  in  the  bottom  of  the  flume,  or  by  a  slimy  growth 
that  will  attach  itself  to  either  planed  or  rough  lumber. 
As  far  as  carrying  capacity  is  concerned  there  is  not  a 
great  deal  to  he  gained  by  planing  the  flume  plank. 

There  is  no  doubt  but  that  a  far  better  flume  can 
be  built  of  uniformly  sized  planks.  On  the  other  hand 
the  rough  edges  of  planks  will  hold  silt  better  than  planed 
edges  and  thus  will  produce  tighter  flumes. 

It   is   practically   useless   to   size    flume   lumber   when 
it    is   green,-  because,    in   drying,    the    shrinkage    is    not* 
uniform    and   considerable    variations   will    be   found   in| 
width  of  planks  after  they  have  had  a  few  weeks  of  air* 
drying.     Sizing  of  lumber  also   reduces   its  strength  as 
well   as   dimensions  for  which   due   allowances  must   be 
made  in  the  design. 

If  lumber  is  well  seasoned,  the  best  practice  is  to  use^ 
l>lank  sized  one  side  and  one  edge  to  facilitate  construe- j 
tion  and  to  insure  tight  joints.     In  laying  place  a  rough , 
edge  and  a  smooth  edge  together.     An  alternative  plan, 
if  there  is  a  saving  in  cost,  would  be  to  use  plank  sized 
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niic  c'daf  only.  >huv  it  is  lU'sirablc  to  >eiurc  plank  ol 
uniform  widtii  if  possible. 

If  tlio  lumber  is  ureen.  use  tlu'  Ihune  ])la]iks  in  t!ic 
roiiirh — that  is,  willunit  sizini;-.  In  constructing  dd  not 
break  joints  but  Ijuiid  the  ihinu'  in  Ki-I't.  lengths.  Then 
trim  the  wide  end  of  the  last  panel  (usuallj'  4  ft.)  of 
the  bottom  to  meet  the  width  of  the  narrow  one  at  the 
joint.  Sides  need  not  be  trimmed.  A  variation  of  an 
inch  or  so  in  the  width  of  the  flume  will  thus  result, 
but  it  is  not  a  .serious  matter. 

The  most  practicable  longitiulinal  joim  I'or  flume 
])lank.  considering  eost.  ease  of  repair,  calking  anil 
rapidity  of  closure,  is  a  simjiie  butt  joint  with  a  iiatten 
on  the  outside.  Rattens  should  never  be  placed  on  the 
inside  of  a  flume.  Tt  is  a  waste  of  lumber,  for  they 
serve  no  useful  purpose  in  this  position.  Unless  they 
are  placed  on  the  outside  it  is  better  to  omit  them 
altogetlicr.  This  applies  equally  to  the  flume  proper  and 
to  the  transition  section  that  is  buried  in  the  earth. 

Typk  AL  \\'esteii.\    li;ui(iAru).\    Flu.mk 

The  accompanying  illustration  shows  the  type  of  tiume 
that  has  been  gradually  evolved  in  Western  irrigation 
|)ractic<?.  It  has  no  bolts,  no  mortise  joints,  no  dapping. 
Nearly  all  sticks  can  Ijc  cut  to  size  at  the  mill,  thus 
reducing  field  car])entry   to   a   minimum. 

Flume  planks  should  be  drawn  to  as  close  a  fit  as 
possible  at  all  longitudinal  joints.  Battens  are  cut  to 
fit  snugly  between  side  posts  and  sills  and  are  driven 
into  place.  They  should  be  securely  nailed  to  the  i)lanks 
:ind  the  nails  clinched  on  the  inside  of  the  tiume.  Both 
flume  ])lanks  and  battens  should  be  of  well-seasoned  yellow 
pine,  white  pine,  sugar  pine,  cedar  or  redwood.  Fir 
is  not  desirable,  but  all  other  timbers  may  be  of  fir. 

If  there  is  sufhcient  money  available,  footings  should 
be  of  nuisonry  built  high  enough  to  keep  the  ends  of  the 
posts  above  the  soil.  This,  however,  is  quite  expensive, 
and  the  use  of  wooden  footing  blocks  is  quite  general 
in  the  West.  The  life  of  the  flume  will  be  materially 
lengthened  if  footing  blocks  are  of  timber  treated  witJi 
creosote  or  other  preservative.  The  bearing  surface  on 
.-oils  must  be  for  that  soil  in  a  saturated  condition,  and 
generally  should  not  e.\ceed  one  ton  ]ior  square  foot. 
Posts  should  be  cut  to  exact  length,  and  the  use  of  shims 
should  never  be  allowed. 

iicncli  flumes  on  steep  side  hill  should  always  be 
avoided,  as  soil  will  collect  against  the  Hume  box  on  the 
upper  side  and  cause  early  docay.  A  much  better  ])lan 
is  to  set  the  flume  on  iwsts  free  from  the  hillside, 
liurying  the  footing  blocks  and  post  in  the  soil  and  back- 
lilling  so  as  not  to  disturb  the  original  sl(j])e  of  the 
material. 

I\ll'OHrA.Vrt;  OF 'KXTKXSIO.S    .luiNi.- 

If  lliinics  aie  built  of  seasoned  lumijer,  it  is  very  im- 
portant to  [)rovide  extension  joints.  If  this  is  not  done, 
subsequent  saturation  will  lengthen  the  flume  enough  to 
lift  it  clear  of  its  sup])orts  on  the  inside  of  curves.  On 
sharp  bends  around  rocky  points  the  flume  may  even  be 
jiushed  off  its  footings  altogether.  This  is  particularly 
Inie  of  the  smaller  sizes.  Tiie  autlior  observed  a  flume 
''  ft.  in  widtli  without  extension  joints  wrecked  at  a  sharp 
curve  when  water  was  first  turned  into  it.  The  extension 
was  sufTlcient  to  ti|)  the  flume  .so  that  water  poured  over 


I  lie  >ulc  on  the  o\itside  of  the  curve  and  washed  out  the 
footings. 

Kxpcriments  by  D.  C.  Henny  on  kiln-dried  liuiibcr 
measured  before  and  after  saturation  in  tanks  shows  the 
following  pei-centages  of  extension: 

RaiiKo  .Vverase 

SinkLT    rciiWDOd    n.n4  to  O.nn  0.(IH7 

.Soft   icd wood    0.02  to  0.1  s  I114:; 

Hard   reiiwood    COS  to  0.2 1  . 

Sap  redwood    O.OiiT 

Yellow    fir     n.l  1  7 

Red    fir    on?:! 

Ivxperiments  by  the  aulboi-  on  yellow  pine  air-seMsoiiecl 
for  (i  months,  measured  before  and  after  saturation,  ga\e 
the  following  average  percentages  of  extension  :  Yellow 
pine   (Pi mix  /loiiderom)   series  1,  0.0(i4 :  series  v'.  ().()•")  1. 

On  constructed  flumes  some  of  this  extension  is  taken 
up  by  crushing  at  the  joints  so  that  the  extension  to  be 
provided  for  is  .somewhat  less  than  that  shown  abo\e. 
On  a  flume  constructed  of  yellow  pine  air-seasoned  for 
GO  days  an  extension  of  :i%  in.  in  735  ft.,  or  O.Oia^i, 
was  observed  following  a  few  days  of  rainy  weather. 
The  flume  was  practically  on  tangent  with  one  end  free. 

A  questionable  practice  has  been  to  leave  about  l/^  in. 
space  between  ends  of  planks  at  panel  points.  If  the 
flume  is  empty,  and  extension  results  from  wet  weather. 
the  nails  will  give  but  little  and  the  flume  will  be  lifted 
at  critical  points.  Moreover,  to  take  up  the  extension 
the  nails  must  bend,  and  this  induces  leakage.  If  the 
flume  has  battens  on  the  outside,  tlie  joint  is  useless  since 
the  battens  will  ]irevent  the  extension  being  taken  up 
in  this  manner. 

The  loi-ation  of  extension  joints  is  largely  a  matter  of 
judgment  and  experience,  as  they  must  be  placed  with 
reference  to  the  alignment  of  the  flume  and  height  of 
posts. 

Perhaps  the  best  type  of  extension  joint  is  a  \'-joim 
of  galvanized-iron  .sheets  joining  two  collars  spaced  about 
t  iu.  apart.  This  forms  a  sort  of  bellows  between 
adjai'Cnt  panels  and  can  be  made  practically  water-tight. 
Another  type  can  be  made  entirely  of  wood  by  ending 
one  panel  on  a  false  collar  tliat  slides  on  a  larger  collar 
fastened  to  the  other  jjanel. 

Where  green  lumber  is  used  extension  joints  are  not 
so  imperative.  ]iarticularly  on  large  flumes.  During 
construction,  however,  an  occasional  open  panel  shoukl  i)e 
left  at  curve  points  until  just  prior  to  the  time  of  filling. 
This  will  prexent  the  footings  being  lifted  due  to  exten- 
sion from  rains  or  snow  until  the  flume  i-eceives  its  load. 
Under  its  load  much  of  the  extension  will  i)e  taken  up 
by  tightening  and  crushing  at  the  joints.  The  subse- 
quent drying  in  the  nonirrigating  sea.s<ui  may  |iii!l  the 
joints  slightly,  but  it  is  not  likely  to  lift  the  footings. 

In  the  design  overturning  can  rarely  be  provided  for 
by  the  batter  of  the  posts.  For  example,  a  r)x;i-ft.  Ilnnie 
on  IG-ft.  posts  will  require  a  batter  of  2.G  in  1'.'.  and 
on  a  :Sf-ft.  trestle  posts  with  a  batter  of  3.75  in  I".'  will 
be  required  to  resist  a  wind  ])ressure  of  only  1.")  lb. 
|)er  sfj-ft.  (jn  expo.sed  surfaces  with  flume  emi)fy.  For 
a  2\2-(t.  flume  the  required  battter  is  1.8  in  12  for 
lii-ft.  posts. 

Such  hatters  are  of  course  impracticable  and  some 
other  means  of  resisting  wind  loads  must  be  i)rovidcd. 
The  simplei-t  plan  is  to  build  all  (lunies  with  the  .same 
batter  to  the  posts,  say  1  or  ]y.,  in  12,  then  provide 
guys  at  critical  points.  Only  the  exixised  portion  of 
llumes  need  lie  anchmed  in  tbi<  luanuer. 
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The  author  has  sucrcssrully  used  %-iii.  ,:,'alvauized-iroH 
messenger  cahlc  anchoicd  to  creosoted  dead  timbers 
l)uried  in  the  liround.  A  coustant  batter  of  ;i  to  5  was 
n-iven  the  cables,  but  tiu'  spacing  of  anchors  was  varied 
from  ;i2  to  96  ft.  or  greater,  depending  on  the  size  of 
fiume,  height  of  posts  and  exposure  to  winds. 

The  wind  pressure  above  cited — 15  lb.  per  sq.ft.  of 
exposed  surfaces — is  about  half  that  usually  adopted  for 
bridge  and  building  designs,  but  if  flumes  are  built  to 
withstand  a  wind  load  nf  1.5  lb.  per  sq.ft.  tbey  are 
amply  safe. 

Impoktance  of  Carkful  Peimixg  Before  Use 

By  this  term  is  meant  the  first  filling  with  water.  If 
there  is  a  point  of  weakness  anywhere  in  the  flume,  the 
water  will  soon  discover  it.  The  secret  of  successful 
operation  is  to  detect  inci].>ient  trouble  and  make  repairs 
before  damage  occurs. 

On  most  soils  the  leakage  that  inevitably  occurs  be- 
tween the  time  water  is  first  turned  in  and  the  joints 
have  closed  by  swelling  of  the  flume  plank  cannot  be 
permitted.  On  rocky  foundations,  where  leakage  can  do 
no  property  damage  or  endanger  the  footings,  the  flumes 
may  be  allowed  to  close  of  themselves. 

The  only  sure  method  of  preventing  this  leakage  is 
to  calk  all  side  joints  with  oakum  prior  to  turning  in 
the  water.  During  construction  it  is  best  to  leave  a 
Vs-in-  calking  space  between  butt  joints  of  the  side  plank. 
The  most  important  joint  to  be  closed  is  the  butt  joint 
of  the  bottom  side  plank.  Oakum  should  be  forced  below 
the  top  of  the  bottom  plank,  onto  the  sill  in  this  joint, 
or  leakage  will  occur  here  ever  afterward  and  cause  early 
decay  of  the  supporting  timbers.  The  joints  of  the  bottom 
will  rarely  give  trouble  and  are  quickly  closed. 

A  simple  effective  method  of  priming  is  as  follows : 
Throw  in  a  wheelbarrow  of  fine  soil  about  every  20  ft. 
for  a  large  flume.  At  the  upper  end  of  the  flume  throw 
in  a  wagon  load  of  sawdust.  The  first  water  turned  in 
should  not  be  over  3  or  4  in.  deep  in  the  flume,  and  as 
it  advances  workmen  with  rubber  boots  and  shovels 
should  stir  the  silt  and  sawdust  into  the  water.  Almost 
instantaneous  closure  of  the  bottom  joints  will  result. 
If  any  of  the  butt  joints  of  the  bottom  side  plank  have 
not  been  calked  it  will  be  evident  at  once,  and  they  must 
be  calked  before  the  water  is  raised. 

Water  should  then  be  raised  slowly,  about  2  in.  per 
day  or  less,  until  the  required  depth  is  secured.  Often- 
times the  water  is  held  for  a  day  or  more  at  the  height 
of  one  of  the  side  joints  or  just  over  it  until  closure; 
by  swelling  and  calking  is  secured.  If  settlement  occurs, 
the  flume  should  be  innnediately  raised  to  grade  and  the 
footings  enlarged  or  other  means  adopted  to  prevent  a 
recurrence.  Oftentimes  leakage  water  can  be  led  away 
from  footings  on  treacherous  soil  by  means  of  wooden 
V-troughs,  or  canvas  sheets  may  be  sjjread  over  the  soil 
to  collect  the  water,  from  which  it  is  readily  conducted 
by  ditching. 

After  the  Humes  have  become  thoroughly  soaked  they 
will  become  practically  water-tight.  The  author  has  seen 
stretches  of  a  mile  or  more  of  this  type  of  flume  carrying 
a  good  head  of  water,  but  with  hardly  a  dro])  escaping,  all 
supporting  timbers  ami  the  soil  underneath  being  abso- 
lutely dry.  Such  a  coiulition  tends  to  longer  life  of  the 
flume,  and  to  .secure  it  should  be  the  aim  of  design  and 
construction. 


Tlie  State  Highway  Connnissiou  of  Massachusetts  un- 
der a  sjjecial  appropriation  of  the  legislature  has  recently 
t()m]ileted  the  constructic)n  of  ten  sections  of  test  pa\c- 
r-ient.  the  purpose  of  the  experiment  being  ostensibly  to 
determine  the  relative  slipperiness  of  the  various  types  of 
construction  ami  to  develop  a  pavement  least  objection- 
able to  the  horse  owners  of  the  state.  Incidentally,  it  is 
expected  that  the  experiments  will  demonstrate  other 
things  of  interest. 

The  test  sections  are  on  Washington  St.,  Boston.  Mass.. 
near  the  city  line,  adjoining  Dedham.  The  .sections  are 
500  ft.  long  and  are  on  4%  grades.  Alongside  the  )>a\c- 
ments  is  a  waterbound  macadam  shoulder  6  ft.  wide,  the 
test  for  slipperiness  being  the  readiness  with  which  horse- 
drawn  vehicles  seek  the  shoulders  of  the  various  strips  of 
jia\ement. 

Section  No.  1  is  a  "rough''  tar  penetration  jjavement — 
that  is,  constructed  of  a  :5-in.  layer  of  rolled  No.  1  stone 
co\ered  with  3  gal.  of  hot  tar  per  square  yard,  spread  in  a 
single  application.  This  dilfers  from  the  regulation  tar 
penetration  macadam  in  that  the  tar  is  added  in  one 
application  instead  of  two,  the  second  application,  being 
generally  known  as  the  .seal  coat.  Section  No.  2  is  a 
'"smooth"  tar  ])cnetration  ])avement  that  was  built  with 
the  two  a])plications  of  tar — that  i.s,  sealed. 

The  next  section.  No.  3,  is  concrete  laid  in  the  usual 
nuiniicr.  Section  No.  4  is  a  '"smooth"  asphalt  penetra- 
tion pavement,  exactly  like  No.  2  except  that  a  standard 
asphalt  instead  of  tar  was  used  as  a  binder.  Section  No. 
5  is  a  ""rough"  tar  mixture  pavement.  The  pa\ing  nnx- 
tiire  consisted  of  No.  1  stone,  sand  and  tar  in  tlu;  fol- 
lowing proportions  liy  weight  res])ectively — 750:  150:  10. 
Section  No.  (i  is  a  ""i-ougb"  as]ihalt  penetration  mac- 
adam, like  No.  I  (wccpt  that  as])halt  instead  of  tar  was 
used  for  the  binder. 

For  the  following  .section.  No.  7,  a  '"rough"  asjihalt 
mixture  was  used,  exactly  like  No.  5  except  that  as])halt 
was  used  instead  of  tar.  Section  No.  8  is  a  tar-sand 
grouted  layer  of  No.  1  stone.  The  tar-sand  grout  Avas  a 
i  :  1  mixture  and  was  poured  hot  over  the  rolled  stones. 
The  sand  used  was  very  fine.  Afterward  l/o  gal.  of  tar 
per  square  yard  was  added  as  a  seal  coat.  The  tar  grout 
lining  required  about  2.15  gal.  of  tar  per  square  yard. 
Section  No.  0  is  a  "Ma-Drite"  tar  macadam  pavement, 
constructed  after  the  manner  described  in  Engincerinr) 
-Xews,  July  8,  liM5.  p.  SI  ( haiul-mixed  tar  and  stone). 
Section  No.  10  is  a  Toprka  mix  asphaltie  concrete  pave- 
ment. This  section  was  put  down  by  special  contract, 
and  it  is  not  the  equal  of  ordimiry  Topeka  specifications 
]  lavements. 

The  only  noteworthy  ])oints  yet  developed  are  that  the 
as])halt  mix,  with  coarse  aggregates,  tar  mix  and  the 
rough  penetration  ))avements  have  ali"cady  required  a  seal 
coat  to  kee])  them  from  raveling  under  only  two  or  three 
months'  wear  aiul  that  th(>  macadam  shoulders  are  lu-xt  to 
impossible  to  maintain.  The  same  kinds  of  asphalt,  tar, 
stone  aiul  sand  were  used  in  all  the  sections,  so  lliat  the 
variables  are  reduced  to  only  the  methods  of  construction. 

The  chairman  of  the  Massa(!husetts  State  Highway 
Commission  is  William  D.  Sohier;  A.  W.  Dean  is  chief 
engineer,  and  F.  C.  I'illsbury  is  division  engineer  of  the 
thii"d  division,  including  Boston  and  vicinity,  in  which 
the  above  experiment  is  being  tried. 
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SY'XOPSIS — Tn  fronomizr  xpnrc  in  a  liif/lili/ 
developed  residence  xecfion  and  to  scire  pumpiny 
the  yewof/e,  the  liroad  irrif/alion  irorirs  designed 
and  built  hy  Colonel  Waring  a  (juarter-centitrij 
ago  have  given  iraij  to  septic  tanks,  coke  roughing 
and  intermittent  sand  filters  and  hi/pochlorite 
treatment.  The  plant  is  described  and  some  oper- 
ating rcsvlts  are  given. 

Waviie  is  a  rcsidpntial  rmiiinunity  of  about  4.000  popu- 
lation, on  the  main  lino  of  \\w  Pennsylvania  R.R.,  N 
mi.  west  of  Phila(k'l|iliia.  Its  natural  drainage  outlet 
is  a  small  stream  (normal  dry-weather  flow  0.69  to  0.87 
sec.-ft. )  known  as  Ttlian  Creek,  which  runs  4  mi.  throuwh 
a  well-popnlated  district — and  lor  part  of  its  course 
through   large  parked  estates — to   Darby   Creek. 

A  system  of  sewers  and  sewage  treatment  was  installefl 
by  the  late  Col.  George  E.  Waring,  Jr.,  iu  1891.^     I)is- 


In  HtOti  the  writer  advised  the  owners  that  develop- 
ments in  the  ai'1  made  it  possible  to  reduce  the  size  of  the 
I'lnut  and  to  operate  it  entirely  by  gravity.  Iteconstruc- 
tion  was  ordered,  and  the  system  now  in  use  was  com- 
pleted and  |)ut  in  operation  in  Se|)tember,  11)07.  under 
the  writer's  direction.  It  occupies  the  sjiace  formerly 
\ised  for  the  treatment  of  the  night  sewage.  During  con- 
struction the  entire  How  was  diverted  to  the  hillside  beds, 
which  are  now  idle. 

In  a  shallow  cliainber,  built  in  the  course  of  the  main 
r2-in.  sewer,  the  sewage  passes  through  a  screen  (normal 
wetted  ari'a.  7.-")  s(|.rt. )  nuide  of  bars  with  St^  in.  clear 
spacing.  This  inclines  10°  from  the  vertic'al.  so  that 
the  o])erator,  standing  on  the  ground  at  the  outlet  end 
of  the  cluuuber,  can  rake  the  accumulated  deposits  up 
the  screen  to  a  perforated  sheet-iron  jjlatf.  suspended 
over  and  draining  into  the  outlet  channel.  Adjoining 
this  drain  |)late  is  a  snuiU  chamber,  in  which  the  drained 
nuiterial,  sprinkled   with  a  little  lime,  is  stored  until   a 
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posal  was  effected  by  irrigation  upon  1 1  acres  of  land, 
divided  into  five  tracts  for  use  in  rotation.  Four  acres 
of  the  field,  divided  into  two  tracts,  was  f)pen  meadow 
land,  fed  by  gravity  and  used  to  treat  the  night  flow. 
The  day  flow  was  pumped  intermittently  from  a  gravity- 
fc<l  receiving  tank  to  .seven  acres  of  wooded  hillside, 
divided  into  three  traets.  Before  application  to  the  soil 
the  sewage  stored  in  the  receiving  tank  was  thoroughly 
ai'rated  by  starting  the  pumps  and  opening  a  by])ass  that 
discharged  the  sewage,  in  a  strong  jet.  back  into  the  tank. 
In  the  light  of  recent  activated-sludge  devel()|)nu'n(s  it 
is  interesting  t/i  note  that  the  effluent  was  better  when 
the  tank  seemed  most  in  need  of  cleaning — that  is,  when 
the  aerating  jet  mingled  with  the  water  the  greatest 
amount  of  old  sludge.  This  system  of  tlisiiosal  oper- 
ated— <jn  the  whole,  satisfactorily — for  lo  years. 

•Vlce-Presldefit  and  Chief  Enelneer.  City-Wastes  niaposal 
Co..  ConsultInK  KnKlm-erH.  .N'ew  York. 

'See  "EnBlneerlnK  NV-wb."  Nov.  3.  1892.  pp.  ■t22-"l2l  for 
illustrated  description:  also  Jan.  4.  1894,  p.  16.  for  remarks  In 
an  article  by  Colonel  Warlngr. 
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roincnieiit  time  for  removal.  This  screen  chamber  is 
intended  lo  retain  nothing  l)ut  the  Inilky  and  resistant 
solids  that  are  foreign  to  true  sewagi^ — but  which  every 
sewer  carries.  Some  ])aper  is  removed:  but  most  of  it, 
if  it  does  not  pass  the  coarse  screen  immediately,  is  ulti- 
mately shredded  and  carried  away  by  the  flow. 

Digestion-  oit  O.ne-Stokv  Sei'tic  Ta.vks 

From  the  screen  chamber  tiie  sewage  ])asses  to  the  di- 
gestion fanks.  These  are  three  mie-story  concrete  cham- 
liers,  rooi'eil  with  reinlorced  coiicrele.  lying  in  (ho  lore- 
ground  of  the  general  view  of  the  plant.  Fig.  1. 

The  inlet  feeds  (Fig.  2)  have  three  right-angle  turns 
that  check  the  sjieed  of  the  incoming  sewage,  and  the 
last  bend  delivers  horizontally,  below  the  scum  and  above 
ilie  sludge,  backward  against  the  wall  of  the  tank,  which 
acts  as  a  diffusion  plate  and  spreads  the  liipiifl  (like  cigar 
smoke  blown  gently  a'rainst  a  wail)  in  all  directions — 
securing  immediate  loss  of  velocity,  good  distribution  and 
uniform    displacement    of   older   sewage.     This    form    of 
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inlet   \va.-   ck'tcniiiiieil   alliT  i'\|HM-iinciilMl    slmly   nl    iiiaii\  due    lo    llif    Tact     that     li.iihl     lldcculriil     |)aiiick'>.    which 

tviies  in  irlass  tanks  lilh'd  with  i-lcar  watci-  and   IVd  with  woidd  lii'  carried  ont  id'  the  taid<  hv  the  aiera(j('  velocitv 

\arvina'   uii-xtnre-   (d'    watiT.    -and.    linidy    ixiwiU^'ed    chiy  id'  Ihiw  thioii,uli  it.  settle  in  the  less-than-averagu  velocity 

an(i  aiiilini'  dve.     TIk'  How    Iu  each   iidet  is  regulated  by  of  the  wider  outlet  end.     The  i^ain   in   digestive  abilit\ 

no   a(liu>tahli'   iliaphiauni    c(in>i-ting   of   a    set   of   nested  may   perhaps  be  due  to  the  cliininatiim   or  reduetioii   nf 

•oneentrie  iron  cholsc  riiiLis.  I)acterial  organisms  by  the  de|x>sitiun   in   different  zones 

Tlie  outflow  from  each  tank   (Fig.  'i  )   is  over  a  smooth  (due   to   diminishing   velocity  i    of   the   heavier   and   the 

dead-level  weir  wall  (|)rotected  hy  a  scum-retaining  apron  ligliter  solids  and  the  resnltant  tendency  toward  segre- 

wall)    that   e.\tcnd<   across   the   whole   outlet  end.     This  gation  of  the  many  different   kinds  of  reducing  organ- 

lype  of  outlet   insures  the  escape  of  the  sewage  without  isms,  each  preferring  some  sjjec'ial  food, 
the   increase  of   velocitv  that    would   be  induced   by  the  E.\periments  in  anai'robic  decomposition,  made  hy  the 

use  of  a  point  or  i)oints  of  outlet.     It  maintains  a  uni-  writer  in  1900,  showed  more  complete  digestion  of  loia! 

form   cross-section   flow  from  wall  to  wall,  and  because  organic   matter  when   three   successive   withdrawings   of 

of  i1^  great   relative  length  the  liquid  creeps  over  it  in  settling  sewage  sludge  were  rotted  in  three  separate  ves- 

a  film  so  thin  that  it  cannot  float  even  the  smallest  masses  sels  than  when  an  equal  amount  of  the  same  sewage  was 

i<\'  digested  sludge.     When  these  rise  beyond  the  apron  settled  and  septicized  in  one  tank.     The  marked  advan- 

wall,  tlicv  strike  and  stop  at  the  weir  wall,  until  they  are  tage  of  the  segregation  of  the  different  kinds  of  aerobic 
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disintegrated  and  carried  away  hy  tlic  How  in  subdnidi'd  liadci'ia    uas   rccoginzi'd   as  early  as    l.s;)()  and    was  hril- 

I'onn  so  flnc  that  no  individual   particles  can  be  distiii-  liantly   dcmdnst  rated   by  Scott-MoncrieiV.      Ilidcal   in    his 

guishod,    and    faint    momentary    discoloration — such    as  -Sewage   and    Its    Purification"    (p.    100.   third    edition) 

might  be  made  by  a  drop  nf  \nk — is  all  that  is  apparent.  wmte.  ■■The  best  conditions  arc  attained  when  a  sewage 

Each  tank  has  an  area  of  I, ■.'(;()  M|.ft..  a  working  depth  plant   is  so  arranged  as  to  all'nrd  separate  areas  favoral)le 

of    !)    ft.    and    a    ca|mcity    of    ,S,-),00()   gal.      in    |>lan.    the  to    groups    of   organisms    which    work    similarly."     Like 

tanks   form  a  sector  (d'  an   annnlus  with   a   short    radius  ronlts  ha\c  since  been  noted  by  Dr.  Schmeitzner,  who  in 

of  St;. II   and  a   King  radius  (d'   IKi.ll    ft.      Partitions  as  his  hook.  •'Clarification  of  Sewage."  calls  attention  to  the 

well  as  siili'  walls  arc  radial.     Scuagc  enters  at  the  nar-  V.).'\''/,     removal    e(Ticiency    nf    a    tank    at    Sh(>llield    with 

row  end  and  c<iapcs  at   the  i)road  end  of  each  chamber,  parallel    siik's   and    uniform    \clocity.    as   compared    with 

and  the   ratio  of   these  end-   is   practically  as    10   to    i;.  S-i';;    i-em(i\al  clliciciicv  of  a  1aid<  at   \'ierscn,  similar  save 

in    thai    if    has    di\crL;ini:    side    walls.     The    performance 

Stuuies  OK  ^Kl.,.^M.:^-T.v■no^  a.m.  Su-n.iK  Duiestion  „,.    ||„,    \^.,^.„,,   ^^,,,|^^;   ,.,,,,,    |^,^,„,._   ^^.,,,,,^   j„    .„,,j,.^.    „„, 

I'lxpcrimcntal   stinly   of  a    tank   of   ibis    form,    in   con-  construction, 
junclion  with  another  taids  of  the  same  depth  and  capac-  The  outlet  channel  of  each  digeslion  tank  is  lilted  with 
ity.  but  built  with  parallel  side  walls,  showed  about  18%  a   slate   knife-edge  measuring  weir.     Two   tanks  are  de- 
superiority    in    sedimentation    efficiency    and    a    distinct  xoted    to   the  treatment  of  normal    dry-weather   sewage, 
advantage  in  digestive  power.     The  former  is  doubtless  One  is  u>ed  at  a  time.     When  sludge  ebullition  beconies 
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marked,  the  flow  is  diverted  to  the  otlier  tank,  in  which. 
lUirinfr  its  period  of  rest,  ebullition  has  usually  sul)sided. 
The  third  tank  is  held  in  reserve,  to  ac-t  as  an  equalizer 
when  heavy  rains  (whicli  find  their  way  into  the  main 
sewer  in  spite  of  careful  construction)  increase  the  -. ol- 
ume  to  an  extent  that  would  agitate  the  sludjre  or  impair 
sedimentation  in  the  dry-weather  tanks.  When  the  ab- 
normal flow  has  ceased,  the  storage  tank  is  bled  slowly 
to  a  sand  filter. 

Dowx-AXD-r?  Flow  PiaiiAitY  Filters 

From  the  digestion  tanks  the  clarified  sewage  passes 
to  coke-filled  primary  filters  of  the  down-and-uii-fiow 
type.  Their  fnnction  is  merely  to  withhold  mechanically 
the  finely  divided  or  the  semiliquid  gelatinous  substances 
not  detained  by  the  digestion  tanks,  which,  if  allowed 
to  pass  to  the  sand  beds  beyond,  would  cause  unnecessary 
clogging  and  raking.  As  the  downflow  side  of  the  pri- 
mary filter  collects  by  far  the  greater  part'  of  the  sedi- 
ment, eight  downflow  bods  are  provided  and  only  four 
npflow  beds.  The  septum  walls,  separating  the  down  and 
up  compartments,  are  so  arranged  (see  section)  that  an 
up  bed  can  be  used  in  conjunction  with  either  of  its 
two  tributary  down-beds  without  any  setback  of  liquid 
into  the  other  down-bed.  The  average  depth  of  the  beds 
is  S.75  ft.,  and  the  total  primary  area  is  0.167fi  acre. 
Ordinarily  two  down-and-up  units  are  in  \ise  at  once, 
while  six  down  and  two  \ip  beds  are  draining  (to  a  spe- 
cial sand  sludge  bed),  aerating  and  reducing  their  ac- 
'  umulation  of  fine  sediment.  The  effluent  from  the  up- 
tlow  beds  passes  over  a  weir  wall  into  a  channel  that 
leads  to  a  dosing  tank,  either  directly  (in  winter)  or 
(in  warm  weather)  over  a  vertical  series  of  sloping  per- 
forated aerating  plates  of  asbestos  board. 

The  dosing  tank  holds  10,000  gal.,  and  it  feeds  the 
sand  beds  through  either  one  of  two  8-in.  siphons — the 
first,  a  sillier,  for  use  in  cold  weather,  when  it  is  de- 
sirable to  conserve  whatever  heat  the  sewage  has;  and 
the  second,  for  summer  use,  a  Field-Waring  fitted  with 
a  special  air-induction  device  that  sends  the  whole  flow 
to  the  sand  beds  bubbling  and  foaming  like  soda  water. 

Ten  sand  beds  are  provided,  with  a  combined  area 
of  2.33  acres.  They  are  3  ft.  deep  and  filled  with  clean 
quartz  sand,  brought  from  Cape  May,  X.  J.  The  efl'ec- 
tive  size  of  this  .sand  ranged  from  0.25  to  0.3.5  mm., 
and  the  uniformity  coefficient  never  exceeded  2.5.  The 
arrangement  of  distributing  gates  and  carriers  is  shown 
in  portions  of  Fig.  2.  All  beds  are  amply  underdrained. 
Two  svstems  of  tile  were  installed,  each  collecting  the 
flow  from  five  beds  and  discharging  through  a  separate 
outlet  into  Ithan  Creek.  Xormally  two  .sand  beds  are 
flooded  daily,  while  eight  are  draining  and  aerating.  No 
bypass  to  the  creek  exists.  It  is  .structurally  impossible 
for  sewage  to  reach  the  stream  without  passing  at  least 
through  the  sand.  The  structural  co.st  of  the  ])lant,  in- 
cluding engineering,  was  $81,335. 

The  pre.sent  dry-weather  flow  is  from  450,000  to  500.- 
000  gal.  a  day.  The  average  period.s  of  detention  arc: 
In  digestion  tank,  4.3  hr. ;  in  primar)-  filters,  33  min.: 
in  dosing  tank,  30  min.  The  average  horizontal  velocity 
in  the  digestion  tank  is  very  low,  only  0.004  ft.  per  sec. 
Tiie  rate  of  application  to  the  sand  i)eds — whole  arfa — 
has  averaged  a  little  over  200,000  gal.  per  acre  per  day; 
to  the  beds  in  use,  something  more  than  1.000,000  gal. 
per  acre  per  day.     This  is  a  good  index  of  the  thorough 


clarilication  of  the  sewage  before  application  to  llie  sand, 
Xo  sludge  was  removed  from  the  digestion  tanks  be- 
tween September,  1907,  wlien  they  received  their  first 
-cwage,  and  .May.  1915,  over  7I/2  yr.  A  conservative 
estimate  of  the  amount  of  actual  sus])ended  matter  re- 
ceived in  this  time  is  1,200  tons.  Of  course,  not  all  of 
tins  was  destroyed,  iluch  of  it  passed  out  in  commi- 
nuted form  and  was  caught  liy  the  primary  filters,  and 
some  of  it  was  detained  and  sent  to  the  sludge  l)ed  (with 
the  primary  drainings)  by  a  primary  that  was  emptied 
of  its  coke  and  used  for  a  time  experimentally  as  a  second- 
ary settling  basin.  But  the  total  mechanical  removal  of 
solids  from  any  ])art  of  the  system  has  been  the  rakings 
from  the  sand  Ijcds.  averaging  2I/2  wheelbarrow  loads  a 
day,  a  small  indeterminate  amount  washed  at  long  in- 
tervals from  the  coke  of  the  primary  filters,  and  the  de- 
posit taken  from  the  tanks  in  1915,  which  was  017  tons 
of  wet  sludge,  containing  from  30  to  (iO  tons  of  actual 
solids.     The   rest  has  di.sapjicared. 

The  primary  filters  have  been  cleaned  by  wasliing  the 
coke  about  once  in  two  years.  The  cost  of  washing  each 
filter  is  aliout  $60.  Xeither  coke  nor  sand  has  ever  l)een 
renewed. 

Hypochlorite  treatment  of  the  effluent  was  added,  after 
tlie  plant  had  been  running  for  some  years,  as  another 
factor  of  safety.  Thirty-five  pounds  of  chemical  is  u.sed 
per. day,  and  the  time  spent  in  mi.xing,  adjusting  feeds, 
etc..  averages  about  one  labor-hour.  The  solution  is  fed 
directly  into  the  eastern  effluent  drain,  just  above  its 
outlet  into  the  creek.  The  western  (the  upstream)  drain 
reccixos  no  individual  treatment,  but  it  and  the  entire 
creek  benefit  Ijy  the  treatment  after  mingling  with  the 
lower  effluent,  as  is  clearly  shown  by  the  following  aver- 
age of    11    weekly   representative   bacterial   analyses: 

Bacteria 

^  Per  c.c. 

Creek   above  the  plant    324 

Upper   effluent    (not    treated) 17,337 

Lower  effluent  (chemical  just  intro(3uce(J,  no  time  for 

contact) 343 

Creek  below   plant .  .  .  243 

Weekly  chemical  analyses  show  that  the  effluent  is 
uniformly  stable  in  character,  with  an  excellent  degree 
of  nitrification  and  containing  abundant  dissolved  oxygen. 
The  i)lant  is  ivgularly  inspected  by  the  Pennsylvania  State 
Department  of  Health. 

The  dis]io.sal  field,  which  is  flanked  by  handsome  resi- 
dences and  golf  links,  has  been  parked  and  is  ke])t  in 
beautiful  condition.  Three  men  are  e;nployed  constantly 
in  caring  for  the  sewers  and  disposal  jilant,  but  more  than 
half  of  their  time  is  spent  in  maintaining  lawn.s,  trim- 
ming hedges  and  in  other  gardening  operations.  An 
extra  man  is  occasionally  needed.  The  total  cost  of  opera- 
tion (not  including  interest  and  overhead  charges)  is 
about  $3,000  a  vear. 


KiiKlnecrM  mill  .SaleMiiianNlil|t — At  the  recent  orBanizalion 
of  the  Salesmanship  Club  at  Kansas  Cit.v,  Mo.,  Malcolm 
I.owry.  of  Hemlcsl,  Kent  &  Lowry.  enslneers,  said  in  part:  "The 
<n«lnior  neorls  salesmanship  as  well  as  the  merchant  or  manu- 
facturer. The  act  of  selling  is  Just  as  essential  a  feature  of 
the  buslnes.s,  whether  the  thinff  to  be  sold  is  a  tanKlble  piece 
of  Koods,  or  an  intangible  service.  The  enRineer  with  the 
ln'St  equipment  and  orRnnization  In  the  world,  the  best  po- 
tential  service,   is   helpless   without   the   sale   of   his  service 

Just  as  useless  a  barnacle  as  the  merchant  with  an  unsold 
.slock  of  floods.  Lite  Insurance  men  want  to  see  the  selling 
of  insurance  put  on  a  hiBher  plane,  for  the  lastlns  benefit  of 
Ihcir  profession.  And  It  Is  Just  as  necessary  that  the  sellInK 
of  enRlncerlnK  service  be  done  by  competent  men,  that  the 
huylnfr  public  may  be  kept  properly  Informed  as  to  what  en- 
gineering Bcrvlce  Is,  and   what  Is  olTcrcd." 
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.\  reinforced-coiu-retf  repaii-  simp  and  ulectrit-  chargiuj; 

-lalii'ii  iKiw  luulcM-  coiistnu'tioii  at  Cristobal.  Canal  Zone. 

lui>  Minic  unique  leatiireii  of  desijjn  to  meet  unusual  eou- 

ditions.     The  iuiilding.  which  is  being  erected  upon  the 
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and  it.  is  51  ft.  i  in.  by  271  ft.  S 
storv  in  height.  The  mole,  con- 
will    he   seen    in    the   accompanying 
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plan,  is  founded  upon  piles  and  cylinilers.  The  piles  are 
of  wood  and  the  cylinders  of  steel  (illed  with  concrete. 
Since  being  put  into  u.se  the  wooden  ]3iles.  which  arc  un- 
der the  inner  or  land  side  of  the  mole,  have  shown  a 
small  amount  of  settlement,  while  the  steel  cylinders  have 
remained  at  their  original  elevation.  Although  this  set- 
tlement wa.s  very  slight  and  not  sufficient  to  cause  dam- 
age to  the  mole  structure,  its  i)re.senee  and  the  possibility 
of  its  future  increase  were  subjects  for  consideration  in 
the  design  of  any  structure  to  be  built  upon  the  mole. 
The  new  building  is  so  jjlaced  u])on  the  mole  decking  that 
one  of  its  longitudinal  walls  is  nearly  over  the  line  of 
piling  on  the  land  side.  As  it  was  not  desired  to  place 
any  additional  load  on  this  side  of  the  mole,  it  was  de- 

•Balboa    Heights.    Canal    Zom-. 


rided  111  suspend  tile  walls  from  the  roof.  In  addition 
In  relieving  the  mole  from  the  extra  load,  any  possible 
damage  to  the  building  due  to  further -.settlement  of  the 
jnles  was  also  obviated. 

The  type  of  structure  selected  is  >howii  in  the  accom- 
jianying  drawing.  A  single  row  of  columns  spaced  30  ft. 
on  centers  and  located  directly  o\er  one  of  the  rows  of  cyl- 
inders supporting  the  mole  establishes  the  longitudinal 
center  line  of  the  building.  A  large  continuous  beam  con- 
necting the  tops  of  the-  columns  carries  transver.se  canti- 
lever l)eanis.  which  are  spaced  on  10-ft.  centers.  From 
the  ends  of  the.se  cantilevers  are  sus- 
pended the  light  4-iu.  reinforced  walls, 
which  rest  directly  upon  the  mole  deck, 
although  their  weight  is  carried,  theo- 
retically, by  the  cantilevers.  Thus.  .it. 
will  be  seen  that  the  entire  building 
(except  the  floor)  is  carried  by  a  single 
row  of  columns  on  the  center  line 
of  the  building.  While  this  is  true 
under  normal  conditions  and  from  a 
theoretical  standpoint,  practically  the 
entire  weight  of  the  building  is 
carried  as  would  be  the  case  in  a  stnic- 
ture  of  ordinary  design — namely,  l)y 
walls  and  columns.  The  designed 
action  of  the  cantilevers  will  he  .se- 
cured only  in  case  of  further  settlement 
of  the  wooden  piles  without  correspond- 
ing settlement  of  the  steel  cylinders. 
Even  with  such  further  settlement  the 
building  would  be  in  equilibrium  about 
the  row  of  columns  unless  it  received 
wind  pressure  or  other  lateral  force,  in 
which  case  the  tendency  would  be  for 
the  whole  structure  to  move  about  the 
base  of  columns.  To  obviate  the  over- 
turning result  of  the  two  stated  condi- 
tions, the  wall  on  the  sea  side  is  au- 
cluned  (irndy  to  the  deck  of  tiie  mole, 
so  that  under  settlement  and  wind  no 
damage  would  occur.  It  is  not  expected, 
however,  that  these  anchor  bolts  will  be 
railed  upon  to  serve  their  purpose,  as 
settlement  will  be  followed  by  the 
grouting-up  between  building  wall  and 
mole  deck.  Details  arc  also  .shown 
of  the  various  .sections  id'  beams, 
methods  of  wall  suspension  and 
roof  and  ceiling  slah.  The  ceiling 
noticed,  by  being  pitched  for  drain- 
is  a  roof.  .\ttentit>n  is  called  to  the 
ails  as  reinforcing  material.  Since 
the  watering  of  the  <'anal  ])rism  enormous  quantities  of 
the.se  rails  have  been  scrapped  and  are  being  extensively 
used  wherever  jjossible  because  of  their  relative  cheapne.ss. 
The  building  has  been  designed  and  is  being  constructed 
liy  the  Building  Division  of  the  Panama  Canal. 

Linkiiiis:  I  p  Uritixh  I'owrr  StntioiiH — A  joint  cuniniittee  uf 
the  associations  of  electric  power  companies  and  municipal 
electric  undertakings  has  been  formed  to  stud.v  the  general 
Interconnection  of  power  stations  throushout  England. 
Wales  and  Scotland.  This  is  urged  to  save  fuel,  increase  se- 
curity of  supply,  future  economy  of  investment,  etc.  The 
country  has  been  divided  into  16  districts  in  each  of  which  a 
local  sub-committee  of  engineers  is  studying  (nr  will  shortly) 
p.nrticiilar   prnblonis    of   I  ho    locality. 
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>'}'A'0y^^7^ — A  rrncir  of  llic  iiiaiiij  iiiefniiiifjs 
ii/)lt/ifi(l  lo  ilip  irord  "fleprecialion"  and  a  proposed 
siisiiin  of  dofiniliovs  to  rnnove  I'.rixfiiuj  roiifimoii. 
A  new  term  ix  nffrrrd.  "  rcliranci'" — an  mini  repaii- 
nienf  to  rompensalr  for  deprecialion.  A  subseqvcni 
article  will  deal  willi  jilnnx  for  roni/niliiiq  nniimd 
depreriallon  and  rcliranre. 

"Depreciation"  is  a  icnn  tluii  has  liceii  ton  loosely 
employed.  The  iiieaniiiiis  oriveii  to  it  are  seen  to  fall 
into  two  o:eneraI  classes  :  ( A )  Losses  in  value  of  physical 
property,  and  (B)  sums  secured  from  earnini;s  to  offset 
lo.ss  in  value  of  property. 

The  first  irroup  of  definitions  of  ■"depreciation"  is 
liirtlier  divided  into:  (1  )  A<;,gre<i-ate  actual  or  estimated 
loss  in  value  from  all  causes.  (2)  the  loss  of  value  diu' 
to  wear-  and  age-deterioration  as  distinguished  from  the 
loss  of  value  from  liabilitv  of  ohsoletion  or  inadequacy. 
(•"5)  the  Io.«s  in  value  due  to  loss  of  ahilitv  to  render  full 
service  or  to  decreased  efficiency. 

The  .second  group  of  delinitious  is  seen  to  be  split  iuto: 
(  i )  An  annual  accounting  figure  representing  the  de- 
preciation for  the  year,  or  any  other  given  period, 
ilcducted  from  gross  earnings  in  computing  probable  true 
net  earnings:  (5)  an  annual  sum  used  in  making  \iyi 
the  amount  of  necessary  income  to  be  secured  by  the 
rates.  This  last  is  often  an  annual  amount  to  be  set 
aside  out  of  the  earnings  to  help  create  a  reserve  which 
will  equal  the  cost  of  the  several  items  of  plant  when 
they  arc  retired  from  service,  and  will  ])ay  for  the  re- 
newals to  the  extent  of  the  co.si  of  the  items  retired. 
It  might  well  be  a  direct  repayment  out  of  earnings  of 
investment,  equal  to  the  annual  loss  in  value  of  property 
due  to  depreciation.  There  is  a  final  observable  definition 
of  depreciation  as  (fi)  various  aggregates  of  the  annual 
sums  secured  from  time  to  time  to  com])ensatc  for  loss 
in  value  through  depreciation. 

The  rariouji  dtades  of  meaninij  indicated  in  tliese 
definitions  explain  the  extreme  confusion  which  haa  been 
introduced  into  discussions  of  depreciation  and  the  need 
of  greatly  restricting  the  u.se  of  the  term.  Language  is 
not  .so  impoverished  that  it  is  necessarv  to  use  the  single 
word  in  so  many  senses. 

■■DKPIiECI.ATION'"    PffOI'KlfLY    UsKI) 

The  first  definition — as  the  aggregate  loss  in  value  from 
wear-deterioration,  inadequacy,  supersession,  antiquation. 
dilapidation,  etc. — is  proliably  the  most  used  and  the 
original  one.  This  can  well  be  adhere<l  to,  and  a  few 
available  terms  employed  to  carry  the  other  meanings 
given. 

The  idea  invoUcd  in  ibc  sciond  deliniiion  makes  a 
most  u.sefid    distinction    which   shoidd    be   preserved,   but 

•Aflvancf  publication  of  parts  of  ji  chapter  from  a  fortli- 
iomliik-  boolt.  ••fubUc  I'tiniy  Itati-K."  to  bo  published  by  the 
M(.r;r.iw-Hill  l!o.,k  Cn.  CopvrlKhl;  ilKhtH  rfKeivt-il.  In  part 
liaHe<l  on  the  aulhoiN  rlLfcunsionx  at  the  Phihwlelphla  Valua- 
tion Confenncif.  .N<.-.  cinbiT.  ISI'i.  ami  .ViniMlean  Society  of 
Mechanical   ICneinecrH,   December,   IDIfi. 

^AHROclate    I'Mltor.    "Kn<f ineerlnc   New»,"    .N'ew    York    f^ltv 


It  IS  more  delinilely  indicated  li\-  ■■\vear-de1erioi-atinn," 
"age-deterioration"'  or  "wear-  and  age-deterinration."' 
according  to  the- precise  shade  of  ineaiiing  needed. 

The  third  definition — loss  in  value  due  to  diminished 
|)ower  lo  function  or  to  decrea.sed  ellieiency — has  no  real 
place  in  depreciation  discussions,  for  mere  ability  to 
rendiM-  the  original  service  ilne<  not  imlicate  lack  of 
deprciiation.  and  percentage  of  <ei\i<-e  abilitx  (wbicli  is 
not  the  "serviceability"  of  the  iliit  ionary  )  alone  iloes  nd 
measure  value.  (It  indicates  I'clatixe  \alue  oiil\  ulien 
the  diiralion  of  that  percentage  of  serxice  r.liilitv  is 
consiflered  :  if  one  macliine  can  vield  certain  service  for 
10  years  ami  a  second  machine  can  yield  the  same 
serxice  fur  'iO  years,  their  real  \aliies  are  not  equal.) 
Instead  of  speaking  of  this  loss  of  seixice  aliilitv  as 
depreciation  it  sboiilil  lie  called  "service-aliilitx  drop"  lu- 
some  equivalent. 

The  fourth  definition  has  s])i-ung  up  lo  gi\(>  a  short 
expression  equivalent  to  "deductions  I'oi-  depreciation 
expense."  or  something  like  that.  IF  there  were  not  so 
many  definitions  in  the  lield  ncediuu  wei'diiiL;  out.  its 
abbreviation  to  "depreciation"  wmild  lie  exciisalile.  Hut. 
because  of  the  confusion  indui-e(l.  the  lon>rer  ]ihra-:e  slio\ild 
be  reverted  to. 

Similarly  in  the  case  of  the  lirili  deliuitiou  it  is  ad- 
visable to  say  "allowance  for  depreciation  e\|)ense.''  or 
more  briefly  "deiireciation  allowance,"  and  not  merely 
"depreciation."  Between  speed  of  speech  ami  accuracy 
of  expression  there  should  be  no  question  of  choice. 
Depreciation  allowances  corrcs])ond  to  what  some  engi- 
neers call  a  "theoretical  depreciation'"  in  contrast  with 
what  they  designate  as  "actual  depreciation""  (meaning 
wear-deterioration)  found  hv  examination. 

.\    Xi:w   Tki:m   ()i-fei!Kii 

llelinition  Hm'  conveniently  reduces  to  "rciu'wal 
allowance'"  and  for  further  sim])lieity  to  Ihe  coined  word 
"renewance."  which  the  author  has  found  generally 
understandable.  The  first  and  the  fifth  definitions  are 
perhaps  the  ones  most  used,  so  that  it  is  a  great  advance 
to  agree  to  speak  of  "depreciation""  as  the  actual  lost 
value,  and  "renewance"  as  one  year's  part  of  the  com- 
pensation therefor. 

However,  it  is  little  more  than  a  <-onvenient  fiction 
to  speak  of  Iniilding  up  reserves  for  renewals,  since  those 
lunds  have  no  relation  to  the  amounts  sjient  for  the 
m'w  equipments.  Electric  railways  have  been  known  to 
sera])  generating  equipment  ami  purchase  power  from 
central-station  companies,  notable  exam]iles  beiiiir  (he 
Cleveland  (Ohio)  Railway  Co.  and  the  Third  Avenue 
Railway  Co..  in  Xew  York  City.  In  general,  replace- 
ments are  made  with  radically  different  apparatus.  What 
the  business  must  be  made  to  yield,  in  line  with  llic 
Snin-eme  Court's  dictum,  is  full  coin|)ensation  to  the 
utility  concern  for  the  loss  in  value  of  |)ro|ierty  from 
all  Ihe  various  causes  already  outlined.  That  is  to  say. 
Ihe  rales  must  corer  Ihe  linhilihi  for  relirinf/  plant  rather 
than  Ihe  cost  of  renewinf/  it.  "Ifetiiaiicc"  therefore  has 
lii'en  substituted  for  "renewance.''     Ifetirance  then  is  the 
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mimial  niiiuuiit  to  lie  rcpiiiil  tlie  corporiitioii  to  compensate 
it  I'or  each  yearV  depreciation.  Itctiraiice  is  ;i  definite 
i'actoi'  in  rates  and  in  it>  iiatnri'  is  a  repayment  of  in- 
vested ca])ital.  Unit  retirance  may  l)e  s]iola>n  ol'  as  a 
subdivision  ol'  retirance  as  it  has  licen  apjiortioned  over 
rates.  Wear-i'etiraiice.  a'.;('-retii'ancc.  ohsoletion-reti ranee, 
etc..  become  userul  special  terms  which  can  lie  accurately 
employed.  The  jilace  of  aL;ui'eiiate  retii-ance  is  obvious. 
By  such  a  restriction  a^  outlineij  on  the  employment 
of  tlie  terms  "depreciation.'"  ■"wear-deterioration,"'  '"depre- 
eiation-allowan<-e,"'  "i-ct  ii'ance,'"  etc..  discussion  is  not 
appreciably  encumbered  and  a  fundamental  cause  of 
exasperating'  confusion  is  removed. 

Eetiu.wci-;  .\  ni:i"AViiE.VT  oi-  TiOsT  Twicstjiext 
AVhetber  or  not  I  be  retirance  money  secured  out  ot" 
rates  can  be  reuarded  as  a  repayment  of  investment  is 
one  of  the  most  debated  points  that  lias  arisen.  Careful 
consideration  of  the  ipu'stion  (keejiino-  in  mind  the 
fundamental  idea  that  loss  of  investment,  impairment  of 
capital  or  assumption  of  liability  for  renewal  must  be 
compensated  hy  the  customers  in  wbose  service  the  loss, 
impairment  or  a.ssuniption  arose)  will  seemingly  leave 
little  doubt  that  the  I'ctirance  collected  is  a  restoration 
of  balance  between  physical  assets  and  incurred  liabilities 
(includiui,^  storks  and  bonds).  That  looks  like  repayment. 
However  retirance  cannot  be  a  direct  repayment  when 
it  is  purposely  made  snuiller  than  the  annual  depreciation 
with  a  view  t<i  placin."'  it  in  a  siid<inu-  fund  and  ohtainint;' 
the  normal  amount  tbronub  accumulations  of  interest. 
In  this  case  the  retirance  is  not  free  capital  which  the 
owner  of  the  property  may  put  in  ser\  ice  to  swell  bis 
income;  al!  the  earniiiL;s  nni<t  be  i-e1aiiieil  to  com])lete 
the  retirance  fund,  which  can  he  drawn  mi  only  when 
an  item  has  reached  its  assumed  Iciiuth  of  life. 

AppnAisrui  VALric.  Di'U'keiiatiox  axu  riETiiiAXcic 
It  is  the  actual  (b'preciation  which  in  the  Ions  run 
affects  real  prollts — considerini;'  actual  \alues  preserved 
as  well  as  net  earnings  secured.  But  it  is  retirance  which 
determines  the  computed,  and  appioximated,  pi-olits  and 
pos.sible  di\idi'nds  from  (|iiartci'  to  i|uartcr  or  year  to  vcar. 
The  annual  increment  in  actual  dcpi'cciat  ion  is  not 
necessarily  the  same  as  the  annual  I'ciii-ance  sum  which 
is  intendeil  to  covi'r  it,  thou'.'b  that  is  the  ideal  souubt. 
The  most  that  can  be  said  is  that  the  au-grejiate  of  re- 
tirance accumnlated  on  an  item  of  property  plus  the 
scrap  value  should  ecpial  the  total  fii'st  cost  when  the 
item  is  discarded — no  sooner,  no  later.  Few  can  estimate 
so  happily  as  to  lunc  iheii-  first  estimate  of  retirance 
continue  to  the  end  without  readjustment.  If  an  ex- 
amination of  a  ])iece  of  apparatus  showed  that  the 
aggregate  of  contributions  made  against  its  retirement  is 
going  to  !)e  too  large,  then  they  might  lie  decreased  to 
su(-li  an  amount  as  will  prolialily  conijilete  the  return  of 
cost  at  the  end  of  the  useful  life  of  the  item,  except  that 
tlie  rates  should  lie  held  steady  rather  than  fluctuating. 
The  reverse  adjustment  would  lie  necessary  if  the  aggre- 
gate of  allowances  for  a  number  of  years  pi'oved  to  be 
less  than  tlie  actual  decrease  in  woi'tb  shown  by  examina- 
tion. This  adjustment  alTects  di\i(b'nds  and  surjilus 
rather  than  stable  rate  schedules. 

The  exact  eventual  return  of  cost  through  retirances 
can  be  simply  secured  with  the  sort  of  accounting 
required  by  the  Interstate  Commerce  Commission.  In 
following  its  rules,  montlilv  charges  against  deiireciation 


are  made,  based  on  expectation  of  life.     If  an  item  lasts 
longer  than  anticipated,  the  retirance  charges  stop  when 
100%  of  its  cost  has  been  reached.     If  the  life  for  any 
reason  is  shorter  tlian  expected,  the  nnreturned  balance     , 
is  used  to  swell  the  depreciation-expense  account  for  the    k 
year,  or  for  large  snms  the  balance  is  put  into  a  suspense    t 
account  and  spread  over  several  years.  ' 

It  must  not  be  expected  that  the  valuation  figures  of 
a  iiroperty,  even  though  based  on  a  good  appraisal,  phis 
the  aggregate  of  all  retirance  moneys  secured  out  of 
rates,  will  any  more  than  roughly  approximate  the 
reproduction  cost  of  the  property  or  the  legitimate 
in\estmcnt  historically  established.  The  reasons  are 
fairly  obvious.  Among  other  things,  the  value  may  be 
liased  on  changing  rinit  prices:  appreciation  of  property 
may  enter.  The  retirement  allowances,  as  assessed  on 
customers,  are  weighted  composites  for  the  various  items 
that  make  up  the  whole  plant.  With  uniformity  and 
stability  of  rates  over  a  given  short  period  of  time,  the 
annual  retirance  at  first  would  usually  accumulate  faster 
than  oliscn-able  composite  depreciation  would  accrue. 
Tlie  deterioration  of  machinery  seems  to  become  more 
obvious  in  the  bust  years  of  its  service  that  in  the  earliest; 
and  part  of  the  retirance  covers  an  autiquation  which 
descends  swiftly  and,  tliough  impending,  may  not  be  seen 
by  the  superficial  appraiser. 

Faii,i-i;e  to  Collect  Retiraxce 

W'hei'e  j'ctirance  money  has  not  been  collected,  th.rougb 
the  ernu-  and  oversight  of  officials  or  neglect  to  charge 
sufficient  rates,  then  according  to  the  Knoxville  ca.se 
decision  the  company  still  is  entitled  to  earn  only  on 
its  de]ireciated  value  of  property.  This  view  has  been 
assailed  by  many  iircuninent  engineers,  and  the  hope  has 
been  cherished  by  tlumi  that  the  Supreme  Court  would 
reverse  itself.  It  is  of  interest  therefore  to  examine  this 
]iart  of  the  decision  in  question  (City  of  Knoxville  vs. 
Kno.wille  Water  Co..  lilOS);  29,  Sup."  Ct.  Rep.  148)  to 
find  its  basis  in  law  and  economics. 

Tlie  company's  original  case  was  based  on  an  elaboi-ati' 
anal.vsis  ot  the  cost  of  construction.  To  arrive  at  the  present 
value  of  the  plant  large  deductions  were  made  on  account  of 
the  depreciation.  This  depreciation  was  divided  into  complete 
depreciation  and  incomplete  depreciation.  The  complete  de- 
preciation represented  that  part  of  the  original  plant  which 
ihrough  destruction  or  obsolescence  had  actually  perished  as 
u.sel'ul  property.  The  incomplete  depreciation  represented  the 
impairment  in  value  of  the  jjarts  ot  the  plant  which  remained 
in  existence  and  were  continued  in  use.  It  w,-is  urgently  con- 
tended that,  in  fixing  upon  the  value  of  the  plant  upon  which 
the  conu'any  was  entitled  to  earn  a  reasonable  return,  the 
amounts  of  complete  and  incomplete  depreciation  should  be 
added  to  the  present  value  of  the  surviving  parts.  The  court 
refused  to  apjirove  this  method,  and  we  think  properly  re- 
fused. 

A  water  plant  with  all  its  additions  begins  to  depreciate 
in  value  from  the  moment  of  its  use.  Before  coming  to  the 
question  of  profits,  the  company  is  entitled  to  earn  a  sufficient 
sum  annually  to  provide  not  only  for  current  repairs,  but  for 
making  good  the  depreciation  and  replacing  the  parts  of  the 
property  when  they  come  to  the  end  of  their  life.  The  com- 
pany is  not  bound  to  see  its  property  gradually  waste  with- 
out making  provision  out  of  earnings  for  its  replacement. 
It  is  entitled  to  see  that  from  earnings  the  value  of  the  prop- 
erty invested  is  kept  unimpaired,  so  that  at  the  end  of  any 
given  term  of  years  the  original  investment  remains  as  it 
was  ,it  the  beginning.  It  is  not  only  the  right  of  the  company 
to  make  such  a  provision,  but  it  is  its  duty  to  its  bond  and 
stockholders,  and  in  the  case  of  a  public-service  corporation, 
at  least,  its  plain  duty  to  the  public.  If  a  different  course 
were  pursued,  the  only  method  of  providing  for  replacement 
of  property  which  had  ceased  to  be  useful  would  be  thi' 
investment  of  new  capital  and  the  issue  of  new  bonds  or 
stocks.  This  course  would  lead  to  a  constantly  increasing 
variance  between   present   value  and   bond   and   stock   capital- 
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ization — a  t<ndency  which  woulii  inc-vitalily  lead  to  disaster 
i  ither  to  the  stockholders  or  lo  the  public,  or  both.  If.  how- 
t.'ver.  a  company  fails  to  perform  this  plaiti  duty  and  to  exact 
.sufficient  returns  to  keep  the  investment  unimpaired,  whether 
this  is  the  result  of  unwarranted  dividends  upon  over-issues 
of  securities  or  of  omission  to  exact  proper  jjrices  for  the 
output,  the  fault  is  its  own.  When,  therefore,  a  public  regu- 
lation of  its  i>rices  comes  under  <iuestion,  the  true  value  of 
the  iiropert.v  then  employed  for  the  purpose  of  earninp;  a 
return  cannot  be  enhanced  by  a  consideration  of  tlie  errors  in 
manaKement  which  have  been  committed  in  the  past. 

This  statement  is  seen  to  be  hased  on  the  proposition 
that  for  every  dollar  by  which  the  jjropei'ty  has  de- 
preciated, the  company  is  entitled  to  earn  a  dollar  above 
interest  and   profits.      When   this   is  done,  each    item    is 

.paid  as  it  is  retired  and  e.xistino:  depreciation  is  made 
_(iod  each  year.     If  it  should  not  l)e  done,  in  the  course 

if   time   replacements    wonid    have    to   be    made    out   ot 

•  iitirely  new  capital  ami  that  would  lie  an  economic  sin 
aaainst  the  ne.xl  {generation. 

This  is  a  statement  of  ■reneral  principle  evidently 
intended  as  broadly  ap))]icable — si'nce  there  are  no  refer- 
ences to  the  effect  of  pe<iiliar  <onditions  disclosed  by 
the  evidence  in  this  case.  So  it  must  have  been  well 
considered  before  "iven  that  form  and  stated  without 
exceptions.  It  is  hard  to  find  grounds  therein  for  ex- 
pectintj  its  reversal  pxcept  for  those  eases  where  the 
com])any  has  been  constrained  by  loeal  government  or 
regulating  commission  to  make  rates  that  did  not  fully 
provide  "for  the  replacement  of  its  property  out  of 
earning.?.'"  Requiring  a  company  to  base  rates  on  de- 
])reciated  value  of  property  in  such  cases  would  .•;eem  to 
constitute  confiscation. 

The  same  unfortunate  result  would  i)c  attained  if  the 
regulating  authority  had  applied  and  continued  Xu  use 
the  sinking-fund  annuity  in  d(»termining  rates  together 
with  depreciated  value  of  property.  The  sinking  fund 
is  not  free  capital ;  it  brings  the  company  no  dividends 
by  its  investment  and  the  concern  gets  no  return  on 
])art  of  its  investment  where  the  equivalent  of  full  value 
is  not  retained  in  the  rate  basis. 

If  rates  have  been  based  on  fidl  value  and  retiranee 
has  been  secured  by  sinking-fund  annuities,  the  regu- 
lating authority  could  follow  two  courses.  First,  they  could 
tontinue  as  before  to  use  the  sinking-fund  annuity  for 
retiranee  and  full  value  of  ])roperty  on  which  to  figure 
ix'turn;  or  they  could  follow  the  Kno.xville  dictum  and 
use  depreciated  value  jirovidcd  retiranee  was  made  fully 
equal  to  com]iuted  annual  dejireciation  henceforth :  the 
accumulated  sinking  fund  properly  handled  would  equal 
the  depreciation  up  to  that  time  aiul  would  then  become 
Iree   capital. 

The  last  sentence  qiiotetl  from  the  opinion  lays  stress 

i.ii  the  errors  of  management  whicli  cause  or  permit  in- 

.stiflicicnt  rates.     It  is  not  to  be  assumed  that  the  same 

interdiction  applies  to  the  many  cases  where  the  business 

'•uld  not  have  struggled  along  in   its  earlier  stages  had 

he  charges  been  large  enough  to  satisfy  this  demand — 

ustomers  would  have  lieen  driven  away  instead  of  being 

•  iicoiuaged  to  increase  to  the  point  when  the  .<ame  rates 
yielded  all  the  ])roper  sums  without  being  i)urdensome. 
Krror  and  incompetency,  not  niere  force  of  circumstances, 
are  to  be  penalized,  if  a  strict  sense  of  equity  is  to  be 
preserved — and  that  surely  was  what  the  court  .sought. 
Therefore,  the  inclusion  of  deficits  l)etween  the  actual 
and  what  would  be  proper  returns  to  cover  depreciation 
may  be  retained  in  development  e.xpen.se — or  what  <iune 

mII  "going  value." 
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\'iews  of  structural-shop  engineers  on  the  factors  atfect- 
ing  costs  of  shopwork  were  given  the  Engineers  Society 
of  Western  Penn.sylvania  on  Oct.  :51  by  E.  W.  Pittman. 
Manager  of  the  Hankin  Plant  of  the  McClintic-Marshall 
Co..  and  George  H.  Danforth,  Structural  Engineer  foi- 
Jones  &  J>aughlin  Steel  Co.  One  of  those  discussing  the 
papers  later  thought  that  Mr.  Pittman  was  venturing  into 
fields  of  humor  when  the  statement  was  made  that  the 
ilesigning  engineer  "has  a  creditable  anibition  to  produce 
something  original  and  to  specify  the  best  of  materials  and 
workmanship  and  at  the  .same  time  is  conscious  of  an  obli- 
gation to  his  client  to  keep  the  cost  of  the  structure  within 
reasonable  limits."  Air.  l)antorth  was  a  little  more  blunt 
in  stating  that  "some  designers  seem  to  think  more  of 
Iniilding  a  monument  or  of  establishing  a  re])utation  for  a 
wonderful  design  than  they  do  of  making  a  simple  piece 
of  work  that  can  b(>  readily  l)iiilt  of  easily  available  ma- 
teria 1."" 
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In  Mr.  l'ittman"s  judgment  the  design  of  a  structure  is 
tlie  largest  single  factor  in  determining  the  cost  per 
pound  of  structural  steel,  rather  than  any  special  or  un- 
usual requirement  as  to  workmanship.  The  use  of  simple 
sections  and  few  members  in  the  place  of  complicated  work 
often  makes  for  a  reduction  in  cost,  even  though  the  total 
weight  may  be  somewhat  increased.  Both  sjieakers  em- 
phasized the  importance  of  using  as  few  sections  as  ])os- 
sible  in  one  job,  and  tho.se  to  be  sections  frequently  rolled, 
as  both  time  for  fabrication  and  tlie  shop  costs  are  re- 
duced thereby.  Both  also  referred  to  the  disadvantages 
arising  from  the  use  of  two  sizes  of  ])unched  holes  in  a 
single  member. 

The  sequence  of  operations  in  putting  work  Ihinugh  a 
modern  shop  was  outlined  and  the  influence  of  design  and 
.specifications  on  the  cost  of  these  steps  pointed  out.  In 
the  discussion  some  difference  of  opinion  developed  as  to 
how  much  in  detail  the  engineers"  drawings  sliotdd  be. 
Samuel  E.  DuflE  held  that  simple  general  drawings  with 
good  specifications  were  best,  leaving  details  to  tlic  con- 
tractor, who  could  make  them  to  suit  his  .sho])s  ami  tools. 
Paul  S.  Whitman,  on  the  other  hand,  advocated  com- 
plete design  drawings,  showing  the  number  of  rivets,  even, 
in  all  important  connections,  on  the  grounds  that  I  be 
"average  draftsman  is  a  good  s|)acer  of  rivets,  but  nothing 
more""  and  lias  little  conception  of  the  elements  of  design 
or  the  number  of  rivet.s  required  for  good  ccinncctinns. 

Dr:sK!x  Dii.AwiNfis  Siiocld  Rk  Co.mi'letk 

-Vnotlier  engineer  with  fabricating-shop  experience,  C. 
W.  Nichols,  agreed  that  design  drawings  should  be  com- 
plete, as  tills  avoided  the  necessity  for  the  fai)ricator  to 
add  a  percentage  to  cover  what  the  engiiurr  might  require 
and  made  all  bids  on  a  comparative  basis.  H.  A.  Pender- 
grass  referred  to  the  annoyance  and  ex])en.se  often  caii.sed 
the  drafting  room  l)y  incomplete  general  drawings,  from 
which  essential  information  as  to  what  the  designer  de- 
sired was  lacking.  He  also  mentioned  an  interesting  case 
of  siiop  drafting-room  revision  of  a  design  where  Iicthle- 
hem  Il-cohnnns  spliced  at  every  floor  were  changed  to 
ibree-story  columns  with  but  a  slight  increa.se  in  weight 
;ind  a  markeil  economy  in  shoj)  operations  and  final  cost. 
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The  21-storY  Continental  and  Commercial  National 
Bank  building,  one  of  the  largest  office  buildings  in  Chi- 
cago (324x1(56  ft.  in  i)lan).  has  had  interesting  altera- 
tions made  in  the  lower  stories  to  obtain  additional  floor 
space  at  the  sacrilice  of  the  original  architectural  treat- 
ment. The  building  was  di-scrilied  in  Eiu/liiecriiig  Neirs. 
Nov.  1.3.  IDi:;. 

The  main  front  on  La  Salle  St.  was  built  originally 
with  a  loggia  extending  in  a  heigbt  of  b")  ft.  (nearly 
four  stories)  and  with  a  depth  of  about  Ih  ft.  {nv  the 
spacing  between  the  outer  columns  and  the  first  row 
of  interior  columns).  In  tbe  front  of  this  loggia  the  steel 
columns  were  concealed  in  ':  d  granite  pillars,  41  ft. 
high,  with  capitals  supporting  ib.e  outer  wall  at  the  build- 
ing line.  These  steel  columns  are  of  very  heavy  con- 
struction, owing  to  the  great  unsupjiorfed  length  and 
the  loads  cairicd. 

To  meet  the  requirements  for  additional  space  on  the 
bank  floors,  it  was  decided  to  eliminate  the  loggia,  and 
extend  the  floors  and  front  wail  to  tlie  building  line  in 
tliC  lower  stories.     The   red   granite  columns  have  been 


replaced  with  gray  granite  fluted  pilasters  built  into  the 
new  wall  and  fitted  to  the  original  capitals.  Tbe  en- 
hance to  the  building  is  now  less  significant  architec- 
turally, consisting  simjily  of  rectangular  doorways  open- 
ing upon  the  sidewalk. 

The  most  interesting  work  was  in  regard  to  the  change 
in  the  treatment  of  the  columns.  In  the  construction 
(jf  the  building  the  exterior  steel  columns  in  this  side 
wi'i-e  erected  to  the  height  of  the  loggia,  and  then  each 
was  inclosed  in  a  series  of  red  granite  rings  slipped 
over  the  column  and  built  up  to  form  a  pillar.  These 
rings  were  35  in.  high,  4  ft.  9  in.  to  5  ft.  4  in.  exterior 
iliameter,  varying  with  the  entasis  of  the  pillar.  The 
tbickness  was  5  to  8  in.,  the  pillar  being  placed  eccen- 
Irically  to  the  inclosed  column. 

These  pillars  gave  considerable  trouble,  as  noted  in 
Enr/iiieering  Xeirs,  March  11,  1915.  They  did  not  take  a 
good  polish,  and  an  attempt  was  made  to  repolish  them 
in  place  with  a  machine  rigged  up  so  as  to  slide  vertically 
and  also  travel  around  the  column.  This  apparatus  was 
I'uly  used  experimentally.  Jlore  trouble  developed  after 
a  winter's  exposure,  several  of  the  granite  rings  being 
split.  This  was  considered  due  to  excess  of  moisture  in 
the  granite   shell   and   the  concrete  packing. 


ALTERING ;  THr.  .STREET-FRONT  COLTTMNS  OF  A  CHICAGO   21 -STORY  OFFlCl!;  BUILDING 
Thi-   old   crianitc   rings,   now  being   removed,   .split  soon   after   they   were  placed 


Pecemher  '^1.  .IDK! 


Exc;  IX  KKi;  1  X(.    X  k ws 


!!■ 


The  spocifications  called  for  cacli  <lnini  or  rlivj:  to  be 
filled  with  conorete  a>  it  was  set.  Iiefore  settiiiir  the 
next  drum.  Owing  to  delay  in  delivery  of  the  granite 
and  to  the  fact  that  the  l)eds  of  the  drums  were  not  in 
aecordance  with  the  speeifieations,  there  was  consider- 
able delay  in  the  work,  and  the  superstructure  for  the 
entire  La  Salle  St.  front  was  held  up  until  the  drums 
could  be  placed  over  the  steel  columns.  As  a  result  the 
tlrunis  were  all  set  in  place  and  then  concreted  instead 
of  being  filled  separately.  Shortly  after  erection,  it  was 
found  that  some  of  the  drums  were  not  in  perfect  align- 
ment, and  the  contractor  started  to  recut  and  repolish  the 
surfaces.  This  ]iroeess  kcjit  the  drums  wet  until  late 
in  the  fall,  and  consequently  the  amount  of  moisture 
in  the  stone  and  the  concrete  was  increased  rather  than 
decreased  after  the  erection.  Some  of  the  pillars  whiih 
had  not  been  recut  or  rejiolished  showed  no  cracks. 

Repair  woiild  have  been  difficult  and  ex]iensive,  as  the 
rings  could  not  be  removed  without  cutting  them  apart. 
The  adoption  of  the  alterations,  however,  made  it  neces- 
sary to  remove  these  pillars  entirely.  For  this  work  a 
staging  was  erected  over  the  sidewalk,  and  an  electrically 
operated  .stiff-leg  derrick  was  installed.  Vertica!  cuts 
were  made  in  each  ring  with  pneumatic  tools  and  hand 
chisels,  and  the  .segments  were  removed  by  the  derrick. 
The  concrete  packing  was  then  i)roken  away,  exposing 
the  .steel  columns,  so  that  the  new  framing  could  be  at- 
tached to  them.  The  work  was  completed  by  the  build- 
ing of  the  new  exterior  wall  and  the  granite  columns, 
the  latter  being  formed  by  segments  on  the  street  side 
only  (the  other  sides  i)eing  incased  in  fireproofing  and 
masonry). 

This  work  is  shown  in  the  accompanying  view.  The 
coknnn  at  the  right  is  in  its  original  state.  The  next 
one  has  the  rings  removed  to  a  point  below  the  staging 
un  which  men  are  at  work  (inside  the  canvas  screen) 
cutting  away  the  concrete  filling.  The  middle  column 
has  this  tilling  in  ])lace  to  just  below  the  staging.  The 
two  columns  at  the  left  have  been  .stripped,  except  for 
the  concrete  filling  between  the  flanges.  The  original 
front  wall  is  behind  these  columns.  The  new  wall  is 
between  the  columns;  and  in  line  with  the  wall  above. 
In  the  street  are  piled  segments  of  the  granite  rings. 

The  new  granite  was  furnished  by  the  Stanstead  Gran- 
ite Quai'ries  Co.,  and  placed  by  the  Steven  &  Son  Co.  The 
alterations  were  planned  by  Graham,  Burnham  &  Co., 
who  were  the  architects  for  the  building  as  originally 
I  iinstructed. 

SSndles  Ssa  a  Peep  Sftreeft  Cxiat 

The  deep  cut  made  at  Kansas  City,  Mo.,  to  extend  Main 
St.  from  24th  St.  to  Grand  \\o.  is  at  last  being  used, 
but  only  by  street  cars,  aftei'  eight  years  of  planning  and 
grading.  The  cut  is  2.  HMI  ft.  long,  with  a  maximum  depth 
of  ai)out  82  ft.  and  a  bottom  width  of  90  ft.  The  magni- 
tude and  dlHiculties  of  this  work,  which  is  known  locally 
as  the  "Culebra  Cut,"  have  been  explaini-d  by  articles  in 
KiKjiiievrinij  Xpiis  of  Dec.  11),  liUI,  and  Feb.  21,  litlG. 
The  great  trouble  has  been  the  serious  and  continual  cav- 
ing of  the  side  slopes. 

The  contractor  for  the  grading  brought  the  street  to 
the  established  grade  and  tiie  full  '.lO-ft.  width,  removing 
all  slides  as  they  occurred  during  the  progress  of  the 
work  and  then   removing  all  roimiining  ledg.'s  that  ap- 


peared (bingerous.  His  work  was  finally  accepted.  May  12. 
li'l-").  .\  sewer  with  catchliasins,  manholes,  etc.,  was  theii 
constructed  up  the  center  of  the  street,  followed  by  tele- 
|)hone  conduits  aiul  a  double-track  car  line,  completed  in 
the  fall  of  I  ill.").  Bids  were  also  asked  for  paving,  but 
none  were  received,  due  to  the  ri.sk  involved  in  estinuiting 
the  amount  of  suljgrading. 

During  this  time  small  slides  were  constantly  occurring, 
and  the  shale  under  the  rock  ledge  disintegrated,  leaving 
large  overhanging  rocks.  At  about  the  time  the  car  track 
was  com]deted.  there  were  several  very  heavy  slides,  bend- 
ing the  rails  and  breaking  trolley  poles.  The  car  company 
refn.sed  to  operate  cars  through  the  cut,  and  the  city  spent 
the  winter  in  trying  to  compel  the  property  ownei'S  to 
make  the  cut  safe  and  I'emove  the  slides.  The  ordinary 
legal-notice  proceduic.  which  was  effeclive  where  small 
amounts  ol'  dii't  caved  onto  (be  sidewalk  on  otbei'  streets, 
failed  of  results.  The  only  co\ii-s(.'  left  o|)en.  if  the  street 
was  to  lie  improved,  was  foi-  the  city  to  remove  the  I'ock 
and  earth  at  an  estimated  cost  of  ^OO,*)^)  and  test 
the  validity  of  its  action  by  a  court  suit  to  recover  fronr  the 
property  owners.  It  is  an  estai)lished  point  in  Blissouri 
law  that  a  street  cannot  be  graded  twice  to  the  same  grade 
and  tax  Ijills  issueil  against  abutting  property  for  it,  but 
it  is  also  law  that  a  propci'ly  ownci-  cannot  maintain 
a  menace  to  ])ublic  safety. 

The  .$()(). 000  not  being  available,  the  city  has  spent  about 
$1,200  in  the  past  three  months,  lightly  blasting  and  pry- 
ing the  overhanging  ledges  dnw  n  into  the  cut.  The  street- 
lailway  company  i-emoved  that  which  fell  between  its 
rails  and  began  the  opcialion  of  street  ears.  Only  one 
building  has  been  built  on  the  street  since  it  was  graded, 
which  is  at  the  intei'section  of  Main  St.,  (li'and  .Vve.  and 
2Tth  St.  Only  two  other  lots  (next  to  2ltli  St.)  have 
been  graded  down.  .\  small  rock-crusher  plant  is  located 
on  the  east  side,  and  the  Park  Board  is  planning  to  .spend 
a  $100,000  bond  issue  in  grading  and  terracing  the  8i/o 
acres  of  Station  Park,  which  fronts  the  plaza  in  front  of 
the  new  Terminal  Station  and' abuts  on  Main  St.  between 
24th  and  2")th  St.  Xo  other  improvements  are  planned  at 
present. 

The  cost,  to  date,  for  the  opening  ami  gi-ading  of  this 
exceptional  street  cut  is  as  follows: 

Damages  paid  to  abuttiiiK  propfrty  in  a  special  benefit  district  on 

account  of  cut,s  made  in  first  grading            $49.1 17 

259,963  cu  vd.  removed  under  first  contract 193.347 

DaniaKCS  allowed  on  account  of  second  cut 32,35(1 

Cost  of  property   acquired   in   wideniuK  street  from   60  to   90  ft., 

assessed  a&iainsi  a  special  henelit  district 41,265 

165,981  cuvd.  removed  under  second  contract. 178,642 

Cost  to  city  (or  breaking  down  dauKcrous  ledges. .  1.2C0 

Total $495,921 

We  ai-e  informed  that  the  city  will  probably  bring  suit 
to  recover  the  $1,200  from  the  ai)utting  property  owners, 
and  that  if  successful  it  will  proceed  with  the  removal 
of  the  slid  dirt  in  the  same  manner.  The  court  action 
is  ba.sed  on  the  usual  notice  that  is  served  on  property 
owners  or  their  agents,  .setting  forth  that  a  menace  to 
public  safety  and  obstruction  of  the  street  exists  and  giv- 
ing a  reasonable  time  to  have  conditions  corrected.  The 
city  threatens  that  otherwise  it  will  do  the  work  and 
assess  the  cost  against  the  property. 

\  change  !ias  recently  been  made  by  Kansas  City  in  the 
lorm  of  ordinance  and  proceedings  in  grading,  by  wbicb 
it  is  expected  to  avoid  not  only  extreme  cases  of  slipping, 
like  the  Main  St.  cut,  but  also  the  minor  ones  that  occi  r 
where  cuts  of  more  than  h  ft.  are  made.  .\n  easement  has 
previously  been  condemned  on  private  iibiitting  prop:'rty  i'l 
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the  |i|-occ<'(liii^>  I'm]-  tlir  uTadili.u  "f  sl|-i'r|<  where  enil);iiik- 
llielir.-  iiillle.  .-llldUlIlL;  tile  ii<>ees-;a  TV  1  \n  lli,  slope  ti> 
ImII  oil  |iri\;in'  |ini|ieil  \ .  Xow  .ill  e:i.-eineiil .  or  |ili\  ili'Lie. 
Is  also  eollilellllleil   al    llle  same   time.  allowlllL;    tile  eit\     llle 

li.ulit  ill  lii-adiii.L;  llle  lianks  and  iiieliidiiie  ihi^  rosi  in  the 
eost  of  Liradiile-  the  street.  Several  eradiliu  ea>es  under 
lliesc  ne\^■  |)roee<Mliiie-  liavc.uone  lliroiit;li  witlioiii  ,i|i[iosi- 
fioii. 

Tile  fact  remains  thai  allei-  an  e\|H'ndiliire  of  iiearl\ 
$.-)(H  1.(1(1(1  and  ei.^lil  vear<'  time  this  eiit  is  hi'iiii;-  used  oiil\ 
li\'  a  Few  St  rei't  i-ars.  I  f  eompleted  and  improved,  it  will  lie 
one  of  llle  arterial  sti'eels  l.ietween  the  residence  and  liiisi- 
lless  seelioii-  iif  llle  eitv.  ( 'llt>  and  tills  of  over  :!(!  It. 
are  common  in  Kansas  Cixw  ami  little  dilliciilty  has  lieeii 
experienced  lieretoFoi-e  with  slides,  the  soil  (or  soil  and 
rock)  slaiidine'  nearl\  \crlieal  indeliiiitelv.  as  shown  li\ 
niiiiieroiis  pie(i'<  on  niiiiiipro\ed  lot<  close  to  the  Imsi- 
liess  district.  liiil  llle  Main  St.  cut  is  of  imiisiial  ileplli 
anil  liiiiilii  .-iiid  has  the  ilisinteurat  inu  shale  leilijc  lie- 
iieath  ihe  rock  led-vs. 

(CoHtictpefte°ISs°ndl^®  Woirlfe 

Massive  collerete  slahs  are  lieiiie-  iimmI  for  the  decks  .if 
hriclg-es  o\er  sireels  (ai  the  ('liiia»c.  track-eli'\  atioii  work 
of  tlie  Ii'ock  Island  Line-.  Thev  are  also  replaeiiiL;.  '.■< 
some  extent,  the  thronuii  hridges  thai  were  \\>ri\  e\ieii- 
sively  tliroujilioiit  Chifago  in  the  earlier  i  i-;ick-elevation 
work.  'I'd  handle  These  sla.bs  and  set  them  in  plai-e.  :i 
loconiori\e  crane  has  pro\eil  lo  lie  \i'r\-  econoniical,  hoti: 
in  facility  of  operation  aii(l  low  cost  of  erectinn.  .V  liea\\ 
crane  ol'  this  t\pe.  purchased  recently  hv  the  Ifodc  Island 
Lines,  is  shown  in  the  accompaiiyiiii;'  \ie\\.  It  conihine- 
the  Tealiircs  foiiiid  in  the  lieavier  lype  of  loconiotiv-' 
wreckine  cranes,  toii'ethcr  with  special  lealiires  thai  wi'Vr 
introduced  to  adapt  it  to  tlii-^  jiartienlar  purpose. 

1  ti:siii\    (I I-  'rii  t;   Ci;  v\  i'. 

The  crane  is  of  steel  coiistriict  ion  1  lironulioiit.  monnled 
on  extni-lieaw  triiik~.  similar  to  those  u<ri\  itw  the  rail 
war's  |ii(i-toii  wreikers.  lieaw  out  ringer-  or  Jaikiii^ 
lieains  provide  e\ces>  stahililv  when  making  -ide  lil'l-  a' 
iong  reach.  Tlu'  liooiii  is  oF  the  hov-lattice  i\pe.  with  .i 
iiolted  splice  at  the  middle,  so  that  the  normal  oH-lt. 
length  can  he  increased  lo  ;il  ft.  hy  in.serting  a  -id-ll. 
extension.  Willi  the  -Vi-I'i.  hoom  the  hoisting  eapacit\  i- 
about  od  Ions  at  -.'d-rt.  vadiiis,  or  i:'.  Ions  a1  .')ti-rt.  ra<liii-. 
The  liea\ie-t  hriilge  slahs  weigh  ahonl  oH  toii>. 

I'n)\  isioii  is  made  I'or  attaching  piledrivcr  leads  at  the 
head  of  the  liooiii,  with  a  strut  running  rroiii  the  fool  oi' 
the  lends  to  the  hase  of  the  hoom.  'This  permils  the 
:nai-liiiie  to  lie  a<lapted  for  piledri\  iiig  on  >liort  iioliee  ami 
witlioul  llie  use  o!'  "iivs.  The  machine  i-  also  arranged  sc 
that  it  can  operate  a  gi-ah-luicket  for  excavating  or  unload 
iiig  ])iir|)ose<. 

This  crane  is  designed  primarily  for  high-speed  ercc 
lion,  tile  intention  heiiig  lo  provide  the  grea'est  possihie 
eapaeity  a,t  long  radii  and  to  keep  the  weight  of  Hie 
iiiaeliine  as  low  as  |iraeticahle  ami  at  the  same  time  eiiahl" 
it  to  he  \\<vi\  on  other  classes  of  work  when  not  employed 
on  ihe  track-elevation  hridge>.  To  facilitati'  handling. 
i.ir-o])erated  clutches  are  provided,  as  well  as  a  slewing 
motion  of  the  seleetixe  ty]ie.  lia\  iiig  a  slow  speed  for  liea\y 
loads  and  a   I'asI  sliced  tor  lie-liter  load-.     .\s  much  of  the 


wiirk  of  the  crane  is  with  light  loads,  tlrs  realure  is  :jl' 
]iarticnlai'  value.  In  addition  to  the  liooiii  hoist  motion, 
there  are  lour  independent  hoisting  lines — the  main  hoisi. 
.iiixiliarx  hoist  and  twn  winch  heads.  .VII  these  can  he 
iiseil  lor  either  hoisting  or  holding  loads. 

The  machine  is  eipiijiiied  with  an  electric  tiirho-geii- 
erator  with  a  ea|iacity  for  riinning  two  lOO-watt  lights  ou 
llle  eiiil  of  the  hoom  and  I  wo  lio-watt  lights  iiart  way  out 
111  the  hoom.  witli  snllieienl  provision  for  lights  in  the 
I  ah  for  the  lieiielit  of  the  operator.  There  are  also  two 
plugs  on  the  outside  of  the  cah.  lo  which  can  he  attached 
a    tlexihle  cm-d   for  operating  a    l.0()()-cp.   tlood   light  on  a 


i.i  ii'MMdTivK  i-n.\.\i-:  sicTTiNc;  coxcrete  rninoE 
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tripod,  ill  order  to  permit  the  macliiiie  to  work  lo  advan- 
tage during  the  evening  or  night  hours.  .\n  eipializer  on 
the  topping  lift  di>lril>iiles  ,iiiv  strains  on  the  hoom  cables 
that  raise  and  lower  it.  The  maehine  is  self-pro]>elliil-j: 
and  is  so  designed  as  to  he  iisimI  economically  cui  construe- 
1  ion  and  erection  work. 

The  Work  on   which  this   machine   is  iwed   is   under  the 

directu f  l.'ohcrt  11.  I'oril.  iuigineer  of 'i'rack  l-]levation, 

I'ock  Island  Lino.  The  crane  wa<  hiiilt  hy  the  Industrial 
Works.  I'.av  Citv.  .Mich. 


\rlMU-iiil  (;iis  TiKiiU-  an.l  sulci  in  llu-  riiilcl  Stales  in  1!U5 
.imuuiitfcl  to  lirti;  binion  cu.ft..  lu-coriliiiK  to  slatistios  col- 
lected h.v  the  I".  S.  GeoloKk-iil  Siirve.v.  The  total  v.iliie  wa.s 
.<17  l.linn.non.  These  figures  icpre.sent  an  increase  of  2ri''J  in 
■  luantity  and  17',  in  value  compared  with  1912.  the  last  prc- 
cedinK  year  for  which  statistics  of  this  industry  were  col- 
lected. Of  the  total  output,  IS'',  was  coal  sas,  17';  carhtireted 
wal''r  aas  and  IS',    oil  sras. 
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A  roof  covering  composed  oi  gypsum  T-I)eani  slabs  10 
ft.  long,  having  a  clear  span  of  U  ft.  8  in.,  is  a  feature 
of  a  steel-frame  building  100x200  ft.  recently  erected 
for  the  Walker  ilanufacturing  Co.  at  Racine.  Wis.  These 
long  slabs  have  been  designe<l  as  the  outcome  of  numer- 
ous tests  made  at  the  University  of  Illinois  by  Willis  A. 
Slater. 

The  slabs  are  of  T-section,  15  in.  wide  and  8  in.  deep, 
with  a  thickness  of  V/i  in.  for  the  top,  or  flange,  and 
314  in-  for  the  rib.  The  ends  are  closed  by  diaphragms 
15  in.  wide  and  2  in.  thick.  Each  beam  has  two  %-in. 
rods  in  the  bottom  of  the  ril),  one  of  these  being  bent  up 
at  the  ends  as  a  .shear  rod  and  looped  so  as  to  iiu-rease 
the  value  of  the  bond  stress.  lu  the  top  flange  is  em- 
bedded a  steel-wire  mat  of  Xo.  14  gage  and  4-in.  me.sh. 
The  weight  is  1(5  to  17  lb.  per  sq.ft.  The  joints  are  pla.«- 
tered  on  the  outer  surface. 

These  beams  were  made  at  the  site,  in  wood  forms,  at 
the  rate  of  about  ;?00  sq.ft.  per  hr.  They  only  required 
15  min.  to  set,  from  the  time  the  mold  was  poured  until 
the  forms  were  knocked  down.  These  beams  were  erected 
in  place  and  walked  upon  within  three  hours  after  being 
jioured.     They  were  designetl  (upon  tlie  same  principles 


\i(.<,y  OF  IJYI'STM  SI,.\r'.S  10  FT    l.o.M;  <  >X  STi:i:L  FK.VMING 

as  reinforced  concrete)  to  carry  a  unifonniy  distributed 
live-load  of  50  lb.  per  sq.ft.  with  a  safety  fatrtor  of  -l. 
Tests  of  five  sam]ile  beams  24  hr.  old  were  majle  with 
loads  of  2,200  and  2,100  lb.,  or  200  to  218  lb.  per  sq. 
ft.,  with  respective  deflections  of  0.0;i4  and  0.070  in.  The 
total  loads  were  tiien  increased  to  3,500  lb.,  causing  slight 
horizontal  shear  cracks  to  appear,  Ijut  without  other  signs 
of  failure. 

In  the  roof  construction  these  slabs,  or  beams,  are  car- 
ried by  light  steel  trusses  for  tlie  saw-tooth  yx)rtions  and 
by  steel  purlins,  etc.,  for  the  flat  portion.s,  all  of  the 
supijorting  steel  being  spai-ed  10  ft.  c.  to  c.  In  gen- 
eral the  flat  roof  portion  has  a  pitch  of  U/^  in  12,  while 


tlie  saw-tooth  construction  pitches  about  714  in  13.  The 
architect  for  the  building  was  P.  L.  Batty,  Chief  Engi- 
i-eei-  of  the  .\rnold  Co.,  consulting  engineers,  Chicago. 
The  Arnold  Construction  Co.  had  the  contract.  The  slabs 
were  made  under  the  direction  of  the  United  States  (!yp- 
sum  Co..  of  Chicago. 

When  a  tlat  ceiling  effect  is  desired,  instead  of  the 
ribbed,  or  beam,  ceiling  formed  by  these  T-beams,  the 
slabs  may  l>e  of  Il-section.  with  the  top  and  bottom  flanges 
of  equal  width.  These  weigh  from  22  to  24  lb.  per 
.-•q.ft.  for  the  live-loa<l  noted  above.  In  such  a  roof  now 
being  ei'ected  the  beams  weigh   22   lb.  per  sq.ft. 

F©w©r  ILfDSS  ana  Scre^/^  Fip(n>p©]I]l©2°s 


In  a  paper  read  at  the  recent  annual  meeting  of  the 
Society  of  Naval  .Vrchitects  and  ilarine  Engineers,  Naval 
Constructor  William  McEntee.  V.  S.  X..  described  a  test 
made  at  the  model  basin  of  the  Washington  navy  yard  to 
determine  the  efl'ect  of  the  rough  surface  of  a  propeller  on 
its  efliciency. 

1'hese  experiments  indicate  the  great  saving  in  power 
resulting  where  ship  propellers  are  made  of  some  non- 
corrodil)le  metal  like  bronze  and  are  carefully  machined 
nnd  polished,  as  compared  with  the  ordinary  practice  of 
using  propeller  castings  as  they  come  from  the  foundry. 
It  is  likely  that  these  exi)eriments  teach  a  valuable 
lesson,  also,  to  the  designers  and  builders  of  centrifugal 
pumps.  The  skin  friction  of  a  rapidly  moving  impeller 
in  a  centrifugal  pump  must  be  very  great,  especially  in 
|iumps  working  at  high  heads:  and  it  seems  all  but  certain 
iliat  this  skin  friction  must  be  greatly  increased  if  tiic 
impeller  is  a  rought  casting. 

The  screw  ])ropellers  used  on  naval  vessels  are  custom- 
arily carefully  linished  by  machining  the  rear  surface  of 
the  blade  to  a  true  helicoidal  surface  and  finishing  by  hand 
the  front  face  so  that  it  will  be  perfectly  smooth.  The 
propellers  of  merchant  vessels,  however,  usually  have 
blades  of  cast  iron  or  cast  steel  and  are  given  no  finish 
whatever,  except  trimming  ofl"  the  rough  places  with  a 
chisel  or  rough  file.  In  addition,  as  is  well  known,  iron 
and  steel  j)ropellers  often  suffer  by  pitting,  so  that  they 
piesent  an  extremely  rough  surface  to  the  water. 

In  order  to  test  the  relative  efficiency  of  a  smooth  finished 
propeller  and  a  pi'opeller  left  with  the  rough  surfaces  of 
ihe  original  casting,  four  Ki-in.  diameter  propellers  were 
made  and  tested  at  a  uniform  speed  of  5  knots.  Two 
of  the  propellers  were  of  bronze,  one  of  cast  iron  and  one  of 
cast  steel.  One  of  the  bronze  proi)ellers  was  finished  per- 
fectly smooth;  the  other  propellers  were  left  as  they  came 
from  the  molds,  with  only  the  ordinary  cleaning.  The 
test  showed  that  the  propellers  with  a  rough  surface  had 
a  maximum  elliciency  of  about  ()3'/{,  whereas  the  polished 
proi)eller  had  an  efliciency  of  about  72%. 

In  order  to  test  the  effect  on  propeller  efficiency  of  a 
still  rougher  surface,  such  as  exists  on  a  propeller  that 
becomes  iiadly  |)itted  or  on  which  liarnacles  and  other 
sea  gi'owths  accumulate,  the  i)ronze  projieller  that  had  been 
polished  was  varnished,  and  to  the  sticky  varnish  there  was 
applied  a  layer  of  granulated  cork,  such  as  is  used  for 
cork  paint  in  ship  work.  The  same  tesis  were  repeat<'d 
with  the  propeller  surface  thus  artilicially  roughened,  ami 
the  mavimum  efliciency  of  the  propeller,  which  had  been 
about  72%  ill  its  polished  condition,  was  reduced  to  30%. 
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An    Ii.i,i'mixatix(;  IiEview  jjy  (Justav  IjTxnEXTri.u," 

BRIDGE    KX(;iXI':i':r:IXa  — i;.v    .I.    a.    L.    WaiUlell.    il.    Am.    Soc.        , ,.<<;t,-    ,,r    ri'l-iiiiln..    Iiiiii        TlioT.i    nrr.    a^■■r,    r.1-, .,,>+,„•■    ,„ 

C.   E.,  S.ni..,    IM.iner  of  Wa.Ulell  *i  Son.  Consulting?  Engi-  ll"'-"-fn\     "I     1  lUlUUll,';    llUll.       illolO    aiC    al^O    Cliaptcir-    (.11 

johS'f  \vn.'''T-;.V,',V'  c°r,tir"fix'ft"in'   "^'"I'^ixxv  +^2^r77^'°ro-  ■  >(>t<'riniiiation  of  WatPrways  :  Rpqiiirements  ol"  the  Ignited 

fuseiy  inn.-niit.ri.    ?in,       '            "      '                 '      '  States    (^ivemincnt    for    r.rid,2:iui;-    Xavio-ablu    Watt-r,- : 

The  latest  ndilitidii  Id  llie  lilcial  iiic  (if  liriil-v  con-  I  ly(lnii:ra|iliic  Siuacvs:  Expedients  in  Det^ign  and  Con- 
struction is  a  work  in  1\vo  \olunies  li\  \)v.  .1.  A.  \j.  -Iruetion;  Ollice  F'raetiee :  Trian.enlation.  Erection  and 
Waddell  nndcr  the  tith'  "ilviilLie  {■',iiL;ineei'in,L:-."  In  his  Fal>r\\dik;  lv\aniination  of  liridges :  Bridfre  Failures  and 
preface  the  anthor  desirihcs  thi'  work  as  an  ex]iaiision  'I'lieir  Lessons.  There  is  a  Aaluahle  chapter  on  'i'rue 
iif  his  poiket-liook  "De  i'oiitihiis.''  lii-t  pnlilislied  aliont  l']eonoin\-  in  1  ii'si^^n  and  one  on  Determination  of  Layouts. 
18  years  a;;-o  and  lullowed  h\e  yeai-  later  liv  a  second.  'Idien  theiv  i^  a  chaptei-  on  Sjipcifications  in  (ieneral  and 
soniewliat  enhn-ucd.  ediiion.  The  iicw  work  i.-  estimated  anotiier  on  I'onli'acl  ]''ornis :  one  on  Arbitration  lor 
hy  the  anthoi- to  contain  alioni  sc\en  limes  as  milch  matter  .Settlin,:;-  Disputes;  one  mi  tile  Promotion  ol'  Brid.ue 
and  oO  times  as  main  illiistralion>  as  ■■!)(■  I'unl  ihiis.""  I'rojecis;  and  one  o-n  Uusiness  Features  of  lirid.iiv 
l-;ach  of  the  tw<i  new  xcdiimcs  contains  <i\ei-  1.000  paue.-.  iMi.iiineeriiii;'.  l-;n,t;iiieers  will  derive  .satisfaction  rroin 
The  author  states  that  the  e\pen-e  of  i^cttinu  out  the  hook  a  cha|itci-  on  Fees,  and  lor  those  wlio  desire  to  ju-aetici' 
was  $32,000  and  that  it  contains  the  rcsnlts  of  his  10  what  is  picaehed  there  i.-  a  chapler  on  llie  Hthics  n[ 
years  of  prol'essional  experience:  the  hook  is  thus  some-  liridpc  Kit<;ineerin,i^-. 
what  bioi;raphical   in  character.  Of  old  and   well-known  subjects  brought  togethei-  and 

The  particular  \aluc  of  iIh-  work   is  derixed   from  ihe  more  extensively  ireatefl    by  the  author,  mostly  from  his 

fact   that    it    conies    from    a    |iracl  icing    bridge    engineer  cjwii   \iew|ioiiit.  may  be  mentioned  the  chajiters  on  Alloy 

of  wide  ex])erience  and  established  high   reputation.     We  Steels.     |)ead-    and     I,i\e-L()ads,    Impact    Loads,     I'irst 

all   know   how    rare  it    is  that   a   liii.sy  engineer  can   spare  Principles  of  Designing.  Shop  Work,  Elevated  Railroads, 

the  time,  effort  and   expense  to   inc(n'])ora(e   his   \aliiable  Cantilever   llridgo.  etc.     A  large  number  of  tables  taken 

liractical    knowdedge    in    book    lorm    I'oi'    the    instruction  From    the    aiilli(M-'s   office   practice   are   included.      There 

and  lienetit  of  other  engineers.  are  also  several  chapters  on  Foundations,  Piers,  etc. 

The  scojie  of  the  work  may  be  judged  lioni  the  niunber  The  two  \olumes  comprise  a  vast  amoniit   ol'  material 

of   chapters.      Tlu-re   aiv.    in    the    two    \ohimes.    n'oi    less  brought  together  for  jirat^tical  information.     M   the  end 

than    80    chaiiters.    manv    of     ibein     being    \iiliimincms  of    the    second    \(diiiiie    is    a    comprehensive    glossary    of 

I'ssays  on  their   particular  subjects.  technical  terms  as  they  occur  in  liridge  engineering,  and 

Tiie  author  does  not  jirofess  to  go  to  any  e-\tent    into  a    rather  to<i   s,.ant\-   index.     The  book   would   have  been 

the  theory  of  stresses  in  steel  structures;  instead  lie  refers  iiku-c    conxenient     for    rcdVreiice    if    a    eoni]ilete    table    of 

liis    readers   to   the   standard   works   on   bridges.      In    the  i  ontent<   and    index    had    been   given    in   each    volume   so 

long  chajiter  on   reint'orceil-concrete  bridges   (XX\\'I1).  that  any    particular  >nbject    could    more  easily    be   found. 

on   the  other  hand,  tlicrc   is   presented,  along  with    \x(dl-  Its  iise   for  relereii<-e  would   ha\e  been  facilitated  also 

known   theories  on   beams,   a    metlio(l   of   i(unpiita1  ion   of  \,\    >iibdi\iding    the   chajiters    into   numbered    articles   or 

reinforced-concrete  arches   with    li.xed    end>.      I'arcntbet  i-  paragraphs  with  their  particular  titles  ]irinted  in  heavier 

call\-  it  may  lie  observed  that   most  theorizing  on  coiicn'te  lypc.      Tliesi'   headings   might   also   be   placed  at    tlu'  top 

design    jirctends   to   greater    I'etinemeiit    and    accuracy   of  of    ibe    page    insteail    id'   the   senseless    repetition    of    tlii' 

stresses  than    it  seems   reasonable  to   use   with   the  coarse  ucnei-al   title  of   the   bocdx  on  e\i>i-y  other  page.     This  is 

and    variable   character  of   the    material    as    il    occurs    in  a   did'ei  t   id"   makeup   which   i>  cpiiic  general    in    ti'cdinical 

practice.  books   and    lor   uliii-b    the    printers  aiv    largely   to   idaiiie. 

In    the    preseiil    work    there   are    whole    chapters    without 

\i:w     luoK  ox    I'.iiHii.i:  I',m;i\i-;i;i;im;  disiiiiKO  ■      i         ii       i           ti    .-    .-i       i-    r           .'              i     •      i 

a    Singh'    subhead,    so    that    the    liuding    ol    am-    desired 

The  iiMial  (luestioiis  about  a   new   b,,ok  r.re:      (1)    Does  ^„\^j^,^.^    j,    |„,„|,,    „nnece.ssarilv    troublesmiU'    and     tinu'- 

it  contain    new   matter   not    f.uiud    elsewhere  r      (•.')    Does  ,.,, „;,„„;,,„.       'p|||,    j,    |-„,.ther   aggravated    bv    the    maiiuei- 

it    contain    old     matter,    but     tivated     more    exten>ively  r  ,,|-    ivreren.e   t..   articles    published    el.sewhere.    bv    number 

In    this    ca.se    both    ipiestions    ,an    be    answered     in    the  ,,|-    ,,,i,|inc   ,,f    periodual    or  journal    instead    of   bv   date 

affirmative.  ,,f    |„iblicalion.    a    -ml    of    jiedantrv    found    also    in    the 

Some  chapters  cmnprise  subjects  not  treated,  or  not  as  ,  ,.ansa, -lions  and  journals  of  engineering  and  other  .scien- 

rompletely    treated,    in    any    pre\ious    «rirks    on    bridges.  i  i(ic  societies. 

For    instance.    Chapter    1    deals    with    the    F,\olution    of  'p|„.    i,,,,,].    j^    pnd'usidv     illustrated,    but    the    selection 

Kridge   Engineering,   from   the  origin  t>(  brid-e  building  ,,|-    ii,,.   subjects    is    not    always    fortunate.      Smne   of  the 

to   the   present  time,   ending    with   a    iirognostication    id'  n,,,,    ,||.a„-ings   are    rallier  elementary,   and    many   of   the 

future    develoimienl.       Chapter     II     is    on     the     I'.ridge  v  icws  are  of' lit  1  le  \alue.     .\   few  uioiv  good  typii-al  detail 

Specialist,     with     a     dellnition     of     bis     duties     and     the  .Irawings.    lepreseiilat  ive  of    be-t    niodeni    practice,   would 

.-v«<5on«iHt-in-s-EnKine.r.  >:^  wiiiinv,,  .■si..  x,.„-  v,«-k  .cit.v have  been   more   instructive. 
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Tliu  bunk  is  tiMi  lai'iii'  til  lune  its  ciia meter  and  seupe 
lulequately  discussed  in  any  brief  review.  It  appears  to 
be  valuable  aud  authoritativt'  only  in  .so  far  as  it  deals 
with  the  eugiueerinjr  oC  bridges  of  ordinary  span  and 
type,  that  have  already  become  more  or  less  standardized. 
When  the  author  ventures  outside  of  this  field  into  the 
domain  of  long-span  and  indeterminate  structures,  his 
insufficiency  of  knowledge  and  exijcriunce  are  betrayed 
(pp.  :il7,  272,  V,4,  482.  SSti,  oOl.  (J21,  etc.),  and  his  lack 
of  grasp  of  the  i)ig  questions  in  this  field  becomes  evident. 
This  may  sound  li|K;  harsh  criticism,  but  it  appears 
justilied  in  view  of  some  of  the  author's  pretentious  but 
erroneous  judgments  on    higher-class  structures. 

PliEJUDICKS  .Wn  .M.WNEIilSJIS 

In  this  work,  as  well  as  in  its  forerunner,  "De 
Pontibus,"  the  author's  attittide  toward  the  general  ques- 
tion of  iisiug  indeterminate  structures  is  one  of  unfounded 
lu'cjudice,  which  may  find  too  readily  l)elievers  among 
novices  in  bridge  engineering.  He  goes  too  far  when  he 
presumes  to  represent  in  this  respect  the  best  opinion 
of  American  bridge  engineers.  There  may  have  been 
.some  justification  for  the  avoidance  of  such  structures 
iu  the  early  days  before  the  theories  for  their  design  had 
heeu  developed,  but  in  the  present  day  of  advanceil 
structural  theory  the  prejudice  has  no  justification.  The 
greater  amount  of  labor  iu  the  computations  cannot  be 
admitted  as  an  objection  in  large  and  costly  structures, 
when  there  is  a  gain  in  stilfriess  and  economy,  as  well  as 
in  aesthetics.  The  legitimacy  of  these  types  denounced 
by  the  author  should  be  considered  past  di.scussion  among 
bridge  engineers. 

On  certain  other  peculiarities  of  the  work,  the  author 
himself  touches  in  his  preface,  as  when  he  mentions 
the  characteristically  ])ersonal  style  of  his  writing.  He 
explains  this  by  stating  that  "the  book  is  intended  to  be, 
in  a  certain  sen.se,  a  record  of  the  author's  life  work, 
])repared  after  a  ripe  experience"" :  and  he  trusts  that 
it  will  win  the  recognition  of  his  fellow  engineers,  so 
they  may  find  him  worthy  of  that  famous  Colorado 
epitaph:  "He  done  his  level  damnedest;  no  angel  could 
do  no  more."  The  reader  can  hardly  escape  the  impression 
that,  true  to  this  aim,  the  author  tries  his  level  best 
throughout  both  volumes  not  to  hide  his  light  under  a 
bushel  and  to  always  lirst  inl'orm  the  reader  of  his  own 
personal  preferences  and  opinions  (which,  it  is  evident,  he 
considers,  though  others  may  not,  of  leading  imjKirtance) 
on  the  thousand  and  one  questions  that  o(<ur  in  the 
designing,  laying  out,  contracting,  fabrication,  erection 
and  maintenance  of  bridge  structures. 

While  the  breezy  and  often  gossipy  narrative  form  of 
jjre.sentation  in  many  jjlaces  may  have  merit  for  attracting 
the  attention  of  inex]jeiicnced  readers  to  an  othenvise  dry 
subject,  it  <ran  hardly  be  reconnnended  for  imitation,  as 
it  .swells  the  hulk  of  the  reading  matter  far  beyond  what 
is  necessary  to  give  the  really  es><ential  and  valuable  in- 
formation. 

It  would  have  been  more  fortunate  and  in  better  taste, 
bad  the  author  omitted  the  bestowing  of  various  degrees 
of  eminence,  excellence,  notableness,  leadership,  etc.,  upon 
engineers,  most  of  them  still  living.  This  glorification 
does  not  a])pear  consistent  with  some  of  the  criticisms 
that  the  author  passes  in  other  ])arts  of  the  hook  uiwii 
the  methods  aiul  work  of  the  same  engineers,  although 
then  they  arc  not  mimed.  The  text  is  also  marred  by 
iin     nflected,     th"Ugh      inno.ii<uis,     i>nnctiIiousness      in 


altachmg  i(.  iiauies  inconsequential  titles,  as  Ivsciiiire.  C. 
I'].,  member  uf,  etc.,  as  if  marking  some  for  social  or  pro- 
fessional distinction  while  others,  not  less  distingiiislied. 
go  without  it. 

Along  with  these  mannerisms,  the  .style  lacks  uni- 
foi-mity.  Some  chapters  are  examples  of  restrained  and 
concise  reasoning  on  a  high  plane,  while  dtliers  ai-c 
written  in  an  assertive  and  self-comiilacenl  jargon  ipiite 
uimsual  ill  scientific  literature.  The  dilference  iu  style 
and  presentation  is  probably  explained  by  the  fact  that 
parts  of  the  book  were  prepared  by  different  assistants, 
to  whose  helpful  labor  the  author  gives  ]ii-o]m'I'  credit 
in  the  preface.  It  may  also  explain  the  lack  of  balance 
and  proportion  between  the  fullness  df  ireatnieiit  of 
ilifferent  topics  in  the  book. 

.V  considerable  anu)unt  of  trivial  niattci-  rould  ha\e 
been  omitted  without  detriment  to  the  work.  Thus 
(p.  KiS")).  the  author  explains  in  elaborate  detail  the 
use  of  an  erasing  shield  for  making  changes  on  drawings  : 
this  seems  out  of  ))lace  in  a  book  on  bridge  engineering. 

Busy  engineers,  as  a  rule,  jirefer  s)ie(ilic'  data  and 
information  in  more  condensed  and  inatter-of-fait  form 
in  order  that  it  may  be  more  con\enieiit  for-  i-efereiice 
when  a  number  of  authorities  -have  to  be  consulted.  The 
judgment  and  views  of  other  experienced  engineers  will 
probably  not  always  agree  with  those  of  the  author,  as 
he  himself  anticipates.  His  rel'erence  to  some  bridge 
structures,  designed  by  engineers  not  less  able  than  tlie 
author,  as  hybrid,  archaic  or  unscientific,  betrays,  per- 
ha])s  unwittingly,  an  assumption  of  superioritv  for  which 
there  is  no  apparent  warraiil. 

.V  Booic  OF  High  iNTiti.vsn:  .MjijuT 
These  peculiarities  of  the  so-called  personal  >tvle  are 
mentioned  merely  to  indicate  the  undesirableness  of 
\anities  in  engineering  literature:  it  is  done  in  the 
kindest  spirit  and  with  high  jH'isonal  regard  for  the 
author.  Xor  should  the  foregoing  remarks  be  taken  as 
deprecating  the  high  intrinsic  merit  of  the  book  as  a 
whole,  lor  it  must  be  acknowledged  to  be  an  important 
contribution  to  bridge-engineering  literature. 

Among  the  special  features  of  the  work  is  the  clia])ter 
on  Alloy  Steels,  ])articularly  nickel  steel,  for  bridge  con- 
struction. On  this  subject,  of  great  interest  1o  bridge 
engineers,  the  author  has  had  special  opportunities  of 
investigation,  although  he  has  not  had  an  opportiinitv 
to  build  a  structure  of  any  alloy  steel  hiinself.  The 
author's  jiaper  on  Alloy  Steels,  contribiiteil  to  the  Inter- 
national Engineering  Congress  at  San  Francisco  in  1!)1  I. 
is  here  incorporated  with  additional  information  since 
(dllected.  The  intimation  in  one  i)lace  that  nickel  steel 
was  used  in  bridges  only  after  his  experiments  bad  been 
made  is  not  (|uite  correct.  Ni(;kel  steel  was  u.sed  in 
the  Queensboro  Bridge  before  the  author's  experiments 
with  nickel  steel  were  made  known. 

The  suggestion,  that  alloy  .steels,  if  cheap  enough. 
should  also  be  used  for  short  and  for  ordinr.rv  lenglbs 
of  span,  can  hanlly  he  indorsed.  The  greater  imit 
stre.s.ses.  which  go  with  alloy  steels,  produce  greater  deflec- 
tions and  vibrations,  hence  less  rigid  and  poorer  structures, 
llian  with  the  usual  structural  steel,  .\llov  steels  are 
justilied  only  for  long  and  heavy  spans,  anil  then  only 
when  not  more  ex])ensive  than  tho.se  of  structural  steel. 
Il  is  a  good  rule  to  follow,  that  of  .several  designs  of 
equal  strength  that  bridge  is  the  best  which  has  the 
largest   bidk  an<l  weight   for  the  same  inonev.     \  Jirid^e 
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of  structural  steel  at  the  same  cost  as  of  alloy  steel  is 
thus  ;jreferable.  because  stiffer  and  proniising  greater 
durability. 

In  Chapter  VI.  on  Live-Loads,  the  author's  coniputa- 
lion  of  li%'e-loads  for  railroad  bridges  is  carried  up  to 
the  E70  loading,  whicli  he  considers  as  closely  approach- 
ing the  practicable  limit  for  locomotives.  He  also 
mentions  that  in  a  recent  design  this  limit  has  already 
been  considerably  exceeded,  going  up  to  the  E90  limit 
for  locomotives,  but  with  the  lower  impact  and  higher 
unit  stresses  allowed,  this  loading  is  not  more  severe 
than  an  E60  loading  with  the  usual  impact  and  unit 
stresses.  Heavy  coal  cars  that,  when  fully  loaded,  exceed 
r.OOO  lb.  per  "lin.ft.  and  have  axle  loads  of  64,000  lb. 
will,  however,  soon  come  into  use  on  one  of  the  eastern 
trunk  lines. 

AiiERiCAX  Impact  I'liACTicE 

In  Chapter  VII,  on  Impact,  the  author  gives  the  history 
of  the  American  practice  and  the  various  empirical 
formulas,  including  his  own.  used  for  railway  spans  of 
ordinary  length  with  the  usual  open  tie  floor;  also  the 
modifications  for  highway  bridges.  He  cites  the  few  but 
as  yet  inconclusive  experiments  on  bridge  impact  so  far 
made.  Professor  Robinson's  theory  of  maximum  impact 
based  on  the  coincidence  of  impulse  from  unbalanced 
drivers  at  certain  speeds  with  period  of  vibration  is 
elaborated.  Formulas  that  take  account  of  the  important 
minimizing  effect  of  dead-load  upon  impact,  such  as  have 
been  used  in  important  heavy  structures  like  the  Beaver 
Bridge  over  the  Ohio  Eiver  or  in  the  Hell  Gate  Bridge 
over  the  East  Eiver.  or  as  contained  in  the  bridge 
specifications  of  the  Pennsylvania  R.R..  are  not  men- 
tioned. Lindenthal's  formula  on  bridge  impact,  which  he 
deduced  from  observed  facts  and  which  is  applicable  alike 
to  steel  and  masonry  bridges  of  any  length  of  span  up 
to  the  longest,  is  not  given.  The  author  mentions 
Lindenthal's  article  on  that  formula  in  Eitgineering  News 
of  Aug.  1,  1912,  but  in  his  comments  uses  a  quotation 
which,  separated  from  its  context,  'is  entirely  misleading. 

The  method  of  providing  for  impact  by  halving  for 
live-load  the  unit  stresses  for  dead-load  is  mentioned  in 
another  chapter  (on  Intensities  of  Working  Stresses)  and 
there  properly  condemned  as  an  irrational  practice,  not- 
withstanding its  continued  use  by  some  bridge  engineers. 

The  subject  of  secondary  stresses  is  very  fully  explained. 
In  the  chapter  on  Intensities  of  Working  Stresses  the 
author  convincingly  discusses  the  great  and  unnecessary 
variety  of  unit  stresses  obtaining  in  American  ])ractice. 

Two  of  the  best  chapters  are  those  on  First  Principles 
of  Designing  (XV)  and  Detailing  (.\VI).  Tiiese  are 
very  comprehensive,  including  with  well-known  element- 
ary matter  the  more  refined  newer  methods  of  detiiiiing. 

Especially  good  also  are  the  chapters  on  Floors  and 
Floor  Systems,  Laterals,  Sway-Bracing,  Plate-Girder  and 
Rolled  I-Beam  Bridges,  Trestles,  Viaducts  and  Elevated 
Railroads,  Erection  and   Falsework. 

The  chapter  on  Deflections  incluiU's  a  lucid  account 
of  the  Williot-Mohr  gi-a])hi(al  mctliod  of  determining 
truss  deflections. 

The  chapter  on  Simple  Truss  Bridges  treats  of  the 
various  kinds  and  forms  of  trusses,  and  the  finesse  of 
their  design  and  detailing  is  fully  elaborated.  Yet  the 
author's  reasoning  on  the  economy  or  wastefulness  of 
certain  truss  types  is  not  always  convincing,  nor  sup- 
ported by  facts  as  judged   by  other  practitioners.     Too 


much  is  made  of  trivial  economies  of  metal  between  ojic 
ty]ie  and  another  and  of  the  danger  from  secondar\ 
stresses  on  mere  theoretical  grounds.  Multiple-inter- 
section trusses  and  the  small-mesh  lattice  trusses  are  not 
as  bad  as  painted  by  the  author.  The  slight  ambiguity 
in  the  web  stresses  and  the  secondary  stresses  at  the 
inter.-^ection  of  the  web  members  are  of  little  prac- 
tical importance  when  compared  with  the  advantage 
of  dividing  up  large  web  stresses  among  a  greater 
number  of  web  members,  which  at  their  intersections  are 
(onnocted  and  strongly  bracing  each  other.  Mere  theo- 
leticid  i)rejudit-e  is  keeping  this  rigid  and  cheaply 
manufactured  type  from  more  frequent  use  in  riveted 
heavier  and  longer  span  trusses.  The  fact  cannot  be 
gainsaid  that  they  have  proved  themselves  very  durable, 
and  many  of  them  over  40  years  old  are  safely  carrying 
loads  twice  as  large  as  those  for  which  they  were  designed. 
The  author  admits  that  very  few  bridges  of  the  small- 
mesh  riveted  type  have  collapsed  when  derailed  cars  ran 
into  end  posts  or  into  the  middle  of  the  web,  as  the 
theoretically  immaculate  truss  with  single  web  system 
invariably  does. 

Years  ago  it  was  the  fashion  to  laud  the  virtues  of 
the  American  pin-connected  type  as  against  the  riveted 
European  type.  An  engineer  not  falling  in  with  the 
jn-occssion  was  tabooed.  Xevertheless,  the  general  wabbli- 
ness  of  the  pin-connected  truss  bi'idge  has  led  to  its 
gradual  abandonment  even  on  longer  spans.  On  the 
other  hand,  it  needs  to  be  pointed  out  that  the  American 
eye-bar  and  pin  connections  are  eminently  fitted  for  use 
in  heavy  structures  of  the  lenticular  and  parabolic  types, 
which  are  condenmed  without  any  good  reason  by  the 
author. 

For  heavy  or  long  spans  crossing  over  railroad  tracks 
or  steamboat  channels,  where  it  would  be  a  great  ad- 
vantage to  have  the  bottom  chord  high  above  the  floor 
as  a  protection  against  the  corroding  smoke  underneath, 
the  lenticular  type  is  specially  well  suited.  In  this  type 
the  lloor  system  is  independent  of  the  trusses  and  is  not 
alfei  ted  by  the  stresses  in  the  bottom  chord,  ^loreover. 
the  wind  truss  in  the  plane  of  the  floor  can  be  provided 
with  independent  chords,  and  it  can  have  a  much  greater 
width  than  the  distance  between  the  trusses,  which  oft'ers 
an  important  advantage  in  long  spans.  The  lenticular 
truss  is  one  of  the  most  accessible  forms  for  painting 
and  maintenance,  and  its  supposed  higher  cost  over 
the  standard  form  of  truss  with  curved  top  chord  is  a 
mere  myth.  The  above  is  mentioned  merely  to  illustrate 
how  opinions  of  bridge  designers  on  the  merit  of  dilferent 
]ilans  may  legitimately  differ,  and  to  emjihasize  the  fact 
that  dogmatic  views  are  out  of  place. 

Ca.vtileveu  Biudges 

In  the  chapter  on  Cantilever  Bridges  the  subject  is  very 
extensively  discussed,  with  numerous  tables  intended  to 
be  helpful  in  the  laying  out  of  designs.  The  author 
assumes,  correctly,  that  this  type  is  commendable  only 
for  long  >pans.  Different  forms  of  cantilever  lu'idgcs 
arc  discussed  and  their  merits  and  demerits  analyzed 
from  the  author's  ])oint  of  view,  which  is  not  free  from 
some  of  the  prejudices  held  by  less  informed  engineers. 

It  is  a  narrow  view  which  holds  that  the  great  Forth 
Bridge  eolild  have  l)ecn  better  designed  with  pin  con- 
nections and  by  American  engineers.  They  had  the  chance 
at  the   Quebec  Bridge,  and  what  a  me.-is  they  made  of 
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it!  The  gigantic  stiiutiirc  in  Scdtliuul  was  built  witiioiit 
a  precedent  to  go  liy.  aiul  it  \va<  conipletcil  without  a 
(•olla]isi>  oi-  catasti'oplu'  siu-h  a-  marked  tiie  l^iieliee 
liroject.  The  Forth  Bridge  was  rt'quire<l  by  the  authori- 
ties to  be  diiiieiisioued  for  the  euoriiious  wind  ])ressure 
of  oC  lb.  per  sq.ft..  nearly  double  that  assumed  in 
Anieriean  practice,  and  this  added  greatly  to  its  weight. 
The  structure  is  very  rigid  under  trains  at  liO  mi.  ]jer 
hr..  and  considering  the  given  abnormal  conditions  of 
dimensioning,  erection  and  fabrication,  it  is  a  line  I'xample 
i)f  economic  design  with  well-win-ked  out  details.  A 
])er.<onal  insjiection  of  the  bridge  is  convincing  to  any 
engineer  who  can  appreciate  the  difficult  jiroblenis  in  a 
long-span  bridge  of  this  tvpe.  that  these  problems  had 
been  skillfully  ""solved. 

As  ri'gards  rules  for  length  of  suspended  si)an.  which 
the  author  discusses  extensively,  a  variation  of  conditions 
not  always  in  the  contnd  <d'  the  engineer  will  give 
ilitferent  results  from  those  advised  by  the  author. 

Tile  great  defect  of  cantilever  hridges,  unless  heavy 
and  of  very  long  span,  is  their  jerky  vibration,  especially 
disagreeable  under  highway  tralHc.  This  can  i)e  largely 
obviated  by  leaving  out  the  susjiended  sjian  and  providing 
for  a  middle  hinge.  Such  arrangement  will  ]irevent  the 
vibrations  from  becoming  cunnilative,  as  is  ])roved  by  the 
freedom  from  vibration  of  the  Mirabeau  Bridge  in  Paris 
(which  is  a  shallow  arch  cantilever)  and  of  the  Queens- 
boro  liridge  (also  named  the  BlackwelTs  Island  Bridge) 
over  the  East  Kiver  in  Xew  York,  bungled  as  it  is  by 
gross  errors  and  changes  during  construction. 

Both  types  are  statically  determinate  for  dead-load  and 
require  no  e.xtra  metal  for  erection  stre.s.ses.  The  stresses 
from  live-load,  which  are  smaller  than  those  from  dead- 
load,  are  the  only  ones  that  require  com])utations  based 
u])ou  the  laws  of  elasticity  of  the  metal.  The  methods  for 
these  have  been  so  perfected,  as  already  mentioned,  that 
the  same  degree  of  accuracy  can  be  obtained  by  careful 
designers  as  in  the  .statically  determinate  ty])es.  Oidy  the 
labor  of  computation  is  greater,  but  that  labor  is  what 
the  engineer  and  computer  are  for.  To  make  the  work 
easier  for  himself  is  a  poor  reason  for  an  engineer  to 
advocate  and  choose  a  shaky  ty])e  for  a  bridge. 

The    QUEKNSBOliO    BitlDGE 

The  author  indulges  in  certain  witticisms  on  the 
Queensboro  Bridge,  but  these  are  equally  applicable  to 
numerous  other  bridges.  There  are  few  structures,  even 
of  those  designed  l)y  the  author,  ai)out  which  some 
amusing  things  could  not  bo  written,  but  such  do  not 
furnish  instruction  to  engineers. 

The  selection  of  tiic-  ly])e  for  the  t^ueensboro  Bridge 
was  thoroughly  justified  on  structural  and  icsthetie 
grounds,  which  will  be  recognized  by  advanced  designers 
when  they  know  the  reasons  for  the  .selection. 

.Several  erroneous  im])ressions  aboul  this  structure  have 
founil  currency  among  engineers  and  are  incorporated 
in  the  autboi-'s  book,  which  need  correction.  'I"be  type 
selected  has  nothing  to  do  with  the  present  weakness 
of  the  bridge,  as  the  author  a.s.serls.  That  would  have 
happened  with  any  typi'  whatever.  The  troidile  was 
Ill-ought  about  by  a  change  of  city  administration  and 
a  consequent  change  in  the  engineering  direction  of  the 
work.  That  structure  is  a  monument  to  the  vicious 
system  of  frequent  iiolitical  changes  in  the  adniinistrution 
of  our  publii-  works.  In  this  system  engineers  are  as 
often  aliettors  as  victims. 


In  the  case  of  the  (Jueeiishoro  Bridge  the  plans  for 
the  superstructure  were  changed  after  the  colitrai-t  had 
iiceu  let.  The  reasons  anil  ihe  niaiHier  of  that  chMiigc 
will  not  bear  daylight.-  Not  only  were  errors  committee! 
in  dimensioning  through  irresponsible  changes,  l)nt  the 
detailing  of  the  trusses  and  bracing  is  clumsy,  as  ibougli 
ilesigned  by  blacksmiths  rather  than  engineers.  The 
author's  efl'ort  to  a.seribc  the  bungling  and  bad  work  in 
that  biidge  to  the  omission  of  sus])ended  spans  (p.  ."iSd). 
and  his  echoing  of  e\tra\agant  statement.-  of  the  waste 
of  millions  of  money  in  .sole  consequence  tliereof.  ari' 
not  creditable  to  his  pers]iicacity.  His  credulity  c-ould 
not  have  been  imposed  u])on  to  that  extent,  if  he  lia<l 
a  better  acquaititance  with  designs  of  the  statically  in- 
determinate order  for  long  spans. 

Lai  K  (It  ('()i;i;i:( f  1  m-oi;m aiiox 
The  author's  neglect  to  gel  coi'rect  information  is 
rnrther  shown  by  this  criticism  of  ties  to  carry  the  web 
forces  to  the  to])  of  the  tower  posts  (p.  -"i!)  I  )  instead 
of  using  inclined  i-nd  ])osts  for  carrying  them  directly  to 
bearings  on  the  ])iers.  The  distance  between  the  truss 
jilanes  is  less  than  the  distance  between  the  tower  bearings 
on  the  ])iers.  The  existing  tower  posts  spread  out  ti.i  the 
bearings  and  are  outside  the  planes  of  the  trus.ses,  as  any 
\isitor  to  the  bridge  can  see.  Fnclined  end  ijosts  in  the 
plane  of  the  trusses  wotdd  therefore  have  rested  on  the 
masonry  arch  between  tower  bearings,  a  dangerous 
arrangement.  For  that  reason  the  web  forces  are  carried 
through  inclined  ties  to  the  tops  of  the  towers. 

Moreover,  the  expedient  left,  on  each  side  of  the  tower 
post,  room  for  passageways  from  the  roadway  to  wagon 
elevators  to  be  placed  in  stone  towers  to  be  attached  1o 
both  ends  of  the  island  ])iers  and  forming  an  important 
part  of  the  stone  architecture  of  these  piers.  These 
elevator  towers  were  al.so  contracted  for  and  work  thereon 
commenced.  But  the  contract  for  them  was  canceled  by 
a  stupid,  if  not  corrupt,  administration,  so  that  Black- 
welTs  Island  is  left  to  this  day  without  the  urgently 
needed  connection  with  the  bridge. 

The  cha])ter  on  Arch  Bridges  is  not  so  full  as  that 
on  Cantilever  Bridges,  and  it  is  evident  that  the  author 
flounders  here  in  deep  water.  He  brings  forth  some  very 
curious  .statements.  On  ]).  621,  for  example,  the  author, 
admitting  his  total  lack  of  experieiu-e  in  Ibis  held  of 
design,  nevertheless  asserts,  without  any  foundation  and 
■•u|)on  general  ])rinciples  only,"  his  belief  and  coididence 
that  hingeless  arches  are  less  economical  than  the  three- 
hinged  type.  He 

feels  <|Uitc  confident  th.Tt  If  lie  .sliould  ivor  figure  uno.  lie 
would  find  that  a  projjer  provision  for  excessive  tcmiieraturc 
stresses,  possible  large  indetermin.ite  .siresse.s.  unusual  detail- 
inK.  heavy  anchor  bolts  .ind  an  inherent  sense  of  fitness  in 
proportioning'  sections  would  so  increase  the  wclffht  of  metal 
as  to  absorb  all  of  the  theoretical  economy  over  tln'  three- 
binned  arch  involveil  by  the  averase  direct  stresses  as  .sliowii 
on  the  stress  sheets.  Were  it  not  for  the  immense  amount  of 
labor  required  and  for  the  lack  of  time  at  his  disposal  for  tlic 
rinishins  of  the  manuscript  of  this  book',  the  author  would 
.•iettle  this  question  finally  by  makhiK  several  completi-  de- 
tailed designs  and  eomputini^  the  resultinK  total  weights  of 
metal.  A  correct  comparison  could  be  obtained  in  no  other 
way — niori-over,  it  would  have  to  be  made  by  an  exi)ert  bridKC 
designer,  who  would  know  how  lo  care  jiroperly  for  all  the 
unusual  stresses  and  conditions. 

The  author  really  seems  to  believe  that  the  engineering 
profession  is  waiting  for  him  to  acquaint  bim.self  witli 
the  theory  (d'  these  types,  so  that  he  may  do  the  '•(iguring" 
and  show  up  the  ignorance  of  all  previous  investigators 
ill  this  field  I     It  would  be  difhiiill  to  find  in  en:.riueerin!r 
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litcratuR-  a  parallel  to  this;  it  may  be  eiitertaiiiiii.u.  hut 
it  certainly  !.•;  not  instructive. 

The  chapter  on  Suspension  Bridaes.  with  wiiich  the 
author  confessedly  has  harl  less  experience  than  with 
ntlier  types,  is  still  shorter  than  that  on  Arch  Bridges. 
It  would  have  been  worth  while,  however,  to  point  out 
the  e.vistencc  in  this  country  of  very  satisfactory  e.x- 
aniples  of  rigid  suspension  bridges  aside  from  the  heavy 
struetures  of  long  span  over  the  I'"ast  River.  Among 
these  are  the  stiffened  chain  hridges  in  St.  Louis  and 
(Point  Bridge)  Pittsburgh,  the  stiffened  wire-cable 
bridges  over  the  Ohio  River  at  East  Liverpool.  Ohio,  and 
at  Parkersburg.  W.  Ya..  and  the  Cincinnati  Suspension 
Bridge  (although  this  latter  is  not  a  good  type),  all 
carrying  heavy  electric  cars.  The  Ohio  suspension  bridges, 
of  about  TOO-  to  800-ft.  span,  are  much  stiffer  and  also 
much  cheaper  than  equivalent  cantilever  hridges. 

These  and  other  examples  of  stiffened  suspension 
bridges  prove  that  the  author's  statement  (p.  569)  that 
"compared  with  a  suspension  bridge,  a  cantilever  bridge 
is  rigidity  itself"  is  not  based  on  fact,  and  that  a  rigid 
suspension  bridge  of  rational  design  can  very  well  com- 
pete with  the  cantilever  system  for  length  of  span  much 
below  1,600  ft.,  the  limit  which  theoreticians  on  insuffi- 
cient data  have  assigned.  This  ajiplies  to  railroad  as 
well  as  to  highway  bridges. 

Safety  of  Suspension  Bridges 

The  absolute  greater  safety  and  dependableness  of  the 
suspension  type  may  be  recognized  from  the  example  of 
the  old  Brooklyn  Suspension  Bridge.  This  bridge,  as 
is  well  known,  has  very  inadequate  stiffening,  yet  is 
remarkably  free  from  noticeable  vibration.  It  is  notori- 
ously overloaded  every  day  (that  is.  the  moving  loads 
on  it  are  much  greater,  sometimes  by  100%.  than 
anticipated  in  the  original  plans),  yet  the  bridge  is  safe 
and  stiff  under  a  traffic  that  is  denser  than  on  any  other 
existing  bridge.  It  is  like  a  basket;  it  cannot  collapse. 
A  cantilever  bridge  from  the  same  overloading  would  be 
highly  unsafe.  The  failure  of  a  single  overstressed  truss 
member  would  bring  the  structure  down,  as  in  the 
Quebec  Bridge.  These  qualities  are  not  disclosed  by  .strain 
sheets;  a  rational  comparison  of  the  two  types  cannot 
be  made  that  way. 

For  the  longest  feasible  bridge  spans  all  engineers  have 
now  long  agreed  that  the  suspension  type  is  the 
only  practicable  one.  But  such  bridges  will  be  very 
few.  and  for  their  best  design  the  engineer  will  need  more 
searching  studies  than  the  authors  book  can  afford. 

The  subject  of  Movable,  Swinging  and  Bascule  Bridges 
is  fully  treated  in  a  descriptive  manner.  A  more  detailed 
treatment  of  the  subjeet  is  promised  to  come  later  from 
Mr.  Harrington,  Mr.  Waddell's  former  partner. 

The  chapters  on  Riveted  vs.  Pin-Connected  Trusses,  on 
Camber,  on  Protection  of  Metal  Work  against  Rusting, 
M'ill  be  found  by  the  reader  to  be  full  of  useful  instruction. 

The  chapter  on  Reinforced-Conerete  Bridges  sets  forth 
the  precautions  and  methods  to  be  observed  with  this 
brittle  and  variable  material,  for  which,  however,  any 
calculations  based  upon  elastic  p^'operties  should  always 
be  made  with  a  large  margin  of  safety. 

Welcome  information  to  most  railroad  engineers  will 
be  the  sections  on  the  United  States  Laws  for  Bridges 
over  Navigable  Waters,  the  rales  governing  applications 
to  the  War  Department  for  permission  to  bridge  navigable 


waters,    the    ]n'eparatiipii    of   drawings   to   submit    to   the 
aulhorities.  etc. 

Chajjter  LII  treats  of  Ae.<thetics  in  Design,  a  subject 
which  the  author  .seems  to  have  particularly  at  heart. 
But  one  cannot  say  that  his  taste  will  always  Ite  shared 
by  other  designers.     De  giistibus  iion  eft  disputnnduni. 

This  is  illustrated  (p.  1178)  in  the  author's  plans  for 
two  bridges  over  the  Danube  at  Budapest,  submitted  in 
an  international  competition  for  prizes  in  1894,  in  which 
architectural   merit  was  to  be  determining. 

The  Hungarian  engineers,  than  whom  more  cultured 
ones  are  rarely  met,  must  have  wondered  not  a  little 
that  anybody  could  seriously  propose  trusses  of  the 
ordinary  stock  design  with  curved  top  chords  stretched 
out  to  spans  of  over  1,000  ft.  as  works  of  art  and  as 
fit  neighbors  to  Tierney  Clarke's  famous  chain  suspen- 
sion bridge  of  classic  beauty,  ilany  readers  will  marvel 
also  at  the  strange-looking  ornaments  planted  at  the  end< 
of  the  spans  in  the  author's  designs,  and  their  wonder 
will  grow  when  they  read  his  complacent  statement 
that  he  publishes  these  views  to  show  his  conception  of 
the  proper  artistic  design  of  bridge  approaches. 

The  author's  criticism  on  the  architecture  of  the  Tower 
Bridge  in  London,  with  a  quotation  from  the  writings 
of  H.  Heathcote  Stratham,  is  not  shared  by  educated 
architects.  To  many,  the  ensemble  and  articulation  of 
the  structure  appear  striking  and  picturesque  and  in 
harmony  with  the  historic  surroundings  and  background 
of  the  old  tower  group  architecture,  though  some  of  the 
details  may  be  objectionable. 

The  author's  repeated  reference  to  aesthetic  appearances 
based  on  nothing  more  than  curves  in  the  to])  or  bottom 
chords  will  appear  to  others  rather  naive.     This  chapter 
on  architecture  is  well  meant  as  an  earnest  plea  to  bridge 
engineers  to  show  themselves  in  their  work  as  cultured 
men.     The  author,  however,  in  undertaking  to  furnish 
in.struction  and   giiidance  to  seekers  of  the  aesthetic   in 
bridge  construction,  has  set  himself  a  task  that  is  evident-     m 
ly  beyond  his  scope.     For  any  bridge  structure  requiring     *' 
architectural  consideration  the  bridge  engineer   will   do      • 
well  to   consult  a   competent   architect;   and   experience 
'lias  shown   that  not  every  architect  is  competent   here.      J 

The  next  two  chapters,  on  Economy  in  Design  and  ■ 
Determination  of  Layouts,  very  ably  discuss  the  condi- 
tions of  true  expertness  in  designing.  The  following 
chapter,  on  Weights  of  Steel  Superstructures,  is  among 
the  best  in  the  book.  A  very  instructive  and  useful  chap- 
ter is  the  one  on  Business  Features  of  Bridge  Engineer- 
ing. The  sage  advice  given  therein  by  the  author  is  well 
worth  heeding. 

As  already  stated,  it  is  impossible  in  a  mere  review 
to  more  than  hint  at  the  contents,  iieculiarities  and  merit 
of  the  two  volumes  on  "Bridge  Engineering"  produced 
by  Dr.  Waddell.  Notwithstanding  the  idio.syncrasies 
that  it  has  seemed  needful  and  proper  to  point  out,  too 
nmch  credit  and  praise  cannot  be  given  the  author  for 
his  assiduous  labor  of  many  years,  which  the  pre])aration 
and  compilation  of  the  inimen.se  amount  of  material  for 
his  book  involved.  Financial  profit  there  will  be  none, 
rather  a  loss,  as  is  well  known  to  engineers  who  have 
tried  to  write  books  at  their  own  expense.  The  compen.sa- 
tion  to  the  author  will  be  the  satisfaction  of  liaving 
contributed  his  share  to  the  progress  of  bridge  engineer- 
ing, and  a  most  valuable  .share  it  is,  for  which  the  grateful 
appreciation  of  his  fellow  engineers  is  due  him. 


llirr    VI.    \'.)]V, 


!•:  NUi  1  XE  ]■]]]  I  N'(;     NEWS 


ii:ii 


IPLsiillwsij'-  ¥s>i&m(Bin^g,(Ste  T(siemniimBi.ls 

PASSENGER  TERMINALS  AND  TRAINS— Bv  John  A.  DroeK'e. 
General  Superinteiifient.  New  York.  New  Haven  &  Hart- 
{'"'J^.  K-^-  New  York:  McGraw-Hill  Book  Co.  Cloth  ■ 
bx9  in.;  pp.  V    +    410;  220  illustrations,     .$5. 

A  lionk  oil  tlic  prinri|)lc,<  miuI  practice  iiivolvctl  in  tlie 
(lesiuii  ;;]i,|  cipcriitidii  of  r;iil\Miy  passenger  tprniiiials  has 
\uwy  hcen  needed.  ;inil  Mr.  Drooffe's  wor]<  is  a  valuable 
aililition  to  railway  and  engineering;-  IKeratiire.  Tl  is 
rnniprehensive  ami  systematic  in  scope,  covering  the 
design  or  jihuining  of  terminal  laycjuls.  Ilie  design  of 
station  huildinus,  the  I'acililies  leqiiisite  for  (rain  and 
station  service,  and  the  operation  of  trains  and  general 
station  traHic.  It  shows  clearly  the  need  of  active 
cooperation  between  dilTerent  departments  and  officials 
in  order  to  secnre  resnlts  satisfactory  to  the  railways 
and  the  public. 

The  hook  opens  with  a  review  of  the  high  degree  of 
service  rendered  in  the  passenger  traffic  of  American 
railways  as  compared  with  those  of  other  countries.  It 
points  out  also  that  this  results  in  the  very  undesirable 
condition  that  passenger  traffic  as  a  whole  is  not  profitable 
to  our  railways. 

As  to  the  terminal  stations  tbcnist'lves.  the  too-frequent 
unsatisfactory  architectural  design  is  noted,  and  interest- 
ing eomparison  is  made  between  the  very  large  area  of 
waiting-room  space  provided  in  American  stations  and 
the  relatively  small  area  in  European  stations.  Thus 
while  two  nioilern  American  stations  provide  2r),000  and 
^'lo.OOO  sq.ft.  for  this  imrposc.  one  of  the  largest  stations 
in  London  (handling  nncli  ;.:reater  traffic  than  either  of 
the  others  mentioned)    provides  only  3,000  sq.ft. 

It  could  be  wished  that  the  details  of  individual  ter- 
minals had  been  treated  somewhat  more  critically  (in- 
stead of  being  mainly  descriptive).  One  real  omission  is 
that  there  is  no  general  discussion  of  the  ])rinciples  and 
I'cquirements  in  station  planning,  although  different 
phases  of  the  subject  are  dealt  with  in  regard  to  indi- 
^■idual  stations.  Nor  is  there  any  reference  to  the  meth- 
ods and  diagrams  employed  in  determining  the  traffic 
ra])acity  of  terminals.  This  matter  has  been  di.scus.sed 
somewhat  fully  in  reports  of  tlie  yards  and  terminals 
i-ommittee  of  the  American  Railway  Engineering  Asso- 
ciation. 

The  consideration  of  terminal  layouts  includes  through 
or  side  stations,  stub  or  headhouse  stations,  waterfront 
terminals,  and  the  passenger  terminals  of  New  York, 
while  one  cha]>tcr  deals  with  trains  and  terminals  of 
foreign  countries.  Approaches,  interlocking  and  electri- 
fication are  dealt  with,  from  both  the  engineering  and 
operating  points  of  view.  The  chapter  on  small  stations 
is  interesting,  though  a  little  foreign  to  the  main  subject 
of  the  book,  and  incidentally  it  discusses  the  different 
methods  of  operating  trains  and  locating  way  stations 
on    four-track   lines. 

Platforms  and  trainsheds  arc  iniiiortant  features.  The 
old  style  of  long-span  arched  trainshed  is  obsolete, 
preference  being  gi\en  to  the  Bush  type  of  low  niultiple- 
.span  trainshed  or  to  individual  platform  shelters.  No 
reference  is  made,  however,  to  the  trainshed  design  in 
which  the  colunnis  ar(>  jilaced  between  the  tracks  instead 
of  upon  the  platforms,  the  latter  ])ractice  being  almost 
universal.  It  is  singular  that  the  author  classes  the  jjlat- 
form  shelter  as  a  ty]ic  of  trainshed.  though  the  two  are 
essentiallv  different. 


Station  design  must  include  adequate  facilities  in  the 
way  of  waiting,  rest,  dining  and  lunch  rooms,  ticket  and 
baggage  oIKces,  liosjntal  and  iminigi-ant  rooms,  and  the 
numerous  conveniences  required  to  meet  the  conditions 
of  modern  .service.  Some  of  the  various  other  subjects 
covered  are  the  illumination  of  platforms  and  stations, 
the  use  of  stairs  and  inclines,  handling  mail  by  belt 
<-onveyors  and  baggage  by  small  motor  trucks  and  iiic-lincd 
elevators,  the  removal  of  .snow  in  terminal  yards,  llie 
provision  of  ti'ain  bulletin  boards  and  announcers,  and 
the  methods  of  communicating  between  the  dispatcher 
(or  signal  tower)  and  the  crews  of  trains  in  the  station. 
Subjects  of  ])artieular  interest  to  (lie  operating  ofticial 
are  trackage  and  terminal  agreements,  passenger  terminal 
operation  and  train  operation,  the  station  master,  the 
tii'ket  office  and  baggage  room,  ear  cleaning,  and  time- 
tables and  train  schedules.  Supplementary  matters 
dealt  with  include  accidents,  the  commissary  de])artment, 
and  stati.stics  of  pa.ssenger  service.  The  numerous  illus- 
trations include  terminal  plans  and  a  variety  of  halftone 
engravings. 

Written  by  a  man  of  long  experience  in  railway  service, 
this  book  is  of  distinct  and  practical  value  to  the  engi- 
neer, the  arthitect.  the  operating  official  and  the  .student 
of  railway  affairs  and  problems.  The  engineer  finds 
grouped  here  matters  relating  to  the  general  layout  and 
design  of  terminals.  The  architect  vvill  find  numerous 
])oints  of  importance  in  regard  to  the  interior  plan  and 
facilities  of  the  buildings,  points  which  none  but  a 
"railway  man""  w<iuld  think  of  or  suggest.  For  the 
operating  official  there  is  a  wealth  of  information  on 
matters  important  in  general  and  in  detail.  A  notable 
feature  of  the  book  is  the  interesting  and  readable  style 
111  «hicli  it  is  written.  It  is  a  worthy  companion  to  the 
author's  earlier  book  on  '-Freight  Terminals  and  Trains." 

Bi^^ffiiiieEa  Aimsiflyses  siiradl  Tests 

HevIEWED   by    J.    E.    MYEIiS* 

LABORATORY  MANUAL  OF  BITUMINOUS  MATERIALS— 
For  the  Use  of  Students  in  Hig-hwav  Engineering — By 
Prevost  Hubbard,  Assoc,  Am.  Soc.  C.  E.;  Chemical  Engi- 
neer: Chief.  Division  of  Road  Material  Tests  and  Re- 
search, Office  of  Public  Roads  and  Rural  Engineering. 
Lnited  States  Department  of  Agriculture.  New  York- 
.lohn  Wilej-  &-  Sons.  Inc.  Cloth:  6x9  in.:  pp.  xi  4-  153- 
7  tables  and  39  illustrations.     $1.50  net. 

The  author  states  that  this  manual  is  intended  "as 
a  laboratory  guide  for  students  of  highway  engineering 
and  not  as  a  treatise  on  methods  of  analyses  and  tests 
of  bituminous  materials,"  also  that  the  manual  deals 
with  "the  interpretation  of  results  of  tests"  and  with 
"the  identification,  suitability  for  specific  purposes  and 
Control  of  unifonnity  of  materials  te-sted." 

The  subject  matter  is  divided  into  three  parts:  (1) 
Description  of  materials;  (2)  te-sts  and  methods:  (-'3) 
application  or  restilts. 

The  description  of  the  materials  in  Part  I  is  so 
arranged  as  to  place  briefly  before  the  student  a  working 
knowledge  of  the  subject.  Five  general  grouj)  headings 
are  given:  (1)  "Fluid  Petroleum  Products  and  Emul- 
sions"'; (2)  '•Semi-Solid  and  Solid  Petroleum  and 
Asphah  Products":  (:i)  "Refined  Tars  and  Tar  Pitches'": 
(4)  "Creosoting  Oils":  (.5)  "Bituminous  Aggregates.'" 
Under  these  headings  may  be  grouped  all  bituminous  road 
materials  in  common  use. 

In  addition  to  the  general  group  headings  there  is  a 
detailed  classification  of  the  crude  bituminous  materials 

•Chemist,  New  York  Highway  Commission,  Albany,  N.  Y. 
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based  on  tho  source  (A'  tlie  iiiaturial.  Fullowiii-  lliis 
flassiCieation  is  a  \)v'w(  duseription  nf  the  lefiiiiiiji  pnu-esse:- 
used  to  produce  road  luatcrials  rroni  the  ci-udc  Ijituiiieiis. 
By  arrangiii.ir  tliese  refined  ])ro(]ucts  according-  to  their 
use  i'or  surface  treatiuent  or  I'or  iueoqwration  in  the 
pavement  stnu-ture.  tojietiiev  with  a  brief  descri]ition  of 
the  desirable  cliaracterislics  of  these  uuiterials  and  tiieir 
nietliod  of  application,  the  author  covers  the  suliject  of 
i)itiiiniiions  materials  and  their  place  in  road  construction 
in  a  clear  and  concis(>  manner. 

ill  |'nr1  II  is  a  desci'iption  of  those  tests  which  have 
been  adopted  as  standard.  lo,<;ether  with  other  tests  which 
are  in  common  use  but  have  not  as  yet  been  accepted  as 
standard.  The  authoi-  .aives  a  detailed  description  of 
the  methods  of  ])erforming  the  tests  and  a  brief  explana- 
tion of  the  results  or  value  of  the  test. 

.^iiKc  the  bool<  is  written  with  the  primary  object  of 
hem,--  a  laboratoi-y  manual,  il  would  seem  that  the  author 
could  well  have  devoted  more  space  to  detail  in  the 
description  or  manipulation  td'  a  number  of  the  tests 
described.  For  instance,  in  the  distillation  test,  the 
student  is  instructed  to  pour  100  c.c.  into  the  distillation 
tia>k.  This  ((uantity  nnist  be  measured  exacl  ly.  since 
the  results  are  to  be  ri'ported  by  volume  as  well  as  by 
M-ei^iit.  The  exact  volume  measurement  of  a  given 
(|uantity  of  a  viscous  liquid  jjreseuts  a  considerable 
problem  for  a  student  begimuuir  the  study  of  bitumens. 

The  author  has  also  neglected  to  harmouize  detail  in  a 
nnnd)er  of  the  methods  described.  In  tlu'  distillation  test 
already  mentioned,  two  methods  are  given — the  generally 
accepted  method  for  the  distillali(m  of  tars;  and  the 
method  usually  followed  in  the  distillation  of  creosote 
oils.  In  the  description  of  the  a|)])aratus  to  be  employed 
the  student  is  instructed  to  use  a  carbon-dioxide-filled 
thermometer  in  one  case  and  a  nitrogen-filled  thermom- 
eter in  the  other. 

The  author  has  illustrated  the  practical  \alue  of  testing 
bitunnnous  i-oad  materials  in  Part  III  by  giving  the 
ordinary  tests  made  on  those  materials  which  are  in  com- 
mon use  together  with  typical  results  obtained  from  these 
tests.  These  result>  are  ex[)lained  (h-  interpreted,  ami 
the  c-haracteristics  of  the  material  as  indicated  by  the 
tests  are  discussed  with  reference  to  the  use  of  the 
material  in  road  building. 

m 
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H.\XL>I-.(>t)K  UK  KUKMrL.VS  .\.N1)  TABLliS  For:  E.\<;l.XKKR.-^ 
— ('ciini)iled  by  ("larencc  .\.  I'eirce.  .■Vssistant  Professor  in 
rower  Enfii'ieeriiiK.  with  Mathematical  Sections  by 
Walter  K.  Carver.  Assistant  Professor  of  ilatlietnatics. 
("ornell  University.  Second  edition,  revised  and  enlarged- 
New  Yorli:  McGraw-Hill  Book  Co..  Inc.  FlexMble  leather; 
4x7  in.;  pp.  xii    ^    ISS;  illustrated.     ?1..")0  net. 

The  lii-st  edition  of  this  handy  little  compendium  of 
ni;ilheinatical  iioti's  and  tables  was  fa\orabl\'  noticed  on  ]). 
■>V>\  of  Eiiiiiiin'iiiiij  \rirs.  Feb.  11.  IHI.").  In  the  present 
edition  a  small  amount  of  material  has  been  added,  con- 
sisting mainl\-  nf  a  p;iragi'a])h  on  the  laws  of  exponents. 
the  formulas  of  hydraulics,  tables  of  natni'al  logarithms 
and  hyperbolic  functions,  a  rejn'oduction  of  the  Ellenwood 
steam  chart  and  a  table  of  steam  ])roperlies  made  u])  fi'om 
the  ^larks  iiiid  r>a\  is  tables.  The  authors  point  out  that 
it  was  their  original  pur])ose  to  produce  a  small  hook  of 
real  I  v  convenient  pocket  size:  and  that  inasmuch  as  excel- 
lent handbooks  of  larger  size  are  available,  they  have 
felt  it  wi.se  in  producing  this  second  edition  to  adhere  to 
the  liolicv  of  the  first. 


pi;.\(-Tic.\i.  COST  KiCKPi.Ni;  i''c>i;  co.NTii.xcTi  ii;s.    .V  i:oui< 

CivinK  a  System  of  .\ccurati'  (.;usl  Keeping  and  tin- 
Methods  Used  for  AdaptinK  It  to  An  Classes  of  Constrin- 
tion  Work— By  Frank  H.  Walker,  .Vuthor  of  "The  Iluihl- 
inB  Kstimator's  Iteference  Book."  ChicaKO  (30  XoiMli 
.Michigan  Ave.):  The  .Author.  Cloth:  4x7  in.:  jip.  L'73;  l.".;i 
illustration.^.      *!'. 

On  <lilferent  methods  of  cost  keeping  tlieiv  are  many 
opinions,  but  the  practical  necessity  of  keeping  a  record 
of  ciists  will  not  be  denied  by  more  than  one  contractoi- 
in  a  hundred.  Tt  is  not  a  simple  task  to  ])re])are  a  iis/'fiil 
book  ou  this  subject,  because  the  various  kinds  of  con- 
tractors' organizations  make  any  one  svsiem  iiia|>])licable 
to  more  than  a  limitetl  nninher  of  firms.  Tlu>  prime  re(iui- 
site  in  systems  designed  for  contractors  is  sim|)licit\.  If 
the  system  is  not  simple,  it  is  not  workable.  Mr.  Walker 
in  his  hook  recognizes  this  principle  on  page  !  of  Chapter 
1.  This  in  itself  suggests  that  the  hook  is  worth  reading 
by  anyone  seeking  to  inform  himself  on  the  subject. 

The  classes  of  construction  considered  chapter  by  chap- 
ter are  numerous,  as  they  need  he.  and  include  such  op- 
erations as  "'Driving  Piles."  "Foundation  ^Yol•k,"  "Water 
and  Damp  I'roofiug,"  "'Cement  and  Comnosition  Floors 
and  Base,"  ''ITollow-Tile  F^ireproofing."  "'Koofing."' 
"Fainting  and  Wirnishing"  and  rlie  various  classes  id' 
interior  lifting. 

The  forms  required  to  keep  labor  costs  in  ^1 1-.  W'alki'i's 
.system  and  these  for  recording  material  costs  are  gi\cn 
in  separate  chapters.  The  daily  construction  report  is 
explained,  and  illustrations  are  given  of  Mr.  Walker's  con- 
ception of  what  such  a  report  should  embrace.  In  the 
hack  part  of  the  hook  are  given  samples  of  estimate 
>lieets.  weekly  ])rogress  reports,  order  blanks  and  requests- 
for-bid  cards. 

As  the  author  says,  while  the  average  building  con- 
iractm-  will  not  find  use  for  all  the  forms  submitted,  he 
is  given  a  fairly  wide  choice.  It  should  be  noted,  too,  that 
many  contractors,  with  numerous  and  varied  wants,  are 
required  to  make  up  the  average  contractor,  so  forms 
not  needed  bv  ~iiiiie  \v\\\  hi-  prizecl  li\  dthers. 

Otregosa^s  Wga.tea'  Code  lEsplaiKaedl 

C<>.\TKUL.  DISTRIBUTION  .\ND  USK  OF  THE  W.\TER  R13- 
.SOURCES  OF  OREGON',  November.  1916:  Rules.  Regu- 
lations. Forms  and  Practice — Compiled  under  direction  of 
.lohn  H.  Lewi.s.  State  Engineei',  by  Percy  A.  Cupper,  As- 
.sistant  .State  Engineer.  Salem,  Ore.:  Office  of  the  State 
Engineer.      Paper;    6x9    in.;   pp.    70. 

The  Oregon  Water  Code,  enacted  by  the  State  IjC.gisla- 
tiire  in  190!)  to  secure  sinqilicity.  ilirectness  and  economy 
ill  recording  water  rights,  both  old  and  new.  and  'ii 
providing  administrative  niachinery  for  proper  distribu- 
tion of  water,  has  recently  been  upheld  by  the  United 
States  Su])reme  Court  (as  noted  at  length  in  Enfiineei-iiir/ 
Xpws.  June  'i'->.  lOKi).  This  decision  is  of  the  greatest 
iniportance  to  the  \;ii-iou<  states  of  the  Union,  as  it 
establishes  the  legality  of  such  boards  of  engineers  and 
other  ex])erts  and  makes  it  possible  I'or  these  liodies  to 
plan  their  elforts  comVrehensively.  Therefore  this  bulle- 
tin, giving  detailed  information  about  the  administration 
of  the  Oregon  Code,  is  of  inqiortance  and  interest.  It 
fully  describes  the  princi]}Ies  and  procedure  o''  initiatiiiL; 
new  water  rights  and  of  determining  old  rights.  A  tliiid 
part,  on  distribution  of  water,  describes  the  organization 
of  water  districts  under  water  masters  who  oversee  the 
taking  of  appropriated  flow,  inspect  gates,  prevent  waste 
and  regularly  report  on  their  districts'  need>  and  su|)))ly. 
This  section  of  the  ])amphlet   descrilies  the  i-onstruetion 
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,111(1  usp  of  trii|Hvoi(hil  weirs.  .\  IViurtli  scctidii  I'cvicu's' 
i-Diirt  decisions  on  the  (Vide,  and  an  a|i)H'iidi\  sIkiws  the 
■>^i  Inrms  for  letlei's,  eertifieatcs,  lujtires,  eli'.,  lueutioned 
.ill  the  body  of  tfie  bidlelin. 


WATER-SUPPLY,  Considererl  Principally  from  a  Sanitary 
Standpoint — By  William  P.  Mason.  Professor  ot  Chemistry, 
Rensselaer  Polytechnic  In.stitute;  M.  Am.  Soc.  C.  E.  New 
York:  John  Wiley  &  Sons.  Inc.  Cloth:  6.x9  in.;  pp.  x  + 
52S;  illustrated.     $3.75  net. 

By  omission,  revision  and  tiie  addition  of  uptodate 
matter  Professor  JFason  has  enhirired  his  "Water-Supply"' 
by  80  pages  net.  The  plan  and  general  character  of  the 
book  have  not  been  changed.  It  still  deals  chiefly  with 
water,  its  natural  fitness  for  hunuui  u.se  and  the  ways  of 
making  unfit  water  more  fit.  In  addition,  there  are  chap- 
ters on  per  capita  water  con.sumptiou  and  the  action  of 
water  on  metals.  The  first  edition,  published  20  years 
ago,  was  noted  in  Engineering  News  of  Oct.  1,  1896,  p. 
224,  and  the  third  edition,  July  17,  1902,  p.  .52. 

AMERIC.'^.N  SEWERACE  PRACTICE):  Vol.  Ill,  Disposal  of 
Sewage — By  Leonard  Metcalf  and  Harrison  P.  Eddy. 
Second  edition,  with  appendix  on  Activated  Sludge  and 
minor  revisions.  New  York:  McGraw-Hill  Book  Co.,  Inc. 
Cloth;  6x9  in.;  pp.  xv  +  877;  234  illustrations  and  190 
tables.     $6. 

The  authors  of  this  book  are  to  be  congratulated  for 
an  opportunity  to  revise  and  extend  it  within  a  year  of 
first  publication.  Aside  from  slight  revisions  the  body 
of  the  volume  remains  unchanged,  but  the  13-page  ac- 
count of  activated  sludge  in  the  first  edition  has  now 
been  extended  and  brought  well  down  through  1916  by  an 
appendix  of  25  pages.  The  first  edition  was  favorably 
reviewed,  as  it  deserved  to  be,  by  John  H.  Gregory  in 
Engineering  News  of  Dec.  16,  1915,  p.  1168. 
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[So  far  as  possible  the  name  of  each  publisher  of  books  or 
pamphlets  listed  in  these  columns  is  given  in   each  entry.      If 
the  book  or   pamphlet   is  for   sale  and   the   price   is   known   by 
the  editor,  the  price  is  stated   in  each  entry.     Where  no  price 
is  given  it  does  not  necessarily  follow  that  the  bonk   or  pam- 
phlet can  be  obtained  without  cost.     Many,  bnt  m^t  all,   nf  ttie 
pamphlets,   however,   can   be  secured   without   <osi.   ;it    l.;isi    b\ 
inclosing:  postage.     Persons  who  are  in  douM    ;is  lo  iIm    im.mus 
to   be   pursued    to    obtain    copies    of   the    publirat  lun.s    li.^li-d    in 
these  columns  should  apply  for  information  to  the  stated  pub- 
lisher,   or  in   case   of  books   or   papers   privately   printed,    then 
to  the  author  or  other   person   indicated    in   the  notice.] 
.\CCURACY   OF   STE.\M-FLOW    DAT.A.— Bv   N.    C.    Grover   and 
J.  C.  Hovt.     Washington.   D.  C. :     United   States  Geological 
Survey.     Water-Supplv  Paper  400-D.     Contributions  to  the 
Hydrology    of    the    United    States.    1916.      Paper;    6x9    in.; 
pp.  53-59. 
ALTERNATING  CURi;  i:XT.-;  — By  Carl  Edward  Magnusson,   M. 
S..    Ph.    D..     \'1.     !•:  .     I'lui.issor    of    Electrical    Engineei-ing, 
I'niversitv   of   W.ikIi  iimi  on ;   Fellow,   Am.   Inst.   E.  E.     New 
York:      McCJiavv-HiU    Book    Co..    Inc.      Cloth;    6x9    in.;    pp. 
XV   -t-    525;   475   illustrations.      $4   net. 
THE  AMERICAN  CITY:     An   Outline  of  Its  Development  and 
Functions — By    Henry    C.    Wright,    First    Deputy    Commis- 
sioner,   Department    of   Public    Charities,    New    York    Citv. 
New  York:     A.   C.  McClurg  &  Co.     Cloth;   4x7  in.;   pp.   178. 
50c.    net. 
AMERICAN  RAILWAY  ENGINEERING  ASSOCIATION:     Pro- 
ceedings, 1916  Convention.     Chicago.  111.:     The  Association. 
Cloth;   6x9  in.;  pp.   1391;  illustrated.     $5. 
.\NATOMY   OF   A   STEEL  HOPPER-BOTTOM   COAL   CAR— By 
George  L.  Fowler.      New  York:     Norman  W.   Henley  Pub- 
lishing   Co.    Broadside;    24xlS    in.      25c. 
Isometric  view  and  details,  with  printed  list  of  parts. 
CITY    RESIDENTI.^L    L.A.ND    DEVELOPMENT:      Competitive 
Plans  for  .Subdividing  a   Typical  Quarter-Section   of  Land 
in    the    Outskirts    of    Chicago — Edited    by    Alfred    B.    Yeo- 
mans.   Landscape   Architect.      Chicago,    111.:     University   of 
Chicago    Press.      Cloth:    9x12    in.;    pp.    13S;    illustrated.      $3 
net;   postage   extra;    weight.    3   lb. 
COST  ACCOUNTING  AND  BI^RDEN  APPLICATION— By  Clin- 
ton H.  Scovell,  C.  P.  A..  Assoc.  Am.  Soc.  M.  E.     New'  York: 
D.  Appleton  &  Co.     Cloth;  OxS  in.;  pp.  xiv  -f  32S.     $2  net. 


'I'llK    ICLEMENTS    OF    REFRIG  rci;  ,\TImx  ;       A 

Students.    ICngincers    and     wn.l ^.ni.ii      I 

(Jreene,  .Ir.,  Professor  of  ,\l.  ,  h.i  n  i,  ,,  1  i:iiuiim 
Sage  Foundation,  RenssiUi.i  I  %.! ,  i .  .  Ihm.  h 
York:  ,l..bn  Wiley  &  Soli.^,  Inc.  Cloth.  li.\U 
■172;  i:e'  illiistr,-, lions.     $4  net. 

ENGINIOlOKi.xi;  iii|.;mistrY:  A  Manual  of  Qualitative 
Chcmie.il  .\ri:il,\si.s  for  the  Use  of  Students,  Chemists  and 
Engineeis.  By  Thomas  B.  Stillman,  M.  Sc,  Ph.  D..  Mem- 
ber. .American  Electro-Chemical  Society.  Easton,  Penn. : 
Chemical  Publishing  Co.  Cloth;  6x9  in,;  pp.  viii  -1-  760; 
150    illustrations.      $5. 

ENC5INEERING  OF  POWER  PLANTS— Bv  Robert  H.  Fernald. 
M.  E.,  A.  M.,  Ph.  D..  Whitney  Professoi'  of  Dynamical  En- 
gineering, University  of  I'ennsylvania,  and  George  A. 
Orrok,  M.  E.,  Consulting  Engineer.  New  York.  New  York: 
Mc<;raw-IIill  Book  Co.,  Inc.  Cloth;  6x9  in.;  pp.  ix  -|-  586; 
309   illustrations.     $4  net. 

FLOOD.S  IN  THE  EAST  GULF  AND  SOITTH  ATLANTIC 
.STATES.  JULY.  1916— By  Alfred  J.  Henrv.  Reprinted  from 
Monthly  Weather  Review.  August,  1916.  Washington, 
D.  C:  United  States  Department  of  Agriculture.  Paper: 
10x12  in. 
An  abstract  of  this  interesting  and  valuable  report  ap- 
peared  in  "Engineering  News"  for  Nov.  9,   1916,  p.  886. 

FLOW  OF  WATER  UNDER  PRESSURE  THROUGH  CLEAN 
CLOSED  PIPES:  Tabulated  Data  with  Explanatory 
Notes — By  George  T.  Prince,  C.  E.,  M.  Am.  Soc.  C.  E. 
New  York:  D.  Van  Nostrand  Co.  Cloth;  4x7  in.;  pp. 
V    +    149;    illustrated.      $2. 

GENERAL  PHYSICS:  An  Elementary  Treatise  on  Natural 
Philosophy — By  William  S.  Franklin  and  Barrv  MacNutt. 
New  York:  McGraw-Hill  Book  Co.,  Inc.  Cloth;  6x9  in.; 
pp.  viii  +  604;  479  illustrations.     $2.75  net. 

GUIDA  PRACTICA  DEL  MECCANICO  MODERNO— Bv  A. 
Massenz.  Milano:  Ulrico  Hoepli,  editore.  Cloth;  4x6  in.; 
p.  xxiv   -H    351;   331   illustrations.     L,   4.50. 

HANDBOOK  FOR  MACHINE  DESIGNERS,  SHOPMEN  AND 
DRAFTSMEN — By  Frederick  A.  Halsey.  B.  M.  E..  M.  Am. 
Soc.  M.  E.  New  York:  McGraw-Hill  Book  Co..  Inc. 
Second  edition.  Cloth;  9x11  in.;  pp.  xii  4-  561;  illustrated. 
$5  net. 

HOW  OTHER  CITIES  IN  THE  UNITED  STATES  ARE  DIS- 
POSING OF  THEIR  SEWAGE:  An  Investigation  Made  for 
the  Cities  of  Pasadena,  South  Pasadena  and  Alhambra, 
m  May  and  June,  1916 — By  T.  D.  AUin.  Commissioner  of 
Public  Works  and  R.  V.  Orbison,  City  Engineer,  Pasadena, 
Calif.      Paper;    6x9   in.;   pp.   8. 

A  LABORATORY  COURSE  OF  PRACTICAL  ELECTRICITY, 
for  Vocational  Schools  and  Shop  I'la.^.-^e.s — Bv  Maurice  J. 
..\rchbold.  Instructor  in  Vocatictial  lOlictric'ity,  Wendell 
Phillips  High  School,  Chicago,  111.  .\'.w  York:'  The  Mac- 
millan  Co.  Paper;  8x10  in.;  p|j.  ix  +  222;  illustrated. 
$1.10. 

LUBRICATING  ENGINEERS'  HANDBOOK:  A  Reference  Book 
of  Data.  Tables  and  General  Information  for  the  Use  of 
Lubricating  Engineers.  Oil  Salesmen,  Operating  Engi- 
neers, Mill  and  Power-Plant  Superintendents  and  Ma- 
chinery Designers — By  John  Rome  Battle,  B.  S.  in  M.  E. 
Philadelphia,  Penn.;  J.  B.  I^ippincott  Co.  Cloth;  6x9  in.; 
pp.   333;   114  illustrations.      $4   net. 

MEDIATION.  INVESTIGATION  AND  ARBITRATION  IN  IN- 
DUSTRIAL DI.SPUTES— By  George  E.  Barnett.  Ph.  D. 
Professor  of  Statistics,  Johns  Hopkins  University,  and 
David  A  :W(Cabe,  Ph.  D.,  Assistant  Professor  of  Econom- 
ics. Princeton  University.  New  York:  D.  Appleton  Co. 
Cloth;    .-x\    in.:    pp.   viii    -f    209.      $1.25. 

MUNICIPAL  ENCJINEERING  PRACTICE— Bv  A.  Prescott  Fol- 
well.  New  Y'ork:  John  Wiley  &  Sons'.  Inc.  Cloth;  6x9 
m.;  pp.  xi    -f    422;  113   illustrations.      $3.50  net. 

NATIONAL  ELECTRICAL  SAFETY  CODE:  for  Examination 
Trial  and  Constructive  Criticism.  Second  edition.  Wash- 
ington, D.  C. :  Bureau  of  Standards.  Paper;  7x10  in  ■ 
pp.    323:    illustrated.      40c.    per   copy    from    Superintendent 
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Xi;w  yiiKK  STATE  COMMISSIONER  OF  HIGHWAYS'  State 
..I  Xe«  Vnik  Report — Albany,  N.  Y.  Cloth;  6x9  in.;  pp. 
:•:;'',    illn.-^i  iMtions. 

KAII.WAV    TRACK    ECONOMICS:      A    Tabloid    Treatise    Up- 
on    Railroad     Problems — By    August    G.     Liebmann.     Chi- 
cago.   111.:      The    Author    (7433    Emerald    Ave.)       Leather- 
r.x'.i    in.;    pp.    66.      $3. 
The    main    purpose    of    this    book    is    to    advocate    the    use 

of    the    European    type    of    chairs    for    supporting    track    rails 

This    is    done    in    a    few    words    at    the    end    of    many    pages    of 

miscellaneous    notes    on    railway    finance,     traffic,  '  equipment 

and    track.      No    description    of    the    proposed    construction    is 

given. 

SURFACE  WATERS  OF  MASSACHUSETTS — By  C  H  Pierce 
and  H.  J.  Dean.  Washington,  D.  C;  United  States  Geol- 
ogical Survey.  Water-Supply  Paper  415.  Paper;  6x9  in  ■ 
pp.  433;  illustrated.  45c.  a  copy  from  Superintendent  of 
Documents. 

TEMPERA  E  CEMENTAZIONE  DELL'  ACCIAIO—Bv  Mario 
Levi-Malvana.  Milano:  Ulrico  Hoepli.  editore.'  Cloth- 
4x6  in.;  pp.  xii  +  261;  66  illustrations.     L.  4. 

TRANSACTIONS  OP  THE  AMERICAN  INSTITUTE  OF  CHEM- 
ICAL ENGINEERS.  Vol.  S.  1915— New  York-  D  Va'i 
Nostrand  Co.    Cloth;  6x9  in.;  pp.  iii  +   309;  illustrated.     $6 

TREATISE  ON  HYDRAULICS— By  Mansfield  Merriman  M 
Am.  Soc.  C  E.,  with  the  assistance  of  Thaddeus  Merri- 
man, M.  Am.  Soc.  C.  E.  Tenth  edition,  revised.  New  York - 
John  Wiley  &  Sons,  Inc.  Cloth;  6x9  in.;  no  x  4-  565- 
illustrated.      $4   net.  ^"  ^         '■ 

WATER  PENETRATION  IN  THE  GUMBO  SOILS  op  THE 
BELLE  FOURCHE  RECLAMATION  PROJECT— Bv  O  R 
Mathews.  Assistant,  Dry-Land  Agriculture  Investigation^;' 
Washington,  D.  C:  United  States  Department  of  Agricul- 
ture. Bulletin  No.  447.  Paper:  6x9  in.;  pp.  12:  illustrated 
5c.  a  copy  from  Superintendent  of  Documents. 

WATER-SUPPLY  COMMISSION  OF  PENNSYLVANIA-  Re- 
port   for    1915— Harrisburg.    Penn.       Cloth;    6x10    in.;    pp. 
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Steep    chuting  of    concrete — Improvised   dump   car — Air   chamber    protects    venturi    meter    from 

pulsations — Safe  grade  crossings  in  California — Steadying  the  suction 

pipe — Calculating  four-sided  areas 


Clhi^feaEag   C©mi®ff®tl©   Dowia  Sfteep 


Masses' 

Coiicrctiiig  iiK-'thods  uii  ihe  Iji'ld-'es  ;unl  culxeils  on  i1r' 
.■)()-nii.  Soutlieni  Kv.  relocation  in  (leoriria  and  South 
Carolina  vary  from  hand  mixing  and  placing  to  placing 
liy  elaboratu  eablewa.vs.  Two  jobs  of  special  interest  that 
dill'er  widely  as  regards  their  relative  importance  but 
agree  in  the  general  method  ol'  coiu-rele  placing  are 
described  herewith.  One  is  a  ratliui' small  (about  fx4ft.) 
culvert  about  2  mi.  south  of  Toccoa, 'lia. :  the  other  is  a 
double-track  concrete  bridge  consisting  of  four  ISO-ft. 
arches.  In  both  cases  Smith  mixers  discharged  into 
chutes  laid  down  a  steep  slope. 

The  cliutiug  arrangement  from  mi.vcr  to  receiving 
hopper  at  the  culvert  site  is  shown  in  the  view  and  sketch. 
The  chute  is  about  \'i(>  ft.  long  and  its  hall-dozen  sections 


ai'c  strung  together  down  a  slo|ie  of  about  45".  First  of 
all  the  timber  was  cleared  from  the  slope,  for  use  iu  build- 
ing Ihe  tilling  trestles,  of  which  there  are  two  as  shown. 
Teams  bring  the  concrete  materials  to  the  mixer  at  the 
to])  of  the  hill.     The  mixei-  discharges  directly  iuto  the 
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SKirrcH    SHOWING   MIXER   CHUTE.    RECEIVING    HOKPER. 
BUGGY  AND  DUMPING  TRESTLE 

ibiilc.  .1  n.-i  bcldw  the  receiving  hopper  the  slope  has  been 
cut  down  by  spade  and  flattened  to  the  culvert  forms,  so 
that  the  concrete  can  easily  be  transported  to  the  forms  by 
a  buggy,  shown  in  the  sketc-h. 

The  new  line  of  the  railway  will  cross  Coneross  Creek 
in  South  Carolina  on  a  concrete  bridge  now  building 
alongside  the  existing  truss  bridge.  Two  concreting 
plants  are  emjjloyed,  one  on  each  side  of  the  stream.  The 
south  bank  is  steep  and  the  luLxer  is  installed  on  the  top. 
discharging  into  a  chute  running  into  one  of  the  j^ier- 
fnuiidation  forms. 

The  other  chuting  out  tit  was  installed  some  time  later 
with  bins  under  the  old  bridge,  so  that  the  work  train 
^  uuld  stop  over  the  bins  and  discharge  directly  into  theiu. 
I'lider  the  bins  is  a  platform  carrying  the  mixer,  discharg- 
ing into  small  cars,  which  are  pushed  by  hand  to  the  north 
.ibutmeut  nearby.  There  the  concrete  is  delivered  into 
closed  chutes. 

Tn  the  first  i^art  of  October  concreting  was  starting  at 
Pier  1  on  the  south  side  and  at  the  north  abutment. 
\\'atci'  in  the  excavations  was  kept  down  by  a  centrifugal 
luuup  in  the  pier  pit  ami  imlsometer  in  the  abutment 
excavation.  In  excavating,  the  soil  was  removed  by  dump 
buckets  loaded  bv  a  "-ang  of  a  half-dozen  men  in  the  Jiit-. 
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The  wood  sliCL'l|iilinL;  was  ]iul  ddwii  li\  a  |)ilr(li-i\ri-,  tlir 
IdWiM'  liiH'  oL'  sht'Otinji'  l)oiiij>'  ili'ixcn  liy  maul.  Tlic  liridjic 
Is  hoiii.u  liiiilt  liy  riickev  lims.,  of  Si.  hiuiis:  .1.  ().  Smith 
is  n.ssistaiit  ciiiiinciM-  in  ui'itcral  iharLic  of  ilv  woi'k  Inr  tlic 
Southern  I'\. 


r.i    !■".   W.   Sm.mox^'^ 

Tlie  attilclicil  ((iiiili'iiscil  Tnl)l<'s  should  |)ri)\r  \crv  usri'ul 
io  engiiu't'i's  and  rDiitractnrs.  pari  ii  idarly  if  Ihov  will  cni 
fhem  out  and  jiastc  thom  in  tlicir  notoliooks. 

By  liohlins  tho  (lia.srniiii  ii]i  at  arin.s'  leiigtli  with  tlic  cut 
nf  the  slinks  ahdiit  in  liur  witli  a  sling  in  u.<o,  tlic  appro.x- 
imate  angle  nf  the  sling  in  use  ean  he  estimated,  ami  the 
appropriate  eolumn  used,  to  find  the  prohahle  safe  huid  on 
new.  treated  manila-rope  4-])art   slings. 

or  oour.so  one  will  have  to  cxereise  judgment  as  to  the 
present  condition  ol'  the  sling  or  tackle  he  may  he  using, 
and  take  a  lighter  load  if  the  rope  is  ohl.  woi'ii.  cut.  or  if 
the  conditions  of  .service  make  it  neces.sary.  as  for  example 
the  damage  that  might  result  from  an  accident,  wind, 
jerks,  etc. 

Ill  using  tackles  the  strength  of  the  hooks  should  he 
lonsidered  as  well  as  the  rope,  rememliering  that  in  hoist- 
ing, the  hook  of  the  upper  block  jnust  carry  the  load  on 
the  lower  block  plus  the  rope  pull  plus  the  weight  of  the 
tackle:  thus  with  a  double  and  single  %-in.  tackle,  the 
maximum  load  is  given  as  1.700  lb.  on  the  rope,  three 
parte  at  the  lower  single  blocks ;  but  the  safe  load  on  the 
hook  of  a  single  block  (factor  of  safety  3)  is  only  1,320  lb. 
If  the  load  is  reduced  in  that  proportion  the  result  will  he 

•326  North   Snth   St.,   Kirminsrhnm.   Ala. 


pull  III  ihc  hauling  part  of 


1.3jnx  'mO 


.jOll  111.     Now 


L.-i-^ll  -f  .•',((11  -|-  ;,-)  =  l.SiXi  Ih.  at  Ihc  hook  of  the  upper 
double  hlork.  which  is  iiol  materially  ahoxc  Ihc  rope  load 
uiven  as  l.MKI  Ih.  Of  course  moving  llie  hooks  will  some- 
whal  increase  ilieir  safe  capacity. 


Maj.  C.  i;.  Young,  of  the  Cauadiaii  School  of  Infantry. 
Toronto,  Out.,  has  devised  a  simple  instrument  for  rough- 
ly determining  distances.  It  is  based  on  the  conclusif)n 
that  it  is  easier  to  .I'udge  the  size  of  familiar  objects  on 
the  landscajie  than  to  judge  their  distance  from  the  eve. 
With  a  little  practice,  it  is  claimed,  an  observer  can  make 
very  close  estimates  of  such  diinensions  as  heights  of 
buildings  to  the  eaves,  lieights  of  coinmon  trees,  teleph.oiie 
and  telegraph  poles,  etc.,  while  the  heights  (d'  many  things 
such  as  doors,  cars,  fences,  horses  anfl  men  arc  matters  id' 
common  knowledge:  and  from  these  the  ranges  or  dis- 
tances are  easily  determined. 

The  instrument  has  been  used  successfully  on  military 
recounoissance  surveys  and  field  sketching.  The  designer 
and  Maj.  H.  H.  ^ladill  made  extensive  use  of  it  in  the 
plotting  of  a  new  4-in.  =  1  mi.  maneuver  map  of  Camp 
Borden.  Apparently,  it  could  be  used  with  equal  advant- 
age in  any  reconnoissance  survey  work.  The  unit  userl 
on  the  instrument  illustrated  is  the  yard,  hut  the  same 
scales  can  he  used  for  feet  or  inches  if  desired. 

The  accompanying  illustration  shows  the  instrument, 
which  consists  of  a  heavy,  opaque  piece  of  white  celluloid 
•'!xfi  in.  A  small  cord  is  attached  to  the  card  at  ('.  on  the 
left-hand    border    of    the    diauTani.     The    length    of    the 


Working  Loads  on  new  Manila  Rope  Looped  Slings,  Knotted 

Gentle  trifling  . 

Angle  of  Sling  Opening 

Diameter                     0 

60            1             90 

1            120 

Jnche.s 

Load  in  Lb.  .\voird 

;              '           1,350 

1,160         1              943 

1             675 

^                        2.100 

1,800         1           1,470 

1.050 

;                        3.040 

2,610                    2,125 

1,520 

;                          4,120 

3,540         !           2,880 

i           2,060 

1                             5,400 

4.630                    3,780 

2,700 

l;                        6.830 

5,870                    4,770 

1           3,420 

l;                        8,450 

7,250         ,           5,900 

4.230 

\   short  splifc  slinc 


Sharp  bends  tsuch  as  the  edge  of  a  box)  will  reducr  t\ 
The  table  is  for  new  rope  of  jrood  nn:ilit\-  not  r'b;ifFnd. 
nadr  tip  with  a  square  knot 


tho  In:id  nn  4  pnrts.  ;)II  piirts  ftc 


Strength  of  a  rope  with  a  knot  in  it 
to  the  strength  of  the  body  of  new  rope 
in  ^c  by  earoful  tepts  made 

Kind  of  Knot                      % 

Kyo  spliced  ovei 
an  iron  thimble 

90 

Short  spliee 

80 

Timber  hiteh 
Hound  turn     , 
Half  hitch 

65 

Bowline  loop 
Slip  knot 
Clove  hiteh 

60 

Square  knot 
Weavers  knot 
Sheet  bend 

50 

Flemish  loop 
Overhand  knot 

43 

A          B 

.MAXIL.V  HOPE  HOI.STI.VC  TAC-KLE 
-Maximum   loads   for   use   in   ereetiiig  under 
careful   supervision,   new  dry  rope,   at   slow 
speed,     with     commercially     perfect     blocks 
fair  leafl  to  all  rppe.«.  no  chafing 

> 
FI6.E 

is; 

Diam  of  manila  rope               Ii 

!       ;.       1      i;             i             I 

1          1 

i:     1 

11 

Max  pull  Ih.  on  hauling  part 

296       1         402     1          670     |          900 

i       1,185 

1.490     1 

1,850 

Fig. 

Number    of    parts 
of  rope  at  the 
lower  or  moving 
blork 

Lb.  lifted  by  tackle  with  above 

rope  pull 

=  W 

1              272       i          370     1          615     1          828 

1.080 

1.370 

1.700 

B 

2            553       1         752     |      1.250     i      1,680 

2.210 

2.790 

3.460 

C 
D 

3             750       1       1,020     1       1,700     i       2,280 

3,000 

3,780 

4.700 

4            955       !       1,300     1      2,170           2.910 

3,840 

4,820     ' 

5.980 

E 

5    ;       1.130       ;       1,535.    1      2.560     '       3.440 

1      4.530 
1      7.100 

5,700     1 
8,930     1 

7.070 

n.ioo 

Breaking  load  on  1  rope.  lb. 

1,775       1      2.770     !      4,000           5,440 

Safe  load  on  hook 
at  I  breaking  loati 
of  steel  hook 

Single  bio 

k      1         738       !          990     1       1,320  .  ;       1,800 

1      2,125 

4,570 

5.430 

Double  bl 

xk    1         990       I.    1,325     1      1,800     i      2,125 

3.120 

5.350 

6,240 

Triple  bio 

~k            1.325             1,8B0     1      2.125     I      3.120 

4.570 

6,240 

6,780 

Size  of  block  shell,  inches 

4                  5         16                 7 

1         8 

_  9 

10 

.\  150-lb.  man  should  be  able  t, 

apply  75-lb.  pull  on  rope  at  slow  speed 

HATA     1-c>|;     nRTTTRMTNTNf!    fiAVK    LOADS    ON    HOISTING   TACKLIO 
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cord  i.><  fivp  times  tlie  len<rtli  of  tlio  .scalo  A.  at  tho  to])  of 
tlie  rard  (about  2')  in.)  The  rest  of  the  card  is  nothing 
more  nor  less  than  a  stadia  diagram. 

The  end  of  the  cord  is  held  dose  to  the  eye,  and  the 
card  is  held  at  the  other  end  of  it  in  a  perpendicnlar 
jilane.  The  width  or  height  of  the  target  or  object  sight- 
ed at  is  read  on  scale  A.  Reading  up  from  the  .same  divi- 
sion on  scale  B,  at  the  lower  edge,  to  the  curve  of  the 
corresponding  reading,  gives  the  distance  or  range  to  the 
nearest  100  yd.,  or  feet,  as  the  case  may  be,  on  the  scale 
'at  the  left. 

ir  the  reading  on  scale  A  exceeds  the  number  of  divi- 
sions shown  on  scale  B,  it  is  necessary  to  divide  the  read- 
i  >  :  by  such  a  number  as  will  give  a  quotient  not  greater 
than  the  maximum  number  of  divisions  on  scale  B.  The 
I'ange  then  found  must  be  divided  by  the  same  number 
by  which  the  scale  A  reading  was  divided. 

The  device  may,  of  course,  be  used  to  estimate  the 
dimension  of  a  target  or  obji^ct  at  a  known  distajiee,  and 


DIVISIONS  0^  5CAL[  A   REOUlrtEO  TO  COVER  TARGET 


RAXGE-FINDTNC!     DIAGRAM,     WHICH    CAN     BE    USED     IN 
T.\KING   TOPOGRAPHY 

by  putting  the  cord  through  the  center  hole  in  the  top 
scale  and  attaching  a  weight  or  jilumb  bob  it  can  be  used 
as  a  clinometer.  For  this  purpose  the  reverse  side  of  the 
card  carries  a  .scale  of  angular  divisions.  The  rever.*e 
side  of  the  card  also  has  directions  for  using  the  instru- 
ment and  a  table  of  dimensions  of  common  objects. 

The  device  is  copyrighted  in  Canada  and  may  be  ob- 
tained by  engineers  in  the  United  States  from  ]Maj.  C.  B. 
Young,  98  Hilton  Ave..  Toronto.  Ont..  for  ."JOc,  jxistpaid. 
!*: 

To  handle  the  material  from  the  foundation  v.-eils  or 
caissons  of  tlie  new  Fox  River  bridge  of  the  Chicago, 
Burlington  &  Quincy  R.R.  at  Aurora,  111.,  a  special  dump- 
car  was  rigged  up  on  the  work.  As  shown,  it  runs  on 
a  staiulard-gage  track  on  a  temporary  filling  trestle,  and 
in  loading  position  it  stands  under  a  hopper.  The  exca- 
vated material  is  hoisted  in  .small  buckets  and  emptied 
into  skips ;  when  these  are  full,  they  are  raised  and  swung 
over  the  loading  hoijper  by  a  derrick. 

The  car  body  is  61/^x5  ft.  and  30  in.  deep,  with  a  ca- 
pacity of  about  3  cu.yd.  It  is  mounted  on  a  frame  of 
steel  channels,  with  two  axles  and  18-in.  wheels.  The 
floor  is  set  high  and  consists  of  two  sections  or  leaves 
hinged  along  the  center  line  and  held  up  by  chains  at- 
tached to  the  outer  side  and  wound  upon  a  drum.  To 
dump,  the  drum  is  released,  and  the  floor  sections  fall  to 
an  inclined  position,  allowing  the  contents  to  slide  ott'  on 
both  sides.  The  drum  is  then  operated  with  a  ratchet  bar 
tf  wind  up  the  cables  and  raise  the  floor  sections  to  a 
horizontal  position. 


IMPROVISED     DROP-B(iTTOM 
DUMP  CAR 


In  operation  the  car  forms  part  ol  an  endless  hauling 
.system.  A  cable  attached  to  one  end  is  led  direct  to 
the  drum  of  a  hoisting  engine;  another  cable  leads  from 
this     engine     to     a 

.111      I  .Shecrve  Fixed  Sicfe—-. 

snatchblock      on      a  ..'""• 

deadman  at  the  end 
of  the  trestle,  and 
back  to  the  cai'. 
When  full,  the  car 
is  hauled  out  on  the 
trestle,  being  ridden 
by  a  man  who  trips 
and  clo.«es  the  floor. 
The  work  is  under 
the  direction  of  W. 
Pringle,  Assi  s  t  a  n  t 
Engineer,  Chicago, 
Burlington  &  Quincy 
R.R.  The  car  was  de- 
vised and  built  by  R. 
K.  Sheehan,  foreman  of  the  work  on  the  bridge,  which  is 
being  built  by  the  railway  company's  forces. 

MAt   CfesiBimb)©r    Fs=®tt®cfts  Veiratisipl 

By  A.  ().  DoAXE* 

The  accuracy  of  venturi  nieteis  is  unfa\i>i-ably  aft'ected 
by  ])iilsati<iiis  in  the  fluid  jiassiii';  through  the  meter  tube. 
This  trouble  i>  i:i-llv  icuiedied  by  placing  an  air  chamber 
of  ])roper  design  lietween  the 
source  of  the  ])ulsations  and 
the  meter  tube.  At  the  Chest- 
nut Hill  pum|)ing  station 
of  the  Metrojiolitan  Water- 
Works  of  Massachusetts  the 
feed  water  for  one  battery  of 
boilers  is  pumped  by  a  single- 
_  acting  feed  pumn,  the  plun- 
ger of  which  is  21,4  in.  in 
diameter  and  is  attached  to 
tlie  crossb.nd  of  the  pumping 
engine  which  lias  a  60-in. 
stroke.  At  full  speed  the 
pumping  engine  makes  21 
r.p.m.  A  .small  air  chamber 
was  connected  to  the  puni]!. 
liut  this  did  not  prevent  very 
\  iolent  variations  of  pressure 
in  the  boiler-feed  pipe  line. 
This  condition  was  very  un- 
tory  operation  of  a  venturi  meter. 


From 

Boiler  Feed  Pump 

Oi-fkf  B'Brasc. 

.\IR    CHAMBER    FOR 
VENTURI  METER 


favorable  for  the  sati 

which  it  was  desired  to  install. 

A  special  air  chamber,  designed  in  the  engineering 
department  and  constructed  by  the  pumping-station  em- 
])loyees,  proved  entirely  successful  in  reducing  the  pulsa- 
lions.  so  that  the  accuracy  of  the  meter  is  not  affected.  It 
is  of  course  necessary  to  keep  the  water  level  iii  the  cham- 
ber at  the  point  that  gives  the  be.st  results,  and  this  i< 
round  to  bo  aliout  4  ft.  below  the  top. 

The  venturi  meter  is  2  in.  in  diameter  with  a  -Vj-jii. 
throat,  and  the  average  registration  for  24  hr.  is  almiU 
28.800  o-al. 


i),Triiiiirr  -.'1.  i;iii; 
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The  nil-  rluiiiilin-   i-   iiiailc  cil'  :i    piece  «<    lO-iii.   HiUi,i;vil  withoiil  lar  Iriirks.  I'lc.      'I'hc  -^ixtli  phiii.  Iiv   F.   K.  \'v\v\-<. 

liist-iron    |ii|U'.      'I'lic    iiilii-    Mini    niitlrt-|ii|H'    nimiecl  ioii-  ■|'r(i|ii((..   Calif.,   iincilw-  an  clliiilical    |iarl<    in   the  cciilcr 

inside  (if  the  chanihi'i-   were   so  arranncil    thill    (he   water  cf   Ih-   -treet   cm   each    sj,!,.  ,,f  the   track,   iiiiieh   iis   -Ikiwii 

cduld   not  take  a   <hort   ami   direct   course  l).et\vp(ni  thoni.  in    Fit;'.  2,  hut  without   the  uarninu  si^rns. 

It  is  tliouiilit  that   this  featuiv  ha-  considorahlo  eft'pct.  Ms  I'hins  siiiiiiiir  to  -omi'  of  1he<i'  a|i|iroved  liy  Cidifoi'iiia 

it   |)i't'\('nts    pulsations    from    heini:   can'ipd   through    hy   a  are  in   use  Mt   the  present   lime  in  other  >fates.     To  he  el- 

straiffht  flow  of  wMtcr.     'The  eliMuilier  is  looated  ahout  H  lecti\e.  the  highwMy  approMch  to  the  tiacks  nmst  he  laid 

ft.   from  till'  nii'ter  tuhe  and  ahout    H;."i   ft.   from  the  feed  out    to    „i'rr'ssi/ii/c  a    -lowin,L;-down   of   the   automohilc    -a 

pump.      It  was   found   h\'  e.xperimeiil   that  the  most  satis-  mere  warnint;  is  inaili'(|ualc. 

factory   results  were  ohtaiui'il    when   the  diamlier  was   lo-  y. 

cMted   near  the  meter  instead  of  at   the   pump  lUid   of  the  SteSid^Srca^   Sfcxe    SMCitiCfJim    ¥ipe* 

feed  line.  ,,       ,,.,•,,  i 

,,  ,.         ,,  .  .  .-  II    I      ,1  l>^    d.    I-.   K.    lii.'owNt 

IJelorc    the    s|ieiaal     aii'    c  hamlHU'    was     mstalli'd.     tlie 

siiruvs  and  shocks  in  the  Iced   line  weiv  \erv  scmuv.     .\f-  Tho   (|(.\i,(.    dlu>lialed    herewith    is    for   u,-e   on    siukini; 

ter  it   was  put    in  operation,  il    was   louiid  that   the  life  of       piimp>.  and   lliou'.ili   it    nia\    he  (|ui1e  coiitrar\-  to  common 

the    plunger    packings    was    prolonged    and    the    strain    mi      practici'.  I   lia\c  loiiiid  it  useful  on  a  iiumhcu-  of  iroulilou- 

occasion,-.      It   is  gixcn   here   lor  the 

helielit    of   others   lia\ilig   the    -anie 

Ironlile.     Til  sinking  it  Iims  mIwmvs 

het'll    my    ciistoui    to    use    M    length 

of    pipe   at    the   su<-tioii    wdiich    will 

reach  just   hcdow  the  hottipin  of  the 

pump,    and    to    attMcli    the    hose   at 


pi]ies   and    piiinp  greatly    reiliiced. 


Wahr  Chesf 


\Pipe 


Plunger 
'  Casing 


Si.\  plans  lor  making  gradi'  (  rossiiigs  ^ale  ha\e  lieeii 
-eiit  out  hy  the  i'ailroad  ('oniinission  of  California  to 
the  larger  railroads  and  to  tlie  larger  cities  and  counties 
ha\ing  a  eonsirlerahle  mileage  of  improved  roads,  request- 
ing that  the  plans  be  criticized  and  given  a  trial.  Three 
of  the  schemes  are  shown  lierewitli.  Fig.  1  is  based  on  a 
sketch  submitted  liy  the  division  engineer's  office.  Coast 
Division.  Southern  Pacific  Co.  Fig.  2,  submitted  by  Scott 
W.  .\lexander,  Tvong  Reach.  Calif.,  is  of  the  same  general 
tvpe  as  Fig.  1.  hut  pro\ides  no  harrier  requiring  slower 
speed.  Pig.  ;5.  submitted  hy  Charles  R.  Blake,  commis- 
sioner of  health.  T?iclimoiid,  Calif.,  involves  a  double  right- 
angle  turn  in  order  to  cross  the  tracks,  depending  upon 
this  to  .slow  down  the  autoinohile  and  to  put  caution  in 
the  driver's  mind. 

Another  method.  n(Jt  illustrated  in  this  article,  was 
devi.sed  hy  .T.  H.  Weatherford.  city  engineer.  Memphis. 
Tenu..  and   ile]K'nds   for  it<  elfcctiveiiess  u]ion   a   soft  or 

retarding   pa\ement   m-   surface    (nr  a    short   distMiice  on       -riiR  .ste.a.dy  block 
each  side  of   the   tracks,      .\iiother  design  was  suhmitted 
by  William   .\l.   Iluinaii>.   Lo-  .Vngcles.  and  co\crs  acute- 
angle   roadwMxs.    railroad    right>-of-way    with    ipr   without 
parallel  roadwaxs.  dangi'roii-  junction-  of  auto  highways 


this  piuiit  with  a  union.  This  has 
lieeii  done  because  there  is  little 
idiuu  hetweeu  the  body  of  the  pump 
and  till'  pi]K'  in  which  to  ])lace  a 
union  and  to  take  off  and  put  on 
the  hose.  Ft  is  easier  doing  it  just 
helow  the  ]minp.  When  this  pipe 
was  fii-st  used  it  caused  trouble  by 
frequently  breaking  off  where  it  en- 
tered the  pump,  because  of  bein.ir 
3  knocked  against  the  .sides  of  the 
shaft  in  raising  or  lowering.  To 
obviate  this  a  piece  of  wood  is  now 
in.serted  as  shown  in  the  drawing. 
Sucfior/iose  T,^i^  1,.,^  ^i„,  ,,ffpct  of  making  this 
])icic  of  ])ipc  solid  with  the  puni]i 
IX  PL\CF.  throughout  its  entire  length.  Break- 


age of  this  pipe  is  now  infrequent. 


•From    "Coal    .\se."   IJec.    1) 
tS>'dney.   N.   .S. 
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By  C.  K.  Averill* 


The  area  of  a  three-  or  four-sided  figure  wlieii  tlie 
traverse  has  been  flosed  may  be  fialculatcd  without  iiny 
D.  ^L  D.  coliiiiiii  or  otlior  ])re|iaration  by  the  followiii.u' 
iiiethud  : 


N  8°  10'  20"  E... 
S  85°  20'  10"  E.. 
S  8°  12'  00"  \V... 
N  87°  41'  56"  W. 


Length 
101  20 

50  0 
100  0 

50  06 


2  01 
102  18 


1.440  44 

159  69 

14  26  1.41  I  45 

50  02   100  54 


102  18  64  28  64.28  3,112  12 


14  38 
3  20  49  90 
98  98 


The  latiiiule  ami  departure  of  ear-h  course  are  iniilti- 
plied  tog-ether  and  the  products  placed  in  the  ((111111111 
headed  "Lat.  X  Dep."  One-half  the  to1nl  of  these  pnHl- 
ucts  subtracted  from  the  product  of  the  sum  el'  Uitiiude^ 
and  sum  of  the  departures  will  be  the  area. 

By  the  usual  method  this  calculation  wdiihl  be  as 
follows : 


Course  tance 

N  8°  10'  20"  E..  101  20 
S  86°  20'  10"  E.  50  0 
S  8°  12'  00"  W..  100  0 
N  87'  41'  56"  W      50  0 


SEW     n,M  D       X  S 

14    38  '         14    i8  1,440   44 

3  20  49  90  78  66  2511,71 

98  98  14  26   114  30  11,313.41 

50  02     50  02     100  54 


102    18  102  18  64  28  64  28 
10.024.14 
5'012  07 


1.540  98  11.565.12 


By  reference  to  the  accompanying  sketch:     The  area 
of  the  inclosing  rectangle  is  the  product  of  the  sum  of 
'atitnd'.'s  and  sum  of  departures.     From  this  are  to  lie 
^^^^  deducted  the  areas  of  four 

triangles  each  of -which  is 
one-half  th(^  product  of  tlie 
latitude  and  the  departure 
(.if  a  conrse.  A  triangular 
lignre  can  he  calculated  by 
tliis  niefbdd.  hut  not  one 
or  more  than  Huir  sides. 
The  method  is  somewliat 
shorter  than  the  deuble  mer- 
idian distance  method,  as  no 
columns  liave  to  be  pre]iared 
and  the  multiplications  (^an 
be  started  as  soon  as  the  tra- 
\erse  is  closed.  It  is  al,<o  a  convenient  check  in  connection 
with  that  method.  It  is  plain  that  it  makes  no  difference 
with  which  course  the  traverse  is  started,  which  is  another 
advantage  over  the  double  meridian  distance  metiiod. 


AREA  TO  BE  COMPUTED 
BY  NEW  METHOD 


.\<ljM.sliil>le  Uuililiii;^  .Miorf.s  an:  becoming  very  popular  in 
reinforced-concrele  work,  sevei'al  differi^nt  types  having  been 
flevised  by  various  concrete  specialists.  The  ones  in  the  ac- 
companying view  are  after  a  design  patented  by  H.  W.  Rocs. 
of  Cincinnati,  Ohio,  and  are  used  in  the  work  of  his  com- 
pany in  that  city.  The  shore  consists  of  two  legs  of  2x4's  to 
which  are  attached  a  pair  of  clamping  yokes,  which  engage 
a  piece  of  standard  IH-in.  pipe.  The  pipe  is  held  by  a  head 
fiuide  at  the  top  and  a  base  at  the  bottom.  The  operation 
consists    merel>'    in    iiicking-    lip    the    ujiper    member    and    rais- 


.SPECI.\L  SHORES  PERMIT  SERVICE  ALLEYWAY 
IN   CINCINNATI   BUILDING 


ing  it  to  the  required  height.  By  pressing  the  two  legs  of 
the  2x4's  together,  the  clamping  yokes  engage  the  pipe  and 
the  load  supports  itself.  A  portable  jacking  device  is  used 
to  make  the  final  adjustments,  and  a  locking  device  on  the 
yokes  prevents  the  shores  from  slipping  while  lattice  brac- 
ing is  being  nailed  on  or  while  the  shore  is  telescoped  for 
removal  to  other  locations.  A  novel  u.se  of  the  shores,  which 
i.s  shown  in  the  view,  is  the  ease  with  which  a  lane  may  be 
left  through  a  building  under  construction.  The  design  per- 
mits the  placing  of  the  cross-beam  on  which  foot  the  shores 
carrying  the  forms  across  the  opening. 

Chord.s  for  Railroail  Curves  Measured  on  Arcs — The  ac- 
companying tables  of  chords  for  use  in  laying  out  curve.s 
based  on  an  arc  length  of  100  ft.  per  degree  of  curvature,  in- 
stead of  the  usual  100-ft.  chord,  are  sent  by  W.  C.  West,  High- 
way Engineer,  Bureau  of  Public  Works,  Manila.  P.  I.  In  each 
case  D  is  taken  as  the  central  angle  subtended  by  an  arc  of 
inn  ft. 


FIHE  AQGMEGATE 


lusi»ectin|2^  EBevated  Track  by  Periscope  is  used  on  the 
Queens  elevated  lines  in  peaceful  New  York  City.  The  ap- 
paratus consists  of  a  small  hand  mirror  fastened  to  a  sticli 
about  3  ft.  long  and  is  stated  by  the  "Public  Service  Record" 
to  be  "invaluable  for  inspecting  and  counting  the  hook  bolts, 
lagscrews  and  all  other  track  material  located  under  the  ties." 
The  men  engaged  on  this  work  are  said  to  have  nicknamed 
the  device  a  "periscope."  The  original  idea  has  been  improved 
upon  by  cutting  the  handle  about  3  in.  from  the  mirror  and 
jointing  it  with  a  thumbscrew  in  such  a  way  that  the  mirror 
may  be  set  at  any  desired  angle. 

♦Yonkers,  N.  Y. 
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The  editors  of  Enyineerinr/  Xewx  have  been  unable  to 
lumplete  the  examination  of  the  articles  submitted  in 
competition  for  the  prizes  offered  in  the  issue  of  Oct.  -20, 
in  time  to  announce  the  award  in  this  issue.  The  names 
of  the  prize  winners  will  be  published  next  week  and  the 
paper  receiving  prizes,  with  other  meritorious  papers,  will 
be  published  in  the  following  issues. 


Since  the  United  States  (irst  becnnic  a  nation,  the  task 
that  has  engaged  the  best  efforts  of  its  ablest  statesmen 
has  been  the  development  among  its  people  of  the  spirit 
of  national  unity  in  place  of  the  spirit  of  sectionalism. 

Half  a  century  ago,  the  nation's  \ery  life  wa.s  threat- 
ened by  the  spirit  of  sectionalism,  and  four  years  of  civil 
war  were  fought  to  save  the  Union.  The  history  of  other 
nations  as  well  as  that  of  the  United  States  shows  the 
vast  importance  of  cultivating,  by  every  means  possible, 
connnon  thoughts  and  ideals  in  the  people  of  a  nation. 

Probably  no  other  influence  has  been  so  potent  during 
the  half-century  since  the  Civil  War  in  tearing  down  sec- 
tional barriers  and  eliminating  jirejudices  and  misunder- 
standings between  North  and  South  and  East  and  West 
as  the  circulation  of  national  publications.  Who  can  over- 
.estimate  the  value  to  the  nation  in  the  iiast  fifty  years  of 
the  circulation  of  such  national  Journals  as  Harper's,  the 
Century,  the  Xaiion,  the  Xorfli  American  Revieiv  and  a 
hundred  others  in  developing  among  a  wide  circle  of 
readers,  the  country  over,  similar  ideals  and  standard.?? 

It  is  not  often  realized  that  the  development  of  these 
publications  of  nation-wide  scope  ha.s  been  made  possible 
by  the  law,  enacted  since  the  Civil  War,  which  fixed  a 
uniform  postal  rate  for  the  whole  United  States  en  all 
printed  matter. 

A  bill  has  just  been  introduced  in  Congress  as  a  "rider" 
on  the  Post  Office  Appropriation  Bill,  which  proposes  to 
tax  national  journals  out  of  existence  by  placing  upon  all 
publications  a  postal  rate  based  on  the  distance  of  trans- 
mission, as  follows : 


Up  to  300  mi 
300  to  600  mi 
600  to  1,000  I 


Ic.perlb.       1,000  tu  1,400  mi 4c.  p.r  lb. 

2c.  per  lb.       1.400  to  1.800  mi 5c  per  lb. 

3c.  per  lb.      Over  1,800  mi 6c.  per  lb. 


That  this  tax,  if  inipo.sed,  will  greatly  restrict  the  cir- 
culation of  truly  national  journals,  there  is  not  the  slight- 
est doubt.  The  daily  nevispapers  will  be  hardly  touched. 
A  large  part  of  their  circulation  is  distributed  otherwise 
than  through  the  mails,  and  few  have  any  considerable 
circulation  farther  than  300  mi.  from  the  place  of  pub- 
lication. The  journals  that  will  be  seriously  affected  are 
those  which  know  no  sectional  distinctions  or  boundaries — 
the  very  journals  whose  circulation  should  be  encouraged 
by  every  statesman  who  understands  the  great  import- 
ance of  national  uiiit\'. 


A  grcnt  iiilluciicc  has  been  exerted  on  tlie  natiimal 
developnumt  during  the  past  half-cciitury  l)y  the  journals 
devoted  to  literature,  to  science  and  the  arts,  to  the  pro- 
fessions and  the  industries.  Doubtless  the  Congressmen 
who  framed  tliis  bill  have  no  conception  of  what  it  will 
mean  to  substitute  journals  of  a  sectional  character  in 
place  of  the  national  journals  that  liave  been  so  inqjoiiant 
a  feature  of  American  jjublic  life. 

It  is  only  in  the  journals  of  national  circulation  that 
one  can  expect  to  find  public  questions  discussed  from  the 
broad  point  of  view  of  the  nation's  interests,  without  re- 
gard to  the  interests  of  any  particular  locality.  Surely, 
this- is  too  important  a  matter  to  be  lightly  passed  over. 
Surely,  the  unity  of  the  nation  is  something  which  those 
in  authority  at  Washington  may  not  lightly  di.smiss. 

The  second-class  postage  question  has  often  been  dis- 
cussed as  if  the  only  publications  affected  were  the  so- 
called  trade  journals,  but  they  really  cut  only  a  small 
figure  in  the  whole.  To  bring  the  matter  home  to  engi- 
neers, the  change  proposed  in  second-class  postage  rate 
will  mean  a  very  heavy  tax  on  the  circulation  of  the 
'"Proceedings"  of  the  various  national  engineering  societies. 
This  is  only  typical  of  what  will  take  place  in  all  pro- 
fessions. Take  the  medical  profession,  for  example.  How 
important  it  is  in  the  jjublic  interest  that  the  physicians 
of  the  country  shall  be  informed  upon  the  latest  ad- 
vances in  medical  science  as  reported  in  the  medical 
journals.  The  country  doctor  living  west  of  the  Missis- 
sippi River  may  find  it  too  great  a  burden  to  pay  an  extra 
bill  of  perhaps  ten  dollars  a  year  for  postage  on  the 
medical  journals  to  which  he  subscribes. 

It  is  not  only  the  men  in  the  professions  who  will  be 
affected.  The  change  reaches  all  classes  of  society.  The 
labor  movement,  for  example,  relies  on  national  journals 
to  reach  men  scattered  in  all  parts  of  the  country.  There 
are  many  religious  publications  that  have  a  nation-wide 
circulation.  The  Government  is  spending  many  millions 
of  dollars  to  promote  education  of  the  farmers  of  the 
country  toward  better  and  more  productive  agriculture. 
What  will  this  tax  mean  in  cutting  down  the  distribution 
of  the  best  agricultural  ]iublications  ? 

It  may  be  said  that  the  Government  should  charge  suf- 
ficient postage  on  the  publications  to  pay  the  cost  of  their 
transmission  through  the  mails  regardless  of  their  value 
as  a  means  of  public  education.  Even  on  this  basis,  the 
projwsed  zone  system  of  rates  for  second-class  matter  can- 
not be  defended. 

The  Congressmen  who  framed  this  act  doubtless  im- 
agine that  the  vai-iation  of  the  postage  rates  with  the  dis- 
tances wdiich  they  have  schemed  out  corresponds  in  some 
measure  to  the  cost  to  the  Government  of  transmitting 
the  mails.  But  every  engineer  familiar  with  modern 
transpoi'tation  methods  knows  that  under  present-day 
conditions  the  great  element  in  the  cost  of  carriage  is  not 
the  hauling  over  the  mad,  hut  the  terminal  expense.  This  is 
tiue  of  ordinary  merchandise,  such  as  hardware,  grocer- 
ies and  drv  aoods.     iluch  more  is  it  true  of  mail  matter. 
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wlicre  llio  post-otfiff  I'lnployeos  must  hainllo  eatii  indi- 
vidual piece  and  read  its  address  perhaps  half  a  dozen 
times  in  the  course  of  its  journey  from  sender  to  receiver. 
Take,  for  example,  a  Journal  mailed  in  New  York  to  a 
[subscriber  in  San  Francisco.  It  is  placed  by  the  pub- 
lisher in  a  mail  has:,  a  car  is  loaded  to  its  full  capacity 
with  hundreds  of  iiags  of  such  mail  and  started  from  New- 
York  on  its  journey  across  the  continent.  It  costs  no 
more  to  haul  that  pound  of  mail  matter  across  the  conti- 
nent than  it  would  cost  to  haul  a  iwund  of  meat,  or  fish, 
or  coffee,  or  oranjres,  or  any  other  item  of  freight  shipped 
nu  a  fast  schedule. 

It  would  often  involve  greater  expense  to  the  Post  Of- 
fice Department  to  carry  a  copy  of  the  same  journal  to 
some  country  town  within  a  hundred  miles'  distance. 
where  it  had"  to  l)e  handled  over  three  or  four  different 
lines  of  railway  and  finally  carried  over  a  rural  tree- 
delivery  route. 

All  questions  as  to  the  relative  co.st  of  the  service,  how- 
ever, are  truly  insignificant  compared  with  the  proposi- 
tion to  place  a  ban  on  the  circulation  of  national  journals. 
.Surely,  the  lessons  of  the  European  War  ought  not  to  be 
wholly  lost  on  us.  In  Germany,  in  Great  Britain,  in 
France,  the  uppermost  question  is  national  unity.  What 
would  be  thought  in  any  of  these  nations  of  a  serious  pro- 
posal to  stop  the  circulation  of  journals  of  national  scope  ? 
.More  than  at  any  previous  time  in  its  history  does  the 
United  States  need  to  foster  in  every  way  the  development 
of  a  national  spirit  among  its  people.  Every  influence 
that  tends  to  preserve  this  national  spirit  must  be  fostered 
at  any  cost. 


^asctmssec 


h)y  MaisSers  of 


This  issue  of  Eiifjineeriiuj  ypirx  is  made  notable  by  the 
publication  in  the  Engineering  Literature  section  of  a 
remarkable  review  of  a  remarkable  book.  The  book  is  the 
recently  published  treatise  on  "Bridge  Engineering,"  by 
J.  A.  L.  Waddell,  which  is  doubtless  the  most  complete 
and  elaborate  work  in  this  field  of  engineering  ever  issued. 
It  is  notable,  not  only  for  its  size  and  completeness,  but 
because  its  author  stands  in  the  foremost  rank  of  Ameri- 
can bridge  engineers.  When  a  book  is  written  by  one  of 
the  masters  in  an  art,  the  difficulty  arises  of  finding  some- 
one to  prepare  a  critical  review  of  his  work  who  will  be, 
at  least,  a  peer  of  the  author  in  reputation,  so  that  he  may 
1)6  qualified  to  pass  judgment  upon  the  work  and  so  that 
his  criticism  may  carry  weight  with  the  reader. 

Engineering  Neivs  believes  that  it  has  rendered  a 
notable  service  to  the  profession  in  securing  the  consent 
of  Gustav  Lindenthal,  the  Nestor  of  American  bridge 
engineers,  to  review  Mr.  Waddell's  great  work.  Every 
bridge  engineer  in  the  United  States  will  wish  to  read, 
and  read  with  care,  Mr.  Lindenthal's  critical  review  in 
this  issue.  As  will  be  seen,  it  far  transcends  in  length 
the  space  of  an  ordinary  book  review;  and  it  is,  in  fact, 
very  much  more  than  a  book  review.  It  is  a  discussion, 
by  one  of  the  most  eminent  of  living  authorities,  of  cer- 
tain principles  of  bridge  design  set  forth  in  ilr.  Waddell's 
treatise. 

While  ^Ir.  Lindenthal  speaks  in  highly  commendatory 
terms  of  Mr.  Waddell's  monumental  work  as  a  whole,  he 
also  sets  forth  very  frankly  a  number  of  important  mat- 


ters on   whic-h  be  disagrees  with   .Mr.   Waddell  as  to  the 
essentials  of  sound  practice  in  bridge  design. 

Without  doubt,  Mr.  Waddell's  book  is  destined  for 
many  years  to  come  to  rank  as  an  authority  in  its  field. 
It  is  of  great  value,  therefore,  to  have  a  critical  study 
made  of  its  recommendations,  so  that  the  engineer  may 
know  in  what  parts  of  the  book  there  is  a  disagreement 
among  doctors  as  to  the  soundness  of  the  principles  which 
are  there  stated. 


To  And  ftlhe 
1  Deir©ims<! 


There  is  general  agreement  apparently,  that  the  United 
States  can  well  afford  to  spend  a  vast  sum  of  monev  in 
developing  its  navy  as  a  means  of  national  defense.  Pub- 
lic attention  has  chiefly  been  directed  toward  the  increase 
of  the  navy  by  the  construction  of  additional  vessels ;  but 
naval  officers  who  are  experts  in  strategy  agree  that  the 
equipment  of  the  navy  with  docks  and  shore  stations 
properly  located  is  just  as  important  for  efficient  work 
in  national  defense  as  is  the  building  of  fighting  ships. 

A  high  official  of  the  navy  recently  declared  that  an  ad- 
ditional large  dry  dock  for  the  navy,  suitably  located, 
would  contribute  more  toward  national  security  than  an 
additional  battleship. 

At  the  recent  annual  meeting  of  the  Society  of  Naval 
Architects  and  Marine  Engineers  a  striking  paper  was 
read  by  Capt.  A.  C.  Niblack,  reviewing  the  elementary 
]>rinciples  of  naval  strategy  which  should  govern  the 
United  States  in  the  development  of  shore  stations  and 
bases  for  its  naval  operations,  but  which  neither  the  public 
nor  Congress  at  all  understands.  By  creating  a  naval 
base  in  Culebra  Island  just  east  of  Porto  Rico,  Captain 
Niblack  declared,  as  much  could  be  accomplished  for 
national  defense  as  by  the  purchase  of  St.  Thomas. 

On  the  Atlantic  Coast,  Captain  Niblack  urged  the  im- 
])ortance  of  thorough  protection  for  the  main  base.  New 
York  City,  as  follows: 

New  York  as  the  assumed  center  and  Boston  and  Phila- 
delphia on  the  periphery  of  the  circle  inclosing  the  main  in- 
dustrial area  of  the  United  States  form  the  true  strategical 
center.  The  instant  we  deepen  the  Cape  Cod  and  the  Dela-. 
ware  and  Raritan  Canals  into  ship  canals  and  clear  the  East 
River  of  all  obstructions  from  the  Battery  to  Long  Island 
Sound  and  adequately  fortify  Block  Island.  Vineyard  Sound, 
Buzzards  Bay  and  the  Cape  Cod  Bay  region,  with  exits  at 
Delaware  Bay.  Sandy  Hook,  Block  Island  and  Massachusetts 
Bay.  the  entire  British  navy  as  it  exists  today  could  not 
blockade    our    own    navy   as    it    is. 

Captain  Niblack  further  urged  that,  to  protect  the 
national  capital  and  the  important  naval  base  at  Norfolk, 
the  entrance  to  Chesapeake  Bay  should  be  adequately  de- 
fended, as  well  as  the  entrance  to  Delaware  Bay,  and  the 
Delaware  &  Chesapeake  Canal  should  be  made  a  ship 
canal. 

The  average  citizen  and  even  the  average  engineer  has 
little  understanding  of  the  problems  of  naval  strategy,  but 
it  is  easy  even  for  a  layman  to  comprehend  the  advantage 
of  this  long  interior  line  of  communication  for  a  fleet  act- 
ing on  the  defensive  against  a  superior  fleet  operating 
outside. 

As  many  readers  of  Engineering  News  will  recall,  com- 
plete surveys  were  made  some  years  ago  by  the  army  engi- 
neers for  a  ship  canal  across  New  Jersey,  extending  from 
Earitan  Bay  to  the  Delaware  River.  A  most  favorabf.- 
route  was  found  for  a  sea-level  canal  that  would  offer  a 
minimum  of  interference  to  exisfinar  railwav  lines,  wliilc 
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nearly  all  the  material  could  be  removed  at  low  cost  hv 
modern  machinerv  for  earth  excavation.  Witli  the  com- 
pletion of  this  channel  and  the  comi)aratively  short  ship 
canal  between  the  Chesapeake  and  Delaware  Bays,  it 
would  be  possible  for  vessels  of  all  chusses  to  traverse  the 
entire  distance  from  Kuzzards  Bay  to  Norfolk  without 
e.\])osnre  to  the  risks  of  the  open  ocean.  This  extension 
of  the  territory  available  for  barjje  navigation  would  add 
greatly  to  the  value  of  the  New  York  barge  canal  across 
New  York  State,  soon  1o  lie  ivndv  lor  traffic. 


■uTiB  Souarces  of  Laqjtiaidl« 


Investigations  by  the  United  States  (ieological  Survey 
indicate  that  the  known  petroleum  deposits  of  the  United 
States  are  sufficient  to  su])])ly  the  demand  at  the  present 
rate  of  consum]»tion  for  only  about  30  years.  While  this 
investigation  takes  no  account  of  the  output  from  new  oil 
iields,  it  also  takes  no  account  of  the  steady  increase  in 
consumption  of  oil  fuel  which  is  all  the  time  going  on. 
Of  course,  long  before  the  supply  is  exhausted,  a  great 
advance  in  the  price  will  occur;  and  as  everyone  knows, 
an  increase  in  price  has  already  taken  place.  Recent  quo- 
tations for  standard  grades  of  crude  oil  in  the  Eastern 
markets  have  been  the  highest  recorded  since  the  Civil 
War.  Agitation  concerning  the  advance  in  the  price  of 
gasoline  has  been  country  wide.  Only  the  development 
during  the  past  five  years  of  the  enormously  productive 
oil  deposits  of  ^lexico  has  prevented  a  fuel-oil  famine  and 
a  much  greater  increase  in  price. 

It  is  obvious  that,  if  the  supply  of  liquid  fuel  is  ex- 
liausted,  the  consequences  will  be  far  reaching.  The  in- 
dustrial and  engineering  world  is  just  adapting  itself  to 
the  use  of  the  liquid-fuel  motor  in  a  hundred  different 
fields.  To  have  the  fuel  supply  for  automoljiles,  motor 
trucks,  motor  boats,  gasoline  engines,  pumps,  etc.,  sud- 
denly cut  off  or  even  doubled  in  price  would  be  a  most 
serious  matter.  For  example,  many  hundreds  of  millions 
of  dollars  are  being  expended  to  build  roads  adapted  for 
motor  vehic-les.  AVere  the  motor  vehicle  to  become  ol;)so- 
lete  for  lack  of  fuel  supply,  a  great  part,  of  this  ex- 
penditure might  be  wasted.  It  is  therefore  of  great  im- 
portance to  determine  as  far  as  possible  what  source  may 
be  available  to  sujiplement  the  stock  of  liquid  petroleum 
when  it  is  exhausted. 

A  great  deal  has  been  said  concerning  the  possibilities 
in  using  waste  vegetable  matter  for  the  manufacture  of 
alcohol  as  an  engine  fuel.  This  has  been  done  to  a  con- 
siderable extent  in  Europe,  whei'e  high  prices  for  gasoline 
have  made  the  process  connnercially  feasible.  Something 
of  the  same  sort  may  perhaps  be  done  in  this  country 
when  the  price  of  gasoline  rises  sufficiently  high.  The 
difficulty  to  be  met  is  that  means  are  being  found  of 
utilizing  in  other  ways  the  vegetable  matter  that  was 
formerly  a  waste  product.  The  refuse  molasses  from  the 
sugar  plantations,  which  was  formerly  burned  to  get  rid 
of  it  and  was  later  used  on  a  large  scale  for  industrial- 
alcohol  manufacture,  is  now  taken  for  stock  feeding. 
The  bagasse,  or  crushed  cane,  discharged  by  the  sugar 
mills  after  the  juice  has  been  extracted  from  it.  com- 
mouly  serves  as  fuel  under  the  boiler.*,  but  a  beginning 
has  already  been  made  in  its  utilisation  for  paper  manu- 
facture. 


<)\cr  a  (|ii;\rt('r  of  a  century  ago  the  late  Prof.  N.  S. 
Shalcr.  in  his  famous  book,  ".Man  and  the  Earth,"" 
])ointc(l  out  that,  when  the  nation"s  jjctroleum  wells  are 
exhausted,  the  enormous  deposits  of  liitnminous  shale, 
several  hundred  feet  in  thickness,  underlying  a  consider- 
al)le  ])art  of  the  Mississippi  Valley,  will  be  ca])ablc  of 
])roducing  oil  liy  distillation.  The  increasing  xirgency  of 
the  liquid-fuel  situation  makes  the  possibilities  in  shale 
distillation  of  rencM-ed  interest.  The  Geological  Survey  on 
Dec.  18  announced  the  re.sults  of  recent  investigations  of 
the  oil-shale  deposits  in  the  Green  River  Formation  in 
Colorado,  Utah,  Nevada  and  Wyoming,  as  follows: 

In  northwe-stern  Color.idci  .-Uiine  there  is  .sufficient  shale 
in  beds  at  least  3  ft.  thick  and  containing  more  oil  than  the 
average  shale  now  mined  in  .Scotland  to  yield  about  20  billion 
barrels  of  crude  oil,  which  is  more  than  five  times  the  total 
amount  of  crude  oil  produced  in  the  United  States  to  date. 
In  Utah  there  is  probabl.v  nearly  as  much  shale  just  as  rich. 
This  shale  oil  will  yield  10  to  15',/  of  gasoline  by  ordinary 
methods   of    refining. 

The  distillation  of  bituminous  shale  to  obtain  oil  has 
been  a  prosperous  industiy  in  Scotland  foi'  three-quarters 
of  a  century,  notwithstanding  the  competition  of  petrol- 
eum. As  long  as  crude  petroleum  was  .'iold  at  a  dollar  a 
barrel  or  less,  it  has  been  impossible  iirofitably  to  exploit 
the  oil-.shale  deposits  of  the  United  States.  With  the 
increasing  demand  and  higher  prices  for  oil,  a  great  in- 
dustry should  grow  u])  in  the  production  of  oil  from  shale. 


The  recent  report  of  the  Detroit  Bureau  of  Govern- 
mental Research  on  Detroit  sewer  constinaction  contain.i 
some  interesting  sidelights  on  what  is  considered  fair 
compensation  for  the  lower  grades  of  engineering  service. 
It  is  the  more  interesting  because  it  was  written  by  a 
graduate  civil  engineer  (Massachusetts  Institute  of  Tech- 
nology) of  13  years'  experience,  most  of  it  in  municipal 
work.     The  report  states : 

As  compared  with  similar  positions  throughout  the  coun- 
try a  salary  of  $1,500  per  year  for  chief  of  survey  party 
(giving  lines  and  grade  for  sewers  and  sidewalks)  is  a 
little  above  the  average.  However,  increased  I'esponsibilities 
through  absence  of  constant  support  from  the  sewer  engineer, 
together  with  a  recognition  of  the  high  cost  of  living  in  De- 
troit [written  in  September,  1S16),  would  warrant  this  or  a 
slightly  increased  salary.  A  leveler  at  $1,400,  even  though 
he  be  proficient  both  as  a  leveler  and  transitman,  is  overpaid. 
In  most  places  $75  per  month  is  paid  for  such  services,  unless 
the  duties  include  charge  of  party.  Certainly,  a  maximum  of 
$100  should  secure  a  first-class  man  for  this  position.  A 
salary  of  $1,200  for  the  position  of  rodman  is  out  of  all  pro- 
portion to  the  duties  involved,  regardless  of  the  ability  of  the 
rodman.  .  .  .  Young  ambitious  graduates  of  technical  schools 
are  eager  for  such  experience  and  can  be  secured  at  a  com- 
pensation of  $85  jier  month,  and  undergraduates  for  even 
less. 

The  minimum  price  now  paid  for  common  day  labor 
everywhere  is  $2.50  per  day;  in  most  large  cities  and 
probably  in  Detroit  it  is  nearer  .$3  per  day.  In  Detroit 
also  is  the  Ford  automobile  plant,  where  the  minimum 
wage  for  man,  woman  and  child  is  $.5  per  day.  Let  us 
see :  a  daily  wage  of  -$3  for  six  days  a  week  is  a  little  bet- 
ter than  $85  a  month,  which  "young  ambitious  graduates 
of  technical  schools  are  eager  for."  The  graduate's  little 
sister  may  be  employed  by  the  Ford  company  or  some 
other  prosperous  manufacturing  concern  as  a  stenographer 
at  $5  per  day,  or  $125  jier  month,  or  $1,500  a  year,  which 
our  municipal  investigator — an  engineer,  too — considers 
a  little  extravagant  for  a  chief  of  party,  a  technical  grad- 
uate of  three  or  four  years'  experience,  we  will  say.  This 
is  indeed  being  wounded  in  the  house  of  our  friends. 
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Mr — (xonoral  Chittenden's  article  on  his  snL'.u'estod  30- 
mi.  tunnel  under  the  Cascade  :\lountains.  in  Enginem-ing 
Xeii's  of  Nov.  10,  is  extremely  interesting.  The  writer 
helieves.  however,  after  his  experienee  of  four  years  from 
inOl  to  1905  on  this  particuhir  division  of  the  Great 
Northern,  that  the  12-nii;  tunnel  from  Scenie  TTot  Springs 
to  Merrit  would  be  preferable. 

This  tunnel  was  first  .suggested  in  1901  by  the  late 
AY.  D.  Scott  and  was  several  times  discussed  bv  the  late 


VIEW    ox    THE    GRE.\T    .VORTHERN    RY.    .N'KAIl    WEST 
PORTAL  OF  PROPOSED  30-MILE  TUNNEL 

Alex  Stewart  and  the  writer  while  we  were  having  so 
many  snowslides  on  the  west  slope.  x\ll  of  our  snow  and 
fire  troubles  up  to  1905  took  place  between  Scenic  and 
ilerrit.  so  that  the  shorter  tunnel  would  have  served  the 
pvirpose  fully  as  well  as  the  30-mi.  tunnel.  The  writer 
still  agrees  with  Messrs.  Scott  and  Stewart  that  the  13- 
mi.  tunnel  would  be  sufficient. 

Should  the  30-mi.  tunnel  ever  be  constructed,  one  of 
the  greatest  troubles  will  be  from  excessive  water.  The 
entire  west  slope  of  the  Cascades  is  subject  to  heavy  rain- 
fall, and  during  the  winter  the  snow  falls  at  the  rate  of 
a  foot  an  hour  at  times.  Large  amounts  of  water  were 
struck  on  the  present  2.()-nii.  Great  Northern  tunnel, 
and  a  million  gallons  per  day  were  discharged  from  the 
west  porta!   when  the  writer  liuilt   the  portals  in    1901. 


There  were  no  lakes  or  creeks  anywhere  near  the  line 
across  the  mountain  over  the  tunnel. 

The  granite  of  the  Cascade  Range  is  badly  faulted ;  and 
as  the  line  of  the  suggested  30-mi.  tunnel  pa.sses  directlv 
below  many  lakes  and  mountain  torrents,  the  amount  of 
water  to  be  taken  care  of  would  be  a  serious  engineering- 
matter  and  possibly  an  actual  menace  to  traffic. 

The  accompanying  photograph  shows  something  of  the 
country  on  the  Great  Northern  line  near  Foss  Creek, 
about  where  the  west  portal  of  the  30-mi.  tunnel  would 
be  located.  Fk.vxk  B.  W.vlkek. 

84  State  St..  Bo.ston.  :\Ia£s.,  Nov.  22,  1916. 


Sir — General  Chittenden's  instructive  article  in  Engi- 
nrrring  News  of  Nov.  9.  entitled  "The  Battle  over  the 
Miami  Flood-Prevention  Plans,"  leads  me  to  present  the 
irsnlts  of  my  experience  in  another  such  battle  fought 
nnder  the  Conservancy  Act  of  Ohio. 

The  great  State  of  Ohio,  stricken  in  1913  and  1915 
bv  unexampled  floods,  is  attempting  the  part  of  a  pioneer 
ill  tile  construction  and  management  of  public  works,  al- 
thoULili  its  people  are  probably  uiu-onscious  of  this  feature 
o!'  the  situation. 

The  subject  has  thus  become  one  of  broad  general  in- 
terest. It  revives  the  great  question:  How  shall  public 
works  within  the  United  States  he  planned  and  built? 
Shall  what  has  been  called  "the  commission  habit"  be 
coiitinueil  and  a<1ded  to.  or  shall  there  be  a  permanent 
de)inrtnient  of  goverinnent — national,  state,  county  and 
)nuiii(i]ial — charged  with  the  duty  of  planning,  construct- 
Ji.g.  operating  and  maintaining  public  works? 

Whoever  drew  the  Ohio  Conservancy  Act  undoubtedly 
bail  a  difficult  task  liefore  him,  and  being  a  lawyer,  had 
liiit  few  law-making  precedents  to  guide  him.  That  he 
dill  as  well  as  he  did,  is  to  be  wondered  at;  that  the  act 
has  stood  the  te.st  of  Ohio's  Supreme  Court  as  to  its 
c  Dnstitutionality  shows  it  to  have  been  the  work  of  no 
mean  drafisman :  that  it  fails  lamentably,  as  I  shall  en- 
deavor to  prove,  in  promising  to  do  the  greatest  good  to 
1he  greatest  number,  at  a  minimum  expenditure  of  public 
money,  is  but  the  natural  result  of  an  apparent  lack  of 
a  proper  and  practical  knowledge,  on  the  part  of  the 
draftsman,  of  the  conception  and  administration  of  pub- 
lic works. 

I^et  us  briefly  review  the  act.  It  provides  for  the  ap- 
]iointment  in  any  county  of  connnissioners.  Note  that 
two  mistakes  have  already  been  made,  for :  ( 1  )  County 
lines  are  no  proper  boundary  of  jurisdiction  in  matters 
of  engineering  construction,  especially  not  for  flood  pro- 
tection;  (3)  nor  is  an  emergency  commission  of  laymen 
a  proper  body  to  oversee  to  the  best  advantage  the  de- 
sign, construction,  operation  and  maintenance  of  siich 
works. 

The  act  provides,  to  be  sure,  that  the  commission  ap- 
pointed may  enlarge  its  jurisdiction  into,  perhaps  over, 
;iiljoining  ccumties :   but   that    is   a    bungling   method   of 
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a\oi(ling  the  natural  deniaiid  for  imhuling,  in  the  case  of 
such  hydraulic  works,  in  tlie  jurisdiction  of  the  super- 
vising body,  for  engineering  and  coiistnu'tion  purposes, 
the  (Iminage  area  of  the  river  tlie  inliahitanis  of  whose 
valley  ai"e  to  be  protected  from  Hoods,  and  nothing  more 
or  less. 

That  is,  it  should  not  be  ]Missilil(>  1o  loratc  two  or  more 
independent  conservancy  commissions  witliin  the  drain- 
age area  of  any  of  Ohio's  ]>rin(ipal  I'ivers.  Some  glim- 
mering of  this  idea  appears  to  ha\e  been  present  in  the 
minds  of  the  legislators  when  it  was  provided  that  several 
conservancy  districts  might  Ijc  forced  to  unite  or  be 
united.  But  that  may  prove,  as  an  afterthought  and 
from  the  human  side  of  the  sit\uiti()n,  to  be  a  diHirnlt 
matter  to  accomplisli. 

The  law  should  operate  on  drainai/c  areas,  not  on  coun- 
ties or  on  parts  of  counties  or  on  parts  of  drainage  areas. 
The  latter  feature  has  brought  with  it  in  Ohio  the  spec- 
tacle of  nine  county  judges  sitting  as  engineers  to  test 
the  propriety  of  constructing  works  laboriously  designed 
after  three  years  of  work  by  presumalily  able  engineers 
at  a  cost  of  some  $750,000.  These  plans  have  been  made 
under  the  mandate  of  a  board  of  commissioners  appointed 
for  the  purpose  of  recommending  to  the  people  the  best 
and  most  economical  method  and  structures  for  protect- 
ing their  property  from  damage  by  floods. 

In  what  way,  it  may  he  asked,  can  these  nine  judges  be 
more  skilled  as  engineers  than  were  tlie  three  conservancy 
commissioners,  let  alone  the  engineer  whom  the  com- 
missioners employed  ?  If  the  commissioners  had  doubts 
in  the  matter,  a  numei-ous  profession  o±  consulting  eng- 
ineers could  surely  have  aided  them,  and  by  a  more 
rational  procedure  than  that  of  a  court  with  its  i)ub- 
lic  exhibition  of  questions  and  answers. 

Other  fundamental  defects  in  the  act  have  lieeii  referred 
to  and  may  be  illustrated.  On  the  Scioto  River  is  another 
conservancy  district,  for  which  has  been  made  an  able 
engineering  report  by  John  W.  Alvord.  Adopting  the 
method  of  detention  reservoirs,  he  designed  the  construc- 
tion of  two  such  reservoirs,  which  together  with  the  use 
of  two  natural  detention  reservoirs  (one  of  them"  the 
Great  Marsh,  15,000  acres,  in  Hardin  County)  would 
suffice  to  protect  the  whole  valley  from  flood  flow.  Of 
course,  such  a  grou]i  of  reservoirs  must  he  in  balance 
among  themselves  and  with  the  flood  flow  from  the 
territory  they  are  to  protect ;  but  along  comes  another 
conservancy  commission,  organized  under  the  same  Con 
servancy  Act,  but  having  for  its  jurisdiction  only  a 
small  part  of  the  Scioto  drainage  area,  and  calmly  proceeds 
to  condemn  the  Great  .Marsh  to  cease  to  operate  as  a 
detention  reservoir.  No  concern  of  theirs  that  this  woxild 
spoil  the  plans  of  the  Franklin  County  conservancy  com- 
missioners, for  they  are  looking  out  only  for  their  imme- 
diate clients  or  petitioners,  the  owners  (or  some  of  them) 
of  the  (ireat  Marsh,  who  want  the  marsh  drained. 
Incidentally  be  it  noted  that  the  proposed  drainage  plans 
do  not  even  '•conserve"  the  marsh.  (This  is  the  marsh 
near  Kenton,  Ohio,  which  a  sympathizing  public  through- 
out the  United  States  was  recently  called  upon,  by  the 
Associated  Press,  to  bewail,  because  it  was  on  fire,  and 
which  may  be  burning  yet,  as  it  did  for  weeks.)  Both 
for  purposes  of  flood  protection  and  to  "conserve"  the 
marsh,  what  is  plainly  needed  at  the  outlet  of  the  marsh 
is  a  dam,  not  a  drainage  canal,  which  latter  wcaild  aggra- 
vate the  floods  and  flood  damage  downstream  from  the 


inai'sb;  ;i  U,\\  dam.  its  crest  18  in.  or  2  ft.  below  the  gen- 
<'|'mI  lr\('l  (if  till'  marsli:  sluice  gates  and  culverts 
llirougli  or  in  it,  if  one  likes,  so  that  by  the  operation  of 
tliese  gates,  or  of  flashboards  on  the  dam,  or  of  l)oth, 
one  could  cither  to  a  sufficient  agricultural  extent  drain 
Ibc  marsh  (n-,  wheJi  necessary  (as  to  put  out  i)og  fires) 
Jlood  it ;  or  let  flood  flows  pass  by  to  the  same  amount  per 
•  lay  that  they  now  do,  and  no  more. 

I  ba\('  been  told  that  it  was  proposed  for  the  case  nanu'(l 
to  have  a  hydraulic  engineer  sit  with  the  judge  as  an 
"assesscn-,''  as  it  is  called,  to  aid  the  judge  with  his  ex- 
jiert  knowledge ;  for  evidently  in  such  a  situation  the  pre- 
siding tribunal  should  be  learned  in  the  subject  matter 
and  not  be  hampered  by  having  only  testimony,  even 
though  it  bo  "ex])ert  or  opinion  testimony,"  to  rely  upon. 
But  the  project  failed,  because  the  act  does  not  provide 
for  the  ))ayment  of  such  an  atidcus  curiae. 

I  come  back  to  the  thoughts  expressed  at  the  begiu- 
Jiing  of  this  letter.  In  the  complex  civilization  under 
which  we  live,  methods  of  constructing  the  public  work.s 
of  commonwealths  which  sufficed  in  colonial  or  pioneer 
days  no  longer  serve ;  and  to  a  still  greater  degree  is  this 
true  of  the  operation  and  luaintenance  of  such  works.  We 
are  approaching  the  day,  if  it  is  not  already  here,  when 
permanent  organizations  for  the  construction  and  care  of 
all  public  works  will  have  to  be  provided  for — in  the 
Cabinet  at  Washingtcni :  in  the  capitals  of  the  several 
states;  in  counties,  if  mic  likes:  and  in  the  municipalities 
of  the  nation.  Cle.mens  Herschel. 

New  York  City,  Nov.  25,   litKi. 
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Sir — Since  my  letter  regarding  the  (Quebec  Bridge  ac- 
ident  was  published  in  Engineering  News,  Nov.  3,  it  has 
been,  pointed  out  that  if  the  counterbalancing  effect  of 
the  dead  weight  of  the  lifting  girder  were  taken  into  ac- 
count, it  would  take  0.34  in.  instead  of  "slightly  more  than 
one-eighth  of  an  incli"'  to  make  the  top  of  the  girder 
tend  to  assunu^  a  sloi)e  of  5%.  An  eccentricity  of  %  in. 
would  procUu-e  a  moment  of  800,000  in.-lb.  As  it  would 
require  a  moment  of  1,920,000  in.-lb.  to  overcome  the  fric- 
tion (assumed  at  20%)  on  the  8-in.  pin,  above  the  rocker 
casting,  it  is  plain  that  even  if  a  %-in.. eccentricity  existed, 
some  further  turning  moment  would  be  requirecl  to  over- 
come pin  friction. 

Among  the  conditions  that  might  be  suggested  as 
possibly  producing  a  turning  moment  the  following  has 
been  mentioned :  When  the  suspended  span  was  floated 
undei'  the  cantilever  arm  and  moored  by  wire-rope  guys 
to  the  mooring  trusses,  it  is  possible  that  the  center  of 
gravity  of  the  span  might  have  been  a  foot  or  more  north 
of  a  point  halfway  between  the  jacking  girders  of  the 
north  and  south  cantilever  arms.  The  guys  at  the  ends 
might  have  been  tightened  up  with  the  span  in  this  incor- 
rect position.  Then,  when  the  chains  were  attached,  the 
pins  in  them  would  be  in  a  catenary  having  its  vertex  at 
the  point  of  attachment.  With  the  falling  tide  the  weight 
of  the  span  would  be  transferred  from  the  barges  to  the 
chains,  and  at  the  same  time  a  considerable  stress  would 
be  put  on  the  guys  to  the  north  mooring  truss.  As  the 
jacking  proceeded  and  the  span  rose,  the  giays  to  the 
north  mooring  ti'uss  would  revolve  around  their  point  of 
attachment  to  the  mooring  truss,  and  the  center  of  gravitv 
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1)1"  the  span  would  move  south  toward  the  |)oiiit  lialfway 
between  the  jacking  girders  of  the  north  and  south  sides. 
This  horizontal  movement  of  the  bottoms  of  the  hanger 
chains  would  jiroduce  bending  moments  in  the  chains  and  a 
resultant  moment  tending  to  turn  the  lifting  girders  about 
(he  K-in.  pin,  al)ove  the  rocker,  out  from  under  the  span. 
If  the  eccentricity  of  the  center  of  gravity  of  the  S))an 
be  assumed  as  ^J>  in.,  the  resulting  moment  tending  to 
overcome  friction  on  the  S-in.  pin  is  as  follows  (see  Fig. 
2).  Pin  friction  is  assumed  to  prevent  rotation  on  any 
of  the  12-in.  pins,  and  a  constant  moment  of  inei'tia  of 
the  chain  is  assumed. 
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h  to  produce  rotation  of 
■  transverse  8-in.  pins,  it 
r  inertia  of  the  i-haius. 
iced  at  llie  pin  points  in 
n.   would 


Though  this  moment  is  eiioui 
all  four  lifting  gii'dcrs  under  tin 
depends  on  constant  moment  i 
whei'eas  that  is  considerably  vnl 
the  chains,  and  a  greater  eccciitiiiity  than 
be  necessary  to  produce  rotation. 

If  the  eoetfieient  of  friction  on  the  greased  longitudi- 
nal pin  under  the  casting  be  S%  in  a  longitudinal  direc- 
tion, and  if  it  requires  about  2%  additional  to  bend  the 
centering  plates,  an  initial  eccentricity  of  41/4  in.  of  the 
center  of  gravity  of  the  s]ian  would  be  requii'ed  theoretical- 
ly to  cause  ;i  lifting  gii'der  to  sli|i  out  undci-  the  s]iaii. 
It  W(Uild  seem  that  there  would  l)e  tirst  turning  on  the  S- 
in.  pin  and  then  sliding  on  llie  IH/o-in.  longitudinal  pin. 
In  this  liy|iothesis  it  is  necessary  to  assume  some  disturb- 
ing elements  at  the  southwest  shoe,  more  serious  than  at 
the  other  jioints,  particularly  at  the  southeast  shoe. 
It  might  have  been  that  the  S-in.  pin  was  eccentric 
with  respect  to  the  lowest  12-in.  pins  in  the  chains. 
It  might  have  been  that  the  lifting  girder  did  not 
hang  plund).  It  might  have  been  that  the  casting  broke, 
though  it  was  subjected  to  less  stress  from  combined  ex- 
lernal  direct  and  bending  forces  than  it  was  at  Sillery 
Cove. 

There  were  other  forces  acting  on  all  four  points.  The 
south  end  of  the  span  was  2  ft.  higher  than  the  north  end 
and  this  rotated  the  lifting  girders  slightly.  From  the  time 
the  chains  were  attached  till  the  time  of  the  collapse  a  pos- 
sible temperature  expansion  of  21/0  in.  took  place,  pushing 
the  bottom  of  each  chain  ly^  in.  with  respect  to  the  jack- 
ing girders,  away  from  the  center  of  the  stream.  Contin- 
ual .shortening  of  the  chains  would  aggravate  turning 
moments  produced  by  these  two  circumstances,  and  in  the 
above  hypothesis  the  two  conditions  would  aggravate  the 
moments  at  the  south  lifting  girders  and  improve 
them  at  the  north  lifting  girders.  Bending  stresses 
in  the  girders,  bending  the  top  flanges  transversely,  and 
the  slight  strains  would  produce,  or  would  aggravate, 
an  eccentricity  of  the  8-in.  pin,  with  respect  to  the  12-in. 
pins. 

The  assumptions  made  in  designing  the  casting  may  be 
open  to  criticism,  but  in  dctei-mining  the  stresses  to  which 
good  castings  already  made  must  have  been  subjected  it 


would  seem  necessary  to  make  a  lenient  assumption  as  to 
the  distribution  of  the  external  forces.  The  distribution 
curve  would  presumably  be  smooth,  but  on  account  of  the 
distribution  of  the  metal  a  good  portion  of  the  load  would 
naturally  come  down  direct  where  there  was  the  most 
metal. 

If  a  snuKith  curve,  such  as  is  shown  in  Fig.  1,  be 
ass\imed  and  then  be  appidxinnited  by  the  straight  lines, 
the  i-ompnted  stresses  dnv  to  dii-ect  load,  at  Sillerv  Cove, 
would  be  20.(100  lb.  per  sq.in.  tension  at  the  root  of  the 
bracket  ami  ;5,S,00(J  lb.  pel'  si|.in.  at  the  center.  If  the 
stresses  due  to  expansion  of  the  span  (coefficient  of  fric- 
tion equal  to  8%)  be  added,  they  are  res))ectively  24,3.30 
and  44,1)50  lb.  per  sq.in.  At  the  bridge  site  the  stresses 
due  to  direi-t  load  would  be  18, 1  GO  lb.  per  sq.in.  and  35,400 
lb.  per  sq.in.  respectively  :  and  if  the  stivs.ses  due  to  bend- 


FIGS.      1      AND     2.     ROCKER- 
LOAD  AND  CHAIN  BEND- 
ING -  MOMENTS 

Fig.  2 — Before  V  is  applied 
the  12-in.  pins  are  on  the 
catenary.  If  tlie  point  x  is 
moved  3.5  in.  nortli  with  re- 
spect to  y  the  force  P  neces- 
sary to  produce  such  a  deflec- 
tion may  be  computed.  Then 
the  moment  at  y  produced  by 
F  can  be  computed 

ing  loads  (friction  equal  to 
8%,  plus  centering  plates 
equal  to  2%)  are  added, 
they  would  be  22,950  lb.  per 
sq.in.  and  43,200,  lb.,  per 
sq.in.  respectively.  The 
above  stresses  are  high,  but 
fiom  a  consideration  of  the 
tensile  strength  of  cast  steel, 
which  varies  from  33,000  in 
1)9.000  lb.  per  sq.in.,  and  of 
the  tests  on  cast  iron,  sum- 
marized in  Johnson's  "Ma- 
terials of  Construction"  in 
Table  XXIV,  p.  478,  where 
c-ast  iron  varies  in  tensile 
strength  from  12,688  to  32,- 
821  lb.  per  sq.in.,  and  in  cross-bending  from  25,820  to 
47,'('10  lb.  per  sq.in.,  it  would  seem  that  good  rocker  cast- 
ings would  be  able  to  withstand  the  above  computed 
stresses,  especially  if,  as  many  would  believe,  the  root  of 
the  bracket  is  practically  the  weake,«t  point.  If  the 
southwest  rocker  was  faulty  and  contributed  to  the  fail- 
ure, it  would  seem  probable  that  cracks  had  started  at 
Sillery  Cove,  though  they  might  be  invisible. 

Possibly,  some  of  the  foregoing  might  be  the  occasion 
of  bringing  out  facts  that  would  throw  light  on  the  cause 
of  the  disaster.  Robert  S.  Foulds. 

Phoenixville,  Penn.,  Nov.  9,  19 IG. 
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ar^es  foff"  Use  of  Se^'yeirs 

Hir — Oh  page  512  oi  Enyineerlng  News  of  Sept.  14. 19l(), 
you  published  some  eilitoiial  ooiiiments  on  "Making  Water 
Consumers  Pay  for  Sewer  Serviees"  and  quoted  a  state- 
ment by  George  G.  Earl,  of  New  Orleans,  to  the  effect 
that  sanitary  sewers  are  merely  carrying  off  the  water 
that  the  water-works  bring  in. 

1  f  the  water  consumer  is  to  pay  tlie  cost  of  sewerage 
as  well  as  of  water-works  service,  then  the  charge  for  the 
water  should  be  so  prd])ortione(l  that  every  water  taker 
])ays  in  part  for  the  sewei-age  service.  This  is  nnjust  to 
water  takers  wlio  do  not  liave  a  sanitary-sewer  service,  and 
also  to  such  residents  as  use  the  city  water  for  sprinkling, 
inannfactnring,  etc.  1  presume  that  one  of  the  reasons 
lor  not  charging  for  sewer  service  is  the  lack  of  a  medium 
to  measure  the  li([uids  run  into  the  sewer.  With  a  100% 
metered  water-supply,  as  in  Manila,  this  difficulty  is,  how- 
ever, done  away  with. 

Seven  years  ago  the  writer  drew  np  an  ordinance  for 
the  new  sewerage  system  of  Manila,  establishing  a  sewer- 
age charge  based  on  the  amount  of  water  entering  the 
property  through  the  meter,  e.xcept  that  for  water  not 
reaching  the  sewer  a  separate  meter  might  be  installed, 
on  which  no  sewerage-service  charge  would  be  nuide. 
There  were  a  few  objections  when  the  ordinance  was 
first  enacted,  the  chief  one  being  that  the  price  of  water 
had  been  raised.  After  a  few  explanations  the  Justice  of 
the  charge  was  accepted.  This  ordinance  has  been  in  ex- 
istence since  1909  and  has  given  satisfaction  and  jus- 
tice to  all  served. 

In  1915  I  was  passing  through  Honolulu  and  saw  a 
sign  in  the  City  Hall  window,  "Sewerage  charges  due." 
I  called  on  the  superintendent  to  learn  the  basis  of  the 
charges.  He  stated  that,  not  having  universally  metered 
services,  they  charged  various  prices  for  various  kinds  of 
services  and  that  there  always  was  considerable  argu- 
ment with  the  residents  as  to  the  classification.  I  believe 
that  with  some  little  study  a  just  arrangement  can  bo 
made  to  charge  for  this  service,  even  if  there  are  no 
meters.  A.  Gideon, 

Suiierintendent  of  Water-Supply  and  Sewers. 

Manila.  P.  I.,  Oct.  25,  191(i. 
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Sir — As  a  contribution  t(i  the  (lurciit  discussion  of 
ihe  comparative  cost  ol  mill  building  and  concrete  con- 
struction, I  append  a  comparison  of  the  estimated  cost 
of  a  combination  steel  skeleton  and  wood  joist  Iniilding, 
and  an  alternate  design  of  reinforced-concrete  skeleton 
constrnction  for  the  same  l)uilding.  which  was  located  in 
Wilmington,  Del. 

The  dimensions  of  the  building  were  45x65  ft,  in  plan 
for  two  floors  and  roof,  with  a  wing  16x60-ft.,  one  floor 
and  roof.  The  plans,  as  drawn  by  the  architect,  showed 
steel  columns  and  girders  with  wood  joists,  flooring  and 
wood  lath.  The  walls  were  12x8-in.  hollow  tile  with 
stucco  finish  ontside.  I  made  a  redesign  of  the  structural 
part  of  the  building,  keeping  the  same  architectural  effect 
as  originally  shown,  substituting  reinforced-concrete  col- 
umns and  floors  and  metal  lath  for  the  wood  lath.  This 
redesign  was  a  thoroughly  fireproof  building,  wdiile  the 


original   was   not.      'I'he   itemized   costs  arc  given   in   tli - 
acconi|)anying  table. 

The  total  area  of  the   llooi>  and    n»ol'  is    10,(i95  sq.ft., 
making  a  cost  of  $;i.2.'i  jicr  sq.ft.  for  original  design,  as 

COMPARATIVE  COSTS  OF  MILL-BUILDING  AND  REINFORCED- 
CONCRKTK  DESIGN   FOR  SAME  STRUCTURE 


Poniiit,  bonds,  insurancn,  shorinf]:,  pumpinn,  fo 
watchman,  niisccUunoous  expenses,  etc. . , 


Millwork 

Car|)enter  labor. 

Demolition,  excavation  and  sto 


ckworli. 


Cut  stone. 

Orniimental  terra-cotta  w  c 

Structural  steel 

Reinforced  concrete  and  a 

Ornamental  iron 

Dahlstrom  door 

Ash  hoist 

Stair  work  (wood) 

Tile . 

Weather  stripping 

Roofing  and  sheet  metal . . 

Plastering 

Hardware. 

Painting  and  glazing 


iriKiiial 

Redesign 

$2,9% 

$2,985 

1,507 

987 

2,500 

2,500 

3,095 

2.595 

2,854 

2.854 

5,337 

4,337 

33! 

331 

1.858 

1,858 

4.759 

2,600 

6,569 

874 

874 

288 

288 

2,998 

3.100 

618 

618 

984 

984 

$34,521         $31,802 

against  $2.97  per  sq.ft.  for  the  redesign.     This  shows  :i 
saving  of  7.9%  in  favor  of  reinforced  concrete. 

The  table   is  compiled    with   actual    sub-bids    received 
and  used  in  the  make-up  lA'  the  estimate. 

Louis  Muhlhausen. 

1029  Brown  St.,  Philadelphia,  Penn.,  Dec.  1,  1916. 
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The  Steel  r'olnmn  Form.s  used  in  the  American  Tool  Works' 
building  at  Cincinnati  described  in  "Engineering  News."  Nov. 
23.  1916,  p.  991,  were  for  the  most  part  furnished  b.v  the  Blaw 
Steel  Construction  Co..  Pittsburgh,  Penn.  The  Hodges  form, 
described  in  the  article,  was  used  only  for  some  special  lo- 
cations. 

The  «;alveston  (iiuHewiij-  decision  report  on  p.  1153  of 
"Engineering-  News,"  Dec.  14.  1916,  was  slightly  in  error 
when  it  said  that  a  "Board  of  Engineers  is  to  decide  upon  the 
proper  structure."  This  Board  originally  had  the  decision  to 
make,  but.  not  being  able  to  agree,  called  in  the  Board  of 
Arbitration  and  agreed  to  abide  by  the  decision  of  .at  least 
two  out  of  the  three  arbiters.  The  unanimous  report  of  these 
arbiters,  as  noted  in  the  last  issue,   is  therefore  final. 

Sin^le-Traek  Cimcrete  RoailN  n'ith  Turnouts — A  corres- 
pondent wishes  infoi-mation  on  highway  practice  where  nai'- 
row  concrete  pavements  have  been  used  with  provision,  .sa\- 
every  500  ft.,  for  an  additional  width  of  6  ft.  for  a  length  of 
40  ft.,  to  be  used  as  a  turnout.  Data  are  also  wanted  on  the 
advisabilit.v  of  constructing  concrete-paved  road--^  without 
shoulders.  "Engineering  News"  will  be  glad  to  receive  in- 
formation from  engineers  who  have  had  exijerience  with 
these  types  of  road  construction. 

PosItion-LiKht    SiisnaiN    »ii    the    PeiiuHylvaiiin    R.R. — In    the 

article  on  the  new  position-light  signals  of  the  Pennsylvania 
R.R.,  in  "Engineering  News."  of  Nov.  9,  the  ope!"ating  voltage 
was  stated  incorrectly.  The  signals  are  operated  with  11- 
volt  current  by  day  and  6-volt  current  at  night.  The  day 
voltage  is  used  on  foggy  nights.  The  terni  "signal  track" 
tunnel  (on  page  S7S)  is  an  obvious  typographical  error  for 
"single-track"  tunnel.  The  explanation  (on  page  877)  of  the 
signal  indications  in  the  photographic  view.  Fig.  2,  is  also 
incorrect,  due  to  the  fact  that  no  explanation  was  sent  with 
the  photograph.  It  was  assumed  that  this  was  the  equivalent 
of  a  two-arm  home  and  distant  signal  system,  but  as  a  matter 
of  fact  it  is  a  three-position  system.  The  description  should 
read  as  follows:  "In  this  view  the  east  train  has  just  set  the 
right-hand  signal  at  'stop.'  The  left-hand  signal  indicates 
•proceed  prepared  to  stop  at  next  signal'  (one  block  being 
clear).  When  the  train  passes  out  of  the  second  block,  the 
bottom  row  will  show  vertical  with  top  row  diagonal,  giv- 
ing indication  'proceed,  prepared  to  pass  next  signal  at  me- 
dium speed.'  When  the  third  block  is  clear  the  top  row  will 
be  vertical  and  bottom  row  horizontal,  indicating  'proceed.' 
The    blocks    here    are    3,500    ft.    long." 
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Oire^OBa  PoirtEsiEtidl  GeinnieEiitI  Coo 

By  I).   C.    l-'i.Mii.Av* 

Oil  .hiiie  1,  1!)U;,  llic  On-dii  I'Dilhiiid  Ccinnit  Oo. 
made  tlu'  first  barrel  of  cenieiit  ever  iiianuractureil  in 
Orc^'on.  The  plant  is  located  at  Oswego,  Ore.,  approxi- 
mately eight  miles  .soiitli  of  Portland  on  the  Southern 
I'acifu-  and  on  the  banks  of  the  Willamette  Tfiver, 
tliiis  affording  alternative  transportation  of  the  finished 
prodiut.  In  equipping  the  plant  all  the  most  modern 
features  of  cement  manufacture  have  been  adopted,  and 
every  effort  has  been  made  in  scrim'  a  dustless  plant. 
That  it  is  a  really  dustless  phint  can  readily  be  appre- 
ciated when  it  is  stated  thai  the  nhotographs  here 
repi-odiiccd  were  taken  when  the  plant  was  running  full 
blast,  and  only  a  faint  trace  of  vapor  is  noticeable  from 
the  to|i  of  the  stack  shown  on  .some  other  jjliotograiihs  of 
the  exterior  taken  at  the  same  time  but  nut  reproduced 
licrc. 

The  entire  construction  is  dl'  rciiifnrccd  concrete,  even 
including  the  roofs,   iiractically  eliminating  depreciation 


I'^lcctric  and  .Manufat'turing  Co..  of  East  I'ittshurgh, 
I'l'iin.,  and  was  installed  by  the  (•(■mciit  cnnipany. 

Ill  the  manufacture  of  cement  at  this  plant,  two  kinds 
III'  rock  arc  used — lime  rock  from  Eoseburg,  Ore.,  running 
aliout  96%  CaCO.j;  and  a  cement  rock  from  Dallas,  Ore., 
running  about  GO%i.  This  rock  is  first  fed  to  a  No.  7y2 
Austin  gyratory  crusher  driven  by  a  75-hp.  squirrel-cage 
induction  motor.  It  is  then  elevated  aiid  stored  in  10 
circular  reinforeed-concrete  storage  bins  G9  ft.  high  and 
"22  ft.  in  diameter,  with  6-in.  walls.  The.se  bins  hold 
1 2. (too  tuns.  From  the  bins  the  reek  is  elevated  by  a 
licit  c(in\cyor  and  discharged  into  feed  bins  over  the 
kiimiiiuicr.  In  this  mill,  which  is  driven  by  a  150-h|). 
iiiiilnr  with  "Lenix""  drive  (a  short  belt  with  a  ball- 
liearing  idler  in  a  counterweighted  frame),  the  propoi- 
tioning  of  the  two  rocks  is  done  by  two  automatic  feeders 
discharging  into  the  kominuter,  into  which  a  stream  of 
water  is  also  fed. 

The  final  grinding  is  done  in  two  cylpeb  tulie  mills 
using  small  steel  cylpebs  and  driven  by  2ilO-hp.  motors. 
also  with  ■•Lciiix"  drives.  The.se  mills  take  their  feed 
from   a    reinforced-i-oncrete  feed   trough   built   as   a    unit 
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FIO.   1.     GENKRAI,  VIEW  OF  OREGON  PORTLAND  C'liMENT  HLANT  AT  OfiWEGO.   ORE 
Looking  east,  showing  210-ft.  l<iln  and  plant  location  on  banks  of   Willamette  River 


and  lire  hazard.  Becau.se  of  the  ccdiiomical  layout  of 
the  plant  only  40  men  are  required  to  npcratc  it.  wliidi 
is  considerably  below  the  average  iinmiicr  required  for 
the  ordinary  1,000-bbl.  plant.  Further,  while  this  is 
normally  a  1,000-bbl.  plant,  1,200  bbl.  a  day  are  being 
steadily  turned  out  and  sometimes  as  many  even  as 
1,;500  bbl.  Another  feature  is  that  one  barrel  of  cement 
is  obtained  for  each  8.4  gal.  of  crude-oil  fuel,  which  is 
considerably  below  the  average. 

This    plant   uses   electric    drive    entirely.      The    entire 
electrical   equipment  was  supplied  by   the  Westinghouse 


with  the  floorbeams  and  havinij'  an  auitatiiiL;'  shaft  and 
]iadd!es. 

Three  circtilar  correcting  basins  '34  ft.  in  diameter 
pennit  the  chemist  to  vary  his  feed  until  he  gets  76. B% 
CaCOg  when  mixed  in  the  agitating  basin  below.  An 
air-lift  jmmjiing  system  is  used  for  pumping  the  slurry 
over  to  a  2,000-bbl.  reinforeed-concrete  storage  basin 
under  the  kiln.  This  basin  is  built  partly  above  and 
partly  below  ground.  It  is  26  ft.  deep,  and  the  kiln  piers 
are  part  of  the  structure.  The  plant  is  unique  in  that 
lium|is  have  been  discarded  for  feeding  slurry  to  the 
kiln ;  a  double  reinforeed-concrete  continuous  bucket 
elevator  is  used.     The  slurrv  stamls  at  the  same  level  in 
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till'  elevator  as  in  the  basin  and  exei'ts  a  great  pressure 
on  tlie  walls.  This  elevator  has  proved  very  eeonomical, 
as  it  requires  little  attention  and  is  mueh  cleaner  than 
pumps. 

A  nieehanieal  feeder  lifts  out  a  dcliiiik'  amount  of 
slurry  at  each  revolution  and  feeds  il  into  the  rotary 
kiln, "which  is  210  ft.  long  by  9  ft.  and  10  i't.  in  diameter, 
being  the  largest  kiln  on  the  Pacific  Coast.  It  rests 
on  live  tires  and  weighs  about  500  tons.  It  is  driven 
by  a  75-hp.  variable-speed  motor  located  under  the 
burners  control.  Crude  oil  is  used,  with  air  ai  "i  lb. 
pre.ssure  for  atomizing  (Fig.  5).  The  kiln  is  rated 
at  1,000  bbl.;  but  as  previously  stated,  it  easily  prodiu'cs 
1.200  bbl.  per  day  and  requires  only  two  men  to  operate 
it  on  each  shift. 

The  clinker  is  cooled  by  a  Smidth  horizontal  pressure 
fooler,  using  a  blast  of  air  from  a  12-ft.  diameter  pressure 
fan.      Another   novelty   in  this   plant  is  the   method   of 


choke  coils  and  Locke  higb-voltagc  roof  insulators  to  a 
high-tension  bus  suspended  by  disk  insulators  fnini  the 
concrete  roof  slal).  The  high-tension  bus  and  all  the 
57,000-volt  wiring  consist  of  1/2"'"-  galvanized  conduit 
instead  of  co]i])er  tubing,  greatly  reducing  the  cost  of 
insulation.  All  joints  in  the  conduit  were  cleaned  with 
gasoline  and  the  couplings  sweated  to  the  pipe,  insuring 
as  good  conductivity  as  the  pipe,  which  has  sufficient 
carrying  capacity  for  the  high-tension  current.  Taps  are 
taken  olT  this  bus  to  three  single-pole  knife  switches 
leading  to  high-tensioii  .series  relays  mounted  vertically 
on  insulatoi's.  The  low-vo!tag(>  relays  are  mounted  hori- 
zontally on  a  6-in.  channel  and  are  operated  by  means  of 
insulating  links.  The  latter  are  Gfi  in.  long,  but  the 
channel  is  provided  with  adjusting  screws  to  regulate  the 
exact  length  of  the  links  for  tripping.  These  relays  have 
inverse  time  limits  operated  by  bellows,  which  prevent 
them  from  short-eireuiting  the  magnet  coil  employed  for 


FIGS.   2  AND  3.    INTERIOR  VIEWS  IN  SUBSTATION  OF  MILL 

Showing"  in  left  view  two  l.OOO-k.-va.  tliree-]3ltase  transformers  disconnect- 
ing switches  and  high-tension  Ijus.  and  in  riglit  view  switchboard  and  bus 
structure 


FIG.    4.    VIEW   OF   CENTRALIZED 

CONTROL    IN    FINISHING 

DEPARTMENT 

One   operator  controls  large  part  of  plant 


handling  the  clinker,  using  No.  480  drag  conveyor  chain 
in  a  cast-iron-lined  reinforced-concrete  trough  aiul  dis- 
charging into  a  reinforced-concrete  elevator  leg  from 
which  a  belt  conveyor  takes  it  to  circular  storage  bins 
holding  6,600  bbl.  each.  In  this  condition,  as  soon  as 
the  clinker  is  ground  fine  enough,  it  becomes  the  finished 
cement.  A  kominuter  and  a  22-ft.  tube  mill  in  the  grind- 
ing department  grind  1,200  libl.  per  day  with  two  men 
on  each  shift  of  12  hr.  each.  The  kominuter  is  driven  by 
a  150-hp.  nu)tor  with  "Lenix"'  drive.  The  tube  mill  is 
driven  by  a  250-hp.  motor  with  "Lenix"'  drive.  While 
the  use  of  "Lenix"  drive  is  not  new,  this  is  a  notable 
installation  in  that  the  motor  drives  the  tube  mill  through 
a  24-in.  belt  with  only  a  7-ft.  distance  from  center  line 
of  driving  pulley  to  center  line  of  driven  pulley. 

From  the  storage  Ijins,  which  are  of  reinforced  concrete, 
the  cement  is  drawn  off  and  packed  into  sacks  as  required. 

Substation  and  Equipment 

Power  for  operating  the  plant  is  ptirchased  from  the 
Portland  Railway,  Light  and  Power  Co.,  on  a  basis  of 
maximum  demand  for  a  20-min.  peak.  It  is  received 
from  the  company's  transmission  line  as  three-phase 
60-cycle  57,000-volt  current  thi'ough  a  three-pole  air- 
break  60,000-volt  switch  mounted  on  a  two-pole  structure 
8  ft.  from  the  rear  of  the  substation  wall.  The  power 
enters    the    substation    tlirough    aluminum    outdoor-type 


keeping  a  60.0()0-volt  oil  circuit-breaker  in  closed  jiosition. 
The  magnet  coil  also  has  a  snap  switch  on  the  back 
of  the  board  in  its  circuit,  to  enable  the  operator  to  trip 
the  switch  from  the  board  when  desired. 

Disconnecting  switches  mounted  on  the  back  of  the 
same  structural-steel  framework  over  the  circuit-breaker, 
which  supports  the  relays,  connect  to  a  transfer  bus 
suspended  from  the  roof.  From  this,  taps  are  taken  to 
two  tliree-25ha.se  l,000-kv.-a.  water-cooled  transformers 
(Fig.  2),  which  step  down  the  current  from  57,000  to 
480  volt.  They  are  Y-connected  with  grounded  neutral 
and  have  four  high-tension  ta]is.  Only  one  transformer 
is  used  at  a  time,  the  other  being  held  as  an  emergency 
spare,   disconnected  from  the  line  on  both  sides. 

Tlie  power  leaves  the  transformers  through  cables  that 
drop  through  fiber  bushings  into  the  basement  and  pass 
through  a  novel  type  of  disconnecting  switch,  consisting 
of  two  3-pole  1,500-amp.  rmfused  knife  switches,  with 
quick-break  clips,  mounted  face  to  face  in  the  ends  of  a 
steel  cabinet  supported  on  a  concrete  slab,  which  in  turn 
is  on  piers  about  5  ft.  from  the  floor.  The  bottoms  of 
the  switches  are  tied  together  with  heavy  copper  straps, 
and  the  busbar  copper  rises  vertically  from  the  middle 
of  this  through  sjate-protected  openings  in  the  top.  The 
main  busbar  then  passes  horizontally  under  the  floor- 
beams  through  the  floor  and  directly  to  the  switchboard 
disti'ibution  busliai-s. 
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();il)l('-typc  euri'ciit  Iransroriiicrs  nrc  iiuiuntcd  on  the 
vertical  rise  of  the  l)iisl)ar  on  an  iruu  frame  that  supports 
both  tlip  power  c-onipanv's  and  the  cement  company's 
1i-!insronners.  The  set'ondarv  londs  ar(>  taken  in  conflnit 
tlirouirli  the  floor  and  directly  t(i  tlic  Imttdin  of  tlie 
tiitalinji-  panel  on  tlie  switi'hboard.  I'utential  transformers 
for  operating-  the  control  cii-ciiit  of  tlie  curve-drawing 
wattmeters  are  mounted  under  tlie  floor  slab  in  the  base- 
ment, directly  below  the  switchlioard. 

On  accnunt  of  inability  to  procure  solid  liusbar  copper 
ill  Portland  or  vicinity  the  expedient  of  taping  together 
twenty  Xn.  1  solid  bai-c  coppei'  wires  into  a  busbar  \va,s 
adopted,  connecting  them  at  all  angles  with  red-brass 
eastings  having  the  wires  securely  soldered  in. 

The  substation  is  protected  by  a  bank  of  four  tank 
electrolytic  aluminunnell  lightning  arrestei's,  mounted 
inside  tlie  station,  but  with  horn  gaps  and  transfer  switch 


PIG.  5.    END  VIEW  OF  KILN,  SHOWING  CRUDE-OIL  FEED 

on  the  roof.  These  arresters  are  charged  three  times 
a  day.  A  uniqu.e  feature  of  the  substation  is  that  a 
private  telephone  system  is  installed  for  eomnmuicating 
directly  with  the  load  dispatcher  in  Portland. 

Thelighting  load  is  handled  by  two  10-kw.  440—110- 
\clt  transformers  in  open  delta  in  the  basement,  con- 
nected to  10  single-pole  knife  switches  mounted  on  the 
lighting  panel,  each  switch  controlling  one  deiiartment 
in  the  plant. 

Layout  of  .Switch hoai!I) 

The  switchboard  is  divided  into  nine  panels  (Fig.  3). 
Xatural  black  slate  is  used,  and  the  oil  switches  are 
mounted  on  a  framework  and  operated  by  bell  cranks, 
with  levers  under  the  floor,  leaving  a  clear  passage  behind 
Ihe    board.        Single-pole    unfused    knife    switches    are 


niounled  lietwci'ii  the  busbars  and  the  oil  switch  on  each 
panel,  so  that  each  department  of  the  plant  can  be  cut 
clear  of  the  board  without  disturbing  any  of  the  remain- 
ing circuits.  Current  transformers  on  the  two  outside 
legs  of  each  circuit  are  used  for  the  indicating  and 
integrating  wattmeters  on  each  panel.  By  means  of  these 
instruments  a  record  is  kept  each  day.  Tlie  totaling  panel 
has  the  following  instruments  mounted  on  it:  An 
ammeter  with  a  3,000-ainii.  scale,  an  ammeter  for 
measuring  all  three  phases,  an  indicating  wattmeter,  a 
power-factor  meter,  a  voltmeter,  a  Bristol  recording 
voltmeter  and  two  curA^e-d rawing  wattmeters — one  belong- 
ing to  the  power  company  and  the  other  to  the  cement 
(ompany,  one  meter  checking  against  the  other.  The 
[lower  company  also  has  an  integrating  wattmeter 
mounted  on  the  back  of  the  board. 

DisTiiimTTON,-  oi-  Power 

The  entire  distribution  system  is  underground.  A 
main  cable  tunnel  runs  the  entire  length  of  the  plant 
and  is  taken  off  to  the  various  departments.  All  power 
and  lighting  cables  pass  directly  from  the  switchboard 
into  a  cable  tunnel  that  runs  in  the  fonn  of  a  T  for 
.'lOO  ft.  The  lieavy  power  feeders,  varying  from  400,000 
to  1,000.000  circ.mil,  are  carried  on  insulators,  supported 
by  galvanized-iron  pipe  frames  built  into  the  concrete 
walls  of  the  tunnel,  which  is  waterproof  and  is  5  ft.  wide 
bv  5  ft.  high.  All  remaining  power  and  lighting  circuits 
are  in  conduit  carried  by  the  pi^je  frames,  the  entire 
•;vstem  insuring  absolute  safety  against  interruption  of 
•service.  All  service  ta]is  are  taken  off  in  conduit,  buried 
in  the  concrete,  directly  to  the  distributing  compensator 
structure  in   each   dejiartment. 

Each  department  of  the  jilant  has  all  starting  com- 
pensators assembled  together  on  a  structural-steel  frame 
from  which  the  various  motor  circuits  radiate  in  conduit. 
Dustproof  compensators  were  used  throughout,  having 
conduit  entrance  and  outlet  bushings.  Each  compensator 
is  provided  with  an  ammeter  for  all  sizes  above  75  hp. 

The  main  circuit  from  the  cable  tunnel  forms  a  busbar 
running  horizontally  above  the  system,  from  which  ta])s 
are  taken  through  three-pole  knife  switches  in  s'teel 
cabinets,  whose  functions  are  to  disconnect  each  motor  for 
re]iairs  or  when  not  in  service. 

A  novel  feature  of  the  installation  is  that  every  motor 
lias  a  60-volt  snap  switch  located  directly  at  the  motor 
and  connected  to  the  low-voltage  release  coil  of  the  com- 
])eiisator  by  Xo.  14  duplex  cable,  so  that  the  operator 
ran  ojien  this  lircuit  and  shut  down  the  motor,  without 
taking  time  to  go  to  the  board,  in  case  of  emergency. 
This  system  of  concentrated  control  permits  one  operator 
to  stop  or  start  some  TOO  hp.  in  motors  without  moving 
more  than  10  ft.,  and  in  a  verv  short  time   (Pig.  4). 

H.  P.  Butchart,  Victoria,  B'.  C,  is  President  of  the 
company,  and  L.  C.  Xewlands,  SuiJerintendent.  The 
entire  civil,  electrical  and  mechanical  construction  was 
designed  and  supervised  by  the  author. 


The  I.enil-Drillins  Beetle,  described  in  "Engi-ieeiing  New.s" 
of  iS'ov.  li.  laiu,  p.  1006.  is  still  doing  seriuus  damage  on 
telephone  lines  in  California.  In  Pomona,  Calif.,  on  Sept.  30. 
when  the  first  rain  of  the  season  fell,  more  than  50  lines  of 
the  local  telephone  company  were  put  out  of  service  by  short- 
circuits  in  an  hour.  The  beetle  bores  holes  through  the 
lead  armor  of  the  telephone  cable;  when  rain  comes,  moisture 
enters  the   interior  of  the   cable   through  the  holes. 
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Tlie  annual  report  of  tlie  American  International  Cor- 
poration, organized  in  A'^ew  York  City  a  year  atjo,  is  of 
especial  interest  to  engineers  because  of  the  number  of 
prominent  engineers  in  its  organixation  and  because  of 
Ihe  notable  engineering  enterprises  which  it  has  under- 
taken. The  president,  Charles  A.  Stone,  is  widely  knowii 
from  his  connection  with  the  firm  of  Stone  &  Webster, 
and  on  its  Board  uf  Directors  are  such  prominent  engi- 
neers as  William  L.  Saunders,  Guy  E.  Tripp.  Edwin  S. 
Webster  and  Henry  S.  Pritchctt. 

It  was  announced  at  the  organization  of  the  company 
that  its  principal  purpose  was  to  enlist  American  capital 
in  the  development  of  enterprises  in  foreign  countries. 
Since  the  company  was  organized.  Dee.  1.  101  (5,  there  have 
been  1.230  propositions  submitted  to  the  company  for 
consideration. 

These  propositions  were  distributed  among  dif- 
ferent parts  of  the  world  as  follows :  Africa,  29 ; 
Alaska,  4;  Asia,  73 ;  Australia,  10;  Canada,  11;  Central 
America,  47;  Europe,  2.")6 ;  Mexico,  26;  South  America, 
347;  United  States,  326;  West  Indies,  71.  The  proposi- 
tions were  classified  as  to  their  nature  as  follows  :  Agricul- 
ture, including  irrigation,  drainage,  timber,  sugar,  cattle, 
etc.,  143;  commerce,  13;  financing,  90;  manufacturing, 
201;  merchandising,  139;  mining,  IS.i;  |iublic  utilities, 
137;  railways,  terminals,  telephones,  332.  Of  the  1,230 
propositions  received,  917  were  declined,  and  313  liaxe  not 
yet  been  disposed  of. 

Among  the  enterprises  which  the  company  has  actually 
undertaken  are  the  contracts  for  building  water-works  and 
sewerage  systems  in  the  towns  of  Salto,  Paysanbu,  and 
Mercedes,  Uruguay.  This  work  was  undertaken  Jointly 
with  the  firm  of  Messrs.  Stone  &  Webster  and  the  Ulen 
Contracting  Co.  It  has  been  agreed  to  take  $4,000,000  in 
6%  gold  bonds  of  the  Uruguay  government  iii  jiayment 
for  this  work,  which  is  now  well  under  way  and  will  be 
completed  during  the  coming  year.  There  is  other  busi- 
ness of  a  similar  nature  pending  both  in  Uruguay  and  in 
Argentine.  Such  enterprises  can  be  nndertaken  advan- 
tageously whenever  it  is  possible  to  sell  such  bonds  in  the 
United  States. 

To  investigate  propositions  in  South  America,  the 
Latin-American  Corporation  has  been  formed  in  conjunc- 
tion with  the  firm  of  Stone  &  Webster  to  investiaate  con- 
struction propositions  in  South  America  and  properly 
supervise  the  work  during  construction.  The  officers  of 
this  company  are  made  up  in  part  from  the  engineering 
force  of  Stone  &  Webster.  An  expedition  to  investigate 
opportunities  in  South  America  sailed  from  Xew  York  on 
."'uly  29  last,  and  on  its  return  to  the  United  States  it  is 
expected  that  some  undertakings  will  be  entered  into. 

In  the  field  of  ocean  transportation  the  American  Inter- 
national Corporation  has  secured  control  of  the  Pacific 
Mail  Steamship  Co.,  and  has  acquired  a  large  interest  in 
the  United  Fruit  Co.,  the  International  Mercantile 
Marine  Co.,  and  the  Xew  I'ork  Shipbuilding  Co.  It  has 
also  organized  the  American  International  Terminals 
Corporation  to  undertake  the  study  of  terminal  problems 
at  the  port  of  Xew  Y'ork  and  nltimately  develop  an  organ- 
i/iation  for  the  construction  of  terminals,  jiort  works  and 
harbor  facilities  in  other  places. 


In  connection  with  various  contracts  projjosed  in  Chin.i, 
l)articularly  for  railway  construction,  the  China  Corpora- 
tion aiul  the  Siems-Carcy  T?aihvay  and  Canal  Co.  were 
organized  in  July  last.  Mr.  Carey,  of  the  Sieni.s-Carey 
Co.,  of  St.  Paul,  Minn.,  and  a  group  of  engineers  and 
experts  have  been  in  China  since  August.  The  company 
has  advanced  to  the  government  of  C'hina  .$.')00,000  to 
make  surveys  and  other  investigations  for  railways  to  be 
built  under  the  contract.  The  work  in  China  is  in  charge 
of  Willard  B.  Straight,  vice-president  of  the  Ameri- 
can International  Corporation,  formerly  connected  with 
the  firm  of  J.  P.  Morgan. 

The  company  is  investigating  vari(Uis  opportitnities  for 
business  in  Eussia,  and  on  Aug.  31,  1916,  Frederick  liol- 
brook,  head  of  the  ITolbrook,  Cabot  &  Rollins  Corporation, 
was  chosen  vice-president  of  the  American  Internationa' 
Corporation  to  represent  its  interests  in  Petrograd.  An 
office  has  been  o]iened  in  Petrograd  and  a  thorough  inves- 
tigation is  now  bring  made  »<  two  or  three  imjiortant 
matters  with  tlie  aid  of  American  experts. 


In  imitation  of  the  association  of  the  four  national 
engineering  societies  (the  United  Engineering  Society) 
the  various  student  engineering  societies  of  Columbia 
I'niversity  have  organized  the  United  Engineering  So- 
cieties of  Columbia  University.  This  is  managed  by  a 
board  similar  to  the  Board  of  Trustees  of  the  United 
Engineering  Society. 

The  fir.st  meeting  arranged  under  the  auspices  of  the 
new  society  was  a  smoker  on  the  evening  of  Dec.  14,  at 
which  Calvin  W.  Rice,  secretary  of  the  American  So- 
ciety of  Mechanical  Engineers;  H.  H.  Xorris,  associate 
editor  of  the  Electrical  World:  Charles  Butters,  mining 
engineer  and  metallurgist,  and  Herman  A.  ^letz,  former 
comptroller  of  the  City  of  New  Y^ork  and  a  prominent 
manufacturer,  were  the  guests  and  sjteakers  of  the  eve- 
ning. 

Both  Iklessrs.  Butters  and  Metz  talked  chietly  in  the 
.--train  of  personal  reminiscences;  when  a  .successful  engi- 
neer or  manufacturer  tells  intimately  the  steps  and  in- 
cidents wdiich  have  led  to  fame  and  fortune,  the  talk  is 
sure  to  be  interesting,  and  judged  by  this  meeting,  highly 
instructive  and  inspiring  to  a  body  of  engineering  stu- 
dents. 


SliiittiDK  Donn  Portland  Cement  KUno  on  Sunday  was  the 

suViject  of  a  paper  presented  by  G.  F.  Brown  to  the  Portland 
Cement  Association  at  its  annual  meeting  on  Dec.  12.  The 
Alpha  Portland  Cement  Co.  began  shutting  down  its  cement 
kilns  on  Sunday  in  June  last  and  has  continued  the  practice 
ever  since.  After  trying  shutting  down  with  the  kilns  empty 
and  loaded,  it  has  been  found  best  to  shut  down  the  kilns  with 
the  load  in  them.  It  is  found  that  the  output  per  day  for  the 
days  in  operation  has  increased  slightly  over  the  output  w'hen 
tlie  kilns  are  run  for  the  whole  week.  While  it  is  theoretically 
correct  to  say  that  it  costs  more  to  manufacture  cement  with 
the  Sunday  shutdown,  the  cost  records  do  not  as  yet  show  any 
material  increase.  There  does  not  appear  to  be  the  slightest 
change  in  the  quality  of  output.  The  kiln  linings  do  not  last 
quite  as  long,  but  the  cost  of  repairs  appears  to  be  lower. 
Though  the  wages  per  week  are  lower,  since  the  wages  paid 
are  for  si.x  days'  work  instead  of  for  seven,  the  workmen  are 
satisfied  with  the  change. 
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Progressive  methods  were  used  in  erectiu.i;  the  ji'reat 
channel  span  of  the  JVIctropolis  Bridj;e  o\er  the  Ohio 
River,  on  the  new  Raducali  &  Illinois  R.R.  of  the  Chi- 
cago, Burlington  &  Quiney.  The  span  is  730  ft.  long 
between  centers  of  end  pins.    Tliough  the  trasses  are  110 


20  tons  hearing  power.  On  the  piles  were  set  three-story 
framed  licnts  of  18  posts  each;  the}'  v/ere  made  of  12.xl2 
vellow  ])ine  ])osts  and  12x12  oak  caps  sized  for  d<']itli, 
with  steel  scahs  bolted  over  all  joints. 

Pil(>s  were  driven  by  a  floating  driver.  Tiie  tindiei' 
bents,  however,  were  placed  from  the  floor,  working  for- 
ward line  snbpanel  at  a  time.  The  stringers  were  set  on 
the  bcnl  as  so<in  as  this  had  been  erected:  then  the  track 


ft.  high  at  midspan,  they  were  erected  by  derrick  car  and 
crane,  to  which  fact  the  speed  of  erection  is  largely  due. 

Swinging  the  span  was  done  by  lowering  on  hydraulic 
jacks  and  steel  blocking,  and  was  carried  out  in  slow  stages 
so  that  the  elastic  behavior  of  the  silicon-steel  structure 
could  be  .studied.  A  remarkably  effective,  yet  simple,  rig 
was  employed  in  the  lowering. 

The  span  is  double-track,  is  semi-pinconnected,  and  is 
of  subpost  Pratt  type,  with  36-ft.  subpanels.  The  sub- 
hangers  are  not  connected  to  the  chord,  which  eliminates 
an  item  of  stress  uncertainty.  Stirrups  formed  on  the 
ends  of  tha  subfloorbeams  embrace  and  support  the  lower- 
chord  bars.  The  eyebars  are  over  73  ft.  long ;  their  max- 
imum size  is  16xlyf  in.,  with  15-in.  pins,  both  pins  and 
bars  being  nickel  steel.  The  rest  of  the  span  is  "silicon 
steel,"  except  that  the  rivets  ( 1  and  J/g  in. )  are  carbon  steel. 

The  erection  machinery  consisted  of  one  derrick  car, 
two  60-ton,  one  8.5-ton,  and  one  1.50-ton  crane;  the 
latter  was  provided  with  three  boom  lengths;  85  ft.,  110 
ft.,  and  135  ft.  The  long  boom  set  the  high  top  chords; 
the  heaviest  of  these  weighed  44  tons  and  was  set  at  26- 
ft.  reach. 

Falsework  bents  were  IdciMed  under  sidipanel  and  main 
panel  points,  or  at  36  ft.  spacing,  and  rested  each  on  a 
transverse  row  of  piles  driven  in  the  sand  bottom  to  1 5  or 
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was  laid  on  them  and  the  derrick  car  moved  forward 
to  place  the  next  floorbeam  and  still  further  forward  t<i 
place  the  bent  at  the  next  panel  point. 

This  M-ork  began  Aug.  26,  1916,  and  was  completed 
about  the  middle  of  October.  It  was  followed  by  the 
laying  down  of  the  end  .sections  of  the  l)ottom  chord 
(four-rib  stiff  members  for  this  72  ft.  length,  the  rest  of 
the  bottom  chord  being  eyebars),  and  the  erection  of  the 
end  post  bottom  halves,  the  subhanger  and  the  subpost. 
Then  the  vertical  posts  of  the  entire  span  were  set  up. 

The  posts  were  set  on  steel  blocking  built  up  of  cros.sed 
layers  of  rails  separated  by  plates  and  topiied  off  by  a  pile 
of  i/^-in.  shim  plates  totaling  about  15  in.  thickness. 
This  blocking  was  for  use  in  swinging  the  span. 

Placing  the  eyebar  lower  chords  through  the  posts  gave 
some  trouble,  because  of  the  great  length  of  the  eyebars — 
72  ft. — there  being  no  chord  connection  at  the  subpanels 
(except  at  the  middle  of  the  stiff'  section,  panel-point  1  ). 
In  s]nte  of  block  packing  by  which  the  eyebar  groups  were 
stifl'ened  for  handling,  they  proved  excessively  limber. 
The  erectors  would  have  preferred  stifl:'  members  through- 
nut,  but  the  added  weight  was  objectionable. 

Erection  of  web  diagonals  and  top  chords  started  at  the 
north  (fixed)  end  of  the  span,  and  continued  to  panel- 
poijit   4   south.   M'here   it  met  erection    work    j)roceeiliug 


0.3%  Grade. 
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Irom  tlie  south  ciid.     Closure  was  iiiadf  \)uv.   1,  at  pin    1. 

The  Hoorbt'am  blocking  at  the  main  panel-points  had 
been  reniovetl  wlien  the  posts  were  set,  so  as  to  brinj;-  the 
truss  weight  on  a  three-post  group  in  the  falsework  bent, 
directly  tnider  the  trnss.  The  snbpanel  floorbeanis.  how- 
ever, rested  on  their  blocking  until  the  span  was  con- 
nected up.  This  1  locking  was  cut  out  when  all  was  ready 
for  lowering,  on  Dei;.  7,  and  the  whole  loail  then  rested 
on  the  steel  blocking. 

Practically  no  riveting  had  lieen  done :  only  a  lew  of 
the  main  web  connections  near  niids])an  were  riveted,  and 
the  other  joints  were  merely  drifted  and  bolted,  prac- 
ticallv  full.  The  intention  was  to  allow  adjustment  of 
all  joints,  and  especially  of  all  top-chord  splices,  while 
the  span  was  Ijeing  swung,  so  as  to  avoid  introducing 
dead-load  secondary  stresses. 

The  most  important  region  of  secondary  stress,  the 
end  triangle,  was  deformed  during  erection  by  depressing 
the  middle  of  the  end  post  about  2  in.  and  jacking  up 
the  middle  joint  of  the  stilt'  lower-chord  section  about  % 
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in.  The  hip-vertical,  consisting  of  two  eyeliars,  was  pro- 
vided with  a  central  plate  web  to  partly  stiffen  it  against 
buckling  under  the  compressive  load  due  to  this  distor- 
tion. A  slight  amount  of  transverse  buckling  was  noticed 
in  this  member,  however. 

When  the  top  chord  was  l)rought  to  closure,  it  came 
right  within  less  than  1  in.,  and  was  easily  drawn  to 
bearing  at  the  bottom  tfange.  The  top  flange  remained 
open  about  V^  in.,  which  c-ouhl  not  ckise  until  the  span 
was  swtmg. 

One  300-ton  hydraulic  jack  was  set  under  either  end  of 
each  floorbeani,  for  swinging.  All  the  jacks  were  coupled 
up  to  a  single  hydraulic  line,  in  the  arrangement  shown 
by  Fig.  3.  The  operation  of  lowering  to  swing  con- 
sisted in  jacking  itp  one  floorbeam,  taking  out  a  shim 
plate,  lowering  to  bear,  and  then  doing  the  same  at  the 
next  floorbeam.  In  each  stage,  the  work  started  at  the 
fi.xed   (north)   cud.  as  is  customary  practice 

The  span  had  Ijeen  built  to  a  shop  camber  of  f:'>  in.. 
of   wliicli    S   in.    represented    dead-load   camber    plus    pin 


FIG.  4.    SINGLE-BENT  F.A.LSEWORK  OF  720-FT.  SPAN 

clearance,  and  5  in.  represented  camber  for  half  live-load. 
The  span  is  intended  to  be  level  under  half  live-load. 
About  3'i^  in.  additional  camber  was  put  into  the  block- 
ing, to  allow  for  settlement  and  crushing  down ;  some  of 
this  amount  was  left  when  lowering  began.  Exact  ele- 
\ations  of  the  various  panel-])oints  for  the  true  no-stress 
condition  had  been  computed,  and  in  the  first  stages  of 
lowering  the  span  was  brought  to  this  preci.se  position. 
At  this  time  also  the  longitudinal  bracing  of  the  false- 
work was  loosened,  to  allow  for  the  crawl  of  the  truss 
(luring  lowering.  The  span  was  then  lowered  carefully 
l>y  i/>-in.  (and  sometimes  i/^-in.)  amotints,  and  at  the 
same  time  the  temperature  was  read  and  the  position  of 
the  e.xpansion-end  shoe  was  noted. 

To  lift  one  panel-point,  usually  three  floorbeams  were 
jacked ;  thus,  points  4,  fi  and  8  were  jacked  to  lower 
point  6,  and  points  6,  8  and  10  were  jacked  to  lower  8. 
The  stiffness  of  the  trusses  and  the  desire  to  avoid  exces- 
sive jack  loads  and  local  distortion  were  the  reasons  for 
this  procedure. 

Throughout  the  lowering,  the  span  behaved  as  expected. 
It  swung  clear  at  3  p.m.,  Dec.  11,  and  rough  levels  taken 
immediately  thereafter  indicated  that  the  center  is  low 
(0.08  ft.)  and  the  haunches  high  (0.03  ft.).  The  ex- 
pansion shoes  came  within  %  in.  of  theoretical  position, 
after  temperature  correction  had  heen  made. 

The  jacking  process  was  exceptional  in  u.sing  remark- 
ably high  pressures.  In  some  of  the  lifts  a  pressure  of 
11,000  lb.  per  sq.in.  was  indicated  on  the  gage. 

The  work  was  carried  out  by  the  American  Bridge 
Company,  with  H.  A.  Green  in  general  charge  and  S.  P. 
Franz  in  charge  at  the  bridge.  For  the  Paducah  and 
Illinois  Railroad,  the  work  was  directed  by  C.  R.  Fickes, 
Chief  Engineer. 


-5SS-3"- 


->i<-- 


7    !  i     I  !     i  i     !  i      ! 

30'    W'    jo'  30'      ' 


BETWEEN    METROPOLIS.    ILL.,    AND    PADUC.-\H.    IvY.,    CHICAGO,    BURLINGTON    &    QUINCY    R.R 


]200 


iijiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiii 


ENGINE  E  RING     N  E  W  S  Vol.  1 G,  No.  2.5 

inn iiiiiiiiii mil mi mmiimiiiiniiii in iiiiiiii iiiiiiiiiiiiiiiiiiiiiii iiiiiii iiiiiiiiniiiiiiiiiiii iiiiiiiiiiiiiiiiiiiiiiniii n iij 


Ne^^s  of  fthie  Emiglmieeriinig  W©rM 


Biiiimiiiiiiuiiiuu II luiiiuiiiiiiiNiiiiiinNuiiiuiiiiiiiiiNiiuiiuiiiiiiuuniiiiiiiNii mmmmmmmimimiiiiiiiiiiiiiiii 

Fo'wef  aim  M^^SoJira^il.  IFos'ests 

Tlie  aiiiuial  rcpurt  of  11.  S.  Graves,  Cliipf  of  tlie  United 
Slates  Forest  Service,  shows  tliat  20  new  power  pro- 
jects started  operation  during  lOlC  in  the  Government 
forest  lauds.  This  gave  181/0%  increase  in  the  total  num- 
ber; about  42%  of  the  total  developed  water  power  of  the 
country  utilizes  national  forests.  In  1916,  -40  applications 
for  power-development  permits  were  received — 8  being 
from  Alaska.  California  leads  in  amount  of  power  under 
permit  and  in  operation. 


Hew  Y©r]fe  S^sitte  Recovers 

A  decision  of  the  United  States  Supreme  Court  handed 
down  la.st  week  declared  unconstitutional  the  charter  and 
rights  given  the  Long  Sault  Development  Co.  by  the 
New  York  Legislature  in  1907.  The  charter  granted 
rights  for  power  development  by  construction  of  dams 
and  locks;  the  bed  of  the  stream  was  to  pass  to  the 
company. 

In  1913  the  Court  of  Appeals  held  that  the  charter 
was  for  the  control  of  navigation,  divesting  the  state  of 
which  was  beyond  the  power  of  the  Legislature.  It  is 
estimated  that  600,000  hp.  can  be  developed  on  the 
American  side  of  the  Long  Saiilt  Kapids  and  100,000 
hp.  on  the  Canadian  side. 


CnwHl  Service  EsssiffiaitmsitloiniS 
"Wiftlho^iat^  Lea.vaia^  H osae 

The  Illinois  State  Civil  Service  Commission  has 
adopted  a  new  plan  for  holding  examinations  for  Junior 
Highway  Engineer.  State  Highway  De]jartment.  This 
plan  is  to  mail  a  list  of  questions  to  he  answered  by  the 
applicants  at  their  homes  and  returned  to  the  Civil  Ser- 
vice Commission.  The  questions  will  lie  designed  to  cover 
the  training,  experience  and  qualifications  of  the  candi- 
dates. This  plan  was  proposed  by  the  engineers  of  the 
State  Highway  Department  because  the  iisual  written 
technical  examinations  have  not  secured  very  satisfactory 
results.  The  examination  for  Junior  Highway  Engi- 
neer, announced  for  Feb.  ;5,  1917,  will  be  open  to  non- 
residents of  the  state.  The  salary  in  $75  to  $100  per 
month. 
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Electrification  of  suburlian  traffic  within  five  years  is 
a  prominent  feature  of  the  proposed  new  railway  terminal 
and  lake-front  improvement  proposition  which  the  Illi- 
nois Central  R.R.  submitted  to  the  City  Council  of  Chi- 
cago, on  Dec.  15.  No  steam  locomotives  would  be  run 
north  of  the  12th  St.  terminal,  except  those  hauling 
freight  trains  to  the  yards  along  the  Chicago  Eiver.    The 


suburban   line  would  have  a   loop   beneatli    Grant   Park, 
near  the  present  Randolph  St.  suburban  terminal. 

The  new  main-line  terminal  station  would  be  at  the 
southeast  corner  of  12th  St.  and  the  extension  of  Indiana 
Ave.  The  railway  would  be  depressed  between  31st  and 
47th  St.  to  enable  the  city  to  extend  streets  across  the 
tracks  to  the  new  lake-front  park.  Another  im])ortant 
feature  is  a  propo.scd  cross-town  branch  at  18th  St.  to 
afford  connection  with  other  lines  further  west  and  enalile 
these  lines  to  enter  the  new  terminal  station  and  abandon 
some  of  the  present  terminals.  The  lakefront  park,  to 
be  formed  by  filling  along  the  present  shore  line,  would 
have  a  long  lagoon,  separated  from  the  lake  by  an  island 
parallel  with  the  shore.  The  lagoon  would  have  five  public 
bathing  beaches,  and  would  be  cros.sed  by  a  numl>er  of 
bridges.  To  meet  the  demands  for  an  outer  harl)or.  the 
sti-etch  of  nevy  lake-front  from  12th  to  31st  St.  is  desig- 
nated as  a  harbor  district.  The  ordinance  must  lie  approved 
In'  the  City  Council  and  the  Soutli  Park  Commission  be- 
fore it  can  go  into  effect.  The  cost  of  the  work  is  esti- 
mated at  $20,000,000  to  $25,000,000. 


ilS^e 


mate  Are  ISimdled 


The  City  of  Los  Angeles,  the  Pacific  Light  and  Power 
Co.  and  the  Southern  California  Edison  Co.  have  finally 
come  to  an  agreement  on  the  city's  taking  over  the  lines 
of  these  companies  inside  the  city,  for  the  distribution 
of  ]iower  from  the  generating  plants  of  the  municipal 
aqueduct.  This  adjustment  ends  a  long  dispute  over  the 
value  of  the  lines  and  the  severance  damages  that  would 
be  cau.sed  by  expropriation,  and  makes  unnecessary  the 
duplication  of  lines.  The  agreed  price  is  $9,415.000 — 
made  up  of  $8,270,000  for  the  physical  property  and  $1,- 
145,000  for  severance  damages.  These  sums  are  based 
on  the  findings  of  the  State  Railroad  Commission  in  the 
eminent-domain  proceedings  brought  before  it.  The  city 
agrees  also  to  ]3urchase  from  the  two  concerns  .such  power 
as  it  needs  while  its  generating  system  is  being  built  up, 
the  i^rice  being  co.st  plus  severance  damages.  The  city  is 
now  selling  power  at  5c.  per  kw.-hr.  base  rate. 

As  a  sequel  to  this  agreement,  it  is  announced  that  the 
Pacific  Light  and  Power  Co.  and  the  Southern  California 
Edison  Co.  will  consolidate  and  retire  from  business  with- 
in the  city.  The  new  concern  will  be  known  as  the 
Southern  California  Edison  Co.  and  will  be  in  size  about 
the  fifth  power  comjiany  in  the  country.  It  will  have 
five  steam  and  thirteen  hydro-electric  plants  of  130,000 
and  150,000  hp.  aggregate  capacities.  There  are  owned 
undeveloped  water  powers  aggregating  4,000,000  hp.  The 
new  concern  will  have  1,380  mi.  of  transmission  lines, 
103  substations  and  3,700  mi.  of  distribution  lines  reach- 
ing some  165,000  customers  in  150  towns  and  cities 

The  Edi.son  company  will  take  up  95%  of  the  capital 
stock  of  the  Pacific  company  and  assume  its  bonded  debt 
of  $25,000,000.     The  face  "of  Pacific  stocks,  bonds  and 
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notes  taken  over  is  $31,880,298,  and  for  it  the  Edison 
t'onipany  will  issue  $12,029,900  of  5%  second  preferred 
stock,  give  $4,000,000  cash  and  issue  $11,152,200  in  com- 
mon stock  to  remain  in  the  Pacific  treasuiy. 

At  this  same  time  the  city's  condenmation  suit  for  a 
150-ft.  right-of-way  in  the  San  Fernando  Valley  was 
finished  i-  a  local  court.  The  six  large  real-estate  hold- 
ers were  allowed  $-46,545,  wliicli  was  more  than  tlie  city 
a|)praisid     ($15,282),    l)ut    nun  h    less    lliaii    the    owners' 

ligurc  ($3;;:. 250). 


The  work  on  the  Third  Ave.  reinforced-ct)ncrete  arch 
bridge  across  the  ^Mississippi  River  at  Minneapolis,  ^linn., 
lias  not  made  such  progress  during  1916  as  had  been  ex- 
pected. A  hite  start  was  made,  and  as  the  work  now  be- 
ing done  consists  of  the  floor  slabs  and  intermediate  bents, 
it  was  necessary  to  stop  as  soon  as  freezing  weather  be- 
gan, so  as  not  to  take  any  chances  of  injury  to  the  con- 
crete. The  accompanying  view  (looking  eastward)  shows 
the  condition  of  the  structure  two  weeks  before  construc- 
tion was  shut  down.  In  the  distance  will  l)e  seen  one  of 
the  towers  of  the  double  cableway  employed  in  handling 
material    :ill   the    wav   aci'oss   the    l)ridt;'i'. 


Tile  bridge  (described  at  some  length  in  EnylneeriiKj 
Xt'irs,  Doc.  30,  1915)  is  j^oculiar  in  having  a  reverse 
<iir\('  in  ]ilan,  the  location  l)eing  .so  made  as  to  place  all 
llic  piers  (ill  solid  rock  and  to  avoid  breaks,  or  faults,  in 
Die  rock  of  the  river  bed.  The  bridge  is  2,223  ft.  long, 
with  five  arcli  spans  of  211  ft.  and  two  of  134  ft.  The 
stnicture  was  designed  by  F.  W.  Cappelen,  City  Engineer 
of  ^linneapolis,  and  is  being  built  under  bis  direction 
by  ciiy  I'nrccs  on  tlie  day-lalior  system. 

Clhncsigo  IE.E!i||aim©eff's  AsM  for 
Ml^Iher  Saillgitpa©© 

The  high  cost  of  living  has  led  the  engineering  em- 
ployees of  the  City  of  Chicago  to  submit  to  the  Mayor 
and  City  Council  a  ]ictition  requesting  a  sul)stantial  in- 
crease of  salaries.  The  present  rates  of  ])ay  were  estab- 
lished in  1910,  but  are  not  materially  different  from  those 
]M-evailing  since  1897.  The  changes  suggested  for  the 
three  ]ii-ini-i]ml  gi'adcs  arc  as  follows: 


Pn 


Giadi-  2. 
Oradc  3. 


Pay  Proposed  Pay 

$90  to  no  $120  to  140 

123  to  145  155  to  185 

150  to  200  200  to  240 


The  ]X'tition  is  accompanied  by  diagrams  and  tables 
sliowing  the  rise  in  cost  of  food,  and  com])aring  the  rates 
of  payment  for  common  and  skilled  labor,  foremen  and 
engineers.  The  following  is  a  quotation  from  the  engi- 
neers' petition  : 

We  submit  that  when  engineers,  who  are  in  charge  of 
work  and  responsible  for  its  proper  execution,  are  paid  less 
than  the  foremen  and  some  of  the  mechanics  working  under 
their  direction  and  supervision,  neither  will  attain  the  highest 
efflciency;  the  engineer,  because  he  is  discouraged  by  the 
comparison;  and  the  workman,  because  he  feels  that  the  man 
over  him  is  not  recognized  by  the  authorities.  "We  now  re- 
quest that  our  salaries  be  also  increased  in  order  to  maintain 
the  proper  relation  between  the  compensation  of  laborers, 
skilled  mechanics  and  technically  trained  men. 

On  the  men  in  the  engineering  service  of  Chicago  rests 
the  responsibility  to  design  and  execute  the  municipal  im- 
provements of  the  city,  costing  millions  of  dollars.  A  corps 
of  men  feeling  themselves  underpaid  as  compared  with  other 
employees  cannot,  in  spite  of  the  best  intentions  on  their  part, 
render  the  service  which  will  result  in  the  most  economical 
expenditure  of  the  city's  funds  appropriated  for  such  improve- 


Firoirfi^L^SIhiSiB^aEail  Fs=®.ifficIhL^©  AslrS©dl 


LOOKING   .\CROSS  THE  THIRD  AVE.   BRIDCJE  AT 
.MINNEAPOLIS 


The  ^linneapolis  Street  Railway  Co.  has  .submitted  to 
Ibe  City  Council  a  draft  of  a  desired  franchise  that  has 
licen  framed  as  the  result  of  various  conferences  over  the 
local  traction  situation. 

The  company  asks  for:  A  30-year  franchise  contain- 
ing customary  jirovisions,  with  an  additional  30-year  term 
if  council  does  not  see  fit  to  buy;  7%  on  the  investment : 
half  the  surplus  earnings  until  1923  and  then  one-fourth  : 
a  general  protective  clause  to  prevent  the  city  from  re- 
quiring the  company  to  do  anything,  beyond  giving  good 
service,  that  will  impair  the  capital  value  of  the  company. 

The  company  offers:  To  surrender-  its  present  fran- 
chi.>;e  right,  Jan.  1,  1918;  city  always  to  have  right  to 
purchase  on  one  year's  notice;  eompam-  to  initiate 
$1, 000, 000-a -year  set  program  of  extensions,  new  lines 
and  general  improvements,  to  be  agreed  on  and  specified 
in  franchise;  council  thereafter  to  have  full  power  to 
enforce  extensions  and  new  lines;  council  to  have  right 
to  regulate  service  and  construction;  city  to  have  50%  of 
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surplus  earnings  until  1923  and  then  75%:  city  to  have 
privilege  of  appl.ying  surplus  toward  reduction  from  the 
prescribed  5%;  universal  transfer,  but  not  to  jiermil 
"looping";  city  council  to  employ  street-railway  super- 
visor and  staff  and  to  require  company  to  bear  expense 
thereof ;  company  to  make  financial  reports  to  city  and  to 
permit  inspection  of  books;  company  to  pave  and  repair 
its  right-of-way,  to  sweep,  oil  and  sprinkle  it;  width  to 
be  19  ft.  in  place  of  15  now  in  force;  company  to  grant 
suburban  lines  right  of  use  of  tracks  into  city  center. 

A  rec-ent  valuation  of  the  company's  property  by  the 
City  Engineer,  F.  W.  Cappelen,  showed  $21,153,221  pres- 
ent value  of  physical  equipment,  $4.2T0.2:iO  business  de- 
velopment. $63i,857  power-plant  leases.  $1. 300.000  ter- 
minal block,  $142,045  projierty  outside  of  the  city;  total, 
$2:.  496.353. 


sv.EtiP,siras 
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])lSi!icagiIls  ffos= 

The  American  Highway  Officials  Association,  which 
met  in  St.  Louis,  :Mo..  the  week  of  Dec.  4.  adopted  the 
following  resolution : 

We  deplore  the  changing  of  local  and  .state  highway  offi- 
cials for  political  reasons  and  suggest  that  the  energies  and 
efforts  of  this  Association  be  exerted  to  establish  in  the  public 
mind  and  conscience  a  recognition  and  appreciation  of  ex- 
perienced and  faithful  officials.  The  public  must  pay  the 
expense  of  training  every  person  engaged  in  administrative 
and  scientific  pursuits  that  affect  the  public  interest,  and  as 
sound  business  officials  who  have  been  trained,  or  who  have 
acquired  experience,  they  should  be  retained  in  office  so  long 
as  they  render  service  with  a  loyalty  of  purpose.  The  keynote 
that  should  govern  the  selection  of  highway  engineers  should 
be  efficiency.  For  this  reason  we  would  urge  upon  the  legis- 
latures and  governors  of  every  state  to  secure  the  passage  of 
such  laws  as  wHl  place  the  office  of  highway  engineers  free 
from  political  embarrassment  and  secure  to  the  people  the 
benefit  of  experience  for  which  they  have  paid.  Until  this 
method  is  established  and  the  public  realizes  the  importance 
of  such  a  move,  the  taxpayers  of  the  country  cannot  hope  to 
receive  the  best  results  for  their  money. 

Other  resolutions  passed  at  the  meeting  recommended 
the  passage  of  the  bill  now  before  Congress,  which  pro- 
vides for  the  working  of  Federal  prisoners  upon  the 
public  roads:  pledging  the  cooperation  of  the!  state 
highway  officials  and  departments  in  carrying  out  the 
Federal  aid  road  law ;  and  recommending  a  conference  of 
representatives  from  the  various  state  highway  depart- 
ment laboratories  to  obtain  closer  cooperation  with  the 
testing  laboratories  of  the  Federal  Government.  The 
Federal  Trade  Bureau  was  asked  to  investigate  alleged 
illegal  practices  on  the  part  of  owners  of  patents  on  road- 
making  processes  and  methods.  It  was  reeommended  that 
the  various  good  roads  organizations  endeavor  to  consoli- 
ilate,  or  at  least  arraiiije  for  a  single  national  meeting. 


Five  Second  Lieutenants  of  Bngincerx  in  the  United  States 
Army  were  appointed  from  civil  life  as  a  result  of  the  recent 
examinations.  Tliis  brings  the  civilian  appointees  to  the 
Corps  of  Engineers  up  to  tliirteen. 

Cleveiiind  Garbage  Taiika^fe  will  yield  the  city  $57,600  in 
1917  for  an  output  of  6,000  tons,  in  accordance  with  a  con- 
tract just  let  to  F.  G.  Royster,  Norfolli,  Va.  This  is  said  to 
he  the  highest  unit  price  ever  received. 

Pa^lUB  and  Street  Repair  AVorIt  in  New  Orleans,  La.,  next 
year  (1917)  will  amount  to  $750,000.  according  to  present 
estimates.  Newspaper  reports  state  that  the  larger  part  of 
the  new  pavements  will  be  of  creosoted  wood  block. 

St.  Louis  County  Road  Bond  Issue  Is  A'alid,  according  to  a 
decision  of  the  United  States  District  Court.  This  will  make 
$3,000,000  available  for  road  improvement  around  St.  Louis. 
Mo.,  unless  further  legal   obstacles  are  encountered. 


Ini|ii'»veniontN  to  tlie  \\  atcr-«'orks  of  Atlanta,  Ga.,  recom- 
mended by  Z.  Smith,  manager,  include:  Low  intake  dam  across 
Chattaliooche  River,  $15,000;  coagulating  basins,  $150,000; 
clear- water  reservoir,  $100,000;  20,000,000-gal.  pump  with 
boilers,  etc.,  at  Chattahooche  River  station  and  also  at  Hemp- 
hill station,  $400,000  for  the  two;  cast-iron  pipe  in  place. 
$310,000. 

Semasre  Disposal  for  Buffalo,  the  Tonawanda's,  La  Salle 
and  Niagara  Falls,  N.  Y.,  is  being  investigated  by  Rudolpli 
Hering  and  George  W.  Puller,  New  York  City,  and  Harrison 
P.  Eddy,  Boston,  to  pass  upon  questions  raised  b.v  the  Inter- 
national  Joint  Commission  in  its  studies  and  recent  report  on 
the  pollution  of  the  boundary  waters  of  the  United  States 
and  Canada. 

The   Meniiihis  3Iunieipnl  Electric  Project   has  been  dropped 

by  the  city  government.  An  agreement  has  been  made  with 
the  two  local  companies  for  SS'/I  reduction  in  rates  and  the 
payment  of  $100,000  by  the  companies.  The  new  base  rate  is 
6c.  per  kw.-hr.  and  the  minimum  is  3c.  A  30c.  service  charge 
is  allowed,  but  no  charge  is  to  exceed  IV^c.  per  kw.-hr.  The 
two  concerns  will  consolidate  under  an  extended  franchise. 
The  city  will  cancel  the  $1,500,000  bonds  already  sold  and  pay 
the   purchasers    $15,000. 

Reservation  of  Petroleum  Deposits  on  Government  lands 
for  naval  use  was  recommended  by  the  Naval  Consulting 
Board  on  Dec.  9.  In  view  of  the  adoption  of  oil  fuel  for 
naval  vessels  the  board  believes  the  Government  should  re- 
serve the  title  to  public  lands  containing  oil  deposits  suffi- 
cient to  assure  the  supply  of  the  navy  for  at  least  half  a 
century  to  come.  The  navy  is  now  using  842,000  bbl.  of  fuel 
oil  a  year  in  time  of  peace,  and  it  is  estimated  that  this  will 
increase  to  over  10,000,000  bbl.  in  1927.  In  time  of  war  this 
consumption    would    be    increased    at   least   threefold. 

That  the  .\ctivated-SludBe  Process  will  handle  the  trade 
wastes  from  the  Chicago  packing-house  district  in  such  a 
manner  as  to  produce  an  effluent  suitable  for  discharge  into 
the  channels  of  the  Sanitary  District  of  Chicago,  is  the  con- 
clusion of  a  report  made  to  the  Sanitary  District.  This  report 
was  prepared  by  Langdon  PeaTse.  division  engineer,  repre- 
senting the  Sanitary  District,  and  Dr.  W.  D.  Richardson,  chief 
chemist,  Swift  &  Co..  representing  the  stockyards  interests. 
Having  decided  upon  this  point  they  are  row  considering  the 
manner  of  coHecting  the  sewage  and  wastes  from  the  several 
plants,  and  also  the  general  cha;P^cter  of  the  works  necessary 
for  carrying  out  this  treatment; 

.\n  Increase  in  Car  Dcmurragre  Rates  went  into  effect  on 
Dec.  15  with  the  approval  of  the  Interstate  Commerce  Com- 
mission. The  receiver  of  a  carload  of  freight  has  two  days' 
free  time  in  which  to  unload  his  consignment,  after  which 
demurrage  will  be  charged  at  the  rate  of  $1  for  the  first  day. 
$2  for  the  second,  $3  for  the  third,  $4  for  the  fourth  and  $5 
for  the  fifth  and  each  succeeding  day  that  the  car  is  detained. 
At  the  same  time  the  railways  raised  tlie  per  diem  rate  for 
cars  used  in  interchange  from  45c.  a  day  to  75c.  a  day.  It  is 
hoped  that  this  will  have  some  influence  in  impelling  railway 
companies  to  send  home  cars  belonging  to  other  companies 
which   they   are   now    detaining    for   their   own    use. 

^Vater-^Vorks  Improvements  at  Xa.sliville,  Tenn.,  have  been 
reported  on  by  a  committee  of  the  Nashville  Engineering 
Society,  headed  by  W.  H.  Schuerman.  dean  of  engineering, 
Vanderbilt  University.  The  committee  advises  that  instead 
of  carrying  out  immediately  the  $1,750,000  scheme  of  Com- 
missioner Robert  Elliott,  now  before  the  City  Commission,  less 
extensive  improvements  at  a  cost  of  about  $500,000  be  made 
to  serve  for  some  years.  The  Elliott  scheme  included  a  new 
intake  and  pumping  station  with  two  low-lift  and  two  high- 
litt  pumps  5  mi.  in  a  straight  line  and  12  mi.  by  river  above 
the  present  intake  and  above  two  undesirable  tributaries  of 
the  Cumberland  River:  a  75,000.000-gal.  coagulation  and  sedi- 
mentation basin  at  or  near  the  new  pumping  station;  two 
36-in.  force  mains,  62,2S0  ft.  long,  and  the  use  of  the  present 
settling  reservoir  as  a  clear-water  basin.  The  committee 
already  named  says  the  Elliott  project  is  feasible,  biit  thinks 
its  execution  should  be  deferred.  The  committee  advises  the 
employment  of  an  outside  engineer  to  pass  on  the  alternative 
plans  for  improving  the  present  pumping  station,  as  proposed 
in  1915  by  Barclay  Parsons  <&  Klapp,  consulting  engineers. 
New  York  City.  (See  "Engineering  News."  Dec.  16,  1915.  p. 
1196).  One  of  these  plans  was  for  a  20.000,000-gal.  steam 
pumping  engine  and  the  other  was  for  three  electrically 
driven  7,500,000-gal.  centrifugal  pumps.  The  committee  rec- 
ommends the  employment  of  a  bacteriologist  to  make  daily 
tests  of  the  water:  a  chemist  for  occasional  tests;  a  draftsman 
to  prepare  maps  of  the  distribution  system  and  to  do  other 
work;  and  that  the  reserve  coal  supply  be  increased  to  a 
month  from  the  present  supply  of  only  a  few   days. 


December  gl,   191C 
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W.J.  Parkes  has  been  appoiiueil  County  Highway  Enginet-r 
of  Jefferson   County,  Arkansas,   succeeding   H.   H.   Humphreys. 

E.  li.  CriiBav.  Assistant  Engineer  of  the  Illinois  Central 
R.R.,  Chicago,  111.,  has  been  promoted  to  be  District  Engineer 
at  New    Orleans,   La. 


iie    Chief    Engineer 
moted   to   be   Office 


E.  L.  Cannon,  recently  chief  clerk  to 
of  the  Seaboard  Air  Line  Ry..  has  been  p] 
Engineer  at  Norfolk,  Va. 

J.  Hnrrj-  Uenne.  Assistant  Engineer  in  the  city  engineering 
department  of  Indianapolis,  Ind..  has  resigned  after  abotit 
25  years'   continuous  service. 


en  appointed  Assistant 
le  of  three  who  passed 


\V,  S.  CurtiN,  of  San  Francisco,  has 
State  Engineer  of  California.  He  wa: 
the  required  civil  service  examination. 

J.  H.  Seliuch  has  been  appointed  Chief  Engineer  of  the 
Butte,  Anaconda  &  Pacific  Ry.,  to  succeed  Charles  A.  Lemmon, 
resigned,    as   noted   in    these   columns,    Nov.    9,    1916. 

AA'.  L.  Kellogg,  Superintendent  of  Motive  Power  of  the 
Missouri.  Kansas  &  Texas  Ry.,  has  resigned  to  accept  the 
same   position   with   the   Chicago,   Rock   Island  &   Pacific  Ry. 

C.  C.  Hufliue  has  been  appointed  City  Engineer  of  Prank- 
fort,  Ind..  succeeding  the  late  R.  H.  Boynton.  He  served  as 
City  Engineer  previous  to  1900.  when  he  entered  the  contract- 
ing business. 

Robert  E.  Barrett,  Assoc.  M.  Am.  Soc.  C.  E.,  formerly  Act- 
ing Chief  Engineer  of  the  Directors  of  the  Port  of  Boston. 
Mass.,  is  now  with  Fay.  Spofford  &  Thorndike,  Consulting 
Engineers,   Boston. 

W.  D.  Salter,  for  the  past  10  years  an  Assistant  Engineer 
in  the  city  engineering  department  of  Denver.  Colo.,  has  been 
appointed  City  Engineer  of  Boulder,  Colo.,  succeeding  George 
R.  Joslin,  resigned. 

John  ISwan.  Jr..  has  been  appointed  Director  of  the  Depart- 
ment of  Public  Works  of  Pittsburgh,  Penn.,  succeeding  the 
late  Edward  M.  Bigelovv.  He  is  a  brother  of  th  ■  '  ■  ■  Robert 
S'wan,  the  former  Director  of  Public  Works. 

Gordon  Sumner,  Civil  Engineer,  of  Wauchula,  Fla.,  has 
been  appointed  Highway  Engineer  of  Bay  County.  Florida,  of 
which  Panama  City  is  the  county  seat.  He  will  have  charge 
of  surveys  and  construction  of  a  road  system  to  cost  $375,000. 

«•.  F.  .4nguH,  M.  Can.  Soc.  C.  E.,  Vice-President  and  Man- 
aging Director  of  the  Canadian  Steel  Foundries  Co.,  Mon- 
treal, Que.,  has  resigned  to  become  an  official  of  the  Dominion 
Bridge  Co.,  Montreal,   with  which  he  was   formerly  connected. 

Theron  AVmmmou,  formerly  connected  with  the  New  Jersey 
and  Penns>'lvania  joint  commission  on  toll  bridges  over  the 
Delaware  River,  has  been  appointed  Water  Engineer  of  the 
Department  of  Conservation  and  Development  of  the  State  of 
New  Jersey 

C.  E.  Serlbner,  F.  Am.  Inst.  E.  E..  Chief  Engineer  of  the 
Western  Electric  Co.,  New  York  City,  has  been  relieved  of  his 
executive  duties,  at  his  own  request,  and  has  been  appointed 
Consulting  Engineer  of  the  company.  He  has  been  connected 
with  the   company  for  40   years. 

"W.  L.  Clark,  Assistant  Highway  Engineer.  State  Highw.ty 
Department  of  California,  has  been  made  Division  Engineer 
of  the  division  including  San  Francisco,  to  succeed  A.  E.  Loder. 
who  resigned  to  become  Assistant  Chief  Engineer  of  the 
United  States  Office  of  Public  Lands,  as  noted  in  these  columns. 
Oct.  26,   1916. 

John  P.  Morgan,  a  student  in  the  School  of  Applied  Design. 
Carnegie  Institute  of  Technology,  is  the  winner  of  the  $2.';0 
prize  offered  by  the  Pittsburgh  Beaux  Arts  salon  for  designs 
of  methods  of  improving  street  intersections  in  the  i-esidential 
districts  of  the  city.  The  competition  was  open  to  all  engi- 
neers,  architects  and   students    in   Allegheny   County. 

George  McCorniiok,  former  Mechanical  Engineer  of  the 
Southern  Pacific  Ry.  and  more  recently  Assistant  General 
Manager  at  Houston.  Tex.,  has  been  appointed  General  Su- 
perintendent of  Motive  Power  of  the  lines  west  of  El  Paso, 
with  headquarters  at  San  Francisco,  Calif.  He  is  a  mechan- 
ical engineering  graduate  of  the  Agricultural  and  Mechanical 
College  of  Texas,  class  of  ls91,  and  entered  the  railway  service 
as  a  shop  apprentice  of  the  Galveston,  Harrisburg  &  San 
.\ntonio  R.R. 


Frederic  H.  Keed,  ASsoc.  Am.  Inst.  E.  E.,  Vice-President 
of  J.  G.  While  &  Co.  and  a  director  of  many  electric  com- 
panies,  died    Dec.    9   at   his   home    in    New    York    City. 

Erwin  ClieHter  Sherman,  Mechanical  Engineer  with  the 
William  B.  Pollock  Co.,  Youngstown,  Ohio,  died  Dec.  8,  aged 
3G   years. 

Grant  Kohrer,  M.  Am.  .Soc.  C.  E.,  a  contractor  of  New  Y'ork 
City,  died  Dec.  12.  He  was  born  in  Lancaster,  Penn.,  in  1864, 
and  his  early  experience  in  engineering  was  in  Western  rail- 
way construction.  He  opened  a  New  York  office  as  a  con- 
tractor  in   1S90. 

William  C.  Nixon,  President  of  the  St.  Louis  &  San  Fran- 
cisco R.R,  died  Dec.  16.  in  his  .')9th  year.  He  was  born  in 
Illinois  and  began  his  railway  experience  as  a  bridge  car- 
penter on  the  Burlington  &  Missouri  R.R.  in  Nebraska  in  1S7S. 
From  this  position  he  rose  through  clerical  work  to  become 
Trainmaster  of  the  Southern  Kansas  Ry.  in  LSSo.  In  1900  he 
became  General  Superintendent  of  the  Gulf,  Colorado  &  Santa 
Fe  Ry.,  at  Galveston.  Tex.,  and  in  1906  General  Manager  of 
the  St.  Louis  &  San  Francisco  R.R.  He  was  elected  President 
in  1913. 

P.  C.  Fisher,  President  of  the  Ferro  Construction  Co., 
Chicago,  whose  death  on   Dec.   6  was   noted   in   these   columns 

last  week,  was  born  at  Lake  Linden,  Mich.,  May  24,  1S71. 
He  graduated  from  the  grammar  and  high  school  at  Lake 
Linden,  and  also  graduated  from  the  Engineering  Department 
of  the  University  of  Michigan  at  Ann  Arbor.  After  leaving 
the  University  he  was  employed  by  the  Detroit  Bridge  Co., 
and  also  the  American  Bridge  Works,  of  Chicago,  as  drafts- 
man and  engineer.  In  1899  he  had  charge  of  the  erection  of 
the  steelwork  for  the  Great  Northern  Ry.  grain  elevator  at 
West  Superior,  Wis.  He  also  had  charge  of  the  erection  of 
the  railway  cantilever  bridge  over  the  Mississippi  River  at 
Thebes,  HI.,  and  the  bridge  of  the  Fort  Dodge,  Des  Moines  & 
Southern  Ry.  at  Fort  Dodge,  Iowa.  In  March.  1907,  he  and 
B.  B.  Sierts  formed  the  Ferro  Construction  Co.,  of  Chicago,  and 
he  was  its  President  until  his  death.  His  company  has  done 
erection  work  for  several  of  the  large  railways,  and  its  bus- 
iness will  be  continued.  His  most  recent  work  was  the  erec- 
tion of  the  600-ft.  steel-arch  span  for  the  new  Detroit- 
Superior  viaduct  at  Cleveland,  Ohio,  and  he  also  erected  the 
mile  of  steel  towers  and  girders  for  the  new  Clark  Ave. 
viaduct,  at  Cleveland.  Mr.  Fisher  leaves  a  widow  and  two 
children. 


OKLAHOM.\  SOCIETY"  OF  ENGINEERS. 

Dec.    27-2!>.      Annual    meeting   in   Tulsa.      S-cv..    H.   G.    Hinck- 
ley, Oklahoma  City. 
AMERICAN    SOCIETY    OF    AGRICULTURAL    ENGINEERS 
Dec.  27-29.     Annual  meeting  at  Chicago.     Secv.,  D.  K.  Shedd. 
Ames,  Iowa. 
COMPRESSED  GAS  MANUFACTURERS'   ASSOCIATION. 

Jan.   15.      Fourth   annual  meeting   in   New   York  Citv.      Secv 
O.  .S.   King.   120   Broadway.   New  Y'ork. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Jan.    17-18.      Annual    meeting    at    Societv    House,    New    Y'ork 
City.      Secy.,  Charles  Warren   Hunt,   New   York. 
AMERICAN   ROAD    BUILDERS'    ASSOCIATION 

Feb.    5-9.      Eighth    National    Good    Roads    Show,    in    Boston 
Mass.     Secy.,  E.  L.  Powers,   150  Nassau  St..  New  York  Citv. 
TENTH   CHICAGO   CEMENT   SHOW. 

Feb.     7-15.       In     Chicago.       Under    management     of    Cement 
Products  Exhibition  Co.,  210  South  La  Salle  St.,  Chicago. 
AMERICAN  CONCRETE  INSTITUTE. 

Feb.  8-10.  In  Chicago  at  La  Salle.  Secv.,  H.  D.  Hvnds,  30 
Broad  .St.,   N.   Y. 

NATIONAL  BUILDERS'   SUPPLY  ASSOCIATION. 

Feb.     12-13.       In    Chicago    at    Sherman.       Secv.,    L.    P.    Des- 
mond. 1211  Chamber  of  Commerce,  Chicago." 
SOUTHWESTERN   CONCRETE   ASSOCIATION. 

Feb.  19-24.  Southwestern  Concrete  Show  in  Kansas  Citv 
Mo.  Address  Chas.  A.  Stevenson,  1413  W.  10th  St.,  Kansas 
City. 

The  MinneNota  Branch  of  the  American  Water-Works  As- 
sociation was  organized  at  a  recent  meeting  in  Minneapoli.-;. 
The  officers  elected  are:  President,  F.  W.  Cappelen,  city  en- 
gineer of  Minneapolis;  vice-president  G.  O.  House;  treasurer. 
W.  R.  Young;  directors,  William  To  .J.  L.  A.  Gordon  and  D.  A. 
Reed.  The  meeting  was  attended  bs'  about  30  water-works 
men.  of  whom  two-thirds  were  members  of  the  American 
Water-Works  -Association. 


1301 


E  X(i  T  XE  E  IM  N'(;      XEW  S 


Vol.   Tfi.  Xn.   3.- 


ApiplaeiEaces  s^iradl  M®i(l®pa®.Is 


I^ielit,    Iiir.v|ieiiNivo    l<i>::il    I'lniir 

A  road  plane,  of  liglil  and  simple  con.slruotiun  and  with 
an  adjustable  cutting  lilade  has  been  put  on  the  market  by  the 
Hodge  Road  Machine  Co.,  Ijigonier,  Ind.  The  cutting  blade  is 
so  arranged  that  it  can  be  lifted  clear  of  the  ground  or.  by  the 
use  of  levers,  can  be  made  to  cut  to  a  di.'ptli  of  several  inchci. 


o  as  tr 

give  a  finished 

hows 

ts  size  and  ap- 

l;<JALi    I'l^AXE 


eitt. ::  liorizontally  or  at  an  inclination. 
crown.  The  accompanying:  illustration 
pearance.     It  is  sold  for  $.')0. 


Safety-First    Switchboard 

In  response  to  the  demands  of  large  users  of  electrical 
machinery  the  General  Electric  Co.,  of  Schenectady,  has  de- 
veloped a  type  of  switchboard,  shown  in  the  accompanying 
view,  on  which  it»is  almost  impossible  for  an  attendant  to  be 
injured. 

All  live  parts,  except  current  and  potential  receptacles,  are 
inaccessible  from  the  front  of  the  board,  and  the  live  parts 
of  these  receptacles  are  recessed  so  that  accidental  contact 
with  them  is  difficult.  Grillework  screens  afford  protection 
against  accidental  contact  with  live  parts  in  the  rear  of  the 
board.  Hinged  doors  provided  with  spring  locks  are  placed  one 
on  each  side  of  the  grille\york,  making  it  impossible  for  any- 
one other  than  an  authorized  person  holding  the  key  to 
enter    the    space   at   the    rear    of   the   switchboard. 

Disconnecting  switches  are  used  between  all  oil  circuit- 
breakers  and  busbars,  and  provide  convenient  and  rapid  iso- 
lation, without  hazard  of  the  breakers  from  the  bus  for 
inspection,  changing  oil  or  repairs.  Instead  of  the  usual 
calibrating  switches  back  of  the  panel  this  board  is  equipped 
with  front-of-board  calibrating  receptacles  that  pei-mit  sate 
and  convenient  calibration  of  instruments  and  meters  from 
the  front.  The  board  is  also  equipped  with  removable  fuse 
i-ecei>tacles  of  the  screw-plug  type,  which  provide  for  a  re- 
placement of  secondary-potential  transformer  fuses  from  the 
front  of  the  switchboard  without  the  danger  of  contact  with 
live   parts.      The   live   vavla  of   the   flelil    suii.li.s   :n  .•    nionnl.-d 


on  slate  bases  back  of  the  panel  and  are  connected  to  oper- 
ating handles  on  the  front  of  the  board  by  rods  and  bell 
cranks.  With  this  mounting,  it  is  impossible  for  the  switch- 
board attendant  or  the  instj-uments  to  be  injured  b.v  the  aio, 
as  sometimes  happens  with  the  live-fi-ont  type.  When  switches 
are  required  for  arc  or  incandescent  cii-cuits,  they  are  of  the 
dead-front   style. 


CloMeil-Cireiiit      \iili>ni:it  ■<■     I'lnKinaii 

The  growing  demand  for  visual  warning  signals  (com- 
monly called  "automatic  flagmen")  for  railroad  grade  cross- 
ings has  led  the  Union  Switch  and  Signal  Co.,  of  Swissvale, 
Penn.,  to  develop  a  type  that  embodies  many  of  the  safety 
principles  of  automatic  block  railway  signal.s — notably,  re- 
liance on  a  closed  electric  circuit  to  hold  the  signal  at  clear, 
so  that  in  any  trouble  the  caution  warning  is  exhibited. 

Under  normal  conditions  this  flagman  indicates  the  ap- 
proach of  a  train  by  swinging  a  red  banner  on  which  ap- 
pears   the    word    ".Stop"    and    displaying    a    red    light    attached 


DEAD-FRDNT   SAFETY    SWITCHBOARD 


LOCKED.   WORKINCr   AND   DEAD  POSITIONS 
GRADE-CROSSIXG  SIGNAL 


to  the  banner.  Wht-n  no  train  is  ai)proaching,  the  bannt  r  is 
held  to  one  side  between  two  screens,  upon  which  is  painted 
"Look  and  Listen."  and  the  lamp  suspended  from  the  banner 
is  not  lighted.  If  the  circuit  through  the  holding  magnpts  is 
broken,  but  the  apparatus  is  otherwise  in  good  condition,  the 
banner  will  swing  irrespective  of  the  approach  of  a  train. 
If  the  circuit  is  broken  through  the  operating  magnet,  but 
:-.ot  through  the  holding  magnet,  the  banner  will  be  retained 
in  its  extreme  position  between  the  screens  until  a  train  ap- 
proaches, when  it  will  be  released  and  ultimately  assume  a 
vertical  position  with  the  banner  stationary,  but  fully  dis- 
played. If  current  is  totally  cut  off  the  mechanism  or  if  the 
operating  parts  become  disconnected,  the  banner  will  also 
assume   the  vertical   position   and   be   fully   displayed. 

The  operating  mechanism  is  inclosed  in  a  weatherproof 
case  and  consists  essentially  of  an  operating  magnetic  mechan- 
ism for  driving  the  swinging  banner,  and  of  holding  mag- 
nets for  retaining  the  banner  at  one  end  of  its  arc  of  travel. 
This  flagman  is  designed  to  operate  normally  at  10  volts, 
direct  current.  It  requires  an  average  of  0.4  amp.  for  swing- 
ing the  banner,  and  0.4  amp.  for  the  .S-watt  12-volt  banner 
lamp,  making  an  average  of  0.8  amp.  drawn  from  the  bat- 
tery while  the  banner  is  swinging.  The  holding  magnets  re- 
quire normally  only  0.01  amp.  when  the  flagman  is  latched 
in  the  clear  position.  The  control  of  this  flagman  is  so  ar- 
ranged that  it  is  unnecessary  to  break  the  operating  circuit 
through  relay  contacts.  The  only  current  passing  through 
these  contacts  is  that  required  for  holding  the  mechanism  in 
its    latclied   position. 

■I"h.'  flagman  can  be  equipped  with  a  bell  and  with  either 
an  oscillating  or  a  fixed  lamp.  If  desired,  the  fixed  lamp 
can  be  arranged  to  burn  oil  and  to  give  alternately  red  and 
white  flashes  of  light  as  the  banner  swings  to  and  fro,  and  a 
wliite  light  when  the  banner  is  latched  clear.  The  control  of 
the  flagman  can  be  effected  by  any  of  the  well-known  auto- 
matic or  nonautomalic  methods  in  general  use,  and  the  flag- 
man it.'^elf  adapted  to-any  ordinary  condition  of  highway  pro- 
tection. 
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at  Worcester^  MasSo 


Trolley-car  street  flusliers  have  been  in  use  in  the  cities 
of  Worcester  and  Springfield,  Mass.,  for  over  a  year. 
Worcester  was  the  first  city  in  the  country  to  introduce 
street-car  sprinklers,  and  in  1915  it  was  the  first  to  intro- 
duce the  new  street-car  flushers.  A.  T.  Ehodes,  Street 
Commissioner  of  Worcester,  from  whom  the  following 
data  were  obtained,  states  that  these  machines  are  oper- 
ated throughout  the  entire  season  with  great  satisfaction 
— so  much  so  that  during  the  present  year  (1916),  tlie 


9 

a  45-hp.  electric  motor.  Tlie  pump  discharge  is  equipped 
with  a  bypass,  enabling  the  operator  to  cut  down  the 
nozzle  pressure  to  as  low  as  30  lb.  per  sq.in.  The  opera- 
tion of  the  car  and  flushing  apparatus  requires  a  crew  of 
three  men. 

On  the  wide  streets  there  are  five  nozzles  pointing  in 
the  direction  the  car  is  going,  three  on  the  car  and  two 
on  the  swinging  arms  (see  Fig.  1).  One  of  the  three 
nozzles  on  the  car,  on  a  double-track  street,  catches  the 


.STREET-FLITSHING    TROLLEY    CAR    AS    USED    AT   WORCESTER.   MASS. 


older  methods  of  street  cleaning  have  been  abandoned  on 
all  paved  streets  where  there  are  electric-railway  tracks. 

The  flushing  machine  used  is  a  trolley  car,  containing 
a  tank  with  a  capacity  of  2,900  gal.  The  tanks  are  filled 
from  subsurface  hydrants  placed  between  the  rails  or 
tracks  of  the  trolley  system,  and  accessible  by  removing 
ordinary  sewer  manhole  covers.  The  temporary  connec- 
tion is  made  by  flexible  leather  pipes. 

The  pressure  for  flushing  is  obtained  by  a  centrifugal 
pump  having  a  ma.ximum  capacity  of  from  500  to  600  gal. 
per  min.,  a  speed  of  2,600  r.p.m.,  giving  a  normal  work- 
ing pressure  of  80  lb.  per  sq.in.     The  pump  is  driven  by 


refuse  lying  on  the  paving  between  the  two  tracks  and 
throws  it  to  the  opposite  track,  then  the  return  trip  in 
the  opposite  direction  catches  the  material  and  flushes  it 
to  the  gutter. 

Sprinkling  within  an  hour  ahead  of  the  flushing  has 
been  found  to  be  essential  for  the  best  results.  For  this 
purpose  the  older  sprinkler  type  cars  are  economically 
used.  The  sprinkling  softens  up  any  deposits  which 
are  stuck  down  on  the  pavement  and  makes  it  easy  to 
remove  them  with  the  flusher.  The  new  flusher  cars 
have  the  original  sprinkling  attachments,  both  on  the 
car  and  on  the  swinging  arm,  so  that  the  same  car  can 
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be  used  for  botli  sprinkling  and  completing  the  work 
H-it.h  the  flushing  nozzles,  if  so  desired. 

With  preliminary  sprinkling  a  car  flusher  will  cover 
about  10.5  mi.  of  street  per  night.  The  average  eight 
hours'  work  for  a  car  doing  both  sprinkling  and  flusliing 
is  about  9  mi.  of  street  varying  from  25  to  75  ft.  be- 
tween curbs.  During  eight  hours'  use  the  car  flusher 
distributes  approximately  95,700  gal.  of  water.  One 
tank  of  water  is  sufficient  to  sprinkle  a  street  38  to  45 
ft.  wide  between  curbs  a  distance  of  about  one  mile.  The 
same  tank  of  water  will  properly  flush  between  one- 
quarter  and  one-third  of  a  mile. 

Previous  to  the  adoption  by  the  city  of  the  method  of 
flushing  at  night,  the  streets  were  sprinkled  by  trolley 
cars  during  the  day.  Under  the  day  sijrinkling  system 
the  water  simply  laid  the  dust,  and  the  other  refuse 
which  had  accumulated  upon  the  street  surface  re- 
mained, forming  a  greasy,  slippery  scum  on  the  surface, 
extremeh'  dangerous  to  vehicular  traffic.  Night  flushing 
has  made  it  possible  to  discontinue  sprinkling  during  tiie 
day. 

When  the  day  sprinkling  was  in  operation  three  car 
sprinklers,  making  several  trips  over  each  street  every 
day,  covered  the  same  area  now  covered  by  two  flushers, 
making  one  round  trip  nightly,  for  sprinkling  and  flush- 
ing combined.  The  flushers  work  eight  hours,  and  the 
sprinklers  under  the  old  method  worked  14  hr.  per  day. 
The  amount  of  water  used  under  the  flushing  system  is 
about  60%  of  that  used  under  the  old  style  sprinkling, 
while  the  present  combined  sprinkling  and  flushing  re- 
quires about  85%  of  the  former  amount. 

Previous  to  the  installation  of  this  system  two  machine 
broom  squads  were  worked  at  night,  covering  these  paved 
streets  from  two  to  three  times  per  week.  This  work  cost 
•1=14,000  yearly  and  was  not  very  satisfactory.  Moreover, 
it  was  difficult  to  keep  track  of  the  labor  during  the  night 
hours.  This  has  been  discontinued  entirely;  the  only 
cleaning  necessary  is  taken  care  of  by  pushcart  men,  the 
first  thing  in  the  morning.  They  clean  up  the  gutters, 
and  owing  to  the  fact  that  the  streets  are  absolutely  clean 
when  they  reach  them,  their  labors  have  not  been  in- 
creased nor  is  there  any  additional  expense  incurred. 

The  cost  of  catchbasin  cleaning  has  been  just  about 
doubled  on  streets  which  are  flushed.     The  average  cost 


per  catchbasin  per  year  for  cleaning  was  $1.95,  and  on 
streets  flushed  this  lias  been  increased  to  $3.90. 

The  street-car  flushers  and  sprinklers  are  operated 
under  contract  with  the  American  Car  Sprinkler  Co.,  of 
Worcester,  which  in  turn  makes  the  contract  with  the 
street  railway  company  for  use  of  tracks  and  for  jxiwcr. 


FIG.    3.      FILLING   CAR    FROM    SUBSURFACE   HYDRANT 

Each  car  is  equipped  with  "Servis"  recorders,  as  a 
check  on  the  mileage  covered.  The  accompanying  tables 
give  the  contract  prices  for  flushing  and  for  sprinkling. 
The  assesments  against  abutting  property  for  street  clean- 
ing vary  by  %c.  per  lin.ft.  for  each  5  ft.  in  width  of 
street  from  3i/^c.  for  a  25-ft.  street  to  10c.  for  an  80-ft. 
street.  The  American  Car  Sprinkler  Co.  has  similar 
contracts  with  Maiden,  New  Bedford,  Springfield  and 
Somerville,  ^lass.,  Manchester,  N.  H.,  and  Syracuse, 
N.  Y. 

Similar  methods  have  been  employed  in  Worcester  by 
iising    motor-truck    flushers   and    sprinklers.      The    two 


FIG.   2.      FLUSHING   CAR  USING   .SPRINKLING   APP.AR.ATUS 
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trucks  iHiw  in  'use  tlunv  avpraije  tofjellicM-  ahout  o  mi.  of 
streets  per  night,   but  in  addition   the  trucks   do   some 

TABLE   I.     CONTRACT  PRICES  OF  WORCESTER  STREET   SPRINK- 
LING AND  FLUSHING 


Street  Spn 

nkling 

Street  Flushing 

Width  of 

Cost  per 

Width 

of 

Cost 

Street,  Fi. 

Mile 

Street, 

Ft. 

per  .Mile 

25 

$39600 

25 

$448.80 

30 

464  64 

30 

55272 

35 

533  28 

35 

596.64 

40 

564  96 

40 

633.60 

45 

596  64 

45 

670  56 

50 

66528 

50 

749,76 

55 

733.92 

55 

823  68 

60 

929  28 

60 

1,045  44 

65 

997,92 

65 

1.119  36 

70 

1,12992 

70 

1,272.48 

75 

1,198.56 

75 

1,346.40 

80 

1,261.92 

80 

1,420.32 

TABLE  2. 

ASSESSMENT  PER 

FRONT  FOOT 

ON   ABUTTINC 

PROPERTY 

Width  of 

Per  Lin.  Ft. 

Wdith 

of 

Per  Lin. Ft 

Street,  Ft. 

Cents 

Street, 

Ft. 

Cents 

25 

3! 

60 

7i 

30 

4 

65 

8 

35 

4i 

70 

9 

40 

■ti 

75 

9i 

45 

5 

80 

10 

50 

5! 

100 

lli 

sprinkling  and  flushing  to  help  out  the  trolley  work. 
There  are  not  enough  paved  streets  without  trolley  tracks 
to  make  their  independent  operation  economical. 

^©tlttosim  Dipi^eim  Corcacret©   Fnles 

(Dim  Go^®ffirafflffi©im^  Jo5b 

By  C.  S.  Howell* 

Eeinforced-concrete  piles  of  the  Giant  type,  that  is 
piles  which  are  driven  by  a  temiJorary  follower  against 
projections  on  the  pile  point  (see  Engineering  News, 
Mar.  2,  191G),  are  being  successfully  used  on  a  new 
Federal  building  at  Wilmington,  N".  C,  under  condi- 
tions which  it  was  considered  precluded  the  use  of  piles 
entirely.  A  typical  pile  section  and  location  is  shown  in 
the  accompanying  drawing. 

The  site  of  this  work  was  formerly  covered  with 
Iniildings  which  were  razed  to  make  way  for  a  new  Cus- 
tom Hou.se,  Appraiser's  Stores  and  Court  Hou.se.  The 
old  foundations  were  left  below  the  surface  of  ground 
practically  intact.  Under  these,  the  earth  is  generally 
a  mi.xture  of  fine  blue  sand  mi.xed  with  clay,  and  in 
places  heavy  beds  of  a  substance  resembling  asphalt  have 
been  encountered.  The  consistency  of  the  earth  pene- 
trated is  such  that  e.xcavation  is  extremely  difficult,  due 
to  adhesion  to  the  excavating  implements,  and  the  earth 
has  refused  to  yield  to  enormous  water  pressure  applied 
through  jets. 

The  piles  are  driven  in  an  average  time  of  eight 
minutes,  actual  driving,  to  refusal  upon  the  underlying 
coral  rock. 

The  work  involves  710  piles,  with  an  average  depth 
of  2.5  ft.  They  are  driven  with  a  No.  0  Vulcan  steam 
hammer,  weighing  17, .500  lb.  and  delivering  1,800,000 
ft. -lb.  per  min.  The  piles  are  16-in.  square  and  contain 
four  %-in.  square  deformed  bars  which  are  looped  or 
hooked  through  the  cast-iron  point  and  tied  at  intervals 
to  maintain  uniform  spacing. 

Why  Not  Design  Piles  for  Loads? 

In  connection  with  this  work  it  has  occurred  to  the 
writer  to  inquire  why  concrete  piles  should  not  be  pro- 
]3ortioned  to  the  load  they  must  carry.  With  wooden 
piles  natural  restrictions  made  it  quite  general  to  load 

•Civil  Engineer,  550  W.  174th  St.,  New  York  City. 


v.-ithout  regard  to  the  size  of  the  pile,  probably  because 
there  did  not  exist  any  great  variation  in  size  with  regard 
to  ratio  of  end  diameters  to  length.  The  introduction 
of  concrete  piles  did  not  involve  this  fixed  condition 
but  opened  the  way  to  projwrtioning  size  to  imposed 
loading.  Yet  it  is  notable  that  little  use  of  this  ini- 
jiortant  fact  is  now  resorted  to.  Concrete  piles  are  placeil 
without  regard  to  the  individual  capacity  of  the  ]V]\v 
selected.  By  means  of  the  method  described  by  the 
writer  in  Engineering  News,  Apr.'27,  lOlfi,  it  is  po-ssible 
without  difficulty  to  apply  the  Wellington  formula  so  that 
the  load  capacity  is  obtained,  accordingly  leaving  no 
good  reason  for  not  selecting  any  particular  pile  upon 
the  basis  of  its  suitability  and  its  cost  per  ton  of  load 
carried  rather  than  by  the  haphazard  manner  most 
generally  followed. 

The  pile  shown  in  the  sketch  herewith  is  good  under 
the  New  York   building   regulations  for  about  65   tons 
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safe  load,  which  is  in  full  accord  with  the  usual  conserva- 
tive practice  regarding  stres.sos  allowed  in  superstructures 
subjected  to  vibration  and  other  sources  of  danger  not 
involved  to  the  same  degree  in  substructures.  As  a  quite 
general  thing  in  foundation  work  it  will  be  found  that 
plans  are  prepared  for  a  fixed  number  of  piles,  and  the 
type  of  pile  as  well  as  its  load  capacity  are  given  little 
consideration  in  competition  upon  cost,  whereas  a  con- 
sideration of  the  simplicity  of  work  in  adopting  piles 
to  foundation  layouts  would  involve  more  exact  competi- 
tion both  upon  cost  and  merit. 

Building  regulations  are  striving  to  regulate  rule-of- 
thumb  method!?,  as  in  New  York  City  where  500  lb.  per 
sq.in.  of  cross-section  is  allowed  upon  precast  piles  and 
350  lb.  upon  cast-in-place  piles,  and  also  where  average 
cross-section  applies  in  ease  of  tapered  piles.  Aside  from 
such  regulations,  the  custom  largely  prevails  of  using 
so  many  piles  upon  customary  centers  more  according 
to  footing  areas  than  to  the  cajjacity  of  the  piles. 
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©f  ProIbg\IbMiily 


By  Thorndike  Saville* 


SYNOPSIS — Presents  enough,  theory,  iritli  c.vatu- 
ples,  to  make  the  prohahitity  method  availatitr  to 
tliose  not  proficient  in  the  use  of  least  squares. 
Indicates  practical  applications  not  in  general  use. 

The  interpretation  of  physical  observations  may  be 
greatly  enhanced  by  the  application  of  the  laws  of  proba- 
bility. This  method  is  one  not  in  general  use  by  engineers, 
due  possibly  to  the  limited  extent  of  adequate  knowledge 
regarding  it.  The  writer  presents  herewith  an  outline  of 
the  method  and  computations  involved  in  its  application 
to  the  rainfall  data  of  Hartford,  Conn. 

Mean  of  a  Series  of  Observations 

The  method  finds  its  basis  in  the  general  laws  of  prob- 
ability which  may  be  found  in  any  textbook  on  least 
squares.  In  any  series  of  recorded  observations  having 
equal  weight  and  upon  the  same  quantity,  it  is  mathe- 
matically true  and  has  been  generally  assumed  that  the 
most  probable  value  is  the  average  or  mean  of  the  obser- 
vations. Where  M.^,  Mo,  M^,  .  .  .  Mn  represent  n 
single  observations  of  equal  weight  on  a  single  quantity 
(such  as  yearlv  records  of  rainfall)    the  most  probable 

,        ,„,"+•,■   ^f,  +  M,-\-  M,+ Mn 

\alue  of  that  quantitv  is — ' • 

Thus  in  Table  1,  column  1,  the  most  probable  value  of 
the  annual  rainfall  at  Hartford  is  about  44  in.  This, 
or  any,  most  probable  value  is  more  or  less  probable, 
according  to  the  number  and  frequency  of  the  observa- 
tions. The  probable  error  of  the  mean  is  explained  in 
the  following  section.  The  lower  the  probable  error,  in 
general  the  more  accurate  the  series  of  observations,  and 
the  more  probable  the  mean  of  the  series. 

Variations  and  Probable  Error 

The  amount  by  which  any  observation  in  a  series  dif- 
fers from  the  mean  is  called  the  residual  or  "variation," 
and  is  expressed  by  v.  Thus  if  M^,  M.,.  M^.  etc.,  repre- 
sent any  series  of  observations  and  P  represents  the  mean 
of  the  series,  then  P  —  M^  =  i^,  P  —  M.,  =  v.,,  P  —  M.^ 
=  v^,  etc.  The  variations  of  the  annual  rainfall  at  Hart- 
ford from  the  47-year  mean  are  given  in  Table  1,  col- 
unni  2. 

The  calculation  of  the  variations  may  be  considerably 
shortened  by  taking  the  mean  to  the  nearest  even  inch, 
and  subtracting  each  individual  observation.  The  error 
introduced  is  not  appreciable  in  rainfall  computations. 
(See  King's  "Elements  of  Statistical  Methods,"  page 
149). 

By  the  laws  of  f)robability,  the  mathematical  deduc- 
tions of  which  are  here  omitted,  "in  measurements  of 
equal  precision  the  most  probable  values  of  observed  quan- 
tities are  those  which  render  the  sum  of  the  squares  of 
the  residual  errors    (variations)    a  minimum."'     Hence 

•Assistant  in  Geology,  Harvard  University;  and  Field 
Assistant  in  Surveying,  Tliayer  School  of  Engineering  at 
Dartmouth  College. 

•"Textbook  on  the  Method  of  Least  Squares,"  by  Mansfield 
Merriman. 


the  term  "least  squares."  The  squares  of  the  variations 
for  the  Hartford  data  are  tabulated  in  Table  1,  column  :i. 
The  most  probable  value  of  a  series  of  observations  of 
equal  weight  upon  a  single  quantity  is  then  the  arith- 
metic mean.     Thus  if 

Z  =  Most  probable  value  of  a  term  in  a  .series  of 

observations ; 
n  =  Number  of  observations ; 
M  =  Any  observation  ; 
V  =  Variation    of   a    single    observation    from    tlic 

mean ; 
r  =  Probable  error  of  a  single  observation ; 
K  =  Probable  error  of  the  mean ; 
2'  =  Sum  of. 
Then,  omitting  mathematical  jiroof, 
IM 


Z  = 


R 


r  =  0.GT45 


V; 


=  0.0745 


\«(?i  —  1) 


The  quantity  a/ r  is   called   the   "standard   varia- 

TABLB  1.     STUDY  OF  RAINFALL  D.\TA.  HARTFORD,  CONN. 


Yearly 

Rainfall 

in   Inches 

Variation 

in  Order  of 

from  the 

Magnitude 

Mean 

33.64 

10.34 

34.11 

9. 89 

34. 7S 

9.22 

35.74 

8.46 

36.02 

7.98 

36.SS 

7.12 

36.91 

7.09 

37.04 

6.96 

37.6S 

6.32 

38.25 

5.75 

38.95 

5.05 

39.16 

4.84 

39.45 

4.55 

39.73 

4.27 

40.17 

3.83 

40.75 

3.25 

41.09 

2.91 

41.53 

2.47 

41.56 

2.44 

42.07 

1.93 

42.07 

1.93 

42.20 

1.80 

42.42 

1.5S 

43.60 

0.40 

43.66 

0.34 

45.35 

1.35 

45.37 

1.37 

45.54 

1.54 

45.62 

1.62 

45. S3 

1.S3 

46.32 

2.32 

46.81 

2.81 

47.13 

3.13 

47.29 

3.29 

48.47 

4.47 

48.71 

4.71 

49.22 

5.22 

49.26 

5.26 

50.25 

6.25 

50.29 

6.29 

51.66 

7.66 

52.00 

8.00 

52.69 

8.69 

53.59 

9.59 

55.12 

11.12 

55.81 

11.81 

56.36 

12.36 

^M  =z  2.067.95 

2M       2.067.95 

n               47 

=  44  00 

Tlie  Mean 

Pro 

Variations 

Squared 

106.92 

97.81 

85.01 

71.57 

63.68 

50.69 

50.27 

48.44 

39.94 

33.06 

25.50 

23.43 

20.70 

18.23 

14.67 

10.56 

8.47 

6.10 

5.95 

3.72 

3.72 

3.24 

2.50 

0.16 

0.12 


3.35 

5.58 

7.90 

9.80 

10.82 

19.98 

22.18 

27.25 

27.67 

39.06 

39.56 

58.68 

64.00 

75.52 

91.97 

123.65 

139.48 

152.77 


Percentage 

of  Total 
for  Plotting 
0.0106 
0.032 
0.053 
0.074 
0.096 
0.117 
0.134 
0.160 
0.180 
0.201 
0.224 
0.245 
0.266 
0.288 
0.309 
0.330 
0.351 
0.372 
0.394 
0.415 
0.436 
0.457 
0.478 
0.499 

0.522 
0.543 
0.564 
0.585 
0.606 
0.627 
0.650 
0.671 
0.692 
0.713 
0.735 
0.756 
0.777 
0.798 
0.819 
0.840 
0.861 
0.882 
0.903 
0.924 
0.945 
0.967 
0.990 


Vv=  =  1,722.17 

=  0 ,  6745  v'  _  J 

=  0  6020 
Prob,ibl    Error  of  tli  ■  Mean 


DixeiulHT  2S.   i:)lG 
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tion,"    and    tlic    ratio    of    the    stamlard    \ariati()ii    to    the; 


mean,   that   it^ 


TABLR    2.     HTUDY    OK    HARTFORD,    BOSTON    AND    NEW 
BEDFORD   RAINFALL   DATA 


i.'^    calliMl    the    "cocffir-iciit    of 


\ariation."  The  fir,st  term  is  .simply  the  ex])re.s.sion  for 
probable  error  of  a  single  observation  with  the  constant 
0.6745  omitted.  The  coefficient  of  variation  indicates 
the  frequency  of  departure  of  sinjile  observations  from 
the  mean,  and  serves  as  a  means  of  comparing  similar 
(lata  from  different  localities.  The  application  of  this 
coefficient  to  the  interpretation  of  rainfall  data  has  been 
presented  by  Allen  Hazen  in  Engineering  News,  Jan.  6, 
1916.  The  following  remarks  are  taken  from  his  article 
on  "Variation  in  Annual  Rainfall'" : 

The  coefficient  of  variation  i.s  lowest  on  the  Atlantic  coast. 
That  means  that  one  can  count  on  getting  more  nearly  the 
normal  rainfall  each  year;  and  on  the  Atlantic  coast  the 
coefficient  does  not  range  through  wide  limits.  .  .  .  As 
one  goes  west,  the  coefficient  in  annual  rainfall  increases; 
that  is  to  say,  the  chance  of  a  very  dry  or  a  very  wet  (rela- 
tively) year  is  increased.  ...  At  New  York  the  coefBcient 
of  variation  is  0.15;  at  San  Francisco  it  is  0.30.  This  means 
that  on  the  average  the  relative  variations  in  annual  rainfall 
at  San  Francisco  are  twice  as  great  as  at  New  York. 

The  coefficient  of  variation  for  Hartford,  as  computed^ 
from   the   data   in   Table   1,   is  thus   from   the   formula 


=  0.139,  which  docs  not  vary  greatly 


-'^''''''-     2,067.95 
from  that  at  New  York. 

AMien  used  in  the  interpretation  of  rainfall  data  it  is 
evident  that  the  quantity  called  here  the  "probable  er- 
ror" is  not  an  expression  of  error,  but  an  indication  of 
the  annual  variations  from  the  mean,  although  observa- 
tional errors  are  also  included  in  the  adjustment.  It 
represents,  let  us  say,  the  error  of  nature  in  not  pro- 
viding a  constant  annual  rainfall.  This  annual  devia- 
tion and  its  frequency  is  best  expres.sed  by  the  coefficient 
of  variation,  although,  as  can  be  seen  from  the  formula, 
this  latter  is  dependent  \ipon  the  probable  error,  so 
called.  The  relation  between  these  two  quantities  is  in- 
dicated in  the  table  below,  a  low  probable  error  producing 
a  low  coefficient  of  variation. 

From  these  figures  it  is  evident  that  individual  ob- 
servations of  rainfall  extending  over  long  periods  of  time 
do  not  necessarily  tend  to  depart  less  from  the  mean 
than  they  do  in  certain  shorter  time  records.  Frequency 
of  departures  from  the  mean  are  dependent  upon  loca- 
tion of  the  place  and  the  governing  meteorological  con- 
ditions, and  are  indicated  by  the  magnitude  of  the  coeffi- 

=For  purposes  of  illustration,   and   to  indicate   how   expedi- 
tiously all  the  quantities  mentioned  may  be  found,  the  follow- 
ing computations  for  the  Hartford  data  are  presented.     Refer- 
ence should  be  had  to  Table  1  and  the  formulas, 
log       5v=     (1,722.17)  =  3.23621 
log    n(n-l)     (2,162)  -  3.334S6 

extract  square  root  2)1.90135 


log  0.6745 

2,067.95 

1.95062 
=  1.82898 

log  Vn 

1.77960  =  0.6020  -  R 
=  0.83605 

log  0.6745 

0.61565  =  4.127  -  r 
=  1.82898 

log  n  (47) 

0.78667  =  6.119  =  sta 
=  1.67210 

log      2M 

2.45877 
=  3.31555 

With    care,    the 


standard  variation 


1.14322  =  0.139  =  coefficient  of  variation 
quantities    may    be    computed    accurately 


Place 


J30  bjOl 


><a 


Hartford.  Conn 

Boston,   Mass 

New  Bedford,  Mass.. 


■o  a 
Is 

wag 

1    Z 

6.119 
8.092 
6.624 

0.6020 
0.5571 
0.446S 

0.139 
0.178 
0.143 

48  4.127 

96  5.458 

100  4.468 

•"Rainfall    in    New   England."    by   X,    H.   Goodnough,   Jour. 
New    Eng.    W.-W.    Assoc.   Vol.   XXIX,   No.    3,    1915. 

ciciit  (if  vai'iation.  Thus  at  Hartford,  with  a  48-year 
record,  the  annnal  rainfall  varies  less  from  the  average 
tlian  does  that  at  Boston  with  a  96-year  record.     To  be 

56 


/ 

/ 

/ 

^ 

,^ 

.^ 

^ 

^ 

^ 

^ 

Fie. 

I 

/ 

10      £0       30      40       50      40       30      20       10        0 
Peroen+age    of  Years 


60 

56 
% 

-5  50 

,45 


r 


tt: 


/ 

/'■ 

/ 

/ 

/ 

f 

/ 

i 

i 

^ 

^ 

/ 

^ 

Fie. 

2 

-" 

001      01  1  5    10    a  30  40  5040  30  so     10  0C5      0.01         0. 

Peroerr+aoe      erf      Years' 

FREQUENCY    OF    R.\TNFALL,   AT    HARTFORD,    CONN., 
TO   1914,   INCLUSIVE 


Time  =  47  Years 

Per  Cent, 
of  Time 

Equivalent 
Years 

Equals 
Once  in 

Rainfall  in  Inches  of 

10 
1 
0.1 

11.8 
4.7 
0.47 
0.047 

4  yr.* 

10  yr. 

100  yr. 

1,000  yr. 

39  or  less,  or  48  or  more 
36  or  less,  or  53  or  more 
34  or  less,  or  56  or  more 
29  or  less,  or  65  or  more 

•It  is  a 
I  rainfall 
he  curve 

t  once  evidence  that  the  frequency  of  occurrence  of 
of  any  given  magnitude  is  obtainable  at  once  from 
by  the  simple  relations  that 
100 
Frequency  =  

enough  for  most  purposes  by  the  slide  rule. 


Per  cent,  of  time 

comparable,  however,  the  observations  must  be  of  equal 
precision,  and  whether  they  are  so  in  the  cases  cited  the 
writer  is  unaware. 

Many  communities  in  New  England  will  in  the  ne.xt 
decade  or  so  have  100  years  of  rainfall  record.  When 
this  record  extends  over  a  period  greater  or  less  than 
100  years  by  not  more  than  5  years,  the  probable  error 
of  a  single  observation  may  be  obtained  nearly  enough  by 
multiplying  the  probal  le  error  of  the  mean  lay  10.  The 
standard  variation  is  then  found  by  dividing  by  0.6745. 
Thus  for  New  Bedford, 
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Prnhnhle  error  of  mean  =^  0.446cS 

I'rohnhlc  error  of  single  observation  =  0.4468  X  10  = 

4.468 

4.468 
Standard  varintion  =  ^  „^.  ^  =  6.624 
0.6/45 

Coefficient  of  vnrintwn  =  — ,  „  .„  „, —  =  0.14(3 
•'  ■  4,0  46.80 

Peter's  Fokmi'las  for  PnoBArii.E  Ei!i!on 

There  are  simpler  formulas  for  olitaiiiing  probable  er- 
ror known  as  Peter's  formulas.  The.'^e  are  somewhat 
easier  of  application  in  that  they  do  not  necessitate  com- 
puting the  squares  of  the  residuals.  They  are  based, 
however,  upon  slightly  different  reasoning  than  the 
standard  formulas  presented  above,  and  unless  the  ob- 
servations follow  the  probability  curve  fairly  closely  the 
results  obtained  from  using  these  formulas  will  differ 
from  those  obtained  by  use  of  the  standard  formulas. 
Peter's  formulas  are  given  below : 


R  =  0.8453 — = 


n  V  (n 
Coef.  var.  - 


=  0.8453- 


V  «(w.  —  1) 


1.25- 


X 


M 


From  these   the   followins 


V  n{fi  —  1) 
a]i])n)ximations   are   evident: 


R  =  0.85- 


0.85 


coef. var.  =  1.25 


While,  as  stated,  these  formulas  are  considerably  easier 
of  .solution  than  the  standard  formulas,  they  .should  be 
used  only  when  it  is  known  that  the  ob-servational  data 
follow  the  probability  curve  fairly  closely.  Ordinarilv 
in  computations  involving  rainfall  data  where  compari- 
son is  likely  to  be  made  with  figures  obtained  at  other 
places,  the  chief  value  in  these  approximations  lies  in 
applying  them  as  an  independent  check  to  computations 
made  with  the  standard  formulas. 

Peter's  formulas  are  presented  here  only  from  their 
utility  as  a  check  method,  and  because  they  have  been 
sviggested  at  times  as  offering  a  much  simpler  method  of 
finding  the  probable  error.  Space  does  not  permit  of  a 
discussion  of  the  relative  merits  of  the  several  formulas, 
Init  the  standard  formulas  are  those  which  are  commonly 
used  in  scientific  work. 

The  JLediax  Observation 

If  the  series  of  observations  be  arranged  in  order  of 
magnitude  as  in  Table  1,  column  1,  that  observation 
which  has  as  many  observations  greater  than  it  as  there 
are  less  than  it,  is  called  the  "median."  In  this  case 
the  median  is  43.60  in.  while  the  mean  is  44  in.  When 
there  are  a  few  very  large  or  very  small  (relatively)  ob- 
servations entering  into  the  calculation  of  the  mean,  the 
median  is  a  better  expression  of  the  most  frequent  ob- 
servation. When  the  median  approaches  the  mean  in 
value,  as  occurs  in  the  Hartford  data,  it  is  commonlv 
an  indication  that  the  series  of  observations  follow  closely 
the  laws  of  probability.  In  such  cases  Peter's  formula 
might  be  used  as  the  shorter  process.  Both  the  median 
and  the  mean  should  be  computed  in  all  studies  of  rain- 
fall data. 

If  a  series  of  observations  be  arranged  in  order  of  mag-^ 
nitude  and  plotted  against  the  frequency  of  their  occur- 
rence, and  if  they  conform  at  all  to  tlie  laws  of  prob- 
ability, they  will  fall  along  a  curve  of  the  general  form 


sliown  in  Fig.  1.  The  Hartford  rainfall  data  fall  along 
a  curve  which  closely  approaches  the  theoretical  in  shape. 
Such  a  curve  is  defined  as  a  "frequency  curve." 

In  plotting  such  a  curve  as  that  in  Fig.  1,  the  hori- 
zontal distance  along  which  the  abscissas  will  lie  is  di- 
vided into  100  parts.  The  observations,  arranged  in  as- 
cending order  of  magnitude,  are  plotted  as  ordinates. 
and  the  per  cent,  which  each  term  is  of  the  whole  number 
of  terms  is  plotted  as  abscissas.  The  latter  is  plotted 
cumulatively.     Thus  in  Table  1,  column  4,  as  there  are 

100 

47    observations,   each   observation   is     -rrr     =    2.128% 

of  the  whole.     The  abscissa  for  the  first  observation  is 

at  the  middle  of  the  distance  representing  2.128%,  or  on 

the  1.06%  line.     The  next, largest  observation  is  plotted 

at  a  distance  2.128  greater  than  this,  or  on  the  3.2% 

line ;  the  next  on  the  5.4%  line,  etc.     Hazen^  .states  that 

the  decimal  position  of  the  mth  term  in  a  series  of  n 

2m  —  1 
terms  is  P  =  r .     In  numbering  the  vertical  lines 

the  numbers  have  for  convenience  been  made  to  run  from 

0  to  50  and  back  to  0  on  the  bottom  of  the  diagrams, 
and  from  0  to  100  on  the  top.  Thus  on  the  80%  line 
it  is  seen  that  80%  of  the  time  a  rainfall  of  48.8  in. 
or  less  occurred,  and  that  20%  of  the  time  a  rainfall  of 
48.8  in.  or  more  occurred.  It  is  the  extreme  value,  how- 
ever, which  is  of  the  chief  utility,  as  is  evident  from  the 
following  paragraph.  For  convenience  in  computation 
the  percentages  are  calculated  from  0  to  100  as  in  Table 
1.  column  4. 

AMien  observational  data  fall  along  a  curve  of  this  gen- 
eral type  so  closely  as  in  this  instance,  the  probabilitv 
of  occurrence  of  a  rainfall  of  any  magnitude  may  be 
found  at  once  from  the  curve.  The  method  of  using 
the  curve  is  evident  from  the  data  given  beneath  Figs. 

1  and  2. 

The  Straight-Line  Frequency  Curve 

At  times  observational  quantities  when  plotted  do  not 
lie  smoothly  along  such  a  curve  as  that  in  Fig.  3,  nor 
does  the  curve  so  nearly  approach  a  straight  line.  In 
such  cases,  by  varying  the  spacing  of  the  ordinates  in 
accordance  with  changes  in  the  value  of  the  probability 
integral,  and  by  varying  the  spacing  in  the  same  pro- 
]3ortion  on  each  side  of  the  50%  line,  the  ends  of  the 
curve  may  frequently  be  straightened  and  the  data  made 
to  lie  more  nearly  on  a  straight  line.  This  line  may 
tlien  be  produced  beyond  the  limits  of  the  observed  data 
and  the  probability  of  occurrence  of  extraordinary  phe- 
nomena predicted.  The  method  of  plotting  is  the  same 
as  for  Fig.  1  and  is  illustrated  in  Pig.  2.  The  full  line 
indicates  the  probable  trend  of  the  observations,  while 
the  dotted  lines  at  each  end  follow  more  closely  the  plotted 
points.  At  the  ends  these  points  represent  such  infre- 
quent phenomena  that  they  are  not  of  great  value  in 
determining  the  slope  of  the  line. 

At  times  the  nature  of  the  data  is  such  (though  rarely 
in  rainfall  studies)  that  the  curve  departs  considerably 
from  a  straight  line  even  on  probability  paper.  Some- 
times,  in   such   instances,   if   the   data   be   plotted   to   a 

""Storage  To  Be  Provided  in  Impounding:  Reservoirs  for 
Municipal  Water-Supplv,"  Bv  AHen  Hazen.  Trans.  Am.  Soc. 
C.  E..  Vol.  LXVII.  December.  1914.  This  article  treats  in 
considerable  detail  of  the  application  of  the  laws  of  probability 
to  data  relating  to  flnw  ot  streams  and  storage.  It  explains 
the  method  of  using  the  probability  curve  from  such  data,  and 
also  the  manner  of  constructing  probability  paper. 
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logarithmic  ilistead  of  to  an  aritliitictie  scale,  a  better 
curve  will  be  obtained. 

The  writer  has  attempted  in  the  foregoiiiij;  discussion 
not  only  to  present  certain  applications  of  the  laws  of 
probability  to  the  interpretation  of  rainfall  data,  but  also 
by  formulas  and  tables  to  make  plain  the  utilization  of  such 
data  by  those  who  are  not  versed  in  the  theories  of  least 
squares.  The  value  of  the  methods  indicated  lies  in 
their  applicability  to  the  interpretation  of  rainfall  sta- 
tistics and  their  relation  to  the  compilation  of  data 
pertaining  to  freshet  conditions,  storage,  design  of  spill- 
ways, .sewers,  culverts,  etc.  Thus  it  might  be  allowable 
to  design  a  sewer  that  would  likely  be  flooded  once  in 
100  years,  while  a  sewer  that  would  be  flooded  once  in 
10  years  would  be  undesirable. 

The  formulas  and  methods  outlined  herein  are  of  wide 
applicability,  and  opportunities  to  utilize  them  will  be 
I'eadily  apparent.  In  many  instances  in  engineering  work, 
in  addition  to  the  interpretation  of  rainfall  data,  the 
utilization  of  statistical  information  according  to  the 
laws  of  proliability,  and  the  precision  discussion  of  re- 
sults, "vvill  be  found  of  the  utmost  value.  A  recent  article 
in  the  Journal  of  the  Franklin  Institute^  presents  briefly 
some  of  the  more  important  applications  of  this  method, 
and  mentions  its  use  in  statistics  relating  to  death  rates, 
to  the  number  of  bacteria  in  water  and  milk,  to  sand 
analysis,  to  filter  effluents,  and  to  precision  determina- 
tions of  the  free  and  albuminoid  ammonia  in  water.  The 
application  of  the  methods  of  least  squares  to  a  precision 
discussion  of  tests  on  cement  and  sand  briquettes  has 
been  previously  indicated  by  the  author.^ 

Acknowledgment  is  due  Prof.  G.  C.  Whippile,  of  Har- 
vard University,  for  certain  suggestions  concerning  the 
applicability  of  computed  data  to  engineering  practice, 
and  to  Prof.  S.  L.  Ruggles,  of  the  Thayer  School  of 
Civil  Engineering  at  Dartmouth  College,  for  review  and 
criticism  of  the  manuscript. 
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For  dredging  antl  transporting  sand  to  be  used  in  con- 
crete and  building  construction,  and  also  for  filling,  the 
Hydraulic  Sand  and  Transit  Co.,  of  Chicago,  has  a  large 
"sand-sucker,"  or  suction  dredge,  with  hopper  capacity 
for  1,.'')00  tons  and  with  special  cipiipmcnt  for  putting  the 
material  ashore.  This  vessel — the  '"Hydro" — was  built 
and  e(iuipj)ed  by  the  Manitowoc  Ship  Building  Co.,  of 
Manitowoc,  Wis. 

This  steamer  is  shown  in  the  accompanying  illustration. 
It  has  a  steel  hull  180  ft.  long,  -10  ft.  beam  and  19  ft.  deep, 
with  a  draft  of  10  ft.  light  and  I41/2  ft.  loaded.  Its  dis- 
placement is  2,100  tons,  and  the  two  hoppers  in  the  hold 
have  combined  capacity  for  1,500  tons  of  sand.  The  pro- 
peller is  driven  by  a  triple-expansion  engine  of  G50  hp. 

There  are  two  12-in.  suction  pumps  and  pipes,  and 
each  pipe  has  a  hinged  outboard  section  of  12-in.  rubber 
pipe  25  ft.  long,  from  its  connection  to  the  fi.xed  pipe, 
and  having  the  mouth  fitted  with  jets  and  teeth  for  loosen- 
ing packed  sand.  These  pipes  are  handled  by  booms 
guyed  from  a  gallows  frame  at  the  stern  of  the  vessel, 
and  are  swung  on  deck  when  not  in  use.  They  can  dredge 
to  a  depth  of  about  20  ft. 

If  the  sand  is  to  be  used  for  filling,  it  can  be  pumped 
ashore  through  a  delivery  pipe;  but  for  storage  it  can 
be  handled  dry  by  means  of  grab  buckets  and  belt  convey- 
ors. In  the  former  case  the  necessary  amount  of  water  is 
delivered  to  the  hoppers  by  means  of  a  large  force  pump. 

For  unloading  in  dry  condition,  there  are  two  McMyler 
revolving  cranes,  each  with  its  own  engine  and  boiler. 
These  are  mounted  on  the  deck,  and  each  handles  a  II/2- 
yd.  grab  bucket  with  a  45-ft.  boom  having  a  reach  of  25  ft. 
for  delivering  the  sand  direct.  Ordinarily,  however,  the 
grab  buckets  dump  their  contents  into  a  hopper,  beneath 
which  runs  a  transverse  belt  conveyor.  This  feeds  a  30-in. 
belt  conveyor  on  a  boom  or  frame  75  ft.  long,  which  is 
hinged  at  the  side  of  the  vessel.  The  vessel  can  fill  the 
hoppers  in  II/2  to  5  hr.,  and  can  discharge  its  load  in  2I/2 
to  4  hr.     Its  speed,  when  loaded,  is  about  12  m.p.h. 
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SYA'OPSIS — Review  of  schemes  for  computing 
annual  depreciation  of  utitity  property  and  making 
the  annual  compensation  approximate  the  annual 
decrement  in  value.  Theory  of  steady  fixed  charges 
advanced  as  controlling.  Compound-interest  com- 
putations shown  as  a  means  of  approach.  How 
effect  of  increasing  operating  costs  and  decreasing 
capacity  are  taken  into  account.  Complementary 
to  earlier  article  defining  depreciation  and  discus- 
sing the  collection  of  compensation  for  it. 

The  hard  prohlem  in  practical  depreciation  studies  is 
not  to  find  out  whether  it  is  wear-deterioration  or  natural 
dilapidation  or  functional  antiquation  that  will  fix  the 
life  of  various  parts  of  plant  hefore  they  have  to  be  retired. 
The  greater  problem  is,  once  the  probable  temi  is  accepted, 
How  shall  the  total  loss  of  value  most  fairly  be  distributed 
over  the  years?  It  can  be  shown  that  this  is  secured  by 
following  the  theory  that  a  steady  aggregate  of  annual 
fixed  charges  is  a  normal  economic  phenomenon,  or  rather 
would  be  in  the  absence  of  fluctuating  cost  of  materials 
and  labor.  Before  that  theory  is  presented,  however,  it  is 
best  to  approach  the  subject  by  looking  at  some  of  the 
older  attempts  to  make  compensation  for  depreciation 
(defined  as  "retirance"  in  the  previous  article)  follow  the 
loss  of  value. 

Maixtexanx'e  Plan" 

The  oldest  and  the  simplest  attempt  to  saddle  renewals 
on  customers  was  by  charging  them  for  all  the  repairs  and 
renewals  of  the  year.  This  had  the  unfortunate  effect  in 
some  cases  of  placing  an  extreme  burden  of  retirance  on 
some  3'ears  and  practically  none  on  others,  with  the  result 
that  rates  were  too  far  below  true  cost  at  the  start  and 
the  company  was  in  financial  straits  at  the  end.  Such  was 
particularly  apt  to  be  the  situation  in  those  utilities  where 
the  property  items  were  long  lived — like  water  and  gas 
Works.  It  has  worked  out  best  in  the  case  of  utilities  whose 
plant  was  composed  of  a  multitude  of  parts  of  short  life — 
like  telephone  systems  and  some  railroads,  though  the 
latter  have  to  resort  to  "expedients"  when  expensive  long- 
lived  fixtures  like  stations  and  bridges  give  way. 

It  is  hard  to  distinguish  between  upkeep  of  old  property 
and  new  extensions,  so  that  one  result  of  the  direct-replace- 
ment or  maintenance  scheme  in  some  cases  has  been  to 
make  additions  out  of  earnings.  A  certain  amount  of  such 
manipulation  often  may  be  sanctioned,  but  too  much  of  it 
hides  the  true  cost  of  service  and  may  cause  a  company's 
stockholders  to  earn  unduly  on  property  which  the  custom- 
ers and  not  the  investors  paid  for. 

The  actual  value  of  an  established  property  in  equi- 
librium administered  after  this  scheme  is  only  from  60  to 
85%  of  the  iijvestment  (plus  appreciation).  This  15  to 
•10%  depreciation  is  lost  to  the  company,  according  to  the 

•Advance  publication  of  parts  of  a  chapter  from  a  forth- 
coming book,  "Public  Utility  Rates."  to  be  published  by  the 
McGraw-Hill  Book  Co.     Copyright:  rights  reserved. 

tAssociate   Editor,    "Engineering  News."   New   York   City. 


Knoxvillc  decision  (cited  on  this  point  in  the  previous 
article),  through  neglect  to  collect.  The  plan  gives  no 
adequate  knowledge  of  the  annual  depreciation  and  it  is 
assuming  less  and  less  importance  each  year. 

Appraisal  Plan 

A  second  plan  that  has  been  tried  is  the  subtraction 
from  earnings  of  sums  which  an  examination  of  the 
property  shows  represent  the  loss  in  value.  This  is  better 
in  theory  than  in  practice — due  to  certain  human  limita- 
tions and  to  one  inherent  defect.  Changes  due  to  depre- 
ciation are  not  well  disclo.sed  by  annual  examinations  be- 
cause of  but  slight  changes  in  appearance  from  year  to 
year — differences  which,  however,  become  more  notice- 
able as  the  period  between  appraisals  lengthens.  Then 
the  mind  of  the  appraiser  may  change  from  year  to  year, 
or,  more  likely  perhaps,  the  appraisers  themselves  may 
change  and  bring  a  radical  change  in  standards  of  com- 
parison. 

This  sort  of  depreciation  levy  must  be  dangerous,  in 
view  of  the  Knoxville  decision.  It  gives  weight  largely 
to  superficial  evidence  of  past  deterioration,  while  the 
worth  of  the  property,  from  the  point  of  view  of  the  integ- 
rity of  investment,  has  been  further  impaired  by  the 
accrued  liability  for  renewals  on  account  of  probable  ob- 
soletion.  It  will  not  do  to  say  that  the  depreciation  com- 
pensations secured  from  rates  relate  absolutely  to  the 
past  loss — to  what  can  be  seen  to  have  definitely  happened. 
Ketirements  of  obsolete  equipment  must  come  in  the 
future,  it  is  true,  but  when  they  do  come  they  must  be 
paid  out  of  past  earnings  or  future  economies,  to  accord 
with  the  Knoxville  decision.  This  means  that  the  utility 
has  an  increasing  liability  each  year  for  obsolescence  and 
that  each  year  something  must  be  secured  to  compensate 
for  the  annual  increment  of  this  liability. 

Straight-Lixe  Scheme 

The  most  obvious  %vay  of  distributing  the  burden  of  re- 
tirement over  the  life  of  service  is  to  divide  the  cost  by 
the  years  of  life  and  set  out  the  resultant  quotient  from 
each  year's  earnings.  Such  money  can  be  held  by  the  util- 
ity owner  as  he  sees  fit  against  the  day  of  replacement. 
If  the  accumulated  reserves  and  the  time  passed  be  plotted 
as  a  mathematical  graph  or  "curve,"  the  form  will  be  a 
straight  line  of  course — hence  the  engineer's  term 
"straight-line  scheme"  which  has  mystified  most  laymen 
and  some  attorneys. 

One  difficulty  is  that  in  spite  of  a  superficial  plausibility 
in  the  straight-line  plan,  there  is  no  logical  reason  to 
expect  that  simple  depreciation  necessarily  accumulates 
in  direct  proportion  to  the  age — that  the  value  of  a  ma- 
chine is  half  gone  at  half  its  expected  life.  Indeed  when 
property  having  a  very  long  life,  like  cast-iron  pipe,  which 
is  good  for  60  to  100  years,  is  considered — the  value  is 
seen  to  be  not  inversely  proportional  to  the  age.  In 
fact  the  pipe  at  30  years  is  worth  80%  instead  of  50% — 
because  of  the  importance  of  interest  element  in  affecting 
worth.  Moreover,  during  the  early  period  of  operation, 
the  load  is  apt  to  be  light  and  the  unit  costs  high  anyway, 
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so  that  the  deVelo]irn('iit   of  tlie  business  wouhl  lie  hnni- 
pered  by  large  retirance  factors  in  rates. 

However,  on  the  other  hand,  if  the  utility  property 
hirgely  consists  of  a  great  number  of  short-lived  items, 
as  is  the  case  with  most  telephone  systems,  railroads  and 
some  electric  railways,  then  the  straight-line  scheme  has 
an  attractive  simplicity  and  the  discrepancy  between  actual 
depreciation  and  retirance  secured  cannot  be  appreciable. 
Straight-line  schemes  here  have  an  advantage  over  the 
actual-renewal  or  maintenance  basis  for  utilities  whose 
properties  may  not  show  anything  approaching  equi- 
librium between  depreciation  aiul  maintenance. 

SINKING-FUXD   AXXUITY    PlAX 

The  most  popular  scheme  of  computing  the  annual  de- 
jireciation  of  a  property  item  is  to  consider  that  it  follows 
the  growth  of  a  sinking  fund  sufficient  to  extinguish  the 
fost  at  the  end  of  the  probable  life.  Now,  as  is  well  known, 
a  sinking  fund  grows  through  the  payment  to  it  of  an 
annuity  or  annual  contribution  and  by  the  investment 
of  the  sums  so  contributed,  so  that  there  is  an  annual  sum 
for  interest  which  is  retained  in  the  fund.  The  annuity 
or  annual  contribution  is  made  of  such  size  that  it  will, 
if  invested  at  compound  interest,  with  the  interest  accumu- 
lations equal  the  cost  of  the  property  item  after  a  given 
number  of  years,  representing  the  life  of  such  item. 
Therefore,  in  order  tliat  the  annual  retirances  which  must 
come  from  the  rate  payers  may  closely  approximate  the 
annual  depreciation  increments,  they  must  in  each  year 
equal  the  annual  contribution  to  a  sinking  fund  plus  the 
accumulations  of  interest,  and  this  furnishes  the  basis 
for  the  Stearns,  or  equal-annual-jtaymeut  plan,  subse- 
quently described. 

The  general  practice,  however,  is  to  include  directly  in 
the  sums  to  be  earned  as  retirances  only  the  annuity  or 
annual  contribution  to  the  sinking  fund,  which  is  a  much 
smaller  sum ;  and  if  the  discrepancy  were  not  provided  for 
in  the  earnings  somehow,  a  great  injustice  would  be  done 
the  owner,  for  it  is  only  through  the  rates  that  the  entire 
depreciation  can  be  made  good  and  the  investment  kept 
unimpaired.  This  discrepancy  between  annuity  and  re- 
quired retirance,  in  practice.  Is  compensated  for  by  allow- 
ing the  owner  of  the  property  to  include  in  rate-basis 
worth  the  undepreciated  value  of  the  property — even 
though  it  may  have  lost  considerable  value  through  de- 
preciation. Part  of  what  should  have  been  accounted  for 
as  direct  retirance  is  recovered  under  guise  of  interest. 

It  is  a  serious  defect  of  the  sinking-fund-annuity  plan, 
in  view  of  the  principles  underlying  the  Knoxville  de- 
cision, that  it  is  necessary  in  order  to  preserve  equity  to 
use  the  undepreciated  value  of  property  contrary  to  the 
requirements  of  law  as  interpreted  in  this  famous  case. 
There  is  danger  that  the  law,  as  it  stands  interpreted  so 
far,  may  prevail  against  equity  for  the  older  utilities 
working  with  sinking-fund  annuities  as  pseudo-reti ranees. 
The  injustice  will  come  to  those  concerns  which  in  good 
faith  have  used  sinking-fund  annuities  to  provide  retir- 
ance. The  situation  is  brighter  for  those  who  have 
been  constrained  by  government  to  form  sinking  funds, 
for  they  may  charge  that  confiscation  has  begun,  unless 
they  receive  full  value.  The  remedy  for  these  dangers 
seems  to  be  the  abandonment  of  the  sinking-fund  annuity 
as  the  measure  of  retirance  and  the  substitution  of  the 
larger  sum  numerically  equivalent  to  a  sinking-fund  an- 
nuity plus  the  interest  accumulations  of  the  year. 


A  good  ]iart  of  the  poimlarity  of  the  sinking-fund- 
annuity  plan  has  possibly  been  due  to  a  vague  feeling  that 
somehow  the  depreciation  was  being  cared  for  adequately 
at  much  less  expense  than  by  any  other  scheme.  Such  a 
view  savors  a  bit  of  the  old  "some-thing-for-nothing"  ideas 
that  are  so  persistent  and  so  often  attractive. 

This  plan  carries  with  it,  in  some  cases  and  always 
in  some  people's  minds,  the  implication  of  a  distinct  re- 
serve fund  invested  in  outside  securities.  However,  in  the 
great  majority  of  cases,  seemingly,  the  allowances  so  se- 
cured are  put  into  the  property  in  place  of  money  that 
would  have  to  he.  raised  from  outside  sources.  Investing 
reserve  funds  inside  the  b\isiness  complicates  the  scrutiny 
of  accounts  and  operating  results,  but  it  tends  to  reduce 
slightly  the  cost  of  service  or  product — something  which 
is  desirable. 

Xo  matter  whether  the  retirance  funds  are  invested  in- 
side or  outside  of  the  business,  for  the  scrutiny  of  rate 
facts  it  seems  essential  to  remember  that  reserves  made 
up  of  sinking-fund  annuities  must  earn  for  their  own  ag- 
grandizement in  order  to  provide  full  amortization. 
Therefore  they  are  not  to  be  regarded  as  free  capital  in 
studying  the  business,  no  matter  how  the  owner  chooses 
to  handle  them  in  the  interests  of  daily  operation. 

It  needs  to  be  emphasized  perhaps  that  in  the  great 
majority  of  concerns,  up  to  the  present,  the  sinking-fund 
method  of  figuring  retirance  in  rates  has  been  merely  an 
attempted  process  of  arriving  at  a  fair  and  proper  burden 
on  the  customers.  The  money  once  secured  has  been 
looked  on  simply  as  company  property  with  no  strings 
hitched  to  it.  Unless  the  degree  of  regulation  is  severe, 
there  is  not  apt  to  be  dictation  as  to  how  the  retirance 
moneys  shall  be  invested.  The  jjublic  is  protected  when 
the  utility  uses  these  repaid  moneys  in  well-defined  and 
safe  ways. 

The  complication  and  confusion  of  thought  introduced 
into  the  scrutiny  of  utility  business  by  the  "sinking-fund" 
plan  have  led  some  to  go  back  to  the  scheme  of  directly 
appoi'tioning  the  cost  of  an  item  over  the  expected'  years 
of  life,  but  not  uniformly  as  in  the  regular  straight-line 
scheme.  Instead  they  have  variously  decreased  it  in  the 
early  years  and  increased  it  toward  the  end  of  the  ex- 
pected-life  period  of  the  piece  of  equipment  in  question. 
Usually  this  has  been  done  arbitrarily  and  empirically. 

AxxuAL  Cost  of  Service  axd  Actual  Depreciatiox 

It  is  not  mere  age,  nor  yet  service-ability  drop  that  dis- 
closes annual  depreciation,  nor  it  is  general  appearance; 
but  it  is  reasonable  to  expect  that  there  should  be  some 
fairly  logical  basis  of  computing  the  probable  annual  real 
decrement.  If  the  annual  depreciation  be  assumed  to  start 
high,  then  the  early  retirance  must  be  heavy  and  in  the 
later  years  light;  the  fair  value  (rate  basis,  Knoxville-case 
standard)  of  an  item  would  be  low  in  later  years  and  the 
fixed  charges  (interest  and  retirance)  would  greatly  fluc- 
tuate. If  now  operating  costs  have  not  risen  (excluding 
the  effect  of  rise  in  price  of  labor  and  materials)  and  the 
service  is  well  maintained,  steady  fixed  charges  may  be 
regarded  as  a  normal  economic  phenomenon.  Fluctuation 
of  service  cost  would  be  due  to  fluctuating  cost  of  labor 
and  supplies.  That  is  to  say,  given  a  pribbable  life  of 
equipment  where  the  fixed  charges  are  large  in  propor- 
tion to  the  operating  costs  and  where  the  deterioration  or 
inadequacy  will  not  seriously  change  the  operating  costs 
until  very  near  the  expected  time  of  retirement,  the  real 
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;iiinual  depreciation  is  sucli  (liat,  tlic  fixed  charges  (interest 
and  retirance)  continue  steady  year  after  year. 

F'or  example,  assume  that  a  water  pipe  costing  new 
$1,000  and  having  an  expected  life  of  50  years  had  been 
in  use  25  years.  The  interest  at  fi%  and  retirance  would 
be  for  the  first  and  twenty-fifth  year,  straight-line  plan: 

1st  year  interest $60  00 

1st  year  retirance 20  CI 

1st  year  fixed  charges $80  00 

25th  year  value 500  00 

25th  year  interest 30  00 

25th  year  retirance 20  00 

25th  year  fixed  charges $50.  00 

If  it  were  assumed  that  there  was  no  depredation  up  to 
25  years,  as  the  pipe  was  giving  good  service,  the  compari- 
son would  be : 

1st  year  interest $60  00 

1  St  year  retirance 

1st  year  fixed  charges $60  00 

25th  year  value $1,000 

25th  year  interest 60  00 

25th  yeai  retirance 40.  00 

25th  year  fixed  charges $100  00 

Following  sinking-fund  computations,  the  same  pipe 
would  show  these  figures: 

1st  year  interest $60 .  00 

1st  year  retirance 3  44 

I  St  year  fixed  charges $6344 

25th  year  retirance  fund 1 88  97 

25th  year  value 11    08 

25th  year  interest 8  66 

25th  year  retirance  (on  $8 1 1 .03) 14  78 

25th  year  fixed  charges $63  44 

It  is  obvious  that  the  $80  and  $50  given  by  the  straight- 
line  plan  for  fixed  charges  during  the  first  and  25th  year 
and  the  $60  and  $100  given  by  the  inspection  plan  are 
extremely  abnormal  and  uncommercial,  while  the  $63.44 
for  both  years  by  sinking-fund  computations  is  econom- 
ically desirable  and  rea.sonable. 

Where  the  operating  expenses  go  up  materially  due  to 
the  deterioration  of  the  equipment,  then  the  depreciation 
increases  more  rapidly  than  otherwise  and  may  approach 
the  straight-line  basis,  as  shown  later. 

"Equal-Axxcal-P.wmext"  Schkme  for  Computing 
Betiranck 

An  ingenious  and  scientific  plan  has  been  developed  by 
Frederic  P.  Stearns  for  his  engineering  practice.  (The 
simpler  elements  were  discussed  in  1914,  in  the  progress 
report  of  the  special  Committee  of  the  American  Society 
of  Civil  Engineers  on  Valuation  for  Utility  Eate  Making.) 
It  may  be  regarded  as  a  modification  of  the  straight-line 
plan,  but  with  the  annual  allowances  fixed  in  such  a  way 
that  the  aggregate  of  dominant  factors  in  rates  would 
tend  to  be  constant  year  after  year. 

The  calculations  leading  to  equal  annual  fixed  charges  in 
the  preceding  example  were  spoken  of  as  "sinking-fund 
computations."  They  follow  the  standard  sinking-fund 
tables  as  to  the  amount  of  depreciation  in  the  property 
at  the  beginning  of  the  twenty-fifth  year,  though  the 
amount  of  retirance  adopted  for  the  twenty-fifth  year  is 
not  the  sinking-fund  annuity  but  the  increase  in  the 
amount  of  the  sinking  fund  during  the  year,  consisting 
of  annuity  plus  interest  accumulations.  When  the  sink- 
ing-fund computations  are  used  in  this  way,  the  equal- 
annual-paj-meflt  scheme  of  compensating  for  depreciation 
is  evolved.  As  each  year's  retirance  by  the  equal-annual- 
pavTnent  plan  is  equal  to  the  annuity  under  the  sinking- 
fund  plan,  plus  the  amount  of  the  interest  accumulations 
of  the  sinking  fund  during  the  year,  the  larger  sum  thus 


represented  by  the  equal-annual-paymetit  plan  is  the  sun: 
which  the  company  is  entitled  to  earn  as  an  offset  to  the 
depreciation  of  its  property  to  keep  investment  intact. 

It  may  seem  at  first  that  the  equal-annual-payment 
plan,  providing  as  it  does  a  larger  retirance  for  each  year 
after  the  first  than  the  annuity  of  a  .sinking  fund,  would 
be  opposed  to  the  interests  of  the  rate  payers  and  would 
give  larger  earnings  to  the  company.  This,  however. 
is  not  the  case  when  both  systems  are  applied  in  an  equit- 
able manner.  The  company  should  be  permitted  to  earn 
a  retirance  equivalent  to  the  amount  of  depreciation ;  and 
if  the  retirance  is  figured  to  be  the  inadequate  sum  rep- 
resented by  the  sinking-fund  annuity  alone,  there  must  bo 
a  further  allowance  from  the  rate  payers  to  cover  the  in- 
terest accumulations  of  a  sinking  fund  during  the  year. 
As  shown  already,  it  commonly  masquerades  with  inter- 
est on  full  undepreciated  value  of  plant.  The  a.ssump- 
tion,  contrary  to  the  facts,  that  the  property  has  not  de- 
preciated in  value,  is  wholly  for  the  purpose  of  making 
up  for  the  inadequacy  of  the  retirance  when  it  is  assumed 
to  be  equal  to  the  sinking-fund  annuity  alone. 

By  the  equal-annual-payment  plan  substantially  the 
same  results  can  be  secured  as  with  the  sinking-fund  annu- 
ity and  full-value  scheme — but  quite  in  hannony  with  the 
Knoxville  decision.  The  equal-annual-payment  plan  will 
be  seen  to  be  the  simplest  case  of  what  the  writer  has  called 
for  convenience  a  group  of  "concave-curve"  plans  all  close- 
ly related  to  it  and  all  springing  out  of  complicated  prac- 
tical conditions  discussed  in  a  later  paragraph. 

Eetirance,  figured  by  this  plan,  is  declared  not  to  be 
in  any  sense  a  reserve.  It  is  an  immediate  and  direct 
compensation  for  property  value  lost  by  deterioration  and 
liability  incurred  for  retirement  of  equipment.  The  re- 
tirance is  immediately  available  for  canceling  obligations 
or,  what  is  equivalent,  for  reinvestment  in  replacements, 
additions,  improvements,  etc.  When  retirances  are  so  re- 
invested they  enter  rate-basis  worth  on  a  par  with  exten- 
sions paid  for  by  fresh  accessions  of  capital. 

Interest  is  allowed  only  on  the  diminished  worth  (un- 
returned  investment)  of  each  item ;  where  the  retirance 
sums  are  reinvested,  those  new  property  items  so  purchased 
earn  like  all  the  other  items,  and  retirance  is  collected 
each  year  for  them  also.  Obviously,  the  annual  interest  on 
unrepaid  investment  in  each  item  of  property  goes  down 
steadily,  but  the  retirance  aggregate  goes  up  correspond- 
ingly. The  annual  payments  for  retirance  and  interest 
on  continuing  investment  then  can  have  a  constant  annual 
aggregate  when  the  rate  of  interest  and  the  rate  for  retir- 
ance computations  are  the  same. 

Depreciation  Under  Increasing  Operating  Costs 

Where  the  cost  of  operation  goes  up  materially  be- 
cause of  the  deterioration  of  the  equipment,  then  of  course 
the  equalization  of  annual  fixed  charges  alone  is  not  a 
proper  criterion.  Eather  it  would  appear  to  be  proper 
to  hold  that  the  sum  of  fixed  charges  and  of  operation- 
cost  increase  should  remain  constant.  Under  these  condi- 
tions the  real  depreciation  may  more  nearly  approach  the 
unmodified  straight-line  apportionment.  It  may  di.sclose 
a  depreciation  more  rapid  than  that  given  by  the  straight- 
line  scheme  for  the  length  of  life  first  assumed  to  hold. 

For  instance,  take  the  case  of  a  small  water-works 
pump.  Suppose  that  it  was  a  new  departure  in  design 
and  was  expected  to  have  a  life  of  10  years ;  suppose  that 
in  service  it  was  found  that  slip  and  increased  friction 
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iiiereased  the  enst  of  o]ieration  $-1  eai-li  year.  ('I'lii-^  is  a 
liypothetieal  situation  purposely  taken  for  illustration.) 

To  find  the  actual  depreciation  under  these  conditions, 
tiie  capitalized  excess  cost  of  operation  is  deducted  from 
the  figures  for  nominal  value  and  considered  as  repaid  to 
the  investor.  The  remaining  value  is  repaid  during  the 
10  years  according  to  equal-annual-payment  plan;  the  de- 
preciation (and  the  retirance)  is  the  sum  of  each  year's 
capitalized  e.xcess  cost  and  the  other  annual  factor.  The 
computations  are  shown  in  the  accompanying  tables. 

When  the  output  has  decreased  with  age,  the  unit  cost 
has  increased.  The  multiplier  is  the  reciprocal  of  the 
decreased  capacity — if  the  output  is  only  0.9  of  the  initial 
then  the  unit  cost  is  1.11  times  the  initial  value.  The 
total  cost  of  the  original  output,  if  the  deficiency  was 
made  up  by  other  machines  of  similar  type,  would  be  in- 
creased by  use  of  the  same  multiplier;  that  is,  an  excess 
cost  results  which  can  be  studied  exactly  as  was  the  extra 
cost  of  operation.  If  the  annual  operating  expense  of  the 
hypothetical  pump  already  noted  was,  say,  $800,  a  gradual 
drop  of  capacity,  without  increase  of  gross  operating  ex- 

T.\BLE    1.     ANNUAL  RETIRANCE  AND   FIXED  CHARGES  BY   THE 
EQUAL-ANNUAL-PAYMENT  PLAN 

Annual  Re- 
tirance (or        Aggregate         Interest 


End  of 

D 

niinished 

Deprcc'n 

Retirance  <  or 

plus 

Year 

Value 

Interest 

Increment) 

Depreciation) 

Retirance 

0 

$1,000  00 

1 

924    13 

$60   00 

$75  87 

$75  87 

$135  87 

2 

843  71 

55  45 

80  42 

155  29 

135  87 

3 

758   46 

50  62 

85.25 

241    54 

135  87 

4 

668    10 

45   51 

90  35 

331   90 

135  87 

5 

572  32 

40  09 

95   78 

427  68 

135  87 

6 

470  79 

34   34 

101    53 

529  21 

135  87 

7 

363   18 

28  26 

107  61 

636  82 

135  87 

8 

249   10 

21    79 

114  08 

750  90 

135  87 

9 

128   18 

14  95 

120  92 

871   82 

135  87 

10 

7,69 

128    18 

1,000  00 

135  87 

TABLE  2      ANNUAL  RETIRANCE  AND  FIXED  CHARGES  FOR  EQUAL 

FIXED-AND-EXCESS    COSTS:       RISING    OPERATING    EXPENSE 

OR  DECREASING  CAPACITY 

Total      Sink-  Retirance, 

Capital-     ing-       Annual    Aggregate  Interest 

Excess       ized        Fund     Depreci-   Retirance  Dimin-  Interest      and 
End  of  Operat-    Excess     Incre-    ation  or   or  Depre-    ished        on         Excess 
Year    ing  Cost    Repaid     ment    Retirance    ciation      Value     Value        Cost 

0        $1,000,00 

1  $4  00   $66  67  $25  29  $91  96  $91  96   908  04  $60  00  $  1 55  96 

2  8  00   133  33   26,81   93,48   185,44   814.56  54  48   155  95 

3  12  00  200  00  28,42  95  09  280  53  71947  48  87  155  95 

4  16  00  266  67  30  12  96.79  377  32  622  68  43  17  155  96 

5  20  00  333  33  31  93  98  60  475  92  524  08  37  35  155,95 

6  24  00  400  00  33  85  100  52  576  44  423  55  31  44  1 55  95 

7  28  00  466  67  35  88  102  55  678  99  321  01  25  41  155,95 

8  32  00  533  33  38  03  104  70  783  59  21631  19  26  155,95 

9  36  00  600  00  40  31  106  98  890  57  109,33  12  98  155.96 
10  40  00  666  67  42  73  109  401.000  07  —0.07  6.55  155.95 

TABLE  3.     ANNUAL  RETIRANCE  AND  FIXED  CHARGES  FOR  EQUAL 
FIXED-AND-EXCESS    COSTS:       INCREASING    OPERATING    EX- 
PENSE WITH  DECREASING  CAPACITY 

Total  Annual  Retirance, 

Capitalized  Deprecia-  Interest 

End  of  Excess  Excess  tion  (or  Aggregate  Diminished  Interest  and  Excess 
Y'ear      Cost        Repaid      Retirance)  Retirance      Value       on  Value       Cost 

0   $1,000  00   

1  $8  00  $133  34  $133  34  $133  34  865  66  $50  00  $201  34 

2  16  00  266  66  133  34  256.65  733  34  52  00  201  34 

3  24  00  400  00  133  34  400  00  600  00  44  00  201  34 

4  32  00  533  34  133  34  533  34  466  66  36  00  201  34 

5  40  00  666  66  133  34  666  66  33S  34  28  00  201  34 

6  48  00  800  00  133  34  800  00  200  00  20  00  201  34 

7  56  00  933  34  133  34  933  34  66  65  12  00  201  34 

8  64  00  1,066  65  55.66  1,000  00  0  00  4  00  134  68 

9  72  00  1,200  00  . . .  0  00 

10   80  00   1,333  34   

pense,  to  95.3%  in  these  10  years  would  mean  an  increase 
in  excess  cost  of  5%,  or  $46.     Table  2  therefore  applies. 

Should  the  two  actions  be  combined,  then  the  result 
would  be  as  in  Table  3.  The  only  change  over  Table  2 
is  that  caused  by  doubling  the  excess  cost,  and  capitalized 
excess  cost.  This  amounts  to  the  original  cost  of  the 
$1,000  item  by  the  eighth  year,  so  that  there  is  no  need 
of  attempting  to  retii-e  the  item  by  introducing  any  equal- 
annual-paymeut-plan  factor. 

In  theory  the  excess  costs  may  rise  less  regularly  than 
shown,  but  attempts  to  find  how  they  go  proljably  are  no 
closer  estimates  than  assuming  a  uniform  increase. 


The  modified  design  of  cut  spike  or  drive  spike  for  rail- 
way track,  shown  in  the  accompanying  drawing,  has  been 
proposed  by  a  committee  of  the  American  Railway  Engi- 
neering Association  in  connection  with  its  standard  speci- 
fication for  spikes. 

In  this  design,  as  desci'ilx'd  in  the  "Proceedings"  of  the 
Association  for  1916,  the  head  is  designed  to  take  the  blow 
of  the  hammer  directly  over  the  axis  of  the  spike,  and 
thus  minimize  the  damage  to  spike  heads  and  the  danger 


UIPRGVED  DESIGN  OF  TRACK  SPIKE 

of  breaking  oK  the  head  during  very  cold  temperatures. 
The  tilting  downward  of  the  nose  gives  a  stronger  con- 
struction, and  assists  in  giving  an  easier  clearance  in  mak- 
ing the  spike.  It  also  permits  the  pulling  of  the  spike 
more  readily  with  the  clawbar. 

The  reinforcement  is  symmetrical.  That  on  the  back 
of  the  neck  was  used  originally  (as  it  now  is  with  many 
roads)  to  force  the  spike  forward  against  the  base  of  the 
rail  when  driving.  The  reinforcing  of  the  front  of  the 
neck  is  in  order  to  give  additional  metal  to  withstand  rail 
wear  and  necking  of  spikes. 

The  Cost  of  Railway  Pa."«senger  Terminals  in  large  cities 
is  emphasized  in  an  argument  made  by  Henry  W.  Bikle,  As- 
sistant General  Counsel  of  the  Pennsylvania  R.R.,  before  the 
Pennsylvania  Public  Service  Commission  on  Nov.  24,  in  the 
matter  of  fares  for  suburban  passengers  entering  Broad  St. 
station,  Philadelphia.  The  railroad  proposed  to  establish  a 
minimum  rate  of  10c.  per  passenger  for  50-trip  tickets  to  all 
stations  within  seven  miles  of  the  Broad  St.  station.  Mr. 
Bikle  stated  that  the  actual  cost  of  handling  each  passenger 
at  Broad  St.  station,  without  taking  into  account  any  haul 
over  the  road,  or  any  interest  on  the  railroad  company's  in- 
vestment in  the  property,  has  been  found  to  be  So.  In  addi- 
tion to  this  cost  of  handling  the  passenger  in  the  terminal, 
there  must  be  added  the  cost  of  opei'ating  the  road  through 
the  suburbs.  Short-distance  commuters  using  the  Broad  St. 
station  ride  over  some  of  the  most  costly  stretches  of  rail- 
road in  the  world.  Portions  of  these  lines  represent  in- 
vestments of  millions  of  dollars  per  mile,  because  they  are 
built  in  the  heart  of  a  great  city  where  rights-of-way  are 
expensive  and  construction  most  difficult  and  costly.  Travel- 
ers who  use  such  expensive  stretches  of  track  should  in 
fairness  pay  somewhat  higher  rates  per  mile  for  the  service 
than  those  carried  over  track  which  represent  ordinary  ex- 
pense. In  the  handling  of  suburban  traffic  also  there  is  a 
great  deal  of  empty  car  movement  necessary.  A  suburban 
train  leaving  Philadelphia,  for  example,  must  have  cars 
enough  to  accommodate  the  passengers  who  wish  to  ride  to 
the  nearest  station.  These  cars  even  though  half  filled  or 
empt.v,  however,  must  be  hauled  to  Paoli  or  Westchester,  as 
it  is  not  feasible  from  an  operating  point  of  view  to  drop  off 
cars  en   route. 
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Me^iv  Mtiaiffilcipial  Pocfi^  s^t  S( 

The  City  of  St.  Louis  recently  awarded  a  contract  for 
the  construction  of  the  first  section  of  a  municipal  dock 
to  be  built  at  the  foot  of  North  JIarket  St.  Aside  from 
being  one  of  the  first  large  municipal  docks  on  the  middle 
Mississippi,  there  are  a  number  of  unusual  features  in 
connection  with  the  location  and  construction. 

At  the  point  where  the  dock  is  to  be  built  the  harbor 
line  is  a  considerable  distance  out  from  the  present  shore 
line,  so  that  all  the  construction  must  he  done  in  water. 
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FIG.    1.      GENERAL    LAYOUT    OF    CONCRETE    DOCK    FOR 
MUNICIPAL    DOCKS    AT    ST.    LOUIS 


The  range  of  water  in  the  Mississippi  is  about  42  ft.,  and 
the  dock  had  to  be  designed  for  satisfactory  operation  at 
all  stages  within  these  limits.  The  main  features  of  the 
design  are  shown  on  the  accompanying  drawing,  which  is 
taken  from  the  plans. 

The  general  characteristics  of  the  dock  can  best  be 
described  by  the  consecutive  order  of  steps  that  will  be 
taken  during  construction.  Plank  mattresses  will  be 
woven  on  a  barge  held  in  place  by  cables,  and  sunk  by 
weighting  down  wntb  riprap.  Foundation  piles  will  be 
driven  at  a  batter  of  21/^  in.  horizontal  to  12  in.  vertical, 
which  will  place  them  parallel  with  the  resultant  of  the 
weight  and  bank  pressure,  thereby  eliminating  all  tend- 
encies of  the  dock  to  slide  forward  toward  the  river.  The 
tops  of  the  piles  will  stop  at  zero  stage  on  St.  Louis  gage. 

As  the  river  bed  at  the  dock  site  is  about  12  ft.  below 
zero,  the  upper  10  ft.  of  the  foundation  piles  will  be 
surrounded  by  heavy  riprap,  e.xtending  up  to  2  ft.  below 
zero  on  the  gage,  and  leveled  off  on  the  top  to  receive  a 
monolithic  slab  of  concrete  4  ft.  thick,  covering  the  entire 
area  of  the  dock  site. 

On  top  of  this  footing  slab  the  dock  structure  will 
consist  of  a  reinforced-concrete  viaduct  36  ft.  wide,  40  ft. 
high,  bents  20  ft.  c.  to  c.,  spans  T-beara  and  slab  construc- 
tion. .  At  the  back  or  land  side  of  the  dock  wall  a  curtain 
wall  or  concrete  bulkhead  will  extend  down  12  ft.  below 
the  dock  floor  for  the  entire  length  of  the  structure,  and 
below  that  the  fill  behind  the  dock  wall  will  be  permitted 
to  slope  under  the  dock  to  meet  the  footing  slab  at  the 
water's  edge.    This  slope  will  be  heavily  riprapped. 

On  the  dock  there  will  be  placed  eight  80-lb.  T-rails, 
each  rail  spaced  a  standard  gage  distance  of  4  ft.  814  in. 
from  the  next  rails,  in  order  that  locomotive  cranes  or  cars 
may  be  placed  in  any  one  of  a  number  of  positions  on  the 
dock  floor.    Although  a  locomotive  crane  is  shown  on  the 


plan,  lliat  is  intended  as  merely  the  beginning  of  the 
equipment  to  be  provided.  The  rails  in  the  dock  floor  wil! 
be  arranged  to  accommodate  overhead  traveling  gantry 
cranes,  as  well  as  locomotive  cranes,  and  in  addition  the 
dock  structure  will  permit  the  installation  of  numerous 
vertical  elevators  and  inclined  conveyors  under  the  dock 
floor. 

As  now  designed  the  structure  will  be  built  of  five  units 
each  160  ft.  long  with  spaces  about  22  ft.  wide  between 
the  units.  In  these  four  spaces  there  will  be  installed 
elevators  about  18  ft.  wide  and  25  ft.  long,  with  a  capacity 
sufficient  to  handle  the  largest  automoliile  trucks  from 
street  level  to  boats,  or  vice  versa,  in  addition  to  which, 
of  course,  tlie  elevators  can  be  used  for  many  other 
purposes. 

Attention  is  now  being  given  to  the  suggestions  of  some 
steamboat  men  that  additional  elevators  be  installed  in  the 
dock  face  at  intervals  of  60  ft.  instead  of  180  ft.  as  now 
contemplated. 

The  dock  wall  is  the  cheapest  permanent  structure  that 
has  yet  been  considered.  For  a  length  of  890  ft.  a  bid  of 
$187,250  was  received — that  is,  about  $205  per  lin.ft. — 
which,  however,  includes  the  cost  of  two  timber  dikes  and 
a  timber  fender,  so  that  the  actual  cost  of  the  concrete 
structure  will  be  considerablv  less  than  $200  ]icr  running- 
foot. 

This  does  not  include  the  filling  or  tracks  for  warp- 
houses  behind  the  dock,  which  will  be  accomplished  by 
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FIG.    2.      DET.^ILS    OP    DOCK    WALL   AT    ST.    LOUI.S 
MUNICIPAL   DOCKS 

other  contracts  and  arrangements.  It  is  proposed  to  get 
as  much  fill  as  possible  by  sedimentation  from  the  river, 
induced  by  temporary  dikes  that  will  be  constructed  above 
the  dock,  and  to  get  as  much  fill  as  possible  on  top  of  that 
sedimentation  from  the  city  refuse. 

This  work  is  to  be  done  under  J.  A.  Hooke,  Director  of 
Public  Utilities  for  the  City  of  St.  Louis.  C.  E.  Smith, 
of  St.  Louis,  is  Consulting  Engineer  for  the  Department 
of  Public  Utilities. 
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A  street-railway  track  in  which  no  "spikes  or  bolts 
are  required  as  fastenings  has  been  introduced  by  the 
United  Railways  Co.,  of  St.  Louis,  Mo.,  in  the  recou- 
Htruction  of  the  Grand  Ave.  line  between  Lafayette  Ave. 
and  Arsenal  St.  The  new  track  (of  -l-ft.  10-in.  gage) 
has  6-in.  100-lb.  T-girder  rails  on  steel  ties  6  ft.  8  in. 
long,  weighing  100  lb.  each  and  embedded  in  concrete. 
These  are  spaced  4  ft.  c.  to  c,  with  an  extra  tie  at  the 
joints,  which  are  laid  opposite.  The  Joints  are  welded 
electrically.  The  track  is  paved  with  granite  blocks 
grouted  with  cement.     Information  as  to  this  track  con- 
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PTG.  1.    STEEL  TIE-PL.\TE  V^'ITH  LUGS  TO  BE  HAMMERED 
DOWN  ON  THE  RAIL  AS  P.\STENINGS 

-truction  has  been  furnished  to  us  b}'  C.  L.  Hawkins, 
Engineer  of  ilaintenance-of-Way,  United  Railways  Co. 

The  ties  are  of  the  Carnegie  type,  of  H-section,  and 
each  has  riveted  to  its  top  flange  a  pair  of  Vaughn  steel 
tie-plates  7x101/2  in.  This  work  is  done  at  the  railway 
company's  shops.  The  plates,  shown  in  Fig.  1,  are  of 
soft  steel,  %  in.  thick.  At  each  corner  the  plate  is 
slit,  and  the  strips  are  bent  upward,  forming  four  up- 
standing lugs  1^/8  in.  wide  and  about  2  in.  high.  When 
the  rail  is  in  place,  these  lugs  are  hammered  down  upon 
its  base.  Fig.  3  shows  how  this  is  done,  a  spiker  with 
ordinary  spike  maul  striking  another  maul  that  is  held 
on  the  lug.  A  third  man  holds  up  the  tie  with  a  bar 
in  the  usual  way. 

Since  1912,  these  tie-plates  and  fastenings  have  been 
used  on  white-oak  ties  with  100-lb.  T-rails  (A.  R.  A. 
section)  in  paved  track  with  concrete  foundation.  On 
some  pieces  of  track  where  the  paving  was  not  laid  the 
exposed  tie-plates  and  fastenings  appear  to  be  as  tight 
as  when  placed  originally.  On  sections  of  track  opened 
for  installing  special  work,  etc.,  the  rails  are  found  to  be 
tight,  and  the  condition  of  the  pavement  in  general 
indicates  that  there  is  no  appreciable  loosening.  The 
specifications  require  that  a  plate  or  specimen  must  bend 
180°  cold,  flat  upon  itself,  without  cracking  on  the 
outside  of  the  bend. 

To  make  room  for  the  new  steel  ties,  alternate  wood 
ties  are  removed.  ]\Iany  of  these  are  pidled  out  when 
ihe  old  rails  are  broken  with  a  rail-breaking  machine. 
Mr.  Hawkins  states  that  in  a  large  amount  of  repair 
\\ork  which  has  been  done  on  the  old  track,  the  old 
hook-head  spikes  were  removed  and  screw  spikes  installed 


to  prc\eiit  the  vii)ration  of  (ho  rail  and  the  destructiiui 
of  the  pavement.  Almost  all  the  ties  where  screw  spikes 
were  used  are  removed  when  the  rail  is  broken.  Other 
ties  are  removed  by  picks  and  bars. 

To  assi.st  in  the  removal  of  ties,  holes  are  drilled  with 
compressed-air  drills  on  one  side  of  the  ties  that  are  to 
be  removed,  and  small  charges  of  dynamite  are  placed 
in  these  holes.  These  are  fired  after  a  flat-car  provided 
with  hanging  sideboards  reaching  to  the  street  pave- 
ment has  been  pulled  over  the  holes  to  be  fired.  This 
dynamiting  loosens  the  concrete  so  that  the  labor  re- 
quired for  the  entire  removal  is  greatly  reduced. 

On  some  other  work  done  during  1916,  trenches  were 
cut  in  the  concrete  (between  the  old  wood  ties)  to  receive 
the  steel  ties.  Fig.  2  shows  the  concreting  train  used 
in  the  reconstruction  work  described  above.  To  reduce 
the  traffic  over  this  work,  the  cars 'of  some  routes  were 
turned  back  on  reaching  Grand  Ave. 

The  old  track  laid  in  1907  had  112-lb.  9-in.  Trilby 
grooved-girder  rails  on  cypress  ties  6x8  in.,  6  ft.  8  in. 
long,  spaced  2  ft.  c.  to  c.  on  a  concrete  base.  Steel 
tie-plates  were  used,  and  tlie  rails  were  fastened  with 
hook-head  spikes,  while  tie-rods  were  placed  at  intervals 
of  6  ft.  Cast-weld  rail  joints  were  used,  and  the  tracks 
were  paved  with  granite  blocks. 

As  to  the  durability  of  ties  embedded  in  concrete, 
the  cypress  and  oak  ties  taken  out  of  the  concrete  track 
foundations  laid  at  various  places  during  1905  and  1906 
show  that  the  concrete  keeps  the  ties  water  soaked.  No 
rotting  has  been  found.  Tests  made  last  year  on  ties  to 
determine  the  distance  from  old  hook-head  spike  holes 


FIG.  2.     CONORETLVG  TRAIN  AT 
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whicii  would  be  required  for  satisfactory  holding  power 
of  screw  spikes,  showed  that  the  old  ties  were  water 
soaked.  When  the  spike  was  pulled  out  by  the  testing 
machine,  water  was  squeezed  out  of  the  tie.  The  ties 
used  on  these  tests  had  been  taken  out  of  a  concreted 
track  (laid  during  1906)  two  days  before  the  test  was 
made. 


KeinNtntenient  of  Three  Boston  Engineers  in  the  Public 
Worlcs  Department  of  that  city  has  been  given  further  sup- 
port by  the  action  of  a  State  Supreme  Court  Judge  who  has 
confirmed  the  reinstatement  order  of  the  lower  court.  It  is 
expected  that  Mayor  Curley  will  appeal  to  the  full  bench  of 
the  Supreme  Court,  in  which  case  the  final  argument  will  be 
made  in  March.  1917.  The  engineers  involved  are  Frank  A. 
Mclnnes,  division  engineer  in  charge  of  sewer  and  water 
service,  Storrs  L.  Durkee.  superintendent  permit  department 
paving  division,  and  Bliss  W.  Robinson,  superintendent  main 
drainage  system.  The  decision  of  the  lower  court  in  this  case 
was  summarized  on  p.  45  and  commented  upon  on  p.  35  of 
"Engineering  News,"  July  6,  1916.  Of  the  14  other  engineers 
removed  last  January  by  Mayor  Curley  nine  had  been  re- 
stored to  subordinate  positions  in  the  city  service  by  mid- 
summer. An  account  of  the  decapitation  of  the  17  engineers 
was  given  on  p.  193  and  editorial  comment  was  published  on 
p.   1S4  of  "Engineering  News,"  Jan.  27,  1916. 
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Cost  IR,ec©irdls  ©f  MoimolMIhuc 
BricM  Faveinmeimils 


Jiv  William  Robert  Paige* 


SYNOPSIS — Detail  rrcorils  are  given  of  onjani- 
zation,  material  and  labor  costs  on  a  paving  job 
where  the  brick  was  laid  direrthj  on  the  green 
concrete. 


Carefully  compiled  cost  records  are  an  interesting  fea- 
ture of  the  monolithic  brick  pavement  constructed  l)y  the 
writer  at  Marshall,  111.,  as  described  in  Engineering  News, 
Nov.  23,  1916.  The  construction  work  was  under  the 
direct  supervision  of  the  writer,  who  had  full  charge  of 
the  inspection,  and  a  very  accurate  account  of  the  labor 
and  materials  used  was  kept  each  day,  together  with 
record  of  the  amount  of  work  done.  The  figures  were 
carefully  compiled  and  the  results  tabulated. 

In  keeping  the  account  of  lalior  costs  the  work  was  di- 
vided into  three  parts  or  sections — the  mixing  and  plac- 
ing of  the  concrete  base  and  mortar  cushion;  the  brick- 
laying, and  the  slushing  or  grouting.  The  overhead 
charges  comprised  the  pay  of  a  foreman,  a  timekeeper 
and  a  water  boy,  who  were  all  allowed  straight  time. 
The  water  boy  looked  after  the  lights  and  barricades  for 
the  nights  and  Sundays  and  was  paid  for  seven  days' 
work.  His  time  was  figured  for  seven  days  and  divided 
by  six  working  days.  The  total  overhead  charges  per 
day  were  added  together  and  divided  by  three,  charging 
each  section  with  one-third  of  the  cost. 

The  usual  crew  employed  in  mixing  and  placing  the 
concrete  and  mortar  cushion  was  1  engineman  for  the 
mixer,  1  subforeman  for  placing  and  leveling  the  con- 
crete and  looking  after  the  grade  of  the  concrete,  4  gravel 
wheelers,  4  shovelers,  9  on  the  mi.xer  and  3  mortar  mix- 
ers. The  engineman,  subforeman  and  laborers  were  paid 
on  a  separate  scale  of  wages.  The  exact  time  of  the  men 
and  the  number  of  square  yards  laid  each  day  were  kept. 
The  cost  per  square  yard  was  determined  by  the  follow- 
ing equation : 

EXe  +  Fxf+LXl+C 


y 

cost  of  concrete  per  square  yard  for  labor 


where 
E 


Time  of  engineman  in  hours  per  day; 
e  =  Rate  of  wages  per  hour  paid  engineman ; 
F  =  Time  of  subforeman  in  hours  per  day ; 
f  =  Rate  of  wages  per  hour  paid  subforeman ; 
L  =  Total  time  of  laborers  in  hours  per  day ; 
I  =  Rate  of  wages  per  hour  paid  laborers ; 
C  =  One-third  of  total  overhead  charges ; 
Y  =  Number  of  square  yards  of  concrete  laid  per 
day. 
The  usual  crew  for  bricklaying  consisted  of  2  brick 
setters,  12  brick  carriers,  2  rollers,  1  sweeper  and  1  bat- 
ter.    The  brick  setters  were  paid  a  different  scale  of 
wages  from  tiae  laborers.     The  cost  per  square  yard  per 
day  for  laborers  was  determined  by  tl\e  following  equa- 
tion : 


BXl>+  U  Xl+  C 
Y' 


=  cost  of  brick  laid  per  square 
yard  for  labor 


B  =  Total  time  of  brick  setters  in  hours  per  day ; 

/)  =  Rate  of  wages  per  hour  paid  brick  setters; 
L'  =  Total  time  of  laborers  in  hours  per  day ; 
I  =  Rate  of  wages  per  hour  paid  laborers ; 

C  =  One-third  of  the  total  overhead  charges ; 
Y'  =  Square  yards  of  brick  laid  per  day. 


DIAGRAM    OF    COST    OF    MONOLITHIC    BRICK    PAVING    AT 
MAR-SHALL.   ILL. 

Tiie  usual  crew  used  for  grouting  was  made  up  from 
the  mixing  crew  or  the  brick  crew.  The  cost  of  grout- 
ins  was : 


•Civil  and   ConsuUing  Enginee 


le  Haute,   Ind. 


X"  X  ?  +  c 

Y" 

where 
L" 
I 

C 
Y" 


coit  of  grouting  per  square  yard  for  labor 


=  Total  time  of  laborers  in  hours  per  day ; 
=  Rate  of  wages  per  hour  paid  laborers ; 
=  Oue-third  of  the  total  overhead  charges : 
=  Number  of  square  yards  of  slushing  per  day. 


Doceiubur  28.   1!)1G 
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Tlip  artual  tiiiit'  used  in  .spreading  sand  over  tlie  com- 
pleted pavement  was  also  kepi ;  but  this  time  being  small, 
the  cost  per  square  y'l''':!  was  determined  for  the  whole 
amount  ol"  the  pavement. 

The  results  obtained  on  West  Main  St.  are  graphieally 
presented  in  the  accompanying  diagram.  The  Jieavy  ver- 
tical cross-section  lines  represent  tlie  different  days,  and 
the  heavy  horizontal  cross-section  lines  the  costs  in  cents. 
The  lower  resultant  line  shows  the  post  of  grouting  per 
square  yard  for  labor,  the  next  line  the  cost  of  brick- 
laving  per  square  yard  for  labor,  the  next  line  the  cost 
of  mixing  and  laying  concrete  and  mortar  cushion  per 
square  yard  for  labor.  The  upper  line  represents  the 
total  cost  of  the  pavement  per  square  yard  for  labor.  The 
horizontal  line  drawn  through  each  curve  represents  the 
average  cost  per  square  yard  for  the  entire  work. 

It  is  interesting  to  note  the  fluctuations  in  the  cost  of 
each  day's  work  and  to  speculate  on  the  probable  causes. 
For  instance,  the  first  day's  cost  for  all,  except  the  brick- 
laying, was  the  highest.  This  was  due  probably  to  .start- 
ing the  monolithic  work,  which  was  entirely  new  to  the 
contractor  and  to  his  men,  and  it  took  a  greater  portion 
of  the  day  to  become  accustomed  to  this  new  method  of 
laying  the  concrete.  In  the  bricklaying,  however,  there 
was  practically  no  difference  in  the  methods  used  for 
monolithic  over  the  ordinary  sand-cu.sbion  pavement. 

The  second  day  the  cost  of  the  v.-ork  was  materially 
decreased,  the  most  difference  being  in  the  cost  of  the 
slushing.  The  third  day  shows  a  slight  decrease  in  the 
total  cost,  there  being  a  slight  decrease  in  the  cost  of 
the  concreting,  and  a  slight  increase  in  the  cost  of  the 
bricklaying,  with  a  very  slight  decrease  in  the  cost  of 
slushing. 

On  the  fourth  day  the  cost  increased,  this  being  due 
to  building  the  first  street  intersection.  It  will  be  not- 
iced that  the  cost  of  bricklaying  increased  more  than  the 
other  sections.  The  co.st  of  laying  the  concrete  also  in- 
creased over  the  cost  of  the  preceding  day,  ijeing  largely 
due  to  the  fact  that  the  intersection  had  to  be  shaped 
by  hand.  It  will  also  be  noticed  tiiat  two  transverse  ex- 
pansion joints  were  placed  that  same  day.  On  the  fifth 
day  the  total  cost  was  very  slightly  increased,  the  cost 
of  laying  the  concrete  being  slightly  decreased  and  the 
co.st  of  bricklaying  being  materially  decreased,  but  the 
cost  of  slushing  materially  increa.sed. 

On  the  sixth  day  another  intersection  was  placed,  and 
the  cost  of  bricklaying  increased  somewhat,  while  the  cost 
of  laying  the  concrete  and  slushing  decreased,  with  the 
result  that  the  total  cost  decreased  over  the  preceding 
day.  The  day  following,  the  total  cost  again  increased, 
the  cost  of  concrete  and  slushing  increased,  while  the  cost 
of  bricklaying  decreased.  Tlie  only  cau.se  for  this  was 
IJiat  the  work  was  stojjpod  by  rain  and  by  shortage  of 
cement. 

On  the  eighth  day  another  intersection  and  two  trans- 
\orse  expansion  joints  were  laid,  with  a  decrease  in  the 
total  cost  of  the  pavement,  with  tiie  bricklaying  slightly 
increased.  On  the  ninth  day  the  total  cost  of  the  pave- 
ment reached  its  lowest  point,  and  this  is  attributed  by 
the  writer  to  tlie  almost  perfect  organization  of  the  work 
;ind  also  to  the  fact  that  there  were  no  intersections  laid 
that  day. 

The  last  day  the  cost  increased,  due  to  a  very  large  in- 
tersection and  to  connection  with  the  old  pavement.  The 
slushing  shows  a  variation,  the  cause  of  which  probably 


was  due  to  using  fir.st  the  mixer  crew  and  th(m  the  bi'ick 
crew. 

A  sunmiai'y  of  the  cost  of  West  Main  St.  is  gi\en  here- 
with : 


Total  nvuiilHT  t 
Labor  Cos 

f  squar 

'  yards  i 

n  the 

improvelnnnt. . 

Total 

$379  08 

306  69 

142  74 

6  38 

5,841 

Per  .Sq.V.l. 

0525 

Slushing 

Siind  top 

.0244 
.0011 

Total $834  89  $0,  1429 

Since  the  cost  of  labor,  both  skilled  and  unskilled, 
varies  at  different  times,  the  writer  has  compiled  the  re- 
sults in  time  ])er  square  yard  required  for  skilled  and 
unskilled  labor  for  the  different  divisions  of  the  work. 
This  is  given  in  Table  1.  The  cost  records  for  labor  were 
obtained  under  very  favorable  conditions. 

A  record  of  the  total  amount  of  cement  used  for  the 
(■oiici'efe  and  for  shushing  was  kept  each  day,  and  in  this 
way  the  inspector  was  enabled  to  determine  whether  the 

TABLE  1,     DISTRIBUTION  OF  TIME  ON  BUICK  PAVING 

Total  Hr.  pi-r 

Total  Paving  Laid,   5,841   Sq.Yd.  Hr.  Sq.Vd 

and  Moitar  Cushion : 


Concrete  Ba 
Laborers 

Engincrriiii 
Subfoni 


I  Ivirhead  I 
Timekeeper. 
Foreman. . .  . 
Water  boy . . 


0  2305 
0  0154 
0  0138 

0  1772 
0  0227 
0  0877 
0  0048 

0  0171 
0  0171 
0  0171 


TABLE  2.     RECORD  OF  CEMENT  U.SED  IN  BEICK  PAVEMENT 

Total  Cu.Ft.  pe: 

Sq.Yd. 
0.  144 
0   144 


Slushing.  4,131  sq.yd.  of  paving 

Slushing  5,841  sq.yd.  (at  0. 144  cu.ft.) 

Total  used  on  West  Main  St.  work 

LTsed  in  base 

Required  for  4-in.  base  of  I  :  6  gravel  concrete 

Required  for  J-in.  mortar  cushion,  1  :  2 

Required  for  concrete  rest  under  expansion  joints, 

each  24x3  in.,  33  ft.  long 

Total  required  in  base,  computed 

Excess  cement  used 


594 
840 
4,390 
3,550 


0  608 
0  500 
0  094 

0.004 
0.598 
0  01 


TABLE  3.     MATERIALS  USED  PER  SQUARE  YARD  OF  BRICK  PAVING 

Cu.Ft.  per 
Sq.Yd. 

0.500 

3  000 

0.094 


Cement  in  4-in.  base,  I  :  6  concrete. 
Gravel  in  4-in.  base,  1  :  6  concrete.. 
Cement  in  J-in.  mortar  cushion,  1  :  d 
Sand  in  J-in.  cement  cushion,  1:2.. 

Cement  for  slushing,  1:1.. 

Sand  for  slushing  i-in.  top  covering. 


0.18 
0   144 


correct  amount  of  cement  was  used  in  the  work.  An  ac- 
count of  the  cement  required  in  slushing  was  obtained 
for  4,131  sq.yd.,  and  from  this  the  average  amount  per 
square  yard  for  the  entire  work  was  determined. 

Table  2  gives  the  total  amount  of  cement  used,  made 
up  from  the  daily  records,  and  shows  its  distribution  on 
different  portions  of  the  work.  Table  :5  gives  the  quan- 
tities of  different  materials  per  square  yard  of  paving. 

m 

The  SIis.sisisi|ipi  River  FreiBlit  Line,  known  as  the  Kansas 
City  Missouri  River  Navigation  Co.,  organized  by  the  mer- 
chants and  publi^  spirited  men  in  Kansas  City  in  1909  to 
operate  a  freight  line  on  the  Missouri  River  between  St.  Louis 
and  Kansas  City,  handled  a  tonnage  of  over  18,000  tons 
inbound  and  outbound  freight  over  the  municipal  wharf  in 
Kansas  City  the  past  season.  This  is  an  increase  of  10% 
over  the  inbound  freight  hauled  in  1915  but  there  was  a 
falling  oft  in  outbound  freight  due  to  the  embargo  and  freight 
congestion  on  Eastern  lines.  This  winter  the  company  is 
trying  an  experiment  in  hauling  freight  between  St.  Louis 
and  New  Orleans  instead  of  laying  up  its  equipment.  So  far 
they  have  obtained  all  the  freight  they  could  handle.  The 
transportation  is  done  in  weatherproof,  fireproof  steel  barges 
and  tow  boats,  and  high-class  freight  is  especially  solicited. 
There  is  no  other  freight  line  on  the  Mississippi  River  com- 
peting for   this  class  of  freight. 
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Tsiiin;  15-11).  com  pressed  air  in  linn  clay  at  76-ft. 
ilepth  below  water  and  working  without  a  shield,  an 
interesting  piece  of  soft-ground  tunneling  has  been  done 
during  the  year.  Though  the  tunnel  is  only  582  ft. 
long,  its  shell,  or  lining,  is  of  nii.xed  construction — 
concrete-block  invert  and  brick  arch,  and  in  a  few  places 
mass  concrete  either  with  or  without  reinforcement.  For 
a  short  portion  of  the  tunnel  this  lining  was  laid  up 
inside  solid  ring-timbering  of  wooden  cants  (sawed 
ring-segments)  ;  for  most  of  the  length,  however,  it  was 
placed  directly  against  the  clay  soil. 

The  tunnel  crosses  under  the  Cuyahoga  River  on  the 
line  of  Central  Ave.,  in  Cleveland,  Ohio,  to  carry  a 
water  main,  and  was  built  by  the  Water  Department  of 
the  city  by  force  account,  under  direction  of  C.  P. 
Jaeger,  late  Commissioner. 

Hazardous  conditions  surrounded  the  construction  of 
the  tunnel.  They  made  trouble  in  sinking  one  of  the 
two  shafts,  but  by  wise  and  lucky  selection  of  the  level 
at  which  the  tunnel  was  to  go  through,  the  tunnel  itself 
was  kept  out  of  all  difficulties  and  was  completed  without 
serious  incident  or  interruption. 

Though  the  original  intention  was  to  excavate  the 
tunnel  at  atmospheric  pressure,  compressed  air  was  used 
throughout.  It  was  not  needed  to  hold  out  water,  as 
the  clay  was  absolutely  tight  and,  no  sand  streaks  were 
encountered,  but  the  air  pressure  acted  to  support  the 
clay  face  and  tunnel  e.xcavation  until  the  lining  could 
be  placed. 

Natuke  of  the  Clay  Soil 

Slow  squeezing  of  the  clay  under  the  pressure  of  super- 
incumbent earth  and  water  is  a  general  phenomenon  in 
tunneling  in  this  soil  in  Cleveland.  The  rapidity  and 
amount  of  squeezing  vary  with  the  softness  or  hardness 
of  the  clay.  In  the  hardest  clay  the  squeeze  is  practic- 
ally negligible,  and  it  has  been  found  possible  to  let  a 
10-  or  20-ft.  length  of  tunnel  and  the  face  stand  open, 
untimbered  and  unsupported,  for  days  without  noticeable 
change.  A  slight  reduction  in  hardness,  however,  allows 
squeezing  of  considerable  amount — several  inches  radially 
inward — to  develop  in  the  course  of  a  day  or  less.  Few 
places  of  this  kind  were  encoimtered  in  the  Central  Ave. 
tunnel,  and  where  they  occurred  the  only  difficulty  pro- 
diiced  was  that  a  small  amount  of  extra  trimming  had  to 
be  done  when  setting  the  lining  blocks  or  laying  up  the 
arch  masonry. 

The  tunnel  is  shown  by  Fig.  1  in  profile,  plan  and 
section,  but  the  drawing  fails  to  show  the  stagger  of  the 
successive  rings  of  lining  blocks,  which  was  employed  to 
bond  the  brick  arch  to  the  concrete-block  invert.  All 
work  was  prosecuted  from  the  east  shaft. 

When  the  shaft  was  bottomed,  an  air  lock  was  built  on 
the  top  of  the  shell,  and  the  eye  of  the  tunnel  was  cut 
through  under  protection  of  20  ib.  of  air.  A  small  spring 
was  struck  near  the  shaft,  but  it  was  readily  controlled 
by  piping  it  to  the  shaft  sump.  Later  it  was  grouted 
through  the  tunnel  shell,  starting  about  30  ft.  away  from 
the   shaft   and   working  back. 

As  the  drawing  shows,  the  end  portions, of  the  tunnel 
are  of  mass  concrete,  reinforced  to  hold  the  nearly 
straight  cheek  pieces.    Just  beyond,  the  invert  was  made 


of  mass  concrete  and  the  arch  of  brick;  concrete  blocks 
for  the  invert  were  not  used  at  this  stage  because  the 
bloi-ks  could  not  readily  be  pa.ssed  into  the  tunnel  through 
the  shaft  air  lock  and  there  was  no  erector  crane  to 
set  them  in  place. 

A  lock  was  built  into  the  tunnel  itself  at  35  ft.  out; 
the  shaft  was  fitted  with  an  elevator  and  used  thereafter 
as  an  open  hoistway.  The  lock  was  formed  by  building 
two  timber  bulkheads  with  doors  into  5-ft.  gaps  left  in 
the  lining;  it  had  no  steel  shell,  and  for  resistance  to 
bursting  ])ressure  it  depended  on  the  bearing  power  of  the 
surrounding  clay.  As  the  work  got  farther  from  the 
shaft,  the  pre.ssure  was  held  generally  at  15  lb.,  with 
only  occasional  raises  to  20  lb. 

Tunnel  Excavation 

The  tunnel  excavation  was  handled  with  semicirculai 
draw-knives,  as  in  all  similar  work  in  the  Cleveland  and 
Detroit  clay  regions.  An  exceptional  feature  was  that 
a  low  bench  wa.s  carried,  the  12-ft.  face  being  divided 
into  a  heading  about  7   ft.  hisih  and  a   bench  of  about 
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CENTR.AL  AVE.  PIPE  TUNNEL  UNDER  CUYAHOGA  RIVER 
.AND  SKETCH  OF  LINING  CANTS 

.■)  ft.  The  city's  lake  tunnel,  of  the  same  size,  in  similai' 
material  and  under  generally  similar  conditions,  is  run 
without  a  bench. 

The  force  at  the  face  comprised  two  excavators  and  two 
muckers  in  the  heading  and  the  same  at  the  bench. 
Small  cars,  i/^  cu.yd.,  were  run  on  a  track  extending 
to  the  front  edge  of  the  finished  lining.  The  muckers 
carried  the  slabs  of  clay  cut  down  by  the  draw-knives 
back  to  this  point,  loading  direct  into  the  cars. 

Excavation  was  ordinarily  carried  forward  to  such  a 
length  that  a  12-  or  16-ft.  section  of  lining  could  be 
laid  up.  This  would  allow  a  succession  of  two  lining 
shifts,  respectively  block  laying  and  bricking. 

For  the  first  100  ft.  the  excavation  was  lined  with 
wood  cants.  These  (see  the  drawing)  were  made  of 
6x6  and  4x6  material,  to  give  rings  of  6-in.  radial  thick- 
ness. Each  is  2  ft.  8%  in.  long  outside,  sawed  out  of 
a  stick  6  in.  wide  and  the  waste  segment  spiked  on  the 
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outside,  as  indk-ated  in  the  sketch.  Two  %-in.  holes  in 
each  segment  provide  for  spiking  to  the  preceding  ring. 
The  wood  was  vellow  pine  and  maple.  A  10-in.  spike 
3g  in.  square  with  chisel  point  was  used  for  the  6-in. 
c^nts,  and  a  <-in.  spike  for  the  4-in.  cants.  They  were 
driven  bv  pneumatic  hammer. 

The  original  plan  for  the  tunnel  was  based  on  putting 
the  whole  tunnel  through  at  about  100-ft.  depth  (believed 
from  the  borings  to  be  a  safe  level)  without  the  use  of 
compressed  air.  The  temporarv  lining  of  cants  was  to 
be  put  in  as  the  excavation  proc-eeded;  the  permanent 
masonrv  lining  was  to  be  laid  up  in  a  single  operation 
after  excavation  was  completed.  The  conditions  en- 
countered in  sinking  the  shafte,  however,  made  it  seem 
advisable  to  provide  c-ompressed  air  in  the  tunnel  and 
also  to  line  with  masonry  in  short  sections,  so  as  not 
to  leave  open  any  long  section  of  excavation.  Under 
these  circumstanc-es  and  as  the  clay  proved  very  firm 
and  stable,  the  cants  were  abandoned  after  the  first 
100-ft  portion. 

The  stability  of  the  clay  was  well  shown  at  one  period 
in  February,  1916,  when  some  difficulty  with  the  brick- 
layers kept  the  excavation  open  two  days,  in  which  time 
the  clay  showed  no  squeeze  or  other  trouble.  The  air 
pressure  during  this  period  was  raised  from  the  normal 
15  lb.  to  20  lb.  to  give  additional  support  and  later  was 
slowly  dropped  back  to  15  lb. 

COXCEETE-BIOCK    LiXIXG 

The  interlocking  concrete  blocks  used  for  the  invert  in 
this  tunnel  (but  used  for  the  entire  ring  in  the  city's 
new  West  Side  lake  tuimel )  are  of  a  new  design,  different 
from  other  c-oncrete  blocks  hitherto  proposed  or  used. 
They  were  evolved  in  the  city  water  department  under 
C.  F.  Schulz,  Commissioner  and  Engineer  until  1916. 
There  are  six  blocks  to  the  ring,  or  three  for  the  invert 
of  the  Central  Ave.  ttmnel.  Each  block  is  about  5  ft. 
long  and  weighs  1/200  lb. 

In  laying,  the  blocks  were  handled  by  a  light  steel 
erector  gantry  supporting  a  chain  hoist.  When  the  three 
blocks  of  the  invert  had  been  set — being  held  to  true 
position  partly  by  the  interlock  with  the  prec-eding  ring 
and  partly  by  blocking  against  the  tunnel  wall — the 
half-ring  was  grouted  from  springing-line  level  after 
packing  the  forward  edge  of  the  space  between  the  block 
and  the  tunnel  wall  with  clay. 

At  the  end  of  a  block-setting  shift  the  wooden  centers 
for  the  arch  were  put  up,  and  the  following  shift  laid 
the  arch  brickwork.  The  latter  was  carried  up  tight 
against  the  clay  roof  and  sides,  to  avoid  having  to  pack 
fill  back  of  the  masonry. 

Making  connection  with  the  west  shaft  proved  c-om- 
paratively  simple  in  spite  of  the  many  possible  difiiculties 
in  bringing  a  tunnel  under  air  pressure  up  against  the 
steel  shell  of  a  shaft  under  atmospheric  pressure,  with 
shaft  bottom  only  a  few  feet  below.  From  a  distance 
of  20  ft.  away  the  tunnel  was  carried  up  against  the 
shell  of  the  shaft  as  a  top  heading.  After  the  center 
line  of  the  tunnel  had  been  tied  in  with  the  center  line 
of  the  shaft  by  resurvey,  the  bench  excavation  and  the 
nia.=onry  shell  of  the  tunnel  were  carried  forward  in  very 
short  sections  until  within  about  6  ft.  of  the  nearest  point 
of  the  shell.  Removal  of  the  remaining  portion  of  the 
bench  was  done  very  carefully,  and  the  excavation,  as 
fast  as  opened  up,  was  lined  with  wooden  cants    (set 


outside  the  masonry  line).  The  Joints  of  the  cants  were 
also  flushed  with  cement  mortar  so  as  to  make  the 
temporary  lining  tight  against  small  air  leaks  while  the 
pressure  was  kept  on.  Finally,  when  the  temporary 
lining  was  completed  up  to  the  shaft  shell,  the  air 
pressure  in  the  tunnel  was  slowly  reduc-ed  to  atmospheric 
without  trouble  developing.  Then  the  shaft  shell  was  cut 
through,  the  c-oncrete  shaft  lining  was  broken  away,  and 
the  reinforeed-c-oncrete  end  section  of  the  tunnel  vra> 
placed. 

Dangek  fbom  Gas  a  Factok 

The  known  presence  of  gas  occluded  in  pockets  or 
disseminated  in  the  clay  and  the  actual  striking  of  a 
quantity  of  gas  in  the  east  shaft  made  it  necessary  to 
take  strict  precautions  against  gas  dangers.  No  open 
lights,  matches  or  other  sources  of  flame  were  allowed. 
A  safety  lamp  (Koehler  No.  2)  was  kept  burning  in 
the  tunnel  to  give  warning  of  the  presenc-e  of  gas.  The 
air  supply  was  umisually  ample,  to  minimize  the  risk  of 
gas  accumulation  even  at  the  e-ost  of  a  little  extra  coal. 

John  W.  Dolman  was  engineer  in  charge  of  the  tunnel 
work.  Otto  Seholz  was  in  charge  of  survej's.  Charles 
Tandevelde  was  superintendent. 

The  Central  Ave.  tunnel  shafts  were  started  in  the 
fall  of  1915.  The  tunnel  was  l>egun  about  the  first  of 
January,  191G,  and  was  connected  with  the  west  shaft 
by  the  end  of  June,  making  six  niontlis  for  the  tunnel 
work  itself.  On  completion  of  the  work,  the  springs  in 
the  bottoms  of  the  two  shafts  were  finally  grouted,  an 
operation  that  after  some  difficulties  was  suec-essful. 
The  timnel  at  no  time  developed  any  leak;  as  previously 
mentioned,  only  the  east  end  was  grouted,  and  this  simply 
because  of  a  spring  giving  trouble  while  concreting  was 
going  on.  The  c-ost  of  the  tunnel  work,  including  shafts, 
was  aljout  $87,000 

The  Price  off  Raili'ay  S^appUes  has  increased  on  the  average 
about  60"^  during  the  past  year,  according  to  a  circular  just 
issued  by  the  New  York.  New  Haven  &  Hartford  Railroad  Co. 
to  its  employees.  The  circular  enjoins  upon  all  responsible 
for  expenditures  the  need  for  the  greatest  economy  in  the  use 
of  material,  and  says:  "Repairs  should  be  made  instead  of 
complete  renewals  in  all  cases  where  practicable,  even  where 
under  normal  conditions  it  might  be  better  to  renew  than  to 
repair."  The  circular  is  accompanied  by  the  following  table 
showing  the  percentage  increase  in  price  of  various  important 
supplies  during  the  15  months  from  April.  1915,  to  July.  1916: 
Increases  Ranging  from  10  to  35% 

Acids    47    Files    79 

Air  hose 3S    Fuel  oil    49 

Angle  bars   33    Fuses 33 

Antimony  (babbitt  metal)     42    Gaskets,  air-hose 11 

Axles,  car  and  tender 4S    Nails,  wire    ','     51 

Axles,  driving    30    Pipe  covering:,   all  kinds!!      33 

Axles,    engine-truck    63    Pipe,  galvanized   17 

Belting,  axle 33    Pipe,  malleable   '      59 

Belting,  leather 59    Piston  rods 15 

Bolts,    machine    and    car-  Roofing   '. !      17 

riage   40    Rope,  manila   61 

Bolts  and   nuts 67    .Sheathing    35 

Brass      (bar,      sheet      and  .Springs,  coil 74 

spring)    54    Springs,    elliptic    !!!      51 

Bridge  timber    44    .Steel,  bar 77 

Castings,  gray-iron 13    Tamping  bars   !      85 

Chains,   all   kinds 62    Tamping  picks 26 

Claw  bars 30    Ties,  cross !      13 

Copper  Oar  and  sheet)...      36    Ties,  switch '      jg 

Couplers   16    Tires   [     55 

Crankpins   12    Track  spikes   77 

Drills,  all  kinds 64    Waste 7g 

Ferrules,  flue 36 

Increases  Ranging  from  85  to  250<5^ 

Castings,  brass 107    Steel,  structural   91 

(Hastings,  steel 107    Steel,  boiler    5">6 

Cement 86    .Steel,  firebox  !  195 

Oasoline    118    .steel,  tank    142 

Iron,  bar    95    Track  bolts '  115 

Journal  bearings S9  Tubes,  boiler 94 

RivetSu  boiler 132    Tubes,  brass 105 

Rivets,  structural 140 
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The  great  nuisance  of  portland-cemcnt  mannfaciure 
has  been  converted  into  an  asset  of  the  industry  by  the 
C'ottrell  fume-precipitation  process^  Tliis  was  first  suc- 
cessfully applied  to  the  suppression  of  dust  at  the  cement 
plant  of  the  Riverside  Portland  Cement  Co.,  in  California, 
but  not  until  about  the  beginning  of  the  European  War 
was  the  real  value  of  the  recovered  dust  recognized.  The 
first  Cottrell  plant  built  exclusively  for  the  recovery  of 
potash  has  recently  been  completed  by  the  Security  Ce- 
ment and  Lime  Co.  at  its  cement  plant  near  Hagerstown, 
Md.  This  precipitation  plant  will  be  discussed  in  the  ap- 
pended paragraphs. 

The  Cottrell  process  of  dust  precipitation  is  very  simple 
in  theory,  but  somewhat  dithcult  to  put  into  practice.    The 


and  maintenance  of  the  high-powered  uni-dircctional  elec- 
trostatic field.  The  insulation  of  the  high-voltage  circuit 
under  temperatures  ranging  from  atmosphoric  up  to 
1,200°  F.  is  one  of  the  things  that  calls  for  special  consid- 
pi-ation.  The  material  finally  used  for  this  purpose  is  a 
so-called  marble  from  Catalina  Island,  off  the  coast  of 
California;  many  other  materials  have  been  tried,  but 
none  have  given  anything  like  the  satisfaction  that  this 
has. 

lu  the  first  studies  the  electrodes  were  plates  between 
wliich  tlic  dust-laden  gases  passed,  but  these  have  been 
superseded  by  pipes  with  central  wires.  The  pipes  extend 
from  a  top  header,  which  is  the  fioor  of  an  upper  receiving 
chandjcr  into  which  the  kiln  stacks  discharge,  to  a  lower 


'F.jn:.\T-i >i's-r   i'i:i;i 'ii'itatiox  plant 


At  the  left,  kUn  gas  discharged  with  current  off.     At  the  right,  current  on;  the  only  evidence 
slight  hazing  of  the   view   of   treater  building  and   gooseneck  flues 
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the  only  evidence  of  discharge 


scheme  is  simply  to  pass  the  dust-laden  gases  through 
an  intense  electrostatic  field,  where  precipitation  of  the 
dust  takes  place  upon  the  positive  and  negative  electrodes 
of  the  electric  circuit;  this  is  essentially  the  same  thing 
as  takes  place  when  a  pith  ball  attached  to  the  end  of  a 
thread  is  attracted  to  an  electrified  piece  of  rubber  or 
glass.  In  putting  this  theory  into  ]n-actice,  the  difficulties 
encountered  are  principally  in  the  generation,  insulation 


"See  "Engineering  News."  Oct.  26,  1911.  p.  495;  Oct    .11    1912 
p.  803;  Oct,  9,  1913,  p.  71S. 


header,  in  which  is  the  ceiling  of  a  chamber  from  which 
the  cleaned  gases  are  led  off.  Dampers  control  the  en- 
trance of  gases  to  all  or  either  half  of  the  pipes,  so  that 
the  idle  electrodes  may  be  periodically  cleaned  of  the  ac- 
cumulating dust.  For  this  both  pipes  and  wires  are 
mechanically  rapped.  The  dust  falls  dowTi  into  hoppers 
from  which  it  is  drawn  into  bags. 

In  Xovember,  1915,  John  J.  Porter,  vice-president  and 
general  manager  of  the  Security  Cement  and  Lime  Co.. 
had  experiments,  tests  and  analyses  made  to  determine 
what  ecnnomic  results  might  be  secured  if  a  Cottrell  plant 
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were  installed  at  the  Ilagerstovvn  cement  mill.  'I'hc  re- 
sults were  so  promising  that  in  December,  l!)lo,  the  direc- 
tors sent  Mr.  Porter  to  California  to  study  the  Hiverside 
plant  first  hand.  lie  spent  a  week  there  and  on  his  return 
recommended  that  the  Security  company  build  a  similar 
plant — but  purely  for  the  recovery  of  the  valuable  potash 
in  the  cement  dust. 

The  directors  accepted  his  report,  and  negotiations  were 
begun  with  the  Western  Precipitation  Co.,  owner  of  the 
])atent  rights  for  u.-^e  of  this  process  in  cement  plants. 
The  plans  were  rushed  through,  the  markets  for  material 
studied  and  the  contract  signed  Feb.  8,  1916.  The  final 
drawings  were  received  Feb.  23  and  the  contracts  for  steel 
and  equipment  let  in  the  next  few  days.  It  was  desired 
to  push  the  work  with  all  possible  speed  to  secure  maxi- 
mum benefit  of  the  war  prices  on  potash  but  many  con- 
struction difficulties  had  to  be  overcome,  as  noted  later. 
The  first  trial  run  of  one  unit  commenced  June  15.  and 
the  other  three  units  were  completed  by  the  middle  of 
July. 

Design  of  Secuuity  Plant 

The  accompanying  views  and  sketches  show  the  general 
layout  and  more  important  details.  It  will  be  noticed 
that  there  are  four  treaters  being  used  to  precipitate  the 
dust  from  five  kilns.  This  is  because  two  of  the  kilns  are 
smaller  than  the  others,  and  the  gases  from  the  two  small 
ones  are  combined  in  a  common  flue.  The  large  stacks  con 
necting  with  the  treaters  are  7  ft.  in  outside  diameter  and 
are  lined  with  4-in.  of  firebrick  to  a  point  Just  below  the 
Y-connection. 

The  treater  building  is  72x36  ft.  over  all  in  plan  and 
76  ft.  high.  In  this  Iniilding  there  are  approximately 
200  tons  of  steel ;  50,000  rivets  and  30,000  bolts  were  used 
in  field  erection  alone.  Practically  the  whole  treater 
building  is  made  up  of  light-weight  angles  and  10-,  12- 
and  16-gage  plates.  The  treaters  were  designed  for  a  gas 
velocity  through  the  electrode  pipes  of  3.5  to  4  ft.  per  sec. 

Louver  dampers  extend  across  the  intake  chambers  at 
right  angles  to  the  roof,  so  that  one-half  of  each  unit  can 
be  closed  off  for  shaking  down  the  collected  dust  into  the 
hoppers.  The  dampers  are  operated  by  compressed-air 
cylinders  controlled  from  the  ground  level.  The  hoppers 
are  connected  by  cross-passages  to  a  longitudinal  chamber 
of  much  the  same  general  shape  as  the  hoppers.  Flop 
dampers  (worked  by  compressed  air)  close  off  the  con- 
nection from  the  hopper  of  each  half-unit  when  the  tubes 
are  dropped  down. 

The  flue  connecting  the  treaters  and  the  fans  was  made 
as  cheaply  as  possible  by  using  a  wood  franie  with  Xo.  25 
gage  black-steel  sheets  nailed  on  the  inside  of  the  frame. 
Strips  of  asbestos  paper  insulate  (for  heat)  the  steel  from 
the  wood  frame.  The  space  surrounding  the  fans  was 
housed  with  a  wood-frame  corrugated-iron-covcred  build- 
ing. This  space  is  used  for  storing  the  potash  dust  while 
analyses  are  being  made  prior  to  shipment. 

The  electrode  pipes  were  made  of  16-gage  steel  and  have 
loose  flanges  put  on  in  the  field,  after  which  the  pipe  ends 
were  hammered  over  the  flanges.  By  Ijolting  to  the 
crown  sheet,  the  tube  and  the  sheets  are  brought  into  di- 
rect bearing.  The  electrode  pipes,  in  addition  to  being  held 
together  by  the  upper  and  lower  header  plates,  are  fastened 
together  in  pairs  by  means  of  an  iron  plate  bolted  to  T- 
bars  that  are  riveted  to  the  pipes,  as  shown.  Swinging 
hammers  hansr  so  that,  when  swung  bv  rods  from  a  lever 


on  the  ground  floor  by  the  operator,  they  strike  these  iron 
plates  and  shake  the  precipitated  dust  loose  from  the  in- 
terior of  the  pipes.  Some  of  the  flue  dust,  it  is  found, 
accumulates  on  the  wire  electrodes,  although  these  arc 
the  positive  electrodes.  This  is  removed  by  occasional 
rap]iing.  The  hammer  mechanism  may  be  seen  in  Fig.  3  : 
it  consists  of  a  cast-iron  cylinder,  chain-hung  from  a  hand 
lever  on  the  upper  inspection  platform.  The  connection 
between  the  lever  and  high-tension  frame  is  made  througli 
a  paralfined-maple  stick  insulator. 

The  central  wire  electrodes  are  suspended  from  a 
pipe  frame  above.  This  frame  rests  on  Catalina  marble 
insulating  supports,  as  shown  in  Fig.  3.  The  wires  have  to 
closely  approximate  their  central  position  at  all  times,  and 
to  this  end  they  are  guided  by  each  passing  through  a 
sleeve  in  a  light  steel  frame  grid  that  rests  on  the  weights 
attached  to  each  wire.  As  shown  in  Fig.  3,  this  frame 
is  allowed  free  vertical  motion  by  being  guided  by  a  cross- 
bar supported  on  Catalina  marble  slabs. 

A  novel  scheme  was  employed  to  secure  even  distribu- 
tion of  gas  through  the  electrode  pipes;  2s2-in.  angles 
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PIG.    2.      CJENERAL    LAYOUT    OF    POTASH    PLANT    IN 
SECURITY'  MILL 

were  laid  loose,  comer  up,  across  the  3x3-in.  angle  frame 
extending  across  the  floor  of  the  inlet  chamber  above  the 
high-tension  frame  for  the  wire  electrodes. 

A  reinforced-concrete  structure,  33x40  ft.  in  plan  and 
20  ft.  high,  was  built  for  housing  the  electrical  machinery 
and  is  known  as  the  rectifier  building.  Here  are  housed 
all  the  transformers,  rectifiers  and  switching  apparatus 
for  the  entire  potash  plant. 

The  electrical  equipment  consists  of  two  7.5-hp.  5-kw. 
motor-generator  exciter  sets;  four  15-hp.  lO-kv.-a.  220- 
volt  single-phase  60-cycle  1,800-r.p.m.  motor-generator 
sets,  each  directly  connected  to  the  shaft  of  a  rotary  recti- 
fier; four  220-  to  70,000-volt  60-cycle  lO-kv.-a.  transform- 
ers of  sjiecial  construction ;  and  all  necessary  switchboards 
and  accessories. 

Tlie  scheme  of  operation  in  the  rectifier  building  is 
as  follows :  The  power  supply  is  440-volt  three-phase  60- 
cycle  current ;  this  comes  in  through  a  meter  on  a  dis- 
tributing switchboard  and  is  used  to  drive  the  exciters, 
motor-generator  sets  and  fans.  Each  of  the  four  units 
of  the  treater  is  supplied  from  its  own  individual  motor- 
generator,  transformer  and  rectifier.  The  motor  is  driven 
by  the  440-volt  current,  and  the  coupled  generator  pro- 
duces 220-volt  60-cycle  single-phase  current  that  goes  to 
the  transformer,  where  it  is  stepped  up  to  70,000  volts. 
From  the  transformer  the  70,000-volt  leads  go  direct  to 
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FIG.   3.      DET.\ILS   OF  POTASH   PLANT   CONSTRUCTION 
Security    Cement   and   Lime    Co.,   Hagerstown,   Md. 


the  connection  on  the  rectifier.  The  bottom  connection 
to  the  rectifier  is  grounded  (as  is  also  all  e.xposed  metal- 
work  in  the  building).  From  the  top  connection  on  the 
rectifier  a  wire  goes  toward  the  ceiling  to  a  disconnect- 
ing switch.  Prom  this  switch  a  line  goes  to  the  north  end 
of  the  rectifier  building,  where  are  located  high-tension 
switches  so  connected  that  it  is  possible  to  connect  or  dis- 
connect either  or  both  sides  of  any  individual  treater.  All 
disconnecting  switches  are  equipped  with  grounding  clips, 
so  that  when  the  switches  are  open,  the  dead  side  is  auto- 
matically grounded. 


Throughout,  on  all  the  high-tension  circuits  70,00fl-voll 
four-petticoat  pin-type  porcelain  insulators  are  used.  In- 
side the  rectifier  building  %-in.  pipe  is  used  for  all  high- 
tension  lines. 

From  the  distributing  panel  in  the  rectifier  building  a 
three-phase  410-volt  circuit  is  taken  to  the  north  end  of  the 
treater  building  to  operate  the  two  fan  motors.  The  fans 
were  rated  as  taking  2(>  hp.  each  when  operating  at  full 
rated  load,  and  35-hp.  variable-speed  (600  r.p.ni.  syn- 
chronous speed)  motors  were  installed.  Each  fan  is  belted 
direct  to  its  driving  motor.    The  fan  wheels  are  Siroccos, 
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101/2  ft.  ill  diameter  by  about  -1  ft.  wido.  Tlie  fans  oacb 
liiive  a  full-load  rating  of  100,000  cu.ri.  pi'i-  uiin.  (tem- 
perature, 800°  F.)  at  125  r.p.m.  when  working  against  a 
BUt-tion  of  0.5-in.  water  head.  In  addition  to  being  able 
to  control  the  speed  of  the  fans,  louver  dampers  were 
[1  laced  in  the  suction  side  of  each  fan.  The  fans 
iiave  e-vase  (expanding)  chimneys  to  reduce  the  power 
(•(insuniption.  The  determination  of  fan  capacity  could 
not  be  made  with  accuracy  because  of  unknown  maximum 
temperature. 

Construction  DiFFicuLTiiis 
Tlie  contract  between  the  Security  and  Western  Pre- 
ijutation  companies  was  signed  oji  Feb.  8,  1916.  But 
prior  to  actual  signing  the  engineers  of  the  Western  com- 
pany had  been  engaged  on  the  general  design,  and  the 
writer  had  been  scouting  around  steel-fabricating  plants 
so  that  when  the  plans  should  be  received  they  might  im- 
mediately be  submitted  to  shops  best  able  to  push  the 
steelwork  through  at  maximum  speed.  Best  results  ap- 
peared to  be  probable  from  Buffalo  over  Baltimore,  Phila- 


FIG.  4.     ONE  OF  THE  MOTOR-GENERATOR 
TRANSFORMER-RECTIFIER  SETS 

In  operation;  the  four  splashes  of  light  around  the  rectifier 
disk  are  the  high  tension  arcs  where  the  70,000-volt  alter- 
nating current  is  broken  in  being  made  unidirectional 

delphia,  New  York  and  Pittsburgh.  Market  conditions 
were  extremely  bad.  The  price  of  raw  materials  was 
jumping  by  leaps  and  bounds,  and  it  was  very  hard  to  get 
any  company  to  accept  a  contract  to  construct  the  plant 
in  the  time  desired.  It  was  found  absolutely  necessary 
to  pay  liberal  premiums  in  order  to  get  quick  deliveries. 
Labor  conditions  also  were  very  bad,  and  only  three  days 
following  the  signing  of  the  contract  for  steelwork  a  strike 
took  place  in  Buffalo.  This,  however,  was  handled  ad- 
mirably and  did  not  seriously  delay  things. 

It  was  very  difficult  to  get  reasonable  deliveries  of  the 
special-size  16-gage  steel  .sheets  for  making  the  pipes; 
these  had  to  be  rolled  specially  and  shipped  from  Youngs- 
town  to  Brooklyn,  N.  if.,  where  the  pipes  were  made  up. 
The  actual  manufacture  of  these  steel  pipes  (there  were 
800  of  them,  1x151/2  ft.)  was  one  of  the  most  difficult 
pieces  of  work  encountered.  They  had  to  lie  true  to  diame- 
ter and  length  and  be  free  from  projections  on  the  interior 
surface.  It  developed  that  establishments  on  the  Pacific 
Coast  were  more   fully  equipped   and   moi-e  experienced 


in  handling  (his  class  of  work  than  were  the  plants  in 
the  Kast.  However,  a  contract  was  made  with  the  Amer- 
ican Spiral  Pipe  Works,  of  New  York  City;  the  actual 
manufactui-ing  of  the  pipes  was  sublet  to  a  shop  in  Brook- 
lyn operating  under  the  finn  name  of  Hindley  &  Pendle- 
ton. 

The  Security  company  undertook  the  construction  of 
the  potash  plants  under  the  following  separate  contracts: 
Excavation,  concrete,  fans,  steelwork,  steel  pipes,  castings, 
stacks  and  flues,  erection  of  steel,  stacks,  dampers,  flues, 
castings  and  electrode  wires,  transformers  and  electrical 
equipment.  The  Western  Precipitation  Co.  furnished  the 
design,  but  shop  drawings  for  the  steelwork  were  made 
by  the  Lackawanna  Bridge  Co.,  of  Buffalo,  which  concern 
furnished  the  fabricated  steel.  Other  details  were  de- 
signed by  the  Guarantee  Construction  Co.,  of  New  York 
City,  which  company  erected  the  steelwork  and  the  various 
other  mechanisms  and  helped  in  the  purchasing  of  ma- 
terials. The  electrical  equipment  was  installed  by  the 
Spangler  Electric  Co.,  of  Hagerstown.  Excavation,  con- 
crete and  brickwork  were  done  by  W.  H.  Angle,  of  Hagers- 
town. Steel  stack  and  flues  were  furnished  by  the 
N.  Y.  Central  Iron  Works,  Hagerstown.  The  entire  work 
was  carried  on  under  the-direct  supervision  of  the  writer. 

Erection  Difficulties 

The  difficulties  encountered  during  erection  in  the 
field  were  caused  by  very  limited  space  both  for  storing 
material  and  erecting.  Also,  considerable  trouble  was 
had  with  labor  because  of  the  dust  f  i-om  the  cement  plant. 
On  windy  days  it  was  very  disagreeable,  to  say  the  least, 
for  the  worlonen  to  stay  at  their  work.  Almost  ideal 
weather  was  encountered,  and  only  a  verv  few  days  were 
lost  on  account  of  rain. 

After  one  unit  was  completed  and  placed  in  operation, 
the  steelworkers  let  it  be  known  that  they  would  not  work 
on  the  other  units  of  the  building  while  7'0,000-volt  cur- 
rent was  being  transmitted  along  its  side.  However,  there 
were  only  a  few  of  the  men  who  left  the  job  because  of 
their  fear  of  danger  with  the  current  on.  In  order  to  pro- 
tect the  workmen  from  the  high-voltage  wires,  small-meish 
wire  netting  was  used  for  guards  surrounding  them.  Dan- 
ger signs  were  placed  at  every  point  along  the  building 
where  there  was  any  possibility  of  a  workman's  coming  in 
contact  with  the  wires.  The  men  were  all  warned  per- 
sonally of  this  danger  and  told  to  keep  as  far  away  from 
the  circuits  as  possible. 

From  the  general  layout  of  the  cement  mill  and  potash 
plant.  Fig.  2,  it  will  be  observed  that  a  derrick  frame  and 
hoisting  engine  were  placed  close  to  the  middle  of  the 
dust  treaters  and  on  the  east  side.  This  was  a  stiff-leg 
derrick  with  a  60-ft.  boom,  and  it  was  placed  on  a  plat- 
form 30  ft.  above  the  ground.  By  means  of  this  it  was 
possible  to  lift  into  place  almost  all  the  steelwork.  It 
developed  before  placing  the  flues  on  top  of  the  building 
that  the  boom  of-  the  derrick  could  not  be  used  for  setting 
them  in  permanent  position,  because  the  derrick  frame  was 
too  close  to  the  building  and,  therefore,  could  not  reach 
over  far  enough.  The  cost  of  erecting  the  derrick  was 
consideraljle,  but  it  more  than  paid  for  itself.  The  space 
available  for  storage  of  steel  was  very  small,  but  proved 
to  be  large  enough  as  erection  took  place  about  as  fast  as 
the  material  was  received. 

Before  erection  was  completed,  the  speed  at  whicli  the 
men  were  worked  began  to  tell  upon  them;  and  consid- 
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FIG.   5.      BENEATH   DUST-TREATER    BUILDING 

Showing  method   of  bagging  dust   coming   through  spouts 

from   hoppers 

erable  trouble  was  experienced  in  keeping  tliem  at  work 
continuously.  The  erection  crew  worked  from  10  to  12  hr. 
a  day  and  7  days  per  %veek,  except  as  the  weather  inter- 
fered. A  night  crew  was  used  part  of  the  time. 
Efforts  were  concentrated  upon  one  unit  of  the 
treater,  so  that  operation  might  be  begun  at  the  earliest 
possible  moment  in  order  that  the  experimental  stage, 
which  comes  inevitably  with  any  new  enterprise,  could  be 
covered  with  one  unit  while  the  others  were  being  com- 
pleted. 

Potash-Plant  Operation 

The  views  of  the  plant  in  Fig.  1  show  the  relative  ap- 
pearance of  the  gases  discharged  with  current  on  and  off. 
The  operation  of  the  plant  has  been  profitable  from  the 
beginning,  but  experiments  are  still  being  carried  on  to 
determine  the  exact  conditions  under  which  the  maximum 
amount  of  potash  can  be  produced  simultaneously  with  the 
maximum  production  of  cement  clinker.  These  experi- 
ments have  opened  up  an  unlimited  field  of  investigation, 
which  gives  every  promise  of  being  the  means  of  increas- 
ing the  production  and  quality  of  the  cement  entirely 
aside  from  the  production  of  potash. 

At  the  present  time,  with  two  kilns  7x100  ft.  and 
three  kilns  8x125  ft.,  the  production  of  potash  dust  aver- 
ages from  20  to  25  tons  per  21  hr.,  containing  from  5  to 
]0%  pure  KjO,  which  is  present  in  the  fonn  of  potassium 
sulphate  (K2SO4)  and  is  equivalent  to  approximately  10 
to  20%  of  the  sulphate.  The  dust  is  in  a  very  finely  di- 
vided state,  which  is  highly  desirable  for  iise  as  a  fertilizer. 
It  collects  in  the  lower  hoppers  of  the  steel  treater  struc- 
ture and  is  drawn  off  regularly  into  burlap  bags  (see  Fig. 
5)  containing  some  100  lb.  net.  The  bags  are  weighed 
and  sampled  before  shipment. 


The  gas  volume  handled  averages  approximately  180,- 
000  cu.ft.  per  min.  and  900°  F.,  when  measured  at  the 
base  of  the  kiln  stacks.  These  figures  may  he  compared 
with  the  100,000  cu.ft.  and  800°  estimated  in  advance. 
A  single  fan,  however,  has  no  difTiculty  in  maintaining 
draft  imder  this  load. 

The  operating  labor  required  for  the  plant  is  a  very 
small  item,  as  one  num  during  the  day  and  one  at  night 
are  all  that  are  required  to  care  for  the  treaters  and  elec- 
trical apparatus.  A  third  man  acts  as  general  foreman 
both  for  the  operation  of  the  treaters  and  packing  the  ma- 
terial. The  labor  for  doing  the  bagging  is  additional. 
The  power  consumption  for  the  entire  plant  averages 
aljout  1,000  kw.-hr.  pec  21-hr.  run,  and  this  includes  power 
for  precipitation,  fans  and  a  small  compressor  that  sup- 
plies air  for  operating  dampers,  etc. 

Some  of  the  factors  affecting  the  successful  operation 
of  the  plant  are:  Eegularity  of  shaking  down  the  dust, 
temperature  of  gases,  fuel  analysis  and  fuel  economy  for 
the  kiln,  rate  of  flame  propagation  in  the  fuel-air  mix- 
ture, volume  and  velocity  of  gases  treated,  and  gas  distri- 
bution in  the  electrode  f)ipes. 

It  has  been  found  that  if  the  dust  was  not  shaken  down 
from  both  electrodes  at  regular  intervals,  but  allowed  to 
collect  on  the  wire  electrodes,  it  resulted  in  burning  off  the 
wires  and  causing  short-circuits.  Also  under  certain  con- 
ditions the  dust  would  form  in  lumps  at  nodes  on  the  wires 
and  cause  flash-over  at  those  points.  This  was  a  very 
serious  difficulty  during  the  eai'ly  stages  of  operation; 
Init  after  the  cause  was  discovered  and  steps  taken  to  rec- 
tify it,  no  further  difficulty  was  experienced. 

The  temperature  of  the  gases  has  been  one  of  the  hard- 
est things  to  control,  as  the  operators  of  the  kilns  were 
not  accustomed  to  watching  the  kiln  pyrometers,  which 
had  just  been  installed.  Of  late  this  has  been  partly  over- 
come, and  temperatures  have  been  greatly  decreased.  This 
was  brought  about  by  reducing  the  amount  of  coal  fired 
into  the  kilns  and  by  controlling  the  draft  at  the  proper 
places  so  as  to  get  the  combustion  to  take  place  inside  of 
the  kiln  and  not  have  some  unburned  fuel  carried  over 
into  the  treaters.  It  w'as  found  that  certain  kinds  of 
coal  burned  at  a  much  slower  rate  than  others,  and  with 
the  slow-burning  coal  considerable  difficulty  was  had  with 
high  treater  temperatures.  The  volume  and  velocity  of 
gases  treated  can  be  controlled  to  a  certain  extent.  How- 
ever, this  must  be  watched  closely  in  connection  with  pro- 
duction of  jDroperly  burned  cement.  The  proj)er  distribu- 
tion of  gases  in  the  electrode  pipes  has  been  brought  about 
by  properly  balancing  draft  pressures  in  the  treater  by 
means  of  distributors  made  of  pieces  of  upturned  angle 
iron,  already  noted. 

Cement  Production  Improved 

The  effects  on  the  production  of  cement  are  very  notice- 
able. The  operation  of  the  potash  plant  has  been  the 
means  indirectly  of  increasing  the  production  of  cement 
clinker  and  also  the  fuel  economy.  It  has  been  the  means 
of  getting  more  continuous  operation  of  the  kilns  because 
of  requiring  much  better  attendance  on  the  part  of  the 
kiln  operators.  This  automatically  brings  about  a  bet- 
ter quality  of  cement  clinker  because,  by  watching  the 
kilns  more  closely,  the  quality  of  the  clinker  w'ill  be 
more  nearly  constant.  Moreover,  it  is  found  that  the 
best  recovery  of  potash  is  secured  coincident  with  the 
best  burned  clinker. 
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By  a.  L.  LAltonii:* 

The  City  of  Binghamton,  X.  \.,  is  building  a  |i/^-iiii. 
13-  to  54-in.  intercepting  sewer  witli  four  river  crossings. 
This  is  being  done  to  prevent  the  highly  polluted  summer 
condition  of  the  Susquehanna  and  Chenango  Rivers,  wliicli 
join  in  Binghamton.  During  dry  summer  seasons  Ijoth 
streams  drop  to  a  very  low  point,  and  the  velocities  dc- 
I'rease  accordingly.  The  sewage  of  the  city  empties  into 
these  rivers  througli  nine  separate  trunk-sewer  systems, 
and  therefore  a  highly  polluted  condition  has  existed  in 
the  streams  during  that  part  of  the  year  when  it  would 
be  most  objectionable.    The  work  now  under  construction 


PIG.    1.      MAP   OF   BINGH.\MTON    INTERCEPTING    SEWER 


is  intended  to  prevent  pollution  of  tlie  rivers  only  when 
they  are  in  a  fairly  clean  condition.  During  spring  fresh- 
ets or  e.xcessive  general  storms  the  rivers  already  carry 
a  heavy  amount  of  foreign  material,  which  would  not 
be  appreciably  increased  by  the  addition  of  the  city's 
sewage. 

The  complete  plan  contemplates  the  construction  of  an 
intercepting  sewer  picking  up  the  flow  of  trunk  sewers  at 
or  near  the  outfalls  and  carrying  this  sewage  to  a  disposal 
plant  for  treatment.  The  existing  sewer  system  is  chiefly 
of  the  combined  type,  and  figures  for  the  design  of  the 
interceptor  were  based  upon  an  adjustment  "between  the 

♦Deputy  Engineer,  Binghamton,  N.  T. 


di-y-woalher  How  and  that  portion  of  tlie  storm  water 
which  on  the  average  came  when  the  rivers  were  lowest. 
Stream  gagings  laken  for  a  number  of  years  were  used 
in  determining  this  relation.  The  dry-weather  flow  fig- 
ures were  obtained  by  gagings  on  each  trunk  sewer,  but 
the  gages  used  were  of  a  type  that  gave  only  the  maximum 
dry-weather  flow  for  each  day.  Actual  water  consumption 
in  each  sewer  district  was  therefore  also  obtained.  A  com- 
parison and  adjustment  of  these  quantities  gave  a  result- 
ant daily-flow  curve  assumed  to  be  close  to  the  present 
actual  conditions.  Each  district  was  then  considered  from 
a  viewpoint  of  future  development,  and  figures  were  pre- 
pared showing  the  estimated  flow  in  1940.  The  estimated 
future  flow  was  increased  by  30%  to  care  for  the  surface 
water  that  would  come  before  the  streams  would  rise  and 
so  prevent  a  pollution  from  the  first 
runoff.  The  design  of  the  interceptor 
was  based  ujjon  these  figures  with  a 
limiting  minimum  velocity  of  81/^  ft. 
]K'r  see.  The  woi'k  of  constructing 
this  sewer  is  divided  into  two  sections. 
Section  1  picks  up  all  the  outfalls  in 
the  city  and  has  a  length  of  approxi- 
mately 2  mi.;  Section  2  runs  from 
the  end  of  Section  1  to  the  proposed 
site  of  the  disposal  f)lant,  a  distance 
of  approximately  2%  nii.  The  route 
of  this  sewer  closely  follows  the  shore 
line  of  both  rivers,  in  some  places  be- 
ing entirely  within  the  dry-weather 
bed  of  the  streams.  The  soil  en- 
countered is  a  mixture  of  river  silt  un- 
derlain by  a  layer  of  gravel  with  occasional  showings  of 
shale  rock  above  the  invert  elevation. 

The  construction  of  Section  1  is  now  under  way.  The 
pipe  being  used  for  sizes  from  12  to  24  in.  inclusive  is 
vitrified  tile,  in  3-ft.  lengths,  double  strength  where  avail- 
able. The  36-,  42-  and  48-in.  sewer  is  of  reinforced-con- 
crete  pipe,  cast  in  4-ft.  lengths  at  three  plants  distributed 
along  the  route,  and  delivered  by  the  pipe  manufacturers 
close  to  the  line  of  the  work. 

Vitrified  pipe  is  laid  with  bituminous  Joints  except 
where  a  surrounding  concrete  protection  is  placed. 
At  these  points  cement-grout  ioints  are  being  usecr.  In 
laying  this  pipe  the  trench  is  unwatered  to  within  6  in,  of 
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the  invert.  A  recent  test  of  250  ft.  of  the  bituminou.s- 
joint  constniftion  on  24-in.  pipe  showed  one  small  leak. 
The  method  of  protecting  the  vitrified-jjipe  sewer  where 
its  elevation  brings  it  above  the  original  surface  is  by 
driving  steel  sheetpiling  on  each  side  6  in.  from  the 
pipe.  'J'he  piling  has  an  average  penetration  of  5  ft.  and 
is  driven  by  hand.  After  the  pipe  is  laid  and  an  earth-fill 
tamped  into  place  between  the  lines  of  piling,  a  G-in.  con- 
crete slab  is  cast  over  the  top.  Where  the  pipe  is  not  above 
the  surface  of  the  ground,  but  is  so  close  thereto  as  to  be 
in  danger  from  the  scouring  action  of  the  heavy  floods,  it 
is  completely  embedded  in  concrete  extending  9  in.  be- 
yond the  pipe  on  each  side  and  running  down  12  in.  below 
the  invert  with  a  thickness  on  top  of  9  in. 

Laying  Concrete  Pipe 

Concrete  pipe  is  laid  with  grout  joints,  the  trench 
being  entirely  unwatered.  During  construction  it  has 
been  necessary,  on  account  of  the  excessive  amount  of 
water  encountered  in  a  gravel  stratum  near  the  invert. 


will  be  constructed.  These  consist  of  a  grit  chandicr  on 
the  trunk  sewer,  the  outlet  of  which  chamber  empties  di- 
rectly into  the  interceptor.  A  bypass  from  the  grit  cham- 
ber cares  for  the  excess  surface  flow  beyond  the  capacity 
of  the  interceptor.  This  bypass  is  checked  against  a  rise 
in  the  river  by  a  check  valve.  When  the  river  is  at  ab- 
normal height,  the  interceptor  will  therefore  be  flowing 
full;  and  a  .sufficient  head  will  be  iniilt  up  in  the  trunk 
sewer  to  force  a  flow  through  the  check  valve.  The  back- 
ing up  in  the  sewer  system  will  not,  however,  be  greater 
than  that  experienced  in  the  past. 

Where  outfalls  are  on  the  opposite  shores  of  the  rivers, 
inverted-siphon  river  crossings  are  being  constructed. 
These  are  equipped  with  grit  and  regulating  chambers  at 
the  inlet  end  similar  to  those '  mentioned  above.  The 
largest  of  these  crossings  (No.  3  shown  in  detail  in 
Fig.  5)  carries  a  present  flow  of  approximately  4,800,- 
000  gal.  per  day,  and  the  estimated  future  flow  is  12,200,- 
000  gal.  From  the  grit  chamber  the  flow  passes  into 
the  inlet  siidion  chaadjer.     From  here  three  18-in.  cast- 
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to  use  underdrains  at  certain  places  along  the  line.  This 
consists  of  an  8-in.  tile  pipe,  laid  with  burlap  joints, 
placed  along  one  side  of  the  trench  below  the  elevation  of 
the  bottom  of  the  pipe.  The  pumping  equipment  on  the 
48-in.  sewer  is  one  8-in.  centrifugal  working  against  a 
head  of  approximately  20  ft.  This  is  placed  in  a  sump  at 
the  lower  end  of  the  48-in.  section  and  unwaters  the  trench 
down  to  the  invert.  A  4-in.  diaphragm  pump,  placed  in 
the  trench  where  pipe  is  being  laid,  discharges  over  a  bulk- 
head into  the  sewer  already  laid  and  keeps  the  trench  dry 
for  pipe  laying. 

Where  the  interceptor  meets  with  branch  sewers  situ- 
ated on  the  same  side  of  the  river,  regulating  chambers 


iron  pipes  embedded  in  concrete  carry  the  sewage  under 
the  bed  of  the  river.  Two  of  these  pipes  have  the  same 
inlet  elevation,  while  the  third  pipe  is  raised  at  its  inlet 
a  height  of  18  in.  This  arrangement  permits  the  closing 
and  cleaning  of  any  pipe  in  the  crossing,  since  a  single 
lower  pipe  will  care  for  the  present  flow,  and  the  two 
lower  pipes  or  one  lower  and  the  upper  pipe  will  care  for 
the  future  flow.  All  three  pipes  are  equipped  with  sluice 
gates  at  both  inlet  and  outlet  ends. 

Directly  in  back  of  the  inlet  chamber  is  the  cleaning 
well,  which  is  carried  down  below  the  bottom  of  the  low- 
est part  of  the  siphon.  Into  this  cleaning  well  18-in. 
return   pipes  are  carried   from   T"s   placed    in   the  main 
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LTossing  jjipes.  Similiir  pipes  and  T's  ai'p  placed  also  at 
the  outlet  end  of  the  sijjhoii,  where  a  second  cleaning 
well  is  constrncted.  The  ends  of  the  cleaning  pipes  are 
equijiped  with  flap  valves  held  tight  by  capscrews,  and 
to  these  valves  are  attached  standard  iire-hose  connections. 
From  cleaning  well  to  cleaning  well  there  is  a  straight 
run  in  each  crossing  pipe.  This  arrangement  permits  both 
flushing  and  rodding  the  entire  length  of  the  siphon.  At 
the  outlet  end  all  three  pipes  discharge  at  the  same  eleva- 
tion, where  they  have  a  free  fall  into  the  intei-ceptoi'. 

CoxsTKUCTiox  Work  at  CR08six(i  3 

Construction  of  crossing  No.  3  started  witli  the  excava- 
tion of  the  inlet  chamber  and  the  driving  of  a  steel  sheet- 
piling  coffer-dam  approximately  one-fourth  of  the  distance 
across  the  stream.     The  first  coffer-dam  was  86  ft.  long 


moi'c  than  1.5  in.  of  water.  The  plant  consists  of  a  9-ton 
hoist  Iwiler,  derrick  and  boom  to  carry  the  steam  hammer 
or  clam-shell  bucket.  At  the  derrick  end  of  the  barge, 
sliding  spuds  are  let  down  to  the  river  bottom  and  locked 
in  position  to  insure  stability  and  to  hold  the  barge  above 
water  when  the  boom  is  loaded.  The  steam' for  driving 
the  hammer  was  furnished  from  a  l)oiler  erected  on  the 
shore. 

The  shore  end  of  this  cofl'er-daui  kept  the  inlet  chandler 
dry,  and  concrete  for  this  chamber  was  placed  while  the 
iron  pipes  were  being  laid.  Wlien  the  pipe  laying  here  was 
complete,  this  first  coffer-dam  was  pulled  and  a  second 
(me  driven  farther  out  in  the  stream  and  inclosing  the 
ends  of  the  pipe  lines.  It  is  intended  to  unwater  this' 
second  coffer-dam  by  a  pump  placed  at  the  sliore  end  of 
the  crossing  pipes  and  by  using  these  pipes  as  drains. 
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and  9  ft.  wide,  and  the  lines  for  driving  the  sheeting  and 
for  maintaining  a  proper  width  were  given  by  floating  8x 
10-in.  timl)er  frames  into  place,  straddling  the  center 
line.  These  frames  were  in  sections  about  10  ft.  long 
and  permitted  ea.sy  access  for  laying  pipe  without  dis- 
turbing the  cro.sspieces.  The  coffer-dam  was  nnwatered 
by  a  6-in.  centrifugal  pump  and  was  kept  dry  by  two  2-in. 
steam  ejectors  and  one  4-in.  gasoline-engine  diaphragm 
pump.  The  average  head  of  water  on  the  outside  was  4 
ft.,  although  at  one  time  this  was  increased  to  7  ft.  by  a 
sudden  rise  in  the  river.  The  ditch  for  these  cast-iron 
pipes  was  excavated  by  hand  in  hard  gravel,  this  material 
Iteing  removed  by  a  clam-shell  bucket. 

The  contractor's  plant  for  driving  coffer-dam  and  Jiand- 
ling  excavated  material  was  carried  on  a  wooden  barge 
of  sufficient  size  with  its  maximum  loading  to  draw  not 


This  shore  pump  will  be  augmented  by  a  second  pump 
placed  on  top  of  the  coffer-dam. 

One  similar  river  crossing  (No;  2)  is  being  constructed 
under  the  present  contract.  The  first  coffer-dam  has  been 
constructed  for  this  crossing  and  is  170  ft.  in  length. 

Excavation  for  the  48-in.  concrete  sewer  is  being  done 
by  No.  3  Keystone  excavator.  The  maximum  cut  encoun- 
tered is  14  ft. ;  and  the  machine  is  doing  the  entire  exca- 
vating except  for  the  bottom  trimming,  which  is  in  soft 
shale  rock  and  is  taken  out  by  hand.  It  is  also  used  for 
backfilling  by  reversing  the  direction  of  the  digging 
apparatus. 

The  Sewage  Disposal  and  Water  Plant  Co.,  of  Schenec- 
tady, is  the  contractor  for  Section  1.  It  is  intended  to 
continue  with  the  construction  of  Section  2  of  the  inter- 
ceptor and  the  disposal  plant  in  1917. 
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iSi'NOFiSIS — 8ieel  formwork  inlroduced  as  .sim- 
pler and  cheaper  than  wood,  and  .steel  reinforce- 
ment made  up  in  main  and  uvil  .srt.s  of  Ijar.s  to 
facilitate  placing.  Concrete  di-strihuied  by  revolv- 
ing dump-cars. 

Construction  methods  and  dillicultios  are  not  alwaj's 
apparent  in  the  design  of  structures,  and  this,  fact  is  il- 
lustrated by  some  interesting  features  in  the  floor  of  the 
roadway  portion  of  the  east  (Illinois)   approach  viaduct 


I  orndige 

staging  or  falsework  licneatli  the  deck,  at  a  considcralile 
height  above  the  ground. 

To  simplify  the  work  and  reduce  the  cost,  a  modified 
design  was  therefore  prepared  by  the  city's  engineers  in 
charge  of  the  construction  (which  is  being  done  Ijy  mu- 
nicipal forces).  This  consists  in  arching  or  curving  the 
lower  side  of  each  section  of  the  slab  and  supporting  tlie 
concrete  on  a  form  of  arched  plates  of  thin  sheet  steel 
(No.  22  gage),  which  are  fitted  between  the  Joists  and 
rest  upon  their  flanges  (or  upon  shelf  angles  of  the  out- 
side   longitudinal    girders).      Tliis    formwork    is    left    in 


STKIiL  FORMS   AXD   REIiN'FORCElIE-NT    1'<.I;    Tlll'J   COX<'l ;i;i  i;   l' IJ JUll  OP  THE  ILLINOIS  APPROACH  TO  THE 
MUNICIPAL    BRIDGE    OYER    THE    MISSISSIPPI    RIVER    AT   ST.   LOUIS 


of  the  new  municipal  bridge  over  the  Mississippi  Ttiver  at 
St.  Louis,  Mo.  The  wood  paving  is  carried  by  a  concrete 
slab  resting  on  longitudinal  steel  girders  and  joists  that 
are  spaced  4.50  and  4.92  ft.  apart  and  are  framed  be- 
tween the  transverse  girders.  The  concrete  is  extended 
downward  to  inclose  and  protect  the  steel  framing.  Fig.  1 
shows  the  steel  formwork  and  reinforcement  being  placed. 
The  original  design,  showa  at  the  left  in  Fig.  2,  con- 
sisted of  a  flat  slab  with  tapering  ribs  along  the  joists. 
The  building  and  removal  of  wood  forms  for  this  flat  slab 
and  trough  construction  would  have  been  costly  and  slow, 
especially  as  the  removal  would  have  had  to  be  done  from 


place  and  will  gradually  rust  away,  having  served  its  pur- 
pose as  soon  as  the  concrete  has  set.  This  modified  con- 
struction is  shown  at  the  right  in  Fig.  2.  The  arch  is 
of  4814-in.  radius  in  the  main  portion  and  8{J  in.  at  the 
sides. 

The  steel  sheets  are  pressed  to  shape.  Each  is  about  22 
in.  long,  with  a  %-in.  corrugation  at  each  end  and  in 
the  middle  to  stiffen  it  and  hold  the  shape.  The  end  cor- 
rugations interlock,  as  the  plates  lap  each  other.  For 
the  sidewalks  the  width  (6  ft.)  is  too  great  for  arching 
the  slab,  and  the  steel  sheets  are  pressed  to  channel  shape, 
as  shown.     They  are  flat  on  top  for  about  5  ft.,  and  the 
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sides  slope  outward  to  rest  on  the  lower  flanges  of  the  side- 
walk stringers.  These  wide  form  plates  are  stiffened  by 
angles  pressed  to  the  same  shape  and  welded  to  the  under 
side.  The  steel  foi-ms  were  made  by  the  Hydraulic  Pressed 
Steel  Co.,  of  Cleveland,  Ohio. 

The  steel  reinforcement  of  the  concrete  floor  slai>  con- 
sists of  transverse  bars  and  layers  of  heavy  wire  ncliing  of 
special  make.  The  original  design  provided  for  longitudi- 
nal rods,  but  with  the  great  number  of  rods  and  the  cost 
of  labor,  the  placing  of  these  would  have  been  very  slow 
and  expensive.  Instead,  a  special  make  of  wire  netting 
was  used,  the  longitudinal  strands  of  which  were  equiva- 
lent to  the  rod  sections.  No  allowance  is  made  for  the 
diagonal  wires  as  reinforcement. 

To  reduce  the  difficulty  and  cost  of  handling  and  ])lac- 
ing  the  very  large  number  of  transverse  rods,  these  are 
made  up  into  sets  of  seven  bars  each,  held  together  at  the 
ends  by  light  bars  welded  to  the  under  side.  They  are 
held  also  at  two  intermediate  points  by  spacers,  which 
are  fiat  strips  of  metal  having  lugs  stamped  out  to  be 
bent  over  the  bars.  These  mats  are  16  ft.  5  in.  long  and 
about  i  ft.  wide,  and  each  can  be  handled  readily  by  two 
men.  Similar  mats  G  ft.  long  are  used  for  the  sidewalk 
slab. 

The  car-track  rails  formed  an  obstruction  to  the  placing 
.of  the  mats,  as  they  are  supported  above  their  I-beams 
by  chairs  staggered  in  position  (33  in.  apart).  Por  each 
side  of  the  roadway  there  is  a  mat  extending  from  the 
curb  to  the  track,  with  its  bars  extending  beneath  the  outer 
rail.  A  third  and  narrower  mat  is  placed  between  the 
tracks,  with  its  bars  extending  beneath  the  inner  rail  of 
each  track.  Loose  bars  are  placed  between  the  rails  of 
each  track  and  are  wired  to  the  projecting  ends  of  the  bare 
of  the  mats  on  either  side  (inside  the  rails).  This  wiring 
is  done  mechanically  by  the  use  of  prepared  wire  loops  that 


secured  by  bolted  clips.    Theao  supports  are  .33  in.  ajiart 
and  are  staggered  in  position,  as  noted  above. 

For  concreting  this  roadway  floor  on  the  viaduct  ap- 
proach, two  mixer  plants  were  used,  one  at  each  end  of  the 
approach.  The  one  at  the  higher  or  bridge  end  had 
elevated  material  bins  in  the  usual  way,  while  for  the  one 
near  the  lower  end  the  materials  were  placed  in  stock  piles 
and  wheeled  to  the  mixer.    An  80-ft.  steel  elevator  to\\'er 


PIG.    3.      PLACING    CONCRKTE    WITH    .SMALL    REVOLVING 
DUMT-CARS  ON  .ST.A.ND.\RD-G.\GE   TRACKS 

was  u.sed,  liigh  enough  above  the  liridge  deck  to  supply  an 
inclined  chute  extending  acro.ss  the  deck.  For  distributing 
the  concrete  the  standard-gage  car  tracks  were  utilized,  as 
shown  in  Fig.  3. 

For  each  track  there  was  a  train  of  two  or  three  cars 
operated  by  a  Whitcomb  6-ton  gasoline  locomotive.  The 
cars  were  of  an  improvised  type,  as  standard-gage  equip- 
ment of  the  small  capacity  desired  was  not  to  be  had. 
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are  set  in  place  and  then  twisted  by  a  hand  tool  with  a 
revolving  stem.  This  device  is  made  by  the  Curry  Manu- 
facturing Co.,  of  New  York  City. 

Fig.  1  shows  the  whole  construction  very  clearly.  In 
the  center  is  one  of  the  tracks  with  the  arched  form 
sheets  in  place.  On  each  side  of  this  is  a  panel  with  the 
form  sheets  and  the  welded  sets  of  ti-ansverse  rods,  the 
ends  of  these  rods  projecting  under  the  rails  into  the  track 
space.  In  the  panel  at  the  left  of  the"  track  the  woven- 
wire  mat  is  also  in  place,  laid  upon  the  transveree  bars. 
Some  of  the  form  plates  and  the  welded  sets  of  bars  are 
shown  lying  around,  while  in  the  middle  of  the  track  space 
is  one  on  the  spacing  bars.  At  the  right  is  the  sidewalk 
framing  (with  no  form  plates  in  place). 

The  street-car  tracks  have  90-lb.  T-rails  (Am.  Soc.  C.  E. 
section)    supported  on  chairs  with   insulating  strips  and 


Each  concrete  car  is  a  railway  push-car  having  mounted 
on  it  a  1-yd.  steel  dumping  body  or  hopper.  The  body 
is  carried  by  a  revolving  base,  so  that  it  can  dump  on 
either  side  or  endwise  between  the  rails.  At  first  the  trains 
were  all  loaded  on  the  track  nearest  the  elevator  tower,  but 
this  involved  an  inconvenient  amount  of  switching  and  in- 
terfered witli  the  free  movement  of  the  trains.  The 
temporary  crossover  was  taken  out,  therefore,  and  the 
chute  was  extended  across  the  roadway  to  serve  both  tracks, 
so  that  each  train  could  be  operated  independently  on 
its  ovra.  track.  In  Fig.  3  one  car  is  dumping  at  the  side, 
while  the  other  has  the  body  in  position  for  end  dumping 
The  work  is  being  done  by  day  labor  under  the  direction 
of  the  Board  of  Public  Service,  of  St.  Louis,  Mo.  It  is  in 
charge  of  Clinton  H.  Fisk.  Chief  Engineer  of  Construc- 
tion, and  AV.  F.  Collar,  Superintendent  of  Construction. 
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By  D.vrwix  W.  Towxsexd* 

For  the  purpose  of  obtaining  iuformation  relative  to 
the  existing  underground  and  surface  structures  over  the 
routes  of  the  proposed  intercepting  sewers  in  Milwaukee, 
Wis.,  three  field  parties  were  organized  early  in  March, 
1915.  Each  party  consisted  of  a  chief,  a  transitman  and 
two  rodnien.  Preparations  were  made  at  the  same  time, 
by  increasing  the  drafting-room  force,  to  keep  the  notes 
plotted  up  to  date,  as  they  were  received  from  the  field- 
party  chiefs  at  the  end  of  each  day. 

Loose-leaf  notebooks,  with  pages  7%x5  in.  (see  Fig.  2) 
were  used  in  the  field,  and  three  pages  were  given  to  each 
city  block.  Page  1  showed  property  lines,  curb  lines,  block 
distances  and  street  widths,  together  with  the  location  of 
all  manlioles,  fire  wells,  etc.,  visible  from  the  street  sur- 
face. Page  1-a  gave  level  notes  of  the  elevations,  top  and 
bottom,  of  manholes,  etc.,  and  page  1-b  showed  cross-sec- 
tion sketches  of  all  manholes  investigated. 

The  first  page  for  each  city  block  had  the  property  and 
curb  lines  sketched  upon  it  before  the  page  was  handed 
over  to  the  field-party  chief.  The  curb  and  property  lines 
from  which  the  sketches  were  made  were  taken  from  the 

•Chief  Draftsman,  Sewerage  Commission,  Milwaukee,  Wis. 


official  quarter-section  maps  of  the  city,  and  one  man 
was  occupied  in  the  drafting  room  the  greater  part  of  his 
time  in  the  preparation  of  these  notebook  pages.  The 
time  spent  upon  the  sketches  proved  its  worth,  however, 
time  and  again,  as  it  always  served  as  a  check  for  tying 
in  manholes  between  the  intersecting  streets. 

Each  field  party  operated  as  follows:  All  manholes  in 
a  block  were  first  tied  in  to  the  curb  lines;  next,  they  were 
opened  up  and  investigated,  and  a  sketch  was  made.  Last 
the  elevations  were  taken  upon  the  rims  at  the  street  sur- 
face. These  notes  were  plotted  to  a  horizontal  scale  of  40 
ft.  =  1  in.,  and  a  vertical  scale  of  6  ft.  =  1  in.  As  .soon 
as  the  notes  were  "cold,"  they  were  filed  away  in  envelopes 
and  indexed  imder  their  proper  headings. 

All  records  pertaining  to  gas  mains  were  secured  from 
the  Milwaukee  Gas  Light  Co.,  and  the  locations  and 
sizes  were  transferred  directly  from  their  plans  to  ours. 

By  Aug.  1,  1915,  all  the  routes,  a  total  of  32  mi.,  were 
surveyed  and  plotted.  AMiile  the  major  portion  of  the 
sewer  routes  were  in  city  streets,  as  before  mentioned, 
several  miles  were  in  practically  undeveloped  territory, 
necessitating  topographic  and  location  work.  Soundings 
for  proposed  pressure  siphons  were  also  taken  across  the 
Milwaukee,  Menominee  and  Kinnickinnic  Rivers  at  13  dif- 
ferent places. 

Fig.  1  shows  a  typical  street  intersection  upon  which 
is  plotted  all  available  information  concerning  the  under- 


Granih  Block  Pavemenf 


H'-Asphalf 

I  I 
>l   ^         <o 

.[g  .g^cfe        ZSf pry  Brick   ^^cg 
■fl^^       ^^75  Stone  Base  j^^f 


PIG.   1.     TVPIC.-VL  STREET  INTERSECTION.   SHOWING  ALL  DAT.\   OBTAIN.\BLE 


Docembcr  "^S,   19 IG 


E  N  U  1  x^^  E  E  U  1  N  G     NEWS 


12:33 


>A5E  NO 
O.CARD 

,w 

LH.R 

ChlP.f 

1 

n«Tr  s/ie.lk 

.  6(7 

v/,W     ^onfrf                1 

r,  «<;^  r^^  u,no«  Monhole  LoCoHon 

LOCATION     BROAOmY 

a'Ay/.  "i^" r"'" 

"T. 

-Z 

"  -' 

' 

•  1 

J_ 

i;  i 

1 

-* 

Y 

-■!■' 

'\i 

' 

'cf 

.^^eH  I  I  I  I 

i 

±J 

~r 

*--- 

-'•■ 

La 

tiJ 

- 

- 

- 

- 

-- 

m 

J 1  1 

31a 
60 

LH.R  Chief 

[bwty 

mar.    Slitl'IS                           no  cards 
a  As<;  nr  wnex    Manhole  Levels 
iry-ATinN     BROAOm-i 

.IH    Tran 

-mf^ — 

Sia 

as. 

HI. 

FS. 

f/ev. 

Depth 

B.M. 

lis 

3157 

31.31 

A 

2.IS 

33.57 

O     #/ 

7.S6 

25.71 

11.5 

o| 

#2 

6.42 

2715 

7.3 

#3 

6.4H 

27.0S 

5.2 

#4 

6.50 

27.07 

i.i 

^1 

•^     #^ 

mi 

225$ 

10.20               ^ 

TWO  SIDES  OF  LOOSE-LEAP  FIELD  NOTES;  MILWAUKEE   SEWER   SURVEYS 


ground  structures ;  but.  as  usual,  structures  of  which  no 
records  were  obtainable  were  encountered  when  the 
trenches  were  opened  up  for  the  construction  of  the  inter- 
cepting sewers. 

In  locating  the  lines  for  the  proposed  sewers  in  the 
streets  the  path  of  least  resistance  was  naturally  adhered 
to  in  practically  all  cases,  exceptions  being  made  of  course 
where  this  would  involve  needless  expenditure,  and  a 
short-cut  was  deemed  advisable  to  save  grade. 

Accurate  time  records  were  kept  both  in  the  field  and 
the  drafting  room  during  the  five  months  this  work  was 
ill  progress.  The  cost  per  mile  for  fieldwork  was  $42, 
and  for  drafting-room  work  $90,  both  exclusive  of  mate- 
rial and  administration  costs.  The  seemingly  high  cost  of 
drafting-room  work  is  due  to  the  fact  that  not  only  were 
the  field  notes  plotted,  but  practically  all  the  designs  for 
sewer  and  tunnel  cross-sections,  standard  and  special  man- 
holes, shafts,  junction  chambers,  etc.,  were  completed  dur- 
ing these  five  months.  This,  of  course,  necessitated  carry- 
ing sufficient  drafting-room  force  for  that  purpose.  No 
tracings  were  made,  however,  during  this  time. 

The  work  was  done  under  the  supervision  of  the  Mil- 
waukee Sewerage  Commission,  of  which  T.  Chalkley 
Hatton  is  chief  engineer. 

Dsisiffisiged  h>y  FEpodl 

A  prominent  contractor,  during  a  recent  trip  through 
the  flood  district  of  the  Catawba  and  the  French  Broad 
Kiver  Valleys  of  North  Carolina,  studied  the  effect  of  the 
high  water  of  July  last  on  concrete-bridge  foundations. 
From  his  observations  he  deduces  some  interesting  con- 
clusions regarding  the  stability  of  such  structures. 

The  July,  191 G,  rainfall  on  the  watersheds  of  the.se 
rivers  was  the  heaviest  recorded  in  the  United  States. 
At  Altapass,  N.  C,  the  24-hr.  rainfall,  July  14-15,  is 
reported  as  22  in.  Altapass  is  the  dividing  line  of  the 
watershed  of  the  Catawba  Eiver  and  the  headwaters  of 
the  tributaries  of  the  Tennessee  Eiver.  The  Catawba 
flows  to  the  Atlantic  Ocean,  and  the  Tennessee  River  to 
tlie  Gulf  of  ilexico  through  the  Ohio  and  Mississippi 
Rivers.  The  Catawba  is  reported  to  have  risen  48  ft.  -in 
8  hr.,  the  stage  being  18  ft.  higher  than  any  previous 
record. 

At  lit.  Holly,  N.  C,  the  Catawba  was  spanned  by  three 
bridges  in  the  following  order — county  highway,  Seaboard 
Air  Line  Ry.  and  the  Piedmont  &  Northern  Ry.  (elec- 
tric line).  The.se  are  only  a  few  hundred  feet  apart.  The 
county  bridge  was  not  a  veiT  hea\y  structure.     The  Sea- 


board bridge  was  a  deck  truss  on  stone  piers  and  abut- 
ments, and  the  Piedmont  Northern  was  a  deck  truss  on 
concrete  piers  and  abutments,  built  in  1911  and  of  heavy 
construction.  As  described  by  an  onlooker,  the  Piedmont 
bridge  was  weighted  down  by  10  carloads  of  coal  in  an 
effort  to  hold  it.  The  drift  piled  against  the  Seaboard 
bridge  until  this  bridge  finally  gave  way,  the  wreckage 
sweeping  down  against  the  Piedmont  bridge,  which  was 
wrecked.  The  steelwork  and  cars  were  carried  down- 
stream from  one  to  several  hundred  feet,  while  one  60-ft. 
girder  span  was  carried  into  an  adjacent  field  about  1,000 
ft.  from  the  bridge  site. 

Of  the  Seaboard  bridge  one  of  the  stone  abutments  re- 
mained standing,  but  the  piers  were  gone.  The  abut- 
ments of  the  Piedmont  bridge  remained  intact;  the  flood 
washed  out  the  dirt  fill  behind  the  abutments  which,  be- 
ing built  without  wings,  appear  at  a  distance  like  piers 
The  first  span  from  tlie  abutment  on  the  Mt.  Holly  side 
to  Pier  No.  1  is  of  GO-ft.  girders.  Between  Piers  1  and 
2  is  the  first  deck-truss  span.  When  the  bridge  went  out. 
Pier  2  broke  off  a  few  feet  above  the  foundation  concrete, 
and  at  a  point  where  the  pouring  had  stopped  at  some 
time  during  the  construction  of  the  pier.  In  falling,  the 
pier  broke  again ;  and  again  the  failure  occurred  where 
the  pouring  had  stopped  for  a  time.  The  two  channel 
piers,  with  their  foundations,  turned  over  and  broke  in 
Ijlocks  right  where  the  several  pourings  had  stopped.  The 
pier  on  the  Charlotte  side  is  intact,  although  about  12  ft. 
of  coping  on  the  pier  went  with  the  span,  which  was 
bolted  to  the  coping  (18x5  ft.  by  18  in.  thick).  The  bolt 
took  the  upstream  portion  of  the  coping,  leaving  about  G 
ft.  of  the  downstream  coping  on  the  pier. 

The  piers  all  seem  to  be  broken  where  the  pouring 
stopped  for  the  day.  The  bonding  stones  of  one-man 
size  pulled  out  of  the  concrete.  Except  for  these  breaks 
the  piers  are  undamaged ;  and  if  it  were  possible  to  handle 
the  pieces,  they  could  probably  be  fitted  one  on  top  of  the 
other,  just  as  they  were  before  the  flood. 

This  is  very  good  evidence  that  there  is  little  bond  be- 
tween successive  pourings  of  concrete.  It  is  questionable 
whether  it  would  not  be  better  not  to  bolt  steelwork  to 
concrete  piers.  The  piers  to  which  the  trusses  were  bolted 
failed,  while  the  abutments  on  which  the  steelwork  rested 
imbolted  remained  standing. 

Farther  up  the  Catawba  River  there  were  a  few  high- 
way bridges  carried  on  steel  cylinders  filled  with  concrete, 
but  they  did  not  last  long.  At  one  point  the  concrete 
pier  and  abutments  of  a  highway  bridge  stand,  but  there 
is  no  trace  of  the  steelwork,  the  fiood  evidently  having 
topped  the  concrete  some  10  or  12  ft.    At  one  jDoint  on 
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the  Southern  Ry.  a  wing  of  a  12-ft.  arch  (a])i)ro.\iniatuIy) 
broke  on  the  downstream  side  and  waslied  down.streani 
nbout  40  ft. 

On  one  of  the  tributaries  of  the  Catawba,  near  Old 
Fort,  N.  C,  a  few  concrete  abutments  for  highway  bridges 
with  earth  approaches  and  steel  sui)erstruotures  were 
washed  away,  but  the  concrete  was  not  damaged.  A  con- 
crete bridge  at  Biltmore  across  the  Swannannoa  TJiver, 
completed  a  short  time  before  the  flood,  was  uninjured. 

At  Asheville,  N.  C,  tlie  Southern  Ry.  crosses  the 
French  Broad  River  on  heavy  reinforced-eoncrete  piers 
about  25  ft.  high  and  30  ft.  apart.  Millions  of  feet  of 
lumber  piled  against  this  bridge,  which  for  several  hours 
acted  as  a  dam,  but  it  was  not  carried  out.  Below  Ashe- 
ville were  a  couple  of  highway  bridges  finished  a  short 
time  before  the  flood.  They  were  carried  on  36-in.  round 
concrete  piers  tied  together  by  a  12-in.  concrete  web.  The 
steelwork  of  the  bridges  was  washed  down  the  river,  while 
these  piers,  poured  monolithic,  stand  intact,  except  where 
a  pier  broke  loose  from  its  anchorage  in  the  granite  river 
bottom.  The  broken  piers  look  as  if  they  might  be  put 
back  in  place  and  be  as  good  as  before. 

Considerable  damage  was  done  to  railway  embank- 
ments, and  the  Southern  Ry.  is  now  building  rubble- 
masonry  walls  for  future  flood  protection. 


Da 


After  more  than  a  century  of  controversy  the  boundary 
line  between  the  states  of  Ohio  and  ^Michigan  has  been 
defined  to  the  satisfaction  of  both  parties;  and  of  all 
state  boundary  controversies,  of  which  there  have  been 
many,  there  is  probably  none  that  has  a  more  interesting 
history  than  this. 

Historical  Sujimaky 

The  whole  trouble  grew  out  of  a  misconception  of  the 
geography  of  the  Northwest  Territory  at  the  time  the 
famous  Ordinance  of  ITST  was  passed  by  the  Congress  of 


PIG.  1.     BOUNDARY  OF  OHIO  AND  MICHIGAN  WHICH  WAS 
LONG   A   SUBJECT   OP  DISPUTE 

the  Federation.  It  will  be  remembered  that  by  this  agree- 
ment the  Eastern  States  of  Massachusetts,  Connecticut, 
New  York,  Pennsylvania  and  Virginia  relinquished  their 
claims  to  the  Northwest  Territory  that  new  states  might 
be  formed  from  it.  This  Ordinance  of  1787  described  an 
east  and  west  line  drawn  through  the  southerly  bend  of 
Lake  Michigan  until  it  intersected  the  shore  of  Lake  Erie 
as  the  boundary  between  the  two  tiers  of  states  it  was 
proposed  to  form. 

All  the  early  maps  of  this  region  showed  the  southern 
extremity  of  Lake  Michigan  north  of  where  it  should 


iiave  been,  so  that  it  is  a.ssumed  that  the  framers  of  th( 
Ordinance  of  1787  believed  that  they  were  fixing  the 
northern  l)oundary  of  Ohio  Territory  on  Lake  Erie  north 
of  Manmee  Bay  and  even  as  far  north  as  the  mouth  of  the 
Detroit  River.  It  was  not  suspected  until  1802,  when  a 
convention  was  drafting  the  constitution  of  the  State  of 
Ohio,  that  the  southern  end  of  Lake  Michigan  was  some 
miles  south  of  the  east  and  west  line  through  the  north 
end  of  Maumee  Bay. 

So  a  proviso  was  attached  to  this  constitution,  that  if 
by  a  geographic  determination  the  southern  bend  of  Lake 
■ilichigan  extended  so  far  south  that  a  parallel  passing 
through  it  should  not  intersect  Lake  Erie,  or  should  touch 

the  lake  east   (and 

-_^m«v^^^^^^^  I  1  T      south)  of  the  mouth 

Posi^'^'o     Fbsts  J       of     the      Maumee, 

then  with  the  as- 
sent of  Congress  the 
boundary  was  to  be 
a  direct  line  run- 
n  i  n  g  from  the 
southern  extremity 
of  Lake  Michigan 
to  the  most  north- 
erly cape  of  iliam; 
(or  Maumee)  Bay. 
Congress  accepted 
the  constitution, 
but  neither  accept- 
ed nor  rejected  the 
proviso.  The  gov- 
ernor and  people  of 
Michigan  Territory 
subsequently  insist- 
on  a  literal  inter- 
pretation of  the 
bounds  described  in 
the  Ordinance  of 
of  1787  (and  afterward  incorporated  in  the  act  estab- 
lishing Michigan  Territory),  while  the  new  State  of  Ohio 
refused  to  give  up  its  settlement  and  port  on  ilaumee  Bay 
(afterward  the  City  of  Toledo).  One  result  of  the  contro- 
versy was  to  keep  Michigan  out  of  the  Union  for  some 
time  after  it  was  entitled  to  admission  as  a  state  and  until 
it  tacitly  agreed  to  relinquish  its  jurisdiction  over  the 
disputed  territon\    This  was  in  1837. 

The  disputed  boundary  was  originally  surveyed  in  1817. 
according  to  the  Ohio  interpretation,  for  the  surveyor 
commenced  at  the  North  Cape  of  iliami  Bay  and  ran  his 
line  westward.  Resurvej's  were  made  in  1837  and  1842 
of  portions  of  the  reputed  boundary  in  connection  with 
tlie  surveys  of  the  L'nited  States  General  Land  Office. 
During  these  resurveys  31  of  the  original  71  mile  posts 
were  found.  Nothing  further  was  done  until  1915,  when 
a  Joint  Boundary  Commission  was  appointed  and  the 
work  of  permanently  marking  the  boundary  was  accom- 
plished. 

Impossible  To  Locate  Original  Marks 

A  preliminary  reconnaissance  of  the  line  in  the  sum- 
mer of  1915  disclosed  the  fact  that  none  of  the  original 
marks  or  posts,  nor  those  set  in  1837  and  1842,  were  in 
existence.  The  western  terminus  of  the  line,  the  north- 
west corner  of  Ohio,  was  identified  by  a  boulder  or  "nig- 
gerhead"  buried  in  the  highway.     The  eastern  terminus 
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originally  the  northernmost  ciipo  of  Maumee  Bay.  had 
long  since  been  washed  away.  It  was  therefore  decided 
to  start  at  the  western  terminus  and  work  eastward. 

Tlie  notes  of  the  original  survey  (1817)  and  of  the 
])ublic-land  surveys  (1837  and  1812)  were  available,  and 
il  was  decided  to  reproduce  this  line  (or  lines)  as  nearly 
as  possible.  The  usual  methods  employed  in  such  work, 
of  course,  consist  chiefly  in  finding  and  identifying  the 
original  marks;  but  as  already  stated,  it  was  out  of  the 
(juestion  in  this  case.  Therefore,  the  following  scheme  of 
operations  was  decided  iipon  : 

PkOGRAM    of    Pr.OCEDUliE 

1.  As  nearly  as  might  be,  the  line  was  to  be  relocated 
as  originally  staked  out  on  the  ground,  and  not  neces- 
sarily run  as  a  straight  line  from  end  to  end. 

2.  Existing  monuments,  fences,  highways  and  other 
marks,  when  agreed  to  by  land  owners  on  both  sides  as 
lieing  on  the  state  line,  were  to  be  so  accepted. 

3.  Field  maps  of  the  survey  were  to  be  prepared  on 
a  scale  of  400  ft.  =  1  in.,  showing  the  preliminary  line 
in  red  ink,  and  the  location  with  reference  to  it  of  all 
existing  monuments,  buildings,  highways,  property  lines 
and  other  topographic  features  (except  relief)  in  black 
ink. 

5.  From  this  atlas  of  field  sheets  (one  mile  .<hown  on 
each  sheet)  and  the  field  notes  gathered  on  the  prelim- 
inary survey,  the  points  where  the  boundary  monuments 
should  be  jilanted  were  to  be  determined  by  a  conference 
of  the  three  commissioners. 

6.  The  final  jjositions  of  the  monuments  and  the  bear- 
ings and  distances  between  were  to  be  determined. 

7.  The  latitude  and  longitude  of  all  monuments  were 
to  be  determined  to  the  nearest  0.01". 

8.  In  general,  monuments  were  to  be  jilanted  at  each 
highway  and  railroad  crossing  of  the  state  line. 

9.  Intenuediate  monuments  were  to  be  planted  4  ft. 
into  the  ground,  the  bottoms  to  be  surrounded  with  con- 
crete 12  in.  deep,  2  ft.  square,  half  a  sack  of  jjortland 
cement  being  allowed  for  each  setting. 

10.  A  special  monument  was  to  be  set  at  the  western 
terminus  (a  corner  of  the  three  state.s,  Ohio,  Indiana  and 
Michigan). 

11.  No  monuments  were  to  be  set  in  an  east  and  west 
road  unless  the  line  made  an  angle  at  some  point  in  the 
road. 

12.  Monuments  wore  to  be  placed  at  all  angles  in  the 
state  line. 

Methods — Instruments — Monuments 

In  most  eases  the  only  feasible  method  was  to  accept 
the  Creneral  Land  Office  measurements  of  the  connections 
ili^de  in  1837  and  1842  between  the  state  line  and  the 
nearest  section  and  quarter-section  corners,  north  and 
south.    Discrepancies  in  the  figures  were  prorated. 

In  one  instance  the  center  of  a  highway  for  a  distance 
of  nearly  two  miles  was  taken  as  the  boundary  line,  be- 
cause it  was  so  described  by  the  survey  notes  of  1837,  and 
had  been  so  recognized  since.  The  line  as  established  by 
the  methods  employed  elsewhere  would  have  been  from 
71  to  116  ft.  south  of  the  center  line.  In  another  case  a 
fence  line  accepted  as  a  compromise  in  1907  was  taken  as 
the  boundary  although  it  was  67  ft.  and  75  ft.  north  of 
the  section  corners  as  determined  from  the  General  Land 
Office  records.     Two  concrete  posts  on  crossings  of  the 


Lal<e  Shore  &  Michigan  Southern  U.K.,  which  were  re- 
puted to  be  state  boundary  marks,  and  which  agreed 
closely  with  the  roetablished  line  of  1837,  were  accepted 
as  final  marks. 

The  instruments  used  were  a  transit  with  6-in.  hori- 
zontal circles,  graduated  to  10'  and  read  by  vernier  to 
30",  two  300-ft.  steel  tapes  graduated  to  feet  throughout, 
a  100-ft.  steel  tape,  range  rods,  plumb  bobs,  etc.  A  dou- 
ble-centered transit  line  was  run.  Deflection  angles 
were  read  twice,  direct  and  reverse.  This  refer- 
ence or  random  line  was  kept  as  near  to,  and  as  nearly 
parallel  to,  the  original  line  as  circumstances  permitted. 
Distances  were  measured  to  the  nearest  0.01  ft.  with  one 
of  the  two  300-ft.  tapes.  Distances  -sTOre  checked  to  the 
nearest  foot  by  stadia  readings.  Azimuth  determina- 
tions were  made  from  Polaris  near  sunset. 

For  marking  the  line  the  granite  posts  shown  in  the 
accompanying  illustration  were  used.  They  were  obtained 
from  the  Mount  Airy  quarry  in  North  Carolina  and  cost 
$18  each,  delivered.  Each  po.st  weighs  about  700  lb.,  but 
including  the  concrete  setting;  the  weight  in  jjlace  ex- 
ceeds 1,400  lb.  A  special  granite  monument  with  an 
appropriate  inscription  was  erected  on  an  offset  (the  ac- 
tual point  being  in  the  center  of  the  highway)  from  the 
Western  terminus. 

The  boundary  location  was  settled  by  three  commis- 
sioners :  C.  E.  Sherman,  Inspector  of  the  Ohio  Topo- 
graphic Survey;  E.  C.  Allen,  Director  of  the  Michigan 
Geological  Survey;  and  S.  S.  Gannett,  of  the  United 
States  Geological  Survey.  Mr.  Gannett  directed  the  field- 
work  and  computations.  The  completion  of  the  fieldwork 
and  the  setting  of  the  western  monument  were  celebrated 
by  appropriate  ceremonies  under  the  auspices  of  the  Tole- 
do Engineering  Society  at  the  site  of  the  monument,  Nov. 
24,  1915. 

The  whole  cost  of  the  survey,  69.92  mi.  long,  did  not 
exceed  $7,200,  or  $102.95  per  mi.  An  automobile  was 
used  to  transport  the  field  party  of  six  men.  The  in- 
struments used  were  loaned  by  the  U.  S.  Government. 
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Care  Ncedetl  to  Prevent  A<1lie.<iion  at  Joints — That  the 
separation  on  concrete  at  construction  joints  intended  to 
localize  cracks  is  not  uniformly  perfect  can  be  observed  in 
almost  any  finished  piece  of 
work.  A  typical  instance  is  il- 
lustrated by  the  accompanying 
photograph.  The  retaining-wall 
whose  face  is  represented  has 
no  crack  or  other  developed  de- 
fect in  lengths  of  several  thou- 
sand feet,  except  near  some  of 
the  construction  joints,  which 
are  spaced  about  30  ft.  apart. 
These  joints  were  formed  with- 
out interposing  any  paper  or 
other  separating  material,  '  by 
pouring  one  section  after  the 
adjoining  section  had  set.  No 
adhesion  of  any  large  amount 
should  be  obtained  under  these 
conditions,  yet  at  places  there 
seems  to  be  a  strong  enough 
bond  to  break  through  solid 
concrete  alongside  the  joint.  On 
the  wall  shown  in  the  picture, 
most  of  the  joints  have  the 
shrinkage  crack  following  straight  down  the  V-groove  formed 
at  the  face,  but  a  sufBcient  number  of  meandering  cracks 
occur  to  indicate  that  abnormal  adhesion  should  be  reckoned 
with.— F.   S. 
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A  Conoreiin 

at    each    end    i; 
Paiiaflcnn.    Call 


;  ScrciMl   whicli   is   provided   with   plow    handle-? 

used    in    concrete    pavement    practice    around 

The   plow   handles  make   the   control   of  the 


PLOW  HANDLES  EASE  UP  CONCRETE  SCREEniNG 

screed  very  simple  and  at  the  same  time  reduce  the  strain  on 
the  men  doing  the  work.  The  view  herewith  is  taken  from 
a  photograph  of  some  paving  work  on  the  hottom  of  a  reser- 
voir at  Pasadena. 

.V  Mireil  Shovel  Can  Lilt  Itxelf  several  inches  off  the 
Kround  so  that  planking  can  be  placed  under  the  wheels. 
This  is  done  by  dropping  the  dipper  to  the  ground — as  illus- 
trated    herewith — and     starting     the     crowding    or    boom     en- 


SHOVEL  LIFTING  ITSELF  SO  PLANKING  C.\N  BE  PL.\CEn 

gines,  and  forcing  the  dipper  handle  in  an  upward  direction. 
As  the  dipper  is  placed  flat  on  the  ground  it  is  impossible 
to  force  it  below  the  surface.  Consequently,  when  the  boom 
or  crowding  engines  are  startej3,  the  shovel  is  forced  to  rise 
off    the   gourj. 


»uiii|>liie  l«<K-k  on-  HIkIi  Treutlen — G.  P.  Ilawley,  resident 
engineer  of  the  Civic  Investment  and  Industrial  Co.,  Cedars, 
Que.,  asks  for  further  information  concerning  the  dumping 
iif  rock  from  high  trestles  (on  the  Southern  Ry.  relocation), 
as  described  in  'Engineering  News"  of  Nov.  16,  p.  948,  espe- 
cially whether  an.v  end-dumping  is  employed.  B.  E.  Chewning 
leplies  for  the  Sheahan  Construction  Corporation  that  the  cars 
are  not  end-dumped,  but  that  the  10-car  trains  are  shoved 
out  as  far  as  possible,  keeping  the  dinkey  on  the  fill.  Each 
car  is  dumped  separately,  a  dog  being  used  to  hold  the  car 
on  the  rails.  He  states  that  the  braces  between  trestle  bents 
are  constantly  being  broken  during  rock-dumping,  but  that 
this  feature  is  not  especially  troublesome.  Mr.  Chewning 
goes  so  far  as  to  say,  "No  successful  dumping  is  ever  ob- 
tained from  end  dumping  from  high  trestles;  whether  dirt 
or  i-ock.  The  pressure  of  the  material  will  push  the  trestle 
legs    out   of   place   at   the   ground." 

A  Tniek  ami  Trailer  Hauls  4»  Toiih  per  Day  from  the 
mine  of  the  A.  A.  Haskins  Dolomite  Co.,  in  San  Benito  County, 
Calif.,  to  the  railway  located  lOVi  mi.  away.  The  haul  is 
through  mountainous  countr.v  with  grades  up  to  10%  and 
IVz  mi.  long.  The  road  is  covered  with  dust  from  6  to  8 
in.     deep.      Prior    to     the     present     method     the     dolomite     was 


HOW  TRI'CK  .VND  TRAILER  ARE  LO.A.DED  PROII  HOPPER 


transported  by  five  S-horse  teams  hauling  40  tons  a  da.v  at 
a  cost  of  $58.21.  Now,  a  5-ton  White  truck  and  a  bottom- 
dump  Troy  trailer  with  rubber  tires  work  on  24-hr.  service, 
making  four  round  trips  with  ten  tons  each  day,  at  a  cost 
of   $28.71. 

Cleaiiiiis  Olil  Ballaxt  is  done  by  the  Kansas  City  Railways 
by  means  of  a  portable  rotary  screen  made  out  of  an  old 
concrete  mixer  by  substituting  a  revolving  screen  for  the 
mixing  trough  and  blades.  The  screen  is  6  ft.  long  and  tapers 
from  18  in.  diameter  at  the  motor  end  to  about  3  ft.  at  the 
discharge  end.  The  same  gasoline  engine  that  formerly  drove 
the  mixer  now  furnishes  motive  power  for  the  screen.  The 
machine  is  mounted  on  a  portable  steel-wheeled  truck.  In 
view  of  the  present  hiph  co!>t  of  ballast  rock,  this  device  is 
a  monej-saver. 

Contraetor'N  Coiii|(res»e<l-Air  Resulatlons — In  the  harbor 
.siphon  tunnels  of  the  new  intercepting-sewer  system  at  Mil- 
waukee, Wis.,  the  Western  Foundation  Co.  is  carrying  on 
compressed-air    work    under    unusually    cautious    rules.      The 


follOT 


ng  time.s  are  pr 


(I.b.) 
20  t(.  24 
25  t.)  30 
3 1  to  36 


ibed  for  decompression: 

Time  of 

Decompression 

(>Iin.) 


24 


The  men  are  required  to  dry  their  clothes  and  drink  hot 
coffee  on  coming  out  of  the  air,  suitable  facilities  being 
provided.  The  two  tunnels,  worked  from  a  joint  shaft  on 
Jones  Island,  are  52  ft.  below  river  surface,  and  at  present 
are  carrying  about  28  lb.  air.  They  are  In  sand,  which  stands 
excellently  under  the  effect  of  the  air,  so  that  open  face  work 
is  done. 
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Til  Eiigiiii'i'riiit/  Xeira  of  Oct.  2(>  the  otl'er  was  an- 
nounced of  a  first  prize  of  $50  and  a  second  prize  of  $25 
for  the  best  articles  on  eacli  of  four  specified  sulijects,  to 
be  submitted  to  the  editors  on  or  l)efore  Dec.  10. 

The  articles  submitted  in  competition  for  these  prizes 
have  been  examined  and  the  awards  are  announced  as 
follows:  For  papers  on  the  first  subject.  "Rebuilding 
with  Permanent  Surface  an  Old  Macadam  Roadway,"  the 
first  prize  is  awarded  to  Charles  A.  Carruth,  of  Koches- 
ter.  N.  Y. ;  and  the  second  prize  to  Theron  ^1.  IJipley,  of 
Watertown,  N.  Y.  For  papers  describing;-  "Operating 
Methods  in  a  Drill  Sharjiening  Shop,"  the  first  prize  is 
awarded  to  J.  E.  O'Eourke,  of  Granby,  Mo.;  and  the 
second  prize  to  Frank  Richards,  of  New  York  City.  For 
papers  describing  "The  Dry  ilixing  of  Concrete  Material 
at  a  Central  Plant,"  the  first  prize  is  awarded  to  H.  F. 
La  Brecque,  of  Brooklyn,  N.  Y. ;  and  the  second  prize  to 
Benjamin  Wilk,  of  Chicago,  111.  For  the  papers  written 
on  the  subject,  "Adapting  the  ilotor  Truck  to  Its  Work," 
the  first  prize  is  awarded  to  Clarence  B.  Montgomery,  of 
"West  Philadelphia,  Penn. ;  and  the  second  prize  to  Edwin 
Hall  Warner,  of  Los  Angeles,  Calif. 

The  prize  papers  will  be  published  in  early  issues  of 
Engineeriiuj  Xews. 
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If  one  were  to  form  a  hasty  judgment  from  the 
slaughter  of  prices  which  took  place  on  the  New  York 
Stock  Exchange  last  week,  it  might  well  be  believed  that 
the  conclusion  of  peace  would  mean  a  financial  panic  in 
the  United  States  and  prolonged  business  depression. 
Those  who  hold  such  an  idea  fail  to  take  into  consideration 
the  enormous  demands  which  the  world  will  make  on 
all  means  of  production  to  restore  the  ruin  wrought  by 
the  years  of  war.  They  overlook  the  fact  that  while  the 
war  has  been  going  on,  the  enterprises  of  peace  have  been 
stationary  in  nearly  every  country  of  the  world.  Houses, 
railwaj's,  mills  and  machinery  have  been  wearing  out  and 
require  replacement.  It  will  require  years  to  restore  to 
normal  conclition  the  facilities  for  production  in  the  in- 
dustrial centers  of  Europe.  To  supply  the  needs  of  Asia, 
Africa  and  South  America  will  make  great  demands  on 
the  productive  capacity  of  the  United  States. 

It  is  of  interest  in  this  connection  to  note  the  jirophecy 
of  one  of  the  foremost  figures  in  the  American  steel  busi- 
ness, Charles  M.  Schwab,  at  a  dinner  given  in  his  honor 
in  New  York  City  on  Dec.  21.  ^Ir.  Schwab  explained 
in  detail  what  has  been  hn-  some  time  known  in  a  gen- 
eral way,  that  the  Bethlehem  Steel  Corporation,  of  which 
he  is  the  head,  has  planned  a  building  and  construction 
program  involving  an  outlay  during  the  next  few  years  of 
about  $100,000,000.  This"  expenditure,  however,'  is  not 
chiefly  in  the  enlargement  of  its  great  ordnance  plant, 


wliich  is  already  50*^^  larger,  according  to  Mr.  Scliwab's 
statement,  than  the  famous  Krupp  AVorks  at  Essen.  Thft 
expansion  will  be  chiefly  in  facilities  for  the  production 
of  steel  for  peaceful  purposes.  "When  our  plan  of  im- 
provements is  completed,"  said  Mr.  Schwab,  "the  25  com- 
ponent parts  of  Bethlehem  Steel  will  consi.st  of  only  1 
part  ordnance  making,  4  parts  ship  building,  and  20 
parts  the  manufacture  of  steel  for  commercial  purposes." 
The  Bethlehem  corporation  is  already  building  one- 
third  of  all  the  ships  under  construction  in  the  United 
States. 

As  to  the  outlook  for  tlie  future,  ^Ir.  Schwal)  said: 

When  the  war  is  over  there  wiU  of  necessity  be  a  reduction 
in  the  demand  for  munition  steel  and  there  will  be  some 
recession  in  steel  prices  generally.  But  the  domestic  demand 
for  steel  rails,  for  buildings,  and  for  numerous  other  purposes 
awaits  only  a  more  normal  condition  of  trade  to  press  forward 
for  prompt  satisfaction.  Those  domestic  demands  alone  will 
absorb  our  steel  capacity  for  many  years.  A  period  of  depres- 
sion will  come  some  time  and  it  may  be  severe,  but  it  will  not 
become  acute,  in  my  judgment,  until  at  least  three  to  five 
years  after  the  war  is  ended. 

Those  who  lugubriously  picture  the  United  States  suc- 
cumbing to  the  competition  of  European  rivals  after  the 
war  forget  the  terrible  handicap  of  debt  under  which  all 
productive  enterprise  in  those  nations  must  hereafter 
strugo-le.  They  forget  also  the  vast  advantage  of  the 
United  States  in  its  unrivaled  natural  resources,  par- 
ticularly in  ore  and  fuel.  In  steel  and  iron  production 
the  United  States  has  left  all  other  countries  far  behind. 
The  figures  quoted  by  Mr.  Schwab  in  his  address  are 
significant:  In  1880  the  total  steel  production  in  the 
United  States  was  only  1,000,000  tons.  When  the  U.  S. 
Steel  Coi-poration  was  formed,  twenty-one  years  later,  the 
annual  steel  production  was  12,000.000  tons,  and  many 
believed  that  we  were  then  at  the  zenith  of  the  steel 
business.  This  year  the  United  States  will  produce  40,- 
000,000  tons  of  steel,  and  :\Ir.  Sch\vab  declared  his  be- 
lief that  we  are  as  far  from  the  zenith  today  as  we  were 
in  1901. 


s  TiP®®s.SsHiieEtv(t 


A  principle  that  is  gaining  daily  in  recognition  by  san- 
itary engineers  is  that  a  dollar  spent  in  water  purification 
goes  much  farther  toward  protecting  a  community  from 
the  dangers  of  sewage  pollution  in  its  potable  water  sup- 
ply that  a  dollar  laid  out  in  sewage-treatment  works. 
This  and  some  important  related  principles  are  well 
stated  in  a  recently  published  report  on  sewage  disposal 
at  Davenport,  Iowa,  by  John  W.  Alvord,  consulting  en- 
gineer, Chicago : 

In  general,  the  expenditures  made  for  the  purification  ot 
water  supplies  are  much  more  effective  in  the  protection 
afforded  against  epidemic  diseases  than  the  sewage-purifica- 
tion works  established  to  protect  the  purity  of  the  water- 
supplies.  It  is  immaterial  whether  a  city  or  private  company 
operates  the  water-works.  If  the  purification  of  a  water- 
supply  is  rendered  more  difficult  and  more  hazardous  by  reason 
of  the  fact  that  a  city  is  dumping  its  sewage  in  close  prox- 
imity   to    a    water-works    intake,    and    a    water    company    15 
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consequently  put  to  additional  expense  in  order  to  furnish  the 
people  with  a  pure  supply,  it  is  only  fair  that  the  people 
compensate  the  water  company  in  rates  for  such  additional 
expense.  In  reality,  therefore,  the  people  pay  for  either  water 
purification  or  sewage  purification.  However,  a  city  must  not 
contribute  to  the  pollution  of  its  water-supply  when  it  can 
be  avoided  with  reasonable  expenditures;  if  it  does  contribute 
it  must  also  assume  a  larger  measure  of  the  responsibility  of 
guarding   the   health   of   the   community. 

Tt  is  now  incumbent  on  engineers  to  pcvsuade  city 
anthorities  to  accept  and  act  on  these  principles. 

The  time  will  come  when  cities  downstream  from  the 
sewage  ontlets  of  other  cities  will  ask  that  the  up- 
stream city  bear  part  of  the  cost  of  purifying  their 
water-supplies  instead  of  demanding  sewage-treatment 
works.  Intelligent  engineers  seldom  design  sewage-treat- 
ment works  with  the  idea  of  affording  much  protection 
to  public  water-.supplies  and  no  matter  how  they  are  de- 
signed, it  is  common  knowledge  among  engineers  that 
sewage-treatment  works  are  rarely  operated  under  bac- 
terial control. 


'F^lbflnc  iSuanildlniags'' 

Every  engineer  knows  that  the  cost  of  construction 
work,  due  to  the  great  increase  in  prices  of  labor  and  ma- 
terials, has  reached  an  unprecedented  level.  Under  these 
conditions,  private  investors  and  corporations  alike  are 
restricting  their  work  to  what  is  absolutely  necessary. 
The  New  Haven  R.R.  Co.,  for  example,  recently  issued  a 
circular  to  all  its  officers,  ordering  that  not  only  should 
no  new  construction  work  be  undertaken  but  that  main- 
tenance work  must  be  restricted  to  that  absolutely  neces- 
sary to  preserve  property  from  deterioration.  Those  in 
charge  of  municipal  work  also,  in  many  cases  at  least, 
understand  the  importance  of  cutting  down  expenditures 
at  the  present  time  in  order  that  work  may  be  \mdertaken 
on  a  liberal  scale  when  the  tide  has  turned.  At  that 
time  it  will  be  possible  to  accomplish  far  more  for  a 
given  expenditure  and  at  the  same  time  to  give  emplo}'- 
ment  to  labor,  which  may  then  need  employment  badly. 

The  Congress  of  the  United  States,  however,  is  un- 
mindful of  these  things.  A  House  Committee  has  re- 
ported a  bill  appropriating  $35,000,000  for  the  construc- 
tion of  public  buildings  in  the  United  States  and  the 
purchase  of  sites  therefor.  The  bulk  of  this  money  is 
to  be  spent  for  the  construction  of  post-office  buildings  in 
small  villages  scattered  throughout  the  country,  many  of 
them  places  of  only  1,000  to  2,000  inhabitants. 

The  raid  on  the  public  treasury  known  as  the  Public 
Buildings  bill  began  a  number  of  years  ago  in  a  com- 
paratively modest  way;  but  it  has  rapidly  grown  bigger 
and  more  dangerous  year  by  year.  In  the  last  dozen  years 
something  like  $190,000,000  has  been  appropriated  by 
Congress  for  the  construction  of  public  Imildings.  The 
pending  bill  is  for  about  $35,000,000  and  is  likely  to 
have  $5,000,000  to  $10,000,000  added  to  it  by  the  time  it 
passes  out  of  the  hands  of  the  Senate.  Every  one  of 
these  Government  buildings  erected  in  a  country  town 
forms  a  foundation  for  demands  upon  the  Congressman 
by  rival  towns  in  the  district  that  similar  buildings  should 
be  erected  to  ornament  them. 

In  making  the  appropriations  for  these  buildings,  the 
scale  of  expenditure  is  not  at  all  what  is  needed  to  prop- 
erly accommodate  the  post-office  business  of  the  commun- 


ity, but  is  merely  bow  large  a  sum  can  the  Congressman 
secure. 

This  scandal  was  investigated  in  1913  by  a  I'ublic 
Buildings  Commission  v.-hich  had  among  its  members 
Secretary  of  the  Treasury  McAdoo,  Attorney-General 
Reynolds,  and  Postmaster-General  Burleson.  This  com- 
mission reported  that  the  post-office  buildings  which  the 
Government  had  erected  in  the  smaller  towns  were  so 
extravagant  in  cost  compared  with  the  rented  buildings 
formerly  occupied  that  the  operating  expenses  of  the 
building  alone  (to  say  nothing  of  the  interest  and  de- 
])rociation )  amounted  to  three  or  four  times  as  much  as  it 
formerly  cost  for  rent  and  care  when  the  post  office  was 
in  a  rented  building.  This  waste  in  public  buildings 
therefore,  means  not  only  taking  $35,000,000  out  of  the 
Eederal  treasury  to  construct  buildings  at  a  time  when 
building  is  very  costly  but  that  the  Government  will  be 
placed  under  a  perpetual  heavy  expense  to  operate  and 
maintain  these  buildings. 

Congress  proposes  to  undertake  this  outlay  moreover 
in  the  face  of  the  report  of  Secretary  McAdoo  showing 
that  the  United  States  treasury  will  face  a  deficit  at  the 
end  of  the  fiscal  year  of  $185,000,000,  and  at  a  time  when 
the  need  was  never  greater  for  Government  expenditure 
oil  projects  of  real  national  benefit. 

At  this  time,  too,  the  Government,  like  every  other 
great  business  organization,  has  to  face  the  necessity  of 
increasing  wages  and  salaries  to  enable  those  in  its  service 
to  meet  the  high  cost  of  living.  Bills  to  accomplish  this 
have  already  been  introduced  in  Congress,  and  it  has 
been  estimated  that  absolutely  necessary  increases  of  this 
sort  throughout  the  Government  service  will  increase 
the  nation's  expenditures  next  year  by  $25,000,000. 
Surely,  under  these  conditions  an  insistent  demand  should 
be  made  upon  Congress  from  all  parts  of  the  country 
tliat  the  waste  of  the  public  funds  in  the  distribution  of 
"pork,"  either  for  public  buildings  or  for  river  and  harbor 
projects  which  cannot  be  justified  by  national  need,  must 
come  to  an  end. 


There  has  been  much  talk  heretofore  about  introducing 
beauty  into  bridge  construction.  Pittsburgh  will  do 
more  than  talk.  It  will  spend  $60,000  in  an  effort  to 
achieve  an  artistic  result  in  the  way  of  combining  archi- 
tecture with  the  work  of  the  bridge  engineer.  As  to  the 
degree  of  success  of  the  Pittsburgh  effort,  every  one  may 
form  his  own  judgment  from  the  drawings  published 
elsewhere  in  this  issue.  Tastes  differ ;  but  even  those 
whose  taste  is  not  suited  by  the  Point  Bridge  portal  de- 
sign will  concede  that  the  serious  purpose  and  well  studied 
efforts  of  the  architects  in  this  instance  merit  more  than 
mere  recognition. 

There  is  sharp  contrast  between  the  original  design 
for  monumental  stone  portals  and  the  present  design  in 
bronze  and  cast  iron.  No  doubt  the  taste  of  many  M'ould 
prefer  the  stone  portal;  on  the  other  hand  the  question 
of  making  a  harmonious  combination  of  a  great  steel 
structure  and  heavy  ornamental  portals  of  masonry  over- 
shadowing the  structure  itself  is  difficult  indeed.  When 
we  are  further  told  that  the  stone  portals  would  have 
cost  very  much  more  than  the  metal  ornamental  work 
now  to  be  constructed,  we  are  likely  to  agree  with  the  de- 
cision of  the  art  expert  in  favor  of  the  accepted  design. 
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M©ia©Ei4lhic«=]BracfiS.  IPsi.'^esiaeEats 

Sir — In  a  notice  of  the  new  specifications  of  tlio  Na- 
tional Paving  Brick  Manufacturers'  Association,  on  p. 
!)45  of  Engineering  News,  Nov.  Ifi,  1916,  it  is  stated  : 

The  following'  paragraph  provides  for  the  dry  mixing  of 
one  part  cement  to  tliree  parts  sand,  and  it  is  presumed  that 
this  mixture  is  applied  dry  to  the  foundation  concrete,  al- 
though the  specifications  do  not  definitely  say  so.  The  brick 
are    laid,    rolled   and    grouted    as    in   ordinary   practice. 

I  wish  to  call  your  attention  to  the  fact  that  this  point 
is  covered  in  Item  5,  Sec.  5,  of  the  country  i-oad  specifica- 
tions, the  second  paragraph  of  which   reads : 

In  shaping  the  concrete  deposited  from  the  mixer,  it  shall 
be  thoroughly  spaded,  settled  and  roughly  surfaced  imme- 
diately ahead  of  the  double  templet.  A  sufficient  amount  of 
dry  mixture  for  the  thin  coating  shall  be  supplied  continually 
between  the  framed  templets  so  that  in  the  forward  move- 
ment, the  rear  templet  shall  distribute  the  necessary  film 
over   the   entire   surface,   producing   the   required   smoothness. 

It  is  here  clearly  stated  that  the  dry  mi.x  shall  be  ap- 
plied immediately  to  the  green  concrete.  This  process  is 
further  explained  in  the  note  included  in  Item  5,  treating 
of  the  "Concrete  Foundation,"  which  definitely  states  how 
this  film  of  dry  mixture  becomes  an  integral  part  of  the 
concrete. 

You  also  state  that  "the  brick  are  laid,  rolled  and 
grouted  as  in  ordinary  practice."  In  Item  8,  Sec.  6,  we 
tried  to  state  very  definitely  how  the  brick  pavement  shall 
be  rolled  and  brought  to  the  required  stirface.  This  proc- 
ess differs  from  the  ordinary  practice  in  that  we  use  a 
hand  roller  weighing  not  less  than  20  lb.  per  inch  of 
length,  the  length  required  being  approximately  30  in. 
Similar  provisions  are  made  in  the  city  street  specifica- 
tions under  different  items  and  sections. 

Will  P.  Blair, 
Secretary,  National  Paving  Brick 
Manufacturers'  Association. 

Cleveland,  Ohio,  Nov.  18,  191(5. 

Fsitteiatts  im.  M'viairaacapai.E  C©KatE'Sict 
Sp©cafficsi^s®inis 

Sir — For  many  years  municipal  contracts  have  con- 
tained a  clause  designed  to  protect  cities  against  claims 
for  patent  infringements.  The  plan  has  been  to  require 
the  general  contractor  to  assume  all  responsibility  for 
defending  such  claims  and  for  any  cost  and  damages 
arising  therefrom. 

The  evident  original  intent  of  such  clauses  was  to 
protect  cities  from  any  patent  claims  which  were  held 
by  other  than  the  guarantor  and  with  which  the  city  was 
not  familiar.  It  is  doubtful  whether  such  a  standard 
clause  in  specifications  would  cover  a  direct  patent 
obligation  unless  prospective  bidders  are  notified  in  ad- 
vance what  the  patent  fee  is,  so  that  it  may  be  included 
in  contractor's  bids. 

The  Imhoff  tank  has  been  offered  to  the  American 
public  for  very  moderate  royalty  fees,  based  on  the  popu- 
lation tributary  to  the  tanks.  It  would  appear  to  be 
necessary  for  an  engineer  drawing  his  specifications,  or 


for  a  city  building  Imhoff  tanks,  either  to  specify  the 
amount  of  the  fee  in  the  specifications  and  to  whom  it 
sliall  be  paid,  and  to  demand  a  receipt  from  the  con- 
tractor before  .settlement  for  tlie  work  is  made,  or  else 
to  eliminate  the  Imhoff  royalties  from  the  general  con- 
tra('t  and  so  state  in  the  specification.s,  at  the  same  time 
specifying  that  the  city  will  pay  the  Imhoff  fee  direct. 
Obviously,  if  the  city  pays  the  fee  for  a  recognized  patent 
claim,  as  covered  by  the  contractor's  bid,  it  (the  city) 
should  have  and  hold  the  license  to  operate  the  patented 
process  or  apparatus — the  city's  interest  in  the  matter 
not  being  protected  in  any  way,  otherwise. 

Singer  Building,  S.  Fisher  Miller, 

President,   Pacific  Flush  Tank  Co.' 

New  York,  Nov.  2.3,  1916. 

Sir- — I  have  no  patents  and  do  not  want  any,  but  I  think 
you  treat  inventors  unfairly.  You  encourage  the  boys  to 
poach  on  old  men's  ideas.  The  old  engineers  are  in  the 
scrap  pile.  Employers  want  fresh  young  hothouse  gradu- 
ates, directors'  sons,  who  know  not  how  to  criticize,  but 
can  marrel  at  their  .superior's  ability  and  laugh  at  his 
jokes.  The  old  man  built  structures  that  stand  and  earn 
dividends.  They  like  his  work,  but  dislike  to  pay  him. 
The  kid  can  copy  his  plans  and  make  a  reputation  for  him- 
self if  the  judge  will  only  knock  out  patents. 

They  are  your  subscribers  and  you  serve  them  well  in 
chuckling  as  you  do  over  every  patent  killed.  In  your 
last  issue  you  were  happy  because  a  filter  patent  was  in- 
validated at  Minneapolis,  and  in  the  same  paper  you  wish 
someone  would  invent  a  water-pipe  joint  to  be  knocked 
out!  I  would  invent  a  pipe  joint  if  I  did  not  have  to  ad- 
vertise, compete  with  the  old  joint,  hire  lawyers,  experts 
and  detectives  to  dig  up  and  expose  infringements. 

No  one  is  punished  for  this  kind  of  theft.  If  he  is 
caught,  he  only  has  to  pay  the  regular  royalty.  Judges 
mistake  public  feeling  if  they  do  not  give  inventors  the 
benefit  of  doubts  and  rely  upon  patent-office  examiners 
rather  than  experts  who  do  not  care  which  side  of  a  case 
they  are  on. 

Last  spring  I  sent  you  a  patentable  idea  about  range 
finding  for  artillery.  I  wanted  it  published  only  in  the  in- 
terest of  my  three  boys  and  others  who  may  be  exposed  to 
artillery  fire,  due  to  the  lack  of  engineering  knowledge  in 
the  army.  But  you  refused,  because  you  are  a  "pacificist" ; 
and  I  hope  the  first  hostile  shell  will  fall  on  your  desk. 

There  you  sit  on  Manhattan  Island,  an  engineer,  and 
imagine  yourself  safe  behind  the  disappearing  guns.  Can 
they  be  elevated  for  a  maximum  range  ?  If  not,  is  not  the 
defect  fatal  ?  Do  you  think  there  is  something  mysterious 
that  will  bluff  foreigners?  It  is  j'our  duty  to  expose  the 
weakness  of  those  guns  and  to  advocate  laws  to  reorganize 
the  army,  on  the  theory  that  war  is  engineering,  far  more 
so  than  was  understood  last  spring.    It  is  all  artillery.    In- 
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fantry  is  now  only  an  afljuiu-t.  You  would  not  reject  my 
idea  at  this  time,  espec-ially  if  you  coidd  see  the  October 
minutes  ol'  the  (ieneral  8taff,  where  they  gave  me  a  resolu- 
tion of  commendation  lor  it  and  said  it  was  successfully 
tried  in  the  great  war. 

The  future  successful  commander  must  be  an  engineer 
and  rely  almost  exclusively  on  ai'tillery.  FTe  must,  study 
to|)ogra])hy  more  than  an  engineer  ever  has;  he  must 
ligure  trajectories  and  fix  locations  by  trigonometry  anrl 
drafting,  must  understand  what  explosive  forces  he  con- 
trols, muzzle  velocities,  atmosjiheric  resistance,  must  call 
out  the  cooperation  of  his  subordinates  and  keep  recoi'ds 
;!iid  data  as  only  an  engineer  can  do. 

Strength  is  not  in  men,  l)ut  in  engineering.  The  old 
idea  of  an  army  is  long  lines  of  glistening  bayonets,  but 
these  are  out-of-date  and  useless.  In  their  place  are  picks, 
shovels  and  grenades  to  hold  and  herd  the  mobs  at  a  dis- 
tance from  the  batteries :  and  it  is  your  place  to  say  so. 

Your  brother  journalists  who  are  not  engineers  may 
lie  excused  in  thinking  your  guns  Mith  comjilicated  cast- 
ing support  are  safe  in  a  pit,  that  the  shells  will  come  like 
beams  of  light,  on  a  sti'aight  line,  or  that  all  the  lives  and 
ammunition  that  are  wasted  in  France  cannot  be  a\di(Ie(l 
by  science.     You  ought  to  know  liettcr. 

Denver,  Colo.,  Nov.  1.5,  l!)l(i.  A.   :M.  Haynks. 

[We  trust  no  large  proportion  of  our  readers  have  as 
]ieculiar  ideas  as  to  the  editorial  conduct  of  Engineeriii(/ 
.\rics  as  those  so  forcibly  expressed  by  our  correspondent, 
'i'beir  publication,  however,  affords  an  opportunity  to  cor- 
icct  misconceptions  that  may  have  been  shared  by  ethers. 
Engineering  Neirs  has  no  cjuarrel  with  patents  on  real 
inventions.  Careful  reading  of  our  columns  will  show  that 
our  criticisms  have  invariably  been  aimed,  not  at  legiti- 
mate patents  ou  bona  fide  inventions,  hut  at  patents  that 
liave  been  issued  for  mere  variations  in  design,  such  as 
could  have  been  made  and  have,  in  fact,  been  made  by 
other  competent  engineers  and  for  which  the  grant  of  a 
monopoly  right  is  not  justified. 

As  to  his  reference  to  the  young  engineer  as  a  sup- 
planter  of  the  old  inventor,  in  nine  cases  of  ten  it  is  the 
"fresh  young  hothouse  graduate"  who  tries  to  get  a  paper 
patent  on  some  alleged  invention  and  occasionally,  by  so 
doing,  makes  a  deal  of  trouble  for  the  old  engineer,  who 
knows  that  it  is  the  Imsiness  of  an  engineer  to  solve  the 
new  prol)!ems  in  design  that  come  before  him  as  part  of 
the  day's  work  and  that  it  is  against  public  policy  and  un- 
professional to  claim  a  iiuinopoly  in  his  .solution  of  such 
a  problem  unless  he  has  really  made  an  important  ad- 
vance in  the  state  of  the  art. 

To  take  the  pipe  joint  for  illustration,  it  would  be  ex- 
tremely difficult  to  invent  anything  in  the  way  of  a  new 
jiipe  joint  on  which  a  valid  patent  could  be  obtained,  in 
view  of  the  hundreds  and  thousands  of  pipe  joints  al- 
ready on  the  patent  records.  What  is  needed  is  not  a  new 
invention,  but  a  thorough  scientific  study  of  past  and  jn-es- 
ent  practice  in  making  pipe  joints  and  the  development 
of  such  detailed  methods  and  improved  materials  that  it 
will  be  possible  for  engineers  responsible  for  building  pipe 
lines  to  produce  a  much  higher  grade  of  work. 

Turning  now  to  our  correspondent's  remarks  on  mili- 
tary engineering,  it  is  to  be  hoped  that  every  contribution 
that  the  editors  of  Engineering  News  find  it  necessarv  to 
return  to  the  author  does  not  ]n-ovoke  such  lurid  wishes 
toward  us.  At  least  he  should  be  more  considerate  of 
our  innocent  desk  ueighl)ors. 


We  lind  no  record  of  the  receipt  Irom  him  of  any  such 
contiibution  as  he  describes;  but  if  it  was  received,  it 
would  have  been  of  necessity  returned  untler  a  rule  of  ovei- 
2.')  years'  standing  that  new  inventions  are  not  described 
in  tliese  columns  until  they  have  been  actually  constructed 
and  tested. 

Further  than  this.  Engineering  News  is  obliged  to  set 
certain  limitations  to  the  field  that  it  can  cover,  and  it  can 
devote  little  s])acc  to  matters  of  military  engineering,  im- 
j)ortant  though  that  is  with  respect  to  the  national  security. 
Notwithstanding  his  convictions  as  to  our  "pacific"  ten- 
dencies, we  take  pleasure  in  congratulating  him  upon  the 
compliment  to  his  range-finder  invention  and  express  our 
hearty  approval  of  certain  of  his  criticisms  with  respect 
1o  weak   points  in  our  national   defense. — Editor.] 

C®su  of  Coimcipetle  gimidl  Ottlher 


Sir — In  an  editorial,  with  the  substance  of  which 
the  writer  is  in  accord,  published  in  your  issue  of  Nov. 
23,  entitled  "Blundering  Road  Legislation  in  New 
Jersey,"  you  state  that  '"with  a  minimum  width  of  18 
ft.,  there  would  be  at  least  10, .560  sq.yd.  of  paving  to 
be  laid  per  mile;  and  of  the  materials  specified  as  per- 
missible for  the  paving,  concrete  is  the  only  one  that 
could  possibly  be  brought  within  this  limit  of  expense." 
There  is  a  previous  statement  that  the  permissible  ex- 
penditure must  be  less  than  $13,000  per  mile. 

The  inferences  to  be  drawn  from  these  statements  are 
that  an  18-ft.  concrete  road  can  be  built  for  less  than 
$13,000  per  mile;  and  that  if  a  road  of  any  other  type 
were  to  be  built  at  this  figure  or  under  it,  it  would  not 
correspond  to  the  highest  standard  of  construction  recog- 
nized as  essential  to  success. 

The  writer  believes  that  neither  of  these  inferences  is 
correct.  In  the  tenth  annual  report  of  the  Board  of 
County  Commissioners  of  Wayne  County,  Michigan,  just 
issued,  the  cost  of  a  one-course  road  18  ft.  wide,  1.29  mi. 
in  length,  figures  out  at  the  rate  of  $16,120  a  mile.  A 
15-ft.  road  (Canton  Center  Road)  cost  $17,380  a  nlile. 
A  two-course  road  3.8  mi.  in  length  and  18  ft.  wide  cost 
$24,140  a  mile,  the  greater  cost  in  the  latter  ca.se  being 
attributed  to  the  use  of  stone  in  place  of  gravel.  In  all 
these  cases  the  costs  do  not  include  profit.  In  other 
words,  they  would  undoubtedly  have  been  greater  if  the 
road  had  l)een  built  under  contract. 

The  tabulation  of  the  bids  received  recently  by  the 
State  Highway  Department  of  New  York,  presumably 
based  on  a  16-ft.  road,  gives  costs  of  from  $13,000  to 
$20,600  and  an  average  cost  of  $1.5,700  per  mile,  ex- 
clusive of  o\erhead  charges,  which  would  bring  the  cost 
to  about  $17,300  per  mile.  A  recent  proposal  received 
by  the  writer  amounted  to  $l!),i)00  per  mile. 

The  "Tabular  Digest  of  Some  Concrete  Pavements," 
by  the  Association  of  American  Portland  Cement  Manu- 
facturers, shows  that  the  prices  per  square  vard  varied 
from  $1.22  to  $1.62,  and  the  writer  knows  of  a  case 
where  the  price  this  summer  has  been  as  high  as  $1.74 
per  sq.yd.  On  the  basis  of  10,560  sq.yd.  this  woiild 
give  costs  of  from  $12,900  to  $18,400  ])er  mile,  exclusive 
of  the  necessary  grading,  indicating  clearly  that,  on  ac- 
count of  the  cost  alone,  concrete  would  have  to  be  ex- 
cluded from  consideration  rather  than  that  it  is  the  only- 
pavement  that  may  reasonably  be  considered. 
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Tlie  iniplicatiiiii  tliiit  other  types  of  ]iormiUU'nt  pavo- 
nierit  cannot  bo  liuilt  for  .$i;i,000  or  less  is  not  justiticd 
if  it  is  adniittod  that  a  bituminous  pavpmciit  on  an  un- 
yieldinj;  foundation  conies  within  the  requirements  of 
the  statute.  The  State  Department  of  Hijihways  of 
Xew  York  bnilds  snch  roads  quite  extensively,  and  a 
tabuhition  of  bids  recently  received  gives  prices  ranjiinij 
from  $11,500  to  $13,100"  per  mile  on  3G  mi.  of  roads. 
The  writer  has  personally  built  many  miles  of  permanent 
roads  of  a  similar  type,  the  cost  of  wliicli  did  not  exceed 
$i:!.000  per  mile.  EnKUiiAiti)  J.  Wulff. 

Tarrytown,  N.  Y.,  Dec.  4,  191(). 

[The  New  Jersey  law  referred  to  specifies  that  the 
roads  are  to  be  paved  with  "granite,  asphalt  or  wood 
blocks,  brick,  concrete,  bituminous  concrete,  aspiialt  or 
other  pavement  having  a  luird  surface  aiul  of  a  durable 
character." 

In  the  comment  that  our  correspondent  quotes,  we  did 
not  say  that  these  roads  could  be  built  and  paved  with 
concrete  at  an  average  cost  of  $i;5,000  ])er  mile.  We 
said,  "of  the  materials  specified  as  permissible  for  the 
paving,  concrete  is  the  only  one  that  could  possibly  be 
brought  within  this  limit  of  expense" — which  is  quite 
a  different  thing. 

If  $13,000  were  spent  solely  on  the  paving  of  a  road 
one  mile  long  and  IS  ft.  wide,  the  average  expenditure 
would  be  $1.23  jier  sq.yd.  It  is  needless  to  say  that  paving 
of  granite,  sheet  asphalt,  asphalt  block,  wood  block  or  l)rick 
cannot  be  laid  at  this  price  per  square  yard,  and  the  only 
materials  left  are  concrete  and  "bituminous  concrete." 
According  to  the  standard  definition,  "bituminous  con- 
crete" refers  to  a  road  pavement  of  bituminous  materials 
and  hard  aggregate  mixed  together  before  placing  on  the 
roadway.  Many  of  the  roads  paved  with  bituminous  con- 
crete by  the  mixing  method  have  cost  $1.50  to  $2.00  or 
more  per  square  yard.  The  cost  of  such  roads  has  it  is 
true  been  considerably  reduced  but  it  is  doubtful  whether 
it  could  be  brought  within  the  limit  alH)ve  stated. 

The  only  remaining  material  sj)ecified  is  concrete.  The 
cost  data  on  concrete-road  construction  re])orted  l)y  a 
special  committee  to  the  Concrete  Koad  Conference  of 
last  February  showed  average  costs  per  square  yard  for 
concrete  roads  in  1915  in  some  of  the  states  as  follows: 
Connecticut,  $1.13:  Illinois,  $1.03:  Indiana,  $0.!)S: 
Maryland,  $1.08;  Massachusetts,  $0.95;  Michigan,  $1.10; 
Minnesota,  $1.11;  Missouri,  $1.09;  New  Jer.sey,  $1.23; 
New  York,  $0.98;  Ohio,  $1.02;  Pennsylvania,  $1.01. 

Considering  the  abundance  of  good  stone,  gravel  and 
sand  in  New  Jersey  and  its  nearness  to  the  cement  mills, 
good  concrete  pavements  should  be  laid  in  New  Jersey 
for  about  a  dollar  per  square  yard,  under  normal  condi- 
tions in  the  labor  and  materials  market,  although  not  at 
the  inflated  scale  of  prices  now  prevailing.  As  stated  in 
the  article,  however,  other  items  in  the  cost  of  recon- 
structing the  proposed  roads  would  raise  the  cost  per 
mile  far  above  the  $13,000  limit. — Editor.] 

LoE^g^Tifflae  M©^yy  YopM  IRaaEafsilll 

Sir^The  articles  entitled  "Long-Time  New  York 
Bainfall  as  Basis  for  Sewer  Design."  by  0.  Huf eland,  in 
your  issues  of  Aug.  31  and  Sept.  7,  1916,  have  been  read 
with  interest.  The  precipitation  record  of  the  Central 
Park  Observatory  is  of  great  value  and  Engineering  News 
is  to  be  congratulated  for  having  made  it  generally  avail- 
able to  the  profession.     The  previous  publication  in  the 


progress  report  of  the  Connnittee  on  Kainfall  and  K'linolT 
of  tile  Municipal  Engineers  of  the  City  of  New  York'  was 
unknown  to  many  engineers,  and  somewhat  dillicult  to 
oi)tain.  Mr.  Hufelaiid  ap])ears  to  have  presented  the  data 
in  somewhat  more  detail,  and  his  diagrams  are  i'e]iroduced 
to  a  larger  scale  than  those  of  the  Committee.  It  is  notice- 
able that  he  presents  exactly  the  same  formulas  for  in- 
tensity of  ])recipitation  of  various  frequencies  as  tho.se 
reported  by  the  Committee,  yet  makes  no  reference  to  the 
Committee  or  its  report. 

Mr.  Hufeland's  characterization  of  the  analysis  in  his 
first  article  as  tlie  "average-rate"  method,  particularly  in 
connection  with  his  statements,  seems  to  the  writer  un- 
fair.    He  says : 

The  reasoning  on  which  these  curves  are  based  is  that 
storms  that  have  occurred  but  once  in  45  yr.  will  probably  not 
occur  again  in  a  shorter  period;  those  that  have  occurred 
twice  in  45  yr.  may  be  expected  to  occur  every  22>^  yr..  etc. 

Everyone  knows  that  the  occurrence  of  extreme  rain- 
falls is  very  erratic,  and  that  three  or  four  extreme 
storms  might  occur  in  a  single  year.  If  the  intensity  were 
not  equalled  again  for  a  century,  the  (average)  frequency 
might  be  25  yr. ;  but  this  is  only  a  relative  statement,  and 
a  similar  or  equal  storm  may  occur  again  at  once. 

Mr.  Hufeland's  argument  for  what  he  calls  the  "uni- 
form intensity"  method  is  not  very  . convincing.  It  is 
.'^eldoni  that  storms  of  considerable  intensity  maintain  a 
uniform  intensity  for  any  considerable  time;  but  they 
do  occur,  and  their  effect  must  he  allowed  for  in  .sewer 
design.  According  to  ^Ir.  Hufeland's  argument,  storms 
in  which  the  intensities  are  not  substantially  uniform  will 
be  left  out  of  consideration.  It  is  prol)able  that  most 
storms  in  which  the  intensities  are  sufficiently  uniform  .so 
that  anyone  would  use  the  average,  would  have  nearly 
as  great  an  effect  in  producing  runoff  as  absolutely  uni- 
form storms  with  the  same  average  intensities,  and  it  is 
conceivable  that,  with  certain  conditions  of  variation  of 
intensity  and  shajie  and  slopes  of  the  drainage  district, 
the  non-uniform  rain  might  i)roduce  the  greater  runoff. 

It  is  significant  to  compare  the  maximum  intensity 
curves  given  in  Mr.  Hufeland's  two  articles.  As  shown 
in  the  table  below,  the  intensity  for  which  a  drain  serving 
a  district  having  a  20-min.  period  of  concentration  would 
be  designed  would  be  only  half  as  great,  and  for  a  60- 
min.  district,  only  about  a  third  as  great  as  if  the  "aver- 
age-intensity" method  were  em])loyed. 

CO.MP.\IUSO.\  OF  jMAXIMUM  INTENS'TIES  OF  PRECIPITATION  AT 
NEW  YORK  ACCORDING  TO^TvVO  MF.THODS 

Intensity  of  Precipitation,  Inclies 
per  Hour 
Period  Minutes  .Average  Intensity      Uniform  Intensity 

5  11   81  12  00 

10  I)  30  6  55 

15  7  90  4  50 

20  6  85  3  42 

30  5  43  2  32 

40  4  48  I    76 

50  3  82  I    41 

50  3  33  F  18 

Mr.  llufeland  himself  confesses  that  he  has  no  sub- 
stitute to  offer  for  the  so-called  "average-intensity"  pre- 
cipitation curves  when  it  comes  to  the  actual  use  to  be 
made  of  them ;  that  is,  he  does  not  argue  that  the  "uni- 
form-intensity" rate  curve  should  be  substituted  in  de- 
sign. If  this  were  to  be  done,  the  sub-mains  might  be  of 
ample  size,  but  it  seems  obvious  that  the  main  drains 
would  be  woefully  inadequate. 

CiiAHLEs   \Y.   Sherman. 

Boston,  Mass.,  Dec.  18.   1916. 
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Present  Sieel  Work 


■Jj/O^- - 57V'-- d?)* 

fes'  P©arn^ft  Biracdl^® 

Highly  sculptured  ornamental  jDortals  are  to  be  added 
to  the  North  Side  Point  Bridge,  Pittsburgh,  at  a  cost 
of  about  $60,000.  Stone  archway  portals  were  designed 
for  the  structure  originally,  but  for  various  reasons, 
principally  that  of  cost,  the  stone  design  was  abandoned. 
The  new  plans  are  the  result  of  a  year's  study  by  the 
city's  Department  of  Piiblic  Works,  in  cooperation  with 
the  ^Municipal  Art  Commission,  whose  approval  was 
necessaiy.  The  general  plans  were  shaped  mainly  by 
S.  L.  Eoush,  architect  of  the  department,  in  collabora- 
tion with  the  sculptor  selected  for  the  work,  Charles  Keek, 
of  New  York  City. 

Several  drawings  and  a  photograph  of  a  small-scale 
model  of  one  portal  are  reproduced  herewith.  The  steel 
portal  to  which  the  ornamental  work  fastens  is  already 
in  place,  being  part  of  the  original  design.  Though  the 
bridge  (two  ol5-ft.  spans)  is  of  regular  curved-chord 
type,  with  inclined  end-posts,  a  vertical  portal  was 
})rovided  at  each  end,  with  posts  footing  over  the  end 
]iins;  and  the  top  lateral  system  was  extended  out  to 
this  portal  in  order  to  deliver  the  wind  shear  to  it.  The 
steel  portal  was  to  form  the  central  core  of  the  ornamental 
stone  portal,  and  the  designers  held  the  view  that  by 
actually  transferring  the  wind  forces  to  the  plane  of  the 
vertical  portal  the  stone  portal  would  place  tnie  emphasis 
on  a  structurally  vital  element — namel}-,  that  which 
secures  the  stability  of  the  bridge. 

The  stone  portal  would  have  concealed  the  steel  portal, 
but   the    new   cast-iron    and   bronze   portal    utilizes    the 


PHOTOGRAPH  OF^MODEL  MAI)E  BY  CHARLES 
KECK.  SCULPTOR 


December  38,  191() 
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general  outline  and  appearance  of  the  steel  portal,  willi 
the  addition  of  surface  omameutation.  "11  was  the 
idea."  states  the  architect,  "to  evolve  an  ornamental 
metal  portal  which  wonld  harmonize  with  the  steel  strnc- 
ture,  all  needed  structural  members  to  be  shown  and  the 
ornamental  parts  made  subordinate  to  them." 

The  evolution  of  the  design  by  cooperative  effort  was 
about  as  follows:  Sketches  for  various  possible  portals 
were  prepared  by  the  department  and  submitted  to  the 
Art  Commission.  The  latter,  after  several  conferences, 
selected  the  design  that  promised  the  most  successful 
result.  Fuller  drawings  were  made  for  this  design,  and 
the  development  of  the  main  ornamental  elements  was 
elaborated  in  conference  with  the  scidptor ;  a  14-in.  scale 
model  was  built  up  in  the  course  of  this  work.  The 
Art  Commission  jiassed  on  the  model  and  suggested  a 
few  changes,  after  which  contract  plans  were  drawn  up 
and  construction  contracts  let.  The  further  process  will 
be  to  prepare  quarter-size  models  for  final  criticism  and 
revision,  and  then  full-size  models  for  the  foundry's  use. 

The  figures  in  the  portals  are  intended  to  be  based 
on  local  historical  or  industrial  life.  The  finished  work 
is  expected  to  have  not  only  artistic  value,  but  also  an 
educational  effect. 

The  cost  of  the  two  portals  is  $45,100.  Some  changes 
in  the  present  steelwork  at  the  jiortals  to  receive  the 
ornamental  work  will  add  about  $1.5,000  to  this  figure. 


Relics  of  New  York  City's  early  water-works  continue 
to  be  unearthed  in  connection  with  the  subway  construc- 
tion. The  William  St.  subway,  passing  through  the 
ancient  part  of  the  city,  furnished  the  interesting  relics 
illustrated  herewith.  The  pieces  from  left  to  right  are  a 
service  connection,  a  gate  valve,  and  a  bell-aud-spigot 
joint.    They  were  mounted  as  shown  and  presented  to  the 


SERVICE-PIPE    CONNECTION,     G.-\TE    VALVE    AND     i;EI>L- 
AND-SPIGOT  JOINT  ON  OLD  WOOD  V\-.A.TER  PIPE 

Engineers   Club   of   New    York   by    P.   J.    ilaclsaae,   of 
Smith,  Hauser  &  Maclsaac,  Inc.,  contractors. 

These  are  supposed  to  he  relics  of  the  water-distrilnition 
system  of  the  ]\ranhattan  Co.,  and  may  have  been  iastalled 
in  the  last  decade  of  the  eighteenth  century.  There  is  a 
fair  chance,  however,  that  they  are  a  part  of  the  system 
of  the  first  water-works  company,  which  was  in  opera- 
lion  in  1776,  with -Christopher  Colles  as  superintendent. 
This  company  ceased  operation  during  the  Eevolution. 


WnEdl'woodl  Se^y^sx^e 

A  plan  for  treating  tli(>  sewage  of  Wildwood,  a  seaside 
town  in  southern  New  Jersey,  has  recently  been  put  in 
operation.  Fine  screening  followed  by  liquid-chlorine 
gas  disinfection  is  employed.  The  effluent  is  discharged 
into  Grassy  Sound. 

By  treating  the  sewage  while  fresh  and  by  a  process 
that  breaks   down   a  comparatively   small   percentage  of 


INTERIOR  OF  WILDWOOD   SEWAGE  WORKS 

the  solids,  clarities  and  then  disinfects  the  sewage,  it 
was  possible  to  locate  the  plant  near  the  cottages  and 
other  buildings  served,  and  discharge  the  effluent  into 
near-by  water.  This,  of  course,  saves  materially  on  the 
length  of  sewer  pipe  required. 

Two  Riensch-Wurl  screens  are  used,  each  10  ft.  in 
diameter.  The  screen  disks  are  of  rolled  manganese 
bronze,  with  specially  cut  slots  for  perforations  -^^  in. 
wide  by  2  in.  long.  The  solids  removed  by  the  screens 
are  automatically  discharged  into  cans  that  are  lifted  by 
a  hoist  and  convej'ed  by  a  trolley  to  a  point  outside 
the  building  from  which  they  are  carted  away. 

The  sewage-treatment  plant  and  the  sewage  pumps  are 
housed  in  a  small  building,  the  interior  of  which  is 
shown  by  the  accompanying  view.  The  pumping  equip- 
ment consists  of  three  10-in.  D'Olier  centrifugal  pumps, 
two  of  which  are  operated  by  direct-connected  electric 
motors  and  one  by  a  direct-connected  gasoline  engine. 

The  plans  and  specifications  for  the  plant  were  pre- 
pared by  Harry  E.  Weir,  city  engineer  of  Wildwood. 
James  JlcLinden  &  Co.,  Anglesea,  N.  J.,  was  general 
contractor.  The  screens  were  supplied  and  installed  by 
the   Sanitation   Corporation,   New  York   City. 

V^'isronsin  State-Aid  Roads  constructed  during  flia  present 
year  amount  to  1,15S  mi.,  costing  $3,631,026,  according  to  A.  R. 
Hirst,  chief  engineer  of  tlie  State  Highway  Commission.  Be- 
sides the  roads  there  were  352  state-aid  bridges,  which  Xcost 
$540,068,  mailing  a  total  expenditure  of  .$4,171,094  for  the 
season. 
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ssa  ©Ihi© 

The  recent  completion  of  the  to|)ogiaphic  survey  and 
map  of  Ohio,  by  the  U.  S.  (Jeological  Survey  in  coopera- 
tion with  the  state,  marks  tlie  termination  of  the  most 
extensive  and  rapid  state  topographic  survey  yet  made 
in  the  Union. 

The  work  was  begun  in  1900  and  completed  in  1916. 
The  total  area  of  the  state,  all  majjped  to  the  standard 
scale  of  1:62.500,  is  41,240  sq.mi..  or  more  than  the 
combined  areas  of  Massachusetts,  Rhode  Island,  Con- 
necticut, New  Jersey,  and  Maryland,  which  have  previous- 
ly completed  similar  topographic  snrvej's.  West  Virginia 
has  also  been  completely  surveyed,  but  a  large  portion 
of  its  area  is  mapped  to  a  scale  of  only  1 :  125,000. 

The  entire  State  of  Ohio  has  been  completed  in  16  years. 
In  contrast  Maryland,  the  next  largest  state  completed 
to  the  Government's  standard  scale,  began  cooperation  in 
1896  and  completed  the  work  in  1915.  New  York 
began  a  similar  survey  aliout  2.")  years  ago  and  at  the 
present  rate  will  not  be  through  for  several  years. 
Pennsylvania,  which  began  cooperation  before  Ohio,  is  not 
much  more  than  half  done,  while  the  other  large  states 
have  done  little  more  than  make  a  good  beginning. 

The  state's  share  in  the  co6perati\e  survey  of  Ohio 
has  for  the  past  15  years  been  under  the  direction 
of  Prof.  C.  Vj.  Sherman,  who  plans  to  get  out  a  final 
report  in  four  volumes. 

Volume  I,  entitled  "The  Ohio-Michigan  Boundary,"  is 
just  out  of  press,  and  is  a  formal  report  for  adoption 
at  the  forthcoming  session  of  the  legislature.  The  work 
of  relocating  and  monunienting  the  Iwundary  was  ilone 
in  1915  jointly  by  the  States  of  Michigan  and  Ohio,  and 
the  only  action  remaining  to  be  taken  is  formal  approval 
of  the  joint  report  now  submitted  l)y  ilichigau  and  Ohio. 

Volume  II,  "Description  of  Surveying  Marks  and 
Monuments  Used  in  Making  the  Topographic  Survey  of 
Ohio,"  will  contain  about  TOO  pages,  and  is  printed  up 
to  page  500.  This  volume  is  a  revised  and  edited  com- 
pilation of  the  field  notes  gathered  in  the  state  by 
Government  surveying  parties,  supplemented  by  similar 
notes  from  railroads  and  lities  where  they  are  sufficiently 
precise. 

Volume  III,  "The  Public  Land  Systems  of  Ohio."  is 
in  preparation.  Since  Ohio  was  the  experimental  ground 
for  the  Union  in  developing  the  ])resent  system  of 
sectionizing  public  lands,  the  commonwealth  presents 
more  varieties  of  subdivision  than  any  other  state  in  the 
Union. 

Volume  IV,  entitled  "The  Progress  and  Completion  of 
the  Ohio  Topographic  Survey"  is  planned  as  a  popular 
di3scription  of  the  work.  It  will  include  chapters  on 
origin  of  the  survey,  with  a  complete  list  of  previous 
maps  of  the  state:  legislation,  agreement,  and  expendi- 
tiires;  methods  of  surveying  used;  record  of  progress; 
UHcs  of  topographic  maps;  boundaries  of  the  state;  land 
ajid  water  areas,  etc. 


WitliDut  a  single  failure  from  the  beginning  to  the  end 
of  the  field  work,  the  legislatures  of  Ohio  have  appropriated 
the  necessary  funds  for  cooperation  with  the  Go\ernmeut, 
and  the  forthcoming  session  is  expected  to  appropriate 
sufficient  funds  to  complete  the  final  report  as  above 
outlined. 
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The  New  York  State  commission  Mjijiointcd  by  the 
legislature  to  adopt  and  file  a  schedule  of  fees  to  be 
])aid  by  the  owners  of  motor  omnibuses  and  motor  trucks 
held  a  second  and  final  hearing  in  New  York  City,  Dec. 
21.  The  first  hearing  at  Albany,  Nov.  21,  was  reported  in 
this  journal,  Nov.  23.  Little  new  or  of  interest  was  de- 
\eloped  at  the  second  hearing.  The  commission  has  seen 
fit  to  give  no  inkling  of  what  the  proposed  schedule  is  to 
be,  and  the  meeting  was  devoted  largeh'  to  a  repetition  of 
the  ])revious  arguments  against  any  special  taxation 
M'hatsoever. 

A.  J.  Slade,  of  the  Society  of  Automotive  Engineers, 
stated  that  this  society  had  studied  the  problem  of  basing 
fees  on  the  "time  and  extent  of  the  vehicles'  \ise  of  the 
roads  and  the  relative  wear  and  tear  on  the  roads  re- 
sulting from  their  iise"  (according  to  the  definition  of 
the  law)  on  four  separate  occasions  covering  several  years, 
and  that  each  time  the  task  had  been  abandoned  as  im- 
l)ractical)le.  A  formula  for  computing  fees  on  such  a 
basis  was  possil)le  Imt  too  complicated  to  be  generally 
applied. 

The  principal  feature  of  the  hearing  was  the  admission 
of  prominent  motor  truck  manufacturers  that  there  must 
be  a  limit  to  motor  trucks,  weights  and  loads,  at  least 
under  present  conditions  of  highway  construction.  A 
maximum  of  14  tons  was  mentioned  as  a  practical  limit 
for  weight  of  truck  and  load  condiined.  It  seemed  prob- 
able from  the  discussion  that  if  any  attempt  is  made  to 
change  the  present  $5  fee  the  legality  of  the  commissioa's 
action  will  have  to  stand  the  test  of  the  courts. 


Volcaiffio  De-^elops  flSOO  O   ftp. 

In  Italy  the  price  of  coal  at  present  varies  from  $40 
a  ton  at  seaports  to  $50  in  the  interior.  In  central 
Tuscany  near  Volterra  this  economic  pressure  has  re- 
sulted in  the  erection  of  a  large  electric  plant  operated  by 
subterranean  steam  from  a  volcano.  There  are  here 
numerous  cracks  in  the  ground,  from  which  powerful 
jets  of  steam  constantly  spout  high  into  tlie  air.  These 
are  known  as  soffiuiii  (blowers),  and  for  many  years 
boric  acid  and  borax  have  been  extracted  from  tli;'  steam. 

This  steam  is  now  ^ised  for  generating  power.  Accord- 
ing to  Professor  Luiggi,  in  Engineering,  credit  for  this 
use  of  the  steam  on  a  large  scale  is  due  Prince  Ginori- 
Conti,  who  has  been  experimenting  in  this  district  since 
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i!)0.'5.  Holes  from  \2  to  2i)  iii.  in  diaiiR'trr  were  bored 
ill  the  ground,  and  pipes  were  driven  down  to  the  source 
of  the  steam,  which  is  under  a  stratum  ol'  hard  rook 
liOO  to  500  ft.  below  the  surface.  The  steam  issues  from 
tliese  holes  at  pressures  of  two  to  three  iitninspJuTes  :iiid 
temperatures  of  150°  to  VM)°  V.  Xew  Ikh-jiius  do  not 
seem  to  aflt'eet  the  supply,  so  long  as  the  disUiiice  apart 
of  the  holes  is  not  less  than  .")()  It. 

It  was  attempted  to  use  the  steam  direct  to  drive  a 
40-hp.  steam  engine,  but  tiie  borax  .salts  and  the  gases 
mi.xed  with  the  steam,  especially  sul])huretod  hydrogen  and 
traces  of  sulphuric  acid,  had  a  corrosive  action  on  tiie 
metal  parts  of  the  engini'.  The  ditlicidty  was  got  around 
by  applying  the  superheated  Xdlcaiiic  steam  to  a  boiler; 
that  is,  substituting  it  for  fuel  in  an  ordinary  multi- 
tubular boiler  in  which  steam  was  imihIucciI  at  a  pressure 
of  two  atmospheres,  then  passed  tlirnugli  a  superheater 
where  it  was  dried  by  \olraiiic-steam  heat  and  was 
then  used  to  dri\c  a  liOO-hp.  condensing  steam  turbine, 
directly  connected  to  a  three-phase  electric  generator, 
which  supplies  the  works  and  villages  around  about 
Larderello. 

This  plant  ])roved  so  successful  that,  when  the  war 
firoke  out  and  prices  of  coal  soareil,  (iinori-Conti  decided 
to  carry  out  the  work  on  a  large  scale.  Three  ;5,000-kw. 
turbo-generators  were  ordered,  from  the  Tosi  works  of 
Legano,  designed  to  operate  with  superheated  steam  at 
]i/2  atmospheres,  generated  in  specially  constructed 
multitubular  boilers  having  aluminum  tubes  for  the 
better  utilization  of  heat  and  better  resistance  against 
corrosive  action  of  the  volcanic  steam.  In  the  boiler  the 
steam  temperature  was  reduced  from  180°  to  about  120° 
C,  and  borax  was  extracted  from  the  exhaust. 

One  of  the  3,000-kw.  units  has  been  at  work  since 
January,  191G,  the  second  since  April,  and  the  third  has 
very  recently  been  put  into  service.  The  three-phase 
electric  current  is  generated  at  1,500  volts,  50  cycles, 
and  stepped  up  to  3G,000  volts  for  transmission  to 
Florence,  Leghorn,  Volterra,  Grosseto  and  other  towns  in 
Tuscany, 


Mew   §jhi©pi    HimstiP'iuiciJSoim   Mi 
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To  reduce  the  amount  of  instruction  necessary  in  the 
engineering  shops  and  to  save  students'  time,  an  inter- 
esting scheme  of  shop  instruction  has  l:)een  worked  oirt 
by  William  L.  Dabney,  shop  instructor  at  the  University 
of  Wisconsin. 

That  experience  gained  in  one  line  of  work  can  be 
carried  over  into  a  new  kind  of  work  in  the  particulars 
in  which  the  two  are  similar  (the  principle  formulated 
by  Prof.  Edward  L.  Thorndike,  the  well-known  psychol- 
ogist) is  the  basis.  The  scheme  worked  out  by  Mr.  Dab- 
ney picks  out  the  points  of  likeness  in  all  the  machines 
which  the  students  must  learn  in  the  shops  and  arranges 
the  work  so  that  the  student  does  not  have  to  start  at 
tlie  beginning  in  learning  each  new  machine,  but  can 
carry  over  some  of  the  exjierience  gained  in  previous 
work. 

Experimenting  done  on  the  work  of  students  in  the 
engineering  shops  at  the  university  showed  the  value  of 
the  plan.  The  results  of  the  experiments  have  been 
written  up  in  the  form  of  a  thesis  and  later  will  prob- 
ably be  put  in  a  form  suitable  for  the  use  of  all  shop 
instructors. 


Bieelon-  lioiilevard  i.s  the  name  given  the  former  Grant 
Boulevard.  Pittsburgh,  Tinn.  The  name  has  been  changed  by 
a  city  ordinance  in  honor  of  the  late  Kdward  M.  Higolow,  M. 
.^m.  See.  C.  E.,  who  was  Director  of  thu  Dtpartment  of  Public 
Works  for  many  years.  The  boulevard  which  now  bears  his 
name  was  l"id  out  and  constructed  during   his  administration. 

The  Air  Ilreukwiitrr  that  protects  the  Standard  Oil  pier  at 
I'^l  Segundo,  (^alif..  described  in  "Hnginecring  News,"  June  22, 
line,  p.  1166,  was  recently  completed  at  a  cost  of  $10,000  for 
the  1,700  ft.  of  pipe  involved.  The  pipes  are  4-in..  having 
'4 -in.  perforations  6  in.  apart.  A  compressed-air  plant  fur- 
nishes air  to  the  pipe  system,  and  it  is  this  air  rising  through 
the  water  that  is  intended  to  calm  the  surface  sufficiently  for 
loading  or  unloading  the  tankers. 

The  Old  Slip  South  Tiiiinvl  headings  were  holed  through 
iin  Dec.  1!).  Tills  is  one  of  the  eight  new  rapid-transit  railway 
tunnels  being  l)uilt  under  the  East  River  at  New  York.  The 
Did  Slip  pair  of  tunnels  will  connect  the  Seventh  Avenue  Sub- 
way, which  extends  through  Varick  St.,  We.st  Broadway,  Park 
Place,  William  !<t.  and  Old  Slip,  with  the  lirooklyn  subway 
lines  of  the  Interborough  Rapid  Transit  Co.'s  present  subwa.v 
system,  via  the  liver  tunnels,  Clark  St.  and  Fulton  St.  The 
tunnel  is  being  constructed  by  the  Flinn-O'Rourke  Co.,  of 
New  York. 

Completion  of  the  ISnKlnoer  I'oHt  ami  School  of  tlie  United 
States  Army  at  Washington  Barracks  is  recommended  by 
(Jen.  W.  M,  Black,  Chief  of  Engineers,  and  estimated  to  cost 
S202,500.  Th-s  includes  $12.''i,00a  for  an  administration  build- 
ing (housing  also  laboratories,  printing  shop,  etc.),  $55,000 
for  completing  the  West  ijarracks  and  moving  the  hospital. 
$20,000  for  a  quartermaster's  corps  barracks  and  $2,500  for  a 
fuel  shed.  A  $100,000  school  building  has  already  been  erect- 
ed. Engineer  troops  and  ofllcers  are  trained  here;  all  item.s 
of  engineer  equipment  for  the  seacoast  defenses  of  the  country 
and  possessions  are  purchased  and  distributed   from   here. 

.V  Propose)!  Water-I'oner  Law  to  take  the  place  of  those 
now  pending  in  Congress  on  which  a  deadlock  seems  likely 
was  suggested  to  the  President  by  Secretary  L4ane  on  Dec.  21. 
The  proposed  law  reads  as  follows: 

The  Secretary  of  War,  the  Secretary  of  the  Interior  and 
the  Secretary  of  Agriculture  shall  compose  a  Water  Power 
Commission.  This  commision  shall  have  powei-  to  grant  leases 
for  the  use  of  all  public  lands  (including  reservations)  and 
navigable  streams  for  the  development  of  water  power  under 
such  terms  and  conditions  as  shall  be  by  them  prescriiied  hy 
general  regulation,  no  such  lease  to  extend  for  longer  tlian 
50   years. 

Secretary  Lane  suggests  that  this  act  would  eliminate  ail 
controversy  in  Congress  over  details,  and  by  the  regulations 
imposed  the  Commission  could  impose  everything  that  is 
sought  by  the  Ferris.  Myers,  Adamson  or  Shields  bills. 

l^alarf^emeut  of  the  Bethlehem  Steel  Corporation  was  de- 
scribed Ijy  Charles  M.  Schwab  at  a  dinner  in  New  York  on 
Dec.  21.  In  1915  the  Corporation  employed  23,000  men,  the 
total  pay  roll  was  $22,500,000  and  the  average  earnings  of 
each  wage  earner  were  a  little  over  $900  per  man.  In  191G  the 
corporation  employed  some  70,000  men,  the  pay  roll  is  about 
$72,000,000  per  annum  and  the  average  earnings  are  nearly 
$1,200.  The  Corporation  has  undertaken  to  construct  at  a  cost 
of  $4,500,000  a  plant  to  build  16-in,  guns.  In  remarks  by  the 
president  of  the  company,  Eugene  G.  Grace,  he  stated  that 
when  Mr.  Schwab  went  to  Bethlehem  the  town  had  13.000  in- 
habitants; today  the  employees  of  Bethlehem  Steel  alone  are 
sufficient  to  make  a  city  of  150,000  people.  Ten  years  ago  the 
annual  sales  of  Bethlehem  products  were  $10,000,000.  Last 
year  they  were  $230,000,000. 

Two  Iowa  Railways  have  recently  been  abandoned,  tlie 
Chicago,  Anamosa  &  Northern,  a  line  35  mi.  long  in  eastern 
Iowa,  which  was  built  in  1903-04  and  never  earned  anything 
but  a  deficit.  Two  years  ago  the  road  was  sold  under  judg- 
ment proceedings  and  the  purchaser  has  now  sold  the  entire 
outfit,  including  rails,  bridges  and  rolling  stock,  for  shipment 
to  the  war  zone.  The  Atlantic,  Northern  &  Southern  Ry.,  in 
western  Iowa,  a  37-mi.  line  which  was  built  in  1910  largely 
hy  labor  contributed  l)y  the  farmers  living  along  the  line,  has 
been  in  financial  difficulties  ever  since  its  construction.  Its 
operation  was  stopped  on  Dec.  31,  1914.  The  loTva  Railroad 
t'ommission,  in  response  to  a  petition  hy  those  living  along 
the  route,  ordei-ed  a  part  of  the  line  to  be  operated,  but  this 
order  was  annulled  by  both  the  State  and  Federal  Courts,  On 
Dec.  9  the  Federal  Court  issued  a  decree  authorizing  the  dis- 
mantling of  the  property  and  the  sale  of  the  rails  and  rolling 
stock. 

Dama8:e  Suits  Follow  Dam  Failure — In  an  endeavor  to 
decide  the  liability  of  the  City  of  San  Diego,  Calif.,  for  the 
destruction  of  property  in  the  Otay  Valley  at  the  time  of  the 
failure  of  the  Lower  Otay  dam  on  Jan.  27,  1916,  a  test  case  has 
been  filed  in  Los  Angeles  liy  Mrs.  Mary  H.  James,  asking  for 
$10,763  S5  for  damages  to  her  orchard.     Until  this  suit  is  ended 
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ilicr  damage  suits  amountins  to  over  $500,000  will  be  held  in 
;tbeyance.  There  are  about  60  oC  these.  In  Mr.s.  James'  com- 
plaint she  alleges  the  dam  was  faultily  constructed;  the  slopes 
of  the  fills  were  inadequate  and  too  steep  to  support  the  dam 
ngainst  the  rush  of  waters;  the  iron  core  walls  of  the  dam  and 
the  concrete  walls  were  of  inadequate  dimensions:  the  dam 
was  not  protected  by  suitable  spillways;  the  blow-off  valves 
were  improjierly  constructed  and  the  mateiial  used  in  the 
construction  of  the  dam  was  of  inferior  quality  The  suit  is 
expected  to  be  one  of  the  most  involved  and  most  coetly  ever 
participated  in  by  the  City  of  San  DicRO.  The  suit  is  brought 
in  Los  Angeles  because  of  the  provisions  in  the  statutes  re- 
quiring such  cases  to  be  tried  outside  the  county  in  which  thi. 
defendant    resides. 

ProKresK  on  the  Calnverns  Rarth  Dnm,  which  will  be  when 
completed  the  highest  earth  dam  in  the  world,  was  described 
by  T.  A.  Elliott,  engineer  of  the  Spring  Valley  Water  Co., 
before  the  San  Francisco  members  of  the  American  Society 
of  Civil  Engineers  on  Oct.  17.  The  dam  when  completed  will 
contain  3,100,000  cu.yd.  of  material,  will  have  a  height  of 
240  ft.  above  bed  rock,  a  crest  length  of  1,300  ft.  and  a  base 
width  of  1,300  ft.  The  upstream  slope  is  1  on  3;  the  down- 
stream slope  1  on  2^i.  Practically  all  the  material  placed  in 
the  dam  by  hydraulic  fill  has  been  pumped.  In  only  one  of 
the  eight  borrow  pits  was  the  elevation  sufficient  for  material 
to  be  carried  to  the  dam  by  gravity.  The  material  placed  by 
hydraulic  fill  has  been  carried  from  1,000  ft.  to  4,500  ft.  Two 
shifts  of  men  per  day  are  worked;  the  total  force  is  60  men. 
With  this  force  an  average  of  3,600  cu.yd.  of  material  per  day 
has  been  e.vcavated  and  placed  in  the  dam,  being  transported 
an  average  distance  of  3,000  ft.  The  direct  cost  of  sluicing 
the  first  1,000,000  cu.yd.  of  fill  was  about  25c.  per  cu.yd.  This 
is  the  operating  cost  and  does  not  include  interest,  overhead, 
superintendence,  insurance  or  auxiliary  cost  of  building  roads, 
trails,  camps,  etc.  The  darii  is  now  completed  to  140-ft.  ele- 
vation and  contains  1.750.000  cu.yd.  At  the  present  rate  of 
progress  the  dam  will  probably  be  finished  in  191S.  According 
to  present  indications,  the  total  cost  will  be  about  $2,500,000. 
The  work  on  the  dam  was  described  in  "Engineering  News"  of 
Oct.   1.   1914,  and   Dec.   30,   1915. 

A  Patent  Decision  of  Great  Importnnee  affecting  the  iTietai- 
iurgical  industry  was  made  by  the  .Supreme  Court  of  the 
United  States  on  Dec.  11,  sustaining  patent  No.  835.120  on  the 
rotation  process  of  mineral  separation.  According  to  the 
"Engineering-  and  Mining  Journal,"  which  comments  on  the 
decision  in  its  issues  of  Dec.  16  and  23,  about  25,000.000  tons  of 
ore  were  treated  by  this  process  in  1916,  about  half  under 
license  and  the  remainder  in  defiance  of  the  patentee.  The 
litigation  over  the  patent  has  been  in  progress  more  than  five 
years.  In  1913  the  District  Court  held  the  patent  to  be  valid. 
This  decision  was  reversed  a  year  later  by  the  Court  of  Ap- 
peals, and  many  mining  companies  concluded  that  the  patent 
was  void  and  therefore  ceased  to  recognize  it.  Ordinarily,  the 
Court  of  Appeals'  decision  is  final.  In  this  case  appeal  was 
taken  to  the  Supreme  Court  of  the  United  States  because  of 
the  international  character  of  the  invention,  the  patent  being 
<iwned  by  Englishmen  and  having  been  sustained  by  an  appeal 
liy  the  British  House  of  Lords.  An  unprecedented  feature  in 
tJie  case  was  that  demonstrations  of  the  patented  process  were 
made  before  the  judges  of  the  Supreme  Court.  The  process 
covered  by  the  patent  is  the  so-called  flotation  process  and 
its  essential  feature  is  the  use  of  a  very  small  amount  of  oil. 
less  th,an  1%  of  the  weight  of  the  ore  treated.  Various  other 
methods  of  ore  separation  by  the  use  of  oil  have  been  previ- 
ously invented  and  operated  in  which  a  much  larger  quantity 
of  oil  was  used,  and  the  essential  feature  of  the  patent  now 
sustained  is  the  use  of  an  extremely  minute  quantity  of  oil, 
which  is  beaten  up  with  the  ore  to  form  a  very  light  froth. 


William  H.  Marshall  has  resigned  as  President  and  Director 
of  the  American  Locomotive  Co.,  New   York   Cit.v. 

S.  B,  Taylor.  Sales  Manager  of  the  S  K  F  Ball  Bearing  Co., 
Hartford,  Conn.,  has  been  elected  Vice-President  of  the  com- 
pany. 

L.  D.  Hollingr.sn'orth  has  been  appointed  Division  Engineer 
of  the  Department  of  Public  Roads  of  Kentucky,  with  head- 
quarters at  Paducah.  Ky. 

Henry  B.  Joy  has  resigned  as  chairman  of  the  Board  of 
Directors  of  the  Packard  Motor  Co.,  Detroit,  Mich.,  owing  to 
the  pressure  of  other  work. 

fieorce  P.  Blackie,  Engineer  of  Roadway  and  Track  of  the 
Nashville.  Chattanooga  &  St.  Louis  Ry.,  has  been  promoted  to 
be  Assistant  Chief  Engineer. 


<.  r,  K»ss,  formerly  of  the  engineering  department  of  the 
Union  Pacific  R.R.,  has  been  appointed  Industrial  Agent,  with 
headiiuarters  at  Omaha,  Neb, 

Etin-in  c;,  Foster,  Assistant  Engineer  of  the  Buffalo, 
Rochester  &  Pittsburgh  Ry.,  has  been  promoted  to  be  Valu- 
ation Engineer,  with  office  at  Rochester,  N.  Y. 

L.  D,  BuHliy,  Chief  Sanitary  Inspector  of  the  Bureau  of 
Sanitation  of  Dallas,  Tex.,  has  resigned,  and  the  office  has  been 
taken  over  by  the  Superintendent  of  the  Street  Department. 

Christopher  H,  Snyder,  M.  Am.  Soc.  C.  E.,  Designing  and 
Consulting  Engineer,  San  Francisco,  Calif.,  has  been  appointed 
Lecturer  in  Civil  Engineering  at  the  University  of  California. 

G.  .v.  linear,  formerly  representative  of  the  S  K  F  Ball 
Hearing  Co.,  of  Hartford,  Conn.,  in  Cleveland,  Detroit  and 
Pittsburgh,  has  been  appointed  Technical  Manager  and  Chief 
Engineer  of  the  company. 

Frederick  G.  Keyes,  recently  Chief  Engineer  of  the  Cooper 
Hewitt  Electric  Co.,  has  been  appointed  to  take  charge  of  the 
research  laboratory  of  physical  chemistry  at  the  Massachu- 
setts Institute  of  Technology. 

H.  H.  Trnltue,  Assistant  Chief  Engineer  of  the  Nashville. 
Chattanooga  &  St.  Louis  Ry.,  with  headquarters  at  Nashville. 
Tenn.,  has  been  appointed  Real  Estate  Agent,  reporting  directly 
to   the    President   of   the   company. 

T.  B,  Shertxer,  Assoc.  M.  Am.  Soc.  C.  E.,  of  the  Texas  Com- 
pany, New  York  City,  has  been  appointed  City  Manager  ot 
■  Portsmouth,  Va.  This  position  was  advertised  in  "Engineer- 
ing News"  of  Sept.  21,  and  there  were  157  applicants. 

^Villiam  S.  Murray,  P.  Am.  Inst.  E.  E.,  has  resigned  as  Con- 
sulting Engineer  of  the  New  York,  New  Haven  &  Hartford 
R.R.,  effective  Dec.  31.  From  1905  to  1914  he  was  in  charge 
of  the  electrification  of  the  New  York  division  of  the  railway 
from  New   Haven  to  New  York. 

Otto  H.  Kahn,  a  New  York  City  banker,  has  been  elected  a 
life  member  of  the  corporation  of  the  Massachusetts  Institute 
of  Technology.  The  corporation  of  the  institute  now  includes 
such  well-known  financial  leaders  as  Theodore  N.  Vail.  Frank 
A.  Vanderlip  and  Coleman  and  Pierre  du   Pont. 

Joseph  H.  O'Brien,  M.  Am.  Soc,  C.  E.,  Managing  Engineer. 
Westinghouse  Church  Kerr  &  Co.,  New  York  City,  has  been 
I'lected  Vice-President  of  the  reorganized  Central  Construction 
and  Supply  Co.,  Harrisburg,  Penn.,  which  will  engage  in  gen- 
eral contracting  under  the  name  of  the  General  Construction 
Corporation. 

Morse  W'.  Re«'  has  accepted  a  position  as  assistant  engineer 
with  the  Transit  Commission  of  the  City  of  Pittsburgh,  of 
w^hich  E.  K.  Jlorse  is  the  Commissioner.  Since  August,  1913, 
Mr.  Rew  has  been  an  Assistant  Engineer  with  the  Cincinnati 
Rapid  Transit  Commission,  and  prior  to  this  with  the  Boston 
Transit  Commission. 

Thomas  H.  Means,  M.  .\m.  Soc.  C.  E.,  of  Symmes  &  Means. 
Consulting  Engineer,  San  Francisco,  Calif.,  has  been  appointed 
Consulting  Engineer  of  the  Anderson-Cottonwood  Irrigation 
District,  Redding,  Calif.,  succeeding  H,  H.  Henderson,  M.  Am. 
Soe.  C.  E.,  resigned.  K.  R,  Davis  has  been  appointed  Superin- 
tending Engineer  of  the  project. 

E.  W.  P.  Smith,  Assoc.  Am.  Inst.  E.  E.,  for  the  past  three 
years  City  Electrician  of  Cleveland,  Ohio,  has  resigned  to 
accept  the  position  of  Consulting  Engineer  of  the  Elliott  Elec- 
tric Co.,  Cleveland.  He  is  a  graduate  of  Colorado  College,  Col- 
orado Springs,  and  has  had  experience  with  the  Westinghouse 
Electric  and  Manufacturing  Co.  and  in  the  mechanical  depart- 
ment of  the  Lake  Shore  &  Michigan  Southern  Ry. 

Georue  B,  Tripp,  Assoc.  Am.  Inst.  E.  E.,  Vice-President  of 
the  United  Gas  and  Electric  Corporation,  a  management  com- 
pany, of  New  York  City,  has  reorganized  and  is  to  be  Presi- 
dent of  the  Central  Construction  and  Supply  Co.,  of  Harris- 
tuirg,  Penn.  The  new  concern  will  be  called  the  Central  Con- 
struction Corporation  and  it  will  engage  in  a  general  con- 
tracting business.     The  capital  is  to  be  $600  000. 

Frank  B.  Jen-ett.  F.  A.m.  Inst.  E.  E..  former  Assistant  Chief 
Engineer  of  the  Western  Electric  Co.,  New  York  City,  has 
been  made  Chief  Engineer  to  suceed  C.  E.  .Scribner,  whose 
resignation  was  noted  in  these  columns  Dec.  21.  He  is  a 
giaduate  of  Throbp  Polytechnic  Institute  and  of  the  Univer- 
sity of  Chicago,  where  he  received  a  Ph.D.  degree  in  1902. 
For  two  years  following  he  was  an  instructor  at  the  Massa- 
cliusetts  Institute  of  Technology  and  then  became  connected 
with  the  .•\merican  Telephone  and  Telegraph  Co.,  where  he 
had  charge  of  transmission  development  work.  In  April,  1912, 
he  was  appointed  Assistant  Chief  Engineer  of  the  Western 
Electric  Co, 

E.  R.  Gayler,  M.  Am.  Soc.  C.  E.,  Civil  Engineer,  United 
States  Navy,  has  been  appointed  by  the  President  an  Engineer 
Advisor  to  direct  the  public-works  improvements  of  Hayti.   in 
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accordance  with  the  treaty  recently  ratified  between  this 
country  and  the  West  Indian  republic.  Mr.  Gayler  was  grad- 
uated from  Washington  University  in  1895.  He  entered  the 
Navy  as  an  Assistant  Civil  Engineer  in  1902.  His  duties  since 
then  have  been  particularly  along  the  lines  of  developing  new 
naval  stations.  He  did  much  of  the  pioneer  work  at  the  Naval 
Stations  at  New  Orleans.  Charleston,  S.  C. ;  and  Tearl  Harbor, 
Hawaii.  For  the  last  two  years  he  has  been  on  duty  at  the 
Navy  Department  in  Washington  in  connection  with  the  dry 
clock  at  Pearl  Harbor,  H.  I. 


I 


I 


Otto  C.  AVolf,  Architect  and  Engineer,  of  Philadelphia, 
Penn..  died  Dec.   19.  aged  60   years. 

George  K.  Sawyer,  a  civil  engineer,  of  Pendleton,  Ore.,  died 
Dec.  13.  He  was  formerly  County  Engineer  of  Lincoln  and 
Franklin   Counties,   Washington. 

Harry  L.  Bollman,  a  civil  and  mining  engineer,  of  Pitts- 
burgh, Penn.,  died  Dec.  IS  at  his  home  in  that  city,  aged  51 
years. '  He  was  graduated  from  the  Western  University  of 
Pennsylvania  (now  the  University  of  Pittsburgh)  in  civil 
engineering.  After  a  short  time  with  the  Pittsburgh  &  Lake 
Erie  R.R.  he  was  chiefly  engaged  in  coal-mine  engineering. 

Roberdeau  Buchanan,  Astronomer  and  until  about  five 
years  ago  Mathematician  of  the  Nautical  Almanac  OflSce,  U.  S. 
Naval  Observatory.  Washington,  D.  C.  died  Dec.  IS.  aged  77 
years.  He  was  graduated  from  Lawrence  Scientific  School. 
Harvard  University,  in  1861.  He  became  connected  with  the 
Nautical  Almanac  in  1879,  and  for  manj'  years  made  compu- 
tations  for   it. 

George  S.  Haley,  President  of  the  General  Engineering  and 
Management  Corporation,  of  New  York  City,  died  Dec.  3  from 
injuries  received  by  a  motor  truck  on  a  New  York  street.  He 
was  born  at  Manchester,  N.  H.,  and  was  graduated  from  the 
University  of  Iowa.  For  a  number  of  years  he  was  Manager 
of  the  City  Electric  Co.  and  of  the  Rutland  Railway,  Light 
and  Power  Co..  Rutland.  Vt.  From  1912  to  June,  1916,  he  was 
V^ice-President  and  General  Manager  of  the  Texas  Power  and 
Light  Co.,   Dallas.   Tex. 

Harry  C,  Francis,  a  well-known  Mechanical  Engineer,  of 
Philadelphia,  Penn.,  died  in  that  city  Dec.  18.  He  was  born 
in  Philadelphia  in  1842.  He  was  graduated  from  the  Central 
High  School  and  his  first  engineering  experience  was  with  the 
Baldwin  Locomotive  Works.  Later  he  was  with  William 
Sellers  &  Co.  He  is  said  to  have  had  charge  of  engineering 
work  in  connection  with  the  installation  of  the  first  electric 
street  lighting  in  New  York  City.  He  was  one  of  the  organ- 
izers of  the  Kensington   Engine   Works,  Ltd.,   of  Philadelphia. 

Thoma.s  E.  Calvert,  Chief  Engineer  of  the  Chicago,  Bur- 
lington &  Quincy  R.R.,  died  at  his  home  in  Lincoln,  Neb.,  on 
Dec.  19.  He  was  born  at  Philadelphia  in  1849.  In  1870  he  was 
graduated  from  Yale  University,  and  in  1S71  he  began  his 
railway  career  in  the  engineering  department  of  the  Chicago. 
Burlington  &  Quincy  R.R.  In  1875  he  was  made  Division 
Engineer  of  the  Nebraska  division,  and  later  became  General 
Superintendent  of  the  lines  west  of  the  Mis.souri  River,  retain- 
ing this  position  until  1905,  when  he  was  appointed  Cliief 
Engineer. 

Henry  E.  Fairchild,.  Vice-President  of  the  H.  Wales  Lines 
Co.,  Meriden.  Conn.,  died  Dec.  16.  He  was  born  in  Woodbridge, 
Conn.,  in  1838.  and  as  a  youth  learned  the  trade  of  a  mason. 
In  186S  he  became  connected  with  the  firm  of  Perkins  &  Lines, 
building  contractors,  of  Meriden.  Upon  the  retirement  of  Mr. 
Perkins,  Mr.  Fairchild  became  a  member  of  the  firm  under  the 
name  of  H.  Wales  Lines  &  Co.  Later  the  H.  Wales  Lines  Co. 
was  incorporated.  Mr.  Fairchild  was  Superintendent  of  Con- 
struction of  the  company  for  a  number  of  years.  About  eight 
years  ago  he  retired  from  active  work. 

Ferdinand  M.  Hausling,  head  of  the  F.  M.  Hausling  Co., 
building  wrecking  engineers  and  contractors,  died  Nov.  24.  He 
was  born  in  Newark,  N.  J.,  in  1860.  He  was  educated  at  Hei- 
delburg,  in  Germany,  at  Stevens  Institute  of  Technology  and 
at  Columbia  University.  His  first  engineering  experience  was 
in  mining  work  in  Gunnison  County,  Colorado.  After  several 
years'  experience  in  various  branches  of  engineering  and 
chemistry  he  became  interested  in  building  construction  and 
demolition.  He  organized  the  F.  M.  Hausling  Co.  to  scien- 
tifically tear  down  buildings  and  salvage  the  materials.  This 
company  removed  many  famous  old  buildings  in  New  York 
City,  including  the  former  New  York  Life  Building.  He  was 
cf  a  scientific  and  analytical  disposition  and  gave  much  time 
to  a  study  of  waterproofing  methods.  In  1904  he  entered  the 
field   of   waterproofing   engineering   with   a   process   generally 


known  as  the  Hausling  method  of  waterproofing.  Since  then 
he  largely  devoted  himself  to  this  work,  and  at  the  time  of  his 
death  was  President  and  General  Manager  of  the  Anti-Hydro 
Waterproofing  Co.  of  New  York  City. 


SOCIETY   OF   AUTOMOBILE    ENGINEERS. 

.Ian.    11.      Annual   meeting   in   New   York   City.      Secy.,   C.    F. 
Clarkson.   129   West  39th  St..   New  York. 
CO.MPRRSSIOD  GAS  MANUFACTURERS'  ASSOCIATION. 

Jan.   Ifi.      Fourth   annual   meeting   in   New   York  City.      Secy., 
O.  S.   King,   120  Broadway,   New  York. 
AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Jan.    17-18.      Annual    meeting   at   Society    House,    New   York 
City.     Secy.,  Charles  Warren  Hunt.  New   York. 
WESTERN  BRICK  MANUFACTURERS'  ASSOCIATION. 

Jan.  20.     Meeting  in  Kansas  City,  Mo.     Secy.,  G.  W.  Thurston, 
416  Dwight  Building,  Kansas  City. 
CANADIAN  SOCIETY  OF  CIVIL  ENGINEERS. 

Jan.  23-25.     Annual  meeting  in  Montreal.  Can.     Secy.,  C.   H. 
McLeod,  176  Mansfield  St..  Montreal. 
ILLINOIS  SOCIETY  OP  ENGINEERS. 

Jan.  25-26.     At  Chicago.     Secv.,   E.  E.  R.  Tratman,   Wheaton. 
HI. 
AMERICAN   ROAD   BUILDERS'    ASSOCIATION. 

Feb.    5-9.      Eighth    National    Good    Roads    Show,    in    Boston, 
Mas.s.     Secy.,  E.  L.  Powers,  150  Nassau  St.,  New  York  City. 
AMERICAN  INSTITUTE  OF  ELECTRICAL  ENGINEERS. 

Feb.    7-9.      Midwinter    convention   in   New    York    City.      Secy.. 
F.  J.  Hutchinson,  33  West  39th  St.,  New  York  City. 
TENTH   CHICAGO   CEMENT   SHOW. 

Feb.     7-15.       In     rhinago.       Tinder    management     of    Cement 
Products  Exhibition  Co.,  210  South  La  Salle  St.,  Chicago. 
AMERICAN  CONCRETE  INSTITUTE. 

Feb.    8-10.      In   Chicago   at  La  Salle.      Secy.,    H.  D.   Hynds,    30 
Broad  St.,   N.  Y. 
NATIONAL  BUILDERS'   SUPPLY  ASSOCIATION. 

Feb.    12-13.      In    Chicago    at    Sherman.      Secy.,    L.    F.    Des- 
mond, 1211  Chamber  of  Commerce,  Chicago. 
WISCONSIN   ENGINEERING  SOCIETY.  „      ^^    . 

Feb.    15-16.      At  Madison,   Wis.      Secy.,   L.    S.    Smith,    939   Uni- 
versity  Ave.,   Madison.   Wis. 
SOUTHWESTERN   CONCRETE   ASSOCIATION. 

Feb     19-24.      Southwestern    Concrete    Show    in    Kansas   City, 

Mo.     Address  Chas.  A.  Stevenson.  1413  W.  10th  St.,  Kansas 

City. 

The    American    Economic    Association    will    hold    its    29th 

annual   meeting  meeting  in  Columbus.   Ohio,   Dec.   27  to  30,  at 

the  Hotel   Deshler.     The  secretary  is  AUyn  A.   Young,  Cornell 

University,  Utica,  N.  Y. 

The  IllinoiH  Section  nf  the  American  Water-Works  Asso- 
ciation will  hold  its  next  meeting  at  the  University  of  Illinois. 
Urbana,  Mar.  13  and  14.  The  section  secretary  is  Edward 
Bartow,  Director   State  Water  Survey.  Urbana. 

The  Mining  and  Metallurgical  Society  of  America  has  made 
the  following  nominations  for  officers  for  1917:  For  president, 
W  R.  Ingalls,  Seeley  W.  Mudd  and  H.  V.  Winchell;  for  vice- 
president,  Waldemar  Lindgren;  for  secretary,  Louis  D.  Hun- 
toon. 

The  Illiiiois  .Vssociation  of  Meml>ers  of  the  American  So- 
ciety of  t'ivil  Engineers  held  its  annual  meeting  in  Chicago 
on  Dec.  11.  The  officers  for  1917  are  as  follows:  President, 
C.  F.  Loweth;  vice-presidents,  A.  N.  Talbot  and  A.  S.  Baldwin; 
secretary,  E.  N.  Layfield.  Chicago. 

The  American  .Association  of  Engineers  will  hold  a  national 
convention  Feb.  8  to  10  in  Chicago,  at  the  Hotel  La  Salle.  It 
is  stated  that  work  of  a  promotional  nature  will  constitute  the 
greater  part  of  the  program,  which  will  be  held  under  the 
slogan.    "For   the  Good  of  the   Engineer." 

The  Idaho  Society  of  Engineers  will  hold  its  seventh  an- 
nual convention  in  Boise.  Jan.  18  to  20,  in  conjunction  with 
the  Operation  and  Maintenance  Conference  of  the  Uited  States 
Reclamation  Service,  which  is  to  be  held  Jan.  16  to  18.  The 
secretary   of  the   Idaho  Society   is  Ira  Shaffner,   Boise. 

The  ProAidence  (R.  I.)  Engineering  Society  was  recently 
reorganized  and  its  membership  increased  by  nearly  300. 
Regular  monthly  meetings  are  now  held  either  at  Brown 
University  or  at  Memorial  Hall,  while  frequent  meetings  \viU 
be  held  in  the  club  rooms,  at  which  there  will  be  informal 
discussions  and  talks  on  engineering  topics  of  a  more  spe- 
cialized nature.  The  society  has  been  divided  into  five  sec- 
tions, all  members  of  the  society  being  invited  to  all  section 
meetings.  These  sections  are  as  follows:  Fire  Insurance  and 
Fire  Protection:  Machine  Shop:  Designing  and  Drafting;  Effi- 
ciency and  Scientific  Management:  Structural  Engineering. 
The  president  of  the  society  is  Prof.  J.  A.  Brooks,  Brown 
University:  the  vice-presidents  are  Robert  W.  Adams.  George 
A.  Carpenter.  Wayland  T.  Robertson;  the  recording  secretary 
is  William  A.  Kennedy:  corresponding  secretary,  Albert  E. 
Thornley,  Narragansett  Machine  Co.,  Pawtucket,  R.  1.;  the 
treasurer  is  Alfred  H.  Whatley. 
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Appliainices  assid  Materials 


anick-Artlus  ^Vrench 

A  new  three-piece  f|Uick-acting  nut  wrench  has. been  put 
out  by  the  Cochran  Pipe  Wrench  Co.,  7800  Woodlawrf  Ave,. 
Chicago,   under  the  trade  name   "Speednut."     As   may   be  seen 


TnpcMtry-Brlck  Building  Tile 

An  Interlocking  channel  brick  with  "tapestry"  surface  is 
being  made  by  Fisk  &  Co..  of  New  York  and  Uoston,  under 
the  trade  name  "Fisklock."  As  seen  from  the  accompanying 
sketch,  every  bricl«  mechanically  is  botli  a  header  and  a 
stretcher;  a  wall  laid  up  of  these  tiles  is  in  effect  a  double 
wall  with  a  2-in.  air  space  between,  the  lower  ribs  and 
mortar  filling  the  outer  channels.  For  corners,  window  jambs, 
arches,  belt  courses,  ornamental  panels,  etc.,  solid  blocks  of 
the  same  texture  and  shade  are  used.  t)bviating  the  neces- 
sity   of    a    variety    of    sliapes    and    sizes.      It    is    claimed    that 


e^T" 


ixti-:i:li)ckinu  chanxel  brick 

such  a  wall  has  double  the  stiength  of  the  solid  an 3  125% 
(he  strength  of  one  of  hollow  tile.  The  air  cells  being  hori- 
zontal prevents  internal  air  currents.  Plaster  ma>"  he  ap- 
|)lied  directly   to  the  inside  of  such   walls   without   furring. 


Call  for 


ItailiMi    Rrirk    l<i 


Sr 


FROST   RADIAL   IXTERLOCKIXG    BRICK.S 

grooves  for  bonding  the  mortar:  the  tongue  and  groove  are 
replaced  by  side  buttons.  The  number  of  brick  per  linear  foot 
runs  from   54   for  a   36-in.   conduit   to   90  tor  a   60-in. 


New   Four-fylinrtiT    .\utnm(>l>ile    Kn^rine 

The  White  Co..  of  Cleveland,  maker  of  automobiles  and 
motor  trucks,  announces  that  it  has  developed  a  new  four- 
cylinder  gasoline  engine  with  increased  power,  speed,  pick- 
up and  silent  operation.  The  prominent  feature  of  the  new 
engine  is  the  use  of  Ifi  valves  in  place  of  the  usual  S.  making 
valve  capacity  better  proportioned  to  cylinder  displacement 
and  rendering  it  unnecessary  to  resort  to  more  than  four 
cylinders   for   the   larger  powers. 


The  accompanying  sketclies  show  the  sectional  outlines 
of  new  radial  bricl\S  being  made  by  tlie  Los  Angeles  Pressed 
Brick  Co..  of  Los  Angeles.  The  Ijrick  at  the  right  is  an  im- 
proved type  for  storm  drains,   etc.     The   surface  has   roughing 


COCHRAN    ".SPEEDNt'T"     WRE.NCH 


in  the  accompanying  sketcli. 
jaw  slides  in  guides,  being 
gear  segment   on  the   handle. 


fixed  and 
a  rack  on 
voted. 


the   other 
it    and    a 


<*liari1-Rnil    Holder    for    FrofSN    and    Clirve.H 

The  Belts  guard-rail  construction  shown  herewith  has  long 
tie-plates  with  supporting  chairs  so  arranged  that  the  guard 
rail  may  be  of  less  height  and  weight  than  the  track  rail  and 
yet  have  its  top  %  in.  higher  than  the  head  of  the  latter. 
Thus,  an  SO-lb.  guard  rail  may  be  used  on  track  laid  with  100- 
Ib.  rails.  This  construction  is  adapted  for  the  guard  rails  at 
fi'ogs  and  those   used   on   sharp  curves. 

For  use  at  frogs,  as  shown  in  the  drawing,  the  guard  rail 
is  10  ft.  long,  straight  for  4  ft.,  and  supported  on  seven  ties, 
.with  tie-plates  extending  under  both  rails.  On  the  three  ties 
at  the  middle,  this  rail  has  the  inner  edge  of  its  base  held  by 
inclined  braces"  that  fit  under  the  head  of  the  track  rail.  On 
the  two  plates  at  each  end.  it  is  held  by  a  hook  or  lug.  On 
each  plate  there  are  lugs  to  engage  the  outer  edges  of  the 
guard  rail  and  the  track  rail.  The  end  plates  also  have  a 
fastening  for  the  metal  footguards.  The  ends  of  the  guard 
rail  are  cut  at  an  incline,   so  as  not  to  catch  hanging   break- 


bear 


?tc. 


Thi, 


vice  is  being  used  !>>■  a  numi^er  of  trunk-line  rail- 
ways and  also  by  such  terminal  lines  as  the  Chicago  Junc- 
tion Ry.  and  the  Terminal  Railroad  Association  of  St.  Louis. 
It  is  manufactured  by  the  W.  iVI.  Jlitchell  Co.,  of  Louisville, 
Ky. 
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